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Girowth toxicity of this amino acid analog 1s only shghtly
affected by higher concentrations of pr-valine (i.e.. in
the presence of 20 y/ml. of pr-valine. the minimal con-
centration of antagonist required for complete inhibi-
tion is inereased from 6 1o 20 v. ml.) and is not affected
to any appreciable extent by pr-leucine,  Equal concen-
trations of a mixture of isoleucine and valine are no
more effective than the isoleucine concentrations alone
in preventing the inhibitory effects of 2-amino-3-meth-
vithiobutyric acid.  However, threonine does prevent
the inhibitory effects of the antagonist appreciably.
Threonine is known to serve as a precursor of isoleu-
cine in £, eolt," and the reversal by threonine of an
{0y ML K. Umbarger and E. AL Adelberg, . Buol, Chem.. 192, 883 (10511,
10y H. E. Umbarger. /. Bacteriol., 68, 203 11053,
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isoleucine antagonist has been previously studied in de-
tail.!!

The inhibitory effects of 2-amino-3-methylthiobutyric
acid and its reversal by isoleucine have heen studied
most extensivelv with £, colr, as indicated in Table {11
The growth inhibitions produced by this analog were
competitively reversed by increasing concentrations of
isoleucine over approximately a 100-fold range with an
mhibition index (ratio of inhibitor to substrate neces-
sary for complete mmhibition of growth) of about 30.
I'rom these results. it s apparent that 2-amino-3-meth-
vithiobuivrie acid is a specific and effective antagonis
of i=oleucine in the microorganisms studied.

11 WAL Harding awd WL Shive, Jo Biol, Chene,, 206, 401 01051,

Synthesis of Some Pyrimidine Amino Acids by the Rhodanine Method

and Tests vs. the Ehrlich Ascites Carcinoma!
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Some pyrimidine amino acids and intermediates (e-keto acids, a-thioketo acids, and e-oximine acid=) have
heen synthesized by the rhodanine method from 2-mercapto-6-oxo-pyrimidine-4-carboxaldehyde and various

1- and 5-methy] and ethyl derivatives thereof.

The reduction of the oximino acids to the amino acids was per-

formed with sodium amalgam in alkaline solution followed by neutralization with a weakly acidic ion-exchange

resin.
in Ehrlich ascites carcinoma in mice.

Granacher? has shown the applicability of rhodanine
to organic syntheses. Its active methylene group per-
nits reactions with aldehydes yvielding stable conden-
sation products.® These are casily cleaved with alkali
to thioketo acids which are believed to exist in cequilib-
rium with the tautomeric sulfhydryl forms since they
give a deep green color with ferric chloride.*  Oximino
acids, produced by the action of hydroxylanmine on the
thioketo acids, can be converted with sodium amalgam
to amino acids.* The oximino acids also can be con-
verted with hydrochloric acid in the presence of formal-
dehyde to the corresponding keto acid.®  This synthetic
scquence, if applicable to the pyrimidincaldehydes, was
considered to be of unusual interest since the intermedi-
ates as well as the amino acids might be expected to
show some antitumor activity in view of their structural
relationship to various metabolites.

The pyrimidine nucleosides and nucleotides arve in-
portant as coenzymes and as metabolic precursors of
the nucleic acids. Consequently, it is not surprising
that a number of bacteriostatic and carcinostatic drugs
are derivatives of pyrimidines. We have reported’
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Institute, and in a small part from the American Cancer Society Institutional
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Grant 5 TI-(:M-404-02 from the National Institute of General Medieal
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Representative examplex of these compounds were tested as inhibitors of growth and protein synthesis

recently that various derivatives of pyrimidine-4-car-
boxaldehydes inhibit growth of the Ehrlich ascites
carcinoma in mice. [t seemed to be of interest to pre-
parc various e-amino acids, e-keto acids, and a-thio-
keto acids with pyrimidine substituents in the g-posi-
tion for testing as possible inhibitors of tumor growth.
It was found that these compounds could be prepaved
from the rhodanine derivative as outlined previously.
The rhodanine devivative itself was of some Interesd
siniee it can be considered 1o be & thio analog of a y-luc-
tonge, and certain lactones®® have been reported ! 1o
inhibit tumor growth. Substitution of pyrimidines in
the g-position of the amino acid alanine might yield a
potential inhibitor of protein synthesis as well as nucleic
acid synthesis, and the corresponding a-oximino acid
would be of inferest in view of a previous report™ of
antitumor activity in this series.  Substitution of py-
rimidines in the g-position of pyruvie acid and thiopy-
ruvie acid might vield an inhibitor of lactic dehydroge-
nase as well as a pyrimidine antimetabolite.  This
might be of special interest in the inhibition of tumors
in which there is particular dependence upon glycolysis'®
for which lactic dehyvdrogenase is an essential enzyvme.
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TasLe I
RESULTS OF SCREENING TESTS vs. THE EHRLICH
Ascites CARCINOMA®

