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2-Selenothymine.--A solution of 2.0 g. of crude sodium 
ethylformyl propionate,Q 1.62 g. (0.0132 mole) of seleno- 
urea and 0.43 g. of sodium in 30 cc. of absolute ethanol 
was heated to  reflux for 3 hours. The solution was evapo- 
rated to dryness under aspirator suction. The dark red 
residue dissolved easily in 8 cc. of water. The solution was 
filtered and the filtrate acidified with acetic acid. After re- 
frigeration 0.8 g. of purple solid separated, only part of which 
dissolved when treated with 15 cc. of boiling ethanol. 
Chilling the ethanol solution resulted in the separation of 
0.1 g. of coarse, pale yellow needles which melted a t  228.5- 
229.5'. 

Anal. Calcd. for CbH60S2Se: C, 31.76; H ,  3.20; Pi, 
11.82. Found: C,32.08; H ,  3.31; N, 14.60. 

2,4-Dithiouracil.-A modificatio~i'~ of the method of 
\\'heeler and Liddles was used. A solution of 1.6 g. of so- 
dium shavings in 70 cc. of absolute ethanol was saturated 
with hydrogen sulfide. Then 2.5 g. (0.0169 mole) of 2,4- 
dichloropyrimidine was added and the mixture was permitted 

(15) Analogous to S B. Greenbaum and W. I, Holmes, THIS J O U R -  

VAT., 76,  2890 (1054). 

to reflux for 5 hours. Acidification yielded 1.2 g. (48%). of 
the desired product which was recrystallized from boiling 
water. 

2-Thiouracil, Z-Thiothymine.-The syntheses of Wheeler 
and Liddle8 and of Wheeler and McFarlandg were utilized. 
The products were purified by recrystallization from abso- 
lute ethanol. 

Ultraviolet Spectra.--A Beckman model DU spectro- 
photometer with quartz cells was utilized for all measure- 
ments. Solutions were made up in volumetric flasks from 
weighed quantities of the compounds. 

Dissociation Constants.-The pKa's were determined 
potentiometrically using a Beckman model G or a Cambridge 
pH meter. In  100 cc. of carbon dioxide-free water dissolved 
0.0005-mole samples of the compounds investigated. 
They were then titrated with 0.050 N sodium hydroxide. 
To 2,4-dithiouracil and 2,4-diselenouracil, which are ex- 
tremely insoluble in water, equimolar quantities of 0.050 
N sodium hydroxide were added and the solutions hack- 
titrated with 0.050 N hydrochloric acid. A11 determinations 
were made in duplicate. 
SEW HAVES, CONN. 
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Synthesis of 2-Thiocytosines and 2-Thiouracils 
BY CALVERT W. WHITEHEAD AND JOHN J. TRAVERSO 

RECEIVED APRIL 30, 1956 

Forty-six new 2-thiouracils and 2-thiocytosines were prepared by the condensdtions of thioureas with ethoxyniethylenc 
These derivatives of diethyl malonate, ethyl cyanoacetate, ethyl benzoplacetate, ethyl acetoacetate and malononitrile. 

thiopyrimidines were then converted by known procedures to other new pyrimidines. 

In previous the reactions of ureas with N-alkyl- and N-arylthioureas to give excellent 
ethoxymethylene derivatives of diethyl malonate, yields of 5-carbethoxy-2-thiouracils (11). Equally 
ethyl cyanoacetate and ethyl oxalacetate were good yields of 5-carbethoxy-2-thiocytosines (I11 j 
shown to yield carbethoxypyrimidines. In  this and 5-cyano-2-thiocytosines (V) were obtained from 
present work, ethoxymethylene derivatives of this the above thioureas with ethyl ethoxymethylene- 

RI R cyanoacetate and ethoxymethylene- 
I X = Y = CO2CzHs s 1 0 malononitrile, respectively. The 5-cy- 

RNHCSSH2 + CzHjOC=CXY > \/N\/ ano-6-methyl-2-thiocytosines (V, R1 = 
CH3) were obtained from l-ethoxy- 
ethylidinemalononitrile and the 5-cy- 

HsY'CO~C2Hb ano-6-ethyl-2-thiocytosines (V, K1 = 
-1 ' RI  C2H5) from l-ethoxypropylidinemal- 

111 R1 H ononitrile. Condensations of thioureas 
with ethoxymethyleneacetoacetate 
yielded 5-acyl-2-thiouracils (VI, RZ = 

R NH CH3) and with ethyl ethoxymethylene- 
\/S\/ \(X // \/L // \ N /  benzoylacetate yielded ci-benzoyl-2- 

thiouracils (VI, K2 = Cf,H5). Reac- I '  1 1  H N d \  ! I  tions of these ethoxymethylene deriv- 
""f'c, 1 C O ~ C ~ H ,  atives were found generally applicable 

It1 II Ri Ri R I  to all the thioureas tried. Thus, prepa- 
ration of thiopyrimidines having de- 
sired functional groups in the 5-position 
was particularly convenient. The 

! I  I 
I x = c s  
L 

j 1 , Y = CO2czI-16 

.i 1 S = COzC2Hs J$ 1 1 Y = COR2 

R R R 
S XH S I 0  s S I 0  

I1 Si//', 1 1  H S d \  
CR2 I c s  

111, R1 = H 

ethoxymethylene derivatives used in 
these condensations were prepared by known reac- 
tions of orthoesters with appropriate active methyl- 
ene compounds. 

