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A series of 80 compounds derived from phenoxyacetamide and phenoxyacetone were investigated as inhibitors
of the guinea pig complement system. Only two of the compounds without a terminal SO.F moiety showed 30-
509, inhibition at 1-3 mM, namely, a-naphthoxyacetone (14) and N-benzyl-N-carboxymethyl-3,4-dichlorophen-
oxyacetamide (70); however, these concentrations were lower than the 10-20 m1/ needed for N-acetyl-L-tyrosine
ethyl ester (1) and N-tosyl-L-arginine methyl ester (4). Several compounds derived from N-benzyl- and
N-phenylphenoxyacetamide with a COOH group ortho to the ether linkage (37-39, 66) accelerated complement-
induced lysis, perhaps by inhibition of the destruction of one or more of the sensitive components of complement
such as C’1, C'4, or C’6. When the N-phenyl- or N-benzyl-2-carboxy-4-chlorophenoxyacetamides were hridged
to benzenesulfonyl fluoride with a ureido moiety (76-87), some excellent ‘‘irreversible” inhibitors emerged such
as  N-[m-(3-chloro-4-fluorosulfonylphenylureido)benzyll-2-carboxy-4-chlorophenoxyacetamide (85) which at
0.25 mM gave 829, inhibition of the complement system; it was further established that the SO.F moiety on a
molecule such as 85 was necessary for activity, but the abbreviated p-acetamidobenzenesulfonyl fluoride showed

no activity.

Complement consists of nine components which arise
from eleven distinet proteins, all of which are required
for lysis of a foreign cell ;** thus, inhibition of complement
could be useful for voiding organ transplant rejection,
providing other enzymes of serum are not inhibited.?
Some of the components of complement are either
“tryptic”’ or “chymotryptic’” or both in character.®®
For example, the activation of C'2 by C’1a is inhibited
by N-tosyl-L-arginine methy! ester (TAME) ;S TAME as
well as N-acetyl-L-tyrosine ethyl ester (ATEE) are
substrates for C’1a” and thus could act as inhibitors of
the whole complement system. Furthermore, cell-
bound C’3 can utilize glycyl-L-tyrosine as a substrate,8
and e-aminocaproic acid can inhibit the activation of
C’1to C’la.® That TAME (4), ATEE (1), and related
esters (2, 3) at high concentration (10-20 m3{) could
inhibit whole-complement lysis of sheep red blood cells
(RBC) in the assay used in this laboratory was con-
firmed (Table I); however, e-aminocaproie acid (5) was
not an inhibitor at 5 m.

The best inhibitor of whole complement reported in
the literature is maleopimaric acid (6);* actually male-
opimaric acid was assayed as the Na salt of the corre-
sponding tricarboxylic acid.? Since some of the compo-
nents of complement have ‘“‘tryptic’” character, the
inhibition of whole complement by a series of tryspin
inhibitors was described in the previous paper.? Further-
more, one or more components of complement also have
“chymotryptic” character. Therefore, the chymo-
trypsin inhibitors previously reported from this labora-
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and R. A. Nelson, Jr., J. Immunol., 99, 582 (1967).
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tory=% were assayed on whole complement; the results
with these chymotrypsin inhibitors as well as some
additional synthetics are the subject of this paper.

Inhibition Results.—Phenoxyacetone (7) (Table II)
is a weak inhibitor of chymotrypsin; the inhibition is
considerably enhanced by introduction of m-CI (9),
0-C¢H; (13), 3,4-benzo (15), 3,4-Cl, (11), or 2,3-Cl, (10)
substituents by factors of 11-, 8-, 7-, 16-, and 23-fold,
respectively, but only twofold by 2,3-benzo (14).1
Although no inhibition of complement was observed
with the highest concentration (3 mM) run with
phenoxyacetone, it was noted that the 2,3-Cl, (10) and
2,3-benzo (14) derivatives considerably enhanced the
inhibition of complement, in contrast to the other
substituents that enhanced binding to chymotrypsin;
of course, the lack of solubility of 13 and 15 may have
precluded observable activity.

