
November, 1963 PYRIMIDINYL AMINO ACIDS 697 

Nucleosides . XVII. Pyrimidinyl A m i n o Acids1 

TOHRU UEDA AND JACK J. Fox 

Division of Xucleoprotein Chemistry, Sloan-Kettering Institute for Cmcer Research; 
Sloan-Kettering Division of Cornell University Medical College, New York £1, New York 

Received June 11, 1963 

X-(2-Oxo-4-pyrimidiny!) amino acids were prepared by reaction of 4-methylthio-2-pyrimidinone3 with amino 
acids. X"-(2-Oxo-4-pyrimidinyl)-glyeine, -L-alanine, -L-phenylalanine (IVc), -L-tryptophan (IVd), -/3-alanine, 
-o- and p-aminobenzoic acid (Va), and -glycylglycine were obtained. N-(2-Thio-4-pyrimidinyl)-L-tryptophan 
was also prepared as well as the 5-methyl, 5-fluoro (IVf), 5-chloro, and 5-bromo analogs of X-(2-oxo-4-
pyrimidinyl)-D,L-alanine. The ribonucleosides of IVc, d, and Va were synthesized by treatment of 1-/3-D-
ribofuranosyl-4-methylthio-2-pyrimidinone with the appropriate amino acid. The l-(2'-deoxy-;3-D-
ribofuranosyl) derivative of IVf was synthesized by similar methods. Preliminary results with some of these 
compounds in experimental tumors showed no significant antitumor activity. Xone of the pyrimidinyl amino 
acids tested supported the growth of certain pyrimidine- or amino acid-requiring mutants of Escherichia coli. 

It was demonstrated in another series2 that certain 
exocyclic X-alkylated derivatives of 5-fluoro-2'-deoxy-
cytidine exhibited significant antitumor activity against 
transplanted mouse leukemia B82, though the parent 
compound, 5-fluoro-2'-deoxycytidine, had a better 
chemothergpeutic index in this system. It was also 
demonstrated that the exocyclic X-methyl derivatives 
of the naturally-occurring cytosine nucleosides (e.g., 
cytidine, 5-methylcytidine, 2'-deoxycytidine, and 5-
methyl-2'-deoxycytidine) are essentially resistant to 
conversion to their corresponding uridine analogs 
by nucleoside deaminase(s) derived from Escherichia 
coli B. The X-methyl derivative of 5-fmoro-2'-deoxy-
cytidine however is converted appreciably to 5-fluoro-
2'-deoxyuridine in this enzymatic system though to a 
lower extent than 5-fluoro-2'-deoxycytidine. 

In addition, several purinyl and pyrimidinyl amino 
acids are known to occur in nature as antibiotics or as 
intermediates in the biosynthesis of nucleotides, such 
as adenylosuccinate,3 amicetin,4 and guanine pro­
pionate51 and its nucleoside.6b A number of X-(6-
purinyl)6a~d and X-(6-purinoyl)6e amino acids have also 
been synthesized. These studies suggest that other 
exocyclic-X*-substituted derivatives of cytosines might 
be useful as compounds of potential biochemical in­
terest. 

This paper deals with the synthesis of certain X-(4-
pyrimidinyl) amino acids of structure I including some 
l-^-o-ribofuranosyl and l-(2-deoxy-j3-D-ribofuranosyl) 
derivatives thereof. 

There are several approaches to the synthesis of 
pyrimidinyl amino acids. Some have been prepared 
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C. De Boer, E. Caron, and J. W. Hinman, ibid., 78. 499 (1953). 

'5) (a) U. Al-Khalidi and G. Greenberg, ./. Biol. Chem.. 236. 189, 192 
(1961); (b) A. Ballio, C. Delfini, and S. Russi, Xature, 186 988 (1960). 

(6) (a) C. E. Carter, J. Biol. Chem., 223, 139 (1956); (b) H. Lettre and 
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by reaction of halogenopyrimidines with amino acids.7 

Unfortunately, this method is not easily applicable to 
the synthesis of I since 4-halogeno-2-pyrimidinones are 
not readily available. Prokofev, et al.,s have reported 
the synthesis of X-(2-oxo-6-methyl-4-pyrimidinyl)-
glycine by treatment of 4-amino-2-chloro-6-methyl-
pyrimidine with chloroacetic acid. This method is 
ambiguous since later reports in the literature9 indicate 
that, in general, alkvlation occurs on a ring nitrogen 
rather than on the exocyclic amino group in certain 
aminopyrimidines. Feldman, et al.,10 have utilized the 
ready replacement of the 2-alkylmercapto group11 

by amines to prepare X-(4-oxo-pyrimidinyl) amino 
acids by reaction of 2-meth3dthio-4-pyrimidinone with 
amino acids. 

