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vielded 1-aza-2-carboxy-4-thia-3-niethylbicyelo[4.3.0 non-5-en-9-
one (17) (3.2 g ¥590) as fine needles, mp 140-160° dec. Five
recrystallizations from AcOH gave needles, nip 145-165° dec;
from Me,Ct), small cubes, mp 141--156° dec; and from CHCly,
plates, mp 165-175° dec; ir (CIHCly), 3500-2700, 1720, 1675, and
1650 cin = pmr (DMSO-ds), 6 1.75 (s, 3, CH;C=(), 2.25-2.05
(A:Bs, m, 4, CH.CH,CO), 2.95 (caled) (d of d, 1, Jas = 13 1z,
Jax = 3.7 lz, SCH,CH), 3.24 (caled) (d of d, 1, Jusy = 13 1y,
Jux = 3.2 Hz, SCH.CH), 5.04 ppmn (broad t, 1, J = 3.2 Hy,
SCILCH); COOH protou not detectable; pmr (pyridine), &
1.19 (s, 3, CH3), 2.06 (A:By, broad s, 4, CH.CH}), 2.57 (caled)
(dof d, 1, Jas = 13 Hz, Jax = 3.5 Iz, SCH,), 3.18 (caled)
tdof d, 1, Jsa = 13 Hy, Jex = 8 1z, SCH.CH), 5.06 (1, 1,/ =3
Hz, SCIHLCH), and 15.88 ppm (8, 1, COOH): v (MeOlI),
256 mpu (e 8000). Anal.5 (CoHuNOS) C, 11, N, =,

(b) With «-Toluenethiol——A solution of 5 (036 g 5
mmol) aund e-toluenethiol (0.60 g, 5 minol) in dioxane (5 mi)
wits kept at 20° for 24 1 during which tine no reaction (by
pur) had ocemrred. 6N (1 mg) in dioxane (0.5 ml) was then
added, and firther pnir spectra were recorded at lionrly intervals.
A peak at 8 5.25, corresponding to the viuylic proton of a a-
unsatirated  y-lactone, appeared and gradually increased in
intensity during 5 lir; it then deelined and was replaced by peaks,
a6 6.10 and 7.45 ppny, of the vinylie protons of the benzylthio
analog of the AZnnsaturated lactone 16.

Reaction of 3,3-Dimethyl-4-hydroxyhex-4-enoic Acid Lactone
(4b) with Benzylamine . —Benzylamine (0.53 g, 5 mmol) in petro-
lenm ether (bp 40-60°, 2 ml) was added slowly to a stirred solu-

1511 Tle analytical sample was ohiainetl viu AcQOll recrystallization fol-
lpwed Ly thorough dryving.
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tion of the lactoue 4b (0.704 g, 5 wniel) in petrolenn ether (bp
40-60°, 6 ml) and O (2 ml).  After 1S hr the precipitated erys-
talline mass was collected and was thoronglly dried in v
to give 1-benzyl-44-dimethyl-5-ethyl-5-lhiydroxypyrrolidin-2-ome
(112 g, 01975 mp 102-103°; ir (CIICly), 3600, 3400, and 1688
cm ' Attemipts to rveerystallize this material fromn a variety of
solvents led to its contamination with inereasing antomuts of
the dehydrated 1naterial, 1-benzyvl-4,4-dimethyl-5-ethylidene-
pyrrolidin-2-one.  lilemental analvsis was thercfore performed
on the material which had precipitated froni thie reaction solution.
Anal. (CpHaNO ¢ 11, N

Lactone 4b did not react with cysteine in aqgueous solition at
pH 7 ur with methy] cysteinate in EtOI1.

Reaction of Vinyl Acetate with L-Cysteine.---Vinyl acctate
(1.2 g 20 mmol) was added to a stirred solntion of 1-ey=teiue
(2.4 g 20 nmol) in HaO (15 ml) at pHL 7.3 Dilute NaOIL (20
mmol) was added periodically to maintain pll 6-7,% aud the
solution wis allowed to stand overnight at roown temmperature.
Acidifieation with eoncentrated HCL and isolation in the usnal
nanuer gave N-icelyl-i-cvsteine (1 g, 3000), mp 108°,

Reaction of Vinylene Carbonate with r-Cysteine.--Vinylene
carbonate (1.72 g, 20 mniol) was added to a stirred solution of
L-evsteinte (2.4 g 20 mumol) in HaO (15 ml) al pIT 7.9 An exo-
thermie reaction oceurred and carbon dioxide was evolved.  After
3 Iir the solntion was evaporated; o treatent widh 1.V 1ICI
and with ethanol, the residnal gum gave r-evsteine hyvdroehloride
monohydrate (5.1 g, 90C), mp 175-185°.

Acknowledgments.--We thank the National Cancer
[ustitute of Canada fur their generous support of this
work,
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Varions 5-substituted pyrimidine-6-carboxaldehydes and derivatives were syuthesized and tested for iuhibition
of growth of the Ehrlich ascites carcinoma and inhibition of incorporation of L-phenylalanine-1-14C and glycine-
1-1C into proteins aud orotic acid-5-3H, thymidine-2-14C, aud formate-1C into nucleic acids of tumor cells in
vitro. The following compouuds were found to be particilarly active as inhibitors: 2-mercapto-4-hydroxy-5-
(4-chlorobenzyl)pyriniidine-6-carboxaldehyde (VII-3), 2-mercapto-4-hydroxy-5-(4-bromobenzyl)pyrimidine-6-
carboxaldehyde (VII-6), 2-ethylthio-4-hydroxy-3-(4-chlorobenzyl)pyrimidine-6-carboxaldehyde (VII-16), and 2-
ethylthio-4-hydroxy-3-(4-bromobeuzyl)pyrimidine-6-carboxaldehyde (VII-17). The best compounds of this
series are equally as effective as 3-fluorouracil (FU) in inhibiting formate incorporation into DNA and growth of
the titmor. They are more effective than FU in inhibiting incorporation of formate and orotic acid into RNA,
thymidiue into DNA, and phenylalanine and glycine into proteins. Although these compounds inhibit incorpora-
ton of formate into DNA and RNA, they have only negligible inhibitory activity against the folate reductases.
Smaller in wivo and in witro inhibitions are obtained with the 53-bromopyrimidine-6-carboxaldeliydes. The di-
amino-3-phenylpyrimidinealdehyde exhibits the least inhibitory activity against the Ehrlich ascites carcinoma
cells n zivo, but it shows greater inhibition of folate reductuases although considerably less thau antifols such as

Departments of Medicinal Chemistry and Biochemistry, University of North Carolina, Chapel Hill, North Carolina  2751.;

antinopterin.

