[1S2

vielded 1-aza-2-carboxy-4-thia->-methylbicyclo{4.3.0]non-3-en-9-
one (17) (3.2 g 757¢) as fine needles, mp 140-160° dec. Five
vecrystallizations from AcOH gave needles, mp 145-165° dec;
from Me,CO, small cubes, mp 141-156° dec¢; and from CHCIy,
plates, mp 165-175° dec; ir (CHCly), 3500-2700, 1720, 16753, and
1650 em ™1 pmr (DMSO-ds), 6 1.75 (s, 3, CH;C=('), 2.25-2.95
(A.Bs, m, 4, CH,CH,CO), 2.95 (caled) (d of d, I, Jan = 13 Iz,
Jax = 3.7 Hz, SCH,CH), 3.24 (caled) (d of d, 1, Jua = 13 Iz,
Jex = 3.2 Hz, SCH.CH), 5.04 ppm (broad t, 1, J = 3.2 Hz,
SCH.CH); COOH proton not detectable; pmr (pyridine), 8
119 (s, 3, CHy), 2.06 (A.B,, broad s, 4, CH,CH,), 2.57 (caled)
(dof d, 1, Jan = 13 Hz, Jax = 3.5 Hz, SCH,), 3.18 (caled)
tdofd, 1, Jea = 13 Uy, Jex = 3z SCH,CH), 5.06 (t, 1, =3
Hz, SCH,CH), and 13.88 ppm (s, 1, COOH); uv (MeOll),
256 mu (e 8S000). Anal’t (CoHNOgS) C, I, N, =,

(b) With «-Toluenethiol.——A solution of & (0.56 g, >
mmol) and e-toluenethiol (0.60 g, 5 mmol) in dioxane (3 ml)
was kept at 20° for 24 hr during which time no reaction (by
pmr) had ocewrred.  LIt;N (1 mg) in dioxane (0.5 mi) was then
added, and further pmr spectra were recorded at hourly intervals.
A peak at § 5.25, corresponding to the vinvlic proton of a A%
unsaturated y-lactone, appeared and gradually increased in
intensity during 5 hr; it then declined and was replaced by peaks,
at 6 6.10 and 7.45 ppm, of the vinylic protons of the benzylthio
analog of the A%unsaturated lactone 16.

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

(51) The analytical sample was obtained via AcOll recrystallization fol-
lowed by thorough drying.
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tion of the lactone 4b (0.704 g, 5 mmol) in petroleum ether (bp
40-60°, 6 1) and K20 (2 ml). After 18 hr the precipitated crys=-
talline mass was collected and was thoroughly dried in raevo
to give 1-benzyl-4,4-dimethyl-5-ethyl->-hydroxypyrrolidin-2-one
(1,12 g, 91¢): mp 102-103°; ir (CHCly), 3600, 3400, and 1688
cm™. Attempts to recrystallize this material from a variety of
solvents led to its contamination with increasing amounts of
the dehydrated material, 1-benzyvi-4,4-dimethyl-5~ethylidene-
pyrrolidin-2-one.  Elemental analyvsis was therefore performed
on the material which had precipitated from the reaction solution.
Anal. (CHuNOy) ¢ H, N,

Lactone 4b did not react with cysteine in aqueous solution ai
pH 7 or with methyl cysteinate in EtOH.

Reaction of Vinyl Acetate with L-Cysteine.--Vinyl acetate
(1.72 g, 20 mmol) was added to a stivred solution of L-cyxteine
(2.4 g, 20 mmol) in H:0 (15 ml) at pIl 7.5 Dilute NaOIl (20
mmol) was added periodically to maintain pH 6-7,° und the
solution was allowed 1o stand overnight at room temperature.
Acidification with coneentrated 1CL and isolation in the usual
manner gave N-acetvil-L-cvsteine (1.0 g, 3000), mp 108°.

