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N-(2-Oxo-4-pyrimidiny!) amino acids were prepared by reaction of 4-methylthio-2-pyrimidinones with amino

acids.

N-(2-0Oxo-4-pyrimidinyl)-glycine, -L-alanine, -L-phenylalanine (IVe), -i-tryptophan (IVd), -g-alanine,

-0- and p-aminobenzoic acid (Va), and -glycylglycine were obtained. N-(2-Thio-4-pyrimidinyl)-L-trvptophan
was also prepared as well as the 5-methyl, 5-fluoro (IVf), 5-chloro, and 35-bromo analogs of N-(2-oxo-4-

pyrimidinyl)-p,L-alanine.

ribofuranosyl-4-methylthio-2-pyrimidinone  with the
ribofuranosyl) derivative of IVf was synthesized by similar methods.
compounds in experimental tiinors showed no significant antitumor activity.

The ribonucleosides of IVe, d, and Va were synthesized by treitment of 1-8-p-
appropriate

amino acid. The 1-(2’-deoxy-3-n-
Preliminary results with some of these
None of the pyrimidinyl amino

acids tested supported the growth of certain pyrimidine- or aminn acid-requiring mutants of Escherichia coli.

It was demonstrated in another series® that certain
exocyelic N-alkylated derivatives of 53-fluoro-2'-deoxy-
eytidine exhibited significant antitumor activity against
transplanted mouse leukemia B82, though the parent
compound, 5-fluoro-2’-deoxyeytidine, had a better
chemothergpeutic index in this system. It was also
denonstrated that the exocyclic N-methyl derivatives
of the naturally-occurring cytosine nucleosides (e.g.,
eytidine, p-methyleytidine, 2’-deoxyeytidine, and 3-
methyl-2’-deoxycytidine) are essentially resistant to
couversion to their corresponding uridine analogs
by nucleoside deaminase(s) derived from Escherichia
coli B. The N-methyl derivative of 5-fluoro-2’-deoxy-
cvtidine however ¢s converted appreciably to 3-fluoro-
2’-deoxyuridine in this enzymatic system though to a
lower extent than 3-fluoro-2’-deoxycytidine.

In addition, several purinyl and pyrimidinyl amino
acids are known to ocecur in nature as antibiotics or as
intermediates in the biosynthesis of nucleotides, such
as adenylosuceinate,® amicetin,® and guanine pro-
pionate’* and its nucleoside.’® A number of N-(6-
purinyl)® ¢ and N-(6-purinoyl)® amino acids have also
been synthesized. These studies suggest that other
exocyclic-N-substituted derivatives of cytosines might
be useful as compounds of potential biochemical in-
terest.

This paper deals with the synthesis of certain N-(4-
pyrimidinyl) amino acids of structure I including some
1-B-p-ribofuranosyl and 1-(2-deoxy-g-p-ribofuranosyl)
derivatives thereof.

There are several approaches to the synthesis of
pyrimidinyl amino acids. Some have been prepared

(1) This investigation was supported in part by funds from the National
Cancer Institute. National Institutes of Health, U. 8. Public Health Service
(Grant No. CA 03190-07). A preliminary report of this work has appeared
in the Abstracts of the 144th Nationsl American Chemical Society Meeting,
Los Angeles, California, April, 1963, p. 30L.

(2) 1. Wempen., R. Duschinsky, L. Kaplan, and J. J. Fox, J. Am. Chem.
Sor:., 83, 4735 (1961).

(3) C. E. Carter and L. H. Colien. J. Bicl. Chem., 222, 17 (1956): J. Am.
Chem. Soc.. TT, 499 (1933).

(4) J. W. Hinman, E. Caron, and C. Je Boer, "id.. 76, 3864 (19i3): E.
H. Flynn, J. W. Hinman, E. L. Caron, and C. De Boer, 1%:d., 75, 5867 (1953);
C. De Boer, E. Caron, and J. W, Hinman, ibid., 758. 499 (1433).

3) (a) U. Al-Khalid) and G. Greenberg, J. Biol. Clhem., 238. 189, 192
(1961): (b) A. Ballio, C. Delfini, and S. Russi, Nature, 186. 988 (1960).