Dosage, Mortality Av. —Av, TPCV———

mg./ treated wt. change T/C, o of
Compd. kg./day group T/C, g. ml. controls
V-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 1.7/2.7 63

326 2/8 3.4/5.1 1.6/3.2 50

VI-2 216 1/8 2.1/4.0 2.0/2.9 69
326 2/8 2.9/4.6 1.6/3.3 49

VII-3 204 2/8 4.7/5.1 2.7/2.8 97
306 1/8 4.0/4.4 2.2/2.6 83

VIII-2 146 1/8 4.2/5.0 3.2/3.1 >100
292 2/8 3.8/4.8 2.2/2.8 79

486 3/8 3.2/4.8 1.8/3.0 60

VIII-3 134 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 70

Ixt 110 0/8 2.8/4.4 1.9/3.2 59
220 0/8 2.7/4.8 0.7/2.8 25

e T = treated group, C = control group, TPCV = total
packed-cell volume of tumor cells; average mortality of control
groups to day of assay = 369,. °® Compound IX is 2-mercapto-
6-oxo-1-ethyl-5-methylpyrimidine-4-carboxaldehyde, the parent
aldehyde from which IV-4, V-4, VI-2, VII-3, and VIII-3 were
synthesized.

Screening Results.—The various pyrimidine deriva-
tives were tested vs. the Ehrlich ascites carcinoma in
Swiss—Webster white mice by procedures described
previously.!?1¢ The results of tests of representative
compounds are recorded in Table I in which ecompounds
are designated by the table number (IV-VIII) and com-
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-
umns 5 and 6) determined on the 6th day after intra-
peritoneal transplantation of the tumor is the most
reliable index of the multiplication of the tumor cells.
The dosages recorded in column 2 were divided into two
intraperitoneal injections/day commencing 24 hr. after
transplantation of the tumor and continuing for 5 days.

The data of Table I indicate that vs. the Ehrlich
tumor none of the derivatives tested are as effective as
the parent pyrimidinealdehyde. Of the derivatives,
the effectiveness vs. the tumor is approximately in the
following order of decreasing activity: V-4 = VI-2 >
IV-4 > VIII-2, VII-3, and VIII-3. Compounds V-4,
VI-2, and IV-4 (and probably other members of these
series) seem sufliciently 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 r-phenylalanine-1-C!* 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 vitro in Krebs-Ringer phosphate at 37°
by a procedure described previously in detail.’? Each

(14) J. E. Wilson, J. E. Suggs, and J. L. Irvin, Cancer Res. Suppl., 21,
692 (1961),
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incubation flask contained 5 ml. of a 409, suspension of
tumor cells in Krebs-Ringer phosphate (pH 7.2), 1 ml.
of Krebs-Ringer phosphate containing 0.1 umole of L-
phenylalanine-1-C** (0.2 pe.), and 1 ml. of the pyrimi-
dine in Krebs—Ringer phosphate (or 1 ml. 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.!? A portion,
usually 10 mg., of the total protein sample from each
incubation flask was plated on stainless steel planchets,
and the radioactivity was determined in a windowless
gas-flow counter and scaler. The remainder of the
total protein sample from each flask was extracted with
0.2 N HCI by stirring for 3 hr. at 4°. The HCl-insolu-
ble proteins were removed by centrifugation. The
supernatant solution was brought to pH 11 by addition
of ammonium hydroxide, and 2 vol. of 959, ethanol
was added. The precipitated basic proteins (desig-
nated in the tables as acid-soluble proteins) were col-
lected by centrifugation and were plated on planchets
for determination of radioactivity. In Tables II and
IIT radioactivities are expressed as counts per min. per
mg. of protein (c.p.m./mg.) after correction for back-
ground and self-absorption.

