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Six candidate irreversible inhibitors (18-23) for a-chymotrypsin were synthesized by quaternization of N-(/3-
pyridyl)- (25) and N-(f3-pyridylmethyl)-3,4-dichlorophenoxyacetamide (26) with m- and p-bromomethylbenzene-
sulfonyl fluoride and N-bromoacetylsulfanilyl fluoride (29); all six were excellent irreversible inhibitors at a Ki 
concentration, inactivating the enzyme with a half-life of < 2 min. One of the best inhibitors was the quaternary 
salt (20) formed between 26 and 29; at a KK = 7 yM concentration, 20 showed 89% inactivation of the enzyme 
in 2 min and 100% in 4 min at 24°. 

Derivatives of N-phenyl- (1) and N-benzylphenoxy-
acetamide (2) have been found to be good reversible 
inhibitors of a-chymotrypsin.5'6 Optimum binding of 
the Ar group of 1 was achieved with the naphthyl, 3-
chlorophenyl, or 3,4-dichlorophenyl moieties.6 If the 
R group of 1 and 2 ended in an S02F moiety, a series of 

ArOCH2CONH(CH2)„ 

l , r e - 0 
2 , / t - l 

C1<Q) OCH2CONH(CH2)n < ^ ) 

CI 
3,n=0 
4,n = l 

irreversible inhibitors emerged;7,8 however, many of 
these could not be evaluated as irreversible inhibitors 
at a K\ concentration due to insolubility.3'8 Solubiliza
tion was achieved by introducing a carboxyl group 
ortho to the ether linkage of 1 and 2 or replacement of 
the ArOCH2 moiety by a quaternized 2-pyridylethyl 
group;9 use of the o-COOH group led to a useful group 
of S02F-type irreversible inhibitors of a-chymotryp
sin.3 Another possibility for solubilization was to use 
a quaternized N-pyridyl group in the amide moiety 
(3, 4); if such compounds were well complexed re-
versibly to the enzyme, they would also have the ad
vantage that the R group could terminate with an 

TABLE I 

INHIBITION"'6 OF Q:-CHYMOTBYPSIN BY 

CI <(Q)0CH2C0NH(CH2)n (Q)) 

a 
R Iso,e u.M 

CH3 340 
CH2C6H5 120 
CH2C6H4N02-p 85 
CHsAH^NCVm 150 
CH2C6H4CH3-p 110 
CH2C6H3Cl2-3,4 78 
CH2C6H4OCH3-)o 90 
CH3 540 
CH2C6H5 380 
CH2C6H4N02-p 470 
CH2C6H,OCH3-p 400 

° The technical assistance of Diane Shea and Marlene Dean is 
acknowledged. h Assayed with 200 IJLM N-glutaryl-L-phenyl-
alanine-p-nitroanilide in 0.05 M Tris buffer (pH 7.4) containing 
10% DMSO as previously described.6 c Iso = concentration for 
50% inhibition which is about equivalent to Ki.7 

S02F moiety to give a new class of active-site-directed 
irreversible inhibitors10 of a-chymotrypsin. The re
sults of studies with compounds of type 3 and 4 are the 
subject of this paper. 

Enzyme Results.—Reversible inhibition of a-chymo
trypsin by quaternary salts of types 3 and 4 is shown in 
Table I. I t was previously observed6 that 5 (R = 
p-Cl) had I60 = 210 fiM; note that 7 has I60 = 340 
jj.M. Thus the pyridyl quaternary (7) binds about as 

No. 

7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

n 

0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 

(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, Accounts Chem. 
Res., in press. 

(3) For paper VIII of the subseries see B. R. Baker and J. A. Hurlbut, 
J. Med. Chem., 11, 118 (1969). 

(4) NDEA predoctoral fellow. 
(5) For a discussion of the utility of inhibitors of proteolytic enzymes in 

the cardiovascular disease and organ transplantation areas see B. R. Baker 
and E. H. Erickson, J. Med. Chem., 10, 1123 (1967), paper CVI of this series. 

(6) B. R. Baker and J. A. Hurlbut, ibid., 10, 1129 (1967), paper CVII of 
this series. 

(7) B. R. Baker and J. A. Hurlbut, ibid., 
this series. 

