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2,4-diaminopyrimidine derivatives.'O-12 The effective 
folate reductase inhibitors all seem to have in common 
the C-K-C-?; sequence of the pyrimidine ring, two 
functional groups attached a t  the 2 and 4 positions, a 
bulky group in the 5 position, and only small groups in 
the 6 p0siti0n.l~ 

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 < n",. 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 b~r id ing . '~  It was therefore of interest 
to synthesize 5-substituted pyrimidine-6-carboxalde- 
hydes and derivatives in order to  determine whether 
an wihanced inhibitory activity could be obtained in 
comparison with the previous3J 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 a-benzyl-p-keto esters were pre- 
pared by the reaction of y ,  y-dimethoxyaceto acetate3 
with a benzyl halide in the presence of sodium ethoxide 
in 70y0 yield. They can also be synthesized from the 
ethyl p-phenylpropionic esters and methyl dimethoxy- 
acetate by a modification of the method in the litera- 
ture. l5  

Condensation of the 0-keto esters with thiourea 
gave the acetal in 307, yield and with guanidine hydro- 
chloride the yield was 45%. Hydrolysis of the acetal 
was accomplished in dioxane with 10% H2S04 and 
resulted in a 60% yield of the pyrimidine-6-carboxalde- 
hyde. However, V I 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 V I 4  
resulted in only 22y0 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-H20. This molecule of EtOH was 
removed by heating a t  100" for several hours. Com- 
pounds VII-7, VII-12, VII-13, and VII-14 were each 
found to  have a molecule of H20. Alkylation of the 
thiol was accomplished by treating 2-mercapto-6- 
(dimethoxymethyl)-4-pyrimidols with an alkyl halide 
in the presence of KaOH. Compounds VI-15 and VI-22 
were prepared from the corresponding 2-mercapto- 
pyrimidines by the reaction of alkaline HzOz. Com- 
pounds VII-19, VII-20, and VII-21 were prepared from 
the corresponding acetals by bromination with Brz in 
HOAc in 60% yield. a-(Dimethoxyacety1)-p-chloro- 
phenylacetonitrile was synthesized by the procedure of 
Russell and HitchingslZ from p-chlorophenylacetonitrile 
and methyl dimethoxyacetate in 55.57, yield. The 
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(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., 54, 1415 

(1965). 
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a-acylphenylacetonitrile was converted to enol ether 
by diazomethane arid then treated with guanidine to 
give 171-21 in 55% yield. The acetals of 2-aminopy- 
rimidine were hydrolyzed by suitable modification of the 
procedure of Baker and Jordaan. Compound T'I-20 
was prepared by catalytic hydrogenation from 17-13. 
Compound TI-19 was prepared from TI-12 by formyl- 
ation with 3776 HCHO. The azlactones were pre- 
pared in the usual manner. 

Screening Test.-The compounds were tested us. the 
Ehrlich ascites carcinoma in Swiss-Webster nhite mice 
by a slight modification of procedures described 
previously. 17,18 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 ascites carcinoma for 7-9 days and 
diluted with 0.9% SaCl  to a cell concentration of lOYC 
by volume based upon an initial ascitocrit determina- 
tion. The 0.1-ml inoculum contained an average of 
7 X lo6 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 D;\ISO-0.9Yo 
NaCl (3: 1) and each experimental mouse received a 
solution of the tested compound in D,lISO-O.9% XaC1 
(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 (TPCV) 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 lorn toxicity. Compound T'II-3 was 
the most active compound, and it also showed no lethal 
toxicity at  relatively high dosage. It is of great iri- 
terest that  this compound mas as effective as S-fluoro- 
uracil against the Ehrlich carcinoma in this test system. 
Compounds VI-3 and VIII-3 showed activity only a t  
relatively high dosage. Compound VII-19 was moder- 
ately effective. I n  general, 5-benzylpyrimidine-6-car- 
boxaldehydes showed strong inhibitory activity, and 
their derivatives, such as acetals and axlactones, 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 ~-phenylalanine-l-'~C, glycine-l-14C, 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 in vitro in Krebs- 
Ringer phosphate buffer a t  37 * 1" by a procedure 
described previously in detail.5 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 .  Heterocgclzc Chem., 3, 315 (1966). 
(17) J.  E. Wilson, J. L. I rnin,  J. E .  Suggs, and K. Liu, Cancer Res. .  19, 

(18) J. E. Wilson, J. E. Suggs, and  J. L. Irvin, $bad.,  S u p p l . .  21, 692 
272 (1959). 

(1961). 
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Compd' 

1 1-3 
\ 11-3 

\.11-6 

\ 11-9 
\TI-11 

\ 11-12 
\ 11-17 
\.I 1-1 9 

\ 111-3 
F L-c 

I h e ,  
rng/kg/day 

118.8 
30 . o  
4 8 . 2  
!IO. 1) 

3 6 . 3  
32 .ii 
79 . 6  
26 4 

1 1 0 . .i 
0 1 (j 
4 8 . 2  
:<o . .-1 
0 7 .  I 

125.7 
27 ,-) 

'' T = treated group, C = c~~iitrols,  TPC\. = total packed-cell volume of t11nior cells on fiti:ll d a y  of Y. The : t v e r : ~  ~ ( w l ( i : ~ d  
b 111 addition to  the ahove resrllts, VII-2 niid 1-111-4 ,showed 30r; inhihitiuii 

and \.I14 slid \TI-lO. 00'; 
deviation for TPCV of all control groups was rto.X~ ml. 
a i  50-6O-mg/kg/day dose; 
inhibition at 90-130 mg/kg/day. 

