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A series of 89 eonipounds derived from pheriosyacetamide and phcnosyitcet one were investig:Lted iis iiiliiliitors 
of the guinea pig complement system. Only two of the compounds without a terminal SO& moiety showed 30- 
50:); inhibition at 1-3 mM, namely, cy-riaphthosyacetone (14) and S-benz)-l-S-cart~os~-rneth~1-3,4-dichloroptien- 
osyacetamide (70); however, these concentrations were lower than the 10-20 m31 needed for S-acetyl-L-tyrosine 
ethyl ester (1) and S-tosyl-L-arginine methyl ester (4). Several compounds derived from S-benzyl- and 
S-phenylphenosyacetamide with a COOH group ortho t o  the ether linkage (37-39, 66) accelerated complement- 
induced lysis, perhaps by  inhihition of the destruction of one or more of the sensitive components of complement 
such as C’l, C’4, or C’6. When the S-phenyl- or T-l~enz)-l-2-carbos~-4-chloro~heiiosyacetamides were bridged 
to benzenesulfonyl fluoride with a ureido moiety (76-87), suine escellent “irreversible” inhihitors emerged such 
as ~-[nz-(3-ch~oro-4-fluorc~su~foiiy~pheny~ure~do)~~enzy~]-~-carbosy-~-ch~ori~phe11osyacetanl~dc ( 8 5 )  whic,h iil 
0.25 m.ll gave 32% inhibition of the complement system; it was further established that the S0,F moiety on :t 
molecule such as 85 was necessary for activity, but the abbreviated p-acetaniidol)enzeriesulfo~i~l fluoride showed 
no activity. 

Complement consists of nine components which arise 
from eleven distinct proteins, all of which are required 
for lysis of a foreign cell;4a 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 c l iaract~r .~” 
For example, the activation of C’2 by C’la is inhibited 
by K-tosyl-L-arginine methyl ester (TAME) ;6 TAME as 
well as IS-acetyl-L-tyrosine ethyl ester (ATEE) are 
substrates for C’la’ 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’1 to C’la.9 That TAME (4), ATEE (l), and related 
esters (2, 3) at high concentration (10-20 m J l )  could 
inhibit whole-complement lysis of sheep red blood cclls 
(RBC) in the assay used in this laboratory was con- 
firmed (Table I) ; however, €-aminocaproic acid (5 )  was 
not an inhibitor at  5 m31. 

The best inhibitor of whole complement reported in 
the literature is maleopimaric acid (6) actually male- 
opimaric acid was assayed as the S a  salt of the corre- 
sponding tricarboxj lie acid.? Shire some of the conipo- 
iients of complement have “ t r j  ptic” character, the 
inhibition of ahole complement by a series of trj-spin 
inhibitors was described in the previous paper.‘ Furtlier- 
more, one or more components of complement also have 
“chymotryptic” character. Therefore, the chymo- 
trypsin inhibitors previously reported froin this labora- 
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(6) R. 3 I .  Stroud, K. F. .lusten, and hI.  31. Mayer.  Immunochemistry, 2,  
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toryll-lj were assayed on whole complemeiit ; the results 
with these chymotrypsin inhibitors as well as sonic 
additional syithetics are the subject of this paper. 

Inhibition Kesults.-Phenoxyacetone (7) (Table 11) 
is a weak inhibitor of chymotrypsin; the inhibitioii is 
considerably enhanced by introduction of m-C1 (9), 
o-CeHj (13), 3,4-belizo (E), 3.4-Cl2 (ll), or 2,3-C12 (10) 
substituents by factors of 11-, 8-, 7-, 16-, and 23-folc1, 
respectively, but only twofold by 2,3-benzo (14).11 
Although no inhibition of complement was observed 
with the highest coiicentratioii (3 mM) run with 
phenoxj acetone, it was noted that the 2,3-C12 (10) and 
2,3-benzo (14) derivatives considerably enhanced the 
inhibition of compleinent, in contrast to the other 
substituents that enhanced binding to chymotrypsin; 
of course, the lack of solubility of 13 and 15 may h a w  
precluded observable activity. 

