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6-Chloro-9-(«-nitrophenyl)purine (73) (Method A).—To a 
solution of 600 mg (2.26 mmoles) of 70 in 15 ml of ethyl ortho-
formate was added 1 ml of 12 Ar HC1. Within 1 min a product 
began to separate. After being stirred 24 hr at ambient tem
perature, the mixture was filtered and the product was washed 
with 5 ml of H 2 0 ; yield 500 mg (80%), mp 206-209°, that was 
suitable for further transformation. See Table I I for additional 
data and other compounds prepared by this method. 

9-(m-Nitrophenyl)hypoxanthine (11) (Method B). A mixture 
of 170 mg (0.62 mmole) of 73 and 5 ml of 6 N HC1 was refluxed 
for 3 hr during which time solution occurred, then the product 

The first active-site-directed irreversible inhibitor5 of 
the terminal sulfonyl fluoride type found to be effective 
on the dihydrofolic reductase from Walker 256 rat 
tumor and L1210/FR8 mouse leukemia was the title 
compound l;6 the compound could also inactivate the 
dihydrofolic reductase from rat liver6 and mouse 
liver (Table I). The sulfonyl fluoride with a shorter 
bridge (2) could also inactivate the tumor enzymes, but 
a much higher concentration of 2 was required since it 
was a considerably less effective reversible inhibitor than 
1. When the sulfonyl fluoride group of 1 was moved to 
the meta position (3), a separation of activity on the 
enzymes of the two species was observed;7 3 failed to in
activate the dihydrofolic reductase from L1210/TRN 
mouse leukemia but could still inactivate the two rat 
tissue enzymes. Conversely, a cross-over specificity 

(1) This work was generously supported by Grant CA-08605 from the 
National Cancer Institute. U. S. Public Health Service. 

(2) For the previous paper in this series see B. R. Baker, W. F. Wood, 
and J. A. Kozma, J. Med. Chem., 11, 661 (1968). 

<3) For the previous paper on inhibitors of dihydrofolic reductase see 
B. R. Baker and P. C. Huang, ibid., 11, 495 (1968,), paper CXX of the series. 

(4) G. .1. L. wishes to thank the Council for Scientific and Industrial Re
search, Republic of South Africa, for a tuition fellowship. 

(it) 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. V.. 1967. 

(6) B. R. Baker and G. J. Lourens, ./. Med. Chem., 10, 111U (1967), paper 
CV of this series. 

(7) B. R. Baker and G. J. Lourens, ibid., 11, 38 (1068), paper C'XII of 
this series. 

separated. The cooled mixture was filtered and the product was 
washed with 5 ml of H 20. liecrystallization from 75 ml of 
2: 1 E tOH-H.O gave 115 mg ( 7 3 r , ) of white crystals, mp >;}()0°. 
See 'fable II for additional data and other compounds prepared 
by this method. 

9-(p-Nitrophenyl)adenine (20) (Method C). —To 15 ml of 
absolute EtOH saturated with NH3 at 0° was added 233 mg (0.85 
mmole) of 74. After being heated in a steel bomb at 115° for 
24 hr, the cooled mixture was concentrated until the product 
began to separate; yield 188 mg (80%), mp 278-279°. Sec 
Table II for additional data. 

NH, 

N ^ N <T))(CH2)nCONH<f5) 
NH2LJMe2 ^-^^SOjF 

IN 

1,» = 2, para isomer 
2, n = 0, para isomer 
3, n = 2, meta isomer 
4, n — 3, para isomer 
5, n = 0, meta isomer 

was noted with 5 which could inactivate the LI210/ FRS 
mouse leukemia enzyme, but not the Walker 256 rat 
tumor enzyme. Furthermore, when the bridge length 
was increased to give 4, the Walker 256 enzyme was still 
inactivated, but the L1210/FR8 enzyme was not." A 
study was then initiated on the effect that the changes 
in the bridge between the two benzene rings of 1 3 
would have on the active-site-directed irreversible 
inhibition. Such a study might answer the following 
questions. (1) Can other effective bridges be found 
that would give additional flexibility in synthesis of 
active analogs? (2) What is the relationship of 
ground-state conformation of the bridge to effective 
irreversible inhibition? (3) Can activity be further-
separated8 between tumor and liver enzymes? The 

(8) The effective inhibition of a tumor enzyme with little or no effect on 
the corresponding liver enzyme has been previously reported with 5-phenoxy-
propylpyrimidines9 and 6-phenoxymethylpyrimidines3 with a terminal fluoro-
sulfonylbenzamido group on the benzene ring. 