1.1-1.5, VII-8, 1-11-1& and VII-16, 40-605 iiihibii i o i i  :it 80-90 mg/kg/d:iy; 
FIT = 5-fluoroiiracil. 

in 2.0 ml of 0.3 N SaOH, and 0.2 ml of the protein solu- 
tion was transferred to  R glass scintillation vial. To 
each vial 0.2 nil of Hyamine Hydroxide 10-X and 16 nil 
of POPOP-PPO Triton X-10019 scintillation fluid w ~ r e  
added for determination of radioactivity in a Pac1;ard 
liquid scintillation spectrometer, Model 3003. 

The effects of the pyrimidine analogs upon incorpora- 
i ion of ~-phenylalanine-l- '~C, glyci~ie-l- '~C, arid for- 
n1ate-14C into proteins of the carcinoma cells arc rc- 
corded in Tables I1 and Is'. Compounds VII-:3, 
VII-6, YII-16, T'II-17, and VII-20 completely inhibited 
the incorporation of ~-phenylalanine- l -~~C and glycine- 
l-I4C into proteins at concentrations of 0.S3-0.96 m.11. 
Compound T'II-3 (Figure 1) inhibited incorporation of 
~-phenylalariiiie-1-~*C into proteins by 30 and 90% :it ii 
concentration of 0.2 m.11 m d  0.57 ni.lL, respectivel) . 
This compound lost the inhibitory :ictivit:- at 0.09 
m .I I .  

0 ~ 

0.5 1 .o 
e .  I 

Concn of analog, mM. 

Figure 1 .-Eff'ects uf VII-3 on incorporation of L-phenylalanine- 
l-14C into proteins of Ehrlich ascites carcirionla cells in vitro (L- 
phenylalani~ie-I-'~C: O. 1 pmole,'ml, 0.2 pCi). 

The above analogs also completely inhibited the 
incorporation of formate-14C into proteins at  a con- 
centration of 1.54 mJL. Since YII-3, T'II-6, YII-16, 

(19) I n  1 1. of toluene 5 y of 2,5-diphenyloxacole (PPO) and  0.3 Y of 1,4 
i,is(4-methyl-,5-phenyloxazolyl)benzene (dimethyl-POPOP) were dissolved. 
'l'a-o liters of this POPOP-PPO solution and  1 1. of Triton 5-100 v c r e  
1nixrd. 

and T'II-17 werc more active than 1'11-1, 1'11-7, and 
1'11-14, 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 11), but it was the most active of 
the new conipomidb in inhibition of the folate reductases 

active than the accepted antifolk 
(Table s'). Compound VII-20 was the most :ictivcl 
inhibitor of protein synthesis among the 5-bromopJ.rini- 
idiiie-6-carbosaltieh~~cle'r. Each of the active coin- 
pounds of Table IT w a b  found to have greater inhihit or\ 
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activity against protein synthesis than 5-fluorouracil or 
the 5-fluoroorotic aldehydes previously r e p ~ r t e d . ~  

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 a ~ i d - 5 - ~ H  and formate-14C into R S A  and 
thymidine-2-14C and formate-14C into DXA of Ehrlich 
ascites carcinoma cells. These cells were incubated 
aerobically for 1 hr with the labeled substrate and the 
pyrimidine derivative in vitro in Krebs-Ringer phos- 
phate buffer at 37 f 1" by a procedure described pre- 
viously in detaiL5 

Incorporation of Orotic Acid-5-3H and Thymi- 
dine-214C into the Nucleic Acids.-Each incubation 
flask contained 5 ml of a 20% suspension of tumor cells 
in Krebs-Ringer phosphate buffer (pH 7.1-7.2), 1 ml 
of Krebs-Ringer phosphate buffer containing orotic 
a ~ i d - 5 - ~ H  (0.04 pniole/ml, 10 pCi), thymidine-2-14C 
(0.1 pmole/ml, 1 pCi), 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- 
vious1y.j The acid-insoluble residue then mas sus- 
pended in 5 ml of 0.5 N HC10, 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 nil of Hyamine Hydroxide 10-X, and 16 ml 
of the scintillation fluid were added for determining 
radioactivity. The radioactivities of 14C and 3H were 
determined according to Kabara, et aZ.,*O and the exact 
channel ratios of 14C and 3H were determined as pre- 
v i o ~ s l y . ~  The concentration of R S A  was determined 
by the orcinol reaction and corrected for the interference 
by DXA, and the amount of DNA was determined by 
the diphenylamine reaction.*l The specific activities 
were calculated as cpm (3H)/mg of RNA and cpm 
(l4C)/rng of DSA.  The effects of the pyrimidine 
analogs upon incorporation of orotic acid-WH into 
RNA and thymidine-2-14C into D S A  of the carcinoma 
cells are recorded in Table 111. 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 mJf) of ana- 
logs showed complete inhibition of incorporation of thy- 
midine-2-14C into DNA-thymine. Similar results have 
also been obtained in previous work with 5-fluoro- 
pyrimidine-6-carbo~aldehydes.~ Compounds VII-3, 
1711-6, VII-17, and VII-20 showed SO-90yG inhibition of 
incorporation of orotic a ~ i d - 5 - ~ H  into RKA at relatively 
high concentration (1.92 mJi )  of the analogs. 

