
Journal of Medicinal Chemistry 
© Copyright 1964 by the American Chemical Society 

VOLUME 7, NUMBER 1 JANUARY 8, 1964 

Syntheses of 5-Trifluoromethyluracil and 5-Trifluoromethyl-2 ,-deoxyuridine1 '2 

CHARLES HEIDELBERGER,3 DAVID G. PARSONS, AND DAVID C. REMY 

McArdle Memorial Laboratory, University of Wisconsin, Madison 6, Wisconsin 

Received September IS, 1963 

5-Trifluoromethyluraeil has been synthesized starting with trifluoroaeetone, which was converted into the 
cyanohydrin and then into the cyanohydrin acetate, which was pyrolyzed to trifluoroacrylonitrile. To the latter 
was added hydrogen bromide in methanol, and /3-bromo-a-trifluoromethylpropionamide was obtained, which 
was condensed with urea or N-acetylurea to give a-trinuoromethyl-,3-ureido propionamide or its acetyl deriva­
tive. The ureidoamides were cyclized to 5-trifluoromethyl-5,6-dihydrouraeil by refluxing in hydrochloric acid. 
Bromination and dehydrohalogenation of the dihydropyrimidine gave 5-trifluoromethyluracil, which was con­
verted enzymatically into 5-trifluoromethyl-2'-deoxyuridine. The latter compound is incorporated into DNA, 
is mutagenic to bacteriophage, inhibits (in the nucleotide form) the enzyme, thymidylate synthetase, and is a 
potent inhibitor of the growth of Adenocarcinoma 755 in mice. 5-Trifluoromethyluracil under mild alkaline 
conditions is quantitatively converted into 5-carboxyuracil and was condensed with glycine and glycylglyeine 
to give 5-uracoylglycine and 5-uracoylglycylglycine. 

Based upon the observation by Rutman, et al.,* 
that uracil was utilized to a greater extent for nucleic 
acid biosynthesis in tumors than in corresponding 
normal tissues, a new antimetabolite, 5-fluorouracil, was 
designed and synthesized.5a<b This compound turned 
out to have considerable tumor-inhibitory activity 
against mouse and human tumors6ab and is detoxified 
to a lesser extent by tumors than by most normal 
tissues in mouse and man.7 a b c The compound is 
incorporated into RXA,8 but exerts its tumor-inhibi­
tory activity as a result of metabolic conversion into 
o-fluoro-2'-deoxyuridine 5'-monophosphate, which is a 
potent inhibitor of the enzyme, thymidylate syn­
thetase. 9a'b The nucleoside 5-fluoro-2'-deoxyuridine 
is more effective than 5-fluorouracil against mouse and 

(1) This work was supported in part by grants, C-2832 and CRTY-5002, 
from the National Caneer Institute, National Institutes of Health, V. S. 
Public Health Service. 

(2) A preliminary account of this work appeared: C. Heidelberger, D. 
Parsons, and D. C. Remy, J. Am. Chem. Soc, 84, 3597 (1962). 

(3) American Cancer Society Professor of Oncology. 
(4) R. J. Rutman, A. Cantarow, and K. E. Paschkis, Cancer Res., 14, 116 

(1954). 
(5) (a) C. Heidelberger, N. K. Chaudhuri, P. Danneberg, D. Mooren, L. 

Griesbach, R. Dusehinsky, R. J. Schnitzer, E. Pleven, and J. Scheiner, 
Nature, 179, 663 (1957); (b) R. Dusehinsky, E. Pleven, and C. Heidelberger, 
J. Am. Chem. Soc, 79, 2559 (1957). 

(6) fa) C. Heidelberger, L. Griesbach, B. J. Montag, D. Mooren, 0 . 
Cruz, R. J. Schnitzer, and E. Grunberg, Cancer Res., 18, 305 (1958); (b) F. 
J. Ansfield, J. M. Schroeder, and A. R. Curreri, J. Am. Med. Assoc, 181, 295 
(1962). 

(7) (a) N. K. Chaudhuri, K. L. Mukherjee, and C. Heidelberger, Biochem. 
Pharmacol., 1, 328(1958); (b) K. L. Mukherjee and C. Heidelberger, J. Biol. 
Chem., 238, 433 (1960); (c) K. L. Mukherjee, A. R. Curreri, M. Javid, and 
C. Heidelberger, Cancer Res., 23, 67 (1963). 

(8) N. K. Chaudhuri, B J. Montag, and C. Heidelberger, ibid., 18, 318 
(1958). 

(9) (a) C. Heidelberger, G. Kaldor, K. L. Mukherjee. and P. B. Danne­
berg, ibid., 20, 903 (1960); (b) K-U. Hartmann and C. Heidelberger, J. 
Biol. Chem., 236, 3006 (1961). 

human cancers.10ab In view of these interesting bio­
chemical and therapeutic properties, it appeared de­
sirable to determine whether additional nuorinated 
pyrimidine antimetabolites might be designed and 
prepared that would have similarly interesting prop­
erties. 

