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Eighteen candidate irreversible inhibitors of cytosine nucleoside deaminase were synthesized: fifteen (3-17) 
were bridged to a terminal sulfonyl fluoride group from the phenoxy moiety of 5-(3,4-dichlorophenyl)-l-phenoxy-
propylcytosine and three (18-20) from the 5-phenyl moiety of 1-phenoxypropyl-o-phenylcytosine. Of these IS 
compounds, 15 showed no irreversible inhibition, one (9) showed poor irreversible inhibition, one (18) showed 
good irreversible inhibition, and one (3) showed excellent irreversible inhibition. 5-('3,4-])iehlorophenyl 1-1-
[p-(p-fluorosulfotiylbenzamido)phenoxypropyl]cyt:)sine (3) had a K, ~ 50 ^M; at 100 ixM, 3 gave complete 
inaetivation of the enzyme with a half-life of <2 min: that 3 inactivated the enzyme vi-i a reversible enzyme 
inhibitor complex, the so-called active-site-divecled mechanism, was strongly supported by structure-activity 
relationships. 

The cytokine nucleoside deaminase from Escherichia 
colt B can be inhibited by l,o-disubstituted uracils 
(l)3 '4 and tyrosines (2).2 Inhibition by 2 can be en-

1, R, = OH 
2. R, = NH, 

hanced sevenfold when the o-aryl group is substi tuted 
by R3 = 3,4-Cl2; furthermore, the o-aryl group could be 
substi tuted with R-, = AcNH with some enhancement 
of inhibition.2 The binding of the phenoxy moiety of 2 
could also be enhanced two- to threefold by substitution 
with Ri = halogen or benzamido.2 

The bulk tolerance for R,, = acetamido or Ri = benz
amido on 2 suggested tha t active-site-directed irre
versible inhibitors5 of cytosine nucleoside deaminase 
could be constructed by having either Ri or R5 bear a 
terminal sulfonyl fluoride;6 the latter group has been 
found to be particularly effective for formation of a co-
valent bond with the enzyme outside the active site. 
presumably with an appropriately located serine.fi-7 

The synthesis and enzymic evaluation of such candidate 
active-site-directed irreversible inhibitors of cytosine 
nucleoside deaminase is the subject of this paper. 

Enzyme Assays.—Since the position of an amino acid 
residue capable of forming a covalent bond with an 
SOoF moiety on an inhibitor, such as the hydroxyl of a 
serine, is unknown, a random search must be made 

(1} T h e generous s u p p o r t of this work by G r a n t CA-08695 from the N a 
t ional C a n c e r I n s t i t u t e , U. S. Publ ic Hea l th Service, is gratefully acknowl
edged. 

(2) f o r t h e previous paper in this series see H. K. Baker a n d ,1. I.. Kelley. 
./. Med. Chem., 12, 1039 (1969). 

(3) IS. R. Bake r and J. L. Kelley. ihiii.. 11 , 682 (1968). pape r C ' X X X of this 
series. 

(4) B. U. Bake r a n d J. L. Kelley, ibid.. 11 , flSti (1968), pape r C X X X 1 of 
this series. 

(5) B. R. Baker , " D e s i g n of Aet ive-S i te -Di ree ted I r revers ib le E n z y m e 
I nh ib i to r s . " J o h n Wiley and Sons, Inc . , Xew York , X. Y., 1967. 

(6) B. K. Bake r a n d G. J. Lotirens, ./. Med. Chem.. 10, 1113 (1987), p a p e r 
( 'V of this series. 

(7) H. R. Bake r and J. A. H u r l b u t , ill'//., 1 1 , 233 (1968), paper C X I I I 
of i his series. 

until an effective compound is found. When an amino 
group on an inhibitor is available, we have standardized 
on six combinations of bridges to benzenesulfonyl 
fluoride; these bridges are carbamoyl, ureido. and 
sulfamoyl. The fiuorosulfonyl group is then positioned 
meta or para to the bridge. The carboxamido and 
sulfonamide bridges have different bond angles in the 
ground state, therefore positioning the S0 2 F group 
differently; similarly, the carboxamido and ureido 
bridges will position the S 0 2 F moiety differently due to 
the difference in bridge lengths and relatively fixed 
ground-state conformations. 