The facile synthesis of 4-thio-2-pyrimidinones by 
direct filiation of uracils12 and the availability of 4-
thio nucleosides213 made this approach the method of 
choice. The thiouracils (II) used herein were prepared 
by the method of Mizuno, et al.,12 and then converted 
to the 4-methylthio derivatives III, by modification of 
the procedure of Wheeler and Johnson.14 
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(1951); P. Roy-Burman, D. Roy, and D. Sen, Xatunvissenschaften, 47, 515 
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Rcaction of I I I with amino acids in the presence of 
one equivalent of aqueous sodium carbonate at pH 
8-9 under reflux for I-i-18 hr. yielded (after acidification) 
the pyrimidinyl amino acids IV and V in satisfactory 
yield. 

The pH of the reaction is important. If the reaction 
is carried out at pH 7 or below (no addition of sodium 

an electron donor, thereby decreasing the susceptibility 
of C-4 to nueleophilie at tack. 

In the p i t region 8 -9 in which approximately more 
than half of III (p/v — 9.5) is in the undissociated form, 
contributions as shown in B may facilitate nueleo­
philie a t tack 011 C-f. I t is also to be noted that , in the 
8-9 pH region, the amino acids exist partially at least 
in the noncationic form available for nueleophilie 
substitution. 

With the exception of the aromatic amino acid de­
rivatives, all the pyrimidinyl amino acids gave ultra­
violet absorption spectra generally similar to that for 
cytosine15 (see Table I). The alanyl and glycyl deriva-

II.m I,, m. Hi,.I,I, A.:',I. 9 . HHf i t ' . 
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tives of IV were stable to N hydrochloric acid or N 
sodium hydroxide (100° for 18 hr.). This stability is 
to be contrasted with that for N-(6-purinyl)-a-alanine6d 

which was reported to be unstable to acid or to boiling 
water and with that for N-(6-hydroxy-2-purinyl)-a-
alanine6a which is unstable in aqueous solution as well 
as in acid or alkaline media. 

The synthesis of VIII was accomplished by reacting 
III (R = H) with phosphorus oxychloride in diethyl-
aniline and treating the crystalline monochloro deriva­
tive VI thus obtained with thiourea to afford VII. 
Refluxing of VII with L-tryptophan in water (pH 8-9) 
gave X-a-(2-thio-4-pyrimidinyl)-L-tryptophan (VIII) 
with the evolution of methyl mercaptan. VIII was 
negative to ninhydrin spray test which shows that the 
a-amino group of tryptophan is substituted. 

The reaction of II (R2 = H) with /3-alanine at reflux 
temperature in water containing one equivalent of 
sodium carbonate for 30 hr. yielded the /3-amino acid 
derivative IX in 60% yield. On the other hand, when 
the methylthio derivative III was used in place of II 
in this reaction, the reaction time was reduced to 3 hr. 
and IX was obtained in 90% yield. These data attest 
to the greater susceptibility of III vs. II to nucleophilic 
displacement on C-4. 

The 5-chloro and -bromo analogs of IVb were syn­
thesized by reaction of IVb with X"-chloro- and N-
bromosuccinimide, respectively. 
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For the synthesis of amino acid nucleosides of struc­
ture I, the readily available acylated 4-thionucleosides 
(X, R = OBz, R2 = H and R = H, R2 = CH,,) were 
employed as starting materials. These were deacylated 
in alkali and methylated in situ to their 4-methylthio 
analogs XL Of these, only the thymidine analog Xlb 
was obtained in crystalline form. Unfortunately, this 
crystalline substance Xlb when treated with an amino 
acid (i.e., a-alanine, phenylalanine, or tryptophan) for 
20 hr. gave only trace amounts of product. The bulk 
of the reaction mixture was thymidine and starting 
material. 

