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Thirteen candidate irreversible inhibitors derived from N'-benzyl- or X-phenyl-a;-<2-carboxy-4-chlorophenoxy)-
acetamide with a terminal S02F group on the X substituent were synthesized and evaluated. A number of these 
at a K\ concentration gave essentially complete inactivation of a-chymotrypsin in 60 min at 37°. The best com
pound was a-(2-carboxy-4-chlorophenoxy)-X-[?n-(m-riuorosulfonylphenylu]'eido)benzyl]acetamide (7) which 
showed a half-life of inactivation of 2 min when a K-, = 81 nM concentration was incubated with 1 nM chymo
trypsin. 

The synthesis and enzymic evaluation of active-
site-directed irreversible inhibitors5 of proteolytic 
enzymes6 that operate by covalent bond formation 
outside the active site, the so-called exo mechanism,7 

have been actively pursued in this laboratory. At a 
2-3/fi concentration, 1 can rapidly inactivate a-
chymotrypsin.8 In order to place the S0 2 F linkage 

{Q)OCH,CONH (Pv> 

CI R 

1, R = S02F 
2, R = NHCONHC6H4S02F-m 

ci <(QN OCH2CONH <f^)) 

COOH NHCONH<(Q) 

S02F 
3 

further from the C O N H linkage of 1, which is believed3 

to complex to the catalytic part of the active site,10 15 
candidate irreversible inhibitors related to 2 were syn-

(1) This work was generously supported by Grant CA-08695 from the 
National Cancer Institute, U. S. Public Health Service; some of the enzyme 
assays were performed on a Gilford 2400 spectrophotometer purchased on 
Grant FR07099, U. S. Public Health Service. 

(2) For the previous paper in this series and on proteolytic enzymes see 
B. R. Baker and E. H. Erickson, ./. Med. Chen., 12, 112 (1969). 

(3) For the previous paper on chymotrypsin see B. R. Baker and ,!. A. 
Hurlbut, ibid., 11, 1054 (1968), paper CXXXIt of this series. 

(41 N.D.E.A. predoctoral fellow. 
(5) 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. X. V., 1967. 

(6) For a discussion of the chemotherapeutic utility oi selective irreversible 
inhibitors of serum proteases in the cardiovascular disease and organ trans
plantation area see B. R. Baker and E. H. Erickson, ./. Med. Chem., 10, 112:! 
(1967), paper CVI of this series. a-Chymotrypsin serves as a model for these 
studies. 

(7) The exo type of irreversible inhibitor can have an extra dimension of 
specificity not present in reversible inhibitors, known as the bridge principle 
of specificity; see ref o, Chapter IX, for a detailed discussion of this principle. 

(8) B. R. Baker and J. A. Hurlbut, ./. Med. Chem., 11, 233 (1968), paper 
CXI1I of this series. 

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

(10) The active site is defined to include those amino acid residues involved 
in complexing the substrate and those amino acids involved in the catalytic 
action. The dimensions of the active site of an enzyme using a protein as 
Mibstrate are difficult lo guess since it is not known how many amino acid 
residues of the substrate are in contact with the enzyme; however, the farther 
the SO'T-" moiety of the inhibitor is removed from the catalytic site in the 
complex, the higher is the probability that two proteases would differ in pri
ma ry and tertiary si ructure in the vicinity of the SO2F group; see ref .1, p 188-

thesized.11 Although a number of these showed 15 -
4 5 % irreversible inhibition, they could only be assayed 
at a 0.1-0.3A'; concentration due to insolubili ty." 
A program was undertaken to determine where water-
solubilizing groups could be placed on a molecule such 
as 2. From this program emerged an irreversible 
inhibitor of type 3 with a C O O " group (at pH 7A) on 
the (niho position of the phenoxy moiety; 3 was about 
100 times more soluble than 2 in the aqueous medium 
used for assay." In this paper is described the syn
thesis and enzymic evaluation of 12 analogs of 3 with 
variants in the anilide portion. 