(8) B. R. Baker and J. 

11, 233 (1968), paper CXIII of 

11, 241 (1968), paper CXIV of A. Hurlbut, ibid., 
this series. 

(9) B. R. Baker and J. A. Hurlbut, ibid., 11, 1054 (1968), paper CXXXII 
of this series. 

C 1 ( C y OCH2CONH(CH2)„ 

5,n = 0 
6,n = l 

well as 5 (R = p-CY) which in turn binds three to ten 
times better than 5 (R = H). Replacement of the 
X-methyl group of 7 by N-benzyl (8) gave a threefold 

(10) 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. 
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TABLK II 

IKKICYKKSIHLI-: INHIBITION"'' ' OF a-('HYMHI'ICI nsix nv 

R,cH2coNH(CH2)„/i0 

( 
I!; 

H2C6H4S()./F-/, 

CH,C6H480,F-w 
CH2COXHC6H4S()2F-/; 
CH2C6H4SO,F-p 
CH2C6H4SO,F-m. 
CH2CONHCeH4S02K-jU 
CH2C6H4S02F-p 

-1 uM ng foot noies in 'fable I. '' Inacl ivation performed with 
e remaining enzyme concentration was assayed with N-ben/oyl-i.-tyrosine ethyl ester in pH S. 
:ts previously described.2 '' Fi'om a six-point time study/ 
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increase in binding, indicating that this phenyl moiety 
was interacting weakly with the enzyme; however, 
this phenyl interaction was not appreciably influenced 
by substitution (9-13). In the pyridylmethyl series, 
the pyridyl quaternary 14 was only one fourth as ef
fective as 6 (R = m-Cl) f furthermore, there was little 
change in binding with benzyl quaternaries (15-17). 

A series of candidate irreversible inhibitors (18-23) 
of types 3 and 4 were then synthesized for enzymic eval
uation (Table II); all six compounds were excellent 
irreversible inhibitors at a A"; concentration with a 
half-life of inactivation of 2 min or less. However, the 
/j-fluorosulfonylbenzyl quaternary salts (18, 21) were 
considerably better reversible inhibitors than the nieta 
isomers (19, 22). Since there did not appear to be any 
effect on binding by an electron-withdrawing (10, 16) 
or mi electron-donating group (13, 17) on the benzyl 
moiety, this strong reversible binding by the ;;-S02R-
substituted compounds may be due to a point interac
tion of this group to the enzyme by an F:-*-H~enzyme 
hydrogen bond. 

The question was then posed as to whether or not 
these quaternary salts (18-23) inactivated a-chymo-
trypsin by the active-site-directed mechanism or by a 
random bimolecular attack." The compounds were 
such fast, irreversible inhibitors, it would be difficult 
to use the usual "rate-saturation" criterion, where com
parison of the rates of inactivation by K\ and 3K, con
centration would give only a 1.5-fold increase in rate.11 

Therefore, the alternate approach of removing a. re
versible binding group on the inhibitor was employed.'-

Since; the 3,4-dichlorophenoxymethyl moiety of in
hibitors of types 1 and 2 is reversibly complexed to the 
enzyme, this group in 21 was replaced by H (24). A 
sixfold loss in reversible binding occurred. When a 
A"; concentration (90 ju2l/) of 24 was incubated with a-
chymotrypsin, the rate of inactivation was as fast or 
faster than that with a K\ concentration (15 ixM) of 21. 
However, when 21 and 24 were compared at 15 fxM, 24 
was considerably slower than 21. If 21 had inactivated 

the enzyme by a random bimolecular mechanism, then 
the same concentration of 24 should inactivate the 
enzyme even more rapidly than 21 due to the "self-
protection" that 21 could afford." However, if both 
21 and 24 operated by the active-site-directed mecha
nism, then the rate of inactivation would depend on the 
amount of enzyme reversibly complexed (Iv • • ] ) . " 
Since 15 fiM of 21 forms 50% EI complex and 15 /z.l/ 
of 24 forms only 13% EI complex, then 24 should in
activate the enzyme at about one-fourth the rate of 21 
as noted in Table II; this calculation requires the logical 
assumption that the rate of reaction of the S02F moiety 
with a-chymotrypsin is not influenced by the structural 
change between 21 and 24 that is relatively remote from 
the SOsF moiety. 