(9) B. R. Baker and R. B. Meyer, Jr., ./. Med. Chem., 11, 489 11968), 
paper CXIX of this series. 
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The title compound (1) is an active-site-directed irreversible inhibitor of (he dihydrofolic reductase from 
Walker 256 rat tumor, rat liver, L1210/FR8 mouse leukemia, and mouse liver.6 Six variants of the propionamide 
bridge, where the number of bridge atoms was held at four, were synthesized for enzymic evaluation, namely, 
acrylamido (6), methyleneureido (8), N-ethylsulfonamido (10), N-ethylcarboxamido (12), oxyacetamido (13), 
and oxyethyloxy (15). All but 6 were as good reversible inhibitors of dihydrofolic reductase as 1 with a K, in 
the range of 1-6 X 10~~9 M for Walker 256; 6 was 300-fold less effective. With the Walker 256 enzyme four 
showed no irreversible inhibition and two (10, 12) only poor irreversible inhibition. Of these six compounds, 
none showed irreversible inhibition of the L1210/FR8 enzyme. These results were rationalized on the basis of 
allowable ground-state conformations of the compounds vs. the conformation needed for juxtaposition of the sul
fonyl fluoride to an enzymic nucleophilic group within the enzyme-inhibitor complex. The metanilyl isomer (3) of 
1 can inactivate the dihydrofolic reductase from Walker 256 and rat liver, but not L1210/FR8.7 When the pro
pionamide bridge of 3 was changed to acrylamido (7), methyleneureido (9), N-ethylsulfonamido (11), or oxyacet
amido (14), irreversible inhibition was again lost. These results show the sensitivity of active-site-directed ir
reversible inhibition to proper positioning of the inhibitor's leaving group with an enzymic nucleophilic group 
within the reversible complex. 
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TABLE I 

INHIBITION" OF DIHYDROFOLIC REDUCTASE BY 

No. 

1 
R 

(CH2)2COXHC6H4S02F-;p 

CONHC6H4S02F-p 

(CH2)2CONHC6H4S02F-m 

CH=CHCONHC 6 H 4 S0 2 F-p 

CH=CHCONHC 6 H 4 S0 2 F-m 
CH2NHCONHC6H4S02F-p 

CH2NHCONHC6H4S02F-m 

(CH2)2NHS02C6H4S02F-p 

(CH2)2NHS02C6H4S02F-m 

(CH2)2NHCOC6H4S02F-p 

OCH2CONHC6H4S02F-P 

O C H 2 C O N H C 6 H 4 S 0 2 F - T O 

0(CH2)2OC6H4S02F-p 

(CH2)2C6H4S02F-p 

C2H5 

OCH3 

(CH2)2CONH2 

H 

NH, 

NH,kjJ 

Enzyme 
source^ 

W256'' 
Rat liver* 
L1210/FR8* 
Mouse liver 

W256 
L1210/FR8 
W256 

Rat liver 
L1210/FR8 
W256 
L1210/FR8 
W256 
W256 
L1210/FR8 
W256 
L1210/FR8 
W256 
L1210/FR8 
W256 
L1210/FR8 
W256 

L1210/FR8 
W256 
L1210/FR8 
W256 
L1210/FR8 
W256 
L1210/FR8 
W256 
L1210/FR8 
L1210/FR8 
L1210/FR8 
L1210/FR8 
L1210/FR8 

IT®" 
Me2 

Reversible^ 
IoO," 

V.M 

0.020 
0.0060 
0.080 

21 
600 

0.0080' 

0.012 
0.044 ! 

6.5 
2 .8 
1.3 
0.010 
0.075 
0.0092 
0.028 
0.039 
0.092 
0.023 
0.15 
0.0078 

0.036 
0.015 
0.048 
0.010 
0.069 
0.016 
0.052 
0.016 
0.039 
0.53 
0.68 
0.28 
0 .21 ! 

Kj 
M-1f 

0.003 
0.001 
0.01 

4 
100 

0.001 

0.002 
0.007 
1.0 
0.5 
0.2 
0.002 
0.01 
0.002 
0.005 
0.006 
0.02 
0.004 
0.02 
0.001 

0.006 
0.003 
0.008 
0.002 
0.01 
0.003 
0.01 
0.003 
0.006 
0.09 
0 .1 
0.05 
0.04 

, 
Inhib 
concn, 
M-W 

0.050 
0.050 
0.070 
0.070 
0.4 

25 
25 
0.060 
0.010 
0.060 
0.20 

25 
14 

8 
0.050 
0.38 
0.046 
0.14 
0.20 
0.46 
0.12 
0.75 
0.039 
0.0078 
0.18 
0.060 
0.24 
0.050 
0.22 
0.079 
0.26 
0.080 
0.19 

Irre\ 

% 
E I " 

95 
98 
84 

88 
20 
98 
88 
97 
96 
96 
97 
98 
97 
97 
97 
97 
97 
97 
97 
97 
97 
87 
97 
95 
97 
97 
93 
97 
97 
97 
97 

ersible d 

Time, 
mix 

< i , 
<2, 
<2, 

2 
2 

< 1 
60 

5 
60 

2, 
60 

0 
60 
60 
60 
60 
60 
60 
30, 
60 
60 
60 
60 

5, 
60 
60 
60 
60 
60 
60 
60 
60 
60 

10 
60 
10 
60 
60 

20 

60 

60 

% 
inactvn 

90, 90( 

70, 70* 
84, 84* 
38, 38* 
59, 59* 

100 
45 

100' 
0 

72, 72? 
0'' 
0 
0 

55 
0 
0 
0 
0* 

38, 38* 
0 
0 
0 

27 
10, 10* 

0 
0 
0 
0 
0 
0 
0 
0 
0 

10 

11 

12 

13 

14 

16 

17 
18 
19 
20 

" The technical assistance of Jean Reeder, Diane Shea, and Sharon Lafler is acknowledged. b W256 = Walker 256 rat tumor. c As
sayed with 6 pM dihydrofolate and 30 y.M TPNH in pH 7.4 Tris buffer as previously described.6 d Incubated at 37° in pH 7.4 Tris 
buffer in the presence of 60 nM TPNH as previously described.6 c IM = concentration for 50% inhibition. ' Estimated from K\ = 
•Km[IW[S] which is valid since [S] = 6Km = 6 /iM dihydrofolate; see ref 5, p 202. « Calcd from [EI] = [E,]/(l + Ki/[1]) where [EI] 
is the amount of total enzyme (Et) reversibly complexed.13 h Data from ref 6. * From time study plot; see ref 6. >' Data from ref 7. 
k A low I0 point indicated that there may have been some irreversible inhibitor occurring in the first few seconds. l Data from ref 16. 