6) (a) C. E. Carter, J. Biol. Chem., 223, 139 (19738); (h) H. Lettre and
H. Ballweg, An»n., 633, 171 (1980): (¢} A. Ballio and V. Dittorin, Gazz.
Chim. Ital., 90, 501 (1960); (d) N. Ward, J. Wade, E., F. Walborg, Jr.. and
T. 8. Osdene, J. Org. Chem.. 26, 5000 (1961); (e) 8. Cohen, E. Thow, and A.
Bendich. Biockemistry, 2, 176 (1963).
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by reaction of halogenopyriniidines with amino acids.”
Unfortunately, this method is not easily applicable to
the synthesis of I since 4-halogeno-2-pyriniidinones are
not readily available. Prokofév, et al.,® have reported
the synthesis of N-(2-oxo-6-methyl-4-pyrimidinyl)-
glycine by treatment of 4-amino-2-chloro-6-methyl-
pyrimiidine with chloroacetic acid. This method is
ambiguous since later reports in the literature® indicate
that, in general, alkylation occurs on a ring nitrogen
rather than on the exocyclic aniino group i certain
aminopytrimidines. Feldman, et al.,'° have utilized the
ready replacement of the 2-alkylmercapto group!
by amines to prepare N-(4-oxo-pyrimidinyl) amino
acids by reaction of 2-methylthio-4-pyrimidinone with
amino acids.

The facile synthesis of 4-thio-2-pyrimidinones by
direct thiation of uracils!? and the availability of 4-
thio nucleosides?!® made this approach the method of
choice. The thiouracils (IT) used herein were prepared
by the method of Mizuno, et al.,'? and then converted
to the 4-methylthio derivatives I1I, by modification of
the procedure of Wheeler and Johnson.

(7) W. R. Boon, W. G. M. Jones, and G. R. Ramage. J. Chem. Soc., 96
(1951); P. Roy-Burman, D). Rov, and D. Sen, Naturwissenschaften, 47, 515
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P. Roy-Burman and D. Sen. i/d., 49, 494 {1962).
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76. 399 (1950); Chem. Absir., 46, 71235 (195H1).

(9) F. H. 8. Curd and D). N. Richardson, J. Ckem. Soc., 1830, 1853

(1953): P. Brookes and P. D. Lawley, ibid., 1348 (1962); D. J. Brown and
J. 8. Harver, {bid., 1288 (1961); D. J. Brown and N. W. Jacobsen, tbid.,
3172 (1962).

(10) I. Kh. Feldman and Chung-Chi Chih, Zhk. Obshch. Kkim.. 30, 3832
(1960): Chem. Abstr., 68, 21136 (1960).

(11) D. J. Brown in "The Pyrimidines,” Interscience Publishers, Inc.,
New York. N. Y., 1062, ). 308.

(12) Y. Mizano, M. Ikehara, and K. A. Watanabe, Chem. I"harm. Bull.
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Reaction of 111 with amino acids in the presence of
one equivalent of aqueous sodium carbouate at pH
&-9 under reflux for 3-18 hr. vielded (after acidification)
the pyrimidinyl amino acids 1V 411(1 V in satisfactory
vield.

The pH of the reaction s important.
is carried out at pH 7 or below (

If the reaction
(no addition of sodinm

in the noucationic form available for nucleophilic
substitution.

With the exeeption of the aromatic amio acid de-
rivatives, all the pyrimidingt amino acids gave nltra-

violet absorption spectia gencrally stmilar to that foe
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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)-«-alanines?
which was reported to be unstable to acid or to boiling
water and with that for N-(6-hydroxy-2-purinyl)-a-
alanine® which is unstable in aqueous solution as well
as in acid or alkaline media.

The synthesis of VIII was accomplished by reacting
IIT (R = H) with phosphorus oxychloride in diethyl-
aniline and treating the crystalline monochloro deriva-
tive VI thus obtained with thiourea to afford VIL.
Refluxing of VII with r-tryptophan in water (pH 8-9)
gave N-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 (R, = H) with g-alanine at reflux
temiperature in water containing one equivalent of
sodium carbonate for 30 hr. yielded the g-amino acid
derivative IX in 609, 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 909 yield. These data attest
to the greater susceptibility of IIT vs. II to nuecleophilic
displacement on C-4.