A series of phenoxyacetanilides'—** were then investi-
gated for inhibition of complement. No inhibition was
observed by the parent phenoxyacetanilide (21) or 18
of its derivatives (Table II1); the lack of inhibition in
many cases may have been due to low solubility. How-
ever, it was noted that the o-carboxy derivatives
{37-39) accelerated the complement-induced lysis, since
1o lysis by these compounds occurred in the absence of
complement.’® Thus, it is possible that 37-39 inhibit
the enzymatic destruction of some components of
complement such as C’1, C'4, or C'6,4%®

Although no inhibition of complement was observed
with N-benzylphenoxyacetamide (40) a number of its
derivatives showed low, but reproducible, activity such
as the 3-Cl (45), 3-Cl-4’-NH, (50), and 3,4,4’-Cl; (54)
derivatives (Table IV). Therefore, a series of 12 deriva-
tives related to 54 were synthesized (55-67) where the
substituents on both phenyl moieties were varied to sce
if the weak mhibition could be enhanced. None were

(11) B. R. Baker and J. A. Hurlbut, J. Med. Chem., 10, 1129 (1967), paper
CVII of this series.

(12) B. R. Buker and J. A, Hurlbut, 1bid., 11, 233 (1968), paper CNXIIT of
this series.

(13) B. R. Baker and J. A. Hurlbut, ibid., 11, 241 (1968), paper CNXIV of
this series.

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

{15} B. R. Baker aud J. A, Hurlbut, tbid., 12, 118 (1969), paper CNLYV of
this series,
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Tapre 1
Intirrion”? or Guiea Pra CoMPLEMENT BY
Asixo Acip Fsters axp Renarkd Covpeorsns

Conen, %

No. Compound mM inhibn
| N-Acetyl-r-tyvrosine ethyvl ester 20 S35
D 0
2 N-Benzoyl-L-tyrosine ethyl ester 2.5 10
3 N-Benzoyl-r-arginine ethyl ester 20 7~
10 DN
1 3
4 N-Tosvl-r-arginine ethyl ester 20 b
10 ™y
5 e-Aminocaproic acid 57 0
6 Maleopimarie acid” 1 81
0.5 45
0.25 3

“Phe technieal assistance of sharon Lafler, Diane shea, and
Susan Black with these assays is acknowledged, ? See vef 2 for
the method of assaying sheep RBC lvsis by hemolysin and guinea
pig complement. © Assayved as the Nu sull of the corresponding
tricarboxylic acid: data from ref 2. 7 Maximum solubility.

better than 54, although lack of solubility was again a
problem. The more soluble 2-carboxy derivative (66)
could be assayed at 1 mi where it showed acceleration
of complement-induced lysis, but little lysis in the
absenee of complement. However, when the carboxy!
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TapLe 1

InHsiTton”® or Guings i CoMPLEMENT
BY PHENOXYMETHYL WETONES

@o{ "HLCOR,

R,

Conct, G

Nost 13 e m M Hiehibin
7 H Me 3 0
S +-Cl Me 3 10
i 3-Ci Ne 3 0
10 2.3-Cl. Me 2 24
1l 3,4-Cl: Me 1.5 1i
12 3=l NMe 3 12
i3 2-Cyll, Me 0.5 0
14 2.3-Benzo Me 17 32
15 3.4-Benzo Me 0.5¢ 0
16 +-2eO Me 3 6
17 4-COOH Mo 3 0
IN 4+-CN AMe 3 4
i 1+-Ci Cell; 0.1 0
20 +-COOH CoH. 3 0

@b See corresponding footnotes in Table I, 7 See rel U for
Z . ° B .
compounds. 4 Maximum solubilitv. ¢ Dissolved in MeOItOH
p : 4 A '
— 1 equiv of Tris hase.

inhibitors' of chymotrypsin derived from 2-carboxy-4-
chlorophenoxyacetamide? were investigated (Table VI,
some excellent inhibitors of complement cmerged.

Tasre 111

Intsirion”? or Gurises Pra CoMpLEMENT BY PHENONY ACETANILIDES

R,
\@OCHM)NH@

R.