first two questions were answered by this study which is 
the subject of this paper. The third goal was not 
achieved by bridge modification, but was achieved with 
a different type of modification of l.10 

Enzyme Results.—In an earlier paper it was reported6 

that the parent 1 could inactivate dihydrofolic reductase 
from Walker 256 about eightfold more rapidly than the 
enzyme from rat liver. Furthermore, at 0.05 ixM of 
1 the inactivation stopped at 90% with the rat tumor 
enzyme and 70% with the rat liver enzyme; it was noted 
that the different dihydrofolic reductase preparations 
could decompose the inhibitor, but since these were not 
pure enzyme preparations it could not be stated with 

(10) B. R. Baker and G. J. Lourens, J. Med.Chem., 11, 677 (1968), paper 
CXXIX of this aeries. 

any certainty that the enzyme per se was catalyzing 
the hydrolysis of the sulfonyl fluoride group. Since 
the same decomposition of appropriate sulfonyl fluo
rides was observed with pure a-chymotrypsin11 and 
pure trypsin,12 it was established that two reactions 
occurred within the enzyme-inhibitor complex; the 
first was covalent linkage to the enzyme with inactiva
tion and the second was indeed enzyme-catalyzed 
hydrolysis of the sulfonyl fluoride. The relative rates 
of these two reactions could be dependent upon the 
relative positioning and an enzymic hydroxyl group to 
the sulfonyl fluoride; thus, if the complex juxtaposed 

(11) B. R. Baker and J. A. Hurlbut, ibid., 11, 233 (1968), paper CXIII 
of this series. 

(12) B. R. Baker and E. H. Erickson, ibid., 11, 245 (1968), paper CXV 
of this series. 
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Figure 1.—Conformations of candidate irreversible inhibitors 
of dihydrofolic reductase. In addition to the preferred stag
gered conformation of the ethane moiety, the dotted areas in
dicate a preferred conformation in the ground state where any 
rotation requires energy. The arrows indicate which bonds have 
some freedom of rotation. Tr = 4,6-diamino-l,2-dihydro-2,2-
dimethyl-s-triazin-1-yl. 

the sulfonyl fluoride as in A, covalent bond formation 
occurred, but if juxtaposed as in B, hydrolysis oc
curred." The two extremes in positioning differed 
bv onlv about 3 A. 

E - O . 

<$• •HOH 

H O — H 

&. I 

^H 

/SO^Fis , 
I H w 

B 

A similar observation has now been made with 1 on 
inactivation of the dihydrofolic reductases from L1210/ 
F R 8 and mouse liver (Table I ) . The leukemia enzyme 
was 8 4 % inactivated in < 2 min by 0.07 nM of 1, but 
a similar concentration of 1 gave only 3 8 % inactivation 
of the mouse liver enzyme; when 1 was increased to 
0.4 fj.M, the total inactivation of the mouse liver enzyme 
was raised to 59%,. 

Since a structural change in an irreversible inhibitor 
can change either the reversible binding or the rate of 
inactivation or both, two compounds should not be 
compared a t equal I concentrations but a t near equal 
concentrations of reversible complex, E I ; such a com
parison considers only the ability to inactivate within 
the E I complex.13 When the propionamide bridge of 
1 was changed to the acrylamido bridge of 6, not only 
was reversible binding greatly decreased, but 6 failed 
to inactivate either of the tumor enzymes. In con
trast , when the propionamido bridge of 1 was changed 
to the methyleneureido bridge of 8, reversible binding 

(Di) For a discussion uf t he kinet ics of active-site-directed irreversible 
enzyme inhibition see ref 5, Chapter VIII . 

did not change, but irreversible inhibition was still lost. 
These results can be rationalized by consideration of 
the allowable ground-state conformations of 1, 6, and 
8 as shown in figure ] . 

The conjugated ciiuianiamidc system of 6a has no 
rotation about an\ of its bonds in its ground-state 
conformation that does not require energy; the benzene-
sulfonyl moiety is in a plane 3<S° from the plane of the 
carboxamide14 and little energy-free rotation can occur. 
Thus, the loss in reversible binding by 6 is due to the 
presence of a coplanar substituent on the para position 
of the l-pheiiyl-.v-triazine, a situation known not to be 
well tolerated by the surface of vertebrate dihydrofolic 
reductase.,:'-]<i In contrast, l a has two degrees of five 
rotation not requiring energy as indicated in Figure 1: 
thus l a does not take conformation 6a for either reversi
ble or irreversible inhibition of the dihydrofolic reduc
tases. The urea (8a) is intermediate between 6a and la 
in that 8a has only one degree of free rotation; this one 
degree of free rotation apparently allows a conformation 
suitable for good reversible binding, but does not allow 
suitable juxtaposition of the sulfonyl fluoride for cova
lent bond formation. I t follows tha t l a assumes one of 
its possible ground-state conformations where rotation 
about both degrees of freedom have occurred (compared 
to 6 and 8) in order to properly juxtapose the sulfonyl 
fluoride group to an enzymie nucleophilic group, pre
sumably a hydroxyl of serine or threonine. 