Tasur 11

Tue EFFECT OF 2-MERCAPTO-6-0X0-1-ETHYL-5-METHYL-4-
PYRIMIDYLMETHYLIDENERHODANINE (IV-4) oN THE
INCORPORATION OF PHENYLALANINE-1-C¢ (PA) iNTO
Prot1eINs oF EHRLICH AsciTes CarciNoma CELLS DURING
InctBatION 1 Vitro IN KrEBS-RINGER PHOSPHATE®

—Acid-soluble proteins—

Compd. Molar ——Total proteings—— e of
IV-4, ratio % of con-
pmoles IV-4/PA C.p.m./mg. cantrols C.p.m., mg. trols
. Controls 2277 = 52 852 £ 136
1 10 2060 = 235 91 190 = 31 22
. Coutrols 1870 + 147 742 = 75
1 10 1331 = 50 71 275 £ 62 37
3 50 968 £+ 115 52 111 = 44 15
10 100 150 £+ 116 8
o Controls 2642 £ 38 981 + 151
10 100 19+ 7 0.7 20 3 2

e (0.1 wmole of phenylalanine-1-C1¢ added to each incubation
flask.

TasrLe 111

Tur ErFect oF a~-OXIMINO--(2-MERCAPTO-6-0X0-1-ETHY L~
5-METHYL)-4-PYRIMIDYLPROPIONIC AcID (VI-2) aND
a-AMINO-B-(2-MERCAPTO-6-0X0-1-ETHYL 5-METHYL)-4-
PYRIMIDYLPROPIONIC AcIp (VIII-3) oN THE INCORPORATION
oF PHENYLALANINE-1-C! (PA) iNTO PrROTEINS OF ERHLICH
Ascites CarciNoMa CELLS DURING INCUBATION in Vitro
IN KrEBS-RINGER PHOSPHATE®

Molar ~—-Total proteins—  Acid-soluble proteins
Compd., ratio % of % of
—umoles—~ Inhib./ con- con-
VI-2 VIII-3 PA C.p.m./mg. trols C.p.m. ‘mg, trols
Controls 2277 = 52 852 = 136
1 L. 10 2200 = 140 97 810 = 50 95
5 . 50 1898 £ 25 83 785 £ 70 92
1 10 1570 = 79 69 640 = 64 75
5 50 888 £ 94 39 375 % 59 44
. Controls 2940 = 125 921 £ 85
1 10 1791 £ 81 61 532 = 41 58
5 50 820 == 42 28 315 = 54 34

2 (.1 umole of phenylalanine-1-C!* added to each incubation
flask.
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Tasre IV
2-MERCAPTO-6-0X0-4-PYRIMIDYLMETHYLIDENERHOD ANINES
R
HS \:‘/NVO
N.~—R
CH=(—(=0
S_ NH
(
S
ALp.. *C. ~=Carbon, 7 - ~Hydrogen, -+ -Nitrogen. "¢ -- —sulfur. 77 - Yield,
No. i R’ dec. Formula Caled. I'ound Caled,  Found Caled. Found Caled. Found ‘o
1 CH; H >300 CoHiNOLSy 37.88 38,02 2,47 2.66 1473 14.68 33.71 33.35 100
2 H CuoH; 251252 CipHoN;O0.8; 40,11 40 .22 3,03 315 14.04 1378 32,13 32,04 00
3 C'H; CH;, 253-254  CHeN;0:8; 40,11 39,492 303 287 14,04 13.91 3213 31,92 a6
4 C.H; C'H; 246-247  CyHj N 0.8, 43,40 4313 J.64 0 379 13 .80 13.70 3160 31.58 ]
Tspre V
2-MERCAPTO-6-0X0-4-( 2-CARBOX Y-2-THIONOETHY L. )PY RIMIDIN ES
R
|
HS_ N_.O
| hd
1\‘\)»1{'
CH,—C(S)COOH
e=Carbon, G- —Hydrogen, ;- ~Nitrogen, ' - -=ulfur, g - Yield,
No. R i AM.op., fC Formoula Claled. Found C‘aled, Fonund Caled. Found Caled, Found <
1 CH., H 202-20%3 CyHNOS 3933 38083 3,30 3.62 11.47 11.29 2025 26,28 100
2 H C.H; 180-190 dec. CoH ) N2045, 410,84 41,50 300 411 10.85H 10.55 283 2454 100
3 CHy; CH, 184-185 dec.  CyHipN204%,  41.84 41,69 3,90 4.14 10.85H 10.71 24,83 2438 u5
4  (C.H:. C(CH; 184-185 dec.  CpHpNL0.8 44,10 4407 4.4+ 4.30 10.29 1005 23 54 23,29 by