Enzyme Results. The results with 3 and its 1.2 
analogs (4 15) are recorded in Table I . The ability of 
the compounds to inactivate a-chymotrypsin was com
pared at concentrations sufficient to complex revers-
ibly 5 0 % of the enzyme, since the concentration of the 
reversible complex [E- • -I] is the rate-determining 
species with active-site-directed irreversible inhibi
tors.12 When the parent 3 at an I60 ^ K; concentra
tion (0.15 ni.l/) was incubated with chymotrypsin 
(~0 .08 m J / ) , only a total of 7 5 % inactivation was ob
served. When the S0 2 F moiety of 3 was moved to the 
para position, the resultant, 4 was about a fivefold less 
effective reversible inhibitor; however, 4 and 3 were 
about equally effective irreversible inhibitors when 
each was assayed at a K{ concentration. Insertion 
of a CI para to S0 2 F moiety of 3 gave 5 which was about 
twice as effective as 3 as a reversible inhibitor, but 
equally effective is 3 as an irreversible inhibitor at, /v', 
concentration. Insertion of an 0-CH3 group (6) on 3 
gave about twofold less effective reversible inhibition, 
but 6 was considerably less effective than 3 as an ir
reversible inhibitor. The S0 2 F type of irreversible 
inhibitor can not only form a covalent bond with 
chymotrypsin by the active-site-directed mechanism, 
but the enzyme can also catalyze hydrolysis of the S0 2 F 
moiety.8 It would appear that the 0-CH3 substituent 
of 6 has an unfavorable effect on the ratio of the rate 
of inactivation to the rate of enzyme-catalyzed hy
drolysis. 

When a CH2 group was inserted in the anilide moiety 
of 3, the resultant benzylamide (7) was a twofold better 
reversible inhibitor than 3 ; furthermore, 7 was a better 
irreversible inhibitor than 3 since 7 at a K\ concent ra-

i l l l H. I!. Hakeraml.L A. Hurlbut. ./. Mel. Chem.. 11, 2 11 •, 1968). paper 
CXIV of this series. 

• 12; For the kinetics ol irreversible inhibition !•«' ref .">, Chapter 8. 
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TABLE I 

IEKEVEBSIBLE INHIBITION 0 OP Q:-CHYMOTBYPSIN BY 

C/Q)OCH2CONHR 

COOH 

. Reversible • 
Iio,6 

m l 

0 . 1 5 

0 . 7 0 

0 . 0 8 0 

0 . 2 6 

0 . 0 8 1 

0 . 5 9 

0 . 3 0 

1.0 

0 . 4 8 

0 . 1 6 

0 . 3 0 

0 . 4 0 

0 . 2 3 

;eder is ac 

Estd Ki,c 

m l 

0 . 1 5 

0 . 7 0 

0 . 0 8 0 

0 . 2 6 

0 . 0 8 1 

0 . 5 9 

0 . 3 0 

1.0 

0 . 4 8 

0 . 1 6 

0 . 3 0 

0 . 4 0 

0 . 2 3 

iknowledged. 