The reactions with unsymmetrical N-alkyl- and N- 
arylthioureas could supposedly yield 2-thiopyrimi- 
dines with the alkyl or aryl groups in either the 
1-position or the X-position on the ring. The struc- 
ture of representative 2-thiouracils and 2-thiocyto- 
sines and the position of substituent groups were 

0 
VI,  KI H T', RI H, CHB IV, RI = CH3 

R 2  = CH, or C6Hb or C2H6 or C2Hb 
R = H, alkyl, cycloalkyl, aryl or aralkyl 

general type were allowed to react with thioureas to 
yield 5-cyano-, 5-keto- and 5-carbethoxy-2-thioura- 
cils and thiocytosines. These pyrimidines were 
prepared for evaluation as anticancer and antiviral 
agents. 

Diethyl ethoxymethylenemalonate reacted with 
( 1 )  C. W. Whitehead, THIS JOCRSAL, 74, 4267 (1952). 
12) C.  W. Whitehead, ibid., 77, 5867 (1955). 
C i  I < .  (:, J n n w  anti C \V. U'hitehead, .I. O r q .  C / M ! I Z . ,  20, 1342 

< I!I.5d) 



Oct. 20, 1956 SYNTHESIS OF 2-THIOCYTOSINES AND 2-THIOURACILS 5295 

therefore unambiguously established by their con- 
version to known pyrimidines. Thus, 5-carbeth- 
oxy-3-n-octyl-2-thiouracil was hydrolyzed, under 
mild conditions, with concentrated nitric acid to 
yield the previously described 5-carbethoxy-3-n-o~- 
tyluracil. Hydrolysis of 5-carbethoxy-3-phenyl- 
2-thiouracil with dilute nitric acid4 yielded the 
known 3-phenyl-5-carboxy~racil.~ It was also 
possible to desulfurize 2-thiocytosines by nitric 
acid hydrolysis to obtain cytosines, and 5-carbeth- 
oxy-3-methyl-2-thiocytosine was converted to the 
known 5-carbetho~y-3-methylcytosine.~~~ Reac- 
tions of the thiopyrimidines with nitric acid were of 
some added interest in that the sulfur was removed 
by hydrolysis and under controlled conditions either 
5-carbethoxy or 5carboxypyrimidines could be 
obtained as desired. Another hydrolytic desulfuri- 
zation of 2-methylmercaptopyrimidines, using hy- 
drochloric acid, has been described by Wheeler and 
JamiesonS6 This method was employed in convert- 
ing the S-methyl derivative of 5-carbethoxy-3- 
methyl-%thiouracil to 5-carboxy-3-methyluracil 
which then decarboxylated to yield the well-known 
3-methyluracil. Ultraviolet and infrared spectra 
of the compounds described in this paper were con- 
sistent with the assigned structures and gave no in- 
dication that more than one isomer was formed 
during any one reaction. A study of the physical 
properties of these compounds will be published 
later. 

The condensation of thiourea and ethyl ethoxy- 
methylenecyanoacetate was recently reported by 
Ulbricht and Price’ to yield two products. 5-Car- 
bethoxy-2-thiocytosine was obtained as the major 
component and 5-cyano-2-thiouracil as a minor 
component. In  the reactions reported here of 
ethyl ethoxymethylenecyanoacetate with thiourea 
and N-substituted thioureas, only 5-carbethoxy-2- 
thiocytosines were isolated. However, when ethyl 
1-ethoxyethylidinecyanoacetate and ethyl l-eth- 
oxypropylidinecyanoacetate were allowed to react 
with thioureas, the products were not 5-carbeth- 
oxy-2-thiocytosines but were 5-cyano-2-thioura- 
cils (IV) . This striking and complete change in the 
course of the cyclization wyas obviously due to the 
alkyl substituent (R1) on the @-carbon of I .  A pos- 
sible reason is seen for the formation of uracils, 
rather than cytosines, when the intermediates in 
these reactions are considered. Intermediates in 

I 
\ / 
// 

R OCzHj R 
I / 

NH @=C KH KC ‘\ 
\ // 

CC02CzHh CCN s-c / 
\ 

s=c 
SH-C-R1 

B, Ri = H 
C-RI NH- 

A, RZ = CH, or C2Hs 

(4) R. Robinson and M. L. Tomlinson, J .  Chem. SOL. ,  138, 1281 
(1935). 

( 5 )  5-Carbethoxy-3-methylcytosine was previously reported2 t o  
yield 3-methylcytosine upon saponification and decarboxylation. It 
has now been proved by D. J. Brown ( J .  Applied Chem.,  6, 363 (1955)) 
tha t  this assumed 3-methylcytosine was actually 2-hydroxy-4-methyl- 
aminopyrimidine. An interesting rearrangement occurred during 
decarboxylation involving a shift of the  methyl group from the  nuclear 
nitrogen t o  the  extranuclear nitrogen. 

( 6 )  H. L. Wheeler and J. S. Jamieson, A m .  Chem. J . ,  33, 349 (1901). 
(7)  T. L. V. Ulbricht and C .  C. Price, Chemistry and Indastry ,  39, 

1321 (395.5); also by personal communication. 