2-Mercapto-4-hydroxypyrimidine-6-carboxaldehydes.?
2-phthalimidoaldehydes,* 3-fluoropyrimidine-6-carbox-
aldehydes,® and their derivatives have been synthesized
and tested as inhibitors of growth and protein synthesis
in Ehrlich ascites carcinoma in mice. The 5-fluoro-
pyrimidine-6G-carboxaldehvdes have shown strong in-
hibitory activity against incorporation of amino acids
and formate into proteins as well as thymidine, orotic
acid, and formate into nucleic acids.

(1) T'his investigation was supported by Public Health Service Research
Grant CA-06364-06 from the National Cancer Institute.

(2) 1o whom inquiries shoulil be sent.

13) C. Piantadosi, V. . Skulason, J. L. Irvin, J. M. Powell, and L. Hall,
J. Med. Chem., 7. 337 (1964).

(4) J. B. Craig, C. Piantadosi, J. L. 1rvin, and 8.-8. Clieng, bid., 10, 1071

(1967).
(i C.-B. Chae, J. L. Irvin, and (", Diantadosi, bid., 11, 306 (1068).

Several derivatives of different types of aldehydes
have also been found to inhibit the growth of nco-
plasms, for example, pyridine-2-carboxaldehyde thio-
semicarbazone,® octadecylthiosemicarbazones of alde-
hydes,” indole-3-carboxaldehyde p-bromophenylhydra-
zone,® and 3-ethoxy-2-ketobutanal bisthiosemicarba-
zone.*?

Antagonism to the utilization of folates was recog-
nized a number of vears ago as a general property of

(6) R. W. Brockman, J.
Cuncer Res. 16, 167 (1956).

(7) B. Prescott and (!. P'. Li, J. Med. Chem., T, 383 11964).

i8) R. H. Wiley and R. L. Clevenger, ibid. 5, 1367 (1862).

) H.J. Perering and H. H. Buskirk, Federation Proc.. 21 (2), 163 {1962},

R. Thompson, M. J. Bell, and 11, 12 Skipper,
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2,4-diaminopyrimidine derivatives.'®='? The effective
folate reductase inhibitors all seem to have in common
the C-N-C-N sequence of the pyrimidine ring, two
functional groups attached at the 2 and 4 positions, a
bulky group in the 5 position, and only small groups in
the 6 position.!3

The functional groups at the 2 and 4 positions are
involved in hydrogen bonding to the enzyme surface
and contribute strongly to the binding in the order
OH < SH < NH, Strong hydrophobic bonding to
dihvdrofolic reductase by alkyl and aralkyl groups
attached to the pyrimidine 5 position has been dis-
covered. It was proposed that an aryl group in this
position also complexed to dihydrofolic reductase by
hydrophobic bonding.'* It was therefore of interest
to svnthesize 5-substituted pyrimidine-6-carboxalde-
hydes and derivatives in order to determine whether
an enhanced inhibitory activity could be obtained in
comparison with the previous®s pyrimidine-6-carbox-
aldehydes, as well as determine whether these deriva-
tives possess antifolic activity. The work deseribed
in this paper deals with the synthesis and biochemical
studies of 5-substituted pyrimidine-6-carboxaldehydes
and their derivatives.

Chemistry.—The «-benzyl-8-keto esters were pre-
pared by the reaction of v,y-dimethoxyaceto acetate®
with a benzyl halide in the presence of sodium ethoxide
in 709, yield. They can also be synthesized from the
ethyl g-phenylpropionic esters and methyl dimethoxy-
acetate by a modification of the method in the litera-
ture.!?

Condensation of the B-keto esters with thiourea
gave the acetal in 309 yield and with guanidine hydro-
chloride the yield was 459,. Hydrolysis of the acetal
was accomplished in dioxane with 109, H.SO, and
resulted in a 609, yield of the pyrimidine-6-carboxalde-
hyde. However, VI-4 and VI-8 (compounds 4 and 8
in Table VI) were hydrolyzed very slowly to VII-4
and VII-8, respectively. The 6-hr hydrolysis of VI-4
resulted in only 229 yield of VII-4 and most of the
reaction mixture was the starting acetal. These alde-
hydes contained a molecule of EtOH when recrystal-
lized from EtOH-H,O. This molecule of EtOH was
removed by heating at 100° for several hours. Com-
pounds VII-7, VII-12, VII-13, and VII-14 were each
found to have a molecule of H,O. Alkylation of the
thiol was accomplished by treating 2-mercapto-6-
(dimethoxymethyl)-4-pyrimidols with an alkyl halide
in the presence of NaOH. Compounds VI-15 and VI-22
were prepared from the corresponding 2-mercapto-~
pyrimidines by the reaction of alkaline H;O,. Com-
pounds VII-19, VII-20, and VII-21 were prepared from
the corresponding acetals by bromination with Br; in
HOAc in 609, yield. o-(Dimethoxyacetyl)-p-chloro-
phenylacetonitrile was synthesized by the procedure of
Russell and Hitchings'? from p-chlorophenylacetonitrile
and methyl dimethoxyacetate in 55.59, yield. The

(10) G. H. Hitchings, G. B. Elion, H. VanderWerff, and E. A, Falco,
J. Biol. Chem., 174, 765 (1948).

(11) E. A, Falco. 8. DuBreuil, and G. H. Hitchings, J. 4m. Chem. Soc..
78, 3758 (1951).

(12) P. B. Russell and G. H. Hitchings, ibid., 73, 3763 (1951).

(13) G. H. Hitchings, Bibliotheca Nutr. Dieta, 8, 226 (1966).

(14) B. R. Baker, B.-T. Ho, and D. V. Santi, J. Pharm. Sci., b4, 1415
(1963).

(15) T. B. Johnson and J. C. Ambelang, J. Am. Chem. Soc., 60, 2941
(1938).
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a-acylphenylacetonitrile was converted to enol ether
by diazomethane and then treated with guanidine to
give VI-21 in 559 vield. The acetals of 2-aminopy-
rimidine were hydrolyzed by suitable modification of the
procedure of Baker and Jordaan.'® Compound VI-20
was prepared by catalytic hydrogenation from VI-13.
Compound VI-19 was prepared from VI-12 by formyl-
ation with 379, HCHO. The azlactones were pre-
pared in the usual manner.