Reaction of Vinylene Carbonate with L-Cysteine.--Vinyleue
carbonate (1.72 g, 20 mmol) was added {0 a stirred solution of
L-cvsteine (2.4 g, 20 mmol) in H.O (15 mi) at pIl 7.5 An exo-
thermie reaction occurred and carbon dioxide was evolved.  After
3 hr the solution was evaporated; on treatment with L.V HCI
and with ethanol, the residual gum gave v-cysteine hydrochloride
monohydrate (3.1 g, Y0C.), mp 175-185°.
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Various H-substituted pyrimidine-6-carboxaldehydes and derivatives were synthesized and tested for inhibition
of growth of the Ehrlich ascites carcinoma and inhibition of incorporation of L-phenylalanine-1-14C and glycine-
1-4C into proteins and orotic acid-5-*H, thymidine-2-14C, and formate-1*C into nucleic acids of tumor cells in
vitro. The following compounds were found to be particularly active as inhibitors: 2-mercapto-4-hydroxy-i-
(4-chlorobenzyl)pyrimidine-6-carboxaldehyde (VII-3), 2-mercapto-4-hydroxy-5-(4-bromobenzyl)pyrimidine-6-
carboxaldehyde (VII-6), 2-ethylthio-4-hydroxy-5-(4-chlorobenzyl)pyrimidine-6-carboxaldehyde (VII-16), and 2-
ethylthio-4-hydroxy-5-(4-bromobenzyl)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 tumor. They are more effective than FU in inhibiting incorporation of formate and orotic acid into RNA,
thymidine into DNA, and phenylalanine and glycine into proteins. Although these compounds inhibit incorpora-
tion of formate into DNA and RNA, they have only negligible inhibitory activity against the folate reductases.
Smaller ¢n vive and 7n vitro inhibitions are obtained with the 5-bromopyrimidine-6-carboxaldehydes. The di-
amino-3-phenylpyrimidinealdehyde exhibits the least inhibitory activity against the Ehrlich ascites carcinoma
cells in vivo, but it shows greater inhibition of folate reductases although considerably less than antifols such as

2714

aminopterin.

2-Mercapto-4-hydroxypyrimidine-6-carboxaldehydes,?
2-phthalimidoaldehydes,* 5-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-G-carboxaldehyvdes have shown strong in-
hibitory activity against incorporation of amino acids
and formate into proteins as well as thymidine, orotic
acid, and formate into nucleie acids.

(1) This investigation was supported by Public Health Service Research
Grant CA-06364-06 from the National Cancer Institute.

(2) To whom inquiries should be sent.

(3) C. Piantadosi, V. G. Skulason, J. L. Irvin, J. M. Powell, and L. Hall,
J. Med. Chem., T, 337 (1964).

(4) J. B. Craig, C. Piantadosi, J. L. Irvin, and S.-8. Cheng, ibid., 10, 1071
(1967).

() C.-B. Chae, J. L. Irvin, and C'. Piantadosi, ibid., 11, 506 (1988).

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. R, Thompson, M. J. Bell, and . E. Skipper,
Cuncer Res., 16, 167 (1956},

(7) B. Prescott and C. P. Li, J. Med. Chem., T, 383 (1964).

(8) R. H. Wilev and R. L. Clevenger, tbid., 5, 1367 (1962).

(9) H..J. Petering and H. H. Buskirk, Federation Proc., 21 (2), 163 {1962},
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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
dihydrofolic 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 synthesize 3-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 described
in this paper deals with the synthesis and biochemical
studies of 5-substituted pyrimidine-6-carboxaldehydes
and their derivatives.

Chemistry.—The «-benzyl-g-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 HyO,. Com-
pounds VII-19, VII-20, and VII-21 were prepared from
the corresponding acetals by bromination with Br; in
HOAc in 609, yield. a-(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, S. DuBreuil, and G. H. Hitchings, J. 4m. Chem. Soc.,
78, 3758 (1951).

(12) P. B. Russell and G. H. Hitchings, ibid., T8, 3763 (1951).

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

(14) B. R. Baker, B.-T. Ho, and D. V. Santi, J. Pharm. Sci., b4, 1415
(1965).

(15) T. B. Johnson and J. C. Ambelang, J. Am. Chem. Soc., 60, 2041
(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, yield. 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 earcinoma in Swiss—Webster white mice
by a slight modification of procedures deseribed
previously.¥ Each mouse (initial weight approxi-
mately 30 g) received an intraperitoneal injection of
0.1 ml of pooled ascitic fluid, collected from donor mice
which had borne the aseites 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 (ascitocrit)
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 5-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-1-14C, glycine-1-1¢C, and formate-14C
into the proteins of Ehrlich ascites carcinoma cells
which were incubated aerobically for 1 hr with the
labeled substrate and the pyrimidine tn 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, bid., Suppl., 21, 692
(1961).
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Dose, ~——--=Nortality-— -

