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The i«-fluorosulfonylbenzoyl derivative (1) of the title compound was previously shown to be an active-site-
directed irreversible inhibitor of the dihydrofolic reductase from the L1210/FR8, L1210 DF8, and L1210/0 
strains of mouse leukemia at a concentration of 10~7 M; good specificity was seen since 1 at 10~6 .1/ failed to 
inactivate the enzyme from mouse liver. Since 1 showed good specificity, but probably required too high a con
centration to be useful in vivo, 1.3 analogs were synthesized where the benzoyl moiety was varied to determine if 
more potent compounds with a similar .specificity could be found. Some of the variants showed more potency 
such as the p-fluorosulfonylbenzoyl (2) and the 4-chloi'0-3-fluorosulfonylbenzoyl (4) derivatives, but specificity 
was lost, since the dihydrofolic reductase from mouse liver could also be inactivated by 2 or 4. 

As a result of a search for active-site-directed irre
versible inhibitors3 of dihydrofolic reductase derived 
from 6-substituted 2,4-diamino-5-arylpyrimidines,4~6 

the sulfonyl fluoride 1 emerged; 1 could irreversibly in
hibit the enzyme from L1210/FR8 mouse leukemia, but 
not mouse liver. This compound (1) was also shown to 

SO:F 

1 

be an irreversible inhibitor of dihydrofolic reductase 
from the L1210/DF8 and L1210/0 strains.7 Al
though 1 showed good tissue specificity, it did not meet 
the desired criteria arbitrarily set for animal evaluation, 
namely, (1) the compound should have a reversible 
I.-,o =s; GJTYJ of <0.1 fiM, (2) the compound should give 
greater than 70% inactivation of the enzyme at a 
A'; ^ I.-,oA> concentration, and (3) at 2I i 0 the com
pound should show less than 20% inactivation of the 
enzyme from liver.8 Compound 1 failed to meet the 
first criterion by a factor of about 4 (Table I ) . Al
though it was not anticipated to be too difficult to 
t ighten reversible binding by a factor of 4-10 by a va
riety of suitable simple structural modifications, such 
minor structural changes might be detrimental to the 

(1) Th i s work was generously s u p p o r t e d by G r a n t CA-08695 from the 
Na t iona l Cancer I n s t i t u t e , U. S. Publ ic Hea l th Service. 

(2) Fo r t he previous paper of this series see B. R. Bake r and X. M . ,1. 
Vermeulen , ./. Met/. Chem., 12, 82 (1969). 

(3) B. H. Baker , " D e s i g n of Act ive-S i te -Di rec ted I r revers ib le E n z y m e 
Inh ib i to r s . T h e Organic C h e m i s t r y of tiie E n z y m i c Act ive -S i te , " J o h n 
Wiley and Sons, Inc . , N'ew York, X. Y., 1967. 

(4) (a) B. I t . Baker and J. II. . lordaau, J. Heterocyd. Chem., 4, 31 (1967!, 
pape r L X X X I I I of this series; (b) B, R. Bake r a n d ,1. I I . J o r d a a n , ./. Phann. 
tici., 56, 660 (1967), pape r L X X X V I I I of th is series. 

(5) (a) B. R . Baker , P . C. H u a n g , a n d A. L. P o s o l o t t i , J r . , J. Med. Chem., 
10, 1134 (1967), paper C V I I I of th is series: lb) B. R. Baker , P . C. Huamr, 
ami R. B. Meyer , J r . , il,i,l.. 1 1 , 47f> (19118). paper C X V I of this series. 
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series. 

:~) B . R. Baker , G. J . I .ourens, |{, B. Meyer , J r . , and N. M. J. Vermeulen, 
'J,id., 12, 67 (1969), paper C X X X I I I of th is series. 

(8) Fo r u more deta i led discussion of these cr i ter ia , see rei 7. 

second or third criteria or both.7,9,10 Some six ap
proaches were investigated, one1 of which is described in 
this paper and one in the paper tha t follows. In this 
paper is described the effect on isozyme specificity of 
modification of the m-fluorosulfonylbenzoyl moiety of 1. 