b. Incorporation of Formate-l4C into the Nucleic 
Acids.-Each incubation flask contained 5 ml of a 40y0 
suspension of tumor cells in Krebs-Ringer phosphate 
buffer, 1 ml of glucose in K R P  (3 mg/ml), 1 ml of 
formate-14C in K R P  (0.31s pmole/ml, 8 pCi), 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 KOH at 37" for 16-18 hr. 
After purification, the radioactivities were counted for 
each nucleic acid by a procedure described p rev i~us ly .~  

a. 

(20) J. J. Kabara, N. R. Spafford, X f .  A .  Mekendry, and N. L. Freeman, 

(21)  W. C. Schneider, Methods  Enzymol., 3. 680 (1957). 
Advan. Tracer Methodol . ,  1, 76 (1963). 

TABLE I11 
EFFECTS O F  P Y R I M I D I N E  ANALOGS ON INCORPORATION OF 

THYMIDINE-2-"C A N D  OROTIC A c I D - ~ - ~ H  I N T O  NUCLEIC ACIDS 
OF EHRLICH ASCITES CARCINOMA C E L L S ~  

Av exptl values 
Concn of c ( %  of control)+- 

Compd analog, m M  DXA R N A  

None 0 1 OOb 1 o o c  

VII-1 0.83 70 . . .  
1.92 20 80 

VII-3 0.83 76 . . .  
1.92 0 . 5  13 

1'11-6 0 .83  68 . . .  
1.92 0 .7  16 

VII-7 1.92 130 54 
VII-17 0 .83  88 . . .  

1.92 0 . 2  10 
VII-19 0 .83  100 . . .  

1.92 12 189 
VII-20 0 .83  92 . . .  

1.92 1 21 
FOAd 0.83 87 . . .  

1.72 7 . . .  
FU' 0.57 . . .  90 

1 .60  330 . . .  
a Thymidine-2-1'C: 0.1 pmole/ml (1 pCi), orotic acid-5-3H: 

0.04 pmole/ml (10 pCi). 3.26 X lo5 cpm/mg. 1.43 X l o4  
cpm/mg. FOA = 5-fluoroorotic aldehyde; see ref 5. e FU = 
5-fluorouracil; data from ref 5. 

The effects of the pyrimidine analogs upon incorpora- 
tion of formate-14C into the nucleic acids of carcinoma 
cells are recorded in Table IV. 

TABLE IT 
EFFECTS OF PYRIMIDINE ANALOGS O N  INCORPORATION OF 

FORM.ITE-"C I N T O  YUCLEIC ACIDS AND PROTEINS OF EHRLICH 
.kSCITES CARCINOMA CELLSa 

Concn of 
analog, Av exptl values (70 of control) 

Compd rn .I4 RNA DXA Protein 

Sone  0 l O O b  l0OC l O O d  

VII-3 0.77 4 . 4  5 . 3  2.2 
1.54 0 . 4  0 .09  0 . 2  

1'11-6 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 .3  0.06 0 . 1  

VII-18 0 .77  90 77.6 71.5 
1.54 41 52 38 

1?1-19 0.77 53 .5  30.6 38 
1.54 8 7 13 

1'11-20 0.77 30 22.3 8 . 7  
1.54 2 1 2 

FOA' 1 . 7  14.8 4 38 
FUI 0.64 126 7 . . .  

a FormateJ4C: 0.318 pmole/ml (8 pCi). 1.57 X lo4 cpm/ 
mg of RNA. 2.26 X lo4 cpm/mg of DSA. 1.88 X 10' 
cpm/mg. FOA = 5-fluoroorotic aldehyde; see ref 5. FU = 
5-fluorouracil: data from ref 5. 

Compounds VII-3, VII-6, VII-16, and VII-17 showed 
almost complete inhibition of incorporation of formate 
into DYA and RNA at a concentration of 0.77 mM, and 
thus they are more than twice as active as 5-fluoroorotic 
aldehyde previously r e p ~ r t e d . ~  These compounds are 
practically identical in activity with FU in inhibiting 
formate incorporation into DKA, but they are more 



xctive tliaii I(U iri inhibiting formutc incorporation iilt ( I 

IISIZ. Compounds YII-lS, T711-19, :uid 1-11-20 ;IIY 

rolisicterably less active than conipouiid\ J'I 1-3, VII-Ii, 
1-11-16, :uid TTI-17 in irihibitiiig fornxitt. iiicorporiitioil 
u i t o  RNA, DNA, arid proteiiii. 