Compd?® mg/kg/day C T
VI-3 118.8 0.8 1.~
VII-3 30.0 0/8 0/x
45 .2 0/8 0,8
90.0 0/8 0,8
VIL-6 36.3 0/8 0,8
52.6 0/8 0/8
VII-9 79.6 1.8 1.8
VII-11 26 .4 08 0/8
119.5 378 28
VII-12 9L .6 0,8 0.8
VII-17 48,2 0/8 0,8
VII-19 30.5 0/8 0/8
67 .1 0/8 0N
VIII-3 125.7 38 2N
FCe 27 5 078 0,8

+ T = treated group, C = controls, TPCV = total packed-cell volume of tumor cells on final day of assay.
b In addition to the above results, VII-2 and VIII-4 showed 507 inhibition

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

v e A TPCY -
Ay wi Std
change T, dev T, T as
T/Coe wl + 1l ooof O
34100 0.4°1.6 0.15 25
3odixt (0.3/2.4 0.10 12
31001 0.1/3.0 0.23 3
02T 0.1/2.5 0.70 4
27801 0.5,2.4 0. 18 21
1.1,9.1 0.4/3.0 0.449 15
2.4/5.2 0.15,2.0 .21 n
T 081 1.4/2.4 (.36 a8
4510 0.3:1.6 0.24 18
1.1.7.7 0.472.5 0.67 16
0.6.9.1 1.1°3.0 0.33 37
0.1.8 1 1.4,2.4 0.24 AR
53901 0.9,3.0 0. 4% 30
1.7/1.0 0.2/1.6 (.08 12
—0.3.5.3 0.15/1.5 0.10 10

The average standard

at 50-60-mg/kg/day dose; VI-15, VII-8, VII-15, and VII-16, 40-607 inhibition at 80-90 mg/kg/day; and VII-5 and VII-10, 90%

inhibition 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 Hyamine Hydroxide 10-X and 16 ml
of POPOP-PPO Triton X-100? scintillation 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-1-1C, glveine-1-1C, and for-
mate-14C into proteins 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./.
Compound VII-3 (Figure 1) inhibited incorporation of
L-phenylalanine-1-14C into proteins by 50 and 909, at a
concentration of 0.2 mM and 0.57 mM, respectively.
This compound lost the inhibitory activity at 0.09
mi,

100

% of control.

0.5 1.0
Conen of analog, mM.

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

The above analogs also completely inhibited the
incorporation of formate-"C into proteins at a con-
centration of 1.54 ma3/. 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+
his(4-methyl-5-phenyloxazolyl)benzene (dimethyl-POPOP) were dissolved.
Two liters of this POPOP-PPO solution and 1 1. of Triton X-100 were
mixed.

TapLe I
EFFECTS OF PYRIMIDINE ANALOGS ON INCORPORATION OF
L-PHENYLALANINE-1-14C aND GLycINE-1-14C inTO PROTEINS
or Eruricn Ascrres Carcxoma CELLS

Av exptl values
(%: of controls)

Conen of —————Protein———e—es
Compd analog, m.\/ L-Phe-1-14(" Gly-1-11("
None 0 100~ 10074
VI-21 0.96 - 44
VII-1 0.48 15 ..
(.96 4 D
\VII-3 (.57 N ..
0.83 2 1
VII-6 .83 4 2
VII-7 0.96 71 93
VII-12 0.96 13 N
VII-i4 0,83 100 .
VII-16 (.96 I 4
VII-17 (.96 1 i
VII-1R 0.96 61 NT
VII-19 0.83 38 Bl
VII-20 0.83 10 D
VIIT-4 0.83 SN2 .
(.96 . 24
FOA: 0.56 82 80
1.66 26 10
FU/ (.68 87 87
2.0 S 01
2 (0.1 wmole/ml (0.2 xCi). * 0.1 umole/ml (0.2 pCi). < L.122

% 10% cpm/mg. 4 2.317 X 102¢pm/mg. ¢ FOA = 3-fluoroorotic
aldehyde; seeref 5. / FU = 3-fluorouracil.

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. Fach of the active com-
pounds of Table IT was found to have greater inhibitory
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activity against protein synthesis than 5-fluorouracil or
the 5-fluoroorotic aldehydes previously reported.’

