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Thirteen candidate irreversible iunhibitors derived from N-benzyl- or N-phenyl-a-(2-carboxy-4-clilorophenoxy)-

acetamide with a terminal SO,F group on the N substituent were synthesized and evaluated.
at a K concentration gave essentially complete inactivation of a-chvinotrypsin in 60 min at 37°.

A munber of these
The best com-

pound was a-(2-carboxy-4-chlorophenoxy )-N-[m-(m-finorosulfonyiphenyhueido)benzyllacetamide (7) which

showed a half-life of inactivation of 2 min when a K;
trypsin.

The synthesis and enzymice evaluation of active-
site-directed irrveversible inhibitors® of proteolytic
enzymes® that operate by covalent bond formation
outside the active site, the so-called exo mechanisim.?
liave been aectively pursued iu this laboratory. At a
2-3K; concentration, 1 can rapidly inactivate a-
chymotrypsin.® In order to place the SO.I° linkuge

OCH,CONH

cl R

1,R=80,F
2, R=NHCONHCH,SO,F-m

Cl OCH,CONH

COOH NHCONH

SO,F
3

further from the CONH liukage of 1, which is believed?
to complex to the catalytic part of the active site,'° 15
candidate irreversible inhibitors related to 2 were syu-

(1) This work was generously supported by Grant CA-08695 Irow the
Natioual Cancer Institute, U. 8. Public Health Service: soine of the ensyine
assays were perforined on a Gilford 2400 speclropliotomerer purchased on
Grant FR0O7099, U. 8. Public Healili Service.

(2) For the previous paper in this series and on proteolytie cuzynies see
13. R. Baker and E. 1. lrickson, J. Med, Chem., 12, 112 (1964).

(3) For thie previous paper on cliyinotrypsin see B, R. Baker and 1. .},
Hurlbut, ibid., 11, 1054 (1968), paper CXXXII of this series,

(4) N.D.LAL predoctoral fellow.

(5) B. R. Baker, "Desigu of Active-Site-Directed Irreversible Enzyine
Inhibitors, The Orgauie Cliemistry of thie Bnzymic Active-Nite,” Jolin Wiley
aud Sous, lue., New York, N. Y., 1967.

(/) For a discussion of tlie chiemothierapentie niility oi selective irreversible
inhiibitors ol serum proteases in ilie cardiovaseular disease aud organ trans-
plamation area see B. R. Baker and k. 1. Ericksou, J. Med. Chem., 10, 1123
11947), paper CV1 of this geries. a-Cliywotrypsin serves as a inodel Tor (hese
stadlies.

(7) The exo type ol irreversible iuliibitor eau liave an extra dimnension ol
specificity not present in reversible inhibitors, known as the bridge principle
of specificity: see ref 5. Cliapter I'X, for a detalled discussion of this principle.

(8) B. R. Baker and J. A. Hurlbut, JJ. 3Med. Chem., 11, 233 (1468), paper
CXI1I ot this series.

(9) B. R. Baker and J. A, 1Turlbut. ibid.. 10, 1129 (1967). paper CVII of
Lliis serics.

(10) The activesite is defined to include those amino acid residues involvedl
in complexing tlie substrate and tliose amiuo acids involved in the catalytic
aclion. Tlie dimeusions ol the active site of an enzyme using a protein as
substrate gre dilficnli to guess sinee it ix 1ot kitown liow mauny amino aeid
residnes ol the substrate are in contact with the enzyme; however, the farther
the SO:F woicty of tie inhibitor is removed tromn the catalyiic site in the
complex, the tiglier is tlie probability that vwo proteases woulbld differ in pri-
uary aiwd tertiary srruciire in tlee vieinity of the SO2F group; sece ref 5, 1r 188,