Screening Test.—The compounds were tested vs. the
Ehrlich ascites carcinoma in Swiss—Webster white mice
by a slight modification of procedures described
previously.'”® Each mouse (initial weight approxi-
mately 30 g) received an intraperitoneal injection of
0.1 ml of pooled ascitie fluid, collected from donor mice
which had borne the ascites carcinoma for 7-9 days and
diluted with 0.99, NaCl to a cell concentration of 109
by volume based upon an initial ascitoerit determina-
tion. The 0.1-ml inoculum contained an average of
7 X 108 carcinoma cells. For each assay the mice were
divided into a control group of eight mice and several
experimental groups of eight mice each. Twenty-four
hours after the inoculation, each control mouse received
an intraperitoneal injection of 0.2 ml of DMS0-0.99
NaCl (3:1) and each experimental mouse received a
solution of the tested compound in DAISO-0.99%; NaCl
(3:1). The intraperitoneal injections of control and
experimental mice were continued twice daily for 6 days
(total eleven injections). On day 7 all surviving mice
in control and experimental groups were sacrificed.
The volume of ascitic fluid was measured for each ani-
mal, and the percentage of cells by volume (ascitoerit)
was determined for each sample of ascitic fluid by cen-
trifugation in heparinized capillary tubes. The total
packed-cell volume (TPCYV) of tumor cells was cal-
culated in each case together with average values and
standard deviations. The results of tests of representa-
tive compounds are recorded in Table I. The results
showed that almost all compounds had an inhibitory
activity and very low toxicity. Compound VII-3 was
the most active compound, and it also showed no lethal
toxicity at relatively high dosage. It is of great in-
terest that this compound was as effective as 3-fluoro-
uracil against the Ehrlich carcinoma in this test system.
Compounds VI-3 and VIII-3 showed activity only at
relatively high dosage. Compound VII-19 was moder-
ately effective. In general, 5-benzylpyrimidine-6-car-
boxaldehydes showed strong inhibitory activity, and
their derivatives, such as acetals and azlactones, were
less active than the corresponding aldehydes.

Inhibition of Protein Synthesis.—The effects of the
pyrimidine derivatives upon protein synthesis were
studied by determining the inhibition of incorporation
of L~-phenylalanine-1-4C, glycine-1-*C, and formate-'4C
into the proteins of Ehrlich ascites carcinoma cells
which were incubated aerobically for 1 hr with the
labeled substrate and the pyrimidine ¢n vitro in Krebs-
Ringer phosphate buffer at 37 £+ 1° by a procedure
described previously in detail.’ After the incubation,
the total proteins were isolated and freed of lipids and
nucleic acids. Each protein preparation was dissolved

(16) B. R. Baker and J. H. Jordaan, J. Heterocyclic Chem. 8, 315 (1966).

(17) J. E. Wilson, J. L. Irwin, J. E, Suggs, and K. Liu, Cancer Res.. 19,
272 (1959).

(18) J. E. Wilson. J. E. Suggs, and J. L. Irvin, ibid.. Suppl.. 21, 692
(1961).
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TapLe 1
ReEstLrs oF ScrReeNING TESTs vs, THE Liiinion Asciris CarciNoama?
AV TPCV -
Av wi Sid

Dose, ~—-==Nortality-— -~ change Jdev T, T as
Compd® mg/kg/day C T T/C ¢ E | eonf
VI-3 118 .8 0.8 1.~ 5410 0.15 25
VII-3 30.0 048 0/n Fo4in1 0.10 12

482 0/8 0/8 3.1.0.1 0,23 3

90 .0 0/8 D8 0.2.7.7 0.70 P!
VII-6 36.3 048 048 2781 018 21

52.0 0/8 O/ 1.19.1 . 0.44 15
VII-9 79.0 1.8 18 2452 3720 .21 ¥
VII-11 26 .4 0,8 0/% 70,801 ¢ 0.306 IS

119.5 3/8 R 4.81.0 0.21 i~
VII-12 91 .6 0,8 0.8 1.1.7.7 0.067 16
VII-17 482 0/8 0,8 0.6.9.1 0.3 37
VII-19 30.5 0/8 0/8 0.1.81 0.24 N

67.1 0/8 0N 3.559.1 0, 4% 30
VIII-3 125.7 3/8 20N 1.7/1.0 . 0.08 12
FUe 275 078 0,8 —0.3.5.3 5 0.10 10

«T = treated grolp, C = controls, TPCV = total packed-cell voluine of tumor cells on final day of assay.
b In addition to the above residts, VII-2 nnd VIII-4 showed 509 iuhibition

deviation for TPCV of all control groups was +=0.50 ml.

The average staudard

at 70-60-mg/kg/day dose; VI-15, VII-8, VII-15, and VII-16, 40-60% inhibition at 80-90 mg/kg/day: and VII-5 nud VII-10, 907

ithibition at 90-120 mg/kg/day. ¢ FU = 5-fluorouracil.

in 2.0 ml of 0.3 N NaOH, and 0.2 ml of the protein solu-
tion was transferred to a glass scintillation vial. To
each vial 0.2 ml of Hvamine Hydroxide 10-X and 16 ml
of POPOP-PPO Triton X-100'? seintillation fluid were
added for determination of radioactivity in a Packard
liquid seintillation spectrometer, Model 3003.

The effects of the pyrimidine analogs upon incorpora-
tion of L-phenylalanine-1-4C, glycine-1-*C, and for-
mate-"“C into proteing of the carcinoma cells are re-
corded in Tables II and IV. Compounds VII-3,
VII-6, VII-16, VII-17, and VII-20 completely inhibited
the incorporation of L-phenylalanine-1-*C and glycine-
1-C into proteins at concentrations of 0.83-0.96 m.l/.
Compound VII-3 (Figure 1) inhibited incorporation of
L-phenylalanine-1-C into proteins by 50 and 909 at a
concentration of 0.2 mM and 0.57 mif, respectively.
This compound lost the inhibitory activity at 0.09
mif,

100

H0

% of eonlrol

0.5 1.0
Concn of analog, mM.

Figure 1.—Effects of VII-3 ou incorporation of r-phenylalanine-
1-14C into proteins of Ehrlich ascites carcinoma cells in vitro (1~
phenylalanine-1-1*C: 0.1 wmole/ml, 0.2 uCi).

The above analogg also completely inhibited the
incorporation of formate-'*C into proteins at a con-
centration of 1.54 mdf. Since VII-3, VII-6, VII-16,

(19) In 1 1. of toluene 5 g of 2.5-diphenyloxazole (PPO) and 0.3 g of 1,4+
Lis(4-methyl-5-phenyloxazolyl)benzene ((imethyl-POPOP) were dissolved.
"F'wo liters of this POPOP-PPO solution and 1 1. of Triton X-100 were

mixed.

Tasre 11
ErrFEcTs OF PYRIMIDINE ANALOGS ON INCORPORATION OF
L-PHERYLALANINE-1I-MC aNp Gryaine-1-14C ixTo ProrreiNs
or Erunren Ascrres Carcinovy CeLLs

Av exptl values

27

(*}%: of controls)

Couen of o= Protein—- e

Compd anulog, M L-he-1-14(" Gly—l—“(“"
Noue 0 100 1004
VI-21 .96 - 49
VII-1 0.48 15 .

(.96 4 D
VII-5 0.57 N .-

0.83 2 1
VII-6 0).83 4 2
VII-7 0.96 7l 03
VII-12 0.96 13 h
VII-14 1,83 100 .
VII-i6 0.906 1 4
VII-17 0.96 | 1
VII-18 0,96 61 N7
VII-19 0.83 98 o
VII-20 0.583 10 O
VIII-4 0.83 82 L

0. 006 . 24
FOAe (.56 82 S0

1.606 26 10
ru- ). 68 87 87

2.0 81 91

a (0.1 wmole/ml (0.2 uCi). 0.1 gniole/ml (0.2 uCi). < 1.122

X 10% ¢cpm/mg. 4 2.317 X 102 ¢cpm/mg. ¢ FOA = 5-fluoroorolic
aldehyde; see ref 5. 7 FUI = A-flnorouracil.

and VII-17 were more active than VII-1, VII-7, and
VII-14, p-halogen substitution of the benzyl group on
the pyrimidine 5 position seemed to be important for
enhanced inhibitory activity.