When the carboxamide group of 1 was reversed to 
give 12, little change in reversible binding to the two 
enzymes occurred; however, 12 showed no irreversible 
inhibition of the I .1210/FR8 enzyme and only a small 
amount of irreversible inhibition of the Walker 250 
enzyme before the inhibitor was hydrolyzed by enzyme 
catalysis. Thus, the positioning of the sulfonyl fluo
ride of 12 is slightly different in the enzyme-inhibitor 
complex than with 1, but is probably changed less than 
3 A, or else the Walker 256 enzyme could not catalyze 
hydrolysis of the sulfonyl fluoride of 12. Two explana
tions were considered for this difference. If the 
carboxamide oxygen of 1 is complexed to the enzyme, 
then 12 would have to assume conformation 12b to 
give the same carbonyl interaction with the enzyme; 
such a change from 12a would move the SO-.F group 
about 2.7 A. Tha t the amount of binding by the 
carboxamide moiety of 1 was only about twofold was 
shown by the comparison of the binding of the /;-ethyl 
group of 17 with the p-propionamide group of 19; 
thus, conformation 12b would not be a likely explana
tion for the difference between 12 and 1, since con
formation 12a could be assumed with little loss of 
binding energy. The second explanation involved the 
difference in angles between the phenyl plane and the 
carboxamide plane of 12 and 1. In the case of 12a the 
amide and benzene moieties are coplanar, but in the 
case of 1, the two planes are at an angle of 38° as 
previously noted.14 This 38° angle could have one of 
two effects; it could change the position of the sulfonyl 
fluoride group by 0.8 A between 12 and 1 or it could 
change the angle of the sulfonyl fluoride to the attacking 
group, perhaps negating a transition state for reaction. 

it 1) B. L". Pedersen and It. Pedersen, Tetrnhtilron Letter*, 2!!!);, il!J(i."i). 
l.ji la) B. K. Baker and B.-T. IIo, ./. 1'linnn. .S'cf., 55 , 170 (HUSO): 

B. R. Baker . ./. Mi,l. Chem.. 10, 1112 (11)07), paper XC'VII uf this s e r i e s 
(16) B. 11. Baker , ibid.. 11, 483 (IDAS), paper C X V H of this series. 
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Changing the propionamido group of 1 to sulfon-
amidoethyl (10, 11) gave similar effects that can be 
accounted for by the bond angles; reversible inhibition 
was the same, but irreversible inhibition varied between 
poor and none. 

Considerably more difficult to rationalize is the 
change of the propionamido bridge of 1 to oxyacetamido 
bridge (13). Reversible inhibition was similar, but 
irreversible inhibition was lost. The bridge of 13a now 
has three degrees of free rotation compared to two 
degrees for la (Figure 1). Thus 13a can assume any 
conformation that la can and would therefore be ex
pected to position favorably for irreversible inhibition; 
the - 0 - and -CH 2 - bond angles are almost identical 
and could not account for this difference. Since it was 
experimentally observed that 13 and 1 do not position 
the sulfonyl fluoride in the same way within the 
enzyme-inhibitor complex, one possible explanation is 
that the third degree of rotation of 13 allows a confor
mation more favorable for reversible binding, but 
does not juxtapose the sulfonyl fluoride moiety prop
erly; however, such a suggestion was not strongly sup
ported by comparing the binding increments between 
18 and 13 (14-fold) and 17 and 1 (sevenfold). 

A similar loss of irreversible inhibition w?as observed 
in the m-sulfonyl fluoride series (3 vs. 13). 

Replacement of the propionamido bridge of 1 with 
ethylenedioxy to give 15 resulted in little change in 
reversible binding, but again irreversible inhibition w7as 
lost. The bridge of 15a now has four degrees of free
dom of rotation, each -O-C bond being able to rotate 
(Figure 1). Again the only apparent rationalization is 
that the four degrees of rotation allow 15 to take a con
formation most favorable for reversible binding, which 
does not properly juxtapose the sulfonyl fluoride for 
covalent bond formation with the enzyme. 

That a more favorable conformation for reversible 
binding can lead to loss of juxtaposition of the sulfonyl 
fluoride moiety for covalent bond formation was more 
clearly shown with the comparison of the carboxamide-
bridged (2) with the ethane-bridged (16) sulfonyl 
fluoride. Since 2 has a large linear side chain at the 
para position, it is a poor reversible inhibitor as ex
pected;16,16 that it could irreversibly inhibit both tumor 
enzymes was previously reported.6 The ethane-bridge 
(16) could then take a noncoplanar conformation lead
ing to a good reversible inhibitor,15 but apparently this 
better conformation for reversible binding no longer 
allows juxtaposition of the sulfonyl fluoride with the en-
zymic nucleophilic group within the reversible complex. 