4-Methylthiouridine (XIa) was more reactive than 
4-methylthiothymidine Xlb with amino acids (i.e., 
phenylalanine, tryptophan, and p-aminobenzoic acid) 
and after ion-exchange chromatography, gave low 
yields (20-30%) of product XIIa,b, and XIII . Again, 
the main side reaction was the hydrolysis of the thio-
ether of XIa to uridine. 4-Thio-5-nuoro-2'-deoxyuri-
dine2 was converted to the 4-methylthio derivative XIc 

and reacted with a-alanine. After ion-exchange chro­
matography on Dowex I (formate), a 40% yield of 
crystalline XIIc was obtained. 

Screening Studies.16—As in a previous study,17 

some of these compounds were tested against trans­
planted mouse leukemia B82. Preliminary screening 
results in this system16* were obtained with the following 
compounds: II and III (R2 = F), IVa-d, Xlb, and 
XIIc. None of these compounds was active against 
this tumor except the phenylalanyl derivative IVc 
and the tryptophanyl derivative IVd. With IVc at 
250 mg./kg./day X 7, the inhibition was slight and 
without significant toxicity. With IVd (at the same 
dose level) significant tumor inhibition ( ~ 73%) was 
observed but this activity was accompanied by severe 
weight loss. 

In Sarcoma 180,16b IVd showed no activity. In 
Ehrlich ascites in the mouse, at dose levels of 500 and 
250 mg./kg./day X 7, IVd showed slight inhibition of 
tumor growth.16b 

Escherichia coli auxotrophs were employed to test for 
the ability of the pyrimidinyl amino acids (IVa-d) to 
support growth in these microbial systems.160 Four 
auxotrophs17b were used, viz., Bu- (uracil requiring), 
Wo- (cytosine requiring), M83-5 (phenylalanine re­
quiring), and M165A-52 (tryptophan requiring). None 
of the compounds supported the growth of the pyrim-
idine-requiring organisms, indicating that cleavage 
at the aliphatic side of the exocyclic amino function did 
not occur. Nor did IVc or IVd support the growth of 
M83-5 or M165A-52, respectively, indicating that the 
C-N bond on the heterocyclic side of the exocyclic 
amino function also remained intact in this system. 
Similar results were obtained with a uracil-requiring 
mutant of Bacillus subtilis.16c 

Experimental18 

4-Thiothymine (II, R2 = CH3).19—A mixture of thymine (63 
g., 0.5 mole) and phosphorus pentasulfide (58 g., 0.26 mole) in 
pyridine (1200 ml.) was refluxed for 3 hr. with stirring. After 
cooling, the upper layer was decanted (lower layer discarded) 
and concentrated to dryness in vacuo. The residue was re-
crystallized from boiling water, yield, 59 g. (83%). This product 
I I is sufficiently pure for use in the next step. 

4-Methylthio-5-methyl-2-pyrimidinone (III, R2 = CH3).— 
4-Thiothymine (12 g.) was dissolved in Ar sodium hydroxide 
(84.5 ml.), methyl iodide (15 g.) was added, and the mixture 
stirred for 1 hr. at room temperature. The separated crystals 
were collected by filtration and recrystallized from water; 10 g., 
needles, m.p. 214-215° were obtained (lit.19 m.p. 205-211°). 

Anal. Calcd. for C6H8N2OS: C, 46.14; H, 5.16; X, 17.94; 
S, 20.53. Found: C, 46.25; H, 5.14; N, 17.98; S, 20.66. 

5-FIuoro-4-thiouracil (II, R2 = F).— 5-Fluorouracil (19.5 
g.)20 and phosphorus pentasulfide (17.5 g.) in reagent grade 
pyridine (400 ml.) were refluxed for 2 hr. At the beginning of the 

(16) The authors are indebted to the following investigators from this 
Institute for kindly providing their preliminary results: fa) J. H. Burchenal, 
J. R. Purple, and E. Bucholz, (b) P. C. Merker and F. Schmidt, and (c) L. 
Kaplan and L. Provenzano. 

ri7) (a) N. Yung, J. H. Burchenal, R. Fecher, R. Duschinsky, and J. J. 
Fox, J. Am. Chem. Soc, 83, 4060 (1961); (b) The authors are indebted to 
Dr. B. D. Davis of Harvard University for the phenylalanine- and trypto-
pban-requiring mutants and to Dr. S. S. Cohen of the University of Penn­
sylvania for the uracil- and cytosine-requiring mutants. 

(18) All melting points were taken on a Thomas-Hoover capillary melting 
point apparatus and are corrected. Microanalyses were performed by the 
Galbraith Laboratories, Inc., Knoxville, Tennessee, and by Spang Micro-
analytical Laboratory, Ann Arbor, Michigan. 