A series of phenosyacetaiiilide~”-~~ were then invcsti- 
gated for hihibition of complement. KO inhihition was 
ohserved by the pareat pheaoxyacetanilide (21) or 18 
of its derivatives (Table 111); the lack of inhibition ill 
riiany 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 
no lysis by these compounds occurred in the absence of 
compleiiieiit.5a Thus, it is possible that 37-39 inhibit 
the enzymatic destruction of some components of 
complement such as C’l ,  C’4, or C’6.4,5a 

Although EO inhibition of complement was observed 
with X-benzylphenoxyacetamide (40) a number of its 
derivatives showed low, but reproducible, activity such 
as the 3-C1 (45), 3-C1-4’-NH2 (50), and 3,4,4’-C13 (54) 
derivatives (Table 1Y). Therefore, a series of 12 deriva- 
tives related to 54 mccl’e sjiithesizecl (55-67) where the 
substituents on both phenyl moieties were varied to see 
if the weak inliibitioii c o d d  be enhanced. Koiie were 
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40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
5!1 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 

It I 

H 
H 
H 
H 
H 
3-Cl 
3-c1 
3-c1 
3-C1 
3,4-Clz 
3-c1 
3-c1 
3,4-C11 
3-Cl 
3,4-C12 
2-c1 
3-c1 
4C1 
%,4-C12 
2,3-Cly 

3,&C12 
2)5-C1, 

2,4,6-Cl:j 
3,4-Benzo-6-COOH 
3,4-Clz 
2-COOH 
2-COOH-4-CI 
2-COOH-4-Cl 
2-COOH-4-C1 
3,4-C1, 
3,4-Clr 

R' 

H 
2 4 1  
J-c1 
4-C1 
4x02 
H 
%SO2 
4-SO2 
2-SH2 
3-SH2 
4-SH2 
2-SHCOCHjUr 
S-SHCOCHJBI. 
4-SHCOCHrBr 
4-C1 
4-C1 
4C1 
4-C1 
4-C1 
4-C1 
4x1 
4-C1 
4-C1 
4-Cl 
2,Y-Benm 
4-C1 
4-C1 
2,3-Benm 
3-SH2 
S-Me 
S-CHZCOOH 

COllClI ,  1 1 1 M  

1 
1 
0.5l 
0.5. 
0.5' 
1 
0 2  
0.F 
0.5e 
0.25c 
0.5 
O.? 
0.1c 
0.0256 
0. le 
0 . l e  
0.1e 
0 . le  
0.0P 
0.05e 
0.ose 
0 .03 
0.05" 
0 . 1 2 ~  
0.012c 

l j  
0.1Y 
If 
0.12e 
:j f 

, > e , j  

% i i i h i h '  

0 
0 
S 
!I 
8 

15 
0 
0 
!J 
0 
IS 
0 
0 
0 

16 
5 
5 
0 
0 

10 
0 
0 
0 

- 1:; 
S 

-~ AS'! 
8 

11" 
0 

451 

3 

a*b See corresponding footnotes in Table I. 
e LIaximum solubility. 

14% lysis in the absence of complement. 

See footnote c in Table 111. .A, ref 11 : B, ref 1%: C, ref 15: I), ref 14: E, 1:sperinienfal 
10' 1 lysis in the absence of complement. Section. f Dissolved in hIeOEtOH plus 1 eyuiv of Tris base. 

Complete lysis in the absence of complement. 

Conc11, % 

71 2 CH=CH 1 0 
72 3 CH=CH 1 5 
73 4 CH=CH 1 7 
74 2 (CHP):! 2 5 
75 4 (CH:):! I 5 

No.c Isomer R m.ll inhibii 

* e b  See corresponding foutnutcs iii TuGle I. ' See rcf 14 for 
conipounds. 

pounds could not be made. For example, 79 showed no 
inhibition at  0.12 mM, but 7 5 5  inhibition a t  1 mM; in 
contrast, 83 showed 545; 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 50s1 inhibition is made, but 79 is more 
effective than 83 if maximum inhibition at any conceii- 
tration is made. 