Compd

No. R 1R Conen, mf % inhibn’ sonrcer!
21 1 H 2 0 A
22 H N-Me 3 0 A
23 H N-Me-4-N0), 0.5 15 A
24 3-Cl 3-COCH.Cl 0.0H° 0 B
25 3-Cl 3-NHCOCH. By 0.1 0 B
26 3-Cl 4-50,1° IR 0 B
27 3-Cl 380, F 0.02¢ 0 B
2N 3-C 2-50,F 0.025" 0 B
20) 3-Cl 3-80.H 5 - 12 B
30 35,4-Cle 4-Cl 0.1 7 A
31 3-Cl 4+-CH.NH. 0.5 0 C
32 3-Cl 3-CH.NH. | §l «
33 H 3-COOH by 4 D
34 H 4-COOH 0.75 Q C
35 H 4-CH.COOH 0.75' 0 D
36 H 4-OCH.,COOH 37 st D
i 0
37 2-COOH-4-Ci 1 I B4 1)
3N 2-CO0H-4,6-Cl, H [ N0" D
30 2-COOH-5-Cl H & G2t D)

b See corresponding footnotes in Table 1.

“ A minus number indicates more lysis than the complement control without compound.

dA, ref 11 B, ref 12; C, ref 13; D, vef 14, ¢ Maximum solubility. 7 Dissolved in 1:1 H:0-MeOItOH containing 1 equiv of Tris hasc,
7200, Jysis observed in the absence of complement. * Near total lysis, but no lyvsis in the absence of complement.

was moved to the amide N as an N-carboxymethyl
derivative (70), good inhibition of complement was
obscrved at 3 m, but complete Iysis occurred in the
absence of complement,

A series of quaternized pyridylacrylanilides and
pyridylpropionanilides (71-75) at 1-2 ml/ showed no
useful amount of inhibition of complement (Table V).

When a series of active-site-directed  irreversible

These were assayed as the Tris salt, and solubility in
the assay solution varied from 0.12 mdf to over 1 mu.3/ ;¥
thus, in some cases direct comparisons between com-

(16) B. R. Buker, “Design of Active-site-Directed Irreversible Xnzyme
Inhibitors. The Organic Chemistry of the Enzymic Active-Site,” John Wiley
and Sons, Inc., New York, N. Y., 1967,

(17) A series of seven compounds related to 76—-81 without the COOH group’®
were only soluble tup 1o 0,02 mM and no inhibition of complement was scen.
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65
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67
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TasLe IV
InurBrrion®? or GuiNea Pi¢ COMPLEMENT BY N-BENZYLPHENOXY.ACETAMIDES
R, R,
@OCHZCONHCHZ@
Compd
R R: Conen, mM 9 inhibu¢ sourced
H H 1 0 A
H 2-Cl 1 0 A
H 3-Cl 0.5¢ 8 A
H 4-Cl 0.5¢ 0 A
H 4-NO, 0.5¢ 8 A
3-Cl H 1 15 A
3-Cl 2-N0, 0.2¢ 0 C
3-Cl 4-N0; 0.2¢ 0 C
3-Cl 2-NH. 0.5¢ 9 C
3,4-Cl, 3-NH. 0.25¢ 0 C
3-Cl 4-NH., 0.5 18 C
3-Cl 2-NHCOCH.Br 0.2¢ 0 C
3,4-Cl, 3-NHCOCH,Br 0.1¢ 0 C
3-Cl 4-NHCOCH,Br 0.025¢ 0 C
3,4-Cl; 4-Cl 0.1¢ 16 A
2-Cl 4-Cl 0.1¢ 3 1
3-Cl 4-Cl 0.1¢ 3 1))
4-Cl 4-Cl 0.1¢ 0 I
2,4-Cl, 4-Cl 0.02¢ 0 I
2,3-Cl, 4-Cl 0.05¢ 10 10
2,5-Cl, 4-Cl 0.05¢ 0 1D
3,5-Cl, 4-Cl 0.05¢ 0 E
2,4,6-Cl; 4-Cl 0.05¢ 0 10
3,4-Benzo-6-COOH 4-Cl 0.12¢ 3 13
3,4-Cl, 2,3-Benzo 0.012¢ —13 I
2-COOH 4-Cl 3¢ S 15
2-COOH-4-Cl 4-Cl 1/ —48Y 1D
2-COOH-4-Cl 2,3-Benzo 0.12¢ 8 1%
2-COOH-4-Cl 3-NH, iy 11" D
3,4-Cl, N-Me 0.12¢ 0 E
3,4-Cl, N-CH.COOH 37 45! I