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-2-1*C and formate-*C into DNA of Ehrlich
ascites earcinoma cells. These cells were incubated
aerobically for 1 hr with the labeled substrate and the
pyrimidine derivative in wvitro 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-2“C 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 upmole/ml, 10 wCi), thymidine-2-*C
(0.1 umole/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 orecinol reaction and corrected for the interference
by DNA, and the amount of DNA was determined by
the diphenylamine reaction.2! The specific activities
were calculated as epm (*H)/mg of RNA and cpm
(#C)/mg of DNA. The effects of the pyrimidine
analogs upon incorporation of orotic acid-3-*H into
RNA and thymidine-2-4C 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 ma/, but about
twofold increase of the concentration (1.92 mM) of ana-
logs showed complete inhibition of incorporation of thy-
midine-2-1C 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), 1 ml of
formate-1C in KRP (0.318 umole/m], 8 4Ci), and 0.2 m]
of the pyrimidine in DAMSO. 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 KOH 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
ErrFECTS OF PYRIMIDINE ANALOGS ON INCORPORATION OF
TuymMiDINE-2-1¢C aND Ororic Acip-3-H 1nTo NucLeic Acips
or EnrricH Ascites CarciNoMa CELLS®
Av exptl values

Concn of ~——(% of control)——
Compd analog, mM DNA RNA
None 0 100° 100¢
VII-1 0.83 70 L
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 .
1.92 1 21
FOA4 0.83 87
1.72 7 N
FUe- 0.57 . 90
1.60 330

@ Thymidine-2-14C: 0.1 gmole/ml (1 xCi), orotic acid-5-3H:
0.04 wmole/ml (10 uCi). ?3.26 X 10° cpm/mg. ©1.43 X 10*
cpm/mg. ¢ FOA = 5-fluorcorotic 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
EFFECTS OF PYRIMIDINE ANALOGS ON INCORPORATION OF
ForMATE-4C INTO NUCLEIC ACIDS AND PROTEINS OF EHRLICH
Ascites CarciNnoma CELLS?

Conen of
analog, Av exptl values (% of control)
Compd mM RNA DNA Protein
None 0 100 100¢ 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
FU/ 0.64 126 7

@ Formate-14C: 0.318 umole/ml (8 uCi). ?1.57 X 10* cpm/
mg of RNA. ¢2.26 X 10* cpm/mg of DNA. <1.88 X 10¢
ecpm/mg. © FOA = 3-fluoroorotic aldehyde; seeref 5. / FU =
5-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 incorporation into
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
into RNA, DNA, and proteins.

Inhibition of Folate Reductase.—The effeets of the
pyrimidine derivatives upon folate reductases of
Lhrlich ascites ecarcinoma and Escherichia coli were
studied by determining the inhibition of reduetion of
folic acid or dihydrofolie acid to tetrahydrofolie acid.

a. Ehrlich Ascites Carcinoma Cells.—The Ehrlich
ascites carcinoma cells were washed with cold 0.997
NaCl and suspended in three volumes of eold 0.01 ./
Tris-=-HCI, pH 7.4. The cells were disrupted for 1 min
by sonic vibration (Branson Sonifier, Branson In-
struments, Ine., Stamford, Conn.). The high-speed
supernatant fraction (8;) was obtained by centrifuging
the disrupted cells for 1 hr at 105,0009. The super-
natant was stored at —15°.

Assay of Folic Reductase Activity.—The reaction
mixtures of Roberts and Hall?2 were adopted. The
complete svstem contained in a total of 0.5 ml, 20
pholes of 3,3-dimethy] glutarate, pH 6.1, 2 wmoles of
MgCls, 2 pmoles of eitrate, 46 mumoles of NADPH, 36
mpumoles of folie acid, 25 ul of DAMSO 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 159 trichloro-
acetic acld,? and the supernatant fluid was assayed for
the appearance of diazotizable p-aminobenzoylgluta-
mate? from the quantitative hydrolysis of tetrahvdro-
folate.

b. E. coli—E. coli B, grown in phosphate-buffered
medium, was purchased from Grain Processing 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.
(NHy).80, fraction (55-959;) was obtained according
to the procedure of Burchall and Hitehings? and dia-
lyzed for 3 hr against 100 vol of 0.001 3/ potassium
phosphate buffer pH 7.0 containing 1 mA/ EDTA. The
dialyzed fraction was diluted ten times and stored at
—15°,

Assay of Dihydrofolate Reductase Activity.—The 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
dihyvdrofolic acid, 25 ul of DASO or 25 ul of drug so-
lution of DMSO, and 0.1 ml of the diluted 55-959
(NH,).80, fraction (0.18 mg of protein). The mixture
was incubated for 30 min at 37°, and the amount of the
diazotizable amine released from tetrahydrofolate was
measured as before. Dihydrofolic acid was prepared
according to the method of IFutterman,? modified by
Blakley.®

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

122) D. Roberts and T. C. Hall, Cancer Res., 25, 1894 (1965).

