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isomers was recrystallized from EtOH to give yellow crystals, 
mp 216-218°. Anal. (Ci4H,„FN04S) C, H, N. 

1 -(p-Fluorosulfonylphenoxy)-2-( p-nitrophenoxy)ethane (53). 
•—To a stirred solution of 10 g of 5125 (39 mmoles) in 60 ml of 
CIICI3 cooled in ice bath was added dropwise 40 ml of CISO3II 
over a period of 30 min. After being stirred an additional 30 
min in the ice bath, the solution was poured into a stirred mixture 
of o00 g of crushed ice and 140 ml of CIICI3. The separated 
organic layer was washed twice with cold II20, then dried with 
MgS04, and evaporated in vacuo. The residual crude 52 was 
stirred with 4.0 g of K F and 25 ml of I )MF at 100° for 45 min. 
The cooled mixture was diluted with 200 ml of cold H.O. The 
product, was collected on a filter, washed with II20, then re-
crystallized from EtOH with the aid of charcoal. A second 
recrystallization from EtOH gave 3.S g (29<7f) of white crystals, 
mp 117-118°, that moved as a single spot on the tic (in OJit>). 
Anal. (CnH 1 2 FN0 6 S)C, II, N. 

p-Aminophenoxyacetylsulfanilyl Fluoride (27).—A mixture of 
0.88 g (2.5 mmoles) of 25, 100 ml of MeOEtOH, and 5 ml of 
Raney Ni was shaken with IT2 at 2-3 aim for 45 min when re­
duction was complete. The mixture was filtered through a 

Celite pad, then the filtrate was evaporated in mriio. He-
crystallization of the residue from EtOH gave 0.27 g (33%) of 
nearlv white crvMals, mp H)l-163° dec. Anal. i('uH|3l'X...( )|S) 
C, II,'X. 

N-(p-Aminobenzylj-X'-(p-rluorosulfonylphenyl)urea (35) was 
prepared from 32 in EtOII as described for 27. Recrystalliza­
tion from absolute EtOII gave 0.81 g ('50'7) of nearly white 
crystals, mp 10L-193'. .1 rial. (CuHnFX303S) C, II, X. 

4-Amino-4'-fluorosulfonyldiphenylethane (49) was prepared 
from 43 as described for 35.' Recrystallization from EtOII-II ,() 
gave 340 mg (<Ar,), mp l()i)-l l l° . Anal. (('„][,,FNO,.Si 
C, II, X. 

N-'p-(4,6-Diamino-l,2-dihydro-2,2-dimethyl-«-triazin-l-yI,l-
cinnamoyljsulfanilyl Fluoride Ethanesulfonate (6). -A mixture 
of 400 mg (1.25 mmoles) of 24, 140 mg (1.25 mmoles) of EtSOsH, 
110 mg (1.3 mmoles) of cyanoguanidine, and 20 ml of reagent 
Me 2 00 was refltixed with stirring for 20 hr, then cooled. The 
product was collected on a filter, washed with .Me^OO, and re-
crystallized from f-PrOH-IIaO; yield 420 mg (01 ' , ) , mp 220 
222° dec. See Table II for additional data and other compounds 
prepared by this method. 
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Substitution on the propionamido group of the title compound (1) by /3-niethyl (4), a-methyl (6), or N-methyl 
(12) gave little change in reversible binding to the dihydrofolic reductase from Walker 256 rat tumor or L1210/ 
FR8 mouse leukemia, but irreversible inhibition was lost; this loss with 4 was attributed to the change in the 
staggered ground-state conformation of the ethane moiety to a skew conformation. Substitution of a /3-phenyl 
(5) or a-phenethyl (7) led to a large loss in reversible binding due to a steric interaction within the enzyme-inhibi­
tor complex which also could shift the position of the sulfonyl fluoride to account for the loss of irreversible 
inhibition. Substitution of an a-phenyl group (8) still allows the ethane moiety to have a staggered ground-
state conformation and gives little change in reversible binding; thus 8 could still inactivate the Walker 256 
enzyme and, less effectively, the L1210/FR8 enzyme. In contrast to 1, 8 was a more effective irreversible in­
hibitor of the rat liver enzyme than the Walker 256 enzyme. Replacement of the a-phenyl group of 8 by 0- (9), 
in- (10), or jj-tolyl (11) gave little change in reversible binding to the Walker 256 enzyme, but irreversible inhibi­
tion by the p-tolyl derivative (11) was lost. The 0- (9) and m-tolyl (10) derivatives inactivated the Walker 256 
enzyme somewhat more effectively than the rat liver enzyme, a crossover from the a-phenyl derivative (8). 

The discovery that 1-phenyl-s-triazines bridged to a 
terminal sulfonyl fluoride such as 1 are active-site-
directed irreversible inhibitors4 of dihydrofolic re­
ductase5 has led to an intensive study on modification 
of 1 to give species- and tissue-specific irreversible in­
hibitors of this enzyme; 1 at a concentration of 0.05-
0.1 /nil/ was an extremely rapidly acting irreversible 
inhibitor of dihydrofolic reductase from Walker 256 rat 
tumor, rat liver, L1210/FRS mouse leukemia, mouse 
liver, and pigeon liver.2'5 When the propionamide 
chain was moved to the meta position as in 3, the latter 
could still rapidly inactivate pigeon liver dihydrofolic 

N B 

NH-
f J~<0)(CH2)2CONH<S) 

M e 2 S02F 

1, para 
2, meta 

XR, 

N H ' U M H 
Me2 ( C H 2 ) 2 C 0 N H < O ) S 0 2 F 
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(2) For the previous paper of this series see B. R. Baker and G. J. Lourens, 
./. Med. Chem., 11, 666 (1968). 