ST p concentration was incubated with 1w chymo-

thesized. 't Although a number of these showed 15~
459 irreversible inhibition, they could ouly be assayed
at a 0.1-0.3K; councentration due to insolubility.!?
A program was undertaken to determine where water-
solubilizing groups could be placed on a molecule such
as 2. Irom this program emerged an irreversible
tthibitor of type 3 with a COO— group (at pH 7.4) on
the ortho position of the phenoxy moiety; 3 was about
100 times more soluble than 2 in the agueous medium
used for assay.®  1n this paper is deseribed the syu-
thesis and enzymic evaluation of 12 analogs of 3 with
variants in the anilide portion,

Enzyme Results.-The results with 3 and its 12
analogs (4-15) arve recorded in Table I. - The ability of
the compounds to inactivate a-chymotrypsin was com-
pured at conceutrations sufficient to complex revers-
ibly 509 of the enzyme, siuce the coneentration of the
reversible complex [E---1] is the rate-determining
speeies  with active-site-directed irreversible inhibi-
tors, "  When the parent 3 at an Iy =~ K concentra-
tion (0.5 nul/) was iucubated with chymotrypsin
(~0.08 m./). ouly a total of 759 inactivation was ob-
served.  Wheu the SO.F moiety of 3 was moved to the
para position. the resultaut 4 was about a fivefold less
effective reversible inhibitor; however, 4 and 3 were
about equally effective irreversible inhibitors when
cach was assayved at a K; concentration. Insertion
of a Cl para to SO.F moiety of 3 gave 5 which was about
twice ax cffeetive as 3 ax w reversible inhibitor, but
equally effective isx 8 ax an irreversible inhibitor at K
coneentration. lusertion of an o-CHy group (6) on 3
gave about twofold less effective reversible inhibition,
but 6 was cousiderably less effective than 3 as an -
reversible inhibitor.  The SO.I type of wrreversible
inhibitor ean not only form o covalent boud with
chymotrypsin by the active-site-direeted niechanisny,
but the enzyvnie ean also catalyze hydroly=is of the SO.l
moiety.® It wonld appear that the o-CHjy substituent
of 6 has an wnfavorable effeet on the ratio of the rate
of inactivation to the rate of enzyme-catalyzed hy-
drolysis.

When a CH, group was inserted in the anilide moiety
of 3, the resultant benzylamide (7) wus a twofold better
reversible inhibitor than 3; furthermore, 7 was 21 better
irreversible inhibitor than 3 sinee 7 at & K concentra-

13 B R Boeker and LA ol 0 Wew Cheme, 11, 211 (190682, paper
CNX1V ol this series,
212 Vor tle kimeties of Dreversible inhibitinm s rel 5, Clhapter 8.
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IRREVERSIBLE INHIBITION? OF a-CHYMOTRYPSIN BY

Cl OCH,CONHR
COOH
Reversible- Trreversibl
Ts0.0 Estd Ki.° Assay Inlib, % Time, %
No. R mM mM inethod® mM L. I°® min  inactvn
3 m-CsH\NHCONHCH, SO F-m 0.15 0.15 GPNA 0.15 50 60 75
4 m-CeHNHCONHCH, SO, F-p 0.70 0.70 GPNA 0.62 48 60 82
5 m-CsHNHCONHCH;-2-Cl-5-S0,F 0.080 0.080 GPNA 0.080 50 60 75
BTEE 0.080 50 60 84
BTEE 0.080 50 14 50/
6 m-CsH N HCONHCH;4-Me-3-SO,F 0.26 0.26 GPNA 0.26 50 60 35
7 m-CH,CeH NHCONHCH SO F-m 0.081 0.081 GPNA 0.081 50 60 100
BTEE 0.081 50 60 96
BTEE 0.040 33 60 89
BTEE 0.010 11 60 62
BTEE 0.081 50 2 50/
8 m-CH,CsH{INHCONHC:H SO, F-p 0.59 0.59 GPNA 0.59 50 60 98
9 p-CH,CsHNHCONHCH SO F-m 0.30 0.30 GPNA 0.30 30 60 100
BTEE 0.30 50 3 50/
10 p-CHzcaH4NHCONHCBH@OQF-p 1.0 1.0 GPNA 1.0 50 60 72
11 m-CH,CeH.NHCONHC¢Hz-4-Me-3-SO.F 0.48 0.48 GPNA 0.48 50 60 79
12 m-CH,CeH NHCONHCH;-2-Cl-5-SO.F 0.16 0.16 GPNA 0.16 50 60 100
BTEE 0.020 11 60 100
BTEE 0.16 30 1 507/
13 m-CHCeHINHCONHCH;-3-Cl-4-SO.F 0.30 0.30 GPNA 0.30 50 60 100
14 p-CH.CeH.NHCON HCsH;-4-Me-3-S0.F 0.40 0.40 GPNA 0.40 50 60 43
15 p-CH.CsH NHCONHC:H;-2-Cl-5-S0,F 0.23 0.23 GPNA 0.23 50 60 97
e The technical assistance of Marlene Dean and Jean Reeder is acknowledged. ? I; = concentration necessary for 50¢; iuhibition