(18) H. L. Wheeler and D. F. McFarland, Am. Chem. J.. 43, 19 (1910). 
(20) R. Duschinsky, E. Pleven, and C. Heidelberger, J. Am. Chem. Soc. 

79, 4559 (1957). 
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reaction, water was added dropwise ( ~ 0.4 ml.) to maintain an 
orange-turbid color.21 The pyridine layer was evaporated and 
the residue was taken up in water and stirred. The precipitated 
product was collected by filtration (16.7 g., 76%). Pure com­
pound was obtained after recrystallization from water; m.p. 
277-278° dec. 

Anal. Calcd. for C4H3FX20iS: C, 32.86; H, 2.07; X, 19.17; 
F, 13.00: S, 21.03. Found: C, 32.87; H, 2.07; X, 19.35; F, 
13.22; S, 22.00. 

5-Fluoro-4-methyIthio-2-pyrimidinone (III, R2 = F).—5-
Fluoro-4-thiouracil (8 g.) in N sodium hydroxide (54.8 nil.) was 
treated with methyl iodide (20 g.) at room temperature. The 
separated crystals were recrvstallized from water, yielding needles 
(5.6 g., 64%), m.p. 222-224°. 

Anal. Calcd. for C2H5FX,OS: 0 ,37 .49 ; H, 3.15; X, 17.49; 
F, 11.86; S, 20.02. Found: C, 37.65; H, 3.23; X, 17.36; F, 
12.06; 8,20.16. 

2-Chloro-4-methylthiopyrimidine(VI).—4-Methylthio-2-pyrim-
idinone (III, R2 = H, 20.5 g.) was suspended in phosphorus 
oxychloride (80 ml ) , stirred, and treated dropwise with diethyl-
aniline (21.5 g.) at 55°. After 1.5 hr. at 55° most of the solvent 
was removed in vacuo. The residue was poured into ice-water 
(400 ml.) and extracted with ether. The ether layer was washed 
with water and dried over sodium sulfate, filtered from salts, 
and the filtrate evaporated to dryness. White crystals of 2-
chloro-4-methylthiopvrimidine (VI)22 were obtained, m.p. 06-
68°. 

Anal. Calcd. for CsH5CIX28: C, 37.38; H, 3.14; X, 17.44. 
Found: C, 37.39; H, 3.20; X, 17.40. 

4-Methylthio-2-pyrimidinethione (VII).—Product VI was 
dissolved in absolute ethanol (450 ml.) containing thiourea (14 g.) 
and the solution refluxed for 1 hr. After concentrating to 100 
ml. and cooling, crystals of the thiouronium salt separated, m.p. 
166-167° dec. 

Anal. Calcd. for C6H9C1X4S2: C, 30.43; H, 3.80; X, 23.67; 
8,27.05. Found: C, 30.49; H,4.09; X, 23.50; S, 26.52. 

The thiouronium salt was dissolved in water (100 ml.) and 10% 
sodium hydroxide (ca. 50 ml.) was added. After acidification 
with acetic acid to pH 5, the precipitated crystals VII were col­
lected and recrystallized from water. Yellow needles (16 g., 
70% from III , R2 = H), were obtained, m.p. 190-192°. 

Anal. Calcd. for C5H6X282: C, 37.97; H, 3.80; X, 17.72: 
8,40.51. Found: C, 38.11; H, 3.75; X, 17.81; 8,40.25. 

N-(lH-2-Oxopyrimidinyl-4)-glycine (IVa).—A mixture con­
taining 4-methylthio-2-pyrimidinone (4.0 g.), glycine (2.57 g., 
1.2 equiv.), and sodium carbonate (1.82 g., 0.6 equiv.) in water 
(20 nil.) was refluxed for 3 hr. After cooling, the solution was 
acidified with formic acid (4 ml.), cooled, and the precipitate, 4.7 
g., collected and recrystallized from water. Yield is ca. 80%, 
and the compound has no definite melting point. 

Anal. Calcd. for C6H7X303: C, 42.61; H, 4.17; X, 24.83. 
Found: C, 42.40; H, 4.22; X, 24.03. 

N-(lH-2-Oxo-4-pyrimidinyl)-L-and -DL-Alanine (IVb).—These 
products were obtained by the same method stated before, except 
the refluxing time was 5-8 hr. The yield was 75-85% for L-isomer, 
[«] 2 2 D - 1 0 4 ° (c 0.4, V HC1), m.p. > 280°, and DL-isomer, op­
tically inactive, m.p. 264-265° dec. 

