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lated to l a  with varying bridges to the S02F moiety were 
synthesized and e ~ a l u a t e d . ~ * ~ - ' ~  A number were found 
to have Ijo = 6 K ,  < 0.1 pi11 in the desired range; for 
example, l b  and 1c1I had 1 6 0  = 0.086 and 0.025 11-11! 
respectivelj-. 

1Iost of the.e compounds have now been measured for 
their ability to kill L1210 cells in culture;I4 as a first 
approxiniatioii these data can be related to the ability 
of the compounds to penetrate the L1210 cell wa11.2b,13 
The concentrations for 50% cell kill (ED,,) by la-c 
were 4> O..i, and 0.9 p M ,  respectively. As a second 
approximation, differences in I,, between compounds 
can be normalized by comparing ED&o ratios;'j 
l a -c  had EDjo/Ijo ratios of 5, 6, and 36, respectively. 
Thehe ratio.: are poor when compared to the pyrimeth- 
amine analog Id with R = Ale that is used as a stan- 
dard;2"1 Id had 1 5 0  = 0.01 pJ1, ED,, = 2 X 10-j 11-11 
and ED,,, I,,) = 0.002.15 

Since la-c and related irreversible inhibitors showed 
such poor transport compared to Id, studies mere 
initiated to determine which parts of these large 6 
substituent. were detrimental to transport. The 
reiult5 are the subject of this paper. 

Placement of a phenoxy group on the 6-methyl of 
Id gave 2 which was fivefold less effective as a re- 
verhible inhibitor of dihydrofolic reductase, but 4 X 
lo5 time\ le.. effective than Id in cell culture (Table I) ;  
when the normalized EDSO/IjO ratios were compared, 2 
was 100.000-fold less effective than the standard, Id. 
Compariion of the parent 2 and the irreversible inhibitor 
l a  derived from it showed that l a  was only 20-fold 
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more effective than 2; thus the poor transport of l a  
is readily accounted for by the phenoxy substitution on 
the 6-methyl group of Id. Similarly, the relatively 
poor inhibition of L1210 cell culture by IC is readily 
accounted for by the comparison of IC with 3 and Id; 
the loss is due to the 15,000-fold loss between IC and 3. 

TABLE I 
INHIBITION OF L1210 DIHYDROFOLIC 

REDUCTASE AXD L1210 CELL CULTCRE BY 

hamb EDSO,' 
s o .  R s.vr E D ~ / I ~  

l a  p-CH20C6H4CH~NHCOCc- 

1 b 4-CH20-2-MeCeH3CH2NH- 
H,SOzF-m 0.82d 4 5 

CONHC~H~SOZF-p 0.086e 0 . 5  6 

C ~ H J S O ~ F - ? ~  0.02.Y 0 . 9  36 
ldg CH, 0.010 2 x 10-j 0.002 
2 CHzOCeH; 0.047 8 200 
3 (CH2)zCsHs 0.032 1 30 
4 (CHZ)~CSHS 0.030 0 .4  10 
.i (CH2)rCcH; 0.020 0.003 0.2 
6 (CHz)GoHi-a 0.080 0.03 0 . 6  
7 (CHz)zCloH;-P 0 .22  0 . 6  3 
8 p-(CHz)zC,H4(CH~)zC6Hj 0.1.5 0 . 3  2 
9 CH~OC~OHTCY 0.028 0 .7  30 

10 CHzOCioHi-6 0.060 7 100 
11 CH=CHCcH; 0.027 7 300 
12 CH=CHCHzCoHj 0.020 0 . 7  40 
13 (CH=CH)zCsH; 0.091 0 . 9  10 
14 CH=CHCioH;-a 0.039 9 200 
1.5 CH=CHCloH;-p 0 .12  0 . 9  8 
n The technical assistance of Diane Shea with these assays is 

acknowledged. Iso = concentration for 50% inhibition of 
mouse liver dihydrofolic reductase when assayed with 6 p M  di- 
hydrofolate and 0.1,3 M KC1 in pH 7.4 Tris buffer as previously 
described;; little difference is seen in reversible inhibition of the 
enzyme from L1210 'DF8 and mouse liver. Concentration for 
,?Orc kill of L1210 cell ciilture. Data from ref 5 on L1210 
enzyme. f Data from ref 
11 on  L1210 enzyme. g Data from ref 13. 