(3) G. J. L. wishes to thank the Council for Scientific and Industrial Re­
search, Republic of South Africa, for a tuition fellowship. 

(4) B. R. Baker, "Design of Active-Site-Directed Irreversible Enzyme 
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reductase, but not the dihydrofolic reductases from the 
other sources,5 the first example of a species-specific 
irreversible inhibitor of dihydrofolic reductase among 
vertebrate sources.6 When the sulfonyl fluoride group 

CO) The selective irreversible inhibition of K. coli B dihydrofolic re­
ductase with no inactivation of the pigeon liver enzyme was observed 
earlier; see B. II. Baker and J. tl. Jordaan, ,/. Pharm. Set., 56, 660 (1967), 
paper LXXXVIII of this series. 
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TABLE I 

INHIBITION" OF DIHYDROFOLIC REDUCTASE BY 

NH2 

NH. 
Me, 

No. 

lh 

4 

5 

6 

7 

8 

9 

10 

11 

12 

The 

R 
(CH2)2CONH 

CHCH2CONH 
| 

CH3 
CH2CHCONH 

C^Ht, 
CH2CHCONH 

| 
CH3 

CH2CHCONH 

(CH^CeHj 
CH2CHCONH 

1 C6H5 

CH2CHCONH 
I 

C6H4CH3-0 

CH2CHCONH 

1 C 6 H 4 CH 3 -TO 

CH2CHCONH 
I 

CeHiCHs-p 
(CH2)2CON 

1 
CH3 

Enzyme 
source 

W256 

Rat liver 

L1210/FR8 
Mouse liver 

W256 

L1210/FR8 
W256 
L1210/FR8 

W256 

L1210/FR8 
W256 
L1210/FR8 

W256 

Ra t liver 

L1210/FR8 

W256 

Rat liver 
L1210/FR8 
W256 

Rat liver 
L1210/FR8 
W256 
L1210/FR8 

W256 
L1210/FR8 

technical assistance of Jean Reeder, Diane 

< Revere 
Iso,e 

VLM 

0.020 

0.0060 

0.080 

0.051 

0.081 
1.8 
13 

0.028 

0.050 
0.63 
1.9 

0.074 

0.18 

0.20 

0.058 

0.35 
0.067 

0.21 
0.058 
0.63 

0.0091 
0.041 

Shea, and Shar 

;iblec 

K-J 
!lM 

0.003 

0.001 

0.01 

0.01 

0.01 
0.3 
2 

0.005 

0.01 
0.1 
0 .3 

0.01 

0.03 

0.03 

0.01 

0.06 
0.01 

0.04 
0.01 
0.1 

0.002 
0.01 

on Lafler is 

Inhib 
concn, 

„M 
0.050 
0.020 
0.050 
0.020 
0.070 
0.070 
0.40 
0.25 
0.050 
0.081 
9.0 
25 

0.15 
0.074 
0.25 
3.1 
9.5 

0.37 
0.074 
0.80 
0.074 
1.2 
0.16 
0.29 
0.058 
0.058 
1.7 
0.34 
0.067 
0.067 
1.1 
0.29 
3.1 

0.046 
0.21 
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% 
EI" 

95 
87 
98 

84 

97 
87 
87 
97 
92 

97 
93 
97 
97 
97 

97 
87 
98 
84 
96 
86 
97 
87 

97 
97 
87 

97 
97 
97 

97 
97 

4 W256 

'reversible** 

Time, 
min 

< i , 10 
1,3 

<2 ,60 
8 

<2 , 10 
2,60 
2,60 

13,60 
8,60 
2,60 

60 
60 

2,60 
60 
60 
60 
60 

< 2 
4, 9, 60 
1, 3, 60 
2, 8, 30 

<2, 60 
60 

<2 
25, 60 

4,60 
60 
60 

4,60 
2,60 

60 
60 
60 

60 
60 

= Walker 256 

% 
inactivn 

00, 90-' 
50, 90* 
70, 70' 
50'' 
84, 84*' 
38, 38* 
59, 59' 
50, 80' 
26, 43 ' 
55, 55* 

0 
0 

32, 32' 
0* 
0 
0 
0 

80 
50,71,71* 
50, 93, 93*' 
50, 88, 94*' 
65, 65*' 
27 
80 
50, 66*' 
40, 40'' 
43 

100 
61,61 ' 
44, 44*' 
43 

0 
13 

0 
0 

rat tumor. c A As­
sayed with 6 nM dihydrofolate and 30 nM TPNH in pH 7.4 Tris buffer as previously described.6 ''Incubated at 37° in pH 7.4 Tris 
buffer in the presence of 60 fiM TPNH as previously described.6 e I5o = concentration for 50% inhibition, i Estimated from K\ = 
Km[I]so/[S] which is valid since [S] = 6Km = 6 y.M dihydrofolate; see ref 4, p 202. « Calculated from [EI] = [Et]/(1 4- if,/[I]) where 
[EI] is the amount of total enzyme (Et) reversibly complexed.9 * Data from ref 2 and 5. ' From time study plot; see ref 5. 