The data of Table I indicate that the pyrimidine
rhodanine derivative (IV-1) inhibits phenylalanine
Incorporation into total proteins by only 10-3097 at a
ratio of 10:1 with reference to the labeled amino acid,
but stroug inhibition is shown at ratios of 50 and 100.
It ix of considerable interest that this compound in-
hibits incorporation of phenylalanine into the acid-
soluble proteing more strongly than into total proteins
of the tumor cells. By coutrast, the pyrimidine amino
acid and pyrimidine oximino acid (Table IIT) do not
show this selective effect. On the other hand, the
pyrimidine amino acid (VITI-3) is a much stronger in-
hibitor of phenylalanine incorporation into total pro-
teins of the tumor cells than elther the rhodanine deriva-
tive or the oximino acid. Compound VIII-3 can be
considered as a structural analog of phenylalanine, and
thix probably accounts for its strong inhibitory effect,
['urther work will be necessary to determine the
mechanisin of inhibition by this compound, but it
seems possible that compound VIII-3 could inhibit
protein synthesis by inhibiting svinthesis of essential
ribonucleic acid (RNA) molecules, such as S-RNA, as
well as by inhibiting the activation of phenylalanine
by the amino acid activating enzyme system.  This
compound may prove useful in studies of protein bio-
synthesis.

Experimental

1 2-Mercapto-6-0x0-1-methyl-4-pyrimidylmethylidene rhod-
anine.---This compound was prepared by a modification of the

(15) Analy=es by Weiler and Strauss, Oxford, Fopgland, and by Spang
Aicroanalytical Laboratories, Ann Arhor, Aich.  All melting points were
determined with the Ael-Temp apparatus and are corrected. Infrared
apectra were measured with a Perkin-Flmer 137 spectrophotometer.

procedure described by Julian and Sturgis® A mixture of 3.6
g. (0.08 mole) of 2-mercapto-6-oxo-l-methyl-pyrimidine-4-
varboxaldehyde, 12.0 g. (0.09 mole) of rhodanine, 10.2 g. of
freshly fused sodium acetate, and 160 ml. of glacial acetie acid
was heated on the steam bath with stirring for 1 hr. After
cooling, the mixture was poured, with stirring, into 300 ml of
water. The resulting vellow cryvstalline powder was filtered,
washed well with water, alcohol, and ether, and air dried to give
22.5 g. of the compound.  This was recrystallized from dimethyl-
formamide and wushed with water. The melting point wus
abave 300° dee.  Clompounds made by a similar procedure are
listed in Table IV,
2-Mercapto-6-0xo-1-methyl-4-(2-carboxy-2-thionoethy! py-
rimidine.—This compound was prepared by a modification of
the procedure described by Julian and Sturgis® Twenty-twe
grams of (2-mercapto-6-oxo-l-methyvl-4-pyrimidylmethylidene -
rhodanine was dissolved in 100 ml. of 1577 NaOH solution in «
400-ml. beaker covered with a watch glass. The solution was
heated vigorously on the steam bath with occasional shaking
for 0.5 hr. It was diluted with 100 ml. of water, filtered, and
cooled.  The addition of 150 ml. of 109 agueous HCL with
stirring, rapidly precipitated the compound a~ a vellow amor-
phous powder,  Thiz mixtare was left standing in the refrigerator
overnight.  The acid was filtered, washed with water, and air
dried to yield 18.5 g. of the compoiund. [ was recrvstallized {rons
aqueons dimethylformamide by the addition of a few drops of
HCT and finally wazhed with water; mup. 202-203°, Com-
pounds made by a similar procedure are listed in Table V.
a-0ximino-3-( 2-mercapto=-6-0x0-1,5-dimethyl )-4-pyrimidyl-
propionic Acid.—This compound was prepared by a modification
of the procedure described by Julian and Sturgis.®  To a solution
of sodium ethylate prepared from 4.5 g. of sodium and 130 ml. of
ethanol was added a warm solution of 13.5 g. of hydroxylamine
hydrochloride in 12 ml. of water. The solution of hydroxyl-
amine was filtered from the precipitated NaCl and poured onto
15 g. of the crude thioketo acid. The resulting solution was
refluxed for 1 hr. and allowed to cool slowly o room temperu-
ture.  The precipitate wax filtered, washed with ethanol, and
dizsolved in a 47 solution of NaOH (42 ml.). The resuliing
solution was filtered. cooled, and cautiously acidified, with stirring,
with 30 ml of 107 agueous HCL  The acid precipitated im-
mediately and the mixture was placed in the refrigerator for 0.5
hr. The filtrate wax evaporated to dryness on the flash evapora-