Compound VII-18 showed low activity against pro-
tein synthesis (Table II), but it was the most active of
the new compounds in inhibition of the folate reductases
although far less active than the accepted antifols
(Table V). Compound VII-20 was the most active
inhibitor of protein synthesis among the 5-bromopyrim-
idine-6-carboxaldehvdes. Each of the active com-
pounds of Table IT was found to have greater inhibitoyy
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activity against protein synthesis than 5-fluorouracil or
the 5-fluoroorotic aldehydes previously reported.s

Inhibition of Nucleic Acid Synthesis.—The effects of
the pyrimidine derivatives upon nucleic acid synthesis
were studied by determining the inhibition of incorpora-
tion of orotic acid-5-*H and formate-*C into RNA and
thymidine-2-*C and formate-*C into DNA of Ehrlich
ascites carcinoma cells. These cells were incubated
aerobically for 1 hr with the labeled substrate and the
pyrinmidine derivative in vitro in Krebs-Ringer phos-
phate buffer at 37 = 1° by a procedure described pre-
viously in detail.?

a. Incorporation of Orotic Acid-5-*H and Thymi-
dine-24C into the Nucleic Acids.—Each incubation
flask contained 5 ml of a 209 suspension of tumor cells
in Krebs—Ringer phosphate buffer (pH 7.1-7.2), 1 ml
of Krebs-Ringer phosphate buffer containing orotic
acid-5-*H (0.04 wmole/ml, 10 uCi), thymidine-2-1C
(0.1 wmole/ml, 1 uCi), glucose (5 mg/ml), and 0.2 ml of
the pyrimidine in DMSO. After incubation, the acid-
insoluble residue was obtained and washed as pre-
viously.® The acid-insoluble residue then was sus-
pended in 5 ml of 0.5 N HCIO, and heated for 30 min
at 95°. At the end of heating the tubes were centri-
fuged, and the supernatant was neutralized with KOH.
To each glass scintillation vial 0.2 ml of the neutralized
solution, 0.2 ml of Hyamine Hydroxide 10-X, and 16 ml
of the scintillation fluid were added for determining
radioactivity. The radioactivities of *C and *H were
determined according to Kabara, et al.,?® and the exact
channel ratios of C and *H were determined as pre-
viously.! The concentration of RNA was determined
by the orcinol reaction and corrected for the interference
by DNA, and the amount of DNA was determined by
the diphenylamine reaction.?! The specific activities
were calculated as ecpm (*H)/mg of RNA and cpm
(“C)/mg of DNA. The effects of the pyrimidine
analogs upon incorporation of orotic acid-5-*H into
RNA and thymidine-2-*C into DNA of the carcinoma
cells are recorded in Table IIT. Compounds VII-3,
VII-6, VII-17, and VII-20 showed only weak or no inhi-
bitory activity at a concentration of 0.83 mM, but about
twofold increase of the concentration (1.92 m3{) of ana~-
logs showed complete inhibition of incorporation of thy-
midine-2-1*C into DNA-thymine. Similar results have
also been obtained in previous work with 5-fluoro-
pyrimidine-6-carboxaldehydes.®*  Compounds VII-3,
VII-6, VII-17, and VII-20 showed 80-909 inhibition of
incorporation of orotic acid-5-*H into RINA at relatively
high concentration (1.92 mM) of the analogs.

b. Incorporation of Formate-'*C into the Nucleic
Acids.—Each incubation flask contained 5 ml of a 409
suspension of tumor cells in Krebs-Ringer phosphate
buffer, 1 ml of glucose in KRP (3 mg/ml), I ml of
formate-*C in KRP (0.318 umole/ml, 8 uCi), and 0.2 ml
of the pyrimidine in DMSO. After incubation, nuc eic
acids were isolated as sodium nucleates. The proteins
were also isolated and used for inhibition stud es of
protein synthesis. RNA was separated from DNA by
hydrolyzing with 0.3 N IKXOH at 37° for 16-18 hr.
After purification, the radioactivities were counted for
each nucleic acid by a procedure described previously.?

(20) J. J. Kabara, N. R. Spafford, M. A. Mekendry, and N. L. Freeman,
Advan. Tracer Methodol., 1, 76 (1963).
(21) W. C. Schneider, Methods Enzymol.. 8, 680 (1957).
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TasLe III
EFFECTS OF PYRIMIDINE ANALOGS ON INCORPORATION OF
TrYMIDINE-2-14C AND OroTic Acip-5-*H i1NTO NucLric Acips
or ExrrLicH AsciTEs CarciNoMA CELLs®

Av exptl values

Conen of ~—(%, of control)——
Compd analog, mM DNA RNA
None 0 100° 100¢
VII-1 0.83 70 N
1.92 20 80
VII-3 0.83 76 .
1.92 0.5 13
VII-6 0.83 68 .
1.92 0.7 16
VII-7 1.92 130 54
VII-17 0.83 88 ce
1.92 0.2 10
VII-19 0.83 100 cee
1.92 12 189
VII-20 0.83 92 A
1.92 1 21
FOA:¢ 0.83 87
1.72 7 N
FUe 0.57 S 90
1.60 330

@ Thymidine-2-14C: 0.1 umole/ml (1 uCi), orotic acid-53-*H:
0.04 umole/ml (10 uCi). ©3.26 X 10° cpm/mg. ©1.43 X 10¢
cpm/mg. ¢ FOA = 5-fluoroorotic aldehyde; seeref 5. ¢ FU =
5-fluorouracil; data from ref 3.

The effects of the pyrimidine analogs upon incorpora-
tion of formate-*C into the nucleic acids of carcinoma
cells are recorded in Table IV.

TasLE IV
ErrFrcts oF PYRIMIDINE ANALOGS ON INCORPORATION OF
FormATE-14C INTO NUCLEIC AciDs AND PROTEINS oF EHRLICH
Ascites CarciNnoMa CELLs®

Concen of
analog, Av exptl values (%, of control)
Compd mM RNA DNA Protein
Noue 0 1008 100¢ 1004
VII-3 0.77 4.4 5.3 2.2
1.54 0.4 0.09 0.2
VII-6 0.77 6.7 12.1 4.5
1.54 0.7 2 0.6
VII-16 0.77 7.8 4.4 3.5
1.54 0.3 0.07 0.1
VII-17 0.77 7.4 4.5 3.4
1.54 0.2 0.06 0.1
VII-18 0.77 90 77.6 71.5
1.54 41 52 38
VII-19 0.77 53.5 30.6 38
1.54 8 7 13
VII-20 0.77 30 22.3 8.7
1.54 2 1 2
FOA- 1.7 14.8 4 38
FUs 0.64 126 7 c
o Formate-14C: 0.318 umole/ml (8 wCi). ?1.57 X 104 epm/
mg of RNA. <¢2.26 X 10¢ epm/mg of DNA., 4188 X 10¢

cpm/mg. ¢ FOA = 3-fluoroorotic aldehyde; seeref 5. / FU =
3-fluorouracil; data from ref 3.