IC  ~ - ( C H ~ ) Z C ~ H ~ C H Z N H C O -  

Data from ref 12 on L1210 enzyme. 

Studies were then made to see what large groups could 
be placed on the 6-methyl group of Id that would give 
good transport characteristics, but would also allow 
building an irreversible inhibitor. As the phenyl group 
was increased in distance from two CH, (3) to three 
CH, (4) or four CH, ( 5 ) ,  the EDjo/Ijo became more 
effective in a ratio of 30, 10, 0.2, respectively; that is, 
the 6-phenylbutylpyrimidine ( 5 )  was 300-fold more 
effective against L1210 cell culture than the 6-phen- 
ethylpyrimidine (3). 

Conversion of the 6-phenethyl group of 3 to a 6- 
(a-naphthylethy1)pyrimidine (6) increased transport 
effectiveness by a factor of 50-fold over 3; the corre- 
sponding B-(P-naphthylethyl)pyrimidine (7) was only 
twofold more effective than 3 in cell culture and tenfold 
more effective when normalized by comparison of 
EDjo/Ijo. Similar trends were seen when the phenoxy- 
methyl moiety of 2 was converted to oc-naphthyloxy- 
methyl (9) or P-naphthyloxymethyl (10). 

Placement of a phenylethyl group on the para posi- 



tion of the 6-phenethyl group of 3 gave 8;  the latter was 
only threefold better in inhibiting L1210 cell culture 
than the parent 3 and 15-fold better when EDSo/Ijo 
ratios were compared. 

The vinyl intermediateh in the synthesis of 3-7 were 
11-15, respectively. In each case, the vinyl inter- 
mediate was less effectively transported than the corre- 
sponding reduction product, the biggest difference being 

800-fold betn een 6 aiid 14 arid the mallest difference 
being between 7 and 15 ; thus, decreasing the conforma- 
tioiial flexibilitJ- of the (i d e  chain led to poorer 
transport characteristich. 

I n  order to  determiiic the effect on transport of 
conversion to an irreversible inhibitor, three of the 
compounds (2, 3, 8) in Table I were selected mainly on 
the basis of erne of iyntheii.; results w e  listed in Table 
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11. The fluorosulfonylphenoxymethyl derivative (16) 
was a rather poor irreversible inhibitor of the dihydro- 
folic reductase from Ll2lO mouse leukemia; 16 was 
fourfold more effective than the parent 2 when their 
ED&o ratios were compared. In  contrast, the fluoro- 
sulfonylphenethyl derivative (17) was an excellent 
irreversible inhibitor of 1,1210 dihydrofolic reductase 
with good specificity; that is, 17 showed no inactivation 
of the mouse liver enzyme. Even though 17 was an 
excellent irreversible inhibitor it was essentially no more 
effective than its parent 3 against L1210 cell culture. 
These results with 16 and 17 support the previous 
experience with the SOzF moiety;2b that is, the S02F 
moiety decreases rate of transport but increases the 
effect on the target inside the cell when it  is part of an 
active-site-directed irreversible inhibitor.4 

When 8 was converted to the S02F derivative, the 
resultant 19 was an excellent irreversible inhibitor of 
L1210 dihydrofolic reductase; however, transport was 
greatly decreased by a factor of >25.  Therefore the 
terminal fluorosulfonylphenethyl group of 19 was moved 
to  the nzeta position to give 22. The latter was also an 
excellent irreversible inhibitor of L1210 dihydrofolic 

33 

reductase with good specificity; however, transport of 
both 19 and 22 were still poor. When the SOzF group 
of 19 was moved to the meta position, the resultant 21 
was an excellent irreversible inhibitor and cell wall 
transport was about 20-fold more effective; in fact 21 
was the most effective compound against L1210 cell 
culture in Table 11. 

It seems unlikely that other members of this series 
of 6-substituted pyrimidines would give more effective 
S02F derivatives against 1,1210 cell culture. Therefore 
the more potent 5 and 6 were not converted to their 
S02F derivatives since they would be much more 
laborious to synthesize than compounds previously 
shown to be highly effective against L1210 in cell 
culture.2b 

Chemistry.-The compounds in Tables I and I1 were 
synthesized by appropriate modification of routes 
previously u ~ e d . ~ ' ~  Condensation of 2416 with the 
appropriate phenol gave inhibitors which can be 
generalized by structure 25 (Scheme I). Wittig re- 
action of 269 with the appropriate aldehyde and 1,s- 
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