Enzyme Results.—When the sulfonyl fluoride moiety 
of 1 was shifted to the para position to give 2, the IM 

was improved five- to tenfold, thus meeting the first 
criterion. Unfortunately, 2 was now not only less 
effective than 1 on the L1210 enzyme, but also quite 
effective on the liver enzyme. Insertion of a methyl 
group (3) ortho to the SOL>F moiety of 1 gave little change 
in I,-,,,, but specificity was lost. A similar irreversible1 

inhibition pat tern was observed by insertion of an o-C\ 
group (4) although the I,-,o was improved four- to eight
fold. Insertion of an o-i-Pr group (5) did not change 
the I.-,o compared to the parent. 1, but the irreversible 
inhibition pat tern was dramatically changed. The en
zymes from L1210 '0 and L1210/DFS were still inac
tivated, but in contrast to 1, 5 could also inactivate the 
liver enzyme. 

Similar results were seen by insertion of a methyl (6) 
or chlorine (7) on 1 where little change in I.-,0 occurred, 
but the selectivity seen with 1 was destroyed; that is, 
the liver enzyme could now lie inactivated by 6 or 7. 

When the carboxamido bridge of 1 was replaced by 
sulfonamido (8), reversible inhibition was enhanced 
fourfold; however, 8 was a considerably less effective 
irreversible inhibitor than 1 at an equal amount of 
enzyme inhibitor reversible complex. With the sul
fonamido bridge bearing a /;-S02F moiety (9), the I.,,, 
was changed little compared to 1; unfortunately, speci
ficity was lost since 9 could now inactivate the liver 
enzyme. 

Chain lengthening of the carboxamido bridge of 1 and 
2 to ureido (10 and 11) gave little change in reversible 
inhibition; however, specificity with 10 and 11 was lost 
since the liver enzyme could also be inactivated. No 
additional specificity was seen when a methyl or chloro 
group was inserted (12-14) on the benzoyl moiety of 10 
or 11. 

Studies on 2.4-di:iniino-">-(:•>.4-diehloroplieny I Jpy-

.51) B. I{. Baker and ( i . J. I . ou rens . . / . .!/<•,/. Chrm., 10, 1 1 13 i 19(17!, paper 
t 'Y of this series. 

i 10) B. R. Huker and G. J. i .ourens, ihi,L, 11 , 666 ( 1968), paper CXX.V11 
of this series. 
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TABLE I 

INHIBITION" OP DIHYDROFOLIC REDUCTASE BY 

COC6H4S02F-m 

COCetLSCXF-p 

COC6H3-3-S02F-4-CH3 

COC6H3-3-S02F-4-Cl 

COC6H3-3-S02F-4-CH (CH3 )2 

COC6H3-2-CH3-5-S02F 

COC6H3-2-Cl-5-S02F 

SOjCeH^OaF-wi 

S02C6H,S02F-p 

C O N H C H ^ O s F - w 

CONHC6H,S02F-p 

CONHC6H3-3-S02F-4-CH3 

CONHC6H3-2-Cl-5-SO,F 

NH. CI 

2^T^CH20<Q)cH2NHR 

Enzyme 
source 

L1210/FR8" 

L1210/0' 

L1210/DF8'" 

Liver» 

L1210/FR8 

L1210/0 

L1210/DF8 

Liver 
L1210/FR8 
L1210/0 

L1210/DF8 

Liver 
L1210/FR8 
L1210/0 

L1210/DF8 

Liver 
L1210/DF8 
L1210/0 
Liver 
L1210/DF8 
L1210/0 
Liver 
L1210/DF8 
L1210/0 
Liver 
L1210/DF8 
L1210/0 
L1210/DF8 
L1210/0 
Liver 
L1210/DF8 
L1210/0 
Liver 
L1210/FR8 