Assay 
method^ 

G P N A 

G P N A 

G P N A 

B T E E 

B T E E 

G P N A 

G P N A 

B T E E 

B T E E 

B T E E 

B T E E 

G P N A 

G P N A 

B T E E 

G P N A 

G P N A 

G P N A 

B T E E 

B T E E 

G P N A 

G P N A 

G P N A 
6 loo = conce 

—Irreve 
Inhib, 
m l 

0 . 1 5 

0 . 6 2 

0 . 0 8 0 

0 . 0 8 0 

0 . 0 8 0 

0 . 2 6 

0 . 0 8 1 

0 . 0 8 1 

0 . 0 4 0 

0 . 0 1 0 

0 . 0 8 1 

0 . 5 9 

0 . 3 0 

0 . 3 0 

1.0 

0 . 4 8 

0 . 1 6 

0 . 0 2 0 

0 . 1 6 

0 . 3 0 

0 . 4 0 

0 . 2 3 

t i t r a t i o n nee 

rsible— 
% 

E — I e 

50 

48 

50 

50 

50 

50 

50 

50 

33 

11 

50 

50 

50 

50 

50 

50 

50 

11 

50 

50 

50 

50 

essary 

Time, 
min 

60 

60 

60 

60 

14 

60 

60 

60 

60 

60 

2 

60 

60 

3 

60 

60 

60 

60 

1 

60 

60 

60 

for 5 0 % 

% 
inactvn 

75 

82 

75 

84 

50 / 

35 

100 

96 

89 

62 

50 / 

98 

100 

50 / 

72 

79 

100 

100 

5 0 / 

100 

43 

97 

inh ib i t ion 

No. R 

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

4 m-C6H4NHCONHC6H4S02F-p 
5 m-C6H4NHCONHCsH3-2-Cl-5-S02F 

6 TO-C6H4NHCONHC6H3-4-Me-3-S02F 
7 m-CH2C6H4NHCONHC6H4S02F-TO 

8 TO-CH2C6H4NHCONHC6H4S02F-p 
9 p-CFkCeH.NHCONHCeH.SOjF-m 

10 p-CH2C6H4NHCONHC6H4S02F-p 
11 OT-CH2C6H4NHCONHC6H3-4-Me-3-S02F 
12 m-CH2C6H4NHCONHC6H3-2-Cl-5-S02F 

13 TO-CH2C6H\NHCONHC6H3-3-C1-4-S02F 

14 p-CH2C6H4NHCONHC6H3-4-Me-3-S02F 
15 p-CH2C6H4NHCONHC6H3-2-Cl-5-S02F 

" The technical assistance of Marlene Dean and Jean Reeder is acknowledged, 
when assayed with 0.2 vaM N-glutaryl-L-phenylalanine p-nitroanilide (GPNA) in pH 7.4 Tris buffer as previously described.9 ' Esti
mated as K; = I5o.8 d GPNA: 40-80 pM enzyme incubated with inhibitor at 37° in pH 7.4 Tris buffer containing 10% DMSO, then 
the remaining enzyme was determined by assay with 0.2 m.¥ GPNA.8 B T E E : 1 nM enzyme incubated with inhibitor at 24° in pH 
7.4 Tris buffer containing 10% DMSO, then assayed with BTEE in pH 8.1 Tris buffer + 0.1 M CaCl2.13 • Calculated from [EI] = [ E t ] / 
(1 + Ki/[I]) where [EI] = amount of reversible complex expressed as a percentage of total enzyme (Et);1 

when inhibitor is in excess of enzyme. ! From a six-point time study.8 
this calculation is valid only 

tion gave total inactivation of chymotrypsin. A 
shift of the S02F moiety of 7 from meta to para gave 
8 which showed an eightfold loss in reversible binding, 
but was an equally effective irreversible inhibitor at 
Ki concentration. Similarly, the shift of the phenyl-
urea moiety of 7 from meta to para (9) resulted in less 
effective reversible inhibition, but similar irreversible 
inhibition. However, when the S02F moiety of 9 was 
shifted from meta to para, the resultant 10 was less 
effective both reversibly and irreversibly. Insertion 
of a o-Me (11) or p-Cl (12) on 7 was detrimental to 
reversible binding, but irreversible inhibition was not 
changed in 12. Similarly, insertion of an o-Me (14) 
on 9 was detrimental to irreversible inhibition. How
ever, insertion of an o-Cl (13) on 8 gave twofold better 
reversible binding with no change in the excellent ir
reversible inhibition. 

The two irreversible inhibitors with the lowest K{s 
were then compared in a six-point time study;8 7 was 
a better irreversible inhibitor since it showed a half-
life of inactivation of 2 min, in contrast to 5 which had 
a half-life of 14 min. Two other compounds (9, 12) 
that showed total inactivation of chymotrypsin, but 
had less effective Ki's than 5, were also subjected to a 
time study; both 9 and 12 were faster irreversible in
hibitors than compound 5, having half-lives of 3 and 
1 min, respectively, when assayed at K\ concentra
tion. 

The best irreversible inhibitor in Table I was 7 since 

it rapidly and totally inactivated chymotrypsin at the 
lowest concentration due to its low Kv Therefore 7 
was studied in more detail. In order to study 7 at 
less than K\ ~ 0.08 mil/, it was necessary to devise an 
incubation that used less than 0.08 mil/ chymotrypsin; 
by use of N-benzoyl-L-tyrosine ethyl ester (BTEE)13 

instead of X-glutaryl-L-phenylalanine p-nitroaniline 
(GPNA),14 it was possible to reduce the incubation 
concentration of chymotrypsin15 to about 1 nM since 
BTEE has a vastly superior Vmax. When the ir
reversible inhibition by 7 at 0.081 mil/ concentration 
of 1 nM chymotrypsin was reexamined with the BTEE 
assay, inactivation was again essentially total. When 
the concentration of 7 was reduced to O.oifi = 0.04 
mil/, which is sufficient to complex reversibly 33% of 
the enzyme, 89% inactivation was seen in 1 hr. Fur
ther reduction of the concentration of 7 to 0.01 mil/ = 
K{/8, which reversibly complexed only 11% of the 
enzyme, gave 62% inactivation in 1 hr. That total 
inactivation of 1 11M chymotrypsin was not seen by 
10 nM = K{/8 of 7 indicates that enzyme-catalyzed 
hydrolysis of 7 becomes apparent as the inhibitor con
centration approaches that of the enzyme. In con
trast, the chloro derivative (12) of 7 at 20 pM = K-JS 

