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zenesu1fonamido)-isoquinoline as h e  white crystals; yield tion gave fine white needles melting at  224' (reported, 223- 
43%; m.p. 270' with darkening (Anal. Calcd. for C u H r  224.5'8). Reduction of 5-(~-nitrobenzenesulfonarnido)-iso- 
N204S: N, 12.78; S, 9.72. quinoline gave only a 34% yield of crude product. 

5-Sulfanilamidoisoquinoline was obtained in 80% yield 
by the hydrolysis of the acetyl compound. Recrystalliza- NEW HAVES, CONN. RECEIVED JULY 12, 1951 

Found: N, 12.9; S, 9.34). 
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Uridine and Cytidine Derivatives' 
BY MARTIN ROBERTS AND DONALD W. VISSER 

The preparation of the new compounds 5-methyluridine, 5-methylcytidine, 5-aminouridine, diazouridine and an improved 
These compounds are of interest because of their structural method for the preparation of 5-hydroxyuridine is described. 

similarity to uridine and cytidine which are utilized for nucleic acid biosynthesis. 

It has been shown previouslyz that 5-chloro- 
uridine (I) reversibly inhibits the growth response 
of Neurosfiora mutant, 1298, produced by uridine 
or cytidine. It was of interest, therefore, to prepare 
other derivatives of the pyrimidine nucleosides and 
test them in biological systems. Compounds of 
this type may provide a means of studying nucleic 
acid metabolism and may also have chemothera- 
peutic applications. 

A method for the synthesis of 5-methylcytidine 
(11), 5-methyluridine (111), 5-aminouridine (IV), 
5-hydroxyuridine (V) and diazouridine (VI) are 
reported in this paper. Results of the biological 
studies will be reported elsewhere. 

0 

OH OH 
I. Rt = OH, Rg = C1 

11; RI = "2, RZ = CHJ 
111, R1 = OH, R2 = CHa 
IV, R1 = OH, Rz = NHz 

5-Methylcytosine has been reported as a con- 
stituent of nucleic  acid^,^^^ and a thymine pentoside 
has been isolated from sp0nges.j It seemed de- 
sirable, therefore, to synthesize the related com- 

(1) Supported by a grant from the Research Corporatiou. This 
material was taken from a thesis presented by Martin Roberts to the 
Graduate School, University of Southern California, in partial fufill- 
ment of the requirements for the degree of Doctor of Philosophy. 
Presented in part  a t  the Federation Meetings, April, 1951. Contribu- 
tion No. 287 from the Department of Biochemistry and Nutrition. 

( 2 )  T. K. Fukuhara and D. W. Visser. J. B i d .  Chem., 190, 95 
(1951). 

( S t  T. A Johnson aiid K. D. Coghill, TIUS JOURNAL, 47, 2888 
(1922). 

(4) W. E. Cohn, ib id. ,  72, 2811 (1950). 
r . 3  W. Bergman and R.  J .  Feeney, ibid., 72, 2800 (1950). 

pounds, 5-methylcytidine (11) and 5-methyluridine 
(111), especially since these nucleosides are also 
structurally similar to thymidine. 5-Methylcyti- 
dine (11) was prepared from 2,4-diethoxy-5-rnethyl- 
pyrimidine using a modification of the procedure 
of Howard, et aL6 Acid hydrolysis of the inter- 
mediate condensation product yielded 5-methyl- 
uridine (111). 

The synthesis of 5-aminouridine (IV) was par- 
ticularly desirable since the compound was not 
only of interest as a possible antimetabolite, but 
also could be used to synthesize other compounds by 
substitution through diazotization. Coupling with 
diazotized p-nitroaniline in the %position of uridine 
and then reduction of the resulting azo dye to the 
amine was a possible scheme of synthesis' which 
proved to be impractical. An orange azo dye could 
be separated from the other products of the re- 
action by means of chromatography using alumina 
as an absorbent, but the yield was very low. 
Johnson, et aLt8 comment that substitution on the 
N1 of pyrimidines prevents diazo compounds from 
coupling. 

5-Xminouracil has been prepared from 5-bromo- 
uracil by heating with aqueous ammonia a t  180°,9 
however, under these conditions 5-bromouridine 
decomposed excessively. When the temperature 
was lowered to 55' very little decomposition re- 
sulted and 5-aminouridine (IV) was readily isolated 
in good yield. 

Repeated attempts to prepare 5-hydroxyuridine 
(V), as described by Levene and LaForge,'O failed 
to give a crystalline product. A modification of the 
procedure, however, resulted in 5-hydroxyuridine 
(V) which melted 20" higher than reported by these 
workers. 