Three positions for the amino group (Ri) on the 
phenoxy moiety of 2 are feasible. Thus the total 
number of compounds that could be made is 18 for a 
preliminary search; of these 18, all six para compounds 
were made, but only five of the meta and four of the 
ortho compounds; in all cases the R.-, group on 2 was o.-
-r-Ck The enzyme results with these la compounds 
are listed in Table I. Of these fifteen compounds, only 
one (3) was a good irreversible inhibitor, one (9) was a 
poor irreversible inhibitor, and the remaining 13 showed 
no irreversible inhibition. 

When the p-fluorosulfonylbenzamido moiety was at
tached to the para position of the phenoxy group of 2 
(R, = :-U-Cl,), the resultant 3 had I,„ = 0.1 m. l / : a 
Dixon plot of 1 1' r.s. I at two substrate concentrations 
gave K[ = oO ± l."> iiM for 3 and the kinetics were 
"competi t ive." The enzyme was completely inacti
vated in 60 min when incubated with 0.1 mJ / of 3. Al
though this concentration is twice the solubility of the 
compound, actually only a slight turbidity was present; 
since an incubation aliquot is diluted tenfold for assay, 
no problem was encountered in the assay of the resul
tant, clear solution. 

That 3 inactivated 1 he enzyme by the active-site-
directed mechanism was clearly shown with 2 1 ; the 

21 

latter a t 0.1 mM showed no inaetivation of the enzyme. 
If 3 had inactivated the enzyme by a simple bimolecular 
process, then 21. which is the terminal moiety of 3. 
should have inactivated the enzyme even more rapidly 
than 3. Thus it is highly probable that the inactiva-
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TABLE I 

HEVEUSIBLE AND IRHEVEKSIBLE INHIBITION" OF CYTOKINE NUCLEOSIDE DEAMINASE BY 

NH2 

(CH2): -HOT 

N o . 

3 

4 
5 
0 
7 
S 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

19 
20 

Ri 

p-NHCOCeH^OjF-p 

p-NHCOC6H4S02F-?n 
p-N HCON HC6H4S02F-p 
p-NHCONHC6H4S02F-m 
p-NHS02CeH4S02F-p 
p-NHS02CeH4SOsF-m 
m-NHCOC6H4S02F-jo 
TO-NHCOC6H4S02F-m 
m-NHCONHC6H4S02F-p 
TO-NHCONHCeH4S02F-m 
m-NHS02C6H4S02F-TO 
o-NHCOC6H4S02F-p 
o-NHCOC6H4S02F-m 
o-N HCON H C6H4S02F-p 
o-NHCONHC6H4S02F-m 
H 

H 
H 

Ri 

3,4-Cl2 

3,4-Cls 
3,4-CU 
3,4-Ch 
3,4-Cl2 

3,4-Cl2 

3,4-Ch 
3,4-Cl2 

3,4-Ch 
3,4-Cl2 

3,4-Cl2 

3,4-Cl2 

3,4-Cl2 

3,4-Cl2 

3,4-Cl2 

p-NHCOC6H4S02F-p 

p-S H CON H C6H4S02F-p 
p-NHCONHC,H4S02F-m 

. R 

Inhib, mM 

0.050d 

0.09S 
0.02o<* 
0.0251' 
0.10 
0.050d 

0.025'' 
0.050<< 
0.040rf 

0.10'' 
0.050'' 
0.056 
0.025'' 
O.OIO'' 
0.025'' 
0.050rf 

0.025'' 
0.025'' 

eversible 
% 

inhihn 

33 

50 
42 

~ 0 
50 

0 
~ 0 

~ 1 6 
0 
0 
0 

50 
0 
0 

23 
33 

27 
29 

Estd Iso, 
mM 

0.10 

0.09S 
0.035 

> 0 . 1 
0.10 

> 0 . 2 
> 0 . 1 
~ 0 . 2 
>0 .16 
> 0 . 4 
> 0 . 2 

0.056 
> 0 . 1 
>0 .04 

0.075 
0.10 

0.053 
0.060 

Inhib, 
m . ¥ 

0.10 
0.10 
0.098 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.056 
0.10 
0.10 
0.10 
0.10 
0.10 
0.053 
0.10 