of 1 was moved to the meta position (2) a separation of 
irreversible inhibition of two mammalian enzymes was 
achieved; 2 could still inactivate the dihydrofolic 
reductase from Walker 256 tumor and liver from the 
rat, but not L1210/FR8 mouse leukemia.2'7 A further 
study on modification of the propionamide bridge of 1 
showed that these structural changes were surprisingly 
much too severe to maintain irreversible inhibition; 
the irreversible inhibition was sensitive to the allowable 
ground-state conformations of the bridge.2 Therefore 
a more subtle series of modifications was made to study 
their effects on tissue specificity; the effects of sub­
stitution on the propionamide bridge are the subject of 
this paper and the effects of ring substitution in the paper 
that follows.8 

Enzyme Results.—The effects of substitution on the 
propionamide bridge of 1 are listed in Table I. In 
order to interpret these data the following points should 
be considered. 

(7) B. R. Baker and G. J. Lourens, J. Med. Ckem., 11, 38 (1968), paper 
CXII of the series and paper II of the subseries. 

(8) B. R. Baker and G. J. Lourens, ibid., 11, 677 (1968), paper CXXIX 
of this series. 

(1) The rate of irreversible inhibition by an active-
site-directed irreversible inhibitor is dependent upon 
the concentration of reversible enzyme-inhibitor (EI) 
complex which in turn is dependent upon [I] and the 
dissociation constant, K^ 

(2) A sulfonyl fluoride group juxtaposed to an 
enzymic nucleophile such as a serine hydroxyl can in­
teract in two different ways. A covalent sulfonate 
ester can form between the enzyme and inhibitor lead­
ing to enzyme inactivation or the enzyme can catalyze 
hydrolysis of the sulfonyl fluoride to the irreversibly 
inert sulfonic acid ;10 either or both reactions can occur,10 

but if only enzyme-catalyzed hydrolysis occurs, it is 
not detectable by the methodology5 used in Table I. 

(3) In order to detect whether or not any inactivation 
of dihydrofolic reductase occurs, each compound is 
screened on a tumor enzyme at a concentration of 
5I50 which is sufficient to reversibly complex 97% of the 

(9) For the kinetics of irreversible inhibition see (a) ref 4, Chapter VIII; 
(b) B. R. Baker, W. W. Lee, and E. Tong, J. Theor. Biol., 3, 459 (1962). 

(10) (a) B. R. Baker and J. A. Hurlbut, J. Med. Chem., 11, 233 (1968), 
paper CXIII of this series; (b) B. R. Baker and E. Eriekson, ibid.. 11, 245 
(1968), paper CXV of this series. 
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enzyme. If greater than 70% inactivation is seen, 
then the inhibitor is subjected to a time study of the 
inactivation rate at a concentration of I50; in cases 
where 5I5o shows less than 70% inactivation, an I5U 

concentration will show less than 40% inactivation due 
to complete destruction of the sulfonvl fluoride by 
enzyme-catalyzed hydrolysis. The I50 concentration 
varies little from one mammalian source of enzyme to 
another; if greater than an I50 concentration is needed 
for inactivation, little benefit in selectivity by the ir­
reversible inhibition will be gained due to the pro­
nounced reversible inhibition of the enzyme in all 
tissues. 

(4) For an irreversible inhibitor to be worthy of 
chemotherapy studies on tumor inhibition in intact 
animals the following minimum arbitrary standards 
have; been set: (a) the inhibitor should show >S0% ; 

irreversible inhibition of the tumor enzyme when as­
sayed at a concentration of &K-, = I60 for dihydrofolic 
reductase, and (b) the inhibitor should show less than 
20% irreversible inhibition of the liver enzyme at the 
same concentration used in a. I t would be even more 
preferable if the inhibitor could effectively operate ir­
reversibly on the tumor enzyme at a Kx concentration 
= Iao/6, but give less than 20% inactivation of the liver 
enzyme a t %K\ = I30; an irreversible inhibitor meeting 
these latter s tandards has been found in the 2,4-di-
amino-5-phenoxypropylpyrimidine series. ' ' 

It is clear tha t the prototype irreversible inhibitor 1 
does not meet the criteria for animal evaluation on 
Walker 256 even though Walker 256 enzyme is in­
activated eight times more rapidly than the liver 
enzyme and the total extent of inactivation a t 2.5Ioo is 
9 0 % with the tumor enzyme and 70% with liver en­
zyme. The prototype irreversible inhibitor (1) nearly 
meets the criteria for animal evaluation on L1210/FR8; 
an Iso concentration of 1 gives S4% inactivation of the 
L1210/FR8 enzyme in < 2 min, but no further inactiva­
tion indicates tha t the sulfonvl fluoride has been hydro-
lyzed by the enzyme in < 2 min; the same concentration 
of 1 shows 3 8 % inactivation of the mouse liver enzyme 
before the simultaneous enzyme-catalyzed hydrolysis 
of the sulfonvl fluoride is complete. 