reactions of this type were shown’ to be ureidometh- 
ylenecyanoacetates for which two structures A and 
B may be written. It is suggested by reason of 
steric factors that structure A is more stable ther- 
modynamically than B when R1 is CH3 or CzH5 and 
that isomer B is more stable than A when R1 is H. 
The alkyl group R1 in structure A is larger than the 
NH group, and the COzCzH5 group is in turn larger 
than the linear CN group. Structure A with these 
larger groups in a trans position is therefore more 
stable than a structure would be with these groups 
in a cis position. In  structure B, the NH group 
has greater effective bulk than R1, since the latter 
is H, and the more stable configuration is then as 
shown with NH and COzCzHb in a trans position. 
It is apparent from Stuart-Briegleb molecular mod- 
els that structure A can cyclize only one way and 
that is to yield the 5-cyano-2-thiouracil. Simi- 
larly, structure B is oriented so that only the cyano 
group can take part in the cyclization to yield 5-  
carbethoxy-2-thiocytosines. Isomerization about 
the carbon-carbon double bond is required before 
il can be converted to B. This isomerization was 
attempted by ultraviolet irradiation under condi- 
tions known to cause isomerization of conjugated 
double bond systems.8 This, however, failed and 
the product was again the 5-cyano-2-thiouracil. I t  
is suggested here without proof that reactions of 
thioureas with ethoxymethylenecyanoacetate yield 
predominantly thioureidomethylenecyanoacetates 
with configuration B. Ethyl l-ethoxyethylidinecy- 
anoacetate and ethyl l-ethoxypropylidinecyanoace- 
tate yield thioureidomethylenecyanoacetates with 
structure A. These configurations then determine 
whether the cyclized product is a cytosine or a ura- 
cil. This argument does not preclude the possi- 
bility that configurations A and B may be predeter- 
mined by cis or trans forms of the ethoxymethylene 
and ethoxyalkylidinecyanoacetates. 

Saponification and simultaneous desulfurization 
of 5-carbethoxythiocytosine (111, R = H) with 
Raney nickel yielded 4-amino-5-carboxypyrimidine. 
In the course of physical investigation of this com- 
pound, the spectral data led us to examine its ionic 
character. Titration in water gave one group with 
P K ‘ a  5.60 and the other with a pK‘, less than 2.0. 
In  66% N,N-dirnethylformamide, the pK’,’s were 
found to be 2.8 -I 0.2 and 5.60. The coincidence of 
the upper P K ’ a  in water and in 667c N,N-dimethyl- 
formamide is unlike the behavior of either anthra- 
nilic acid, which is a non-zwitterion, or of /%alanine, 
a zwitterion. The carboxy group of anthranilic 
acid shifts from PK’, 4.95 in water to pKra 7.45 in 
66% N,N-dimethylformamide. The amino group 
of @-alanine shows an increase in pK‘, from 10.30 
in water to 10.67 in 66% N,N-dimethylformamide. 
The above Q K ’ a  values and the ultraviolet data 
(Table 111) establish a zwitterion character for 4- 
amino-5-carboxypyrimidine in water, but show less 
charge separation in 66% N,N-dimethylformamide. 
The ultraviolet data also show little, if any, charge 
separation in methanol. The compound was there- 
fore further examined to determine its form in other 
proportions of N,N-dirnethylformamide and water. 
When a water solution of 4-amino-5-carboxypyrimi- 

(8) G. M. Wyman, Chem. Revs., 59, G23 (195:) 
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dine was titrated first with alkali to pH 5.60 and 
then with N,N-dimethylformamide, the pK', 
showed a minimum of 5.20 in 40% dimethylforma- 
mide and rose to 6.35 in 78% dimethylformamide. 
These observations demonstrate the gradual de- 
crease in its charge separation with decreasing di- 
electric constant. Alkali titration of 4-amino-5- 
carboxypyrimidine, in the lower dielectric constant 
solvents, is not simply removal of a proton from 
the carboxy group or from the amino group, but is 
very likely the withdrawal of a proton shared by 
both groups. The infrared data (Table IV) of 4- 
amino-5-carboxypyrimidine show the solid to have 
zwitterionic character with carboxylate and amini- 
dinium-like ions. The position and breadth of 
bands also show strong electronic and hydrogen 
interaction between molecules. The ionic charac- 
ter of 4-amino-5-carboxypyrimidine is represented 
graphically by 

,T ,"z 
/ L ' W  

It I H 
/ I  I 

I+4\c,o 

B 
in water in methanol and in 

66% N,N-dimethylformamide 

in solid state 

There seemed to be a difference between 5-keto- 
2-thiouracils and 5-carbethoxy-2-thiouracils in their 
ease of methylation. The 5-keto-2-thiouracils 
yielded S-methyl derivatives when treated with 
methyl iodide in aqueous base. Under these same 
conditions, the 5-carbethoxy-2-thiouracils were un- 
changed. When dimethyl sulfate was employed, 
however, the 5-carbethoxy-2-methyl-thi0-4(3H)- 
pyrimidinone was obtained. 

Acknowledgment.-The authors thank W. L. 
Brown, H. L. Hunter, G. 111. Maciak and G. Beck- 
mann for the microanalyses reported here. We 
are also grateful to Martha Hofmann, James W. 
Forbes and Dr. Harold Boaz for the physical data 
and their interpretation. 

Experimental 
1-Ethoxypropylidinema1ononitrile.-A mixture of 152.2 g. 

(1  mole) of triethyl orthopropionate and 66 g. (1 mole) of 
malononitrile was heated under reflux for 5 hours. The 
mixture was fractionated through a Vigreux column fitted 
with a partial take-off head. The fraction boiling a t  142' 
and 7.0 mm. was collected; yield 109 g. (73%), n% 1.4871. 

Anal. Calcd. for CsHloN20: N, 18.65. Found: N, 
18.91. 

Ethyl 1-Ethoxypropy1idinecyanoacetate.--A mixture of 
152.2 g. (1  mole) of triethyl orthopropionate and 113 g. 
(1  mole) of ethyl cyanoacetate was heated under reflux for 
5 hours. The mixture was concentrated a t  10 mm. on the 
steam-bath. The remaining. oil was fractionated through 
an 18-inch Vigreux column to yield 60 g. of ethyl cyanoace- 
tate, b.p. 94' a t  9 mm., and 60 g. (30%) of ethyl l-ethoxy- 
propylidinecyanoacetate, b.p. 158" a t  9 mm. The latter 
crystallized and was recrystallized from petroleum ether, 
m.p. 62". 