Although rationalization of the lack of irreversible 
inhibition by some of the bridge changes in 1-16 is 
difficult, the fact remains that the proper positioning of 
the sulfonyl fluoride to an enzymic nucleophilic group 
within the enzyme-inhibitor complex is extremely 
sensitive to small conformational changes in the in
hibitor. Such sensitivity is desirable for tissue-specific 
active-site-directed irreversible enzyme inhibitors as 
has been shown with three classes3'9'10 of candidate ir
reversible inhibitors of dihydrofolic reductase, but the 
bridge changes in 1 (Table I) are too drastic. More 
subtle changes in 1 that allow retention of irreversible 
inhibition of the L1210/FR8 enzyme, with a lesser 
effect on the mouse liver enzyme, is described in an ac
companying paper.10 

Chemistry.—All of the dihydro-s-triazines in this 
study were made by the three-component method of 
Modest,17 that is, the condensation of the appropriate 
arylamine salt with cyanoguanidine and acetone; the 
appropriate arylamines were made as follows. 

p-Nitrocinnamoylsulfanilyl fluoride (21)6 was selec
tively reduced to the amine (23) with Fe powder in a 

21,para 
22, meia 

"S02F 
N 0 2 < O ) C H = C H C 0 N H < O ^ 

NH 2<Q)CH=CHC0NH 
S02F 

23,para 
24, meta 

mixture of MeCN and HOAc;18 the meta isomer (24) 
was made similarly from 22.7 Acylation of sulfanilyl 
fluoride with p-nitrophenoxyacetyl chloride in boiling 
toluene afforded 25 in 82% yield. Catalytic reduction 
of the nitro group with a Raney Ni catalyst afforded 
the desired amine (27); 28 w7as prepared similarly from 
metanilyl fluoride. 

N02 < Q ) 0 C H 2 C 0 N H < g ^ 
S02F 

25, para 
26, meta 

N H 2 < ^ ) O C H 2 C O N H < ^ ^ 
S 0 2 F 

27, para 
28, meta. 

Condensation of p-nitrobenzylamine hydrochloride 
(29)19 with commercial m-fluorosulfonylphenyl iso-
cyanate (30) proceeded smoothly in CHC13 at 0° when 
neutralized with triethylamine; the mixed urea (31) 
was obtained analytically pure in 49% yield (Scheme 
I). The nitro group was then catalytically reduced to 

S C H E M E I 

N02<(Q)cH2NH2 'HCl + < O ) s 0 2 F 

29 _r~_ NCO 
30 

N 0 i < O > C H 2 N H C 0 N H < O ^ *~ C6H&OCONH<0)S02F 
S02F 

3 1 , meta 
32, par a 

33 

N H 2 < ^ > C H 2 N H C O N H < ^ ^ NH2<O>S02F 
S02F 

.34, meta 
35 , para 

36 

34 with Raney Ni catalyst. The para isomer (32) 
could not be made the same way from the para isomer 
of 30 since sulfanilyl fluoride failed to react smoothly 
with phosgene presumably due to the deactivation of 

(17) E. J. Modest, J. Org. Chem., 21, 1 (1956), 
(18) J. Jaekenand R. L. Jansseune, British Patent 857,028 (1960); Chem. 

Abstr., 62, P682a (1965). 
(19) Prepared by alkylation of potassium phthalimide with p-nitrobenzyl 

bromide in DMF by the method of H. R. Ing and R. Robinson, J. Chem. 
Soc, 1663 (1926), followed by cleavage with ^ H i - H i O according to H. R, 
Ing and R. H. F. Manske, ibid., 2350 (1936). 
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the p-amino group by the electron-withdrawing p-
sulfonyl fluoride group. However, the Crosby method2" 
for mixed urea formation was successful. Reaction 
of 36 with phenyl chloroformate in boiling C6H6 afforded 
crystalline 33 in 52% .yield; the phenoxy group of 33 
was readily displaced by ^-nitrobenzylamiue (29) in 
D.MF at room temperature. The nitro group was 
again reduced catalytically with a Raney Xi catalyst 
to give 35. 

Since the aliphatic amino group of the commercially 
available /(-aminophenethylamine (37) should be con
siderably more reactive than the aromatic amino group 
and the sulfonyl chloride group is considerably more 
reactive than a sulfonyl fluoride group,21 the selective 
acylation of 37 with 38 was investigated; when the 
reaction was performed in THF at 0° with Et;iX as an 
acid acceptor, the desired aminophenylsulfonyl fluoride 
(41) was obtained in ">4% yield of analytically pure 
material (Scheme II); that acylation had proceeded on 

SCHEME I] 

NH2<0)(CH2)2NH2 + C1SO 

37 
S02F 

38 , meta 

39 , para 

NHAV J)(CH2)2NHS02' 

41 , meta 

42, para 

S02F 

NH2<M)(CH2)2NHC0<Q)S02F 

40 

1 
02N<f^(CH2)2NHC0<O>S0,F — ClCO<fj)s02F 

43 44 

the aliphatic amino group was shown by the positive 
Bratton-AIarshall test for aromatic amine-2 and the 
presence of S02F by an ir band at 1400 cm"1. Simi
larly, the para isomer (42) was prepared in 37% yield 
from 39. Reaction of the corresponding benzoyl 
chloride (44) with 37 was not sufficiently selective even 
at relatively high dilution at —70°; considerable re
action also occurred on the aromatic amine as indicted 
by isolation of a high-melting product with a negative 
Bratton-AIarshall test.22 Therefore p-nitrophenethyl-
amine was acylated with 44 to give 43, which was 
catalytically reduced to the desired 40. 