The 5-chloro and -bromo analogs of IVb were syn-
thesized by reaction of IVb with N-chloro- and N-
bromosuccinimide, respectively.

R3CHCOOH
< SCH, NH

N
HN)TRZ N%j/Rz N%j,ﬂz
Oéj\ N 0;\ N OA\N
B20CHz_o HOCH, o
—_—_

B20 R HO R, HO  Rs
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HN@COOH s W ok
N b CHs H
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¢ CHy F H

HO  OH * 3-indoly(methyl(-

X

For the synthesis of amino acid nucleosides of strue-
ture I, the readily available acylated 4-thionucleosides
(X, R = 0Bz Ry = Hand R = H, R, = CH,,) were
employed as starting materials. These were deacylated
in alkali and methylated in situ to thenr 4-methylthio
analogs XI. Of these, only the thymidine analog XIb
was obtained in crystalline form. TUnfortunately, this
erystalline substance XIb when treated with an amino
acid (7.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 XIb with amino acids (i.e.,
phenylalanine, tryptophan, and p-aminobenzoic acid)
and after ion-exchange chromatography, gave low
vields (20-309) of product XIIab, and XIIT. Again,
the main side reaction was the hydrolysis of the thio-
ether of XIa to uridine. 4-Thio-5-fluoro-2’-deoxyuri-
dine? was converted to the 4-methylthio derivative XIe
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and reacted with «-alanine. After ion-exchange chro-
matography on Dowex I (formate), a 409, yield of
crystalline XIIc was obtained.

Screening Studies.!®—As in a previous study,?
some of these compounds were tested against trans-
planted mouse leukemia B82. Preliminary screening
results in1 this system** were obtained with the following
compounds: II and IIT (R, = F), IVa—d, XIb, and
XlIIe. None of these compounds was active against
this tumor except the phenylalanyl derivative IVe
and the tryptophanyl derivative IVd. With IVe 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 (~ 739%) was
observed but this activity was accompanied by severe
weight loss.

In Sarcoma 180, 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. b

Escherichia coli auxotrophs were employed to test for
the ability of the pyrimidinyl amino acids (IVa-d) to
support growth in these mierobial systems.!® Four
auxotrophs!’™ were used, viz., Bu- (uracil requiring),
W (cytosine requiring), MS83-5 (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 IVe or IVd support the growth of
M83-5 or M165A-52, respectively, indicating that the
C-N bond on the heterocyelic side of the exocyeclic
amino function also remained intact in this system.
Sinmilar results were obtained with a uracil-requiring
mutant of Bacillus subiilis. 1

Experimental*®

4-Thiothymine (II, R, = CHj;).'%—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 wvacuo. The residue was re-
crystallized from boiling water, yield, 59 g. (83%;). This product
I1 is sufficiently pure for use in the next step.

4-Methyithio-5-methyl-2-pyrimidinone (III, R, = CH;).—
4-Thiothymine (12 g.) was dissolved in N 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.?® m.p. 205-211°).

Anal. Caled. for CeHgN,OS: C, 46.14; H, 5.16; N, 17.94;
8,20.53. Found: C,46.25; H, 5.14; N, 17.98; S, 20.66.

5-Fluoro-4-thiouracil (I, R, = F).—5-Fluorouracil (19.5
g.)® 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: (a) J. H. Burchenal,
J. R. Purple, and E. Bucholz, (b) P. C. Merker and F. Schmidt, and (c) L.
Kaplan and L. Provenzano.

(17) (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-
phan-requiring mutants and to Dr. 8. 8. 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 nielting
point apparatus and are corrected. Microanalyses were performed by the
Galbraith Laboratories. Inc.. Knoxville, Tennessee, and by Spang Micro-
analytical Laboratory, Ann Arbor, Michigan.

(19) H. L. Wheeler and D. F. McFarland, 4m. Chem. J., 43, 19 (1910).