(13) B. C. VV. Hummel, Can. ./. Biochem. Physiol., 37, 1393 (1959). 
(14) B. E. Erlanger, l-\ Kdel, and A. G. Cooper, Arch. Biochem. Biophys., 

118, 206 (1986). 
(15) We wish to thank Professor Howard J. Schaeffer for pointing out this 

stoichiometry in previous papers.8,11 
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TABLE II 

IHHKVF.KSIBLE INHIBITION" OF a-CHY.\iorntYijsiN UY 

R/Q\OCH2CONHR. 

10 

20 

21 

H C6H(S02F-r« 
H H I - C 6 H 4 N H C O N H C 6 H 4 S 0 2 F - » ( 

II m-CH2C6H4NHCONHC6H4S02F-»( 
H p-CH2C6H4XHCONHC6H4S02F-p 
H Ht-C6H4NHCOC6H4S02F-wi. 
II »(-C6H,NHCOC6H4S02F-io 
II p-CeHiCHiNHCONHCsILSOiF-m 

11 7/j-CH2C6H4NHCOC6H<SO,F-Mt 

Ht-CH2C6H4NHCOC6H4S02F-p 
p-CH2C6H4NHCOC6H4S02F-nt 
p-CH2C6H4NHCOC6H4S02F-io 
o-CH2C6H4NHCONHC6H,S02F-y, t 

20 II o-CHjCeH.NHCOCsH.SOsF-m. 
27 II o-CII2C6H,NHCOC6H4S02F-^ 

2S CI «i.-CH2C6H,NHCC)C6H4iSO,F-//i. 
20 II C6H4S02F-o 
:i(l CI Cf,H4S02F-o 
:!1 CI C6H<S02F-m 
:!2» II C6H4-2-O.Me-5-S()2F 

" See Table 1; see ref 11 for synthesis. h Estimated as K\ 
Tils buffer containing W/c DMSO, then assayed with BTEE in pH 8.1 Tris buffer containing 0.1 M CaCl2.13 d See foot! 
' Near maximum solubility. / From six-point time studv.s ' Prepared from :)-NH2-4-OMeC6FL,S02F bv method E9 

mp 208-211°. Anal. (C,5HuClFNO;,S) C, H, N. 

22 
2:S 
24 
25 

H 
II 
II 
II 

E s t d A";, 
»M 

30 
> 2 o 

70 
>2.-) 

>.")() 
> 1 2 

00 

'•>') 

07 
IS 

00 
00 
.">M 

00 

;>.) 
42 
20 

>:>() 
02 

m.'-n " 

'• l n h 

„.\ 
4.") 
10' 
10' 

.">' 
!()•' 

2 

25'' 

20" 

20' 
20' 
IS' 
10" 
10' 

20' 
20" 
20' 

10" 
42 

20 
UK 
i:i' 

Enzyme 

• -Irrovei 'sible ' - • 
"f 

• • i d 

."),") 
:2« 

i : j 

:17 
.17 
:17 

:so 
;;o 
:>o 
•>o 
2;; 
50 
14 
10 

2s 
is 
i s 
22 
."id 

."ill 

17 
12 

Timp. 
mill 

CO 
00 
00 
00 

oo 
00 
00 

.") 
00 

00 
00 
00 

oo 
00 
00 

2, 10, 00 
60 
00 
00 
(id 
00 

mact VII 

SO 

72 

02 

44 

00 

10 

SO 

:>()'" 
N.I 

:>() ' 
70 
70 
02 
Oo 
OS 
S7 

.">(), 7S, N.V 
(i:! 