Inhibition of Folate Reductase. - The effects of lhc 
p~ rimidine derivatives upcili f o h t  (> reductases of 
Khrlich a sx tw  carciiiomii aiid Eschei ~c lc ia  coli \\ ( T C ~  

\tudied by dctcrmiriirig the iiihibitioii of reduction oi 
tolic acid or dihydrofolic acid to tetrnhj tlrofolic acid. 

a. Ehrlich Ascites Carcinoma Cells.--The Ehrlicli 
Libcites carcinoma cells were 15 uslied TI ith cold 0.:) 
S:iC1 :tiid bu5pendcd iii three voluniei of cold 0.01 
'I'ri\-HCl, pH 7 1. T h  cells \ \ere tlibrupted for 1 iiiiii 
111 some vibratioii (13raiisori Sonifier. 13r;irisoii 111- 
.t rumcii t \, In?. , Stamford, ('I 1 1111 ) . Tlic high-+pcvvl 
supcrii:iiaiit fraction (S?) :I. obtaiiied t i \  criitrifugiiig 
I Iic di\rupted cellq for 1 hi, :It 105,000y. Thv .upvr- 
ii:it:mt \ \as stored :It - 13' 

Assay of Folic Reductase Activity.- The reactioii 

c.omplete \>stem contained iii :I total of 0.5 nil. 20 
pmolc. of  3,3-dimetIij 1 gluturntc, pH 6.1, 2 pmole3 of 
AlgCI,, 2 pmoleb of citrate, 1ti mpmoles of SADI'H, 3 ( i  
mpniolei of folic acid. 25 p1 of I I l ISO or 25 p1 of drug 
+elution in IIlISO,  rid 0.1 nil of 93 fractiwi (1.8 mg of 
protein). df'tei* incubation :it ?io for 10 inin the 1111s- 
ture \):I\ deproteinizetl n itli 0.5 nil of 13"c trichloro- 
:icetic : ~ c i d , ~ ~  arid the super1iat:uit fluid  vas n.sayed f i ) r  

thc appearaiicv oi t1iazotiz:iblc pa 
mat ( l L 4  from t 1 I e ( 1  umit i t  :it ivc 11 vdrol 
f I )]:I t c. ?j 

b. E.  c o l i .  E.  toll 13, g r o n ~ i  111 phosphate-buffered 
iiicdium, \ \as p u r c h a d  from Grain Processing Corp., 
Uuscutine, Iow. The  cells ere n ashed tv ice I\ ith 
0.01 -11 potassium phosphate buffer, p H  7.0, coiitairiiiig 
I mJ1 EDTA, and 5u5pciided in 3 vol of buffer. 
(SH&30,  fraction (33-93%) I\ a t  obtained according 
to  the procedure of Burchall aiitl Hitchirigb26 arid dia- 
lyzed for 3 hr against 100 vol of 0.001 .I1 potasiuiii 
phoqphate buffer p H  i . 0  colitaiiiirig 1 n i l1  EDTA\. Tlic 
t1i:ilyzed fructiori w:is clilutccl tcii time? :ind stored at 
- 13". 

The 1~1- 

:iction mixture (0.5 nil) coiit:iinetl 20 piiioleb of po- 
tactiuni phosphate buffer, p H  7.0. 20 pinolei of 2-mer- 
cnptoethanol, 4ti iiipmoleq of S;ZI)I'H, 30 mpniole\ of  
dihydrofolic acid, 23 p1 of DMSO o r  25 p l  of drug 20- 
lution of DMSO, and 0.1 nil of the diluted 35-930/, 
ISH4),S04 fractioii (0. IS mg of protein). The mixture 
T W ~  incubated for 30 niin at  3". n ~ i d  the amount of the 
chzotizable :imine r e l e a d  from tetrahj 
nie:isurcd a 5  before. Dihj clrofolic acid 
:tccoidiiig t o  the niethocl of E'uttermaii,27 iiiodified by 
nlxl<lev 3h 

The data of Tnblci 1- clearlj dernuiistrate that the 
pyrrniicli~ic-ti-cal.bosaldch\ dc derivatives reported here 
art' eswii~ially inactive :ib folate reductase inhibitorh 
except a t  concentration3 1000-100,000 times greater 

Iillxture~ of Robert. :ind Hd1" \rer<' ad(Jpted. 

Assay of Dihydrofolate Reductase Activity. 