Insertion of the /3-methyl group (4) on the propion­
amide bridge of 1 led to little change in reversible 
binding but with both tumor enzymes led to a detri­
mental effect on the ratio of the rate of inactivation to 
the rate of enzyme-catalyzed hydrolysis at an I5n 
concentration; 4 gave only 4 3 % inactivation of the 
Walker 256 enzyme before it. was destroyed; at 0I511 
it showed a total inactivation of 80% with a half-life 
of 13 min, considerably slower than the 5I5u of 1 with a 
half-life of < 1 min. At 5I5o, 4 was even less effective 
011 the L1210/FR8 enzyme, only 5 5 % inactivation 
having occurred before the sulfonvl fluoride was 
hydrolyzed by the enzyme. 

When a phenyl group (5) was inserted on the IS 
position of the propionamide bridge of 1, a large loss in 
reversible binding occurred with both tumor enzymes; 
since either a p-benzyl group1211 or the carboxamido-
phenyl moiety2 of 1 gives added binding to the enzyme, 

i l l ! I). R. Baker a n d H. ]i. Meyer . Jr . . ./. Mfl. Chum., 11, 181) iHitiSi 
paper ( ' X I X of this series, 

(12) (a) B. R. Baker a n d B.-T. Ho, ./. Ifetcroct/rl. C'lwm., 2, 335 ilSitt.'ji; 
(10 B. H. Baker, B. -T. Ho, and ( ) . .1. Lourens, ./. 1'harm. Sci„ 56, 7:17 (1067) . 
pape r L X X X V 1 of ihis series. 

it is clear that when both groups are present, one is not 
well tolerated within the enzyme-inhibitor complex. 
Furthermore even with sufficient inhibitor to reversiblv 
complex over 90% of the enzyme, neither tumor en­
zyme was inactivated showing that the S04-' group of 
1 in the enzyme--inhibitor complex was positioned dif­
ferently in the complex with 5. 

Substitution of an ^-methyl group (6) on the propion­
amide bridge of 1 led to no change in reversible binding; 
however, the effect on inactivation was dramatic. At 
•Hsu, 6 showed no irreversible inhibition of the L1210 
FR8 enzyme. With the Walker 256 enzyme, 6 at 5I,-)t( 

showed a rapid inactivation of 32%, of the enzyme, but 
no further inactivation; when 6 was reduced to 2.61m, 
no perceptible inactivation was seen apparently due to 
the rapid enzyme-catalyzed hydrolysis of the sulfonvl 
fluoride. When the a substituent was increased to 
phcnethyl (7), not only was reversible binding less 
effective, but inactivation at 5I5u was lost with both 
tumor enzymes. Thus, the enzymes poorly tolerate 
both the phenylbutyl group and the carboxamide group 
even though each alone can lead to enhanced bind­
ing;-'121' furthermore, the position of the SO-..F group 
of 1 is shifted within in the enzyme-inhibitor complex 
when the a-phenethyl group (7) is introduced, since no 
inactivation is seen. 

When an a-phenyl group (8) was introduced on the 
propionamide bridge of 1, reversible binding was de­
creased about threefold. The inactivation <>f the 
L1210 FR<S enzyme still proceeded rapidly at a 5I,„, 
concentration of 8, but the relative rate of enzyme-
catalyzed hydrolysis of the S0 2 F was increased; at an 
I50 concentration only a total of 27%: inactivation was 
observed, in contrast to 1 where 8 4 % inactivation was 
seen. At an I5(, concentration, 8 still showed 71%. in­
activation of the Walker 256 enzyme with a half-life of 
4 min, somewhat slower than observed with the parent 
1. Since 8 showed >70%: inactivation of the Walker 
256 enzyme at an lM concentration, its effect on the rat 
liver enzyme was investigated; in contrast to 1, 8 was 
found to be more effective on the rat liver enzyme than 
on the Walker 256 enzyme, thus not being of chetno-
therapeutic utility. 

The pronounced effects of the a- and /3-methyl groups 
(4, 6) on irreversible inhibition can be readily at t r ibuted 
to the change in ground-state conformation; 1 has a 
staggered ethane group, but 4 and 6 would have a 
skewed ethyl group. This skew would change con­
siderably the positioning of the benzenesulfonyl fluoride 
moiety in the enzyme-inhibitor complex. In contrast, 
an a- or ,3-phenyl group should still allow the ethane 
group to be staggered. Therefore the loss in irreversible! 
inhibition caused by the /3-phenyl group of 5 is most 
probably caused by a steric effect on proper positioning 
of the sulfonvl fluoride, as shown by the large loss in 
reversible binding in 5 compared to 1. In contrast 
the a-phenyl group of 8 gives only a threefold loss in 
binding, indicating no unfavorable steric interaction 
within the enzyme-inhibitor complex; since the 
ethane moiety is still staggered, irreversible inhibition 
by 8 could still be expected to occur. The loss in ir­
reversible inhibition caused by the a-phenethyl group 
7 can be at t r ibuted to both effects; reversible binding is 
considerably decreased due to a steric interaction and 
the ethane moiety of the propionamide bridge would 
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also have the unfavorable skew in the ground state. 
In order to establish whether or not a separation of 

activity against the Walker 256 enzyme compared to 
the rat liver enzyme could be achieved, the phenyl 
group of 8 was substituted by a methyl group at the 
ortho (9), meta (10), or para (11) positions. The Iso 
was essentially unchanged, but the effect on irreversible 
inhibition was more dramatic. Both the o- (9) and 
m-methyl (10) derivatives were more effective on the 
tumor enzyme than on the ra t liver enzyme, but not 
sufficiently different to be useful; the effect of sub-
st i tuents larger than methyl on tissue specificity would 
be worthy of study. Surprisingly, the p-methyl 
derivative (11) leads to a loss of irreversible inhibition 
at loo X 5, again showing the sensitivity of slight struc­
tural change on irreversible inhibition. 