(23) W. C, Werkheiser, 8. F. Zakrzewski, and C. A. Nichol, J. Pharma-
col. Ezptl. Therap., 187, 162 (1962).

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

(25) R. L. Blakley, Biochem. J., 66, 331 (1957).

¢26) J. J. Burchall and G. H. Hitchings, Mol. Phurmucol., 1, 126 (1965).

(27) 3. Futterman, J. Biol. Chem., 228, 1031 (1957).
(28) R. L. Blakley, Nature, 188, 231 (1960).
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Errecrs oF PYRIMIDINE ANALOGY ON FoLate REDUCTARES
oF Eunvien Ascrres CancinoMma CeLus AND K. coll

Conen of -5 of inhib?

Compd analog, m./ Ehrlieh L. eoli
VI3 1 o0 20
V-4 0.1 40 20
1 67 43
VI-17 1 2() 25
VI-IS 1 30 0
VI-21 0.1 45 39
I SO 57

VIL-3 0.1 14
1 46 0

VI-6 0.1 20
1 50 23
VII-10 | 60 50
VTI-12 0.1 (} {5
! 70 45
VII-16 i 0 5
VII-17 1 0 0
VII-18 0.1 4 30
1 &0 70
VII-19 i 0 10
VIII-4 I 30 0
FOA? 1 0 0
Aminopterin 3.3 X 10 50 100
Pyrimethamine 4 X 107 0 0
2 X 107¢ 100 S0
Trimethoprim 7T X 10 0 50
1.1 X 10~ 50 100

@ VI8, VII-1, VII-2, VII-5, and VII-7 also showed 40-50%;
inhibition at 1 md/ against the reductase of tumor cells and
20-40¢7 inhibition against the reductase of E. coli at the same
concentration. * FOA = 3-fluoroorotic acid.

than inhibitory concentrations of the accepted antifols
such as aminopterin, pyrimethamine, and trimetho-
prim. Also, it can 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 be
attributed to inhibition of the folate reductases. In
this connection also it should be pointed out that
VI1I-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 inhibiting incorporation of
formate into DNA and RNA.

Experimental Section?®

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

Ethyl «-Benzyl-v,y-dimethoxyacetoacetate.-—To 11.5 g (0.5
g-atom) of Na in 250 ml of absolute EtOH, 95 g (0.5 mole) of
ethyl v,vy-dimethoxvacetoacetate? and 64 g (0.505 mole) of
benzyl chloride were added, and 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 washed with absolute EtOH. The combined filtrate
was dried (MgSO,) and the EtOH was spin evaporated in vacuo.
Subsequent fractionation gave a nearly colorless liquid which
distilled at 122-124° (0.3 mm), yield 75 g (549%), n*p 1.4945.
Anal. (Cl,‘;I{QOOa) C, [{

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

(29) Analyses were performed by M-H-W Laboratories, Garden ity
Mich. 48135, and Spang Microanalytical Laboratory, Ann Arbor, Mich
48106. Where analyses are indicated only by symbols of the elements
analytical results obtained for those elements were within :+0.4% of the
theoretical values. The melting points were determined with the Mel-Temp
apparatus and have been corrected.
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No. R
1 SH
2 SH
3 SH
4 SH
5 SH
6 SH
7 SH
8 SH
9 SH
10 SH
11 NH;
12 NH,
13 NH,
14 OH
15 OH
16 C.H;S
17 C.H;S
18 C.H;S
19 (HOCH,; )N
20 CH;CONH
21 NH,
232 OH
23 C.H;S
24 CH,S
No. Ry
1 SH
2 SH
3 SH
4 SH
5 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.H;S
17 C.H;S
18e NH,
19 OH
20 C.HsS
21 CH,3S
22 OH

R:
OH

OH
OH
OoH
oH
OH
OoH
OH
OoH
OH
OH

OH
OoH
OH
OH

OH
OH
NH,
OH
OH
OH

on
OH
oH

POTENTIAL ANTICANCER AGENTS.