An unlikely possibility existed that the irreversible 
inhibition by the compounds in Table II occurred by 
alkylation of the enzyme with the pyridinium moiety 
acting as the leaving group; this possibility was reudily 
eliminated since I&o concentrations of 7, 11, and 16 
showed no inactivation of the enzyme after oO-min in
cubation. Thus the S02F moiety is the only moiety 
left that could form a covalent bond with the enzyme. 

If the irreversible inhibitors in Table II have their 
phenoxyacetamide moieties complexed in the same way 
to a-chymolrypsin, it is unlikely that the same1 amino 
acid (serine?) in the enzyme is covalently linked by 
18-23: such a study would be worthwhile. Further
more, the "chymot.ryptic" component of the comple
ment svsteml:i is inhibited bv some of the members of 
Table II. 

Chemistry. The inhibitors in Tables I and II have 
the general structures 3 and 4; they were prepared by 
quaternization of 25 or 26 with the appropriate alkyl 

C 1 \ Q ) OCH2CONH(CH,)„ (Cj) 

25, n = 0 
26,11 = I 

i l l ) Fur I lie kinolics of irreversilijc inhibi t ion sec rel 1(1, pp 

(12) (u) t i e fe rence 10. pp 170 -171 ; (1>) B. R. Baker , W. W. 

Tontr, ./. Thenrrt. Biol.. 3, -lot) (lilt)L>). 

loi taj Ciba l- 'oundalion Sympos ium, ( u i n p l e t n e n t . ( i . K. ^ . W o N u 
holme and J . Kniitht , Fd. , Lit t le . Brown and Co., Boston, -Mass.. UMio; 
II . J . Mil l ler-Fl ier l iard, Admit. Immunol.. 8, 1 i lDliSl. 
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TABLE I I I 

PHYSICAL PROPERTIES OF 

C l < ( Q ) 0 C H 2 C 0 N H ( C H 2 ) n ^ Q ) 

No. 
7 
8 
9 

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

n 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 

stallized 

X 
I 
Br 
Br 
CI 
Br 
CI 
Br 
TsO 
Br 
Br 
Br 
Br 
Br 
Br 
Br 
Br 
Br 

from 

R 
CH3 

CH2C6H5 

CH2C6H4X02-p 
CH2C6H4X02-m 
CH2C6H4CH3-p 
CH2C6H3Cl2-3,4 
CH2C6H4OCH3-p 
CH3 

CH2CCXI5 
CH2C6H4X02-p 
CH2C6H4OCH3-p 
CH2C6H4S02F-p 
CH2C6H4S02F-m 
CH,COXHC6H4S02F-p 
CH2C6H4S02F-p 
CH2C6H4S02F-m 
CH2C0XHC6H4S02F-p 

EtOH. b Recrystallized from 

Method 
B 
A 
A 
A 
A 
A 
A' 
A 
Ad 

A 
Ac 

B ' 
Ad 

A 
B ' 
B 
A 

Yield, 
% 
80" 
79" 
676 

46J 

94° 
906 

55° 
67 ; 

57"'" 
586 

65" 
61" 
24" 
74* 
17<> 
44« 
80« 

Me2CO-MeOEtOH. 

Mp, °C 
dec 

206-209 
195-196 
218-219 
230-232 
209-210 
228-229 
196-198 
132-134 
156-158 
111-120 
178-180 
189-190 
155-157 
196-197 
190-191 
212-213 
178-180 

" The a-bromo 

Formula 
C14H13C12IX202 

C20HnBrCI2N2O2 

C2oHi6BrCl2X304 

C2oHi6Cl3N304 

C2iHi9BrCl2N202 

C20H15Cl5N2O2 

C2iH19BrCl2N203 

C22H22CI2N2O5S 
C21H,9BrCl2X202 

C21H18BrCl2N304 

C22H2iBrCl2N203 

C2IHi8BrCl2FN204S 
C2iH18BrCl2FN204S 
C22H19BrCl2FX306S 
C2oH16BrCl2FX204S 
C20H,6BrCl2FX2O4S 
C21H17BrCl2FX306S 