It has previously been shown that 5-bromouracil and 
5-iodouracil are incorporated into DXA in micro­
organisms, l l a b and that 5-bromo-2'-deoxyuridine and 
5-iodo-2'-deoxyuridine are similarly incorporated into 
DNA in mammalian cells.Ucd This incorporation, 
which often has consequences of conferring upon the 
cells increased mutability12a and radiosensitization,12b 

is doubtless made possible by the fact that the bromo 
and iodo atoms are about the same size as the methyl 
group in thymine, and these compounds do replace 
thymine in the DNA. It seemed likely to us that 
replacement of the methyl group in thymine by a tri-
fluoromethyl group would lead to a nuorinated pyrim­
idine 5-trifluoromethyluracil (XI), that also might be 
incorporated into DXA, although the trifluoromethyl 
group is somewhat larger (van der Waals radius 2.44 
A.) than the methyl group (2.00 A.). Accordingly, 
attempts were made to synthesize this compound. 

A number of unsuccessful syntheses by a variety of 
routes were attempted, but the details will not be 
described here. During the course of this work the 
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preparations of several other trifluoromethylpyrimi-
dines were described, 13a~~e but none of these compounds 
had the trifluoromethyl group in the crucial 5-position. 
After our communication of the original synthesis had 
been accepted,113 Feit14 described the synthesis of .r>-
trinuoromethyl-5-hydroxy-5,6-dihydrouracil, but he 
was unsuccessful in attempts to convert it into d-
trifluoromethyluraeil. Very recently, Mertes and Sa-
hob15 have announced the preparation of o-trifluoro-
methyluracil in one step from o-carboxyuracil by treat­
ment with sulfur tetrafluoride. 

The synthetic pathway that was ultimately successful 
is shown below and is a considerable modification 
of a very early synthesis of thymine described by 
Fischer and Roeder.16 That synthesis involved the 
condensation of niethaerylic acid with urea to give 
dihydrothymine, which was brominated and dehydro-
brominated to give thymine. However, trifluoro-
methaerylic acid17 failed to give a reaction with urea 
from which a product could be isolated. Neverthe­
less, by making various compounds related to niethae­
rylic acid; the synthesis ultimately was successful. 
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Trifluoroacetone was used as the starting material 
and was treated with hydrogen cyanide and converted 
into cyanohydrin 1. which was acetylated to give II.'" 
This compound was then pyrolyzed to trifluoromethyl-
acrylonitrile (III).17 The unsaturated nitrile was 
then treated with anhydrous hydrogen bromide in tin-' 
presence of methanol, which saturated the double 
bond and partially methanol ized the nitrile group to 
give the key intermediate IV. This bromoamide (IV) 
was allowed to react with urethan, to give V. which led 
to VI on hydrolysis, but the cyclization of V to a di-
hydropyrimidine was never accomplished. However, 
IV was successfully condensed with an excess of urea or 
with X-acetylurea to give the ureidoamide (VII) or its 
acetylated derivative VIII. although we are not aware 
of an analogous alkylation of urea in the literature. 
Cyclization of either VII or VIII was accomplished 
under identical conditions by heating with "> A" hydro­
chloric acid, and .Vtiifluoroniethyl-o,0-dihydroura<'il 
was obtained in reasonable yield; presumably the 
initial step in this reaction involves the hydrolysis of 
the amide group to a free carboxyl group, which then 
reacts with the ureido moiety to give a cyclic product. 
The dihydropyrimidine was brominated under condi­
tions similar to those described for thymine'"5 and de-
hydrobrominated to give o-trifluoromethyhiracil ("tri-
fiuorothymine"). As a result of the substitution of 
the CI'3 group into the •"i-position, the acidity of the 
proton on X-3 is greatly increased, which has important 
biological consequences (pA';i thymine = 9.82; p/\., 
o-trifluoioniethylurac.il = 7.3a as determined by the 
method of Shugar and l'ox,!'). 

hi view of the very low level in mammalian systems 
of the enzyme that converts thymine into thymidine 
and the biological ineffectiveness in mammalian systems 
of o-bromouracil and o-iodouracil, we believed that 
o-trifluoromethyluracil would have little activity in 
animal cells, and so it was converted enzymatieally to 
the nucleoside, o-trifluoi'omethyl-2'-deoxyiiridiiie ("t.ri-
fiuorothymidine") (XII). by an exchange reaction 
between thymidine and ")• trifiuoromethyluracil. 