That the ureidobenzenesulfonyl moiety of the anilides 
and benzylamides in Table 1-1 was necessary for 
activity was indicated by comparison with compounds 
(37, 66) not having this moiety; 37 and 66 accelerated 
lysis. Furthermore, that the S02F moiety was needed 
for activity was indicated by comparison of 80 with the 
corresponding sulfonamide (88). At its maximum 
solubility of 0.5 m X ,  80 showed 70Cb inhibition of 
complement and only 7 5  lysis in the absence of comple- 
ment; in contrast, 88 a t  0.5 ni31 showed no inhibition, 
but at  1 mAl accelerated complement-induced lysis. 
That the CsH4S02F 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 SO2F moiety to give 
irreversible inhibition of one or more of the components 
of complement is a good probability. However, the 
difference in effectiveness hetween the S02SHZ and 
SOzF moieties could be due to point binding to a compo- 
nent of complement by the SOZF 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 lie differentiated by 
determining whether irreversible iiihibition of oiie or 
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111orc of thc. sepal atctl coInpollcilts of ~~onq3 le l~ ie l l t~~  ' h  

is sc('i1 nit11 the SOJ-typc illhihitors iii Table TI. 
sut)stitutioii oil tlic I)c~iizeiiesulfo~iyl fiuoritic iiioicty 

\ \ ab  heiieficinl to iiihibitioii iii several Cases as seen I q  
conip:irisoii of 82 and 83 with 77, 85 with 80, xiid 86 
:~iitl 87 with 81. Although Iwth :uiilides aiicl 1)eilzyl- 
airiit1c.s \ver(b effective inhibitor<, tlw 1 )ciizylamitles have 
the :icIvaiit:ige of 1)eiiig rnore solul)l(>. 

Thcl iiihibitioii pattrrii of thc voinpoaiitl:, iii Table T - 1  
is different for complement m c t  chymotrypsiii; for 

inple, 82 aiicl 85 are cxccllciit inhibitors of complc- 
It, but only 85 is :L good irrcversiblc inhibitor of 

cll yrnotrypsiii. 
The most effective cornpouiid iii T:iblc 1-1 from tho 

stalitlpoiiit of 50 5; iiiliibitioii at  the loivest coilceiltru- 
t i o l l  is 83 a t  0.12 in-If. The most eflcctivc c~onipouiicls 
/)as( ti (J11 giviiig >80'/1 iiiliil~tioii L L I ~  77, 82. uiid 85-87; 
of tlicw, 82 aiid 85 are tlic Iwst since they give >SO'/; 
iiiliilitiou at the lowcst coiiceiitiation (0.25 d l ) .  
;\lthough 82, 83, arid 85 are the best inhibitors of the 
cwiuplcineiit system yet oliscwetl, iiiaiiy questioiis 
i x m n i i i  uii:iiis~vcr~l mtli t lic cuinpouiids i i i  Table TI. 

(1 ,Uthougli the C'OOH group oti tlip phenoxy moietj 
I ?  ii(wswrj- for ~ol~iliility, (mi t l i i h  c4:LrIx)syl gi-0111) I W  
1)Iacc.d c~lsewlicre iii tiiv l m i c  structure (coinpare 70) 

I l l ,  I 1  111 

or can othci, soluliliziiig groups such :is cluatcwi;ir> 
salts 1)ritlgetl to the amide N used to get cviliuiict~i 
wtivity? Furtlicwriolc, other substituents oii t11(~ 
phciioxy inoiety might give eiichaiicctl activity. 

12) IYoultl rcplaeemeiit of the pheiioxyac*ctyl irioit.t> 
1)y I)lie~iylpi'opioiiyl n-ith or without a-avylaiiii(lo 
sihstitueiits load to eiihaiicecl actix ity? 

( 3 )  IToultl cliaiigc. of bridge length 1 ) c t ~ v c w i  t J i ( ~  

amide iiitrogeii aiid its phenyl substituent or t,c%t\vceii 
the benzene ring oii the uinide and. the urcitlo group l w  
beneficial? 

(4) Would otlicr bridges to tliv teriniiial I ) c b i i m i c -  

sulfoit~-l fluoride inoiety give greater iiihibitioii oi 
compleimiit nt lo~ver coiiccntratioii? 

( 5 )  Since suhtitutioii on  the CibIIldOLE' moiety l i a h  
l ~ ~ n  beneficial to  iiihibitioii iii several caseb. cuii o t l w  or  
i~iore  substituciits give evcvi more f:ivoral)lc~ itiliibitioii? 