Compounds VII-3, VII-6, VII-16, and VII-17 showed
almost complete inhibition of incorporation of formate
into DNA and RNA at a concentration of 0.77 m3/, and
thus they are more than twice as active as 5-fluoroorotic
aldehyde previously reported.® These compounds are
practically identical in activity with FU in inhibiting
formate incorporation into DNA, but they are more
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active than FU in inhibiting formate ineorporation inta
RNA. Compounds VII-18, VII-19, and VII-20 are
considerably less active than compounds VII-3, VII-G,
VII-16, and VII-17 in inhibiting formate incorporation
mto RNA, DNA, and proteins.

Inhibition of Folate Reductase.—1hc effects of the
pyrimidine derivatives upon folate reductases of
Lhrlich ascites carcinoma and Escherichia coli werc
studied by determining the inhibition of reduection of
folie acid or dihydrofolic acid to tetrahydrofolic acid.

a. Ehrlich Ascites Carcinoma Cells.——The Ehrlich
ascites carcinoma cells were washed with cold 0.99%
NaCl and suspended in three volumes of cold 0.01 .1/
Tris-HCI, pH 7.4. The cells were disrupted for 1 min
by somie vibration (Branson Sonifier, Branson In-
struments, Inc., Stamford, Conn.). The high-speed
supernatant fraetion (8;) was obtained by eentrifuging
the disrupted cells for 1 hr at 105,000g. The super-
natant was stored at —15°.

Assay of Folic Reductase Activity.—The reaction
mixtures of Roberts and Hall??2 were adopted. The
complete system contained in a total of 0.5 ml, 20
pmoles of 3,3-dimethy! glutarate, pH 6.1, 2 pmoles of
MgCly, 2 umoles of citrate, 46 mumoles of NADPH, 36
mumoles of folic acid, 25 ul of DMSO or 25 ul of drug
solution in DMSO, and 0.1 ml of S; fraction (1.8 mg of
protein). After incubation at 37° for 10 min the mix-
ture was deproteinized with 0.5 ml of 139% trichloro-
acetie acid,?? and the supernatant fluid was assayed for
the appearance of diazotizable p-uminobenzoylgluta-
nuate** from the quantitative hydrolysis of tetvahydro-
folate.™

b. E. coli—E. coli B, grown in phosphate-butfered
medium, was purchased from Grain Processging Corp.,
Museatine, Towa. The cells were washed twice with
0.01 A{ potassium phosphate buffer, pH 7.0, containing
I md/ EDTA, and suspended in 3 vol of buffer.
(N'Hy)280, fraction (55-959;) wus obtained according
to the procedure of Burchall and Hitchings® and dia-
lIyzed for 3 hr against 100 vol of 0.001 M potassium
phosphate buffer pH 7.0 containing 1 md/ EDTA.  The
dialyzed fraction was diluted ten times and stored at
—15°,

Assay of Dihydrofolate Reductase Activity.—1he re-
action mixture (0.5 ml) contained 20 wmoles of po-
tassium phosphate buffer, pH 7.0, 20 umoles of 2-mer-
captoethanol, 46 mumoles of NADPH, 30 mumoles of
dihydrofolic acid, 25 ul of DASO or 25 ul of drug so-
lution of DMSO, and 0.1 ml of the diluted 55-959%
(NH,):S0, fraction (0.18 mg of protein). The mixture
was incubated for 30 min at 37°, and the amount of the
diazotizable amine released from tetrahvdrofolate was
measured as before.  Dihvdrofolie acid was prepared
according to the method of Futterman,?” modified by
Blakley.

The data of Table V clearly demonstrate that the
pyrimidine-6-carboxaldehyde derivatives reported here
arc essentially inactive as folate reductase inhibitors
except at concentrations 1000-100,000 times greater

(22) D. Roberts and T. C. Hall, Cancer Res., 256, 1894 (1965).

(23) W. C. Werkheiser, 8. F. Zakrzewski, andd . A. Nielhol, J. Pharma-
ol Ezptl, Therap., 187, 162 (1962).

(24) A, C. Bratton and E. K, Marshall, ./. Biol. Chem., 128, 537 (1934).

125) R. L. Blakley, Biochem. .J., 68, 331 (1457).

(26) J.J. Burchall and G. I{. Hitchings, Mol. Phurmacol., 1. 126 (1965).

127) S. Futterman, J. Biol. Chem., 228, 1031 (1B57).
(28) R. L. Blakley., Vature, 188, 231 (1960).
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TasLe \
Errecrs oF Pyrivuning ANALOGS ON FoLate REDLeTARES
or Eunuren Ascites CarciNosa CeLis aNp K. eoli

T of i

Coneu of .
Elbrlieh L, eoly

Comprl analog, M/
Vi-g I S0 20
VI-g 0.1 40 20
I 67 45
VI-17 1 2 20
VI-IN 1 Bi0] 0
VI-21 0.1 40 50
1 w0 7
VI-3 0.1 14
1 106 0
VI-6 0.1 20
1 55 21
VIi-10 I 60O Ho
VII-12 0.1 0 I
1 70 45
VIE-16 1 (t )
VII-17 1 t t)
VII-18 0.1 4 B0
1 80 70
VIT-19 1 U 10
VIII-4 1 B 0
FOA* 1 { 0
Aniinopterin I (VA A 100
Pyrimethamine 4+ X 1077 50 0
2 X 17 100 0
Trimethoprim T X 107 0 A0
1 X 1072 50 100

VI8, VII-1, VII-2, VII-5, and VII-T also showed 40-50%¢
luhibition at 1 mdf against the rediictase of tumor cells nand
20-40¢7 iunhibition against the reductase of E. coli at the same
concentration. * FOA = S-fluoroorotic acid.

than inhibitory eoncentrations of the aceepted antifols
such as aminopterin, pyrimethamine, and trimetho-
prim. Also, it ean be concluded from a comparison of
the data in Tables IV and 'V that the inhibition of in-
corporation of formate into DNA and RNA by com-
pounds VII-3, VII-6, VII-16, and VII-17 cannot bc
attributed to inhibition of the folate reductases. In
this connection also it should be pointed out that
VII-18 is a stronger inhibitor of folate reductases than
VII-3 and VII-6, but the latter compounds are more
effective than VII-18 in iuhibiting incorporation of
formate into DNA and RNA.

Experimental Section??