I nM) incubated with inhibitor at 24° in pi I 7.4 
lote e, Table I. 
in 0 9 ' ; yield, 

concentration still showed total inactivation; thus, 
this CI substitution (12) has a favorable effect on the 
ratio of the rate of enzyme inactivation to the rate of 
enzyme-catalyzed hydrolysis.8 

Since 7 and 12 at a concentration of K[/S showed 
good inactivation of 1 pM chymotrypsin by the BTEE 
assay, some of the previously reported compounds11 

that were soluble only in 0.1-O.oivi region were re-
assayed by this new method (Table II). Of these 
compounds, four (20-22, 27) were good irreversible 
inhibitors at their maximum solubilities which were 
sufficient to complex reversibly 18-3(5% of the enzyme. 
The best three were compared for half-life of inactiva
tion; even though 20 txM of 27 complexed only 18%, of 
the enzyme, the half-life of inactivation was 2 min 
compared to 5 min for 20 and 21 at a concentration of 
2o and 20 iiM, .sufficient to complex 30 and 36% of the 
enzyme, respectively. Benzenesulfonyl fluoride can 
inactivate a-chymotrypsin by covalent bond forma
tion with serine-19o.16 Presumably p-tolylsulfonyl 
fluoride attacks this same amino acid when 100 p.A~f 
inactivates a-chymotrypsin with a half-life of 32 min.8 

The inactivation of a-chymotrypsin by 7, 12, and 27 
is considerably more rapid than inactivation by p-
tolylsulfonyl fluoride. 

Three inhibitors (1, 29. 30) that gave excellent 
irreversible inhibition of —SO p.M chymotrypsin when 
assayed above 80 ixM with GPXA also gave excellent 
irreversible inhibition at their K[ concentration (20-
40 nM) when assaved with 1 nM chvmotrvpsin and 
BTEE. 

1). E. Kabrney anil A. M. (iojil, ./. ,1 , , SV/r., 85 , !)!)7 ( lSIO.'i; 

It is unlikely that the same amino acid moiety of 
chymotrypsin is covalently linked by all the irreversible 
inhibitors in Tables I and I I ; proof of such an assump
tion is a worthy pursuit that could give additional 
insight into the tertiary structure of chymotrypsin. 
Inhibition of the "chymotryptic" component of the 
complement system'7 has been observed with some 
members of Table I; these studies are being pursued 
vigorously. 

Chemistry.- -The irreversible inhibitors, 3-6, can 
be generalized by 37. The synthesis of 3 via 34 by 
condensation of 35 with w-fluorosulfonvlphenvl iso-
cyanate was described previously.3 The remainder 
(4-6) were synthesized from 35 by condensation with 
the appropriate O-(p-nitrophenyl) carbamate (36) 
(Scheme I).18 Attempts to convert. 35 to 39b by 
acylation with m-fluorosulfonylbenzoyl chloride gave 
mixtures which could not be purified. The correspond
ing ester (38) could be acylated to 39a, but attempted 
acid hydrolysis to 39b was not sufficiently selective over 
the amide linkages. Attempts to prepare the p-nmino 
isomer of 35 were unsuccessful due to the insolubility of 
the uitro precursors. 

The irreversible inhibitors 7, 8, 11-13 can be general
ized by structure! 45, synthesized from the amine 
(44) by reaction with appropriate carbamate (36); the 
amine (44) was synthesized via compounds 40-43 
as previously described for 35 ;3 an attempt to condense 

i 17) (at ( ' i l ia Founi la l ion Sympos ium, C o m p l e m e n t , (1. K. \\ . Wuls ien-
holine and J . Knigh t , I'M., Little, Brown and On., Boston, Mass . . 1!)(>5; 0>) 
It. J. M u l l e r - E b e r h a r d . A,Iran. Immunol.. 8, 1 (1968). 

i 18) B. R. Bake r anil X. M. J. Vermeulen , ./, Med. Chun.. 12, 71 ilU(W). 
paper C . W X I Y uf tliis series 



January 1969 IRREVERSIBLE ENZYME INHIBITORS. CXLV 121 

SCHEME I 

F02S R R 

CI<0>OCHXONO + No2<g>ocoN^T — C I ^ O C H . C O N O (C^ CI<0>OCH2CONO 

COOH R 36 COOH HNCONH " COOR' RNF. COOH 

34 ,R=NO, 
3 5 , R = N H , 

CI 

37 

COOR' RNH 

38,R' = Me;R = H 
39a, R' = Me; R = COC6H4SO,F-m 
39b, R' = H; R = COC6HjS02F-m 

/ Q ) 0 H + C1CH2COXHCH2<(0\ -* C l { Q ) o C H 2 C O N H C H 2 < ( Q ) — " C l ( ( ^ O C H 2 C O N H C H 2 ( Q ) ) 
\ ^ y 