when assayed with 0.2 mM N-glutaryl-L-phenylalanine p-nitroanilide (GPNA) in pH 7.4 Tris buffer as previously described.?
4 GPNA: 40-80 uM enzyme incubated with inhibitor at 37° in pH 7.4 Tris buffer containing 109, DMSO, theu

mated as K; = I8

¢ Esti-

the remaining enzyme was determined by assay with 0.2 mM GPNA.# BTEE: 1 uM enzyme incubated with inhibitor at 24° in pH

7.4 Tris buffer containing 109, DMSO, then assayed with BTEE in pH 8.1 Tris buffer 4 0.1 M CaCl,.'?

¢ Calculated from [EI] = [E{]/

(1 + Ki/[1]) where {EIl = amount of reversible complex expressed as a percentage of total enzyme (Ei);'? this calculation is valid only

when inhibitor is in excess of enzyme.

tion gave total inactivation of chymotrypsin. A
shift of the SO,F 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
K; coucentration. 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 SO.F 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 0-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;® 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 ehymotrypsin, but
had less effective K{'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

/ From a six-point time study.

it rapidly and totally inactivated chymotrypsin at the
lowest concentration due to its low K;. Therefore 7
was studied in more detail. In order to study 7 at
less than K; ~ 0.08 mJ, it was necessary to devise an
incubation that used less than 0.08 mJ3{ chymotrypsin;
by use of N-benzoyl-L-tyrosine ethyl ester (BTEE)!?
instead of N-glutaryl-L-phenylalanine p-nitroaniline
(GPNA),* it was possible to reduce the incubation
concentration of chymotrypsin® to about 1 plf sinee
BTEE has a vastly superior Vya, When the ir-
reversible inhibition by 7 at 0.081 mM concentration
of 1 pM chymotrypsin was reexamined with the BTEE
assay, inactivation was again essentially total. When
the concentration of 7 was reduced to 0.5K; = 0.04
ml{, which is sufficient to complex reversibly 339 of
the enzyme, 899, inactivation was seen in 1 hr. Fur-
ther reduction of the concentration of 7 to 0.01 mM =
K./8, which reversibly complexed only 119, of the
enzyme, gave 629, inactivation in 1 hr. That total
inactivation of 1 uM chymotrypsin was not seen by
10 uM = 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 u3 = K;/8

(13) B. C. W, lTlummel, Car. J. Biorhen. Physinl., 87, 1393 (1959).

(14) B. L. Erlanger, I, Edel, and A. G. Cooper, Arch. Biockem. Biophys..
115, 206 (1966).