-p-methoxytoluene was 

Analyses 
C, H, X 
C, H, N 
C, H, X 
C, H, X 
C, H, N 
C, H, X 
C, H, X 
C, H, X 
C , H , X 
C, H, X 
C, H, X 
C, H, F 
C, H, X 
C, H , F 
C , H , F 
C, H, F 
C, H, F 

made by the 
method of S. Feng and K. Chiu, Hua Hsileh Hsueh Pao, 25, 277 (1959), and used immediately due to its instability. d The compound 
was precipitated out of the reaction mixture with petroleum ether (60-110°). e Recrystallized from EtOH-petroleum ether (60-110°). 
/ See B. R. Baker and G. J. Lourens, J. Med. Chem., 11, 666 (1968), for the preparation of the required starting bromide. « Recrystal
lized from EtOH-Me 2CO. h Recrystallized from MeOEtOH-EtOH. • Recrystallized from Me2CO. 

OCH,CONHCH. 

27 

•©• 

bromide or toluenesulfonate in hot Me2CO or CHC13. 
Attempts to quaternize 27 led to blue pigments which 
could be decolorized by addition of HBr; however, pure 
quaternary salts could not be isolated from 27. The 
required pyridines (25-27) were prepared by condensa
tion of the appropriate pyridine with 3,4-dichloro-
phenoxyacetic acid, the carboxyl group being activated 
bv a mixed anhvdride for 26 and 27 and an acid chloride 
for 25. 

Experimental Section 

Each analytical sample had an appropriate ir spectrum and 
moved as a single spot on tic on Brinkmann silica gel GF; Brink-
mann MX-polyamide was used for the quaternary salts. Com
bustion values within 0.4% of theoretical for C, H, and X or F 
were obtained. Melting points were taken in capillary tubes on 
a Mel-Temp block and are uncorrected. 

N-(f3-Pyridylmethyl)-3,4-dichlorophenoxyacetamide (26).—To 
a stirred solution of 4.42 g (20 mmoles) of 3,4-dichlorophenoxy-
acetie acid in 50 ml of T H F containing 2.02 g (20 mmoles) of 
Et3X was added 2.18 g (20 mmoles) of ethyl chloroformate in 
10 ml of T H F over a period of 3 min maintaining the temperature 
at —5 to 0°. After being stirred by an additional 45 min at —5 
to 0°, 2.16 g (20 mmoles) of 3-(aminomethyl)pyridine in 50 ml of 
ice-cold T H F was added dropwise (5 min). The mixture was 
allowed to warm slowly to room temperature over 12 hr, then it 
was refluxed for 5 min. After nitration the T H F solution was 
evaporated in vacuo, and the resulting oil was crystallized from 
aqueous EtOH. Recrystallizatioii from petroleum ether (bp 
60-110°) gave 3.5 g (57%) of white solid, mp 96-99°. Anal. 
(CHH,,C12X202) C, H, X. 

Similarly, 27 was prepared and recrystallized from EtOH; vield 
2.35 g (38%), mp 145-147°. Anal. (Ci4H12Cl2X202) C, H, X. 

N-(3-PyridyI)-3,4-dichlorophenoxyacetamide (25).—A mixture 
of 5.5 g (25 mmoles) of 3,4-dichlorophenoxyacetic acid and 10 ml 
of SOCl2 was refluxed until gas evolution ceased (45 min). The 
excess SOCl2 was evaporated in vacuo, and the resulting acid 
chloride in 20 ml of CHCI3 was added dropwise over 30 min to an 
ice-cooled solution of 1.88 g (20 mmoles) of 3-aminopyridine and 
2.0 g (20 mmoles) of Et3X in 40 ml of CHC13. After being stirred 
30 min at ambient temperature and 5 min on a steam bath, the 
solution was washed with three 200-ml portions of H 2 0 and dried 
(MgS04), then the product was isolated by precipitation with 
petroleum ether (60-110°). Recrystallization from toluene 
yielded 3.3 g (56%) of white needles, mp 134-136°, which gave a 
negative Bratton-Marshall test for aromatic amine.14 Anal. 
(C13H10Cl2X2O2) C, H, X. 

a-Bromo-rn-toIuenesulfonyl Fluoride (28).—?n-Toluenesulfo-
nyl fluoride15 was prepared from the corresponding chloride.16 