(20) R. Duschinsky. E. Pleven, and C. Heidelberger, J. Am. Chem. Soc..
79, 4559 (1937).
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reaction, water was added dropwise (~ (.4 ml.) to maintain an
orange-tirbid color.2t  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; nip.
277-278° dec.

Anal.  Caled. for CHRFN,08: C, 32.86; H, 2.07; N, 10.17;
F, 13.00; 8, 21.93. Found: C, 32.87; H, 2.07; N, 19.35; F,
13.22; 8, 22.06.

5-Fluoro-4-methylthio-2-pyrimidinone (III, R, = F)—5-
IFlnoro-4-thiouracil (8 g.) in ¥ sodium hydroxide (54.8 inl.) was
treated with methyl iodide (20 g.) at room temperature. The
separated crystals were recrystallized from water, vielding needles
(5.6 g., 645¢), m.p. 222-224°.

Anal. Caled. for CGH:FN,O8: C, 37.49; H, 3.15; N, 17.49;
F, 11.86; S, 20.02. Found: C, 37.65: H, 3.23; N, 17.36; F,
12.06; 8, 20,16,

2-Chloro-4-methylthiopyrimidine ( VI) —4-Methylthio-2-pyrim-
idinone (III, R, = 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° niost of the solvent,
wis removed in pacuo.  The residue was poured into ice-water
(400 ml.) and extracted with ether. The ether layer wus washed
with water and dried over sodium sulfate, filtered from salts,
and the filtrate evaporated to dryness. White crystals of 2-
chloro-t-methylthiopyrimidine (VI)?? were obtained, m.p. 66-
GR°,

Anal. Caled. for CH:CINgS: ) 37.38; H, 3.14; N, 17.44,
I‘'ound: C, 37.39; H, 3.20; N, 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
nil. and caoling, crystals of the thiouronium salt separated, n.p.
166--167° dec.

Anal.  Caled. for CeH4CINGS,: C, 30.43; H, 3.80; N, 23.67;
8,27.05. Found: C,30.49; H, 4.09; N, 23.50; S, 26.52.

The thiouroniuin salt was dissolved in water (100 ml.) and 10¢;
sodinm hydroxide (ca. 50 ml.) was added. After acidification
with acetic acid to pH 3, the precipitated crystals VII were col-
lected and recrystallized from water. Yellow needles (16 g.,
7077 from ITI, R, = H), were obtained, 111.p. 190~192°.

Anal. Caled. for C:HeN2Sy: €, 37.97; H, 3.80; N, 17.72:
5, 40.51. Found: C,3%.11; H, 3.75; N, 17.81; 8, 40.25.

N-(1H-2-Oxopyrimidinyl-4)-glycine (IVa).—A mixture con-
taining 4-inethylthio-2-pyrimidinene (4.0 g.), glycine (2.57 g.,
1.2 equiv.), and sodium carbonate (1.82 g., 0.6 equiv.) in water
{20 ml.) was refluxed for 3 hr. After cooling, the solution wns
acidified with formic acid (4 ml.), cooled, and the precipitate, 4.7
g., collected and recrystallized from water. Yield is ca. 807,
and the componnd has no definite melting point.

Anal. Caled. for CeH:NO;: €, 42.61; H, 4.17; N,
Found: C,42.40; H, 4.22; N, 24.63.

N-(1H-2-Oxo0-4-pyrimidiny!)-L~ and -pL-Alanine (IVb).—These
products were obtained by the same method stated before, except
the refluxing time was 5-8 hr.  The vield was 75-8597, for 1-isomer,
[a]¥p —104° (¢ 0.4, N HCI), m.p. > 280°, and pr-isomer, op-
tically innetive, m.p. 264-265° dec.

Anal. Caled. for C:HgNzOs: €, 45.00; H, 4.95; N, 22.04.
I'onnd: -somer: C, 45.87: H, 5.03; N, 23.21. bpr-isomer: C,
45.06; H, 5.04; N, 22.92.