Anal. Calcd. for CloH16NOa: C, 60.89; 13, 7.67; N, 
7.10. Found: C, 61.35; H, 7.91; N, 7.40. 

3-Alkyl- and 3-Aryl-5-carbethoxy-2-thiouracils (Table I) .- 
Four and six-tenths grams (0.2 g. atom) of sodium was 
added to  300-400 ml. of absolute ethanol. After the sodiuni 
had reacted, 0.2 mole of the appropriate N-alkyl- or N- 
arylthiourea was added with 43.2 g. (0.2 mole) of diethyl 
ethoxymethyler~emalonate.~ The solution was allowed to  
stand a t  room temperature for 3 to 5 days. The alcohol 
was evaporated, under reduced pressure, to  a volume of 100- 
150 ml. Cold water was added to make a volume of 400- 
500 ml. The resulting solution was made weakly acidic 
with 6 iV HC1. The 5-carbethoxy-2-thiouracil separated 
and crystallized. The solid was collected by filtration, 
washed with water and dried. The 5-carbethoxy-2-thioura- 
cils obtained by this procedure were recrystallized from 
ethyl alcohol. 

3-Alkyl- and 3-Aryl-5-carbethoxy-2-thiocytosines (Table 
II).-Four and six-tenths grams (0.2 g. atom) of sodium 
metal was allowed to  react with 400 ml. of absolute ethanol, 
under reflux. When this reaction was completed, 0.2 rnolc 
of the appropriate N-alkyl- or N-arylthiourea and 33.8 g .  
(0.2 mole) of ethyl ethoxymethyleiiecyanoacetate'O WAS 
added. The resulting solution was allowed to  stand in the 
stoppered flask for five days. The alcohol was concen- 
trated to 200 ml. under reduced pressure. An equal volume 
of cold water was added and the resulting solution was made 
acidic with glacial acetic acid. The solid 5-carbethoxy-2- 
thiocytosine was collected and recrystallized from ethyl 
alcohol or a mixture of ethyl alcohol and N,N-dimetliyl- 
formamide. 

3-Alkyl- and 3-Aryl-5-cyano-2-thiocytosines (Table II).- 
To  a solution of 10.8 g. (0.2 mole) of sodium methoxide in 
400 ml. of methanol was added 0.2 mole of the appropriate 
thiourea and 24.4 g. (0.2 mole) of etlioxymethylenemalono- 
nitrile." The solution was allowed to  stand for 2 to 3 days 
and then concentrated to  a volume of 150 ml. Cold water 
was added to make a volume of 500 ml. and this was then 
acidified with glacial acetic acid. The 5-cyano-2-thiocyto- 
sine crystallized and was purified by recrystallization from 
ethyl alcohol. 

Nitric Acid Desulfurization of 5-Carbethoxy-2-thiouracils. 
3-n-Octyl-5-carbethoxyuracil.-Ten grams of 5-cnrbethoxy- 
3-n-octyl-2-thiouracil was dissolved in 40 ml. of glacial acc- 
tic acid by warming the mixture on the steam-bath. This 
solution was cooled in tap water ( 1 5 O ) ,  and concentrated 
nitric acid was added a drop a t  a time. A vigorous reaction 
occurred with evolution of red fumes of nitrogen oxides. 
The reaction was allowed to  subside after addition of eacli 
drop of nitric acid. The temperature was maintained a t  
approximately 15' by the cold water-bath. Addition of the 
nitric acid was continued until evolution of the red fumes 
was complete. The solution was removed from the water- 
bath and the reaction again proceeded vigorously for 5-10 
minutes. An equal volume of cold water was added and 
white crystalline product separated. Cold water was then 
added until the separation was complete. The solid wa7 
collected, dried and recrystallized from ethyl acetate; yield 
5 g. (55%), m.p. 130". This product was found to be 
identical with a known sample of 5-carbethoxy-3-n-oct> 1- 
uracil .I 
5-Carboxy-3-phenyluracil.--Small portions (0.2-0.5 g . )  

of 5-carbethoxy-3-phenyl-2-thiouracil were added to  60 nil. 
of 7 .5  Nnitric acid. After the first small addition, 0.1 g. of 
sodium nitrite was added and the mixture warmed slightly 
until evolution of red fumes started. I t  was then cooled to  
room temperature and addition of the thiouracil continue: 
a t  such a rate that the temperature did not exceed 30-35 . 
After the addition of 10 g. of 5-carbetl~oxy-3-phenyl-2- 
thiouracil and after the bubbling had ceased (0.5 hour), cold 
water was added to precipitate the product. The solid was 
collected, dried and recrystallized from ethyl acetate; 
yield 5 g. (59y0), m.p. 233" dec.' 

5-Carbethoxy-3-me thyl-2-methylthio-4( 3H)-pyrimidmone 
and 5-Carboxy-3-methyl-2-methylthio-4(3H)-pyrimid~one. 
-Four grams of sodium hydroxide was dissolved in 200 ml. 
of water. To  this was added 21.4 g. (0.1 mole) of 5-car- 
bethoxy-3-methyl-2-thiouracil. The solution was stirred 
mechanically and 12.6 g. (0.1 mole) of dimethyl sulfate was 

(9) Obtiioed from Ray-Frie? Chemicals, Inc., 180 hIadison Avenue, 

(IO) C .  C. Price, S. J. Leonard .tnd Ii .  1;. IicrLrandion, T r i l S  

(11) 0. Diels, H. Gartner and R. Kaack, Ber., 5SB, 3411 (1922). 

New l'ork, S. Y. 

JOURNAL, 68, 1252 (1916). 