A mixture of 17.4 g (0.1 mole) of the fluoride, 17.8 g (0.1 mole) of 
XBS, 0.3 g of benzoyl peroxide, and 100 ml of CC14 was refluxed 
for 7 hr when the succinimide had risen to the surface. The 
cooled CC14 was treated with charcoal, filtered, and evaporated in 
vacuo leaving 24.6 g (97%) of a yellow oil; this gave one major 
spot and one minor spot on tic using petroleum ether (60-110°)-
EtOAc (4:1). Both spots gave a positive active halide test.14 

The oil was used without further purification. This compound 
is a skin irritant that should be handled with care. 

N-Bromoacetylsulfanilyl Fluoride (29).—To 12.1 g (60 mmoles) 
of bromoacetyl bromide in 100 ml of CHC13 was added dropwise 
(15 min) with stirring and ice cooling 8.7.5 g (50 mmoles) of sul-
fanilyl fluoride in 50 ml of CHC13. To this ice-cold mixture was 
then added (10 min) 5.35 g (50 mmoles) of 2,6-lutidine in 25 ml 
of CHC13. After being stirred an additional 15 min at room 
temperature, the mixture was filtered and the filtrate was washed 
successively with two 200-ml portions of H2O, two 100-ml por
tions of 5 % HC1, 100 ml of 5% XaHC0 3 , and two 200-ml portions 
of H 2 0 . Dried with MgS04, the solution was diluted with 100 ml 

(14) B. R. Baker, D. V. Santi, J. K. Coward, H. S. Shapiro, and .1. H. 
Jordaaii, ./. Heteroeyd. Chem., 3, 425 (1960). 

(15) F. K. Jenkins and A. N. Hamhly, Au.it. ./. Chem., 6, 318 (19.53). 
(16) m-Toluenesulfonyl chloride was prepared from ?re-toluidine by the 

general metiiod of H. Meerwein, G. Dittmar, R. Gollner, K. Hafner, F. 
Mensch, and O. Steinfort, Chem. Ber., 90, 841 (1957). 

Au.it


15. H. B.VKEK AND RlCH 15. M E Y I C U , .lit. Vol. I'J 

of petroleum ether ((SO-110°) and I ho product, was collected on 
a filter. RecryslallizaUon from toluene yielded o.Uo g (34%) of 
while crystals, mp 141-144°, which gave a positive active halidc 
test H and a negative Bratton-Marshall test for aromatic amine." 
Anal. (CMI-BrFNOsS) C, H, F. 

This compound should be handled with caution since it is an ix-
tn in' skin irritant. 

a-\Z- (3,4 -Dichlorophenoxyacetamido )pyridinium] - p-fluorosul-
fonylacetanilide Bromide (23) (Method A).—A solution of (I.SO 
g 01.0 mmoles) of 25 and 0.97 g 05.3 mmoles) of 29 in 20 ml of 
Me:CO was refluxed for IS hr. The warm .Me200 was decanted 
from the yellow oil, and the oil was rubbed with fresh Me-CO 

until it solidified. The product was collected, washed (Mo2(H)i, 
ami recrystallized from KtOIl; yield, 1.4:! g (SO' , ) of white solid, 
mp ITS-ISO0. 

See Table III for additional compounds prepared by tius 
method. Similarly, 24 was prepared from o-acetanudopyri-
dine;17 vield, 0.70 g CM)1",) of lan crystals, mp 'JOS 210°. Anal. 
( ( ' H I I M B I F N . O . S ) C. II. I'. 

Method B was the same as A. but CHCb was employed as sol
vent . 

id 1). M a n y . ./. Or,/. Chem., 2 5 , 2212 

Irreversible Enzyme Inhibi tors . CLI . U Active-Site-Direeted Irreversible Inhibi tors 
of Dihydrofolic Reductase3 Derived from 

5-(p-Aminophenylbutyl)-2,4-diaminopyrimidines with a Terminal Sulfonyl Fluoride 

15. R. BAKER AND RICH B, MEYER, .IK. 

Department of Chemislri/, University of California, at Santa Barbara, Santa Barbara, California V310f> 

