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TABLE I 
RESULTS OF SCREENING TESTS os. THE EHRLICH 

ASCITES CARCINOMA" 
Dosage, l lortali ty . iv.  --.4v. TPCV-- 

nip./ treated w t .  change T ' C ,  70 of 

IY-4 188 1/8 3 .8 /5 .2  2.4/2.8 85 
313 3/8 2.1 /4 .9  1 .9 /3 .1  61 

V-4 110 1/8 3 .2 /4 .1  2 .6 /3 .5  74 
'217 1/8 3 .0 /4 .5  1 . 7 i 2 . 7  63 
:326 2/8 3 .4 /5 .1  1 . 6 / 3 . 2  50 

VI-2 '216 1/8 2 . 1 / 4 . 0  3 .0 /2 .9  69 
,326 2/8 2 .9 /4 .6  1 . 6 / 3 . 3  49 

YII-3 '204 2/S 4 . 7 / 5 . l  2.7/2.8 97 
306 1/8 4.0/4.4 2. '7/2.6 85 

\ I I I -2  146 1/8 4 .2 /5 .0  3.2/3.1 >lo0 
292 2/8 3.8/4.S 2 . 2 / 2 . 8  79 
486 3/8 3 .2 /4 .8  1 .8 /3 .0  60 

Conipd. kg. /day group T/C, g. nil. controls 

YIII-3 154 2/8 3.7 /4 .6  2 .9 /2 .9  100 
308 1/8 4.1 /5 .0  2 .9 /3 .4  85 
514 3/8 3 .0 /4 .1  2 .1 /3 .0  i o  

I);* 110 0/8 2 . 8 / 4 . 4  1.9 /3 .2  59 
220 O/S 2 . i / 4 . 8  0 .7/2.8 25 

Q T = treated group, C = control group, TPCV = total 
packed-cell volume of tumor cells; average mortality of control 
groups to day of assay = 36%. b Compound I X  is 2-mercapto- 
6-oxo-l-ethyl-5-methylpyrimidine-4-carboxaldehyde, the parent 
aldehyde from which IV-4, V-4, TI-2, YII-3, aiid YIII-3 \\-ere 
synthesized. 

Screening Results.-The various pyrimidine deriva- 
tives were tested us. the Ehrlich ascites carcinoma in 
Swiss-Webster white mice by procedures described 
p r e v i o u ~ l y . ~ ~ ~ ~ ~  The results of tests of representative 
compounds are recorded in Table I in which conipounds 
are designated by the table number (IV-VIII) and coin- 
pound number (Arabic numerals). The rapid increase 
in body weight of control mice (C) is a measure of the 
accumulation of ascitic fluid and tumor cells, and the 
effectiveness of treatment of the mice in treated groups 
(T) is shown in part by smaller increases in body weight 
of mice in these groups (column 4). However, the 
total packed-cell volume of tumor cells (TPCV) (col- 
uiniis 5 and 6) determined on the 6th day after intra- 
peritoneal transplantation of the tumor is the most 
reliable index of the niultiplication of the tumor cells. 
The dosages recorded in column 2 were divided into two 
intraperitoneal injections/day coniniencing 24 hr. after 
transplantation of the tumor and continuing for 5 days. 

The data of Table I indicate that us. the Ehrlich 
tuinor none of the derivatives tested are as effective as 
the parent pyrimidinealdehyde. Of the derivatives, 
the effectiveness us. the tumor is approxiiiiately in the 
following order of decreasing activity: V-4 = VI-2 > 
IV-4 > VIII-2, VII-3, and VIII-3. Compounds T'-4, 
TI-2, arid IV-4 (and probably other members of these 
series) seem sufficiently active to  warrant testing against 
other tumors. 

Inhibition of Protein Synthesis.-The effects of the 
pyrimidine derivatives upon protein synthesis were 
studied by determining the inhibition of incorporation 
of ~-phenylaIanine-l-Cl~ into the proteins of Ehrlich 
ascites carcinoma cells which were incubated aerobi- 
cally for 1 hr. with the labeled amino acid and the 
pyrimidine in u i t m  in Krebs-Ringer phosphate a t  37" 
by a procedure described previously in detail. l 2  Each 

(14) J. E. Wilson, J. E. Suggs, and J. L. I r r in ,  Cancer Res.  S u p p l . ,  21, 
692 (1961). 