@b See corresponding footnotes in Table I. ¢ See footnote ¢ in Table ITI. ¢ A, ref 11; B, ref 12; C, ref 13; D, ref 14; I, Ixperimental
Section. ¢ Maximum solubility. 7 Dissolved in MeOEtOH plus 1 equiv of Tris base. ¢ 10%¢ lysis in the absence of complement.

k1497 lysis in the absence of complement. ? Complete lysis in the absence of complement.

TaBLE V

Inusrrion®? or GuiNesa Pre CoMPLEMENT
BY PYRIDYLACYLANILIDES

e

1’ RCONHCH;

Conen, %
No.¢ Isomer R mM inhibn
71 2 CH=CH 1 0
72 3 CH=CH 1 5
73 4 CH=CH 1 7
74 2 (CHa), 2 5
75 4 (CH.). 2 5

24 See corresponding footnotes in Table I ¢ See ref 14 for

compounds.

pounds could not be made. For example, 79 showed no
inhibition at 0.12 mM, but 75%; inhibition at 1 mM, in
contrast, 83 showed 549, inhibition at its maximum
solubility of 0.12 mM. Thus 83 is a more effective
compound than 79 if comparison of the concentration
needed for 509, inhibition is made, but 79 is more
effective than 83 if maximum inhibition at any concen-
tration is made,

That the ureidobenzenesulfonyl moiety of the anilides
and benzylamides in Table VI was necessary for
activity was indicated by comparison with compounds
(37, 66) not having this moiety; 37 and 66 accelerated
lysis. Furthermore, that the SO.F moiety was needed
for activity was indicated by comparison of 80 with the
corresponding sulfonamide (88). At its maximum
solubility of 0.5 md, 80 showed 709, inhibition of
complement and only 79 lysis in the absence of comple-
ment; in contrast, 88 at 0.5 mM showed no inhibition,
but at 1 mM accelerated complement-induced lysis.
That the CeH,SO.F moiety had to be bridged to a
phenoxyacetamide for activity was indicated by lack of
activity of p-acetamidobenzenesulfonyl fluoride.?*

Covalent bond formation via the SO.F moiety to give
irreversible inhibition of one or more of the components
of complement is a good probability. However, the
difference in effectiveness between the SO,NH, and
SO,F moieties could be due to point binding to a compo-
nent of complement by the SO.F moiety where the F:
forms a donor-acceptor complex, although this explana-
tion is considered less likely. It is unlikely that these
two explanations can be differentiated by structure-
activity relationships, but could be differentiated by
determining whether irreversible inhibition of one or
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Taisre V]
Ivinsition”” or Griney P COMPLEMENT BY NULFONYL FLUOKIDES DERIVED FROM
Cl OCH,CONHR
COOH