Irreversible''-

Time, min 

60 
2, 4, 20 

60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 

16, 30 
60 
60 

% inactn 

100 
70, 81, 100" 

0 
0 
0 
0 
0 
22 
0 
0 
0 

0-10 
0 
0 
0 
0 
75 

50, 64« 
0 
0 

0 The technical assistance of Julie Leseman and Sharon Lafler is acknowledged. * The enzyme from E. coli B was assayed with 0.1 
mil/ 2'-deoxycytidine in pH 7.4 Tris buffer containing 10% DMSO as previously described.3 " The enzyme was incubated at 37° 
with the inhibitor at the concentration and time indicated in pH 7.4 Tris buffer containing 10% DMSO, then the amount of remaining 
enzyme was assayed as described in the Experimental Section. d Maximum solubility. « From a six-point time study. 

tion of the enzyme by 3 proceeds through a reversible 
enzyme-inhibitor complex, the concentration of the 
latter being the rate-determine species;8 with a K\ = 
0.05 milf, 0.1 milf of 3 would reversibly complex about 
67% of the enzyme.8 A more detailed time study 
showed that 70% of the enzyme was inactivated in 2 
min, 84% in 4 min and 100% in 20 min. 

The only other sulfonyl fluoride bridged to the 
phenoxy moiety of 2 (R5 = 3,4-Cl2) that showed irre
versible inhibition was the m-(p-fluorosulfonylbenz-
amido) derivative (9); 9 was much less effective than 3, 
since 9 gave only 22% inactivation in 60 min. 

The most accessible amino derivative on the 5-
phenyl group of 2 is the para isomer.'2 Three of the six 
basic bridges to an SO2F moiety were synthesized from 
this p-NH2 derivative (Table I). Of these three, only 
18 showed irreversible inhibition with a half-life of 16 
min. 

The discovery that 3 and 18 are active-site-directed 
irreversible inhibitors of cytokine nucleoside deaminase 
from E. coli B completes this phase in the search for ir
reversible inhibitors of this enzyme that might be useful 
adjuncts to cytosine /3-arabinoside in cancer chemo
therapy.9 The next phase is the design and synthesis of 
irreversible inhibitors of cytosine nucleoside deaminase 
that could inactivate a tumor enzyme, but not the en-

(8) For the kinetics and types of irreversible inhibition see ref o, pp 122-
129. 

(9) For a detailed discussion of the possible utility of selective irreversible 
inhibitors of this enzyme see ref 3. 

zyme in normal tissues;9 such studies have been ham
pered by the instability of the mammalian enzymes.10 

Chemistry.—The synthesis of the amine intermediates 
(22a, 23a) were described in the previous paper.2 The 

(CH 2 ) 3 0HQf 

22 

NHR 

NHR 

(CH2)3OC6H5 

23 

a,R = H 
b,R = CONHC6H4S02F 
c,R = COC6H4S02F 
d, R = S02C6H4SOF 

urea-bridged sulfonyl fluorides (22b, 23b) were synthe
sized by condensation with the appropriate 0-(p-ni-
trophenyl)urethan derivative11 of aminobenzenesul-
fonyl fluoride; these urethans have the advantage that 
they are insensitive to traces of moisture. However, 
the synthesis of the carboxamide (23c) from the cor
responding acid chloride was hampered by traces of 

(10) (a) W. A. Creasey, J. Biol. Chem., 238, 1772 (1963); (b) R. Tomchick, 
L. D. Saslaw, and V. S. Waravdekar, ibid., 243, 2534 (1968); (c) G. B. Wis
dom and B. A. Orsi, European J. Biochem., 7, 223 (1969); (d) the human liver 
enzyme is stable according to G. W. Camiener and C. G. Smith, Biochem. 
Pharmacol, 14, 1405 (1965). 