(15) We wish to thank Professor Howard J. Schaeffer for pointing ottt this
stoichiometry in previous papers.g:11
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IzrevERSIBLE INHIBITION® (F a-CHYMOTRYFSIN KY
R, OCH,CONHR,
Cl
e - -Lrreversilide -~
Estd K, 1uhib, Ty Time, o
No. 1L Re wdM w¥ Yoo g i ingetvn
| 19! CeH SO F-m 36 45 it GO NS
2 |8 m-CeHNHCONHCH SO F-m >25 10)¢ <29 60) 72
16 11 7IL-CH‘,>CGH4NHCONI‘ICGH4SOQF-71L 70 10« 13 [§18) (52
17 H p-CHZCin4I\’HCONHCsH4bO:F-p > > <17 60 14
I8 H Ill‘-CsH4NHCOC3H4S02F-M >50 10 <17 60 60
19 I 7IL-C(;H4NHC()CSH4S02F-P >12 200 <17 60 10
20 13 p-CsHi{CH,NHCONHCH SO K- 60 2 30 G0 Y}
REY S A S0
21 11 'IIL-CHQC{;I‘LNHC()(:G}LSUQF-NL 3 200 S6G GO h
20 B O S0
Rl H llL-CHzCGI'LNHCOC‘GI'LSOQF-]) 67 200 20 60 7Y
2 18 p-CHy,CaHNHCOC:H SO F-ny 1= I8 S0 G0 6
24 11 p-CHCeH NHCOC:HSO.F-p 60 10 14 60 G2
25 I8 0-CH,CsH NHCONHCH SO F-m 90 10° 10 60 (5
26 H 0-CH,C.H,NHCOCH SO, F-m a3 200 2N 60 (8
27 I U'CllzcsHJ\vHCO(:3H4S()1F-]) Ho 20 I (0 N7
o 18 2, 10, 60 30, 78, 85
2N Cl n-CHyCeH N HCOGeH SO - 00 10~ 22 GO G
29 I3 CeHSO,F-0 42 42 10 G0 95
30 1 CeH SO F-0 20) 20 30 8 X6
31 Cl CsHSOF-m >50 10F <17 60 o
32 I CeH-2-0Me-5-80,F 02 [BE 12 60 0

v See Table 1; see ref 11 for synthesis.

¢ Near maximum solubility. / From six-poiut time study.
mp 208-211°, dnal. (CuHRCIFNOS) C) H, N.

coneentration still showed total inactivation: thus,
this Cl substitution (12) has a favorable effect ou the
ratio of the rate of enzyme inactivation to the rate of
cnzyme-catalyzed hydrolysis.®

Sinee 7 and 12 at a concentration of K¢S showed
good inaectivation of 1 w3/ chymotrypsin by the BTEE
assay, some of the previously reported compounds!!
that were soluble only in 0.1-0.5K; region were re-
assaved 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 18-369 of the enzyme.
The best three were compared for half-life of inactiva-
tio1; even though 20 w3 of 27 complexed only 189 of
the cuzyme. the half-life of inaetivation was 2 min
compared to 5 min for 20 and 21 at a concentration of
25 and 20 ), sufficient to complex 30 and 369, of the
enzyme, respectively.  Benzenesulfonyl fluoride ecan
lactivate e-chymotrypsin by covalent bond forma-
tion with serine-195.1%  Presumably p-tolylsulfonyl
fluoride attaeks thix same anmino acid when 100 g1/
laetivates a-chymotrypsin with a half-life of 32 min.®
The inaetivation of e-chymotrypsin by 7, 12, and 27
v considerably more rapid than inactivation by p-
tolylsulfonyl fluoride.

Three inhibitors (1, 29, 30) that gave excellent
irreversible inhibition of ~S0 w3/ chymotrypsin when
assayed above 80 wldf with GPNA also gave exeellent
irreversible inhibition at their A coneentration (20-
40 pd/) when assayved with 1 gl chymotrypsin and
BT

It D, L Fabruey aud Ao M. Gold, J. Ane Chene Sar,, 88, 997 1106355,

b Fstimated as Ky = Lps !
Trix buffer enntaining 1097 DMSO, then assayed with BTEL in pH 8.1 Tris buffer containing 0.1 .1 CaCl,.13
¢ Prepared from 3-NH.-4-0MeCsH30.F by methnd E? in 699 vield,

¢ Enzyvme (~1 @3/ ) invabated with inhibitor we 24° v pll 7.4
4 See footnote ¢, Table 1.

It is unlikely that the same amino acid moiety of
chymotrypsin 1= covalently linked by all the irreversible
inhibitors in Tables T and I1; proof of such an assimup-
tion is a worthy pursuit that could give additional
insight into the tertiury strueture of chymotrypsin.
Inhibition of the “chymotryptic” compouent of the
complement =ystem? has been observed with some
members of Table I; these studies are beiug pursued
vigorously.