Nod R Conen,” M % inhibn® O lysisd

76 -Cella N HCONHCH 80 1-4 0. 424 15 0

77t 1m-CsHyN HCON HCsH 480, 1°-3 0.5% N2 S
0.25 13
0.17 20

e p-CHL.CHAONHCONHGH SO0 -4 0.5 70
(.25 26

79 n-CHLColL;N HCON HCH 80,143 | 75 16
0.5 35
.35 20
0.12 0

S0 m-CHCl Ly N HCON HCH S04 0.57 70 7
0.25 B

S n-CHCoH N HCONHCH S0 1-3 ! N2 0
0.5 50
0.25 2

N2 m-CeHsNHCONHCsH-4-Me-3-80.F 0.257 S0 0
0.10 7

S5 m-CsHsNHCON HCsH -2-Cl-5-80, I 0. 127 54 0
0.06 12

4 p-CHL.CHNHCONHC H -4- N e-3-80.1 0,257 57 [
0.12 0

N3 1-Cl [-_lCel [QN HCON HC&H;;,—H—C’—&—S():[’ 0,254 N2 ~
0.2 24

N6 m=-CHyCeH N HCON HCeH -4-Me-3-80.17 0.5 86 4
0.25 39

7 m-CH.CeH N HCONHCH -2-Cl-5-80.1 0.5 N 12
0.25 54
0.17 23

N m-CH,CeH  NHCONHCeH 50N Ha-4 ! -6 0]
0.5 - 0

wb See corresponding footnotes in Table 1. ¢ See footnote ¢ in Table 111, “ See ref 15 for synthesis unless other indicated. ¢ Com-
pounds dissolved in MeOLtOH containing 1 equiv of Tris base. 7 Lysis in the absence of complement corrected for 2-5¢7 lysis in the ab-
sence of compound.  ? Maximum solubility. * See Experimental Section for synthesis. * See ref 14 for synthesis,

more of the separated components of complement® s
is scen with the SO.F-type inhibitors in Table VI.

Substitution on the benzenesulfonyl fluoride moiety
was beneficial to inhibition in several cases as secen by
comparison of 82 and 83 with 77, 85 with 80, and 86
and 87 with 81, Although both anilides and benzyl-
amides were effective inhibitors, the benzylamides have
the advantage of being more soluble.

The inhibition pattern of the compounds in Table V1
is different for complement and chymotrypsing for
example, 82 and 85 are excellent inhibitors of comple-
ment, but only 85 is a good irreversible inhibitor of
chymotrypsin.

The most effective compound in Table VI from the
standpoint of 509, inhibition at the lowest concentra-
tion is 83 at 0.12 md. The most effective compounds
based on giving >809 inhibition arc 77, 82, and 85-87;
of these, 82 and 85 are the best since they give >809
inhibition at the lowest concentration (0.25 mid).
Although 82, 83, and 85 are the best inhibitors of the
complement system yet observed, many questions
remain unanswered with the compounds in Table V1.

(1) Although the COOH group on the phenoxy moiety
i necessary for solubility, ean this carboxyl group be
placed elsewhere in the basic structure (compare 70)

(18) I, L. Beeker, Biochim. Biophys. Acta, 147, 280 (1007), und references
{herein,

or can other solubilizing groups such as quaternary
salts bridged to the amide N be used to get enhanced
activity?  Furthermore, other substituents on the
phenoxy moiety might give enchanced activity.

{2) Would replacement of the phenoxyacetyl molety
by phenylpropionyl with or without e-acylamido
substituents lead to enhanced activity?

(3) Would change of bridge length between the
amide nitrogen and its phenyl substituent or between
the benzene ring on the amide and the ureido group be
beneficial?

(4) Would other bridges to the terminal benzene-
sulfonyl fluoride moiety give greater inhibition of
complement at lower concentration?

(5) Since substitution on the CeHSO.I moicty has
been beneficial to inhibition in several eases, can other or
more substituents give even more favorable mhibition?

Studies to answer some of these questions are proceed-
ing in this laboratory.

Experimental Section

Melting points were taken in capillary tubes on a Mel-Temp
block and are uncorrected.  All analytical samples gave appropri-
ate ir spectra, moved as 4 single spot on Brinkmann silica gel GF,
and gave analyses for C, H, and N within 0.4 of the theoretical.
The physical properties of unew  compounds are given in
Table VIL.
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TaBLe VII
Puysical, PROPERTIES OF

Dyveconsen Q)