The designation of a roman numeral followed by an arabic
nunieral indicates a specific compound number in the table in-
dicated by the roman numeral (See Tables VI-VIII).

Ethyl «-Benzyl-v,v-dimethoxyacetoacetate.-—To 11.5 g (0.5
g-atom) of Na in 2350 ml of absolute EtOH, 95 g (0.5 mole) of
ethyl v,v-dimethoxyacetoacetate? and 64 g (0.505 mole) of
beunzyl chloride were added, aud the brown solution was re-
fluxed gently with magnetic stirring for 9 hr during which time
NaCl separated. The neutral reaction mixture was filtered and
the NaCl was waslied with absolute EtOH. The combined filtrate
was dried (MgS0,) and the EtOH was spin evaporated in vacuo.
Subsequtent fractionation gave a nearly colorless liquid which
distilled at 122-124° (0.3 mm), yvield 75 g (54%), n*p 1.4945.
:lnal. (le{zoo.a) C, [I

For the most part the a-substituted g-keto esters were prepured

(29) Analyses were periormed by M-1{-W Laboratories, Garden ('ily
Micli. 48135, and $pang Microanalytical Laboratory, Aun Arbor, Miel
48106. Where analyses are indicated only by symbols of the elements
analytical results nbiained for those elements were within :x=0.457 vf the
thiepretical values. The inelting points were determined with the Mel-Tein):
apparatus and have been corrected.
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No. R,
1 SH
2 SH
3 SH
4 SH
b} SIT
6 SH
7 SH
8 SH
9 SH
10 SH
11 NI’IQ
12 NH.
13 NH,
14 OH
15 OH
16 C.H;S
17 C.H;:S
18 C.H;sS
19 (HOCH.).N
20 CH;CONH
21 NH,
22 OH
23 C.H;S
24 CH,S
No. Ri
1 SH
2 SH
3 SH
4 SH
35 SH
6 SH
7 SH
8 SH
9 SH
10 SH
11 NH.;
12 NH.
13 NH;
14 NH.
15 C.H;S
16 C.HsS
17 C.H;S
18a NH,
19 OH
20 C.HsS
21 CH;S
22 OH

o

R:
OH
OH
OH
OH
OH
OH
OH
OH
OH
OH
OH
OH
OH
OH
OH
OH
OH
NH,
OH
oH
OH
OH

POTENTIAL ANTICANCER AGENTS.

TasLE VI
6-(DIMETHOXYMETHYL)-5-SUBSTITUTED PYRIMIDINES

R,
R;

N/
o
R~ N7cHOCH,),

Rs
CI'I')CSH.—';
CH.CsH.F-4
CH.C:H,Cl-4
CH.CsHyCl-2
CH.CsH,Cl-3
CHzCeH4BI‘-4
CH,CsHiNO:-4
CH.CsHCl-2,6

CH,Col1;(CH, )-3,4

CH;(a)CioH;
CHzCst,
CH.CsH,Cl-4
CH,CsHiNO--4
CH.CsHsNO-4
CH.C¢H.,Ci-4
CH.CsH;
CH,C:H,Cl4
CHzCsH4BI‘-4
CH,CsH,Cl4
CH,CsH,NH-4
CeH;Cl-4

H

H

H

5-SUBSTITUTED PYRIMIDINE-6-CARBOXALDEHYDES

Ra
CH.C¢Hs
CH,CsH.,F-4
CH.Cs:H.Cl4
CH.CsH,Cl-2
CH.C¢H4Cl-3
CHngH4BI‘-4
CH,CsH:NO,-4
CH,CsH,Cl:-2,6
CH,CsH3(CH;)-3,4
CHz(a )0101{7
CH,CeH;
CH,.C:H.Cl-4
CH,CsHiNO,4
CH.C:H,NH:4
CH,CsH;
CH.C:H.Cl-4
CHzCsH4BI‘-4
CeH:Cl4
Br
Br
Br
CH.C¢H.Cl4

Yield,
A Mp, °C
30 161-162
23.5 160-161
29 195-197
13.5 156-158
25.2 141-143
32 199-201
30 227-228
11.1 234-236
25.5 137-139
24.1 223-225
50 233-235 dec
45.5 239-241
45 249-250 dec
70 247-248
100 233-235
94 97-98
100 123-124
100 121-122
28 70-75
81 164-165
35 261-263
65.5 182-183
63 121-122
94 154-135
TasLe VII
R,
N | Ry
.
N NcHO
Yield,
%% Mp, °C
95 180181
62.5 198-199
62 210-211
55.8 202-203
42.5 205-210
61.8 217-219
60 218-220
37.5 215-217
72 140-145
76 199-205
41.2 >300 dec
67 >300 dec
92.5 >300 dec
86 >300 dec
47 151154
57.5 187-188
46.5 193-194
89.5 >-300 dec
63.5 268270 dec
60 183-185
61 231-232 dec
80 236-237

v

Formula
CMI{lsNQO;sS
CuHsFN:058
CuH1;:CIN:058
C1:H;:CIN.O;S8
CuHmClNzOsS
CmI{mBI‘NzOsS
CuH;:N;058
CuHiCLN:0s8
CisHN20;8
CisH1sN:0,8
CisHiiN;O4
CldH] SCINSOS
CusHisN4O;5
C1aH1:N;0s
CuHi;CIN,Oy
C1sHaoN:2033
CisH15sCIN.0;8
CmeBl‘NanS
CisH 3 CIN;Os
CisH20N404
CisH1:CIN,O;
CHpN-0,
CoHi,N:0s8
CSH 12N203$

Formula
Ci2HiiN20,8
CmHQFNzOzS
C1.HoCIN:0:8
C1:HsCIN,0:8
C1HsCIN.0.8
CmHgBI‘NzOzS
Cl?HONSOds * H2O
ClesClzNzOzS
CI4H14N?O2S
CIGHIZN‘ZO‘ZS
CI2H11N302
Cl2HIOCIN302 * H2O
CI2H10N404 ° H2O
Cl2H12N402 ‘ H?O
CHHMN?O?S
CI4H1301N202S
CmHmBl‘NzOgS
CuHsCIN,O
CsHaBI‘NzOs
C7H7BI‘NQOS
CsH5BI‘N20$
CleBCINQOa

@ This compound was reported by B. R. Baker and J. H. Jordaan, J. Helerocyclic Chem., 4, 31 (1967).

in an analogous manner.

Because of extensive decomposition
during fractionation, the crude esters were used for the next step.