tor, and the residue 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. (339%), m.p., 190-191° dec. Compounds pre-
pared by a similar procedure are listed in Table VI.
B-(2-Mercapto-6-0x0-1,5-dimethyl )-4-pyrimidylpyruvic Acid.—
This compound was prepared by a modification of the method
described by Perkin, et al® Two grams of the corresponding
oximino acid was suspended in & ml. of 409, formaldehyde solu-
tion, and 10 ml. of concentrated HCl gradually was added. This
mixture was stirred at room temperature for 3 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. (299 of the compound, m.p. 224-226°
dec. Compounds made by a similar procedure are listed in
Table VII.
a=Amino-3-(2-mercapto-6-0x0-1,5-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 29 sodium amalgam was
added in four 20-g. portions with shaking after each addition.
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TaBLE VI
a-OXIMINO-3-(2-MERCAPTO-6-0X0 )-4-PYRIMIDYLPROPIONIC ACIDS
X
HS\l/N 0
|
N.~"R’
CHz—%I—COOH
NOH
~—Carbon, %— ~—Hydrogen, %~ ~—-Nitrogen, %-— ——S3ulfur, %——  Yield,
No. R R’ M.p., °C. Formula Caled. Found Caled, Found Caled. Found Caled. Found T
1 CH; CH; 190-191 dec. CyH;N;0.S 42.02 42.18 4.31 4.41 16.33  16.22 12.46 12.32 33
2 CH; CH; 169-171 CoHisN:0.8 44.27  43.85 4.8 5.01 15.49 15.22 11.82 11.60 38
3 H C.H; 208-210 dec. CgH;N;08 42.02 42.01 4.31 4.22 16.33 16.45 12.46 12.80 72
TasLE VII
B-(2-MERCAPTO-6-0X0)-4-PYRIMIDYLPYRUVIC ACIDS
i
e
|
N.—R’
CHZ_(IDI—COOH
——Carbon, %-— —Hydrogen, %— —Nitrogen, %—  ——3ulfur, &% Yield,
No. R R’ M.p., °C. deec, Formula Caled. Found Caled. Found Caled. Found Caled. Found PA
1 CH; H 250-251  C3HgN,O,8 42.10  42.09 3.53 3.41 12,28 11.95 14.05 13.96 55
2 CH;, CH; 224-226  CgH;iN»O.S 44 .62 44.28 4.16 4.00 11.56  11.42 13.24 13.05 29
3 C.H; CH; 218-220 C,(H1:N20.8 46.87 46.69 4.72 4.39 10.93 10.62 12.51 12.38 63
4 H C:H; 181-183  C H;4N:0,8 44 .62 44 .43 4,16 4.28 11.56 11.48 13.24 13.09 60
TapLe VIII
a-AMINO-B~(2-MERCAPTO-6-0X0 )-4-PYRIMIDY LPROPIONIC ACIDS
R
Hs\rf\} 0
|
N——R’
CHz—(IJH—COOH
NH:;
~——Carbon, %-—  —Hydrogen, ¥%— —-Nitrogen, %-— . ——Sulfur, %—— Yield
No. R R’ AM.p., °C. dec. Formula Caled. Found Caled. Found Caled. Found Caled. Found %
1 H CH; 284-285  C3H;3N,0s8 44 43 44.30 5.39 5.21 17.27  16.99 13,18 12.98 52
2 CH; CH; 336-338  CoH3N;058 44 .43 44,17 5,39  5.38 17.27  17.16 13.18 13.37 33
3 C.H; CH; 273-274  C,H;;N;0.8 46.68  46.69 53.88 6.01 16.33 16.31 12.46  12.19 38

When all the amalgam had been added, enough water (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-30, 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. (33%), m.p.
336-338° dec. Recrystallization from aqueous ethanol did not
change the melting point. This compound was soluble in both
dilute NaOH and dilute HCl solutions. It gave a positive ninhy-
drin test. Its infrared spectrum showed absorption at 6.28
(COO~ asym. stretch), 6.50 (NH;* sym. stretch), and 7.11 »
(COO~ sym. stretch).18

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

(18) K. Nakanishi, ‘“‘Infrared Absorption Spectroscopy—Practical,”
Holden-Day, Inc., San Francisen, Calif., 1962, p. 196.