incubation flask contained 5 nil. of a 40% suspension of 
tunior cells in Krebs-Ringer phosphate (pH 7.2)) 1 nil. 
of Krebs-Ringer phosphate containing 0.1 pmole of L- 
phenylalanine-l-CI4 (0.2 pc.), and 1 nil. of the pyrinii- 
dine in Krebs-Ringer phosphate (or 1 nil. of Krebs- 
Ringer phosphate, alone, in the controls). After the 
incubation of the experimental and control flasks, the 
total proteins were isolated and freed of lipids and 
nucleic acids as described previously.'l -4 portion, 
usually 10 nig., of the total protein sainple from each 
incubation flask was plated on stainless steel planchets, 
and the radioactivity was deterniined in a windowless 
gas-flow counter aiid scaler. The remainder of the 
total protein sample from each flask was extracted with 
0.2 N HCl by stirring for 3 hr. at 4". The HC1-insolu- 
ble proteins were removed by centrifugation. The 
supernatant solution was brought to pH 11 by addition 
of amnioriiuiii hydroxide, and 2 1701. of 95% ethanol 
was added. The precipitated basic proteiiis (desig- 
nated in the tables as acid-soluble proteins) were col- 
lected by centrifugation and were plated 011 plaiichets 
for determination of radioactivity. In Tables I1 and 
I11 radioactivities are expressed as counts per niin. per 
iiig. of protein (c.p.m. mg.) after correction for bacli- 
ground and self-absorption, 

TABLE I1 

PYRIMIDYLMETHYLIDENERHODAI~INE (IT'-4) OS THE 

THE EFFEC'T OF 3-~IERC.4PTO-6-OXO-l-ETHl L-5-METHIL-4- 

INCORPORATIOS OF PHESYLALASINE-l-C'4 (PA) I K T O  

PROTEIKS OF EHRLICH ASCITES C.4RCINOM.4 CELLS D U R I X G  

IKCUB~ITION in Vztro IN KREBS-RINGER  PHOSPHATE^ 

Coinpd. 
IV-4, 

piiioles 

I 
. .  

1 

10 
a 

10 

3Iolar 
r an0  

1Y-4 P.4 

Controls 
10 

Coiitrols 
10 
50 

100 
Controls 

100 

7 

--Total proteins-- 

C p in iiig csntrols 
'7c of 

22277 f 5'7 
'7060 f 235 91 
1870 f 14'7 
1331 f 50 71 
968 f 115 52 
150 zk 116 8 

2642 f 38 
1 9 f  7 0 7  

-.4cdsoluble proteins- 
Vc of 
con- 

C p i n .  ing. trols 

852 f 136 
190 =t 31 22 
742 i 7.5 
2'7.5 f 62 37 
111 i 44 1.5 

981 f 151 
2 0 f  3 2 

0 0.1 pmole of pheiiylalani~ie-l-Cl~ added to each iiicubation 
flask. 

TABLE I11 
THE EFFECT OF a-OSIMINO-fi-( 2-MERCAPTO-6-OXO-1-ETHYG 

~-UETHYL)-4-PYRIhlIDYLPROPIONIC ACID (VI-2) .4SD 

@-.4MINO+( 2-MERCAPTO-6-OXO-l-ETHYL 5-JIETHYL)-4- 
PYRIMIDYLPROPIOKIC ACID (VIII-3) ON THE IKCORPOR.~TIOS 
O F  PHEXYLAL.4XINE-1-c'4 (PA) IKTO PROTEINS OF ERHLICH 

-4SCITES CARCINOM.4 CELLS DURING ISCUBATIOS in T - i f r O  
IS KREBS-KIKGER  PHOSPHATE^ 

l lo la r  --Total proteins- hcid-soluble proteins 
Conipd., ratio 70 of /c of 

rpmoles--. Inhib.1 con- con- 
VI-2 VIII-3 Ph C.p.m./nig. trols C.p.m. 'mg. rrols 

. . . . . . Coiitrols 2277 i 52 
1 . . .  10 2200 zk 140 97 810 f 50 95 
5 . . .  50 1898 f 25 83 785 f 70 92 

. . .  1 10 1570 f 79 69 640 i 64 7 5  

. . ,  5 50 888 f 94 39 375 i 59 44 

. . . . . . Controls 2940 zk 125 921 zk 85 
1 10 1791 f 81 61 532 i 41 58 
5 50 820 f 42 28 315 f 54 34 

i- 

852 i 136 

a 0.1 pmole of phenylalanine-l-Cl4 added to  each incubation 
flask. 
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TABLE VI 
~ - o X I M I h . O - ~ - (  2-XERCAPTO-6-OXO)-4-PYRIMIDYLPROPIONIC -4CIDS 

? 
HS N 0 

X J R ~  

CH2-C-COOH 
?;OH 

-Carbon, 70- ,-Hydrogen, 5%- --Nitrogen, %-- 
So.  R R' A L P . ,  OC. Formula Calcd. Found Calcd. Found Calcd. Found 

1 CH, CH3 190-191 dec. CgHnN304S 42.02 42.18 4.31 4.41 16.33 16.22 

3 H C2Hj 208-210 dec. C9HllN30&3 42.02 42.01 4.31 4.22 16.33 16.4.; 
2 C2Hj CH, 169-171 C10H13N304S 44.27 43.85 4 .83  5.01 15.49 15.22 