Chemistry.—The irreversible inhibitors, 3-6, can
be generalized by 37. The syuthesis of 3 wa 34 by
condensation of 35 with m-fluorosulfouvlphenyl iso-
cyanate was deseribed previously.® The remainder
(4-6) were synthesized from 35 by condensution with
the appropriate O-(p-nitropheuyl) carbamate (36)
(Scheme I).%®  Attemipts to convert 35 to 39b by
aeviation with m-fluorosulfonylbenzoyl chloride gave
mixtures which eould not be purified. The correspond-
ing ester (38) could be acylated to 39a, but attempted
acid hydrolysis to 39b was not sufficiently scleetive uver
the amide linkages. Attempts to prepare the p-amino
isomer of 35 were nusuccessful due to the insolubility of
the nitro 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;® an attempt to coudense

117) {a) Ciba Foundation Symposium, Complement, G 15 W, Wolsten-
holine and 1. Kuight, Id, Litde, Brown and Co., Boslou, dMass.. 1965 {1)
11. 1. Muller-Eberhard, Aear, Immunol,, 8, 1 (1968).

«(18) B, R. Baker awl N. M. 1. Vermeuleu, J. Med, Chem,, 12, 71 (1369).
paper CNN NIV of this serjes,
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ScHeME 1
FOS R
al OCH,CON + NO.@OCON\@/ — Cl@OCH cw@ @ @OGH CON@
" H : 2
SOF
COOH R 36 COOH HNCO’\IH COOR’ RNH
N 38,R'=Me;R=H
S N 39, R’ = Me: R = COC;H,SO,F-m
’ : 39h, R = H; R = COC:H, 80,F-m

Cl OH + CICHZCO\HCH2© — CI@OCH CONHCHz@ -— Cl@OCH ,CONHCH, @

COOMe NO, COOR COOH NHR
40 42, R=Me 44,R=H
43 R=H 45 R= CONHCH,RSO,F
Cl OCH,COOR — (I OCH,CONHCH, @ R
COOMe COOR’

46,R=1t-Bu 49 R'=Me;R=NO,

47, R=H 50,R' = Me; R=NH,

48, R=COOEt 51, R'=H;R=NO,

52, R'=H;R=NH,
Tapre 111
PuysicaL PROPERTIES OF
Cl OCHZCONHR;
COOR,

No. R, R Method® Yield, % AMp, °C Formula
42 Me CH,CeH N Oo-m Ep 66¢ 156-159 Ci;H,;CIN,Os
43 H CH203H4N02-?’?L F 96d 1-)8—1 60 ClsHlsclNzos
44 H CHQCSH4NH2 -HCl-m G 72e 224-226 dec ClSHISCI:\v'ZOA -HCl1
50 Me CH,C;H.NH;-HCl-p G/ 884 214-215 dec Ci:H;CIN,0,-HC1
a1 H CH,CsHNO:-p F 364 223-228 C1sH,:CIN,O;
:)2 H CHQCS}LNH'z-p F 90d 173—177 ClsH15CINQO4
93 Me CsHNOo-p E 819 246-248 CisH;3CIN,Os

« For methods E-G, see ref 3.
chloride,'? chloroacetyl chloride, and EtsN in CHCl; in 91
from Me,CO. ¢ Recrystallized from EtOH.

formed in EtOAc, then HCI gas was added to precipitate the HCI salt.

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-
ieylate (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 wvia 48 and p-nitrobenzylamine.!®
Of the two routes to 52, the route via 50 was preferred
over the route via 81. 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 tle on Brinkmann silica gel GF or Brinkmann
MN-polyamide UV,s, and gave combustion values for C, H,
and N or F within 0.49 of theoretical. Melting points were
taken in capillary tubes on a Mel-Temp block and are uncorrected.
Methods E-G have been previously described.? Physical
properties of 42-44 and 50-53 are listed in Table II1.