Oct. 20, 1956 S Y N T H E S I S  OF .%THIOCYTOSINES AND 2-THIOURACILS 5297 

RI 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
C H a  
CHa 
CH3 
H 
H 
H 
H 
H 
H 
* Sulfur values. 

TABLE I 
R 

Ri 
% M.P.,  'C. 

Yield, 

79 
72 
78 
75 
95 
72 
68 
78 
70 
83 
90 
69 
95 
74 
53 
78 
46 
64 
75 
95 
94 
80 
84 

TABLE I1 

S 

205 d. 
257 
22 1 
212 
202 
192 
189 
196 
184 
276 d. 
194 
196 
228 
170 
280 d. 
207 
234 
144 
137 
232 
198 
253 
183 

R 

%THIOCYTOSINES 1 I 

Yield, 
% 
70 
98 
72 
64 
92 
75 
80 
65 
80 
80 
90 
93 
90 
60 
95 
73 
95 
65 
54 
75 
79 
85 
60 

"+iT 
Ri 

M.P., "C. 

Carbon, % 
Calcd. Found 

44.86 
47.37 
50.00 
49.58 
46.51 
51.56 
10.93" 
53.32 
53.32 
56.50 
55.31 
55.00 
57.93 
57.65 
46.41 
48.00 
53.80 
50.94 
47.37 
58.53 
57.13 
59.99 
62.49 

44.90 
47.32 
50.01 
49.50 
46.46 
51.75 
10.84" 
53.04 
53.40 
56.14 
55.53 
54.66 
57.59 
57.35 
46.59 
47.73 
54.16 
51.18 
47.76 
58.57 
57.23 
60.05 
62.50 

Carbon, % 
Calcd. Found 

238 
252 
206 
249 
235 
228 
252 
251 

>250 
240 
24 1 
243 
178 
198 
228 
242 
225 
233 
256 
202 
254 

> 270 
245 

d. 45.07 
47.57 
46.69 
51.75 
51.75 
53.52 
53.52 
56.72 
55.50 
55.11 
58.12 
57.86 
49.48 
45.71 
51.91 
57.89 
59.07 
48.21 
54.04 
50.42 
54.04 
58.05 
61.62 

45.01 
47.30 
46.54 
52.06 
51.70 
53.56 
53.20 
56.48 
55.53 
55.14 
58.24 
58.28 
50.20 
45.93 
51.72 
57.99 
59.21 
48.43 
54.26 
50.72 
54.27 
58.24 
61.60 

4.71 
5.30 
5.04 
5.83 
5.47 
6.29 

12. 51b 
6.71 
6.71 
4.38 
6.43 
7.08 
4.86 
7.71 
3.90 
4.92 
5.87 
5.70 
5.30 
4.09 
6.39 
4.65 
5.59 

Hydrogen, % 
Calcd. Found 

Hydrogen, % 
Calcd. Found 

4.74 
5.41 
5.07 
6.04 
5.48 
6.23 

12.31b 
6.97 
6.99 
4.62 
6.73 
7.21 
4.67 
7.64 
4.12 
4.60 
6.06 
5.72 
5.28 
4.31 
6.28 
4.67 
5.69 

5.20 
5.76 
5.88 
6.71 
6.71 
7.11 
7.11 
4.76 
6.81 
7.47 
5.23 
8.09 
5.19 
4.80 
5.81 
3.53 
7.63 
5.39 
6.35 
5.92 
6.35 
6.50 
8.27 

5.18 
5.41 
5.89 
6.61 
6.78 
7.29 
7.11 
4.78 
6.72 
7.35 
5.31 
8.43 
5.42 
4.75 
5.91 
3.60 
7.84 
5.47 
6.30 
6.22 
6.46 
6.88 
8.24 
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added dropwise. The reaction mixture became warm (40- 
50') and a solid crystallized from solution. The mixture 
was cooled in an  ice-bath and the crystalline 5-carbethoxy-3- 
methyl- 2 - methylthio - 4( 3H) - pyrimidinone was collected. 
This was recrystallized from a mixture of ethyl acetate and 
petroleum ether; yield 5 g. (22%), m.p. 153'. 

Anal. Calcd. for CeH12X203S: C, 47.37; H,  5.30; X, 
12.28. Found: C, 47.54; H, 5.45; 9, 12.05. 

The alkaline filtrate obtained above was acidified with 
acetic acid t o  yield 5-carboxy-3-methyl-2-methylthio-4(3H)- 
pyrimidinone. This was added to  30 ml. of dilute NaHC03 
solution, filtered and acidified with acetic acid. The solid 
that separated was collected and recrystallized from ethanol; 
yicld 4 g. (200,5), m.p. 205-212' dec. 

nnal .  Calcd. for C I H ~ S Z O ~ S :  C, 42.00; H ,  4.03; S, 
14.00. Found: C, 42.41; H, 3.95; N, 14.07. 

To 45 nil. of 3 N HCl was added 2.5 g. of 5-carbethoxy-3- 
tiiethyl-2-methyltliio-4(3H)-pyrimidinone. The solution 
was heated under reflux for 12 hours. The resulting clear 
solution was cooled to  obtain 1 g. (45%) of 5-carboxy-3- 
rnethyl-2-~iethylthio-4(3H)-pyri1nidinone, m.p. 205-212" 
dcc . 