The final substitution study was introduction of an 
X-methyl (12) on 1. According to Pedersen and 
Pedersen,13 an X-methylacetanilide derivative (14) has 
a significantly different ground-state conformation than 
a derivative of acetanilide (13); thus X-methylation 
(12) of the parent 1 could be expected to have a pro­
nounced effect on either reversible or irreversible in­
hibition or both. Actually X-methylation (12) in­
creased the efficiency of reversible binding about two­
fold, but completely negated irreversible inhibition of 
both tumor enzymes. 

SCHEME I 

0 
RCrL—C »-© SO,F 

SO,F 

13 14 

I t is apparent from this study on bridge substitution 
and the preceding study on bridge types2 t ha t the 
positioning of the sulfonyl fluoride to a nucleophilic 
group on the enzyme surface in an enzyme-inhibitor 
complex is greatly affected by relatively small changes 
in ground-state conformation to the extent tha t ir­
reversible inhibition can be completely lost in some 
cases. A less dramatic effect with possibly more utility 
for tissue specificity would be substitution on one of the 
benzene rings where ground-state effects are less pro­
nounced, but steric differences between isozymes may 
still be achieved; such a s tudy resulting in essentially 
unchanged irreversible inhibition of the L1210/FR8 
mouse leukemia enzyme, but with pronounced di­
minished effect on the mouse liver enzyme is described 
in the paper tha t follows.8 

Chemistry.—The dihydro-s-triazines (4-12) in Table 
I were synthesized by the three-component method of 
Modest1 4 by condensation of an appropriate arylamine 
such as 18 or 26 with cyanoguanidine and acetone in the 
presence of ethanesulfonic acid. These arylamines 
(18, 26) were prepared in turn from the appropriately 
substi tuted p-nitrocinnamic acids (17, 21, 25, 33) 
followed by catalytic reduction with a Raney Xi 
catalyst, as previously described for the parent un-
substi tuted p-nitrocinnamic acid (19, R = H).3 

(13) B. F. Pedersen and B. Pedersen, Tetrahedron Letters, 2995 (1965). 
(14) E. J. Modest, J. Org. Chem., 21, 1 (1936). 

N 0 2 ( Q 7 C H O + CH2COOH —* N o / 0 / C H = C C O O H 

15 
16 17 

N 0 2 \ O 7 C H = C C 0 N H \ O / s ° 2 F 

NH2<^)CH2CHCONH{Q)SO2F 

19 

18 

(EtO)2POCH2COOEt CeHtCi;;cH;Br' N02<g>CH=CCOOR' 

(CH^QHs 

21,R' = H 
22,R' = Et 

N ° 2 \ O 7 C = 0 ^ — " No/QyC-CHCOOR' 

23 

R 
24, R' = Et 
25,R' = H 

1 
N ° 2 < O ) c = C H C 0 N H < ( Q ) S 0 ^ 

N H 2 < ^ ) c H C H 2 C 0 N H < T j ) S 0 2 F 

27 

26 

a,R = Me d, R = C6H4CH3-o 
b, R = C6H5(CH2)2 e, R = C6H4CH3-m 
c,R = C6H5 f,R = C6H4CH3-p 

CH3 CH3 

A C N ( 0 ) R —*• RN/Q)SO2F 

28,R = H 31,R = H 
29, R = S02C1 32, R = p-N02C6H4CH=CHCO 
30,R = SO2F 33,R = p-NH2C6H4(CH2)2CO 

Two routes (Scheme I) for the a-substituted p-
nitrocinnamic acids were employed. Where the ap­
propriate a-substituted acetic acids (16) such as pro­
pionic acid or phenylacetic acids were available, Perkin 
condensation15 with p-nitrobenzaldehyde (15) was em­
ployed to give 17. The remaining a-phenethylcin-
namic acid (21) was prepared by alkylation of the phos-
phonate (20) with phenethyl bromide and X a H in 
D M F , followed by Wittig reaction with p-nitrobenz-
aldehyde (15) ;16 the intermediate ester was not purified 
but was hydrolyzed to the desired 21 in 19% over-all 
yield. 

The last candidate irreversible inhibitor (12) in Table 
I was synthesized from X-methylacetanilide (28) by 

(15) C. F. Koelsoh and P. R. Johnson, J. Am. Chem. Soc., 65, 565 (1943). 
(16) This type of reaction sequence has been described by W. S. Wads-

worth and W. D. Emmons, ibid., 83, 1733 (1961). 
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chlorosulfonution to 29 followed by 1*'~ displacenienl17 

to 30, thou acid hydrolysis to 31; condensation with 
/)-nitrociima,moy] chloride to 32, then catalytic hydro-
genation, afforded the desired arylanrine (33). 