(11) B. R. Baker and N. M. J. Vermeulen, J. Med. Chem., 12, 79 (1969), 
paper CXXXV of this series. 
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(CH,),0-

\ i 

No 

0 

7 
s 
it 

10 

14 

10 

H> 

IS 

20 

p-XH0O06H4SO2F-/; 3,4-01, 
/)-XH0O06H4SO2F-m 3,4-OU 
/;-XHOQNH06H4S02F-/; :i,4-C'l2 

p-XH0OXH06H4SO2F-w 3,4-01, 
/;-XHSO206H4SO2F-/) 3,4-OI2 

p-XHSO20JI4SO2F-w 3,4-01 
w-X HC()C6H4S02F-/j 3,4-01 
w-XHCOC6H4S02F-/» 3,4-012 

»(-XHCOXHC6H4S()2F-p 3,4-OL 
w-XH0ONH06H4SO2F-w 3,4-OL 
H / - X H S ( ) 2 C , J [ 4 S ( ) 2 F - » ( 3,4-012 

»-XI10O06H4SO2F-;; 3,4-Ob 
o-NHCO(;fIl4SO,K-m 3,4-Of, 
o-XHO(>XHC6n4S<)2F-/u :!,4-('l2 

»-XH0ONH0JI4SO2F-/n 
II 
II 

:i,4-('l2 

p-Sl]C()CtUt±0,V-p 
^-XIIC()XIIC6H4S(),1'-^ 

II /)-X[10OXH0 i ;H4SO2F-», 

" Yield of analytically pure material and is inininuini. ''Analyses for O, II, F. • lieciy.-
mells at 170 179°, resolidified ^190° , then remelts. 'Recrystallized from HtOH-Me.< 
carbamate. « Recrystallized from DMF- H20. '• Hecrystallized from MeOKtOH IFO. 
ture of preheated block: slow healing from 25° gave gradual decomposition over a wid 
'" l,5-Diazabicyclo[4.3.0|non-5-ene (DBX) used in place of Kt»N. ' Higher melting dimt 
moi'ph obtained earlier as needles, mp 151- 15.'!°. '" Et;iX" omitted in read ion. "Keen 

remove p-nit rophenol. 

Mr:i, . , . 

H 

A 

IV 

A 

H 

H 

A 

B 

IV 

H 

A 

A 

.V 

A'"-

A™ ' 

.V 
A'"-

i 

55 

I S ' 

12" 

:;ti' 
S'' 

1 1 

32» 

30< 

id-' 

73-' 

i'r 
51 
5sv 

20'' 

1 — 

22" 
1 S " 

M P 

237 239"' 

2.'!4 23s 

2:!5 23s ( 

222 223 

251-254 i 

214-210 ( 

249 -252 

200 -202 

254 257 

201 203 

\ i i 17*) 

2!5I 234 
225 2 2 s ' 

237 23s 

207 20S 

257 200 

2:!4 230 

. • - ( ' 

lee 

:lec 

lee 

t 2 4 5 ; 

(207)' 

CV,H.,,C1..FN,();,S 
02liH21012FX4O,,S 
o2eH22oi2FX;,0;,s 
C2SH22Cl2FX:,Or,S 

025H21012FX;,O6S2 

C'2:,H2,C12FX,->(),;S2 

026H2i012FX40;,S 
02RH210l2FX4O,S 
026H22012FXsO:,S 
(\6H22C12FX;,():,S 
(,

2:,H..1Cl:!FN<()f,S,. 
02BH2,012FX4O,S 
026H2,01,,FX4O;,S 
02BH22012FX;,O:.S 
026H22012FXd)„S 
026II2;lFX4O,-,S 
C,r,H2,FX;,<).-,S 