An interesting facet of the chemistry of o-trirluovo-
methyluracil is the extreme lability of the (T':i group 
toward alkaline conditions. For example, in 0.1 A' 
sodium bicarbonate at room temperature, XI is quan­
titatively converted in 24 hr. into o-carboxyuracil 
(XIII). Because of this extreme alkali lability of the 
trifluoromethyl group, it appears unlikely that o-mono-
or difluoroniethyluracil could exist at physiological PH. 
and we have not attempted to prepare these com­
pounds.1 '"A 

Cohen, Thorn, and Bendich have recently reported'2" 
that (i-trichloromethylpurine is readilyh ydrolyzed by 
dilute alkali to (i-carboxypurine and also reacts with the 
amino groups of amino acids and peptides to give X-
purinoyl derivatives. Since this reeptivity appeared 
to be quite analogous to that of o-trinuoromethyhiraeil, 

M. Stac and Ta th (18) R. A. Dar ra l l . I-'. S 
(1951). 

(19) I) . Shugar and J. J. I-'ux. Biochim. Bwphy*. Ada. 9, 199 (1952 
(19a) N O T E ADDKD IX P R O O F , — M e r t e s and Salieb {J. Med. Chrm., 

(1963)) have very recent ly repor ted the syn thes i s of 5-diriuoronieth.vi 
However , we have found (unpubl i shed) t h a t this c o m p o u n d is corn} 
c o n v e r t e d in to the cor responding a ldehyde in less t h a n 2 rnin. at p i 
and hence canno t exist a t physiological p i t , a l t h o u g h ii is s t ab le belo 
4.0. 

('20) S. Cohen. E. Thorn, and A. Bendich. Iliaehtmuir:i. 2, 176 . I'.H, 
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we have prepared the corresponding uracoyl derivatives 
of glycylglycine (XIV) and glycine (XV). We do not 
anticipate that these latter two compounds will have 
any significant biological properties. 

5-Trinuoromethyluracil-2-C14 and 5-trifluoromethyl-
2'-deoxyuridine-2-C14 of high specific activity were 
synthesized from 100 mc. of barium carbonate-C14 

for biological and biochemical investigations. 
The expectation that these compounds might have 

been interesting biological properties has been borne 
out. 5-Trifluoromethy 1-2'-deoxyuridine is incor­
porated into the DNA of bacteriophage T4B, resulting 
in a greatly increased mutability.21ab It is also in­
corporated into the DNA of mammalian cells grown 
in vitro, thereby producing a significant radiosensitiza-
tion.22 The nucleoside is a competitive inhibitor of the 
cleavage of 5-fluoro-2'-deoxyuridine by the enzyme 
nucleoside phosphorylase,21a'23 and in the nucleotide 
form it inhibits the enzyme, thymidylate synthetase.21a 

5-Trifluoromethyl-2'-deoxyuridine is also a powerful 
inhibitor of the growth of Adenocarcinoma 755 in 
mice.24 

Experimental 

Melting points are corrected. Microanalyses by Spang Micro-
analytical Laboratories, Ann Arbor, Mich. 

2-Cyano-2-hydroxy-l,l,l-trifluoropropane (Trifluoroacetone 
Cyanohydrin) (I).—A solution containing 115 g. (2.30 moles) of 
sodium cyanide in 500 ml. of water was cooled to 0°, and 250 g. 
(2.22 moles) of 1,1,1-trifluoroacetone (Peninsular Chemical 
Corp., Gainesville, Florida) was added slowly with stirring, and 
the temperature was kept below 15°. To this solution was added 
810 ml. of 6 Ar sulfuric acid dropwise over a period of 3 hr. while 
the temperature was maintained at 5-10°. A heavy precipitate 
of sodium sulfate formed, and the mixture was allowed to stand 
overnight. The darkly colored lower phase was separated, and 
the aqueous layer was extracted three times with 300 ml. of 
ether. The combined ether extracts and lower phase were washed 
with water and dried over anhydrous magnesium sulfate. The 
ether was distilled at atmospheric pressure and the crude cyano­
hydrin was distilled to give a yield of 305 g. (99%) b.p. 60-80° 
(25 mm.). 

2-Acetoxy-2-cyano-l,l,l-trifluoropropane (II).—A mixture of 
250 g. of I and 250 ml. of acetic anhydride containing 0.5 ml. of 
concentrated sulfuric acid was refluxed for 1 hr. The excess 
acetic anhydride was destroyed by the addition of 20 ml. of water, 
and the mixture was cooled and poured on 1500 ml. of ice and 
water. The lower layer of ester was separated, and the aqueous 
phase was extracted twice with ether, the combined extracts were 
dried over anhydrous magnesium sulfate, and fractionally dis­
tilled. The fraction boiling from 145-154° was collected, and 
255 g. (78%) was obtained. 