Anal. Calcd. for C,H9N303: C, 45.90; H, 4.95; X, 22.94. 
Found: L-isomer: C, 45.87; H, 5.03; X, 23.21. DL-isomer: C, 
45.96; H, 5.04; X, 22.92. 

N-(lH-2-Oxo-4-pyrimidinyl)-L,-phenylalanine (IVc).—A mix­
ture of I I I (R2 = H) (2 g.), L-phenylalanine (1.1 equiv.), and 
sodium carbonate (0.55 equiv.) in water (20 ml.) gave this prod­
uct after 18 hr. at reflux temperature. Recrystallization from 
water gave 1.8 g., m.p. 136-138° dec , [ « ] » D + 4 9 ° (c 0.40, A' 
II CD. 

Anal. Calcd. for C13H13X3(>3: C, 60.23; H, 5.05; X, 16.21. 
Found: C, 59.82; H, 5.54; X, 16.01. 

N-(lH-2-Oxo-4-pyrimidinyl)-L-'tryptophan (IVd).—A mixture 
of III (R2 = H, 4.26 g.), L-tryptophan (1.1 equiv.), and sodium 
carbonate (0.55 equiv.) in water (50 ml.) gave crude product (7.5 
g.) after 17 hr. reflux. This product was purified by dissolving 
it in dilute ammonium hydroxide and precipitation by addition of 
acetic acid, 6.1 g., m.p. 201-205° slow dec. This product showed 

121) .1. .1. Fox. I. W'empeii, A. H a m p t o n , a n d I. I.. Doerr , ./. Am. ('hem. .S.r., 
80, 1069 (1058) (soe rcf. »r>). 

(22) A. D . Ainloy, H. S. Curd , and s>. Bir twel l , Chtm. Abstr., 46, Wilit 
I 1952) [Bri t ish Pa t en t 658.202 (1951) I, havi, reported th is c o m p o u n d as an 
oil. 

a single spot in paper electrophoresis (0.1 M ammonium acetate. 
pH 7) and gave a negative ninhvdrin reaction: vC-'-i> -47" : 

(cO.538, 3 A'HCli. 
Anal. Calcd. lor CisH^X^Oj-1.5 H,U: (', 55.3s.- II. 5.27. 

X, 17.22. Found: C, 55.74; H, 5.53; X, 17.21. 
N-(lH-2-Oxo-4-pyrimidinyl)-gIycylglycine (IVi . A mixture 

of III (R2 - II. 1.3 g.), glycylglycine (1.1 equiv.'. and sodium 
carbonate (0.55 equiv. j in water (10 ml.) treated in the same 
manner as before gave a product. (1.8 g.) after S hr. reflux. Re­
crystallization from water afforded 1.3 g., m.p. 250-251° dec , 
which showed only a single spot in paper electrophoresis ;0.1 .1/ 
ammonium acetate, pH 7, 700 v., 90 min., -+-9.0 cm..1 The 
glycyl derivative (IVa) shows a spot at + 1 1.2 cm. 

Anal. Calcd. for C.H!(iX ,0 ,H,( >: C, 39.34: II, 4.92. X, 
22.95. Found: C, 3S.72; H, 4.S0; X, 22.81. 

N-(lH-2-Oxo-4-pyrimidinyl)-/j-aminobenzoic acid (Vb ..-• 
From the mixture of III (R., = II. 1.4g."i, y;-aininobenzoic acid 
(1.0 equiv.), and sodium carbonate (0.5 equiv.; in water (10 
nil.) after 2 hr. reflux, 1.9 g. of Va was obtained. The product 
was purified by dissolving in dilute ammonium hydroxide solution 
and precipitating bv addition of formic acid, m.p. >270'\ 

Anal. Calcd. for OnHA'sO;.: C, 57.14; If. 3.92; X. Is.17. 
Found: C, 56.96; 11,4.05; X, IS.01, 

N-( lH-2-Oxo-4-pyrimidinyIj-anthranilic acid ( V a . The prod­
uct (Vb) was obtained (7.5 g.) after refluxing III (R. = M. 6.0 g... 
anthranilic acid (1.0 equiv.), and sodium carlxinate i 0.5 equiv.; 
in water (50 ml.) for 4 hr. in a manner described above. Va was 
purified in the same manner as Vb, m.p. 247-248° dec. 