Reaction of p-tolylsulfonyl fluoride (45) with XBS 
in CC1; in the presence of benzoyl peroxide and uv light 
afforded the bromomethyl derivative (46). This com
pound (46) should be handled with care since it is a 
severe skin irritant; it is best treated directly with tri-
phenylphosphine to give the Wittig reagent 47. Wittig 
condensation of 47 with /j-nitrobenzaldehyde performed 
in AfeOH at 0° in the presence of EtjX", conditions 
which caused the product to separate from solution 
before it could overreact, gave 48 in 55%, yield 

(20) (a) 1). G. Crosby and ('. Niemann, ./. Am. Chem. Soc, 76, 4458 
il(>51): lb) H. R. Baker and II. P. Rate!. ./. Phnrm. Sri., 52, 927 (1903). 

(21) For a review of the chemical reactivity of the sulfonyl fluoride group 
see rel' fi. 

(22) B. R. Baker, D. V. Santi, J. K. Coward, II. S. Shapiro, and J. H. 
.lordaan, ./. Ffeteroeycl. Chem., 3, 425 (1960). 

SCHEME III 

RCH2<Q>S02F — N02<^5)cH=CH(O>S02F 

4 5 , R = H 

46. R -Br 
47, R=- (CBH.,)3P+.Br" 

48 
f 
i 

XH2<Q>(CH2)2<Q)S02F 

49 

(Scheme III); the more standard conditions of KOBu-? 
in DMF gave lower yields of less pure product. 

Two routes were investigated for synthesis of 53. 
The first, diazotization of the known 5023 followed by 
treatment with S02 by the Meerwein procedure,24 was 
unsuccessful due to insolubility. Direct chlorosul-
fonation of 51w proceeded to the sulfonyl chloride 52 
which was not purified but was converted to the more 
stable sulfonvl fluoride with KF in Dr\IF.26 The re-

N 0 2 ( ^ > 0 ( C H 2 ) 2 0 < Q > R 

50,R = NH2-HC1 
51,R = H 

N 0 2 < j ^ O ( C H 2 ) 2 0 < ^ S 0 2 R 

52,R = C1 
53,R = F 

quired aromatic amine was prepared from 53 by Raney 
X'i catalyzed hydrogenation, then coverted to the di-
hydro-s-triazine (15). 

Experimental Section27 

p-Aminocinnamoylsulfanilyl Fluoride (23).—To a stirred 
suspension of 1.75 g (5 mmoles) of 216 in 50 ml of MeCX, 20 ml 
of HOAc, und 5 ml of IT20 was added 2 g of Fe powder in portions 
over 20 min. After being stirred an additional 20 min at ambient 
temperature, the mixture was refluxed for 1 hr. The mixture 
was filtered and the cake was washed with 50 ml of Me2CO. 
The combined filtrate and washings were poured in 500 ml of 
stirred H 2 0 containing 15 g of XaHC0 3 . The product was col
lected on a filter, washed with H20, and reerystallized from i-
PrOH; yield, 0.72 g ( 4 5 ' , ) of yellow solid which gradually 
decomposed over 195° and which moved as a single spot on tic 
with 2:1 EtOAc-petroleum ether (bp 30-60°). Anal. (CuJI'is-
FN..O3S) C, II, X. 

Similarly, p-aminocinnamoylmetanilyl fluoride (24) was pre
pared from 22, in ?AC'C vield, dec pi >100°. .Inn?. ( d 5 H i r 
FN2OsS) C, IT, N. 

p-Nitrophenoxyacetylsulfanilyl Fluoride (25).- A mixture of 
2.96 g (15 mmoles) of p-nitrophenoxyacetic acid, 5 ml of SOCls, 
and 15 ml of C6H6 was refluxed with magnetic stirring for 2 hr, 
then the solution was spin evaporated in vacuo. To the residual 
acid chloride were added S5 ml of C6H,->CTI;i and 2.62 g (15 mmoles) 
of sulfanilyl fluoride. After being refluxed with stirring for 5.5 
hr, the mixture was cooled to room temperature. The product 
was collected on a filter and washed with C6Il6. Reerystalliga
tion from MeOEtOH-H 2 0 gave 4.38 g (829;) of white crystals, 
nip 186-188°. Anal. (CuIInFX2()6S) C, H, X. 