Received October 30, hifiS 

Wittig condensation of 2-acetamido-4-hydroxy-6-methylpyrimidiue-o-propionaldehyde (5) with p-uitrobeuzyl 
triphenylphosphonium bromide (6) proceeded in 69% yield to 2-aeetamido-6-methyl-o-[4-(p-nitropheuyl)-:>-
buten-l-yl]-4-pyrimidinol (7) in D M F by use of l,4-diazabicyelo[4.3.0]non-5-eue (DBN) as the base. By 
further transformations, 7 was converted to the key intermediate, 5-(p-aminophenylbutyl)-2,4-diamino-6-meth-
ylpyrimidine (11). 2,4-Diacetamidopyrimidine-5-carboxaldehyde (14) condensed smoothly with p-nitrocin-
namyltriphenylphosphonium bromide (15) with DBN as the base to give 2,4-diaeetamido-5-[4-(p-nitrophenyl)-
l,3-butadien-l-yl]pyrimidine (16) in 84% yield. Catalytic reduction of 16 and hydrolysis afforded the key 
intermediate, 5-(p-aminophenylbutyl)-2,4-diaminopyrimidiue (17) in 56%, yield. Acylation of the arylamino 
group of 11 and 17 with m- or p-fluorosulfonylbenzoyl chloride gave a series of candidate irreversible inhibitors of 
dihydrofolic reductase. Two of these were excellent irreversible inhibitors of the enzyme from L1210 mouse 
leukemia and showed good specificity by showing poor inactivation of the mouse liver enzyme; however, these 
compounds showed poor diffusion through the L1210 cell wall. 

In a previous study, the 5-phenoxypropyIpyrimidine 
(1) was found to be an excellent active-site-directed 
irreversible inhibitor4 of dihydrofolic reductase from 
1.1210 mouse leukemia when assayed at a iv, = 3 X 
10~9 .1/ concentration; furthermore, at 60-100A'i, 1 
showed no inactivation of this enzyme from the liver, 
intestine, or spleen of the mouse.3,6 Unfortunately. 1 
showed poor penetration of the L1210 cell wall and as a 
result was inactive m vivo* In contrast, 2 was an ac
tive-sit e-directed irreversible inhibitor of dihydrofolic 

NH2 

q 
S02F 

NH, 

N ^ N — ( Q ) (CH2)2C0NH(O)~ S ° 2 F 

NH2kNJMe; 

(!) Th is work was generously s u p p o r t e d by G r a n t CA-08695 from t t ie 
Na t iona l Cance r I n s t i t u t e , U. S. Pub l i c H e a l t h Service . 

(2} F o r t he previous pape r in th is series see B . R . B a k e r a n d J . A. H u r l b u t , 
./. Med. Chem., 12, 221 (1969). 

(3) Fo r t h e p rev ious pape r on th is e n z y m e see B. R . B a k e r a n d R . B . 
M e y e r , Jr . , ibid., 12, 10S (1969), paper C X L I I I of th is series. 

(-1) B. R. Baker . " D e s i g n of Aet ive-Si te -Direc ted I r revers ib le E n z y m e 
Inh ib i to r s . T h e Organ ic C h e m i s t r y ol t t ie Knzymie Act ive-Si te , " J o h n 
Wiley a n d Sons, Inc. , New York . N . V., 1967. 

(3) B. R. Baker . G. J. I .ourens, R . B. Meyer , Jr . , and N . M. J . Veriueulen, 
'hid.. 12, 67 (1969). pape r C . V X X I I I of this series. 

reductase with little selectivity;3 however, 2 penetrated 
the cell quite effectively and as a result 2 showed re
producible in vivo activity against L1210.3"' Pre-

NH2 

N S0,F 
3,R = CH3 

4,R=H 

sumably, both 1 and 2 penetrate the 1.1210 cell wall by 
passive diffusion;'5 therefore, the difference in the ability 
of 1 and 2 to diffuse through the cell wall was surprising. 
Little is known about effect of variation of structure on 
cell wall diffusion since assays are usually performed 
with intact cells or with isolated target enzymes, but 
seldom both; without both assays, one cannot dif
ferentiate poor inhibition from poor diffusion. A recenI 
study on dihydrofolic reductase inhibitors for Esch
erichia coli7 indicated that structural change could 
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