2-Cyano-l,l,l-trifluoropropene (Trifluoromethylacrylonitrile) 
(III).—2-Acetoxy-2-cyano-l,l,l-trifluoropropane (II, 150 g.) was 
pyrolyzed in a vertical borosilicate glass tube, inside diameter 
1.7 cm. and packed with glass tubes 1 cm. X 0.2 mm. for a length 
of 40 cm. The tube was heated in a 32-cm. furnace and main­
tained thermostatically at 500°, and the ester was passed through 
the tube over a period of 4 hr. in an atmosphere of nitrogen. 
The products were collected in a trap cooled in ice and salt, and 
64 g. of III (64%) was collected by fractional distillation at 
72-79°. 

/3-Bromo-a-trifluoromethylpropionamide (IV).—A mixture of 
34.8 g. (0.288 mole) of III and 12.1 ml. (0.298 mole) of 
absolute methanol (dried over calcium hydride) was cooled in an 

(21) (a) C. Heidelberger, H. Gottschling, and G. D. Birnie, Federation 
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(22) W. Szybalski, N. Cohn, and C. Heidelberger, Federation Proc, 22, 
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(23) C. Heidelberger, G. D. Birnie, J. Boohar, and D. Wentland, Biochim. 
Biophys. Acta, 76, 315 (1963). 

T24) C. Heidelberger and S. W. Anderson, unpublished. 

ice-salt bath, and hydrogen bromide was slowly bubbled into the 
solution until the theoretical amount was absorbed (2-3 hr.) 
(cf. ref. 25). The viscous reaction mixture was then stored in the 
refrigerator for 36 hr., and then evacuated (water pump) at room 
temperature until all bubbling ceased. The semisolid reaction 
mixture was then heated under vacuum to 100° until bubbling 
stopped. The melt was poured into a large mortar, cooled, and 
ground with water. The solid was filtered, dried over KOH 
in a vacuum desiccator, and 47.3 g. (82%) was obtained of a 
product sufficiently pure for the subsequent condensation reac­
tion. The product was recrystallized from water to give an 
analytical sample, m.p. 106-107°. 

Anal. Calcd. for C„H6BrF3XO: C, 21.9; H, 2.29; N, 6.36: 
F, 25.9. Found: C, 22.0; H, 2.39; X, 6.52; F, 25.8. 

/3-Ethoxycarbonylamino-a-trifluoromethylpropionamide (V).— 
A mixture of 7.0 g. of IV and 4.0 g. of urethan was dissolved in 18 
ml. of redistilled dimethylformamide and cautiously heated to 
120°, when the reaction started and the temperature spon­
taneously increased to 130°. The mixture was heated at 140° 
for 2 hr. until the evolution of hydrogen bromide had ceased, 
during which time the product started to crystallize. The di­
methylformamide was distilled in vacuo, and the resultant solid 
residue was crystallized from water to give 6.0 g. f82%), m.p. 179-
180°. 

Anal. Calcd. for C,H„FsX203: C, 36.8; H, 4.85: F, 24.9; 
X, 12.3. Found: C, 36.8; H,4.69; F, 23.4; X, 12.7. 

(3-Ethoxycarbonylamino-o:-trifiuoromethylpropionic acid (VI). 
•—Amide V (4.0 g.) was heated under reflux in 20 ml. of Ar hydro­
chloric acid for 4 hr. On cooling, 1.6 g. of a crystalline product 
was obtained and was recrystallized from water to give glistening 
plates, m.p. 80°. 

Anal. Calcd. for C7HioF3X04: C, 36.7; H, 4.40. Found: 
C, 36.3; H, 4.73. 

a-Trifluoromethyl-(3-ureidopropionamide (VII).—A solution 
of 4.49 g. (0.204 mole) of IV in 15 ml. of hot water was added 
dropwise to a solution of 2.4 g. (0.40 mole) of urea in 10 ml. of 
water for 40 min. at 60°. The temperature was raised to 100° 
for 30 min., after which time a bromide determination on the 
solution showed that the release of hydrogen bromide was com­
plete. The solution was then evaporated in vacuo at 35° to give 
a sirup that was redissolved in ethanol, which was evaporated 
under vacuum at 30° to leave a solid residue. The crude product 
was recrystallized from water (charcoal) to give 1.15 g. (28%) 
of white needles, m.p. 170-172°. A sample was recrystallized 
for analysis from ethanol, m.p. 172-173°. 

Anal. Calcd. for CsH8F3X302C2H6OH: C, 34.3; H, 5.72; 
X, 17.14; F, 23.2. Found: C, 33.9; H, 5.18; X, 17.3; F, 23.6. 

When equivalent amounts of the bromo-amide and urea were 
condensed, the product obtained in largest yield melted at 246°. 
This compound was most probably the disubstituted urea, but 
was not further characterized. 

0-(N-Acetylureido)-a-trifiuoromethyIpropionamide (VIII).—A 
mixture of 10 g. (0.454 mole) of IV and 7.5 g. (0.735 mole) of 
X-acetylurea in 35 ml. of dimethylformamide was heated to 
120° for 3 hr. The orange-red solution was evaporated under 
vacuum at 50° to give a solid residue, which was crystallized from 
250 ml. of hot water with charcoal, to form needles, m.p. 206-
208°, yield 6.3 g. (57%). The analytical sample was recrystal­
lized from ethanol, m.p. 209-210°. 