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

R,

R,

N/
JNe
R~ N7CH(OCH,),

Rs
CH.CeH;
CH.C¢H F-4
CH.CsH,Cl-4
CH.CsH,Cl-2
CH,C¢H,CI-3
CH206H4BF-4
CH,CeHiNOo-4
CH,CsH;Cl-2,6

CH,Cell3(CHj)e-3,4

CHa(a)CioHy
CH.C.H,Ci-4
CH205H4N02'4
CH,CsHNO--4
CH,CsH,Cl-4
CH,CsH;
CH,CsH,Cl4
CHQCGH4BI‘-4
CH.CsH,Cl-4
CI{QCGI{.;NHT‘J:
CsH,Cl-4

H

H

H

5-SUBSTITUTED PYRIMIDINE-6-CARBOX ALDEHYDES

Rs
CH,C¢Hs
CH,Ce¢H,F-4
CH,CsH,Cl-4
CH,CsH,Cl-2
CH,C¢H.Cl-3
CH206H4BI‘-4
CH,CeHNO:-4
CH,CsH,Cl:-2,6
CHzCﬁHa(CHs )2-3,4
CHz(a )le{7
CH,C:H:
CH,C:H.Cl-4
CH,CeH:NO.-4
CH.C¢H,NH:-4
CH,CsHs
CH,C:H.Cl-4
CH?CGH4Br'4
CsH:Cl-4
Br
Br
Br
CH.C¢H,Cl-4

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
55 261-263
65.5 182-183
65 121-122
94 154-135
TasLe VII
R,
N/IR“
N
N7NcHO
Yield,
% Mp, °C
95 180-181
62.5 198-199
62 210-211
55.8 202-203
42.5 205-210
61.8 217-219
60 218-220
57.5 215-217
72 140-145
76 199-205
41.2 >300 dec
67 >300 dec
92.5 >300 dec
86 >300 dec
47 151-154
57.5 187-188
46.5 193-194
89.5 >300 dee
63.5 268-270 dec
60 183-185
61 231-232 dec
80 236-237

v

Formula
C1aHisN2048
CuHi:FN0,8
C1:H;CINO;:8
C14I{1501N2035
C1H;;CIN,O,8
CnI‘LaBI‘NanS
CiaHi:N;058
CuH1ClNO;8
CisHzN,0;:8
CisHisN2048
CisHi7N;0;
CuH,5CIN;O4
C14H16N 405
C1aHi1:N;0s
C1:H,;CIN,0,
CisHN0;8
CisHsCIN,058
CmeBl‘Nans
CisHz CIN;305
CisHx N 404
Ci:Hi;CINLO;
CoH 1 N20,8
CsHzN2058

Formula
CH1oN:0,8
CHFN;0,8
Ci.HyCIN,0:8
C1:HoCIN,0.8
C1oHyCIN, 0,8
CquBI‘NzOzS
CHoN;0,8-H.0
C1.HgCLNO,:8
C1aH1N0:8
CisH1:N:0,8
CeHuN;0,
Clel()ClNaOz . HZO
Ci2HioN.Oy- H,O
CuHuN,O, - H,O
CisHiaN 0,8
C1:H13CIN,O:8
C14H13BerOQS
CuH,CIN,O
CaHaBI‘NeOa
C7H7BY‘NQOS
CeHsBT’NzOS
C1HoCIN:O;

@ This compound was reported by B. R. Baker and J. H. Jordaan, J. Heterocyclic 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-pyrimideol (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,vy-dimethoxyacetoacetate
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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.

The solution was evaporated

to dryness and the gummy residue was dissolved in H,O (600
The aqueous solution was extracted with two 200-ml

ml).
portions of ether and acidified with 109, aqueous HCI.