J-Methyluracil from 5-Carbethoxy-3-methyl-2-methyl- 
thio-4(3H)-pyrimidinone.-To 40 ml. of 12 N HCl was 
added 1.5 g. of 5-carbethoxy-3-methyl-2-methylthio-4(3H)- 
pyrimidinone. The mixture was heated under reflux. The 
solid dissolved and after 1-2 hours 5-carboxy-3-methyl-2- 
methylthio-4-(3H)-pyrimidinone crystallized from solution. 
The heating was continued and the crystals dissolved. 
The solution was cooled after 6 hours. The product sepa- 
rated and was recrystallized from ethanol to  yield 0.5 g. 
(6675) of 3-methyluracil, m.p. 174-176O.l 

3-Alkyl-5-cyano-6-methyl-2-thiouracils (Table I )  .-To a 
solution of 0.2 mole of sodium ethylate in 300 ml. of absolute 
ethanol was added 0.2 mole of the appropriate N-alkylthio- 
urea and 36.6 g. (0.2 mole) of ethyl l-ethoxyethylidinecy- 
a~ioacetate . '~  The solution was allowcd to  stand in a stop- 
pered flask for five days. The alcohol solution was concen- 
trated and diluted with water. The 3-alkyl-5-cyano-6- 
methyl-2-thiouracil crystallized when the aqueous solution 
was acidified with dilute hydrochloric acid. It was then 
recrystallized from a mixture of 80% ethanol and 20% 
N, S-dimethylformamide. 

5-Cyano-6-ethyl-3-phenyl-2-thiouracil.-To a solution of 
0.1 mole of sodium ethylate in 400 ml. of absolute ethanol 
was added 15.2 g. (0.1 mole) of phenylthiourea and 29.7 g. 
(0.1 mole) of ethyl 1-ethoxypropylidinecyanoacetate. The 
resulting solution was allowed to stand at room temperature 
for 5 days. An equal volume of water was added and the 
solution was then acidified with glacial acetic acid. The 
precipitated solid was recrystallized from ethanol, in whick 
it is only slightly soluble (5  g. in 300-400 ml.); m.p. 263 
dec., yield 18 g. (45%). 

Anal. Calcd. for C13HllN30S: C, 60.69; H, 4.31; N, 
16.34. Found: C, 60.75; H ,  4.43; N, 16.58. 

Attempted Inversion of the Reaction between Ethyl 1- 
Ethoxyethylidinecyanoacetate and N - Ethy1thiourea.-A 
solution of 18.3 g. (0.1 mole) of ethyl l-ethoxyethylidine- 
cyanoacetate and 150 ml. of abso1u:e ethanol was irradiated 
with light of a wave length of 365 A. After 12 hours of ir- 
radiation 10.4 g. (0.1 mole) of K-ethylthiourea was added 
and the irradiation continued for another 12 hours. A solu- 
tion of 0.1 mole of sodium ethylate in 100 ml. of ethanol was 
added and the irradiation continued for 8 hours. The al- 
cohol solution was then concentrated to  100 ml. and diluted 
with an equal volume of cold water. This was acidified 
with acetic acid. The resulting solid was recrystallized to  
yield 10.5 g. (54%) of 5-cyano-3-ethyl-6-methyl-2-thiouraci1, 
n1.p. 268". The irradiation had not affected a change in 
the course of the reaction. 

-412ai. Calcd. for C8HgX30S: C, 49.23; H, 4.65. Found: 
C, 49.15; H,  4.74. 

5-Carbethoxythiocytosine.-One hundred and fifty-two 
grams ( 2  moles) of thiourea and 338 g. (2 moles) of ethyl 
ethoxymethylenecyanoacetate were added to  2.5 liters of 
absolute ethanol containing 136 g. (2  moles) of sodium ethyl- 
ate. After the warm mixture was allowed to  stand for sev- 
eral days, the ctlianol was removed under reduced pressure. 

(14) J .  1'. Vila and I<. G, Jargue, Anulesl is .  y q 1 ~ i r n .  (Spain), 40, 402 
(10.14); C. A , ,  39, ,1329 (1045)l. 

The yellow sodium salt was dissolved in 4 liters of water, 
decolorized with carbon and filtered. The solution was 
acidified with acetic acid and cooled. The 5-carbethoxy-2- 
thiocytosine was filtered off and dried; 3-ield 221 g. (55Ye). 
This was recrystallized from ethanol, t i1  .p. 273'. 

Anal. Calcd. for C71&N3O2S: C, 42.20; H,  4.55. 
Found: C, 42.28; H, 4.26. 
4-Amino-5-carboxypyrimidine.-Eiglity grams (0.4 molc) 

of 5-carbethoxy-2-thiocytosine was dissolved in 1.5 liters of 
water containing 16 g. (0.4 mole) of sodium hydroxide. 
To the stirred solution in a 3-liter 3-necked flask was added, 
portionwise, 200 g. (wet weight) of Rancy nickel. The 
mixture was refluxed with stirring for 4 or 5 hours. The 
hot ,mixture was filtercd, decolorized with carbon and filtered 
again. The filtrate was acidified with acetic acid and con- 
centrated, under reduced pressure, to  one-third the original 
volume. The 4-ainino-5-car1,osypyriinidine was filtered 
from the cooled solutioii aiid dried; yicld 26 g. (47%). 
This was precipitated from 1 -V sodium hydroxide with 1 AV 
HCl, m.p. 270" dec. 

Anel. Calcd. for CJijS.i02: C, 43.17; H, 3.62; S, 
30.21. Found: C, 43. H, 3.73; K, 29.92. 

Spectral Data for 4-Amino-5-carboxypyrimidine .-Ultra- 
violet absorption of 4-amino-5-carboxypyrimidinc was dc- 
terniined on the Cary model I1 spectrophotometcr. The 
results are suniniarized in Table 111. 