N-(1H-2-Oxo0-4-pyrimidinyl)-L-phenylalanine (IVc).—A mix-
ture of III (Re = H) (2 g.), L~-phenylalanine (1.1 equiv.), and
sodinm carbonate (0.55 equiv.) in water (20 ml.) gave this prod-
et after 18 hr. at reflux temperature. Recrystallization from
water gave 1.8 g., n.p. 136-138° dec., |a]®p +4-49° (¢ 0.40, .V

24.83.

HCD).
Anal.  Caled. for CsHisNsOs: C, 60.23; H, 5.05; N, 168.21.
Found: C, 59.82; H, 5.54; N, 16.01.

N-(1H-2-Ox0-4-pyrimidinyl)-Lstryptophan (IVd).—A mixture
of 11T (R, = H, 4.26 g.), -tryptophan (1.1 equiv.), and sodium
carhonate (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
acctie acld, 6.1 g., m.p. 201-205° slow dec. This product showed

21) J. 00 Yox, I Wenqren, AL Hampton, cand 1, L, Doerr, J. Ame, Chem, S,
80, 1664 {1Y48) (sev ref. 35).

(22 A. D). Ainley, H. 8. Card, and 8. Birtwell, Chem, Abstr., 46, 91314
(11(32) [British Patent 638,202 (1951) ], have reported this compound us ui
il

Vol 6

a single spot in paper clectrophoresis (0.1 3 annvoniim sweetate,
pH 7) and gave 1 negative ninhyvdrin reaction: fai=n -7
(¢ 0.538, 3 .V HCD.

dnel, Caled, Tor Cyuly NyOp 105 HLO: () ads: HL ST
N, 17220 Found: €, 55.74; H, 5.53; N, 17.24.

N-(1H-2-Oxo0-4-pyrimidinyl)-glycylglycine (1Vi;, -~ A 1nixture
of HT (Re = H, 1.3 g, glveylglveine ¢ L1 equiv.:, and sodinn,
carbomte (0.55 equives i water (10 ml) treated i tlar sane
manner as before gave a product (1S g after 8 hre reflux. Re-
crystallization from water wfforded 1.3 g nup. 2302517 dee
which showed only : single spot n paper eleetrophoresis (0.1 1/
mnmonin acetate, pHo o7, 700 v, 90 wmin., +9.0 em.s. The
glvevl derivictive (IVad shows aospot at - 11,2 e,

Anal,  Caled. for GH,N O, H,O00 €, 3931 1,
22,00 Found: () 38.72; H, 4.50; N, 2281,

N-(1H-2-Oxo0-4-pyrimidinyl)-p-aminobenzoic acid Vb .-
I'rom the mixture of TIT (Ry = H, 1.4 23, p-aninobenzoic acid
(LO equiv.), aml sodnnn carbonate (L5 cquiv.t in water £10
il after 2 hr. reflux, 1.9 g, of Vo was obtained.  The produet
wis pirified by dissolving in dilirte sunmoninm hydroxide solution
and precipitating by addition of formic acid, v, >270™

Anal. Caled. for CHHN,O: Cp A7 H, 32920 N
Found: €, 56.06; H, $.05; N, IN01,

N-(1H-2-Oxo0-4-pyrimidinylj-anthranilic acid ( Va;.—The prod-
et (VH) was obtadned (7.5 g after refluxing 111 (R: = H, 6.0 ¢+,
anthranilic acid (1.0 equiv.)y, and sodim enrbonate 10.3 ¢quiv,
i witer (50 ml.s for 4 hroin o miamer deseribed above, Viowos
purified inn the same miner as Vb, unp. 247-248° dee,

Anal. Caled. for CoHeNaOy: €, 37000 H, 3020 N, N7
Found: €, 56.70; H, .L.26; N, 17.77.