The
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TapLe VIII
4-(6-PYRIMIDYLMETHYLIDENE )-2-PHEN Y L-)-0X AZOLONES
R.
NZ l ks
XN
R~ N CH=C—CO
NeeQom,
Yield

No. R: R» Ry i Mp, °C dec FFormula Analyses
2 SH OH CH,CsH,Cl-4 30.7 311-312 CoHsCIN; O C, H N
3 SH OH CH,CsH (Br-4 12.3 315-316 CyHisBrN; 058 C, H XN, 8
4 OH OH Br 66.3 352353 CyHgBrN;04 C, 1

product precipitated gradually in an ice bath, was collected on a
filter, washed (IEt,0), and then recrystallized (EtOH); yield,
20 g (309 ) 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 mixture of 5 g (0.017 mole) of VI-1, 30 ml of 10,
1,80, and 50 ml of dioxane was refluxed for 30 min. The cooled
vellow solution was diluted with EtOH-H,0 (1:3) to turbidity.
After being cooled at 0° for several hours, the precipitate was fil-
tered, washed (cold H.0), and dried. The product was recrys-
tallized from EtOH-H,0 (2:1) and dried at 100°; yield, 4 g
(9577 ) of yvellow crystals, mp 180-181°. Table VII lists the com-
pounds prepared by an analogous procedure. However, VII-4 and
VII-% needed 6-8 hr for hydrolysis, and VII-15, VII-16, and
VII-17 were hydrolyzed for a 5-min period because longer reaction
time liberated mercaptan.
2-Amino-6-(dimethoxymethyl)-5-(4-chlorobenzyl)-4-pyrimidel
(VI-12).—A mixture of 67 g (about 0.213 mole) of crude ethyl
a-(4-chlorobenzyl)-+,y-dimethoxyacetoacetate and a solution of
guanidine [from 20.4 g (0.213 mole) of guanidine hydrochloride
and 4.9 g (0.213 g-atom) of Na in 250 ml of EtOH] was refluxed
gently with stiring for 6 hr. The solution was evaporated to
dryness and 500 ml of HyO added. The mixture was acidified
with TIOAc. After cooling at 0° for several hours, the gummy
precipitate was filtered and washed with cold EtOH and ether.
The product was recrystallized from EtOH; vield, 30 g (45.5)
of white crystals, mp 239-241° dec. Table VI lists the compounds
prepared by a similar procedure.
2-Amino-4-hydroxy-5-(4-chlorobenzy!)pyrimidine-6-carboxal-
dehyde (VII-12) was prepared by suitable modification of the
known procedure!® from VI-12. A mixture of 5.27 g (17 mmolex)
of VI-12, 50 ml of dioxane, and 30 ml of 2 A" HCI was refluxed for
1 hr. The solution was spin evaporated in vacuo leaving the HCI
salt of VII-12. The residue was triturated with 25 ml of cold
I:0, then dissolved in warm 2-methoxyethanol. The solution
was decolorized with charcoal, then poured into 100 ml of satu-
rated aqueous NaHCQ; The pale yellow powder was collected
on a filter and washed (FH,0). Recrystallization with EtOH-TL.O
(1:1) and drying at 100° gave 3 g (67%) of yellow crystals, mp
>300° dec. Table VII lists the compounds prepared by =a
similar procedure.
2-Ethylthio-6-(dimethoxymethyl)-5-benzyl-4-pyrimidol (VI-
16).—To a cooled solution of 2.93 g (10 mmoles) of VI-l in
NaOH [0.43 g (10.7 mmoles) of NaOIH in 15 m! of H,O] and 30
ml of EtOH, 0.8 ml (1.16 g, 10.7 mmoles) 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 yield additional prod-
uet.  The produet was recerystallized from EtOH; yield, 3 g
(94¢,) of white crystals, mp 97-98°. Table VI lists the com-
pounds prepared by a similar procedure.
2,4-Dihydroxy-6-(dimethoxymethyl)-5-(4-chlorobenzyl)pyrim-
idine (VI-15).—To a =solution of 3.27 g (10 mmoles) of VI-3 in
6.6 ml of 4 N NaOlII, 4 ml of 309 H;0; (35 mmoles) in 4 ml of
.0 was added cautiously with stirring at room temperature.
When all the H.,O: was added, the reaction mixture was heated
on a steam bath for 3 min to remove the excess HyOz. The cooled
solution was acidified cautiously with concentrated HCl and
cooled at 0° for 2 hr, resulting in white crystals  The product
was filtered and washed (cold H,0). It was recrystallized from
EtOH-H,0 (1:1); yield, 2.64 g (100%) of product, mp 233-235°.
2,4-Dihydroxy-5-bromopyrimidine-6-carboxaldehyde (VII-19).