COOMe 

40 41 
N02 

< ( Q ) 0 C H 2 C 0 0 R 

1 
COOMe 

46, R = t-Bu 
4 7 , R = H 
48,R=COOEt 

COOR N02 COOH 
42,R = Me .44,R = H 
43,R = H 45,R=CONHC6H3RS02F 

~~" C l < Q ) 0 C H 2 C 0 N H C H 2 ( O / R 

1 
COOR' 
49,R' = Me;R = N02 

50,R' = Me;R = NH2 

51,R' = H ; R = N 0 2 

52,R' = H;R = NH2 

TABLE I I I 

PHYSICAL PROPERTIES OF 

NHR 

Cl<O>0CH 2 C0NHR 2 

COOR, 

No. 
42 
43 
44 
50 
51 
52 
53 

Ri 

Me 
H 
H 
Me 
H 
H 
Me 

Ri 

CH2C6H4X02-m 
CH2C6H4N02-m 
CH2C6H4XH2-HCl-m 
CH2C6H4XH2-HCl-p 
CH2C6H4X02-p 
CH,C6H4XH2-p 
C6H4X02-p 

Method" 
E*> 
F 
G 
G ' 
F 
F 
E 

Yield, % 
66c 

96<* 

72* 
88<* 

36^ 
90<* 

81" 

Ml), °C 

156-159 
158-160 
224-226 dee 
214-215 dec 
223-228 
175-177 
246-248 

Formula 

Ci-HiiClXsOe 
Ci6H13ClX206 

CiaHuClXA'HCl 
C n H„ClX 2 0 4 -HCl 
Ci6Hi3ClX206 

Ci6H15ClX204 

C,6H13C1X206 

" For methods E-G, see ref 3. All samples were analyzed for C, H, X. h Intermediate 41 prepared from m-nitrobenzylamine hydro
chloride,19 chloroacetyl chloride, and Et ,X in CHC13 in 9 1 % yield, mp 132-135°. Anal. (C9H„C1N203) C, H, X. " Recrystallized 
from Me2CO. d Recrystallized from EtOH. e Recrystallized from EtOH-petroleum ether (bp 60-110°). i Hydrogenation was per
formed in EtOAc, then HCl gas was added to precipitate the HCl salt. « Recrystallized from MeOEtOH. 

40 with the p-nitro isomer of 41 to form 49 gave a 
black polymer, presumably initiated through the 
benzyl carbanion. Therefore, 49 was synthesized by 
an alternate route. Alkylation of methyl 5-chlorosal-
icylate (40) with /-butyl chloroacetate gave 46 as an 
oil which was readily converted to 47 by acid-catalyzed 
elimination of isobutylene. The amide (49) was then 
prepared from 47 via 48 and p-nitrobenzylamine.19 

Of the two routes to 52, the route via 50 was preferred 
over the route via 51. The irreversible inhibitors, 9, 
10, 14, and 15, were prepared from 52 and the ap
propriate carbamate (36). 

Experimental Section 

Each analytical sample had an appropriate ir spectrum, moved 
as a single spot on tic on Brinkmann silica gel GF or Brinkmann 
MX-polyamide UV254, and gave combustion values for C, H, 
and N or F within 0.4% of theoretical. Melting points were 
taken in capillary tubes on a Mel-Temp block and are uncorrected. 
Methods E - G have been previously described.3 Physical 
properties of 42-44 and 50-53 are listed in Table III. 

N-[TO-(m-FIuorosuIfonylbenzamido)phenyl]-2-carbomethoxy-4-

(19) B. R. Baker and J. K. 
paper XCI of this series. 

Coward, J. Heterocycl. Chem., 1, 202 (1967), 

chlorophenoxyacetamide (39a).—To a stirred solution of 1.01 g (3 
mmoles) of 383 in 20 ml of D M F and 0.80 g (10 mmoles) of pyri
dine was added at ambient temperature 0.72 g (3.2 mmoles) 
of TO-fluorosulfonylbenzoyl chloride in 10 ml of D M F over 5 min. 
After an additional 10 min the solution was treated with 50 
ml of 2% HCl. The product was collected on a filter and washed 
with H 20, then EtOH. Recrystallization from Me2CO gave 
1.15 g (74%) of white crystals, mp 232-234°. Anal. (C23Hi8-
C1FN20,S) C, H, F . 