R, R,
No. R Ra Method? Yield, % Mp, °C Formula?
53 2-Cl 4-Cl A 78¢ 107-110 CisHi;CLNO,
56 3-Cl 4-Cl A 70¢ 90-92 Ci:HisCLNO,
57 4-Ct 4-Cl A 67°¢ 101-103 Ci;Hi;CLNO;
58 2,4-Cl, 4-Cl A 82¢ 131-134 Ci:HiCLLNO;
59 2,3-Cly 4-Cl A 95°¢ 130-134 Ci:H:CL;NO,
60 2,5-C12 4—Cl B 65d'e 126—129 C15H12013N02
61 3,5-Cl, 4-Cl B 614 121-124 CisH1.CLLN O,
62 2,4,6-Cl; 4-Cl A 73°¢ 104-106 Ci:HuCLNO,
63 3,4-Benzo-6-CO.H 4-Cl C 812/ 216-220 CaHisCINO,
64 3,4—012 2,3-Benz0 L—\ 245"” 151-153 C;gH15012N02
65 2-CO.H 4-Cl C 59¢ 169-172 CisH1,CIN Oy
66 4-Cl-2-CO,H 4-Cl C 02¢ 185-188 CisHi;ClLN O,
67 4.Cl-2-CO.H 2,3-Benzo C 86° 212-215 CH:sCINO,
69 3,4—012 N-Me A 58¢ 76-78 C16H15012N02
70 3,4-Cl; N-CH.CO:-H ACH 731 122-125 Ci7H;;CLN Oy
88 4-01-2—0021{ 77%NHCONHCGH4802NHQ-]) D 46J © 165-187 C23H21CIN4O 7S . 05C_>H.,OHk
91 3,4—Benzo-6-COgMe 4-01 B! 58¢ 147-149 Cle] gClNO4
92 4-01-2-002)16 4-Cl B! 63° 145-147 Cl7H15012NO4
03 2-C021\'Ie 4—01 Bl 56¢ 91-92 C17H1501N04

@ A: condensation of amine with acid chloride; see ref 11, method E; B: alkylation of appropriate phenol with N-(p-chlorobenzyl)-
chloroacetamide; see ref 14, method E; C: by saponification of the corresponding ester; see ref 14, method F; D: by condensation of 90
with the appropriate arylamine.’ ® All compounds showed a correct analysis for C, H, N. ¢ Recrystallized from EtOH. ¢ Recrystal-
lized from EtOH-H,O. ¢ Recrystallized from petroleum ether (bp 60-110°). 7 Recrystallized from Me,CO. 7 Recrystallized from
CHCls-petroleum ether (bp 60-110°). * Over-all yield for method A, then C; the intermediate ester was an oil. * Recrystallized from
PhMe. 7 Recrystallized from MeOEtOH-H,0. * EtOH solvate verified by nmr, ! Intermediate phenolic ester made from the acid

with POCl:-MeOH; see J. Klosa, Arch. Pharm., 289, 143 (1956).

N-(«a-Naphthylmethyl)-2-carbomethoxy-4-chlorophenoxyacet-
amide (89).—To a stirred solution of 1.23 g (5 mmoles) of
2-carbomethoxy-4-chlorophenoxyacetic acid’® and 0.51 g (5
mmoles) of Et;N in 5 ml of THF was added 0.55 g (5 mmoles) of
ethyl chloroformate in 5 ml of THF over a period of 2 min main-
taining the temperature at —5 to 0°. After being stirred at this
temperature for an additional 45 min, the solution was treated
with 0.79 g (5 mmoles) of a-naphthylmethylamine in 20 ml of
THEF over a period of 20 min. The mixture was stirred at
ambient temperature for 12 hr, then filtered. The filtrate was
evaporated in vacuo. Two recrystallizations from EtOH gave
0.89 g (47%) of analytical sample as white crystals, mp 160-163 °.
Anal. (CmHlsClNO.i) C, H, N.

O-(p=-Nitrophenyl) N-(p-Sulfamylphenyl)carbamate (90).—To
a stirred solution of 2.02 g (10 mmoles) of p-nitrophenyl! chloro-
formate!® in 20 ml of THF was added dropwise over 45 min a solu-
tion of 3.4 g of sulfanilamide in 30 ml of THF.?® After being
stirred for an additional 30 min, the solution was saturated with
dry HC], then filtered. To the filtrate was added several volumes
of petroleum ether (bp 60-110°). The product was collected and
recrystallized from toluene-Me,CO; yield, 1.9 g (56%,) of white
crystals, mp 195-203°. Anal. (C,yHuN:068) C, H, N.

(19) G.W. Anderson and A. C. McGregor, J. Am. Chem. Soc.,79, 6180 (1957).
(20) B. R. Baker and N. M. J. Vermeulen, J. Med. Chem., 12, 74 (1969},
paper CXXXIV of this series.