N-<(1H-2-Ox0-5-methyl-4-pyrimidinyli-1.-alanine (Ve -A
imixture of IIT (Ry = CH. 1.56 g1 r~alanine (2 rquive), and
sodinm carbonate (C aquiv. in water {10 mb was rethixed Tor 12
hr.  After acidification of the solution with formic acid to pH 3,
the solution was evaporided to dryness and the residue taken np
in ethanol, and the precipitate (-alanine: wis removed by fil-
tration, The filtrate was evaporated to dryness, the residne
taken up in water, wml cooled in the refrigerator overnight.
The separated crystuls were reervstudlized from water: yield 0.5
g, L. >200°, fof e - 123° (¢ 0.04, VHCD,

Anal.  Caled. for CJHN,Oy: O, IR37; H, 5.62:
Found: C,48.67; 1, 5.50; N, 2134,

N-(1H-2-Oxo0-3-fluoro-4-pyrimidinyl;-L-alanine  (1Vf,.--The
mixture of TIT(Ry = F, 1.0 g.), L=danine (1.1 equiv, i and sodinm
carbonate (0.55 equiv.: nnwater €10 1l gave the product after
8 hirs reflux. Reervstadlization from agqueons aleohol gave 0.5
€., nLp. 239-240° dec,, Je]®n — 166° (o067, 8 HCL

Anal. Caled. for CiHAON Oy C, 017090 H, 3,080 1, 94000
N, 20,00, Found: €, 42.01; H,3.51: 19,020, N, 21.21.

N-(1H-2-Thio-4-pyrimidinyl)-1.-tryptophan ( ¥III).-- Vil i1.55
g.), tryptophan (1.1 equiv.), and sodiun earbonate (.55 cquniy s
in water (20 mly were refluxed for 5 hr. and worked up in the
same manner as in the synthesis of 1Vd. The produet 0.7 10
had mp. 178-195° dee.

Anal. Caled, for Col),N O L0H00 ) 5277,
N, 164415 K, 939, Found: €, 52,74 M, 5.29; N,
0.76.

N-(1H-2-Oxo0-4-pyrimidinyl)-g-alanine (IX;. (a: From 4-
Thiouracil.—The mixture of IT (R. = I, 19.2 g%, g-alanine
(21 g.), and sodium earbonate (8 gy in wider (200 mi) wis re-
fluxed for 34 hr. After concentration to n small volume, the
precipitated sodium salt of IX (22 g.) was isolated and converted
to the free ncid (17 g.) by acidification of its aquemis soliation with
tormic acid, m.p. 270-271° dec.

Anal. Caled. for C:HuNOy: €, 45.00; H, 4.05; N, 2204
Found: C, 45.87; H, 4.83; N, 22.04.

(b) From 4-Methylthio-2-pyrimidinone.—The ndxture of 111
(Re = H, 1.42 g.3, B-alanine (1.07 g.¢ and sodimm carbonate
(0.63 ¢.) in water (15 wml.) was refluxed for 2 hr.  The solution
wus acidified and the free acid IN was obtained; 1.65 g., (90°7;
as white needles, m.p. 271° dec.  The ultraviolet spectral prop-
erties (see Table DY were identienl with IX obtained fronn the
previous method.  The identity of both compounds wis also
shown by puper ionophoresis (5.5 en, single gpot, 0.1 3/
ammoninm acrtate, 700 v, 1 hro.

N-(1H-2-0Oxo0-5-chloro-4-pyrimidinyl)-p,1.-alanine (1Vgi, —
The mixture of IVDL (vr-forin, 0.5 g and N-chlorosne-
cinimide (0.5 g.1 in weette acid (15 ml) was heated for 30 min. m
100°.  After reimoval of solvent o eqeno. the residue was tri-
turated with woter. The pricipitite (045 g0 was reerystadlized

1LO20 N,

INAT.