Anal. Calcd. for C7Hi0F3X3O3: C, 34.9; H, 4.17; F, 23.6; 
X, 17.4. Found: C, 35.0; H, 4.20; F, 23.5; X, 17.7. 

5,6-Dihydro-5-trifluoromethyluracil (IX). A.—The ureido-
amide VII (0.90 g.) was heated under reflux in 5 ml. of 5 A* hydro­
chloric acid for 1 hr. The reaction was cooled and the hydro­
chloric acid removed by evaporation in vacuo at 35°. The resi­
due was shaken with 10 ml. of ethanol, and again evaporated to 
dryness in vacuo. The solid obtained was crystallized from water 
to give 0.48 g. (58%) of small white prisms, m.p. 203-205° dec. 

Anal. Calcd. for C6H6F3X202: C, 33.0; H, 2.77; F, 31.3; 
X, 15.4. Found: C, 33.1; H, 2.81; F, 31.3; X, 15.2. 

B.—The X-acetyl-ureidoamide VIII (6.3 g.) was refluxed in 
25 ml. of 5 N hydrochloric acid for 90 min. The reaction was 
filtered, the filtrate evaporated to dryness under vacuum at 40°, 
25 ml. of water was added, and the mixture evaporated. Finally 
ethanol was added and the mixture was re-evaporated to remove 
all traces of HO. The residue was recrystallized from water 

(25) S. M. MeElvain and C. L. Stevens, J. Am. Chem. Soc, 69, 2663 
(1947). 
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(charcoal) to give a product identical with that obtained by 
method A, yield. 3.3 g. (69%). 

5-Bromo-5-trinuoromethyl-6-hydrouracil (X).—A solution 
of 0.80 g. (4.4 mmoles) of IX in 8 ml. of glacial acetic acid was 
heated under gentle reflux, and 0.80 g. (5.0 mmoles) of bromine 
in 10 ml. of acetic acid was added dropwise. After addition of 
the bromine the solution was refluxed for 3 hr. to give a pale 
yellow solution, which was evaporated to dryness, and the residue 
was dissolved in ethanol and re-evaporated to dryness in ninm. 
The crude product weighed 0.98 g. (85%), and was recrystallized 
from aqueous ethanol to give thin plates, m.p. 224-228° dec. 

Anal. Calcd. for CJi jBrFsXjlb: C, 23.0: Ii, 1.55. Found: 
(', 23.1; H, 1.61. 

5-Trifluoromethyluracil (XI).—A solution of 0.81 g. of X was 
dissolved in 8 ml. of redistilled dimethylformamide and heated at 
140° for 75 min., and the solvent evaporated in vacuo at 55°, 
the last traces being removed by eoevaporation with ethanol.-s 

The residue was crystallized from water (charcoal) to give 
0.447 g. (S0%) of "fine white needles, m.p. 239-241° dec. 
The analytical sample after two recrystallizations from water had 
m.p. 245-248° dec. 

Anal. Calcd. for C5H;iF;SX2()o: C. 33.4: H, 1.68; X. 15.6: 
F, 31.7. Found: C, 33.S; H, 1.92; N, 15.4: F, 32.0. 

("ltraviolet absorption spectra, in 0.1 A" hydrochloric acid, 
X,u;,x 257 mM (e 7930); in pH 7.0 butler, X„,.IS 257 mM (<= 7060): 
in pH 8.1 buffer, X„lax 278 nui (e 7150). 

Paper chromatographic behavior: butanol-water, 86: 14, 
ascending, Hi 0.79; butanol-glacial acetic acid-water, 5:2:3, 
descending, Hi 0.S0; ethyl acetate-methanol-water-heptane. 
10:6 :5 :3 , upper phase, descending, RSQ. 76.2" 

5-Trifluoromethyl-2'-deoxyuridine (XII).—The bacterial en­
zyme was prepared as follows. Three liters of medium contain­
ing 5.0 g.,/1. of sodium chloride and 10 g./l. of Bactotryptone 
(Difcoj were inoculated with a culture of Escherichia coli B and 
incubated at 37° for 10 hr. The cells were harvested and washed 
once with 0.067 M potassium hydrogen phosphate buffer (pH 
6.45). The cells were resusponded in 50 ml. of the phosphate 
buffer and were passed twice through a French hydraulic press. 
The resulting mixture was centrifuged at dOOOg for 15 min., 
and the supernatant fraction was decanted carefully from the 
cellular debris. This crude enzyme preparation retained its 
activity for more than 3 months when stored in a frozen state. 