Anal. Calcd. for C„H9X3O s: ' C, 57.14: H, 3.92: X, IS.I7. 
Found: C, 56.79: 11,4.26; X, 17.77. 

X-( lH-2-Oxo-5-methyl-4-pyrimidinyli-L-alanine (IVe;. A 
mixture of III (R2 = CH-, 1.56 g.i L-alanine (2 equiv.). and 
sodium carbonate (, 1 equiv.) in water (10 ml.: was refluxed for 12 
hr. After acidification of the solution with formic acid to pH 3, 
the solution was evaporated to dryness and the residue taken up 
in ethanol, and the precipitate (L-alanine: was removed by fil­
tration. The filtrate was evaporated to dryness, the residue, 
taken up in water, and cooled in the refrigerator overnight. 
The separated crystals were recrystallized from water; yield 0.5 
g., m.p. >290°. M:!,T> - 123° (V 0.94, V HC1). 

Anal. Calcd. for (\TTnX:,<)3: C, IS.37; If, 5.62; X, 21.31. 
Found: C, 48.67; 11,5.59; X, 21.34. 

N-(lH-2-Oxo-5-fluoro-4-pyrimidinyl;-L-alanine (lVf . -The 
mixture of III ( R2 - F, l.Og.j. L-alanine (1.1 equiv.), and sodium 
carbonate (0.55 equiv.) in water ( 10 ml.) gave the product after 
8 hr. reflux. Recrystallization from aqueous alcohol gave 0.5 
g., m.p. 239-240° dec , [a\*v - 100° (rl).67, .V HC1 >. 

Anal. Calcd. for C 7H>X ; )0 3 : C. 41.79; If, 3.9s; V. 9.4;,; 
X, 20.90. Found: C, 42.01 ; IT, 3. s i ; F, 9.29; X, 21.21. 

N-(lH-2-Thio-4-pyrimidinjT)-L-tryptophan (VIII). Vll i 1.55 
g.i, tryptophan (1.1 equiv.). and sodium carbonate (0.55 equiv.i 
in water (20 ml.! were refluxed for 5 hr. and worked up in the 
same manner as in the synthesis of IVd. The product •. 1.7 g.i 
had m.p. 178-195° dec. 

Anal. Calcd. for C,.-,II,,X ,()2S-l.5il2<): C, 52.77; II, 5.02; 
X, 10,1.1; S, 9,39. Found: C, 52.71; If, 5.29; X, 15.89; S, 
9.76. 

N-(TH-2-Oxo-4-pyrimidinyl)-,3-alanine (IX;. (as From 4-
Thiouracil.—The mixture of TI (R2 - II, 19.2 g.i, (3-alaninc 
(21 g.), and sodium carbonate (8 g.) in Witter (200 ml.) was re­
fluxed for 34 hr. After concentration to a small volume, the 
precipitated sodium salt of IX (22 g.) was isolated and converted 
to the free acid (17 g.) by acidification of its aqueous solution with 
formic acid, m.p. 270-271° dec. 

Anal. Calcd. for C7H,,X303: C, 45.90; IT, 4.95; X, 22.0 1. 
Found: C, 45.87; 11,4.83; X, 22.04. 

(b) From 4-Methylthio-2-pyrimidinone.—The mixture of 111 
(R2 = H, 1.42 g.i, /3-alanine (1.07 g.i. and sodium carbonate 
(0.63 g.) in water (15 ml.) was refluxed for 2 hr. The solution 
was acidified and the free acid IX was obtained: 1.65 g., (90%) 
as white needles, m.p. 271° dec. The ultraviolet spectral prop­
erties (see Table It were identical with IX obtained from the 
previous method. The identity of both compounds was also 
shown by paper ionophoresis (+-5.5 cm., single spot, 0.1 If 
ammonium acetate, 700 v.. 1 hr. i. 

N-(lH-2-Oxo-5-chloro-4-pyrimidinyij-D,L-alanine (IVgi. — 
The mixture of IVb (i>,r.-fori)i, 0.5 g. and N-chlomsuc-
cinimide (0.5 g.i in acetic acid (15 ml.) was heated for 30 min. at 
100°. After removal of solvent in vacua, the residue was tri­
turated with water. The precipitate t0.45 g.i was recrystallized 
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from water (with charcoal treatment); yield, 0.3 g., m.p. 239-
240° dec. 