Studies to  uiis~ver borne of tlicw. yuestioris ure procccvl- 
irig in this laboratory. 
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TABLE VI1 
PmsIc.iL PROPERTIES OF 

xu. 
5 5 
56 
57 
5s 
59 
60 
01 
62 
ti3 
ti4 
ti5 
t i t i  
ti7 
ti9 
70 
88 
!I 1 
92 
93 

It, 
2-CI 
: X I  
4-Cl 
2,4-C1~ 
2,3-c12 

3,5-Ch 
2,5-C1, 

2,4,6-C1, 

3,4-C12 
3-COiH 
4-Cl-2-COiH 
4-Cl-2-COZH 
s,4c1, 
3,4412 
4-Cl-Z-COJH 

:$,4-Ben~o-0-CO?H 

3,4Benzo-6-C0~1Ie 
4-Cl-2-CO21Ie 
2-COJIe 

Methoda Yield, % 
4 x 1  A 78C 
4-Cl A 70' 
4-C1 A 6'ic 
4-C1 h 82C 
4-c1 A 
4-c1 B tisd e 

4-C1 B 61d,e 
4-C1 A 73c 
4-C1 C 81C.f 
2,3-Benm A 24e , Y  

4-C1 C 59c 
4-c1 C 92c 
2,:j-Benm C 8BC 
S - N e  A 5ge  

~ I ~ - S H C O I Y H C ~ H ~ S O ~ S H ~ - ~  D 46j ,c 

4-C1 B1 5XC 
4-C1 BL 63' 

BC 5gC 4C1 

S-CH?CO,H A,C'L 73* 

M p ,  oc 
107-1 10 
90-92 

101-103 
131-134 
130-134 
126-129 
121-124 
104-106 
2 16-220 
151-153 
169-172 
1 X5-188 
2 12-2 15 
76-78 

122-125 
165-187 
147- 149 
145-147 
91-92 

a A: condensation of amine with acid chloride; see ref 11, method E; B: alkylation of appropriate phenol with K-(p-chlorobenzy1)- 
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.lK ' All compounds showed a correct analysis for C, H, N. c Recrystallized from EtOH. Recrystal- 
lized from EtOH-H2O. e Recrystallized from petroleum ether (bp 60-110 "). ' Recrystallized from MenCO. g Recrystallized from 
CHC13-petroleum ether (bp 60-110"). Over-all yield for method A, then C; the intermediate ester was an oil. %Recrystallized from 
PhMe. Recrystallized from MeOEtOH-H?O. k EtOH solvate verified by nmr. Intermediate phenolic ester made from the acid 
with P0Cl3-l\leOH; see J. Klosa, Arch. Pharm., 289, 143 (1956). 

N-( ol-Naphthylmethyl)-2-carbomethoxy-4-chlorophenoxyacet- 
amide (89).-To a stirred solution of 1.23 g (5 mmoles) of 
2-carbomethoxy-4chlorophenoxyacetic acidi6 and 0.51 g (5  
mmoles) of Et3K in 5 ml of T H F  was added 0.55 g ( 5  mmoles) of 
ethyl chloroformate in 5 ml of T H F  over a period of 2 min main- 
taining the temperature a t  -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 
T H F  over a period of 20 min. The mixture was stirred a t  
ambient temperature for 12 hr, then filtered. The filtrate was 
evaporated zn vacuo. Two recrystallizations from EtOH gave 
0.89 g ( 4 7 7 )  of analytical sample as white crystals, mp 160-163". 
Anal. (C2,H&lSO,) C, H, N. 

0-(p-Nitrophenyl) N-( p-Sulfamylpheny1)carbamate (SO).-To 
a stirred solution of 2.02 g (10 mmoles) of p-nitrophenyl chloro- 
formateig in 20 ml of T H F  was added dropwise over 45 min a solu- 
tion of 3.4 g of sulfanilamide in 30 ml of THF.20 After being 
stirred for an additional 30 min, the solution was saturated with 
dry HC1, then filtered. To the filtrate was added several volumes 
of petroleum ether (bp 60-110"). The product was collected and 
recrystallized from toluene-Me2C0; yield, 1.9 g (56y0) of white 
crystals, mp 195-203'. Anal. (C13H11SaOeS) C, H, S.  

(19) G. W.Andersonand A.  C. RIcGregor, 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. 