Experimental Section18 

/)-Xitro-«-(p-tolyI)cinnamic Acid (17f).—A mixture of 11.4 g 
(75 mmoles) of 15, 8.4 g of anhydrous XaOAe, 36 ml of Ac20, and 
10.5 g (70 mmoles) of p-tolylacetic acid was refluxed with stirring 
for 19 hr, then cooled and poured into 150 ml of H20. The solu­
tion was decanted from the gummy solid and the latter was 
triturated with three 200-ml portions of H20. The residue was 
dissolved in 100 ml of 7% of XaOH, then the solution was filtered 
through a Celite pad and acidified with 40 ml of HOAc. The 
product was collected on a filter, washed with H20, and re-
crystallized from EtOH with the aid of charcoal; yield 4.50 g 
(.23%) of yellow needles, mp 217-219° dec, which moved as a 
single spot on tic with JMeOH. Anal. (CiBH13N04) C, H, X. 

Similarly, 17e was prepared in 35% yield of analytically pure 
material, mp 205-206°. Anal. (CWIiaXOO C, H, N. Also 17d 
was prepared in 24% vield, mp 188-190°. Anal. (C16Hi3N04) C, 

ir, x. 
Known compounds prepared by this method were 17a in 56% 

yield, mp 206-209° (lit.1 ' mp 205-207), 17c in 34% vield, mp 
210-214° (lit.20 mp 208-210). 

/j-Xitro-a-phenethylcinnamic Acid (21).—To a stirred mixture 
of 2.20 g of Xal l (60%) in mineral oil, 55 mmoles) and 10 ml of 
1)MF protected from moisture and cooled in an ice bath was 
added 12.3 g (55 mmoles) of 20 over a period of 10 min. After 
being stirred at ambient temperature for 30 min, 11.1 g (60 
mmoles) of phenethyl bromide was added. The mixture was 
stirred ill) min at ambient temperature and 1 hr at 75-80°, then 
cooled in an ice bath. After the addition of 2.20 g of Xal l (60%, 
in mineral oil, 55 mmoles), the mixture was stirred at ambient, 
temperature for 20 min. The mixture was cooled in an ice 
bath, then a solution of 7.55 g (50 mmoles) of 15 in 35 ml of D M F 
was added over about 6 min. The mixture was stirred at am­
bient temperature for 2.2 hr, then diluted with 150 ml of H 20. 
The mixture was extracted with 150 ml, then 50 ml, of C6H6. 
The combined extracts were washed with H 20, dried with AlgSO,i, 
and evaporated in vacuo. Tic of the remaining oil (20 g) with 
1 :1 Cells-petroleum ether (bp 60-110°) showed a major spot of 
22 and a minor spot of ethyl p-iiitrocinnamate. 

To the oily 22 was added a solution of 5.6 g of KOH in 100 ml 
of 75%, EtOH. After being refluxed with stirring for 90 min, 
the mixture was poured into 400 ml of 3 A" H O . The brown 
solid was collected on a filter, washed with H20, and dissolved 
in a mixture of 25 ml of EtOH and 25 ml of 20% KOH. The 
solution was clarified with charcoal, then acidified with HOAc. 
The solid was collected on a filter and washed with H 2 0. Three 
recryst alii zat ions from absolute EtOH gave 3.0 g( 19%) of analyt­
ically pure, yellow crystals, mp 197-200°. Anal. (CnHiaXOO'C. 
H, X. 

Ethyl p-Nitro-/3-phenylcinnamate (24c).—To a stirred sus­
pension of 4.21 g of Nai l (60% in mineral oil, 105 mmoles) and 
200 ml of 1,2-dimethoxyethane protected from moisture and 
cooled in an ice bath was added 24.7 g (110 mmoles) of 20 over a 
period of 10 min. After being stirred at ambient temperature 
for 15 min, the mixture was treated dropwise with a solution of 
22.7 g of 23c in 200 ml of 1,2-dimethoxyethane over 10 min. 
The mixture was stirred 2 hr more, carefully treated dropwise 
willi 100 ml of H20, then poured into a stirred mixture of 1.2 1. 
of H,() and 100 ml of petroleum ether (bp 60-110°). After being 
stirred 1 hr, the mixture was filtered and the product was washed 
successively with H 2 0 and petroleum ether. Recrystallization 

TABLE 11 

PHYSICAL PitopEitriKS uv 

N 0 2 O ^ C H + C H C O N - H % ^ S 0 2 F 

R, R. 

(17) A. II. det 'at and H. K. van Poueke, ./. Org. Cltem., 28, 3420 (1(103). 
(IS) All analytical samples gave combustion values within 0.4% of theo­

retical; each had uv and ir spectra compatible with their assigned struc­
tures. Kach intermediate to the dihydro-s-triazines moved as a single spot 
on tic on Brinkmann silica gel GF when detected under uv light. Melting 
points were determined in capillary tubes on a Mel-Temp block and are un­
corrected. 

(1!)) I'. L'Ecuyerand C. A. Oliver. Can. ,/. lien., 28B, 648 (11)50). 
(20) '1". K. Lewis, M. O. Pratt, K. D. Homiiler, B. F. Tullar, and IS. 