N-{m-(m-Fluorosulfonylbenzamido )phenyl]-2-carbomethoxy-4-

(19) B. R. Baker and J. K. Coward, J. Heterocycl. Chem., 4, 202 (1967),
paper XCI of this series.

All sample= were aualy zed for C, H, N.
t yvield, mp 132-135°.
¢ Recrystalhzed from EtOH-petroleum ether (bp 60-110°).

b Intermediate 41 prepared from m-nitrobenzylamine hydro-
Anal.  (CH.CIN.0;) C, H, N. ¢ Recrystallized
/ Hydrogeuation was per-
¢ Recrystallized from MeOEtOH.

chlorophenoxyacetamide (39a).—To a stirred solution of 1.01 g (3
mmoles) of 38 in 20 ml of DMF and 0.80 g (10 mmoles) of pyri-
dine was added at ambient temperature 0.72 g (3.2 mmoles)
of m-fluorosulfonylbenzoyl chloride in 10 ml of DMF over 5 min.
After an additional 10 min the solution was treated with 30
ml of 292 HCl.  The product was collected on a filter and washed
with H,O, then EtOH. Recrystallization from Me,CO gave
1.15 g (749 ) of white crystals, mp 232-234°. Anal. (CyHys
CIFN,0:8) C, H, F.

2-Carbomethoxy-4-chlorophenoxyacetic Acid (47).—Reaction
of 39.2 g (0.21 mole) of 40% with 30.2 g (0.20 mole) of ¢-butyl
chloroacetate by method E? gave 46 as an oil isolated by CH:Cl,
extraction, then removal of any unchanged 40 by extraction with
two 200-ml portions of 109, NaOH. 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; yield
32.6 g (769 over-all), mp 135-138°.  Anal. (C,iHyClO;) 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 THF containing 5.05 g (30 mmoles) of Et;N was
added 35.43 g (50 mmoles) of ethyl chloroformate over a period of
5 min, maintaining the temperature at —35 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
hydrochloride'® and 10.1 g (0.1 mole) of Et;N in 250 ml of THF;
stirring was continued at —5 to 0° for 1 hr, then 3 hr at ambieut
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Paysrcarn Provewriss or

Cl OCH,CONHR
COOH
No.t It Yield, ¢ Mp, 7C lee Forinula

4 7?I,-CGH4xI{CO:\.HCS,I{4SO2F-1) (i?’b .24.)'_)47 (;:uIInClFX;;U;\\:
i ‘IIL-C3H4NHCONI‘ICsHs-2-CI--)—SU-gF (IR 268-270 C;ﬁ-_nl{mCleN:l():H
G 7I’L-C3H4NHCONHCsHs-‘L-.\'Ie-S-SOzF 6"" ( ‘I:PHLQCIFN'JOIS
7 7)L'CHZC3H41\'HC()NHCSIidSO?F'?n T3e Cul{lgClFNg(,)-_S
N m-CH,CeHNHCONHCHSO.F-p TRt CoHCIFNOR
Bl p-CH.C.HLINHCONHCH SO F-m T CyyH o CIFNGO:R
10 p-CH.CH,NHCONHCH SO, F-p B CoHuCIFN;OR
11 ‘I?L-CH2C3H4NHC()N}{CGH3'4-.\IG-3-S()2F -\'7(' (jIAI{ZLCIFNSO’.S
12 m-CH.CsH.NHCONHCH;-2-Cl-5-80,F Slb CyuHisCLENOS
I ’HL-CHzCsH41\’1‘1(}()NHCsH3-3-CI-4-SO2F ;.) i (:nI‘IlsCIzFN'y()\
14 - -CH, CBH\QVIiCO\.HCsHs-‘i Me-3- QOZF KO« (_‘MHzl(‘lFV';() =
15 p-CH,CeH NHCONH CeH;-2-Cl1-5-80,F Tive CyllsCLENGOR

= All prepared by method A and analvzed for C, H, and F; each moved as a single spot vn pnl\ amide MN.
MeOEtOH with H,O, then washed with hot EL()H and hot acetone.
7 Recrystallized from MeOH.