2-Carbomethoxy-4-chIorophenoxyacetic Acid (47).—Reaction 
of 39.2 g (0.21 mole) of 403 with 30.2 g (0.20 mole) of ^-butyl 
chloroacetate by method E 3 gave 46 as an oil isolated by CH2C12 

extraction, then removal of any unchanged 40 by extraction with 
two 200-ml portions of 10% XaOH. The residual 46 (must be 
free of DMF) was refluxed in 200 ml of toluene containing 1 g 
of TsOH for 3 hr when isobutylene evolution was complete, then 
diluted with 100 ml of petroleum ether (bp 60-110°). The prod
uct was collected and recrystallized twice from toluene; vield 
32.6 g (76% over-all), mp 135-138°. Anal. (C10H9ClO5) C, H. 

2-Carbomethoxy-4-chloro-N-(p-nitrobenzyl)phenoxyacetamide 
(49).—To a stirred solution of 12.3 g (50 mmoles) of 47 
in 250 ml of T H F containing 5.05 g (50 mmoles) of Et3X was 
added 5.43 g (50 mmoles) of ethyl chloroformate over a period of 
5 min, maintaining the temperature at —5 to 0°. After stir
ring for an additional 45 min at —5 to 0°, the mixture was treated 
with a cold solution of 9.45 g (50 mmoles) of p-nitrobenzylamine 
hydrochloride19 and 10.1 g (0.1 mole) of Et3X in 250 ml of T H F : 
stirring was continued at — 5 to 0° for 1 hr, then 3 hr at ambient 
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TAIH.K IV 

PHYSICAL PKOPKUTIKS OF 

Cl<O>0CH,C0NHR 

COOH 

Yield, ', 

t>3» 
( ) . " ) ' • • 

&>'••• 

4 m-C6H4XIICOXHC6H,S02F-^ 
5 ?/i-C6H4NHCONHC8H3-2-Cl-5-SC);iF 
0 ?/i-CeH4NHCONHC8Hs-4-Me-3-S02F 
7 m-CH2C6H4NHCONHC6H4S02F-TO 7:)' 
8 »i-CH2C9H4NHCONHC8H4SOaF-p 78"." 
',) p-CH4C8H4NHCONHC,H4S02F-m 72"' ' 

10 p-CH2C6H4NHCONHC8H4S02F-p 73 ' 
11 7n-CH2C8H4XHCONHC6H3-4-Me-3-S02F S7'' 
12 m-CH2C6H4NHCONHC8H3-2-Cl-5-S02F .11'' 
I.'! m.-CH2C6H4NHCONHCeH3-3-Cl-4-S02F 3 . 7 •<< 
14 jo-CH2C6H4NHCONHCeH8-4-Me-3-S02F SO"-" 
15 p-CH2C6H4NHCONHC6H3-2-Cl-.VS02F 7 1 " 

" All prepared by method A and analyzed for C, H, and F ; each moved as a single 
.MeOEtOH with H20, then washed with hot EtOH and hot acetone. ' Reprecipitated 
from Me2CO-H20. ' Ilecrystallized from EtOH. •' Recrvstallized from MeOH. 

Mp, '"C dec 

24.V-247 
208-270 
2o,V2.-)7 
22o--227 
230-232 
227 -229 
231-234 
238-241 
232-234 
227-220 
186-220 
229-2: !1 

;pot on poly amide 

Formula 

C22Hi,ClFN307S 
C»H,6C12FN307S 
C23Hi9ClFN30-S 
C,3H19C1F\307S 
C2:,H,9C1FN30-S 
C.:(H19C1FN307S 
C:23H„JC1FN30,S 
CMH2iClFN30-S 
C . 3 H , 8 C 1 2 F N 3 ( ) T S 

C.,3H18C12FN30,S 
C!24H21C1FN3()7S 
02:lHiSCl2FN307S 

.MX. b Precipitated from 
from MeOEtOH with HsO. '< Recrvstallized 

temperature. The mixture was spin evaporated in vacuo. 
The residue was crystallized from D.MF-H.O, then MeOEtOH; 
vield 11.9 g (63fv.) of white needles, mp 182-184°. Anal. 
fCnHi.ClN.Os) C, II, X. 

2-Carboxy-4-chIoro-N-[»t-(3-fluorosulfon}i-4-methylphenyl-
ureido)benzyI]phenoxyacetamide (11) (Method A).—A solution 
of 371 m g ( l mrnole) of 44, 3,">4 mg (1 mmole) of O-(p-nitrophenyl) 
X-(3-Huorosulfonyl-4-methylphenylIcarbamate (36),20 and 100 

020) P r e p a r e d in this l a b o r a t o r y by \ \ . 
•ribed genera] method.1* 

F . W'ofjd by t he previously de-

mg ( 1.3 mmoles I of pyridine in •"> ml of I).\1F was allowed to stand 
for 12 hr, then diluted with 20 ml of e>r', HCl. The product 
was collected on a filter and washed with H20, Me2CO, and hot. 
EtOH. The product was reprecipitated from MeOEtOH with 
H20, then washed again with hot E tOH; yield 480 mg (87'.', ) 
of white powder, mp 238-241° dee, negative Bratton-.Marshall 
test for aromatic amine.21 See Table IV for additional data and 
compounds prepared by this method. 