Archer, ./. Am. C'hem. Hoc, 71, 3749 (1949). 

yield Mp, C(J 

53 215-216 
63 183-184 
66 193-194 

Formula'' 

C16Hi8FNA,S 
C23H,9FN206S 
C„II,6FX206S 

No." lii Hz 

19a a-Clh H 
19b «-C6IT5(OH2)2 11 
19c a-CeHs H 
19d «-C,lI,Cf[,-o II 46" 207-209 dec C2 2HnFX206S 
19e a-C6H,CH3-M II 66'' 190-191 C22Hi7FX205S 
19f a-CeHtCHs-p II 54 243-244 C22H,7FX206S 
27a 0-CH3 II 42= 215-216 C16Hi3FX206S 
27c (3-C6H5 II 13 237-239 dec CaiHisFNAS 
32 IT CII3 07° 174-175 Ci 6 Hi 3 FX 2 0 5 S 
" P repa red by m e t h o d A and recrystallized from MeOEtOH 

unless otherwise indicated. b All compounds showed a correct 
analysis for C, TI, X. <• Recrystallized from MeOEtOH-H 2 0. 

from absolute EtOH gave 13.3 g (45%,) of pure product as yellow 
crystals, mp 82-85°. Anal. (CnH15N04) C, H, X. 

Similarly, 24a was prepared in 3 1 % yield, mp 73-74° (lit.21 

mp74°) . 
p-Nitro-/3-phenylcinnamic Acid (25c).—A mixture of 2.97 g 

(10 mmoles) of 24c and 50 ml of 2.2% KOH was refluxed for 35 
min. The solution was poured into 200 ml of 1.5 .\T HC1. The 
product was collected on a filter and washed with H 20. Re-
crystallization from EtOTI-H,>0 gave 2.27 g (84%) of yellow 
crystals, mp 183-185° dec. Anal. (d sHnXO,) C, H, N. 

Similarly, 25a was prepared in 75% yield, mp 168-169° (lit.21 

mp 168-169°). 
X-Acetyl-N-methylsuIfanilyl Fluoride (30).—To a stirred 

mixture of 8.65 g (35 mmoles) of 2922 and 10 ml of dioxane heated 
under reflux in a bath at 120-125° was added a solution of 3.2 g 
(.00 mmoles) of K F in 3.5 ml of H20.17 After 30 min, the mix­
ture was cooled and diluted with 150 ml of H 2 0. The product 
was collected on a filter, washed with IT20, and recrystallized 
from E tOH-H 2 0 ; yield 5.20 g (75%) of white crystals, mp 154-
155°, that moved as a single spot on tic in EtOAc. Anal. 
(CH10FXO3S) C, H, X. 

N-Methylsulfanilyl Fluoride (31).—To a stirred solution of 
4.63 g (20 mmoles) of 30 in 20 ml of EtOH heated under reflux 
was added 20 ml of 12 A" TIC1. After being refluxed and stirred 
for 50 min, the solution was poured into a stirred solution of 22 
g of XaHCOs in 200 ml of ice-cold H 2 0 . The product was col­
lected on a filter, washed with H 2 0, then recrystallized from 
E t O H - H 2 0 ; yield 2.17 g (57%) of white crystals, mp 63-64°. 
Anal. (C7H8FX02S) C, H, N. 

N-[p-Xitro-a-(p-toIyl)cinnamoyl]suIfanilyI Fluoride (19f) 
(Method A).—A mixture of 2.83 g (10 mmoles) of 17f, 3.5 ml of 
SOCl2, and 15 ml of C6H6 was refluxed with stirring for 2.S hr. 
The solution was evaporated in vacuo, then 20 ml of C6H6 was 
added and the evaporation was repeated. To the residual acid 
chloride were added 70 ml of CH3C6Hs and 1.75 g (10 mmoles) of 
sulfanilyl fluoride. The mixture was refluxed for 1.2 hr during 
which lime about 15 ml of solvent was allowed to distil. The 
mixture was cooled lo room temperature, then the product was 
collected on a filter and washed with CH3C6H5. Recrystalliza­
tion from AieOEtOH with the aid of charcoal gave 2.58 g (54%) 
of nearly white crystals, mp 243-244°, that moved as a single 
spot on tic in 1:1 C6H6-petroleum ether (bp 60-110°). See 
Table II for additional data and compounds made by method A. 

N-[)3-(4,6-Diantino-l,2-dihydro-2,2-dimethyl-6-triazin-l-yl)-
a-(p-tolyl)hydrocinnarnoyI] sulfanilyl Fluoride (11) Ethanesul-
fonate (Method B).—A mixture of 881 mg (2 mmoles) of 19f, 
10 ml of Raney Ni, and 100 ml of EtOH was shaken with II2 

tit 2-3 atm for 1 hr when reduction was complete. The mixture 
was filtered through a Celite pad, then the filtrate was evaporated 
in vacuo; the residual 18f moved as a single spot on tic in 1:1 
EtOAc-petroleum ether (bp 60-110°) and had Xmax 245, 273 mn 

(21) G. Schroeter, Her., 40, 1589 (1907). 
(22) H. Hassan and L. M. Srivastava, Curr, Sci. (India), 11, 107 094,3). 
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TABLE III 

PHYSICAL CONSTANTS OF 

NH2'EtS03H 

N * ^ N — ( Q ) C H 2 - | - C H 2 C O N H ^ Q ) S 0 2 F 

No." 