A solution containing a, mixture of 5.42 g. of thymidine (0.0224 
mole), 1.05 g. (0.0058 mole) of 5-trifluoromethyluraeil, and 60 ml. 
of the crude enzyme preparation was made up to 600 ml. in 0.067 
M phosphate buffer (pH 6.7). The solution was incubated at 
37° with shaking for 3.5 hr. and then heated in a boiling water 
bath to coagulate the proteins. After centrifugation, the super­
natant solution was evaporated to dryness in vacuo U-oetauo] 
was added to minimize foaming). The residue was extracted 
with eight 75-ml. portions of hot absolute ethanol. and the com­
bined extracts evaporated to dryness in vacuo at 30°. The resi­
due was then shaken up with 150 ml. of warm absolute ethanol 
and allowed to stand at 3° for 3 hr. The insoluble material was 
filtered and was shown by paper chromatography to consist 
mainly of thymine with a. little thymidine. The alcoholic solu­
tion was evaporated to dryness in vacuo and redissolved in 50 ml. 
of water. This was kept refrigerated as a stock solution at pH 
7.0. 

A 10-ml. portion of this stock solution was chromatographed on 
a 4 X 30-cm. column of Dowex-1-formate, which had been equili­
brated with 0.1 M ammonium formate adjusted to pH 7.8. Ela­
tion was started with this buffer, which eluted the thymidine, 
closely followed by thymine. The pH was then changed to 5.5, 
keeping the formate concentration the same. Under these con­
ditions, 5-trifluoromettryl-2'-deoxyuridine was eluted in a total of 
1100 ml. Finally, unchanged 5-trifhioromethyluracil and a 
little 5-carboxyuracil were eluted with 0.1 M formic acid. Frac­
tions 195-288 (Fig. 1) were combined and evaporated to dryness 
at 40° in vacuo and coevaporated twice with absolute ethanol. 
The dry residue was then extracted with five 30-ml. portions of 
ethyl acetate, and the combined extracts were evaporated at 40° 
in vacuo to give a colorless oil that solidified on standing. This 
was redissolved in 20 ml. of ethyl acetate and evaporated to 2 ml., 
which on standing gave 49.0 mg. (14%) of 5-trifluoromethyl-

(26) (a) J. E. Gearien and S. B. Binkley, J. Org. C'hem.. 23, 491 (.1038): 
(b) N. W. Gabel and S. B. Binkley, ibid., 23, 643 (1958). 

(27) J. F. Codington, I. Doerr, D. Van Praag, A. Bendich, and J. .). 
fox, ./ Am. Chem. Soc, 83, 5030 (1961). 
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Fig. 1. - Chromatogiaphy on Dowex-l-formate column of the 
reaction mixture from the enzymatic exchange reaction between 
thymidine and 5-trifluoromethyluraeil. 

2'-deoxyuridine (XII ; , m.p., 172-176°. In some subsequent 
preparations, the extractions with ethyl acetate were eliminated, 
and the eluate from the Dowex-1-formate columns were desalted 
by passage through Dowex-50 H"' columns. Yields of the 
nucleoside as high as 24'; ( have been obtained. 

Ultraviolet spectra: in 0.1 A" hvdrochloric acid Xllriis 260 IHM 
(e 9960), 280/260 0,27: in 0.1 A" 'XaOH Xmilx 260 mM (« 6590) 
280/260 0.25; the Hi descending, in ethyl acetate-methanol-
water-heptane, 10:6:5:3, upper phase, 0.60. A crystalline, 
analytical sample was obtained, m.p. 186-189°. 

The best analytical method for the separation and analysis of 
the pyrimidine base and the deoxyribonueleoside is by paper 
electrophoresis in 0.05 M triethylaiumonium bicarbonate buffer 
brought to pH 7.0 with concentrated formic acid. Under these 
conditions, for 3.5 hr. at 2200 v. and 6 ma. there is a complete 
separation: 5-trifluoromethyluraeil migrates faster than 5-
t rifluoromethvl-2'-deoxvuridine. 

Anal. Calcd. for (VHuF:,X2<>.-.: C, 40.5; li, 3.74: X, 9.46: 
F, 19.2. Found: C, 40.1; Ii, 4.0; F, 18.9; X, 9.51. 

Conversion of 5-Trifluoromethyluracil to 5-Carboxyuracil 
(XIII).—A solution of 10 mg. of XI in 1.0 ml. of A* sodium hy­
droxide was allowed to remain at room temperature for 3 hr., and 
then the reaction products were put through a Dowex-50 (H ''• 
column (I X 5 cm.) and washed with water. All the material 
absorbing at 260 m/i was eluted in the first 25 ml., and this was 
concentrated to 2 ml. Chromatography in butanol- formic acid 
water, 77: 10: 13 system showed only one ultraviolet absorbing 
compound, H; 0.37, identical with an authentic sample of 5-
carboxyuracil run on the same chromatogram. The spectra, in 
acid and alkaline solution and melting points of the hydrolysis 
product were all identical with those of 5-carboxyuracil. In 
another experiment it was shown that a solution of 5-trifluoro-
methyluracil in 0.1 .1/ sodium bicarbonate was quantitatively 
converted to 5-carboxyuracil in 24 hr. at room temperature. 