from Me,CO-H,0. ¢ Recrystallized from IKtOH.

femperature. The mixture was spin evaporated i wvucuo.
The residue was crystallized from DMTEF-H,0, then MeOEtOIH;
vield 11.9 g (637) of white needles, nmp 182--184°. Anal.
(Ci:H,CIN,04) C, H, N
2-Carboxy-4-chloro-N-[m-(3-fluorosulfonyl-4-methylphenyl-
ureido)benzyl]phenoxyacetamide (11) (Method A).-—A solution
of 37t mg (1 mnole) of 44, 354 mg (1 inmole) of O-( p-nitrophenyl)
N- (5 ﬂumo\ulft)n\l 4-methylphenyl)earbamate (36),2° and 100

(20) P'repared in lhis laboratory by W. F. Wood by tlie previously de-

scribed general method. 1%

b Precipitated fram
¢ Reprecipitated frinn MeQEtOH with H:0. ¢ Recrystallized

mg ( 1.3 mmoles) of pyridine in 5 mlof DAF was allowed to sand
for 12 hr, then diluted with 20 ml of 53¢ HCL The product
wax collected on a filter and washed with 11,0, Me,CO, and hut
EtOH. The product was reprecipitated from MeOEtOH with
H.,0, then washed again with hot EtOH; yield 480 mg (8790
uf white powder, mp 23%8-241° dec, negative Bratton-Marshall
test for arpmatic amine.?t  See Table TV for additional data aod
(omp(mud~ ple[)‘ll(‘l[ by this method.
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A nmuber of improved laboratory procedures for the synthexis of faidazoll,2-¢]pyridine derivatives are re-

parted.
analgetic,

The resulting compounds, which are structurally related to indole derivatives, hiave been screened for
auripyretie, anticonvulant, and antiinflammatory activity.

Phytopharmacological tests have also

been performed on the derivatives structurally related to indoleacetic aeid.

Previous publications trom  this laboratory*—* de-
seribed some aspects of the chemistry of imidazo(1,2-a]-
pyridines and showed that these and velated com-
pounds react easily with electrophilic reagents, similarly
to indole, in the 3 position. =-Electron density calcula-
tions® for imidazo[l,2-a]pyridines further confirmed
that electrophilic substitution (on earbon) should oceur
at the 3 position; other chemical similarities between

11) T« whow all inguiries coucerning pliarmacology should e sent.

(2) l.. Almirante, L. Polo, A. Mugnaini, E. Provineiali, P. Rugarli. A-
Biaucolti, A. Gamba, and W. Murmann, J. Med. Chem.. 8, 305 (1965).

(3) L. Almniranmie, L. Polo, A. Mugnaini, E. Provinciali, P. Rugarli, A.
Gawha, A, Olivi, and W, Murmann, 1d14., 9, 29 (1966).

i4) L. Almiranle, A, Mgruaini, 1. Pole, and L. Pooviueials, Bofl, Chin
Iwrnc, 108, 532 (1916).

13 W, W, Paudler and . L. Blewitt, Tetrakedron, 21, 353 (1965); J. Urg.
Chenc., 30, 4081 (1965); 31, 1295 (1966); W. W. Tfaudler, J. E. Kndes, aud
L. ® lNelwick, 1bid., 38, 1379 (1968).

imidazo(l,2-a]pyridines and indole derivatives were
recently shown f-?

In aceord with a continuing program designed for the
pharmacological sereening of new imidazo{l,2-a]py-
ridines, we thought it would be interesting to syuthesize
and test 1 number of derivatives that may be con-
sidered analogs of indoleacetie acid and indomethacii. !

Pharmacological tests on the analgetic, antiinflani-
matory, antipyretic, and musele relaxant activity were

(6) J. G. Lownbardino, ibal., 30, 2403 (1965).

(7) J. P. Paolini and R. K. Robins, J. Heterocycl. Chem., 3, 53 (1965}; .J.
Org. Chem., 30, 4085 (1963).
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