TABLE 111 
ULTRAVIOLET DATA FROM 4-:\MIS0-5-CARBOXYPYRIMIDINE 

Solvent PI% XI  mp log a Xz m r  log € 2  

Water 1 . 3  246 4.10 283 3.52" 
4 . 0 248 4 . 0 8  281 3.51" 
9 . 6  240 4.06 293 3.61 

66yG DMF* 2 . 5  250 287 3.48'" 
4 . 5  < 245 291 3.48" 
'3 . 0 < 242 293 3.59 

Mctllallol 0.03 JI  1-1 ' 217 4.10 282 3 .58  
Methanol 241 4.01 294 3 . 5 1  

03 AI OI-I- 240 4 .oo 292 3 . 5 1  
Miiieral oil' 205 306 

'> K,S-Dimethylformamide, use- 
ful above 242 mp in 0.10-mm. path. CA very fincly ground 
suspension of the crystalline compound in mineral oil. 

The infrared data for 4-a11iino-6-carboxypyrimidir~e and 
its hydrochloride were obtained in mineral oil by the Beck- 
man IR-2T spectrophotometer equipped with sodium 
chloride optics. 

T A n m  I\. 

ITS HYDROCHLORIDE 

a Graphically resolvcd. 

The results are suiriniarized in Table IV. 

INPRAKEU DATA I'KOM 4 - r ~ ~ I s o - 5 - C A R u V s 1 . P Y R I M I D I S E  A N D  

Mineral oil mull d Ar Assignment 

Zwitterion form 3.1,  3 , 2  Weakly hydrogcu 
bonded KH or NH2 

4.2," -I,&" 5.2'& Strongly bonded hy- 
drogen 

Xmidinium-like ioii 6 . 1 , b  6 . V  
6 . 3 3 , 7 . 5 L  Carboxglateioii (C02-) 

3 to  -1." 

6 .  1,O 6 .6 ,  6 . 5  

Xcid salt 3 . w  -h-H 
-KH + and carboxyl 

Amidinium-like ioii 
5.90 Carboxyl ( C0&) 

a Broad band. * Double band. Narrow band. 

5-Cyano-3,6-dialkyl-2-thiocytosines (Table 11).-011c- 
half mole of sodium methylate (27 g . )  was added to 1 liter 
of methanol. To this was added one-half mole of the ap- 
propriate N-alkylthiourea and 68 g. (0.5 mole) of l-ethoxy- 
ethylidinemalononitrile. The reaction was complete after 
standing in a stoppered flask for three days. The solution 
was concentrated and diluted with water as in the above 
experiments. When acidified with acetic acid, the product 
crystallized. The resulting 5-cyano-3,6-dialkyl-2thiocyto- 
sine was collected, dried in air, and recrystallized from a 
mixture of ethyl alcohol and 9,s-dinietliylfornianiidc. 
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5-Benzoyl-2-thiouracils (Table I).-One-tenth mole of 
the appropriate thiourea was added to 250 ml. of absolute 
ethanol containing 0.1 mole of sodium ethylate. To this 
was added 24.8 g. (0.1 mole) of ethyl ethoxymethyleneben- 
zoylacetate.13 This was set aside for 3 days. The alcohol 
was partially evaporated, cold water was added and the 
product precipitated by addition of acetic acid. The 5- 
benzoyl-2-thiouracils were recrystallized from ethanol. 

5-Acetyl-2-thiouracils (Table I).-Two-tenths mole of 
the thiourea was treated with 30.4 g. (0.2 mole) of ethyl 
ethoxymethyleneacetoactate14 and 0.2 mole of sodium 
ethylate in the manner described in the above paragraph. 
The resulting 5-acetyl-2-thiouracils were recrystallized 
from a mixture of ethanol and ethyl acetate. 

5-Acetyl-3-~-methoxyethyl-2-methylthio-4( 3H)-pyrimi- 
dinone.--A solution was made of 11.4 g. (0.05 mole) of 5- 
acetyl4 ~-methoxyethyl-2-thiouracil in 60 ml. of 2 N NaOH. 
This was stirred and 7.1 g. (0.05 mole) of methyl iodide 
was added dropmise. After standing for two hours a t  room 
temperature, the solid was collected and recrystallized from 
a mixture of ethyl acetate and light petroleum ether; yield 
5 g. (41%), m.p. 94". 

Anal. Calcd, for CIOHI~NZO~S: C, 49.58; H, 5.83; N, 
11.57. Found: C, 49.91; H, 5.87; N, 11.70. 

5- Ace tyl-3-isopropyl-2-me thylthio-4( 3H)-pyrimidinone .- 
To 100 ml. of methanol was added 21 g. (0.1 mole) of 5- 
acetyl-3-isopropyl-2-thiouracil, 5.4 g. (0.1 mole) of sodium 
methylate and 14.1 g. (0.1 mole) of methyl iodide. The 
solution was allowed to stand for several hours and then 
evaporated to dryness on the steam-bath. The sodium 
iodide was separated by the addition of ether. The filtrate 
was evaporated t o  yield an oil which crystallized upon stand- 
ing. This was recrystallized three times from light petro- 
leum ether; yield 12 g. (53%). 

(13) L. Panizzi, Gam. chim,ital.,73,13 (1943) [C. A.,39,1871 (1945)). 
(14) L. Claisen, Ann., 297, 16 (1897). 

Anal. Calcd. for ClaH14N202S: N, 13.33. Found: 
N, 13.57. 

5-Carbethoxy-2-methylthio-3-phenyl-4( 3H)-pyrimidmone . 
-To 200 ml. of 2% aqueous sodium hydroxide was added 
27.6 g. (0.1 mole) of 5-carbethoxy-3-phenyl-2-thiouracil. 
The mixture was stirred mechanically and the solid dis- 
solved. To this was added, dropwise, 12.6 g. (0.1 mole) 
of dimethyl sulfate. After 0.5 hour the product had sepa- 
rated. This solid was collected, dried and recrystallized 
from ethyl acetate; yield 28 g. (96%), m.p. 128'. 