Diazouridine (VI) was prepared from 5-amino- 
uridine using the method of Johnson, et al.," 
for the synthesis of diazouracil from aminouracil. 
The structure of VI is assumed to be similar to the 
one postulated for diazouracil. 
(6) G. A. Howard, B. Lythgoe and A. R .  Todd, J .  Chcm. SOC., 1052 

(1947). 
(7) B. Lythgoe, A. R. Todd and A. Topham, ibid., 315 (1944). 
(8) T. B. Johnson and S. H. Clapp, J .  Biol. Chcm., 6, 163 (1908). 
(9) H. L. Wheeler and T. A Johnson, THIS JOURNAL,  31, 603 

(10) P. A. tevene and F. A. LaForge, Bcr., 46, 616 (1912). 
(11) T. B. Johnson, 0. Baudisch and A. Hoffman, ibid , 64B, 2629 
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Experimental 
5-Methylcytidine (II).-A modification of the method of 

Howard, et a1.,6 was used. Anhydrous hydrogen bromide 
was liquefied in a bomb tube containing 2.2 g. (0.007 mole) 
of tetraacetofuranosyl-D-ribosela until 8 ml. was obtained. 
The tube was sealed and warmed to 20' by immersing in 
water. After ten minutes the tube was cooled in a Dry 
Ice-acetone-bath, opened, and the hydrogen bromide al- 
lowed to boil off. About 50 ml. of dry benzene was added 
and the mixture lyophilized. This was repeated three times 
without allowing the solution to  warm to room temperature. 
2,4-Dietho~y-5-methylpyrimidine~~ (6.7 g., 0.036 mole) in 
50 ml. of benzene was added and the mixture lyophilized to  
remove the benzene. The residue was heated overnight in 
an oil-bath a t  60" to  couple the sugar and pyrimidine. 
The unreacted 2,4-diethoxy-5-methylpyrimidine was re- 
moved by distillation a t  100' mm.) yielding 4.4 g. 
(0.24 mole). The residue was dissolved in 15 ml. of ben- 
zene and transferred to a bomb tube and the benzene re- 
moved by lyophilization. Ten ml. of methanol was added 
to the residue and the mixture saturated with ammonia at  
-20'. The tube was sealed and heated at 50" for five 
days. The ammonia and methanol were removed from the 
resulting light brown solution by distillation under reduced 
pressure (30') using a water aspirator. About 50 ml. of 
methanol was added and the distillation repeated. Fifty 
ml. of absolute ethanol was added and the solution boiled 
with a small amount of activated charcoal. The charcoal 
was filtered from the hot solution and IV crystallized from 
the filtrate upon standing overnight at -10". Recrys- 
tallization from 95% ethanol yielded 300 mg. (17%) of 
IV. An alternate method of purification used was to  ab- 
sorb IV on a column of Amberlite IR-l2OI4 and elute with 
0.5 N ammonia water. The eluant was 1voDhilked and 
the residue was crystallized from 95% ethanol, yielding 
I V ,  m.p. 238-24Oo.l5 Anal. Calcd. for CloHlsN306: C, 
46.71; H, 5.84; N, 16.35. Found: C, 46.95; H, 5.76; 
N. 16.37. 

5-Methyluridine (111) .-The procedure was the same as 
that described for 5methylcytidine except that after re- 
moving the excess 2,4-diethoxy-5-methylpyrimidine the 
residue was dissolved in 70 ml. of methanol and 30 ml. of 
methanol containing 27% (by weight) of hydrogen chloride. 
The mixture was allowed to stand a t  room temperature for 
three days. The solution was concentrated under reduced 
pressure (water aspirator) at 40" to a thick sirup. About 50 
ml. of absolute ethanol was added and the solution was 
again concentrated to a thick sirup. Charcoal treatment of 
this hot solution removed most of the color. Ether was 
added until a slight precipitate formed. On cooling in the 
refrigerator an oil separated which crystallized slowly. 
The product was recrystallized from 95% ethanol. The 
yield was 180 mg. (IO%), m.p. 175-177". Anal. Calcd. 
for C1&T1&206: C, 46.51; H, 5.46; N, 10.85. Found: 
C, 46.86; H, 5.17; N, 10.90. 