( 2 2 )  L) Nolierts and  r C' Hall Cnriccr Re\ , 25, 1894 (1965). 
( 2  I )  I\ C \T?rkli?iser 1- Zahrrenqki, a n d  c' 1 Uichol, .I Phni mu- 

1 2 4 )  \ T Hratton a n d  E I< I i a r ~ l i a l l  I B i d  Client 128, 537 I l D 3 ' 1 )  
( 2 5 )  It I,  Blakle>, Biociirm J 66, 331 ( l ' l j i )  
126) I 1 Burchall a n d  G 11 Hitcliings, l i d  /~h irrnrucol  1, 12ti ( I ' j b i )  
( 2 i )  b I'iitterman, J Biol C f e m  , 228, 1031 f l '2 i i )  
1281 K I. Hlaklel, \ U ~ I L I P ,  188, 231 (18601 

I.*.ptl Therap , 187, 162 ( lg62)  

th i i i i  iiihibitorj concentration< of the accepted aiitifol.: 
huch as aminopterin, pyrimethamine, and trimetho- 
prim. ,Zl.o, it can be concluded from a comparison of 
the data in Tables IV mid T- that the inhibition of in- 
corporation of formate into l)sLl and I I iC 'h  bj  c011i- 
pound5 171-3, TTI-6, IrII-16, and T'II-17 cannot Iw 
:Lttributed to iiihibitioii of the folate reductases. In 
thi, coiiiiectioii also it iould be pointed out t l u t  
\T1-1S is a stronger iiilii or of folate reductases t h : ~ i i  

T711-3 niid J-11-6, but the latter compounds are inor(' 
ttfcctive thmi YII-1s iii irihibitirig incorporation o f  
forniutc iiito U S A  and ItSA. 

Experimental Section29 
The tlesigiiation of a roman numeral followed by a11 aratiii, 

riiimeral indic.at,es a specific rompoiind number in t,he t able in- 
dicated by the roman numeral (See Tables VI-VIII). 

Ethyl 0-Benzyl-r,r-dimethoxyacet0acetate.--To 1 1 . 5  g (I)..-) 
g-atom) of Na in 250 ml of absolute EtOH, 95 g (0 .5  mule) ( I F  
ethyl 7 .r-diniethox?-:ic.etoacetate~ aiid 64 g (0.503 mole) of 
beiizyl chloride were added, and the brow11 solution was w- 
fitixed gently with magnet,ic stirring for 9 hr duriiig which t ime 
NaCl separated. The neiitral reaction mixture was filtered a i d  
the KaCI was washed with absolute EtOH. The combined filtralc. 
was dried (hlgSOcj :tiid the EtOII was spin evaporated in iiucm. 
Subseqiient fractionation gave a nearly colorless liquid which 
distilled a t  122-124' (0.3 rnm), yield 75 g (34y0), n Z o ~  1.494.5. 
Anal. (C,>H*OO5) c, €1. 

For the most part the 0-substituted 8-keto esters were preparetl 
.. . ~ ~ ~~ __. 

(29) .\nalyseb irere pariornieii by AI-11-TV Lalmratoriea, Garden ( ' i t >  

IIicli. 48136, and Bpanv Mi~~roanalyt ical  Laboratory, .bin Ar lwr ,  1Iii:Ii 
48106. \Vtiere analyses a re  indicated only by  symbols of the elelnrtiti 
analytical results ol,tained for those elements were within k0.A14 oi t l i c  
tiieoretical values. ?'lie melting points \yere determined witli I lie A f e l - ' l ~ ~ n i ~  
iilqaratiis and  have Ixen c o r r r c t d .  
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TABLE VI 
6-(DIhlETHOXYMETHYL)-5-SUBSTITUTED PYRIMIDINES 

No. 

1 
2 
3 
4 

6 
7 
8 
0 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

1 

R1 
SH 
S €I 
SI1 
SH 
SI1 
SH 
SI1 
SI€ 
SH 
SIT 
NIIz 
T u " 2  

"2 

OH 
OH 
C2HjS 
C2HjS 
CzHsS 
(HOCH2)zS 
CH3CONH 
"2 

OH 
C2HjS 
CH3S 

Rz 
OH 
OH 
OH 
OH 
OH 
OH 
OH 
0 I3 
OH 
OH 
OH 
OH 
OH 
OH 
013 
OH 
OH 
OH 
OH 
OH 
NHI 
OH 
OH 
OH 

RIP, OC 

161-162 
1GO-161 
195-197 
156-158 
141-143 
199-201 
227-228 
234-236 
137-1 39 

233-233 dec 

249-250 dec 

223-225 

239-241 

247-248 
233-235 

97-98 
123-124 
121-122 
70-75 

164-1 65 
261-2G3 
182-183 
121-122 
154- 155 

TABLE 1-11 
5-SURSTITUTEU PYRIMIDINE-6-CARI3OX.ALDEHYDES 

Yieid, 
NO. RI R? R3 7 c  Mp, oc Formula 

1 SH OH CH2c6Hs 95 180-181 Ci2HioN20zS 
2 SH OH CHzCeH4F-4 62.5 198-199 CizHgFNz02S 
3 SH OH CH2CsH4Cl-4 62 210-211 CuH&lN202S 
4 SH OH CH2CsH4Cl-2 55.8 202-203 CigHgClN202S 
5 SH OH CH2C6H4C1-3 42.5 205-210 CnHgClN202S 
6 SH OH CH2C6H4Br-4 61.8 217-219 ClzH9BrN2O2S 
7 SH 0 H CH2CsH4NO2-4 60 2 18-220 Ci2HgN304S. H20 
8 SH OH CH,CsH,CI2-2,6 57.5 215-217 C12H8C12N202S 
9 SH OH CH,CsH,(CH3)2-3,4 72 140-145 CiaHiS20zS 