N, 2130

H, Hu2;
1.0 N,

‘
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from water (with charcoal treatment); yield, 0.3 g., m.p. 239-
240° dec.
Anal. Caled. for C;HiCIN:O;: C, 38.63; H, 3.71; Cl, 16.29;
N, 19.31. Found: C,38.47; H, 3.67; C], 16.33; N, 19.13.
N-(1H-2-0Ox0-5-bromo-4-pyrimidinyl)-p,L-alanine (IVh).—
The mixture of IVb (p,i-form, 1.0 g.) and N-bromosuccinimide
(1.1 g.) in acetic acid (30 ml.) was kept for 20 min. at 80-100°
and treated as above. The produect (1.0 g.) was recrystallized
from water (0.85 g.), m.p. 225-227° dec.
Anal.  Caled. for C;HBrN;0;: C, 32.08; H, 3.08; Br, 30.49;
N,16.03. Found: C,32.00; H, 3.19; Br, 30.43; N, 15.85.
1-(3-p-Ribofuranosyl)-4-methyithio-2-pyrimidinone (XIa).
—2,3",5-Tri-O-benzoyl-4-thiouridine'® (X, R = 0Bz, R; =
H, 11.5 g.) was dissolved in N sodium hydroxide (60 ml.),
water (40 ml.), 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 wus 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 wus 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-(1-8-p-Ribofuranosyl-2-0xo-4-pyrimidinyl)-L-phenylala-
nine (XIla).—The solution of Xla (2.7 g.), r-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 mu) 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. Caled, for CisHyN:O0r1.5H,0: C, 51.67; H, 5.77
N, 10.04. Found: C,51.90; H, 5.74; N, 10. 26
N-(1-B-D-Ribofuranosyl-z-oxo-4-pyrimidinyl)-L-tryptophan
(XIIb).—The solution of XIa (3.2 g.), I-tryptophan (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
c¢m.).  After washing the column with water, the product was
eluted with & 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.
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Anal. Caled. for CoH»N,O:-H,O: C, 53.57; H, 5.39; N,
12.49. Found: C,53.37; H, 5.22; N, 12.36.
N-(1-8-p-Ribofuranosyl-2-0x0-4-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 e¢m.), washed with water and 0.1 N formic acid,
and eluted with N 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.  Caled. for CeHyN:05: C, 52.88; H, 4.72; N, 11.57.
Found: C, 52,48; H,4.75; N, 11.25.
1-(2-Deoxy-8-p-ribofuranosyl)-4-methylthio-5-methyi-2-
yrlmldmone (XIb).—Compound X (R, = Me, R = H,
9.32 g.)? in N sodium hydroxide (40 ml.), ethanol (100 ml. ),
and water (70 ml.) was stirred for 1 hr. Methyl iodide
(12 g.) and more ¥ 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 crvstals were obtained; total yield
4.9 g. (909%). One recrystallization from water afforded pure
material, m.p. 176-178°.
Anal. Caled. for CH;6N0:8: C, 48.52; H, 5.92; N, 10.29;
S, 11.78. Found: C,48.49; H, 5.64; N, 10.22; S, 11.99.
-[1-(2-Deoxy-g3-p-ribofuranosyl)-5-fluoro-2-o0xo-4-pyrim-
idinyl]-L-alanine (XII¢),—4-Thio-5-fluoro-2'-deoxyuridine (1.2
g.)? in N 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.), r-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 & 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]®D —40° (¢ 0.54, N HCI).
Anal. Caled. for C,H,¢FN;Oq: C, 45.43; H, 5.08; F, 5.99;
N, 13.24. Found: C, 45.14; H, 5.52; F, 6.16; N, 13.11,
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N,N’-Bis-(o-hydroxybenzyl)-ethylenediamine (I) undergoes an equimolecular condensation with aldehydes

and aqueous formaldehyde in alcohol solution to form imidazolidine derivatives.
reacts with I in benzene to form 1,2-bis-[3-(3,4-dihydro-1,3,2H-benzoxazino)]-ethane.

imidazolidine derivative of I.

Our interest to investigate the condensation reactions
of N,N’-bis-(e-hydroxybenzyl)-ethylenediamine (I) was
(1) (a) J. H. Biltman, J. Y. C. Ho, and L. R. Caswell, J. Org. Chem., 22,

538 (1957). (b) Dow Research Fellow, 1959-1960. Taken from the Ph.D.
thesis of L.C.D., Indiana University, 1961.

In contrast, paraformaldehyde
Acetone forms a stable

Reactions of I with other ketones are discussed. None of the compounds showed
appreciable antibacterial, antifungal, or antiviral activity.

essentially twofold. Other similarly substituted ethyl-
enediamines, N,N’-bis-(p-methoxybenzyl)-,2 N N’-bis-
(2) (a) J. H. 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, 18, 15
(1956).