TABLE TI1 
0-( 2-~~ERCAPTO-6-OXO)-4-PYRIMIDYLPYRUT.IC AhCIDS 

R 

HsYN N$/ 

CH,-C-COOH 
/ I  
0 

,--Carbon, %-- -Hydrogen, %- r x i t r o g e n ,  %- 
N o .  R R' M.P., OC. dec. Formula Calcd. Found Calod. Found Calcd. Found 

1 CH3 H 250-251 CSHaN204S 42.10 42.09 3.53 3 .41  12,28 11.95 
2 CH3 CH3 224-226 CgHloN204S 44.62 44.28 4.16 4.06 11.56 11.42 
3 C2H5 CH3 218-220 C10H12N204S 46.87 46.69 4.72 4.39 10.93 10.62 
4 H  C2HS 181-183 CgHj4Y204S 44.62 44.43 4 .16  4.28 11.56 11.48 

TABLE TI11 
a-AYINO-P-(  2-MERCAPTO-6-OXO)-4-PYRIMIDYLPROPIO~IC -4CIDS 

S / R '  

I 
NHz 

CHz-CH-COOH 
HsyP 

--Carbon, 70-- -Hydrogen, 7c- --Yitrogen, %- 
N o .  R R '  3I .p . ,  O C .  dec. Formula Calcd. Found Calcd. Found Calcd. Found 

1 H  CSHL 284-285 CgH13X303S 44.43 44.30 5.39 5.21 17.27 16.99 
2 CH3 CH3 336-338 CgH13N303S 44.43 44.17 5.39 5 .38  17.27 17.16 
3 C2H5 CH3 273-274 CI0Hl5N3O3S 46.68 46.69 5.88 6 .01  16.33 16.31 

tor, and the re.idue was treated in the same way as described 
above. The precipitate was filtered, washed with water, and air 
dried. The yield after recrystallization from aqueous ethanol 
(1.1) was 5.0 g. (33%), m.p., 190-191" dec. Compounds pre- 
pared by a similar procedure are listed in Table TI. 

6-( 2-Mercapto-6-oxo-l,5-dimethyl)-4-pyrimidylpyruvic Acid,- 
This compound was prepared by a modification of the method 
described by Perkin, et  ~ 1 . ~  Two grams of the corresponding 
oximino acid was suspended in 8 ml. of 40% formaldehyde solu- 
tion, and 10 nil. of concentrated HC1 gradually was added. This 
mixture was stirred a t  room temperature for3 hr and placed in the 
refrigerator for 1.5 hr., and the resulting precipitate was filtered, 
washed thoroughly with water, and air dried. Recrystallization 
from ethanol gave 0.5 g. (29%) of the compound, m.p. 224-226" 
dec. Compounds made by a similar procedure are listed in 
Table VII. 

a-Amino-P-( 2-mercapto-6-oxo-1,5-dimethyl)-4-pyrimidyl- 
propionic Acid.-Two grams of the corresponding crude oximino 
acid was dissolved in 80 ml. of ethanol. This solution was 
heated on the steam bath and 80 g. of 2CG sodium amalgam was 
added in four 20-g. portions with shaking after each addition. 

--Sulfur, 57<-- l i e l d ,  
Calcd. Found % 
12.46 12.32 33 
11.82 11.60 38 
12.46 12.80 72 

--Sulfur, "c- Yield, 
Calcd. Found 7 
14.05 13.96 55 
13.24 13.05 29 
12.51 12 38 63 
13.24 13 09 60 

--Sulfur, 57-- Yield, 
Calcd. Found '7, 

13.18 12.98 52 
13.18 13.37 33 
12.46 12.19 38 

When all the amalgam had been added, enough w t e r  (80 ml.) 
was added to  effect a solution of the precipitate. The reaction 
mixture was heated gently on the steam bath for 0.5 hr. and 
filtered. The solution was passed through a column containing 
a weakly acidic ion-exchange resin, Amberlite IRC-50, and the 
filtrate was evaporated to dryness on a flash evaporator, treated 
with 20 ml. of ethanol, and placed in the refrigerator for 1 hr. 
The white precipitate which formed was filtered and washed 
thoroughly with ethanol. The yield was 630 mg. ( 3 3 % ) ,  m.p. 
336-338" dec. Recrystallization from aqueoris ethanol did not 
change the melting point. This compound was soluble in both 
dilute NaOH and dilute HC1 solations. It gave a pobitive niiihy- 
drin test. Its infrared spectrum showed absorption at 6.28 
(COO- asyni. stretch), 6.50 (XH3+ sgm. rtretch), and 7.11 p 
(COO- sym. stretch).l6 

Other amino acids listed in Table VI11 were prepared by  an 
analogous manner. 

(16) K. Nakanishi, "Infrared Absorption Spectroscopy-Practical," 
Holden-Day, Inc. ,  Sen Franciscq, Calif., 1962,  p, 196. 