026H24FX;,O„S 

dallized from EtOH-MeOEtOH. '' Initially 
>ElOH-H20. 'See ref 11 for intermediate 
' X'umbei in parenthesis refers to tempera-
e range. •' Hecrystallized from EtOIT- TOO. 
irpli as while granules; a lower melting di-
siallized from MeOEtOH DMF H,0. then 

DMF- KtOII. Leached with hot ElOAc 0 

water and the poor solubility of the starting amine; 
tlie.se difficulties were overcome by treatment of the 
reaction mixture with molecular sieves prior to addi
tion of the acid chloride. This procedure effectively 
removed the last traces of H2() and afforded easily pu
rified 23c (para). Attempted activation of p-fluorosul-
fonylbenzoic acid as the water-stable p-nitropheuyl '-
or X-hydroxysuccinimideu esters tailed due to the lack 
of reactivity of these esters toward aromatic amines 
such as aniline, 22a. or 23a. 

Experimental Sect ion 4 

5-(3,4-Dichlorophenyl)-l-!/M-(/«-fluorosulf'onylbenzamido,i-
phenoxypropyljcytosine (4) (Method A). To the cooled solution 
of 0.202 g (0.50 mmole) of 22a (pant) in 4 ml of DMF was added 
0.050 g (0.55 mmole) of EbiX". To the stirred solution, protected 
from moisture anil cooled on an ice bath, was added 0.111 g 
(0.50 mmole) of w-fluorosulfonylbenzovl chloride in 1 ml of 
DMF. After 10 min at 0°, the reaction was left overnight at 
ambient temperature, then poured over 30 g of crushed ice. The 
resultant dispersion was acidified to pll 1 with 1 X HOI, stirred 
for several hours, then filtered, and the precipitate was washed 
with H20. This solid was dissolved in a few milliliters of Me
OKtOH <>]• D.MF and cooled on an ice bath. The solution was 
adjusted to pH 7 X with 5 0 aqueous XallOOn, then diluted with 

(12) M. Bodanszky ami V. d u V i g n e a u d . ./. Am. Chen. Sue, 81, 5«S8 
(1 !)">»)• 

(18) G. W. Anderson . J. It,. Z i m m e r m a n , a n d F. M. Ca l l ahan , ihitl., 86, 
18:«) (1964), 

(Mi Mel t ing 'points were taken in capil lary tilde.- on a .Mel-T'e-mp 1/luck 
and arc 11 ncorr-cctod. Knrh ana ly t ica l s ample had ir and nv speet ra com 
pat idle w it !i I licit- assigned st rwetttres a n d m i n e d as it single stun en t Ic wit i 
< "..!£,. KtOII f H: 1 1. T h e ana ly t ica l samples e i v r combus t ion values for 
(', I I , a n d 1-' within 0. I'd of theory . 

40 ml of iced water.1" The resultant precipitate was collected, 
washed with H.,0, and recrystallized from EtOH-MeOEtOH 
H2(); yield, 52 mg (IX' f ) of a light brown powder, mp 234 -23S°, 
which gave a negative Brat ton- Marshall test.16 See Table II 
for additional data and other compounds prepared by this 
method. 

In method B, the reaction mixture was added to a stirred mix
ture of 15 ml of OIIOls and 30 ml of 3 ,V H2SO.,. After a few 
minutes 50 g of crushed ice was added to effect solidification of 
the salt. The product was collected, washed extensively with 
Il-jO, then processed as in A. 