(23) B. R. Baker and G. J. Lourens, ./. Med. Chem., 11, 20 (1968). 
(24) (a) II. Meerwein, G. Dittmar, R. Gollner, K. Hafner, F. Menseh, and 

O. Steinfort, Chem. Ber., 90, 841 (1957); (b) B. R. Baker and J. K. Coward, 
,/. Heterocyd. Chem.. i, 195 (1967). 

(25) H. Ryan and T. Kenny, Sci. I'roc Roy. Dublin Soc, 17, 305 (1924). 
(26) D. E. Fahrney and A. M. Gold, J. Am. Chem. Soc, 85, 997 (1963). 
(27) All analytical samples stave combustion values within 0.4% of theo

retical; each had uv and ir spectra compatible with their assigned struc
tures. Each intermediate to the dihydro-.i-triazines moved as a single spot 
on tic on Brinkmann silica ste! GF when detected under uv light. Meltinst 
points were taken in capillary tubes on a Mel-Temp block and are uncor
rected. 
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TABLE II 

PHYSICAL PROPERTIES OF 

NH2'EtS03H 

NH 2 ^. j M e 2 — 

No. R 

6 CH=CHCOXHC 6 H 4 S0 2 F-p 
7 CH=CHCOXHC6H4S02F-?re 
8 CH2XHCOXHC6H4S02F-p 
9 CH2XHCOXHC6H4S02F-m 

10 (CH2)2XHS02C6H4S02F-p 
11 (CH2)2XHS02C6H4S02F-m 
12 (CH2)2XHCOC6H4S02F-p 
13 OCH2COXHC6H4S02F-p 
14 OCH2COXHC6H4S02F-ro 
15 0(CH2)2OC6H4S02F-p 
16 (CH2)2C6H4S02F-p 
17 C2H5 

18 OCH3 

19 (CH2)2CONH2 

" Reorystallized from i-PrOH-H 20. 
composes higher than this temperature, 
Chem. Pharm. Bull. (Tokyo), 9, 914 (1961), have recorded mp 
F. Fava, R. Rolland, E. Testa, and A. Vecchi, J. Am. Chem. 

% 
yield 

61" 
56" 
45° 
39" •" 
52° 
49° 
33° •' 

60° 
49a ,b 

45° <b 

52°.6 

53«,<i 

66d-» 

b Over-all yield from 
d HCl salt. « Recry 

Mp, °C dec 

220-222 
225-227 
215-218 

>130c 

214-216 
189-191 
196-197 
219-220 
214-215 
221-222 
211-213 
210-212 
206-209/ 
216-217 

Formula Analyses 

C20H21FN6O3S-C2H3SO3H C, H, N 
C20H21FX6O3S-C2H6SO3H C, H, F 
C19H22FX,03S-C2H5S03H C, H, N 
C19H22FX,03S-C2H5S03H C, H, N 
Ci9H2 FX604S • C2H5S03H C, H, N 
C19H23FX604S-C2H5S03H C, H, N 
C19H23FN604S • C2H5S03H • 0.5C3H8O C, H, F 
G9H2 1FX604S-C2H6S03H C, H, N 
Ci9H21FN604S-C2H5S03H C, H, N 
Ci9H22FN504S.C2H6S03H C, H, F 
Ci9H22FX502S-C2H5S03H C, H, F 
C !3Hi9N5-HCl C, H, N 

C14H20N6O-C2H6SO3H C, H, N 

the nitro compound since the amine was not isolated. c Gradually de-
stallized from E tOH-H 2 0 . ' M. Furukawa, Y. Seto, and S. Toyoshima, 
204-205°. ' For starting p-nitrocinnamamide see G. Carrara, R. Ettore, 
Soc, 76, 4391 (1954). 

p-Nitrophenoxyacetylmetanilyl fluoride (26) was prepared as 
described for 25 in 77% yield, mp 172-173°. Anal. (CMH n -
FN205S) C, H, X. 

N-Carbophenoxysulfanilyl Fluoride (33).—A mixture of 1.56 g 
(10 mmoles) of phenyl chloroformate, 1.31 g (7.5 mmoles) of 
sulfanilyl fluoride (36), and 20 ml of C6H6 was refluxed with mag
netic stirring for 2 hr during which time the product began to 
separate. The cooled mixture was filtered and the product was 
washed with C6H6. Recrystallization from CeH6 gave 1.15 g 
(52%) of white crystals, mp 166-167°. Anal, (G3Hi0FXO4S) 
C, H, N. 

N-(m-FluorosulfonylphenyI)-N'-(p-nitrobenzyl)urea (31).—To 
a stirred mixture of 1.41 g (7.5 mmoles) of 2919 and 0.77 g (7.5 
mmoles) of Et3X in 10 ml of CHC13 cooled in an ice bath was added 
a solution of 1.61 g (8 mmoles) of 30 in 5 ml of CHCls. After 
being stirred in the ice bath for 30 min, the mixture was filtered 
and the product was washed with CHC13. Recrystallization from 
EtOH gave 1.31 g (49%) of white crystals, mp 214-215°. Anal. 
(C,4H12FX305S) C, H, X. 

N-(p-FluorosulfonyrphenyI)-N'-(p-nitrobenzyl)urea (32).—A 
mixture of 1.89 g (10 mmoles) of 29,19 2.95 g (10 mmoles) of 33, 
8 ml of D M F , and 1.02 g (10 mmoles) of Et3X was stirred at 
ambient temperature for 7 hr. Addition of 5 ml of CsHt, and 
30 ml of H 2 0 gave a gummy solid which was triturated with 15 
ml of 2:1 C6H6-petroleum ether (bp 30-60°). The product was 
collected on a filter and washed with CeH6. Recrystallization 
from EtOH with the aid of charcoal gave 2.75 g (80%) of white 
crystals, mp 200-201°. Anal. (GJJiaFNaOsS) C, H, X. 