Anal. Calcd. for C-HSC1X303: C, 38.63; H, 3.71; CI, 16.29; 
N, 19.31. Found: C, 38.47; H, 3.67; CI, 16.33; N, 19.13. 

N-(lH-2-Oxo-5-bromo-4-pyrimidinyl)-D,L-alanine (IVh).— 
The mixture of IVb (D,L-form, 1.0 g.) and N-bromosuceinimide 
(1.1 g.) in acetic acid (30 ml.) was kept for 20 min. at 80-100° 
and treated as above. The product (1.0 g.) was recrystallized 
from water (0.85 g.), m.p. 225-227° dec. 

Anal. Calcd. for C7H8BrX303: C, 32.08; H, 3.08; Br, 30.49; 
X, 16.03. Found: C, 32.00; H, 3.19; Br, 30.43; N, 15.85. 

1 -((3-D-Ribofuranosyl)-4-methylthio-2-pyrimidinone (XIa). 
—2',3',5'-Tri-0-benzoyl-4-thiouridine13 (X, R = OBz, R2 = 
H, 11.5 g.) was dissolved in Ar sodium hydroxide (60 ml.), 
water (40 m l ) , and ethanol (100 ml.) and stirred for 1 hr. Methyl 
iodide (14.2 g.) and more N sodium hydroxide (20 ml.) were 
added, and the mixture stirred for 30 min. After neutralization 
with acetic acid, the solution was evaporated in vacuo, and the 
residue dissolved in ethanol. The insoluble material was removed 
by filtration and discarded, and the filtrate concentrated to a 
sirup. This sirup was treated with ethanol and the solids which 
formed were discarded. The filtrate was again concentrated to a 
sirup and the treatment with alcohol was repeated. The final 
filtrate was concentrated to a sirup and triturated repeatedly 
with acetone. The acetone-insoluble sirup (4.5 g., crude XIa) 
was used in the following reactions. 

N-(l-/3-D-Ribofuranosyl-2-oxo-4-pyrimidinyl)-L-phenylaIa-
nine (Xlla).—The solution of XIa (2.7 g.), ^phenyl­
alanine (2.0 g.), and sodium carbonate (0.56 g.) in water (12.5 
ml.) was refluxed for 15 hr. After acidification with acetic acid, 
the solution was concentrated in vacuo and the residue dissolved 
in ethanol. The insoluble material was removed by filtration and 
the filtrate evaporated to dryness. The residue was dissolved 
in water, adjusted to pH 7.5, and applied to a column (Dowex I, 
formate, 2.5 X 16 cm. long). The column was washed with 
water which removed uridine and unchanged XIa. Formic 
acid (0.2 M) was used for elution. The eluate was collected in 
100-ml. fractions. The ultraviolet absorbing fractions (measured 
at 290 imt) containing product were combined and evaporated to 
dryness in vacuo, and the residue was dissolved in ethanol from 
which crystals were obtained (1.2 g.), m.p. 165-170° slow dec. 

Anal." Calcd. for C18H21X30,-1.5H20: C, 51.67; H, 5.77; 
X, 10.04. Found: C, 51.90; H, 5.74; X, 10.26. 

N-(l-/3-D-Ribofuranosyl-2-oxo-4-pyrimidinyl)-L-tryptophan 
(Xllb).—The solution of XIa (3.2 g.), ^ t ryp tophan (2.05 g.), 
and sodium carbonate (0.56 g.) in water (15 ml.) was 
refluxed for 6 hr. The solution was diluted with water, adjusted 
to pH 9, and applied to a column (Dowex I, formate, 2.5 X 16 
cm.). After washing the column with water, the product was 
eluted with Ar formic acid. The combined eluate was evaporated 
in vacuo to a sirup which was treated with ether to remove formic 
acid. The residue was taken up in a small amount of water 
from which the precipitate separated (yield 2.0 g.) and recrystal­
lized from water, m.p. 176-178° dec. 

Our interest to investigate the condensation reactions 
of X,X'-bis-(o-hydroxybenzyl)-ethylenediamine (I) was 

(1) (a) J. H. Billman, J. Y. C. Ho, and L. R. Caswell, J. Org. Chew,., 22, 
538(1957). (b) Dow Research Fellow, 1959-1860. Taken from the Ph.D. 
thesis of L.C.D., Indiana University, 1961. 