5-L'racoylglycylglycine (XIV).—A solution of 1.3 g. of glycyl-
glycine in 50 ml. of water containing 3.0 g. of sodium bicarbonate 
was prepared, and to this was added a solution of 1.8 g. of 5-
trifluoromethylurac.il in 70 ml. of water, and the mixture was 
stirred at room temperature for 66 hr. during which time the p l l 
changed from 8.0 to 7.4. The mixture was acidified and cooled, and 
the precipitated material was centrifuged and crystallized from 
300 ml. of water, and 1.3 g. of product ( 4 8 ' , ) was obtained. 
After crystallization again from water an analytical sample was 
obtained, m.p. 267-273° dec. 

Anal. ' Calcd. for C,Hi„X,06: C. 40.0; .Ii, 3.73: X. 20.s. 
Found: C, 39.8; H, 3.S6: X,20.8. 

Ultraviolet absorption spectra: in 0.1 A" hydrochloric acid, 
Xnui, 271 rnM (« 9220); Xmi„ 242 mM (t 2930); X„„1X 220 mp {<. 
9780): in 0.1 .V sodium hydroxide, X„)ax 292 mM (« 12,810); X,Mi„ 
260nui(e 2440); Xm;lx 241 mn(e7880). Paper chromatography: 
lit 0.05 in butanol-water, 86:14. R; 0.35 in butanol-acetic 
acid -water, 5:3:2. 

5-Uracoylglycine (XV).—5-Trifluoromethyluracil (0.90 g.) was 
dissolved in 50 ml. of warm water, and the solution was cooled to 
25°. To this was added a solution of 0.75 g. of glycine and 3.0 g. 
of sodium bicarbonate in 30 nil. of water. The solution was 

trifluoromethylurac.il
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stirred at room temperature for 24 hr., the volume reduced to 
20 ml. in vacuo, and a yellowish semicrystalline compound was 
collected after standing for 3 hr. at 3°. This compound was 
crystallized from water (charcoal), and a yield of 0.35 g. (20%) 
was obtained, m.p. 295° dec. 

Anal. Calcd. for C 7 H 7 N 3 0 D : C, 39.4; H, 3.32; N, 19.7. 
Found: C, 39.2; H, 3.49; N, 19.5. 

Ultraviolet absorption spectrum; in 0.1 N hydrochloric acid, 
Xmax 271 mM (e 10,700); Xmin 241 mM (e 3160); Xmax 220 mM (e 
11,400); in 0.1 .V sodium hydroxide, Xmax 291 mM (« 14,600); 
Xm i nmin 260 m/j (e 3290); Xmax 240 mM (« 10,200). Paper chro­
matography: Rt 0.14 in butanol-water, 86:14; Ri 0.36 in bu-
tanol-acetic acid-water, 5:3:2. 

Preparation of o-trifluoromethyluracil-2-C14 and 5-Trifluoro-
methyl-2'-deoxyuridine-2-C14.—Barium carbonate-C14 (100 mc.) 
was diluted with nonradioactive barium carbonate to give a total 
of 4.5 g. This was converted in two batches into barium cyan-
amide by heating for hr. at 850° in a slow stream of ammonia 
gas, and 4.0 g. was obtained.28 Water (20 ml.) was added to the 
barium cyanamide, the bigger lumps were crushed, and the sus­
pension was cooled to 5°. Sulfuric acid was added dropwise with 
stirring until the pH reached 7.0 and the barium sulfate was re­
moved by centrifugation. The supernatant solutions and the 
washings from the barium sulfate were combined and the aqueous 
solution was concentrated to a small volume in vacuo at 30°. 
The cyanamide was converted into urea23 by treatment of 10 ml. 
of solution with 1.5 ml. of concentrated hydrochloric acid and 
refluxing for 10 min. The solution was cooled, neutralized with 
sodium bicarbonate, and evaporated to dryness in vacuo. The 
residue was extracted with five 20-ml. portions of boiling ab­
solute ethanol, and the combined extracts were evaporated to 20 ml. 
and cooled. The small amount of sodium chloride present was 
filtered, and the filtrate was evaporated to dryness to give 1.105 
g. (81%) of urea. The urea was acetylated with a mixture of 
1.85 ml. of acetic anhydride, 0.75 ml. of acetic acid, and 0.02 ml. 
of concentrated sulfuric acid, which was heated to 130° for 10 
min. and allowed to cool. The X-acetylurea crystallized, was 

(28) S. H. Zbarskj- and I. Fischer, Can. J. Re.°., 27B, 81 (1949). 