5- [/)- (ju-Fluorosulfony lbenzamido tphenylj -1 -phenoxypropy I -
cytosine (18; (Method C). A mixture of 0.330 g ('1.0 mmole) of 
23a, 0.124 g tl.O mmole) of 1.5-diazabicyclo[4.3.0] non-5-ene 
i DBX !, 150 mg of molecular sieves (Type 3A), and 4 ml of D.MF 
Wits stirred at ambient temperature for 2 hr. To the stirred mix
ture was added 0.222 g (1.0 mmole) of /j-fluorosulfonylbenzoyl 
chloride in 1 ml of DMF. After 15 min the resultant solution 
was decanted from the sieves into a solution of 30 ml of ice water 
and 5 ml of 1 A' HOI, then stirred for 30 min. The product was 
collected and washed with IFO. The product was dissolved in 
about 2 ml of DM F and cooled on tin ice bath. The solution was 
adjusted to p l l S !) with 5'',' aqueous. XallCOs, then diluted with 
40 ml of ice water. The product was collected, washed with H2(), 
and recrystallized: yield, 01 mg (12' ; () of yellow micro needles, 
mp 232 230°, which gave a negative Bratton -Marshall lesi.1" 
See Table II for additional data. 

p-Fluorosulfonylbenzanilide (21), To a stirred solution of 
0.045 g HO. I mmoles) of aniline in 10 ml of dioxane was added a 
solution of 2.23 g (10.0 mmoles) of p-fluorosulfoiiylbenzoyl 
chloride in 15 ml of dioxane. The resultant mixture was diluted 
with 200 ml of water. The product was collected and washed 

When the nominal prec ip i ta te was pLlrdied, it ana lysed as the one-halt 
H-i i lo l ' ide ; I h i t s tlei 11 t a l i / a t i o n w a s a n e s s e n t i a l s t e p . 

i no II. H l inker . I), V. Sanl i , .1. K. Coward . II. S. Shapi ro , and 
. lo tdaan . ./. Htli nri/rl. Cht-rn.. 3, 425 tlUOti); Id) A. C. B r a t t o n ami 
Marshal l . .Ir., ./. Mini. ' ' / , , „ , . , 128, .".MT t HIS(I). 

tlie.se
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with H 2 0 ; yield 2.67 g (96%), mp 206-207.5°. Recrystalliza-
tion from i-PrOH gave 2.27 g (81%) of white spears with un
changed melting point. Anal. (CisHwFNOsS) C, H, F. 

Irreversible Enzyme Assays.—The velocity of the reaction with 
0.1 mill 2'-deoxycytidine was found to be proportional to the 
cytosine nucleoside deaminase concentration. Xo spontaneous 
inactivation of the enzyme in 10% DMSO and pH 7.4 Tris buf-

Complement is a complex mixture of eleven serum 
proteins with proteolytic activity that has a number of 
biological actions including rejection of foreign cells.3 

Since complement has both "tryptic" and "chymo-
tryptic" properties,3 it can be inhibited by some com
pounds that inhibit trypsin4 or chymotrypsin2'6 when 
measured by the sheep red blood cell-hemolysin-serum 
method.4,6 Effective "tryptic" type inhibitors were 
found in the benzamidine series (1), particularly when 

NH 

R 

R was isoamyloxy or phenoxypropoxy.4 The hydro
carbon nature of the R group leading to enhanced 
activity suggested that further studies be performed to 
determine the nature and dimensions of this hydro
phobic interaction, studies that have proved highly 
successful with other single enzyme systems.7 Such a 
study with compounds of structure 1 is the subject of 
this paper. 

(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 in this series, see B. R. Baker and .1. L. Kelley, 
,/. Med. Chem., 12, 1046 (1969). 

(3) (a) H. J. Mtlller-Eberhard, Adi-an. Immunol., 8, 1 (1968); (b) P. H. 
Schur and K. R. Austen, Ann. lier. Med., 19, 1 (1968). 

(4) B. R. Baker and E. IF. Erickson, J. Med. Chem., 12, 408 (1969), 
paper CLII of this series. 

(5) (a) B. R. Baker and J. A. Hurlbut, ibid., 12, 415 (1969), paper CLIII 
of this series; (b) B. R. Baker and J. A. Hurlbut, ibid., 12, 677 (1969), 
paper CLVI of this series. 