L1210/0 
L1210/DF8 
Liver 
L1210/DF8 
L1210/0 
Liver 
L1210/DFS 
L1210/0 
Liver 

I5o,d 

tiM 

0.70 

0.24 

0.37 

0.29 

0.062 

0.055 

0.035 

0.018 
0.35 
0.16 

0.093 
0.060 

0.047 

0.030 
0.14 

0.32 

0.096 

0.060 

0.15 

0.15 

0.17 

0.20 

0.10 

0.43 

—Reversibleb-

Ki,e ixM 

0.1 

0.04 

0.06 

0.05 

0.01 

0.009 

0.006 

0.003 
0.06 
0.03 

0.02 
0.01 

0.008 

0.005 
0.02 

0.05 

0.02 

0.01 

0.03 

0.03 

0.03 

0.03 

0.02 

0.07 

Inhib, 
nM 

0.70 
0.12 
1.1 
0.24 
0.04 
1.4 
0.70 
0.12 
3.5 
0.7 
0.32 
0.062 
0.12 
0.055 
0.12 
0.060 
0.12 
0.35 
0.70 
0.16 
0.16 
0.030 
0.35 
0.093 
0.18 
0.060 
0.18 
0.047 
0.010 
0.060 
0.28 
0.28 
0.28 
0.32 
0.64 
0.64 
0.19 
0.19 
0.10 
0.12 
0.12 
0.30 
0.30 
0.30 
0.30 
0.30 
0.30 
0.17 
0.03 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.43 
0.86 
0.86 

.——— 
% 

E I / 

87 
50 
97 
87 
50 
96 
88 
66 
99 
95 
97 
87 
93 
87 
95 
91 
98 
87 
97 
87 

87 
95 
87 
97 
87 
59 
89 
89 

87 

89 

89 

89 

89 

87 
50 
87 

87 

Irreversible'' 
Time, 

min 

2,60 
8,60 

60 
60 
60 
60 
60 
60 

2,60 
60 
60 

4,60 
60 

2,60 
60 
60 
60 

4,60 
60 

2,60 
60 
60 
60 

2,60 
60 

2, 60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 

23, 60 
60 

2, 16, 60 
60 
60 
60 
60 
60 
60 
60 
60 

% 
inactvn 

50, 97* 
50, 90* 

88'' 
83' 
23' 

100 
88 
75 

12, 12* 
0* 

>95 
67, 67* 

82 
57, 57* 

96 
65 
56 

70, 70* 
77 

55, 55* 
95' 

0' 
87' 

90, 100'' 
87 

64, 64* 
100 
71 
20 
63 ; 

85' 
85' 
70' 
84 
90' 
80' 
90 
S3' 
58-
51' 
52' 
85' 
85' 
73' 

100 
94 
88' 

50, 79'' 
0* 

54, 70, 76* 
85 
73' 
81 ' 
95' 
74' 

100 
76 
93' 
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T A K L K 1 {Continual) 

— -Koversiblc''-
h, I n l i 

It 
C:()XIIC6H3-3-CH3-4-S02F 0 43 11.07 0 43 

0 Sli 

(I.St) 

V.l' 

- d n e v e r s i b 
T i m e , 

till 
(ill 

Knzyme 
source 

L12U) DFS 
LI 210,0 
Liver 

le technical assistance of Sharon Lafier, Diane Shea, and Carolyn Wade with ihese assays is acknowledged. '' 
pM dihydrofolate and 30 n.W T P X H in pH 7.4 Tris buffer containing 0.1.") M KCl as previously described.7 " Incnbat 
7.4 Tris buffer in the presence of 60 /jiU TPXH as previously described.7 d !.>,, = concentration for 50 r ; inhibition. '' 
A; = A'm[I.-,c] -'[S] which is valid since [S] = 6Am = 6 nM dihydrofolate: see ret' 3, p 202. •' Calculated from [Ell = IK 
where [EI] is (he amount of the total enzyme (E t) reversibly complexed; see ref 3, Chapter s 
plot.9 "' Zero point determined by adding inhibitor to cuvette." ' Data from ref 7. 

" Data from ref ti. 

Miaclvn 

71 
SO 

( ) < ) • 

Assayed with (i 
ed at 37° in pH 
Estimated from 
.1/(1 + A', HI) 
'mm time study 

TAHLK 11 

PHYSICAL PUOPKUTIKS nr 

NH, C1 

NH 
N XH 2 0("Q)CH 2 NHR 

N'o. It 
COCelLSD.F-p 
COC6H3-4-A[e-3-SU2F 
COC6H3-4-Cl-3-S02F 
COC6H3-4-Ip-3-S02F 
C()C6H3-2-.Me-5-S(),F 
COC6H3-2-Cl-:>-S(),F 
S02C6H4S02F-w. 
S()2C6H4S02F-jj 
CONHC6H4S02F-m 
COXHC6H4S02F-p 
COXHC6H3-4-Me-3-S()2F 
COXHC6H3-2-Cl-.VS02F 
COX H C6H3-3-.Me-4-S02F 