---To a solution of 16 g (86 mmoles) of VI-22 in 200 ml of HOAe
6.7 ml (20.8 g, 0.13 mole) of Bry in 15 ml of HTOAe was added
dropwise with stirring at the room temperature. After adding
Bry, the mixture was heated at 40° for 3 min. The white product
that started to precipitate wax stirred for 1 hr at room tempera-
ture. After cooling at 0° for 1 hr, the precipitate was filtered and
washed with cold Hy0. The product was recrystallized from
EtOH; vield, 12 g (63.5¢,) of white crystals, mp 268-270° dec.
Table VII lists the compounds prepared in this manner.
a-(Dimethoxyacetyl)-p-chlorophenylacetonitrile was prepared
by known procedure!? from p-chlorophenylacetonitrile and methyl
dimethoxyacetate; yield, 53.5% of white crystals, mp 100-101°.
Anal. (CHeNO,CD C, H.
2,4-Diamino-6-(dimethoxymethyl)-5-(4-chlorophenyl)pyrimi-
dine (VI-21).—To a =olution of 6.4 g (25 mmoles) of a-(dimethoxy-
acetyl)-p-chlorophenvlacetonitrile in w0 (50 mi), CHaN:
[from 5 g of nitrosomethylurea in ether (100 ml) and 407 KOII
(30 ml)] was added. N, gas was evolved at once. After standing
overnight the ether and excess CHyN; evaporated. The residue
was dizsolved in 25 ml of EtOH and a solution of guanidine [from
2,38 g (25 mmoles) of guanidine hydrochloride and 0.575 g
(25 g-atoms) of Na in 30 ml of EtOH] was added. The =olution
was refluxed with stirring for 3 hr. The EtOH was removed by a
flash evaporator. The residue was then dissolved in 30 ml of
HOAe, decolorized with chareoal, and neutralized with 4 N
NaOH resulting in a precipitate, which was filtered and washed
with cold I1,0. The product was recrystallized from EtOH;
vield, 4 g (35¢¢) of white crystals, mp 261-263°.
2-Acetamido-6-dimethoxymethyl-5-(4-aminobenzyl )-4-pyrim-
idol (VI-20).-—A stirred suspension of 5 g (13.8 mmoles) of
2 - acetamido - 6 - dimethoxymethyl-5-(4-nitrobenzyl)-4-pyrimidol
(from acetvlation of VI-13 by Ac;0), 0.25 g of 109 Pd-C, and
A0 ml of MeOH was hydrogenated at 20-23° by using a Parv
catalytic hyvdrogenation apparatus. The theoretical amount of
H; was absorbed after 30 min. The suspension was filtered, and
the filtrate was evaporated in vacuo to leave 4.5 g (989¢) of white
crystals The residue was recrvstallized (EtOAc); vield, 3.7 g
(817 ) of white erystals, 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; yield 28¢7 of
white crystals, mp 70-75°.
4-(2,4-Dihydroxy-5-bromo-6-pyrimidylmethylidene )-2-phenyl-
5-oxazolone (VIII-4).—A mixture of 2.19 g (10 mmoles) of VII-19,
1.92 g (10.7 mmoles) of hippuric acid, and 0.8 g of NaOAc¢ in
40 ml of AcO) was heated with stirring at 90-05° for 2 hr.  After
cooling to 20°, the excess Ac.O was decomposed by the addition
of 80 ml of 11,0 with shaking. The mixture was cooled at 0° for
2 hr. The azlactone was filtered and washed with cold EtOH.
The product was recrystallized from 5% NaOH followed by
neutralizing with 104, HCl; yield, 2.4 g (66.39%) of yellow crys-
tals, mp 352-333° dec. Table VIIT lists the compounds prepared
by a similar procedure.

Discussion

Difficulty in the hydrolyvsis of the acetal group of
S-benzylpyrimidines was due to insolubility of the ace-

(307 K. Miura, M. [keda, T. Ochashi, Y. Igarashi, and 1. Okada. Chem.
Pharm. Bull. (Tokyo), 13, 529 (1965).
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talsin 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 steric 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 vs. the Ehrlich
ascites carcinoma (Table I) indicate that several of the
5-benzyl-(VII-3 and VII-8) and 5-bromopyrimidine-6-
carboxaldehydes (VII-19) inhibit this carcinoma 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 nucleic 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 aectivity 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. 8. 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. 1t seems probable
that the 5-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 ¢n vive
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-8-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.
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Ine., for samples of pyrimethamine and trimethoprim
as reference compounds in our studies.

(32) J. G. Flaks and 8. 8. Cohen, J. Biol. Chem., 284, 2891 (1959).