2-Mercapto-6-(dimethoxymethyl)-5-benzyl-4-pyrimidol (VI-1).
—To 5.34 g (0.232 g-atom) of Na in 150 ml of absolute EtOH,
65 g (0.232 mole) of ethyl a-benzyl-v,y-dimethoxyacetoacetate

ml).
portions of ether and acidified with 109, aqueous HCI.
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and 17.6 g (0.232 mole) of thiourea were added, and the mixture
was refluxed with stirring for 9 hr.
to dryness and the gummy residue was dissolved in H.O (600

The solution was evaporated

The aqueous solution was extracted with two 200-ml

The
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TapLe VIH

4-(6-PYRIMIDYLMETHYLIDENE J-2-PHEN Y L-)-0X AZOLONES

R

¥ R,
R” N7 NCH
Yield,

No. R R R L
1 SH oH CH.CsH; 243
2 SH oH CH.CsH4Cl-4 30
3 SH OH CH,CsH (Br-4 12.
4 OH O Br 66,

produet precipitated gradually iu an ice bath, was collected on a
filter, washed (Et.O), and theu recrvstallized (EtOH); yield,
20 g (3090) of white crystals, mp 161-162°. Table VI lists the
compounds prepared by a similar procedure.
2-Mercapto-4-hydroxy-5-benzylpyrimidine-6-carboxaldehyde
(VII-1).-— A mixtire of 5 g (0.017 mole) of VI-1, 30 ml of 10
1,804, and 50 ml of dioxane was refluxed for 30 min. The cooled
vellow solntion was diluted with EtOH-H,0 (1:3) to turbidity.
After being cooled at 0° for several honrs, the precipitate was fil-
tered, washed (cold H,0), and dried. The product was recrys-
tallized from EtOH-H.O (2:1) and dried at 100°; yield, 4 g
5%¢ ) of yellow crystals, mp 180-181°,  Table VII lists the com-
pouuds prepared by an analogoits procedure.  However, VII-4 and
VII-8 needed 6-8 hr for hydrolysis, and VII-15, VII-16, and
VII-17 were hydrolyzed for a 5-min period because longer reaction
tinte liberated mercaptan.
2-Amino-6-(dimethoxymethyl)-5-(4-chlorobenzyl)-4-pyrimidel
(VI-12),---A mixture of 67 g (about 0.213 mole) of crnde ethyl
a-(4-chlorobenzyl)-+,y-dimetlioxyacetoacetate and a solution of
gnanidine [from 20.4 g (0.213 mole) of guaunidine hydrochloride
and 4.9 g (0.213 g-atom) of Na in 250 ml of EtOII] was refliuxed
gently with stirring for 6 hr.  The solution was evaporated to
dryuess and 500 ml of HaO added. The mixture was acidified
with HOAe.  After cooliug at 0° for several hours, the gunimy
precipitate was filtered and washed with cold EtOH aud ether.
The produet was recrystallized from BtOH: vield, 30 g (45.5%()
of white crystaly, mp 239-241° dec. Table VI lists the compounds
prepared by a similar procedure.
2-Amino-4-hydroxy-5-(4-chlorobenzyl)pyrimidine-6-carboxal-
dehyde (VII-12) wusx prepared by suitable modification of the
kiown procedire!® from VI-12. A mixture of 5.27 g (17 mmolex)
of VI-12, 50 ml of dioxane, aud 30 ml of 2 N HC] was refluxed for
1 lir. The solution was spin evaporated in vacuo leaving the 1l
salt of VII-12. The residue was triturated with 25 ml of cold
0, then dissolved in warm 2-methoxyethanol. The solution
was decolorized with charcoal, then poured into 100 ml of satn-
rated agieons NaHCU;  The pale yellow powder wus collected
on a filter aud washed (H:0). Recrystallization with EtOH-IT.0
(1:1) and drying at 100° gave 3 g (67%) of vellow crystals, mp
>300° dec. Table VII lists the componnds prepared by a
similar procedure.
2-Ethylthio-6-(dimethoxymethyl)-3-benzyl-4-pyrimidel (VI-
16).—To a cooled solntion of 2.93 g (10 mmoles) of VI-1 in
NaOH [0.43 g (10.7 nimolex) of NaOIT in 15 ml of H,0) and 30
nl of EtOH, 0.8 ml (1.16 g, 10.7 mimoles) of EtBr was added
and heated gently at 60-70° for 1 hr.  After cooling at 0° for 2
hr, the precipitate was filtered and washed with cold H:O. The
filtrate was evaporated to small volume to vield additional prod-
uet.  The product was recrystallized from EtOH; yield, 3 g
(447 ) of white crystals, mp 97-98°. Table VI lists the com-
pounds prepared by a similar procedire.
2,4-Dihydroxy-6-(dimethoxymethyl)-5-(4-chlorobenzyl)pyrim-
idine (VI-15)—To a =olution of 3.27 g (10 mmoles) of VI-3 in
6.6 nl of 4 N NaOH, 4 ml of 309 11,0; (35 mmoles) in 4 ml of
1.0 was added cantionsly with stirring at room temperatire.
When all the Ho()y was added, the reaction mixture was heated
o111 steam bath for 3 min to remove the excess H.0,. The cooled
solution was acidified cantionsly with concentrated HCl and
cooled at 0° for 2 hr, resultihug in white erystals  The product
wus filtered and washed (cold H.0)). It was recrystallized from
EtOH-H,0 (1:1); yield, 2.64 g (100%,) of produet, mp 233--255°.
2,4-Dihydroxy-5-bromopyrimidine-6-carboxaldehyde (VII-19).

[CMEN

Vol. 11
=G
Nsele,m,

Mp, °C dec Forpula Analyses
310-311 Ca HiN048 C, 1

311-312 C‘:ll]uCleOas C, II, N
313"31(‘) C~_-1Hl4BrN303S C, II, N, S’
352355 CuHsBrN;0, C, It