N-(p-Aminophenethyl)-p-fluorosulfonylbenzenesulfonamide 
(42).—To a stirred solution of 1.36 g (10 mmoles) of 37 and 1.11 g 
(11 mmoles) of Et3X in 7.5 ml of T H F cooled in an ice bath was 
added dropwise a solution of 2.58 g (10 mmoles) of 39 in 7.5 ml 
of T H F over a period of 8 min. The mixture was stirred in the 
ice bath for an additional 1 hr, then filtered, and the Et 3X-HCl 
was washed with 20 ml of THF. The combined filtrate and 
washings were evaporated in vacuo. Trituration of the oily 
residue with a mixture of 5 ml of C6H6 and 25 ml of H 2 0 gave a 
solid which was collected on a filter and washed with 20 ml of 
1:1 C6H6-petroleum ether (bp 30-60°). Two recrystallizations 
from E t O H - H 2 0 gave 1.34 g (37%) of light yellow crystals, 
mp 134-136°, that showed a positive Bratton-Marshall test for 
aromatic amine." Anal. (CHHi5FX204S2) C, H, X. 

X-(p-Aminophenethyl)-»t-fluorosulfonylbenzenesuIfonamide 
(41) was prepared from 37 and 38 as described for 42. Re
crystallization from EtOH-C 6 H 6 gave 1.92 g (54%) of light 
yellow crystals, mp 128-130°. Anal. (C,4H13FN204S2) C, H, X. 

p-Fluorosulfonyl-N-(p-nitrophenethyl)benzamide (43).—To 
a stirred mixture of 1.51 g (7.5 mmoles) of p-nitrophenethyl-

amine hydrochloride,28 2 ml of DMF, and 2.27 g (22.5 mmoles) 
of Et3X cooled in ice bath was added dropwise a solution of 1.99 
g (8.5 mmoles) of p-fluorosulfonylbenzoyl chloride (44) in 3 ml of 
DMF. After 40 min at 0° and 1 hr at ambient temperature, 
the mixture was diluted with 10 ml of petroleum ether (bp 60-
110°) and 50 ml of H 20. The product was collected on a filter, 
washed with 50% EtOH-H 2 0 , then twice recrystallized from 
EtOH with the aid of charcoal in the first recrystallization; yield 
1.20 g (47%), mp 108-109°. Anal. (C15H13FX205S) C, H. 

a-Bromo-p-tolylsulfonyl Fluoride (46).—A mixture of 0.87 g (5 
mmoles) of 45, 0.89 g (5 mmoles) of XBS, 10 mg of benzoyl 
peroxide, and 5 ml of CC14 was refluxed with stirring and irradia
tion by a uv lamp for 2 hr. The mixture was cooled in an ice 
bath, then filtered. The combined filtrate and washings were 
evaporated in vacuo. Recrystallization of the residue from 
petroleum ether (bp 30-60°) gave 0.56 g (44%) of white crystals, 
mp 73-74°, that gave a positive 4-(p-nitrobenzvl)pvridine test for 
activated halogen.22 Anal. (C,H6BrF02S) C,Ff. " 

This compound is a severe skin irritant and should be handled 
with care; it is best converted to 47 without isolation as follows. 

p-Fluorosulfonylbenzyl Triphenylphosphonium Bromide (47). 
—A mixture of 17.4 g (0.1 mole) of 45, 17.8 g (0.1 mole) of XBS, 
250 mg of benzoyl peroxide, and 100 ml of CC14 was refluxed with 
stirring and uv radiation for 2 hr. The cooled mixture was 
filtered, the succinimide was washed with CC14, then the com
bined filtrate and washings were evaporated in vacuo. The 
residual crude 46 was dissolved in 200 ml of CeH6 and treated with 
26.2 g (0.1 mole) of triphenylphosphine. A gummy precipitate 
that separated was removed by filtration. The solution was 
then stirred at ambient temperature for 48 hr. The product was 
collected on a filter and washed with C6H6. Recrystallization 
from MeOH-Et 2 0 gave 17.7 g (34%) of white crystals, mp 
251-252° dec. Anal. (C2oH21BrF02PS) C, H. 

4-Fluorosulfonyl-4'-nitrostilbene (48).—To a mixture of 1.59 g 
(10 mmoles) of p-nitrobenzaldehyde, 5.16 g (10 mmoles) of 47, 
and 5 ml of MeOH stirred in an ice bath and protected from 
moisture was added dropwise 1.22 g (10 mmoles) of Et3X over a 
period of 5 min. After being stirred 1 hr at 0° and 3.5 hr at 
ambient temperature during which time the product separated, 
the mixture was kept overnight at —15°. The product was 
collected on a filter and washed with cold EtOH. The solid was 
stirred with 10 ml of warm 50% EtOH, then collected on a filter 
and washed successively with 50% EtOH and HaO; yield 1.68 g 
(55%) of a yellow solid, mp 110-160°, that moved as a single 
spot on tic in CeH6 and was used for further transformation. 
For analysis, a portion of this presumed mixture of cis and trans 

(28) F. R. Goss, W. Hanhart, and C. K. Ingold, J. Chem. Soc, 250 (1927). 
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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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j3- (4 ,6-Diamino- l ,2-dihydro-2 ,2-dimethyl -s - tr iaz in- l -y l )phenylpropionylsul fani ly l 

Fluoride, an Active-Site-Directed Irreversible Inhibitor of Dihydrofolic Reductase . 
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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 

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