5-Aminouridine (IV).-Two grams (0.0062 mole) of 5- 
bromouridine2 was dissolved in 20 ml. of liquid ammonia in 
a bomb tube. The tube was sealed and heated to  50-55" 
for five days. The tube was then opened and the ammonia 
allowed to  boil off. Most of the remaining ammonia was 
removed at reduced pressure using a water aspirator. A 
minimum amount of hot water was added (about 5 ml.) and 
then 75 ml. of hot isopropyl alcohol. The hot solution was 
treated with charcoal and filtered. Upon cooling, 5-amino- 
uridine crystallized. The compound was dissolved in a 
minimum amount of hot water and 3 volumes of isopropyl 
alcohol were added. C;ystals of IV (1 g., 63%) formed on 
cooling, m.p. 214-216 . Anal. Calcd. for CsHnNsOe: 
C, 41.69; H, 5.06; N, 16.21. Found: C, 41.78; H, 5.14; 
N, 16.19. 

(12) H. Bredereck, M. Kathuag and E. Berger, Be?., 73, 056 (1940); 

(13) W. Schmidt-Nickles and T. B. Johnson, TEIS JOURNAL, 61, 

(14) Purchased from Rohm and Haas Co., Philadelphia, Penna. 
(15) All melting points were taken on a Fisher-Johns melting point 

H. Bredereck and E. Hoepfner, ibid., 81, 51 (1948). 

4511 (1930). 

apparatus. 

A mixture of potassium hydroxide and potassium fmi-  
cyanide addedto IV gives a blue color.i@ 

5-Hydroxyuridine (V).-Bromine water (about 60 ml.) 
was added to  2.5 g. (0.010 mole) of w i n e  until the solution 
was yellow. Air was bubbled through the solution until 
the solution became colorless. Three grams of lead oxide 
(litharge) was added and the mixture was heated with stir- 
ring for 40 minutes on a steam-bath, during which time the 
solution was evaporated to  '/3 its original volume. The 
mixture was chilled to  the freezing point in a Dry Ice-ace- 
tone-bath and the precipitate of lead oxide and lead bromide 
was removed by filtering and washed with a small quantity of 
ice-water. Amberlite IR-12014 was added in small quanti- 
ties to the filtrate until a negative test for lead was obtained 
with sulfide. The solution was liltered and the filtrate was 
lyophilized. About 100 ml. of absolute ethanol was added 
to  the residue and the solution was concentrated to  about 50 
ml. The solution was placed in the refrigerator overnight. 
The crystals which formed were recrystallized by dissolving 
in a minimum of hot water, filtering and adding four volumes 
of hot absolute ethanol. Crystals of V formed on cooling 
overnight at -10'. The yield was 1 g. (38%), m.p. 242- 
245'. Anal. Calcd. for GHI~N~O?:  C, 41.54; H,  4.65; 
N, 10.77. Found: C,41.54; H,4.46;. N, 10.75. 

A dilute solution of ferric chloride'? gives a blue color with 
V. No color develops when a mixture of potassium hy- 
droxide and potassium ferricyanide1? are added to  V. 

Diazouridine (VI).-A modification of the method of 
Johnson, et U . Z . , ~ ~  was used. 5-Aminouridine (2.59 g., 0.01 
mole) was dissolved in 25 ml. of 1 N hydrochloric acid and 
cooled to 0'. Ten ml. of a 6.9% (0.01 mole) solution of 
sodium nitrite was added at 0' and crystals formed in less 
than five minutes. Two volumes of 95% ethanol a t  -5" 
were added, and the solution was cooled to  -10'. Rapid 
filtration and recrystallization from methanol gave 2 g. 
(77%) of a light yellow crystalline product, which melted 
with decomposition at 178-182'. Anal. Calcd. for COHIO- 
N40e: C, 40.00; H, 3.73; N, 20.72. Found: C, 39.72; 
H,  3.94; N, 20.44. 

When an aqueous solution of VI is added to  a-naphthol 
and boiled, or when VI is added to a weakly alkaline solution 
of a-naphthol, a red color develops. No reaction is ob- 
tained upon the addition of VI to  a slightly alkaline sucrose 
solution.'* 

TABLE I 
ULTRAVIOLET ABSORPTION OF SOME PYRIMIDINE BASES AND 

NUCLEOSIDES AT +H 7 

5-Amino~racil'~ 290 0.86 
5-Aminouridine 294 .74 
5-H ydroxyuracil'g 280 .64 
5-Hydroxyuridine 280 .82 
5-Methyl~ytosine~~ 274 .62 
5-Methykytidine 278 .87 
Thymine21 264 .86 
5-Methyluridine 268 1.08 
5-Bromouridine 279 0.96 
5-Chlorouridine 276 1.00 
Diazouridine 237 1.17 

Spectrophotometric Data.-The ultraviolet adsorption 
maxima of these and similar compounds are given in Table 
I. Each compound was dissolved id distilled water a t  a 
concentration of about 20 micrograms per ml. and measured 
in the Beckman spectrophotometer, model DU. 
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