4 
5 
6 
7 
8 
9 

10 
11 
12 

Ri 

/3-CH3 

/3-C6H5 

a-CHs 

a-C6H5(CH2)2 

a-CeH, 
a-C,H,CH,-fl 
a-C6H4CII3-m 
«-C6H4CH3-p 
II 

R2 

H 
H 
II 
H 
H 
H 
H 
H 
CH3 

yield 

67 
59 
67 
53 
56 
49 
38 
53 
28 

Mp, °C 

212-214 
218-219 
206-207 
226-227 
230-231 dec 
213-215 dec 
232-233 dec 
225-226 
199-200 dec 

Formula 

C2iH26FN603S-C2H5S08H 
C,6H2,FN603S 
C21H26FN603S 
C28H31FN603S 
C26H27FN603S 
C2,H20FN6O3S 
C2,H29FN603S 
C27H2sFN603S 
C21H25FN603S 

C2H5S03H 
C2H5S03H 
C2H6S03H 
C2H5SO3H 
C2H5SO3H 
C2H5SO3H 
C2H5S03H 
C2H6S03H 

0 All compounds were prepared by method B and recrvstallized from j -PrOH-I I 2 0: 
istic of S02F. 

each had an ir band at 1395-1405 

Analyses 

C, II, N 
C, H, N 
C, II, N 
C, H, N 
C, H, N 
C, H, F 
C, H, N 
C, H, N 
C, H, F 

c m - 1 character-

showing the reduction of the C = C . To the 18f were added 25 
ml of Me2CO, 225 mg (2.2 mmoles) of EtS0 3H, and 177 mg (2.2 
mmoles) of cyanoguanidine. The mixture was refluxed for 21 
hr with stirring, then cooled. The product was collected on a 

filter, washed with Me2CO, and recrvstallized from i'-PrOH-
H 2 0; yield 680 mg (53%) of white crystals, mp 225-226°. See 
Table III for additional data and other compounds prepared by 
method B. 

Irreversible E n z y m e Inhibitors . CXXIX. 1 2 

p- (4 ,6 -Diamino- l ,2 -d ihydro-2 ,2 -d imethy l - s - tr iaz in- l -y l )pheny lpropiony l su l fan i ly l 

Fluoride, an Act ive-Si te-Directed Irreversible Inhibitor of Dihydrofol ic Reductase . 

V.2 Effects of S u b s t i t u t i o n on the Benzenesul fonyl Fluoride Moiety on 

I sozyme Specificity 

B. R. BAKER AND GERHARDUS J. LOURENS3 

Department of Chemistry, University of California at Santa Barbara, Santa Barbara, California 96106 

Received March 9, 1968 

The title compound (1) is a fairly general irreversible inhibitor of dihydrofolic reductase, being able to rapidly 
inactivate this enzyme from Walker 256 tumor and liver from the rat and L1210/FR8 leukemia and liver from 
the mouse. Furthermore, the enzyme could catalyze the hydrolysis of the sulfonyl fluoride to the irreversibly in­
effective sulfonic acid; the efficiency of inactivation of the enzyme by an inhibitor such as 1 was dependent on 
the ratio of these two rates. Substitution of a methyl group (4) ortho to the sulfonyl fluoride group of 1 gave 
little change in the ratio of these two rates with the L1210/FR8 enzyme, but increased the ratio of the rate of 
enzyme-catalyzed hydrolysis by the liver enzyme to enzyme inactivation; thus 4 at 5 X 10~8 M gave 78% 
inactivation of L1210/FR8 enzyme, but only 15% inactivation of the liver enzyme, a more favorable chemo-
therapeutlc situation than with the parent 1. With the Walker 256 rat tumor enzyme, this substitution (4) was 
detrimental since the ratio of the rates of inactivation to hydrolysis was decreased; similarly, substitution of an 
o-methoxyl group (5) on 1 was detrimental to the inactivation of both tumor enzymes. Other patterns, includ­
ing total loss of irreversible inhibition, were seen depending upon the type of substitution. 

It was previously reported that the title compound 
(1) was an active-site-directed irreversible inhibitor4 of 
dihydrofolic reductase; 1 could inactivate the dihydro­
folic reductase from Walker 256 rat tumor, rat liver, 
L1213/FR8 mouse leukemia, mouse liver, and pigeon 
liver, but showed insufficient separation of irreversible 

(1) This work was generously supported by Grant CA-08695 from the 
National Cancer Institute, U. S. Public Health Service. 

(2) For the previous paper of this series see B. R. Baker and G. J. Lourens, 
J. Med. Chem., 11, 672 (1968). 

(3) G. J. L. wishes to thank the Council for Scientific and Industrial Re­
search, Republic of South Africa, for a tuition fellowship. 

(4) B. R. Baker, "Design of Active-Site-Directed Irreversible Enzyme 
Inhibitors. The Organic Chemistry of the Enzymic Active-Site," John Wiley 
and Sons, Inc., New York, N. Y., 1967. 

inhibition.5 When the sulfonyl fluoride was moved to 
the meta position (2), a separation of irreversible in-

NH2 

N^N^Q)(CH2)2CONH <fj)) 

Me2 S02F 

1, para 
2, meta 

hibition on the enzymes from mouse and rat tissues was 
observed, that is, the enzyme from Walker 256 rat 
tumor and rat liver was still inactivated, but the en-

(5) B. R. Baker and G. J. Lourens, J. Med. Chem... 10, 1113 (1967), paper 
CV of this series. 