CirjHnNz02S 10 SH OH CHt(ol)CiuII~ 76 199-205 
11 XH* OH cI12c6If5 41.2 >300 dec C12HllX302 
12 XH* OH CH,CsH&I-4 67 >300 dec CizHi0ClN302. H2O 
13 YH2 OH CHzC6H4NO2-4 92.5 >300 dec CnHioN4Oa. HzO 
14 "2 OH C H ~ C ~ H ~ N H Z - 4  86 >300 dec Ci2Hi2N402. H2O 
15 CIHsS OH CH~CGH,  47 151-154 CiiHi4N202S 
16 C2TI8 OH CH2CsHdCl-4 57.5 187-188 Ci4Hi3ClX202S 
17 C21I&S OH CH2CE"Br-4 4 6 . 5  193-194 C I ~ H I ~ B ~ N , O ~ S  
18fl S H ?  NH2 C~HF,CI-~ 89.5 >-300 dec CiiHBClNaO 
19 OH OH Br 63.5 208-270 dec C5H8BrN2O3 
20 C2HsS 011 Br 60 183-185 C7H7BrX20S 
21 CH3S OH Br 61 231-232 dec C6H5Brh'20S 

a This compound was reported by B. R. Baker and J. H. Jordaan, J .  Helerocyclic Chem., 4, 31 (1967). 
22 OH OH CHzCeH4CI-4 80 236-237 CeH9ClN20a 

Analyses 

c, HJ N, 
c, H, N 
C, H, N, S, C1 
c, H 
c, H 
C, H, N, S, Br 
C, H, N, S 
c, H 

c, H 

c, HI N 
C, H, N 
c, H 

c, H 
c, H 

c, H 

c, H 
c, H 

cJ 

c J  

cJ H, 

c J  

cJ 

cJ 

c J  

in an analogous manner. Because of extensive decomposition and 17.6 g (0.232 mole) of thiourea were added, and the mixture 
during fractionation, the crude esters were used for the next step. was refluxed with stirring for 9 hr. The solution was evaporated 
2-Mercapto-6-(dimethoxymethyl)-5-benzyl-4-pyrimidol (VI-1 ). to  dryness and the gummy residue was dissolved in HzO (600 

-To 5.34 g (0.232 g-atom) of S a  in 150 ml of absolute EtOH, ml). The aqueous solution was extracted with two 200-ml 
65 g (0.232 mole) of ethyl a-beiiLyl-y,y-dimethoxyacetoacetate portions of ether and acidified with 10% aqueous HCl. The 
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prodrict precipitated gradiially i r i  i i i i  ic,e hath, was collected iiii :I 
filter, washed (F2t20),  and theii i~ecrystallized (EtOTf); yield, 
20 g ( 3 0 c ' i )  of white stals, mp 161--162'. Table V I  lists the  
c,onipouiids prepared a similar procediire. 

2-Mercapto-4-hydroxy-5-benzylpyrimidine-6-carboxaldehyde 
(VII-l).--A mistiire of 5 g (0.01i mole) of VI-1, 30 ml of lor; 
ITzS04, and .io ml of dioxane was refluxed for 30 min. The cooled 
yellow soliition was diluted with EtOET-H20 (1  : 3 )  t o  turbidity. 
After heing t~ioled at 0' for several hours, the precipitate was fil- 
tered, washed (cold IT2()), aiid dried. The product was recrys- 
tallized from EtOFI-H2O 12: 1) aiid dried at 100': yield, 1 g 

Table 1-11 lists the coni- 
priiiiids prepared bj- an aiialogoiis procedure. However, \.I14 :1ri11 
1.11-8 needed 6-8 hr  for hydrolysis, anti 1.1 1-1.5, 1.11-16, niid 
VII-I 7 were hydrolyzed for a .i-min period hecarise longer reac.tiii:r 
time liberated mercaptan. 

2-Amino-6-( dimethoxymethyl)-5-( 4-chlorobenzyl)-4-pyrimidol 
(VI-l2).---A mixtiire of 6 i  g (ahoiit 0.213 mole) of (arilde ethyl 
n-(4-c:hlorot)erizyl)-i ,.,-diniethosyacetoacetate aiid a soliitioli iii 
piaiiitiine [from 20.4 g 10.213 mole) of guanidine hydrochloride 
:ind 4.0 g 10.213 g-atiJni I i i f  Na i i i  %.io ml of EtOI-I] was refliixed 
geiitly with stirring for 6 hr. The solution was evaporated t o  
clryiiess anti 500 ml of I € , O  d t i ed .  The inistiire was acidified 
tvith TIOAc. After c.ociling at 0" Tor several honrs, the giimmy 
preripitate was filiered arid washed with cold EtOTl aiid ether. 
T h e  procliict was re stallized f i m i  EtOH: yield, 30 g ( 4 5 . . j r i  J 
of  white crystnls, in1 '!1-241 ' tiec. Table VI lists t lie rompoiiiids 
prepared by a similar pri~cediirr:. 