(6) E. A. Kabat and M. M, Mayer, "Experimental Immunochemistry," 
2nd ed. Charles C Thomas, Publisher, SprhiKneld. 111., 1967, pp 149-153. 

(7) For a review see B. R. Baker, "Design of Active-Site-Directed Ir
reversible Enzyme Inhibitors," John Wiley and Sons, Inc., New York, 
X. Y., 1967. 

fer occurred after 1 hr at 37°. The incubation method for de
tection of irreversible inhibition was the same as described for 
trypsin." 

(17) B. R. Baker and E, II. Erickson, ,/. Med. Chem., 11, 24o (1968), 
paper CXV of this series. 

Inhibition Results.—The inhibition of complement by 
a given concentration of compound is determined by 
comparison with a control lysis of sheep red blood cells 
(RBC) with no compound (Table I). In some cases 
acceleration of lysis occurred which is expressed as a 
minus amount of inhibition. The increase in rate of 
lysis can be due to one of two factors; the compound 
can cause lysis in the absence of complement, which is 
recorded as the percentage of total lysis possible (0.7 
OD) (see 30), or the compound can directly accelerate 
the complement system as shown by a negative inhibi
tion or a decrease in inhibition as concentration is 
increased, but no lysis in the absence of complement4 

(see 19). 
A strict comparison of the effects of substitution on 

benzamidine for inhibition of complement is compli
cated by the multitude of enzymes involved in the 
complement system; with a single enzyme such as 
trypsin8 or chymotrypsin,9 good comparisons of sub-
stituent effects can be made. Nevertheless, the sub
stitutions giving the best increments in inhibition of 
complement can be determined. Little variation in 
inhibition of complement was seen with single small 
meta substituents (3-8), except for X02 (7) where 
inhibition was poor; the effect of the X02 group does 
not appear to be electronic since CH3 (4) and CF3 (6) 
are nearly the same. The best inhibitor of this group 
was m-methoxybenzamidine (5); therefore higher 
alkoxy groups were studied as discussed below. 

Five disubstituted benzamidines were investigated. 
The 3,4-Me2 derivative (10) was slightly more effective 
than 3-Me (4), being equivalent to the parent benzami
dine (2). The 3,5-Me2 derivative (11) was three to four 

(8) B. R. Baker and E. 11. Erickson. J. Med. Chem.. 10, 1123 (1967). 
paper CVI of this series. 

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

Irreversible Enzyme Inhibi tors . CLXIV. Proteolytic Enzymes. XIV. 
Inhibi t ion of Guinea Pig Complement by meta- Subst i tuted Benzamidines 

B. R. BAKER AND MICHAEL CORY 

Department of Chemistry, University of California at Santa Barbara, Santa Barbara, California US106 

Received July 8, 196.9 

A series of 33 meta-substituted benzamidines were evaluated as inhibitors of guinea pig complement-sheep red 
blood cell-antibody system in order to determine the optimum substituents for inhibition. Since some of the 
benzamidines with me(a-hydrocarbon substituents caused severe lysis of the red blood cells in the absence of 
complement, optimum hydrophobic interaction with minimal lysis was determined. The activity peaked at 
re-amyloxy (15) and isoamyloxy (16) which showed 5(Kp inhibition at 0.5 m.V; n-butoxy (14) showed less inhibi
tion and n-hexyloxy (17) caused extensive lysis of the red blood cells. m-Alkyl substituents were less effective 
than m-alkoxy. Similar results were seen with phenylalkyl and phenylalkoxy substituents; m-phenylbutyl 
(30) and m-phenylbutyloxy (20) showed extensive lysis of the red blood cells, but m-phenylpropoxy (19) was an 
effective inhibitor at 0.5 mM. The best inhibitor showing no lysis was still the previously described m-phenoxy-
propyloxybenzamidme (21 )4 which at 0.5 m.lf showed 50cy-. inhibition of complement. 