—~=T'o a solution of 16 g (%6 nuoles) of VI-22 in 200 ml of TTOA¢
6.7 ml (20.8 g, 0,15 mole) of Bra in 15 mil of HOAe was udded
dropwise with stirring at the room temiperature. After addiug
Bry, the niixture wax heated at 40° for 5 min. The white produet
(hat started to precipitate was stirred for 1 hr at room tempera-
ture. After cooling at 0° for 1 hr, the precipitate was filtered and
washed with cold Ha0O. The product was recrystallized from
EtOH; yield, 12 g (63.59() of white crystals, mp 268-270° dec.
Table VII lists the compounds prepared in this manuer.
n-(Dimethoxyacetyl)-p-chlorophenylacetonitrile was prepared
by known procedure!? from p-chlorophenylacetonitrile and methyl
dimethoxyacetate; vield, 55.5% of white crystals, mp 100-101°.
Anal. (CLLHLNQO;CL C, H.
2,4-Diamino-6-(dimethoxymethyl)-5-(4-chlorophenyl)pyrimi-
dine (VI-21).—To a solution of 6.4 g (25 mmoles) of e-(dimethoxy-
acetyl)-p-chilorophenylacetonitrile in Ewt) (50 wml), CHeNs
[from 5 g of nitrosoniethylnrea in ether (100 ml) and 40%. KO
(30 ml)] was added. N, gax was evolved at once.  After standing
overnight the ether and excess CH.N, evaporated. The residue
wiax dissolved in 25 ml of EtOT and a solution of gnanidine [from
238 g (25 mmoles) of gnanidine hydrochloride and 0.575 g
(25 g-atoms) of Na in 30 ml of EtOH} was added. The =ohttion
was refluxed with stirring for 3 hr. The EtOH was removed by a
flash evaporator. The residue was then dissolved in 30 ml of
HOA¢, deeolarized with charcoal, and unentralized with 4 .V
NaOH resulting in a precipitate, which was filtered and washed
with cold 1.0, The product was recrystallized from EtOH;
vield, 4 g (554;) of white erystals, mp 261-263°.
2-Acetamido-6-dimethoxymethyl-5-(4-aminobenzyl )-4-pyrim-
idol (VI-20).--A stirred susgpension of 5 g (13.8 mnioles) of
2 - acetamido - 6 - dinethoxymethyl-5-(4-nitrobenzyl)-4-pyrimidol
(from acetylation of VI-13 by Ae.0), 0.25 g of 107 Pd-C, and
S0l of MeOH was hydrogeuated at 20-25° by using a Parr
catalytic hydrogenation apparatus.  The theoretical amonnt of
I, was absorbed after 30 min. The suspension was filtered, and
the filtrate was evaporated in racuo to leave 4.5 g (9897) of white
crystals Tlie residue was recrystallized (EtOAc); vield, 3.7 g
(81¢¢) of white eryztals, mp 164-165°.
2-Bis(hydroxymethyl)amino-6-(dimethoxymethyl)-5-(4-chloro-
benzyl)-4-pyrimidol (VI-19) wax prepared by a known proce-
dure* from VI-12 by refluxing with 37¢; formalin; vield 28¢7 of
white crystals, mp 70-75°.
4-(2,4-Dihydroxy-5-bromo-6-pyrimidylmethylidene)-2-phenyl-
5-0xazolone ( VIII-4).-—A mixture of 2.19 g (10 mmoles) of VII-19,
1.92 g (10.7 mmoles) of lhippurie acid, and 0.8 g of NaOAc in
40 ml of Ac0) was heated with stirring at 90-95° for 2 hr.  After
cooling to 20°, the excess Ac.O was decomposed by the addition
of 80 ml of I1,0 with shaking. The mixture was cooled at 0° for
2 hir. The azlactone was filtered and washed with cold EtOH.
The produet was reerystallized from 5% NaOH followed by
nentralizing with 106 TICL; yield, 2.4 g (66.39;) of yvellow cry=-
tals, mp 352-3545° dee. Table VIIT lists the cotupounds prepared
by a similar procedure.

Discussion

Difficulty it the hydrolysis of the acetal group of
S-benzylpyrimidines was due to insolubility of the ace-

(307 K, Miara, M. Ikeda, T. Oohashi, Y. Igarashi, and I. Okada. Chem.
Pharm. Bull. (T'okyo). 13, 520 (1465).
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tals in the acid solution. Addition of dioxane made this
hydrolysis reaction proceed smoothly. However, slow
hydrolysis of VI-4 and VI-8 may be due to steri¢ hin-
drance by the chlorine atom ortho in the benzyl group.
On the other hand, the 5-bromopyrimidine-6-carbox-
aldehydes were easily obtained upon bromination with
Br; at 30-40°.

The results of the screening tests wvs. the Ehrlich
ascites carcinoma (Table I) indicate that several of the
5-benzyl-(VII-3 and VII-6) and 5-bromopyrimidine-6-
carboxaldehydes (VII-19) inhibit this carcinorna to ap-
proximately the same extent as the most effective of the
5-fluoropyrimidine-6-carboxaldehydes previously re-
ported,®! and they are only slightly less active than
5-fluorouracil (FU). In fact compound VII-3 was
practically identical in activity with FU in this test
system.

There is good correlation between the in vivo in-
hibitory activities (Table I) and the results of the
in vitro tests for inhibition of nueleic acid and protein
synthesis (Tables II-1V).

On the other hand, there is no correlation between the
in vivo tests and the results of the inhibition of the folate
reductases (Table V). The new compounds reported
here exhibit only weak antifol activity in comparison
with accepted antifols, and it seems probable that the
in vivo inhibitory activity of these compounds does not
involve inhibition of the folate reductases.

The 5-benzyl- and 5-bromopyrimidine-6-carboxalde-
hydes exhibit significant activity in the inhibition of
incorporation of formate into RNA and DNA (Table
IV). As a group they are only slightly less active than
FU in inhibiting incorporation of formate into DNA of
the carcinoma cells and VII-3 is practically identical in
activity with FU. On the other hand, these compounds
are much more active than FU in inhibiting incorpora-
tion of formate into RNA. In a previous study® we
have reported that various 5-fluoropyrimidine-6-carbox-~
aldehydes inhibit the incorporation of formate into the

{31) C. S. Kim, Ph.D. Thesis, University of North Carolina, Chapel
Hill, N. C.. 1967.
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purine nucleotides, and this results in inhibition of in-
corporation of formate into RNA. it seems probable
that the 3-substituted pyrimidine-6-carboxaldehydes
reported here also inhibit synthesis of purine nucleo-
tides. The exact enzymatic site of this inhibition must
be determined, but the present work seems to eliminate
the folate reductases, and the previous study eliminated
the NY-formyltetrahydrofolate synthetase as sites of
inhibition. Similarly, these enzymatic sites cannot
account for the inhibition of incorporation of formate
into DNA-thymine by these 5-substituted pyrimidine-
6-carboxaldehydes.

Flaks and Cohen?® have reported that the inhibition
of DNA synthesis by FU is attributable to the in vivo
conversion of FU to fluorodeoxyuridylic acid (FAUMP)
which is a strong inhibitor of thymidylate synthetase.
It seems probable that the 5-substituted pyrimidine-6-
carboxaldehydes also may be converted to more active
forms (such as the ribo- or deoxyribonucleotides), but
further work will be necessary to test this possibility.

Although the 5-substituted pyrimidine-6-carboxal-
dehydes also inhibit incorporation of orotic acid into
RNA and thymidine into DNA (Table III), these
effects seem less important from a quantitative stand-
point than the inhibition of formate incorporation into
RNA and DNA. The inhibition of protein synthesis
(Table II) may be attributable principally to the
inhibition of RNA synthesis.

The fact that the 5-substituted pyrimidine-6-car-
boxaldehydes inhibit RNA and protein synthesis as
well as DNA synthesis may make them of interest in
multiple-drug chemotherapy of malignant growth in
combination with FU and other accepted drugs. Their
ability to inhibit RN'A and protein synthesis may make
them of interest as possible immunosuppresants.

Acknowledgment.—The authors wish to thank Dr.
George H. Hitchings of Burroughs Wellcome & Co.,
Inec., for samples of pyrimethamine and trimethoprim
as reference compounds in our studies.

(32) J. G. Flaks and 8. S, Cohen, J. Biol. Chem., 234, 2891 {1959).