(21) B. R. Baker . 1). V. Sant i , .1. K. Coward , 11. 
J o r d a a n . ./. Heterocyd. Cliem.. 3, 42.5 (1966). 
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Derivatives of Imidazole. I II . Synthesis and Pharmacological Activities of Nitriles, 
Amides, and Carboxylic Acid Derivatives of Imidazo[l,2-a]pyridine 

LCIGI ALMIKANTE, ALFONSO M U G N A I N I , P I E R L U I G I RUGAKLI, AERO GAMBA, ENZO ZEFELIPPO, 

XICOLA D E TOMA, AND W A L T E R MUKMANN 1 

licscarch Department, Seine C, Ltiboralorio Iiioterupico Milanese. Milan, llahj 
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A number of improved laboratory procedures for the synthesis of imida/.ol 1,2-tt]pyridine derivatives are re
ported. The resulting compounds, which are structurally related to indole derivatives, have been screened for 
analgetic, antipyretic, anticonvulsant, and antiinflammatory activity. Phytopharniacological tests have also 
been performed on the derivatives structurally related to indoleacetic acid. 

Previous publications from this laboratory2"4 de
scribed some aspects of the chemistry of imidazo [1,2-a]-
pyridines and showed that these and related com
pounds react easily with electrophilic reagents, similarly 
to indole, in the 3 position. ir-Electron density calcula
tions5 for imidazo [1,2-o ]pyridines further confirmed 
tha t electrophilic substi tution (on carbon) should occur 
at the 3 position; other chemical similarities between 

(1} T o w h o m all inquir ies concerning p h a r m a c o l o g y should be sent . 
(2) L. A lmi ran t e , L. Polo, A. M u g n a i n i , E . Provincia l ! , P . Rugar l i , A-

Biancot t i , A. G a m b a , a n d W. M u r m a n n , J. Med. Chem., 8, 305 (1965). 
(3) L. A lmi ran te , L. Polo, A. M u g n a i n i , E . Provincia l i , P . Rugar l i , A. 

G a m b a , A. Olivi, a n d W. M u r m a n n , ihid.. 9, 2!) (1906). 
(4) I.. A lmi ran te , A. M u g n a i n i . L. Polo, ami E . Provincial i , Boll. Vliim. 

Farm., 105, 32 (1966). 
(.")) \V. \V. P a u d l e r a n d II. L. Blewi t t , Tetrahedron. 2 1 , 353 (1965); ,/. Org. 

Chtm., 30, 4081 (1965); 8 1 , 1295 (1966); \V. W . Paud le r , J . E . Kudez , a n d 
L. S. l l e lmick , ibid.. 33 , 1379 (1968). 

imidazo[l,2-a]pyridines and indole derivatives were 

recently shown.6"9 

In accord with a continuing program designed for the 

pharmacological screening of new imidazo [l,2-a]py-

ridines, we thought it would be interesting to .-^nthesize 

and test a number of derivatives tha t may be con

sidered analogs of indoleacetic acid and indomethacin.10 

Pharmacological tests on the analgetic, antiinflam

matory, antipyretic, and muscle relaxant activity were 

(6) J. G. Lomlmrd ino , ibid., 30, 2403 U 9 6 5 ) . 
(7) J . P . Paol in i a n d R . K. Robins , J. Heterocyd. Chem., 2, 53 (ly(>5); ./. 

Org. Chem., 30, 408.5 (1965), 
(8) L. Pent imel l i a n d S. Bozzini, Boll. Sci. Far. Cliim. hid. Bologna, 23 , 

173. 181 (Httio); ("/.,/«. .l/«<r., 63 , 14848(/,/ (1965). 
(9) C. K. Bradshe r , E . P . Litzinger, Jr . , a n d M . P. Ziiin. ,/. lltteroend. 

Chem., 2, 331 (19o5.l. 
(10) C. A. Win te r , I). A. Risley, and G. W. Nuss , Federation 1'roe., 22, 543 

(1963). 
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