2-Amino-4-hydroxy-5-( 4-chlorobenzyl)pyrimidine-6-carboxal- 
dehyde (VII-12) w:w preyired hy siiitable modification of the 
known prorediirel6 f ivni  11-12, A inistiire of 5.27 g ( l i  mmoles) 
of VI-12, 50 nil of tliii  e, anti 30 nil of 2 AY TIC1 was refliised for 
1 tir. The biiliition w pin evaporated 1'71 raciio leaving the II(l1 
-nl t  of VII-12. The residue was tritrirated with 2.5 in1 of colt1 
1 1 2 0 ,  t hen dissolved in warm 2-met hoxyethanol. The sollit i o i i  

viva. tltwilorized with chari~cial, )wed into 100 ml of a a t i i -  
rated : iqiieoiis NaIIC03. The I l o ~  powder n-as cd1ei.t et1 
on  it filter and washed ( € I 2 ( ) ) .  allizaticin with Et~OH-IT4) 
( I : I ) and drying at 100" gave (5) of yellow crystals, nip 
>:300" dec. Table VI1  lists the compciiirids prepared hy :I 
s iniilar procediire. 

2-Ethylthio-6-(dimethoxymethyl)-5-benzyl-4-pyrimid01 (VI- 
16).--T(i a cooled soliition of 2.93 g (10 mmoles) of VI-1 iii 

NaOII [0.4:3 g (10.7 ninioles) of NaOII in 1.5 ml of 1 1 2 0 1  anti :30 
ml of EtOfI, 0.8 nil (1.16 g, 1 o . i  mmoles) of EtBr \vas adtieti 
mid heated gently at 60-i0° for 1 hv. After rooling at 0' for 2 
hr, thc precipitate was filtered arid imshed with cold HzO. The 
filtrate was evaporated t o  small voliinie t o  yield ad 
i i ( ' t .  The prodtict w:i* re(-ryntnllizeti from EtOT 
(94' ) of tvhite i+ry5tals, mp 07-9S". T:tble VI 
~ ) i ) i i i i d s  prepared by a similar procediire. 

2,4-Dihydroxy-6-( dimethoxymethyl)-5-( 4-chlorobenzy1)pyrim- 
idine (VI-l5).-Tii H .*olrition of .'ti g (10 mmoles) of X r 1 4  iii 
6.ti rri l  of 4 .Y NaOlT, 4 ml i i f  30 H202 (:35 mmoles) in 4 rril cif 

I I , O  ~ v i i a  added caiitiorisly with itirring at room temperatrire. 
L\'lieti all I he H202 was added, the  reaction mist ure was heated 
on :i steam hath for :Z min t i) remove the excess H&?. The cooletl 
v i l t i t  ion wa3 acidified caaiitiorisl>- with conceutrated €IC1 : i l id  

c~ii i letl  at 0' foi, 2 hr, restilting in white ( 

wtis filtered iuid washed (cold lIzO). 
EtO&H20 ( 1  : 1 ) ;  yield, 2.64 g (100';) of product, nip 

tals, mp 180-1S1°. 

It was rei 

2,4-Dihydroxy-5-bromopyrimidine-6-carboxaldehyde (VU-19 ). 

---To :i so l r i t io i i  i i f  l ( i  g (hfi mmoles) of \~I -%2 i i i  200 nil of I l 0 . A ~ ~  
6.7 nil ( 2 0 . S  g, 0.13 mole) of Br? in 15 nil of I10.41: was i~dtled 
tli,opwi-e with stirriiig at the room temperatrire. After adding 
131,1, the iiiistiii,e wa> heated at 40' for 5 min. The white prodiict 
that s1:irted l o  precipitate was stirred fIJr 1 hr at room tempera- 
tiire. After rooling ai 0' for 1 hr, the precipitate was filiered :tn(l 
\vva-hed with i d d  I12t). 
EtOH: yield. 12 g (68.5,C;) of white 
Table VI1 lists the cwrnpoiinds prepar 

CY-(Dimethoxyacety1)-p-chlorophenylacetonitrile was prep:ireiI 
liy kriowii procediireI2 from p-chlorophenylacetoiiitrile and methyl 
tiimethosyacetate: >-ield, 5.i..jc~'y i i f  white crystals, mp 100-101 '. 