For some time a program of synthesis of pyrimidine 
derivatives for biological evaluation has been in progress 
in these laboratories8 and, in connection with this 
program, the preparation of various pyrimidines as 
potential cancer chemotherapeutic agents and as 
precursors of condensed pyrimidine systems has been 
undertaken. This communication describes the syn-

(1) This investigation was supported in part by research grants (CY3335 
and C6516) from the National Cancer Institute, National Institutes of 
Health, U. S. Public Health Service. 

(2) A preliminary report of part of this work has been presented: E. J. 
Modest and H. N. Schlein, Re*sum£s des Communications, 3 m e Congr^s In­
ternational de Biochimie, Bruxelles, August 3, 1955, p. 33. 

(3) For paper IV in this series see E. J. Modest, S. Chatterjee, G. E. 
Foley, and S. Farber, Acta. Unio Intern. Contra Cancrum, in press. 

) dissolved in 30 ml. of water, passed through a 1.5 X 20 cm. col-
3 umn of Dowex-1-formate, and eluted with 80 ml. of water. The 
3 solution was evaporated to dryness, and the X-acetylurea was 
) crystallized from water to give 1.615 g. (86%). 

The X-acetylurea (0.016 mole) and 2.38 g. (0.011 mole) of 
IV were dissolved in 15 ml. of redistilled dimethylformamide and 
heated for 3 hr. at 125°. The solvent was evaporated in vacuo, 

, and the residue was crystallized from water (charcoal) to give a 
E yield of 1.02 g. (40%)" of labeled VIII. This was then heated 
; under reflux in 15 ml. of 5 N hydrochloric acid for 1 hr. and 

evaporated to dryness in vacuo. The residue was crystallized 
from water (charcoal) to give 290 mg. (38%) of dihydrotrifluoro-
methyluracil-2-C14. Xo additional crystalline material could be 
obtained from the mother liquors. Thus, 290 mg. was dissolved 

) in 10 ml. of glacial acetic acid and brominated with 600 mg. of 
1 bromine in 6 ml. of acetic acid at reflux temperature for 90 min. 

The bromine and acetic acid were evaporated in vacuo, and the 
i residue was coevaporated 3 times with absolute ethanol and 
i heated in 10 ml. of dimethylformamide at 130° for 1 hr. After 

evaporation of the solvent in vacuo and coevaporation with 
i water, the residue was passed through a 1.5 X 20 cm. column of 

Dowex-1-formate, and after elution of impurities with water, the 
! 5-trinuoromethyl-2-C14 uracil was eluted with 0.05 M formic acid. 
i The solution was evaporated to dryness, coevaporated with 

water to give 242 mg. (85%) of product that gave only a single 
radioactive spot in three paper chromatographic systems. The 
over-all yield, based on barium carbonate, was 5.9%. The spe­
cific activity was 4.15 mc./mmole (23 /ic./mg.) 

! The labeled 5-trifluoromethyluracil (234 mg.) was converted to 

the deoxyribonucleoside with an enzyme obtained from Lacto­
bacillus Leichmanii, kindly provided by Dr. Jack Siegel of the 
Pabst Laboratories, Milwaukee, Wis., and was purified as de­
scribed above to give 158 mg. (41%) of 5-trifluoromethyl-2'-
deoxyuridine-2-C14, which gave only a single radioactive spot in 
three paper chromatographic systems, and had a specific activity 
of 4.15 mc./mmole (14 MC./mg.). 
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thesis of a number of substituted pyrimidines starting 
from the versatile intermediate 4-amino-6-chloro-2-
methylthiopyrimidine (III), which was prepared 
following the method of Baker, et al.i 

4-Amino-6-hydroxy-2-methylthiopyrimidine (II) was 
obtained by reaction of thiourea and ethyl cyanoace-
tate, with methylation in situ of the anion of 4-amino-
6-hydroxy-2-mercaptopyrimidine (I) by means of 
freshly distilled dimethyl sulfate. The use of aged 
dimethyl sulfate led to the isolation of I5 as a by-prod-

(4) B. R. Baker, J. P. Joseph, and R. E. Schaub, J. Org. Chem., 19, G31 

(1854). 

(o) W. Traube, Ann., 331, 64 (1904). 
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The use of 4-amino-6-chloro-2-methylthiopyrimidine as a versatile intermediate for the synthesis of a number 
of substituted pyrimidines is described. In the course of this work several previously unreported pyrimidines 
have been prepared. Feigl's iodine-azide reagent has been employed for the rapid detection of mercaptopyrim-
idines and a sponge nickel catalyst has been found to be quite satisfactory for the facile dethiation of these 
derivatives. Quantitative ultraviolet absorption spectra are given for all compounds, as well as a summary of 
growth-inhibitory properties in several in vitro and in vivo bioassay systems. 