M e t h o d " 

A 
A 
A 
A 
A 
A 
A 
A 
B 
B 
W 
B 
B 

'.'•;. 
yield 

16'' 
2ov 

23'' 
20'' 
42 rf 

23 ' ' 
11' ' 
IS'' 

4S'' 

12'' 

32'' 

40' ' 

o 1 •' 

M p , °C 
dec" 

170 
I.V! 
l.->4 
162 
l.")3 
14S 
lot) 

IS1 
IS.") 

1 »S 

106 
1 So 

200 

s 
!) 

10 

l i 

12 

13 

14 
" M e t h o d A was t h e s a m e as m e t h o d C prev ious ly descr ibed 

2 equiv of E t 3 X was a d d e d to neu t ra l ize t h e 2 E t S 0 3 H sal t of 15. 
enesulfouate. '' Recrystallized from MeOEtOH-H2(). ' Hecrystallized from MeOEtOH. 
prepared by W. F. Wood in this laboratory, unpublished. « Melting gradually occurred over 
indicated. '• All compounds were analyzed for C, H, F . 

Method B was the same a: 
6 Recrystallized from EtOH 

Form ula ' 

C25H2UC12FX.-,04S• C,H7S03II -0..>112(J< 
C26H22C12FX.-,04S • 0. :)H,S<- >4 
CV.H.oClsFXoO.S-ILSO, 
C;,sH.26Cl..FXsO4S-0.r)H..S()4 

C26H22Cl2FX i04S • 0. 5H2S04 

Call , 9C13FXS04S • 0. oH2S04 • 11,() 
C24H20Cl2FN5O5S, • 0. 5H2S( )4 

C24H2»C12FX305S2 • 0. oIl2S04 

C2iH2iCl2FX604S • 0. .")H2S()4 

C ^ H , , C 1 2 F N 6 O 4 S - 0 . . J H 2 . S ( ) 4 

C26H23CT2FX604S • 0. ,")H2S04 

C2i)H2»Cl3FX604S • 0. 5H2S04 

C?26H23C12FX6()4S • 0. .")H2S04 • 0. .II l2() 
; method E previously described,12 except 
-petroleum ether (bp 60-110°). ' p-Tolu-
•' Intermediate p-nitrophenyl carbamate 
a wide range starting at, the temperature 

rimidines bridged to a sulfonyl fluoride at the (5 position, 
in order to find compounds showing at low concentra
tion a specific inactivation of L1210 dihydrofolic re
ductase, are continuing. One of the approaches is de
scribed in paper CXXXV1II." 

Experimental Section 

The candidate irreversible inhibitors in Table 1 were synthe
sized from the key intermediate 15; the preparation of dihydro-

chloride of 15 was previously described,6 but it has now been found 
that reduction of the cyano precursor6 proceeded more smoothly 
in the presence of EtS0 3H. Reaction of 15 with the appro
priate benzoyl chloride or sulfonyl chloride in DMF with Et3X as 
an acid acceptor gave 2-9. The irreversible inhibitors with a 
urea bridge (10-14) were synthesized from 15 by reaction of the 
appropriately substituted ()-(p-nitrophenyi)-N-phenyluv-ethiiii12 

in D.MF in the presence of 2 ecjiiiv of Et3X". 
All analytical samples had ir and uv spectra in agreement with 

their assigned structures. Each moved as a single spot on tic on 
Brinkmann silica gel OF and gave combustion values for C, II, 
and F within 0A'/, of theoretical. Melting points were taken 
in capillary tubes on a .Mel-Temp block and are uncorrected. 
The physical properties for 2-14 are listed in Table 11. 

CH !0( 'QV'H 2NH : -2EtS() 1H 

15 

111) B . H. Baker and N. M . .1. Vermculcn. ,/. 
( ltietl), paper C X X X V I I I of th is .series. 

(12) B. R. Baker and N . M . .1. Vermculen, ilihl.. 
( " X X X I V of this series. 

Mai. CI, 

12 

Ml 12 

1 i I'.IU'.I), paper 