2,4-Diamino-6-( dimethoxymethyl)-5-( 4-chloropheny1)pyrimi- 
dine (VI-21).---To a aoliitiim of 6.4 g ( 2 5  mmoles) of a-(diniethoxy- 
:~1~eiy1)-p-1~hl~ii~oplienyl~iceti~iiitril~ iii l::t?O (.io nil), CI-I,S, 
[from .i g of nitlosi,iiiethyliiren in ether (100 nil) and 40:; KO11 

dtied. Sn gab W:LS evolved at oilre. After standing 
iiveliiight the ether and esrehs CII,S, evaporated. The residiie 
wzir dissolveti in 25 ml o f  Et011 and a soliition of grianidine [ f ro in  
2 . 3  g (2.7 niniiiles) of giianidine hydrochloride and 0.57.5 g 
(2.5 g-atoms) of S a  in :30 ml of EtOH] was added. The soliitioii 
w-aq refliised wit t i  itirring for :3 hr. The EtOII was rernoved hy i i  

flash evapiraiiir. The residue was theii dissolved in 30 1111 of 
IIO:tc, dwolilrized with cliar(~oa1, aiid neutralized with 4 .\- 

i i i  :I preripitate, which was filtered : ~ ~ i d  wastietl 

The product was rei 

..I ntri.  1c12rrlzxo8ci) c, TI. 

2-Acetamido-6-dimethoxymethyl-5-( 4-aminobenzyl)-4-pyrim- 
idol f\'1-20).-.-~.A stirred stispen-ion of .i g (13.8 mmolei) of 

niitir i - G - tiiniethox>-nlet hyl-.i-(4-1iitri~l~enzyl)-4-p~-~iniidcil 
( f i ~ c i r i i  :icetylation of VI-13 by 11.2-5 g of loc; Pd-C, :1nd 

nil  of J IeOII  w:ih hydrcigeiiated at 20-2,5O by iising a Pan 
rat:ilytir hydiugenation :~p iyx t i i s .  The theoretical amoiint  of 
I f ,  \\-vas :11)si)i~lied :tfter 30 min. The stispension was filtered, :md 

,id- The rehidue W R -  rei 

-6-(dimethoxymethyl)-5-( 4-chloro- 
benzyl)-4-pyrimidol (VI.19) \vas prepared by a known proce- 
t i i i i@ f i . c i i i i  1.1-12 by refliixirig with : j i c ;  formalin: yield 28"; o f  
whitr i~ys ta l s ,  nip 70-7.io. 

4 4  2,4-Dihydroxy-5-bromo-6-pyrimidylmethylidene)-2-phenyl- 
5-oxazolone (VIII-4).---iS. mixtiire of 2,1!1 g (10 mmoles) of VII-10, 
1,!)2 g i 1 O . T  niniolr,s) o f  tiippiii,ic* iicid, arid 0.8 g of NnOAc iri 
10 nil of .kcrO w:ia heated with .timing at 90-95" for 2 hr. After 

of 80 nil of 1 1 1 0  wit1 The mist,ure was cooled a t  0' for 
2 h r ,  The azlac~ti~iie \vas filtered and washed with cold I3tOII. 

neiitralizing with 1 0  

by :t simihr procediire. 

CY)IJlillg tlJ ?o", 1ht '  e 0 was decomposed by the addition 
, 

The prodt1iat  IT:^? I' zed from .jf>$ S a O H  followed by 
yield, 2.4 g (66.35)  of yellow 

Tahle VI11 lists the conipoiinds prepared 2" dec. 

Discussion 
Difficult:- i i i  the I-iydrolysis of t'he acet,ul group of' 

. i - t)ciiz~l~~-riniidiries w w  due t o  insolubility of  the :ice- 

r:{O) I \ .  Alirira. -\I. Ikeria, 'T. Oihaalu,  Y, Igarashi, and I .  Okada. ( 'kern .  
Pharm. Bull. (Tokyo!. 13, 5211 (1965). 
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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 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 
Brz a t  30-40". 

The results of the screening tests us. the Ehrlich 
ascites carcinoma (Table I) indicate that several of the 
5-benzyl-(VII-3 and YII-6) and 5-bromopyrimidine-6- 
carboxaldehydes (1711-19) inhibit this carcinoma to ap- 
proximately the same extent as the most effective of the 
5-fluoropyrimidine-6-carboxaldehydes previously re- 
ported,31 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 11-IV). 

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 RSA.  I n  a previous study5 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. 

purine nucleotides, and this results in inhibition of in- 
corporation of formate into RS-4. i t  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 S1o-formyltetrahydrofolate synthetase as sites of 
inhibition. Similarly, these enzymatic sites cannot 
account for the inhibition of incorporation of formate 
into DYA-thymine by these &substituted pyrimidine- 
6-carboxaldehydes. 

Flaks and Cohen3* have reported that the inhibition 
of DNA synthesis by FU is attributable to the in vivo 
conversion of FU to fluorodeoxyuridylic acid (FdUlIP)  
which is a strong inhibitor of thymidylate synthetase. 
I t  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 
R S A  and thymidine into DNA (Table 111), these 
effects seem less important from a quantitative stand- 
point than the inhibition of formate incorporation into 
RXA and DSA.  The inhibition of protein synthesis 
(Table 11) may be attributable principally to the 
inhibition of R S A  synthesis. 

The fact that the 5-substituted pyrimidine-6-car- 
boxaldehydes inhibit RNA and protein synthesis as 
well as DX-4 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 RS.4 and protein synthesis may make 
them of interest as possible immunosuppresants. 
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(32) J. G. Flaks and S. S. Cohen, J. Bzol Chem.,  234, 2891 (1959) 