Anal. Calcd. for C1dH14N20&3: C, 57.93; H, 4.86; N, 
9.65. Found: C, 57.76; H,4.94; N, 9.61. 

5-Cyano-3-isopropyl-2-thiouracil.-Five grams of 5-cyano- 
3-isopropyl-2-thiocytosine was added to 35 ml. of 3 N HC1. 
The acid solution was refluxed for 3 hours. The mixture 
was cooled and the insoluble 5-cyano-3-isopropyl-2-thioura- 
cil was collected and recrystallized from ethyl alcohol; 
yield 4 g. (80%), m.p. 84-88'. 

Anal. Calcd. for CsHgN30S: C, 49.23; H, 4.65; S, 
16.40. Found: C, 48.99; H, 5.14; S, 16.39. 

Alkaline Hydrolysis of 5-Carbethoxy-2-thiouracils.-Ten 
grams of the 5-carbethoxy-2-thiouracil was boiled with 50 
ml. of 3 N NaOH for 2-4 hours. The cooled solution was 
filtered and the filtrate acidified with dilute hydrochloric 
acid. The product was collected and recrystallized from 
ethanol. The following 5-carboxythiouracils were ob- 
tained in yields of 50-75%. 

5-Carboxy-3-phenyl-2-thiouracil, m.p. 248' dec. Anal. 
Calcd. for CllH~N203S: C, 53.23; H, 3.25. Found: C, 
53.31; H ,  3.45. 

5-Carboxy-3-n-hexy1-2-thiouraci1, m.p. 154'. Anal. 
Calcd. for CllH16N20&3: S, 12.52; N, 10.93. Found: S, 
12.65; N, 10.72. 
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Disubstituted Phosphine Oxides. 111. Addition to a,P-Unsaturated Nitriles and 
Carbonyl Compounds1 

B Y  ROBERT C L A Y   MILLER,^ JOHN s. B R A D L E Y 3  AND LYLE A. HAMILTON 
RECEIVED JUNE 13, 1956 

Two disubstituted phosphine oxides have been added to cr,p-unsaturated nitriles, esters, ketones and amides in the pres- 
Hydrolysis of the nitrile, ester and amide adducts gave 3-disubstituted phosphinylpro- 

Similar additions to diethyl maleate and hydrolysis gave 1-disubstituted phosphinylsuccinic acids which 
ence of traces of sodium ethoxide. 
pionic acids (V). 
can be decarboxylated to form V. 

Unsymmetrical tertiary phosphine oxides have 
been prepared by the base-catalyzed addition of 
two disubstituted phosphine oxides (I) to a$- 
unsaturated nitriles, esters, ketones and an amide. 
Analogous reactions of the structurally similar 
dialkyl phosphonates (11) have been reported by 
Pudovik5 and others.6 I1 has been added to a,p- 

(1) Presented at the Delaware Valley Regional Meeting, Philadel- 
phia, Pa.,  February 16, 1956. Taken from a dissertation submitted 
by R. C. M .  to the Temple University Graduate Council in partial 
fullfillment of the requirements for the degree of Doctor of Philosophy. 

(2) Experimental Station, E. I. du Pont de Nemours Co., Wilmington, 
Delaware. 

(3) Taken from a thesis submitted by J. S. B .  to the Department of 
Chemistry, Temple University, in partial fulfillment of the require- 
ments for the degree of Master of Arts. 

(4) The nomenclature of organophosphorus compounds used in this 
paper follows that outlined in Chem. Eng. News, 30, 4515 (1952). 

(5) A few of the many, papers by Pudovik and co-workers are as 
follows: (a) A. N. Pudovik and B.  A.  Arbuzov, Doklady A k a d .  N a r ~ k  
S.S.S.R., 73, 327 (1950); C.A. ,  45, 2853 (1951); (b) J. Cen. Chem. 
U.S.S.R., 21,  2035 (1951); (c) A.  N. Pudovik and N. I .  Plakatina, 
Sbornik Stalei Obshchei Khim.,  2, 831 (1953); C. A , ,  49, 6821 (1955); 

unsaturated nitriles5a-c,6 esters5asbtd-f,6 amide~~~sg  
and  ketone^.^^,^,^ 

While a few of the additions were carried out 
with di-n-octylphosphine oxide (Ia) ,'p8 most of the 
reactions involved a previously unreported analog, 
dibenzylphosphine oxide (Ib). Because of the 
greater ease of removal of the less soluble higher 
melting dibenzylphosphine oxide adducts from the 
reaction mixture, the yields were higher than for 
similar di-n-octylphosphine oxide addition prod- 
ucts. The dibenzylphosphine oxide was prepared 
(d) A. N. Pudovik, Zhur. Obshchei Khim.,  22, 1143 (1952); C. A , ,  47, 
4836 (1953); (e) A. N. Pudovik and D. Kh. Yarmukhametova, leuesl .  
Akad. Nairk, S.S.S.R., Oldel. Khim. Nar~k, 721 (1952); C. A.,  47, 
10467 (1953); ( f )  A. N. Pudovik, i b i d . ,  926 (1952); C. A , ,  47, 10467 
(1953); (9) A.  N. Pudovik, Doklady Akad. Nauk  S.S.S.R.,  85, 349 
(1952); C. A , ,  47, 5351 (1953); (h) A. N. Pudovik, Zhrrr. Obshchei 
Khim.,  22, 1371 (1952); C. A , ,  47, 4837 (1953). 

(6) B .  Bochwic and J. Michalski, N a l t ~ r e ,  167, 1035 (1951). 
(7) R .  H.  Williams and L. A. Hamilton, THIS JOURNAL, 74, 5418 

(1952). 
(8 )  R. H.  Williams and L .  A. Hamilton, ibid., 77, 3411 (1955). 