Anal. Calcd. for C20H22X4O7 • H 2 0 : C, 53.57; H, 5.39; X, 
12.49. Found: C, 53.37; H, 5.22; X, 12.36. 

N-(l-/3-D-RibofuranosyI-2-oxo-4-pyrimidinyl)-p-aminoben-
zoic Acid (XIII).—A mixture of XIa (5 g.), p-amino-
benzoic acid (4.1 g.), and sodium carbonate (1.6 g.) in water 
(30 ml.) was refluxed for 3.5 hr. The solution was acidified with 
formic acid and the precipitate (p-aminobenzoic acid) was re­
moved. Extensive hydrolysis of XIa to uridine was observed. 
The solution was adjusted to pH 9, applied to a column (Dowex I, 
formate 2.5 X 16 cm.), washed with water and 0.1 N formic acid, 
and eluted with A' formic acid. The combined fractions contain­
ing the product were evaporated to a sirup and washed with ether. 
An amorphous solid was obtained from the residue which could 
not be crystallized; yield 1.4 g., m.p. 156-165° dec. 

Anal. Calcd. for C16H17X307: C, 52.88; H, 4.72; X, 11.57. 
Found: C, 52.48; H, 4.75; X, 11.25. 

l-(2-Deoxy-|3-D-ribofuranosyl)-4-methylthio-5-methyl-2-
pyrimidinone (Xlb).—Compound X (R2 = Me, R = H, 
9.32 g.)13 in N sodium hydroxide (40 ml.), ethanol (100 ml.), 
and water (70 ml.) was stirred for 1 hr. Methyl iodide 
(12 g.) and more Ar sodium hydroxide (20 ml.) were added and the 
mixture stirred for 30 min. After storage in the refrigerator 
overnight, needles separated and were collected. The filtrate 
was concentrated to a sirup and the sirup triturated with water 
from which additional needle crystals were obtained; total yield 
4.9 g. (90%). One recrystallization from water afforded pure 
material, m.p. 176-178°. 

Anal. Calcd. for CuH1 6X204S: C, 48.52; H, 5.92; X, 10.29; 
S, 11.78. Found: C, 48.49; H, 5.64; X, 10.22; S, 11.99. 

N-[l-(2-Deoxy-/3-D-ribofuranosyl)-5-fluoro-2-oxo-4-pyrim-
idinyl]-L-alanine (XIIc).—4-Thio-5-fluoro-2'-deoxyuridine (1.2 
g.)2 in A* sodium hydroxide (6 ml.), water (20 ml.), and 
methyl iodide (1.5 g.) were stirred for 20 min. The solution was 
neutralized and evaporated to dryness. The residue was taken 
up in water (15 ml.), L-alanine (1 g.) and sodium carbonate 
(0.58 g.) were added, and the solution was refluxed for 2 hr. 
The reaction solution was applied to a column (Dowex I, formate, 
2.5 X 16 cm.), washed with water, and eluted with 0.1 N formic 
acid. The fractions containing the product were combined and 
concentrated to a sirup, washed with ether, and the resulting 
crystalline residue was recrystallized from water; yield 0.7 g., 
m.p. 151-152° dec , [a]20D - 4 0 ° (c0.54, A; HC1). 

Anal. Calcd. for C12H16FX306: C, 45.43; H, 5.08; F, 5.99; 
X, 13.24. Found: C, 45.14; H, 5.52; F, 6.16; X, 13.11. 
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essentially twofold. Other similarly substituted ethyl-
enediamines, N',X/-bis-(p-methoxybenzyl)-,2 X,X'-bis-

(2) (a) J. II. Billman, J. Y. C. Ho, and L. R. Caswell, J. Org. Chem., 17, 
1375 (1952); (b) L. Veibel and I. B. Anderson, Anal. Chim. Acta, 15, 15 
(1956). 
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X,X'-Bis-(o-hydroxybenzyl)-ethylenediamine (I) undergoes an equimolecular condensation with aldehydes 
and aqueous formaldehyde in alcohol solution to form imidazolidine derivatives. In contrast, paraformaldehyde 
reacts with I in benzene to form l,2-bis-[3-(3,4-dihydro-l,3,2H-benzoxazino)]-ethane. Acetone forms a stable 
imidazolidine derivative of I. Reactions of I with other ketones are discussed. Xone of the compounds showed 
appreciable antibacterial, antifungal, or antiviral activity. 


