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with H,O; vield 2.67 g (96%), mp 206-207.5°. Recrystalliza-
tion from i-PrOH gave 2.27 g (819%) of white spears with -
changed melting point. Anal. (Ci;H(FNOsS) C, H, F.
Irreversible Enzyme Assays.—The velocity of the reaction with
0.1 m3f 2'-deoxycytidine was found to be proportional to the
cytosine nucleoside deaminase concentration. No spontaneons
inactivation of the enzyme in 109 DMSO and pH 7.4 Tris buf-
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fer ocenrred after 1 hr at 37°. The incenbation ntethod for de-
tection of irreversible inhibition was the same as described for
trypsin. 7

(17) B. R. Baker and E, tl. Erickson, J. Med. Chem.. 11, 245 (1968),
paper CXV of this series.

Irreversible Enzyme Inhibitors.

CLXIV.'?

XIV.?

Proteolytic Enzymes.

Inhibition of Guinea Pig Complement by meta-Substituted Benzamidines

B. R. Baker axD MricaarL CoRry

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

43106

Received July 8, 1969

A series of 33 mela-substitnted benzamidines were evalnated as inhiibitors of gninea pig complement-sheep red

blood cell-antibody system in order to determine the optimum substititents for inhibition.

Since sonte of the

benzamidines with meta-hydroearbon substitnents cansed severe lysis of the red bluod cells in the absence of
complement, optimum hydrophobic interaction with minimal lysix wax determined. The activity peaked at
n-amyloxy (15) and isoaniyloxy (16) which showed 5097 inhibition at 0.5 md/; n-butoxy (14) showed less inhibi-

tion and n-hexyloxy (17) cansed extensive lyxis of the red blood cells.
Stmilar results were seen with phenylalkyl and phenylalkoxy stibstitnents; m-phenyvibityl

than m-alkoxy.

m-Alkyl =ubstitnents were lesx effective

(30) and m-phenylbutyloxy (20) showed extensive lyxis of the red blood cells, but m-phenylpropoxy (19) was an

effective inhibitor at 0.5 mA3!.

The best inhibitor showiig 1o lysix was still the previonsly deseribed m-phenoxy-

propyloxvbenzamidine (21)* which at 0.5 mM showed 50¢7 inhibition of complement.

Complement is a complex mixture of eleven serum
proteins with proteolytic activity that has a number of
biological actions including rejection of foreign cells.?
Since complement has both “tryptic” and 'chymo-
tryptic” properties,® it can be inhibited by some com-
pounds that inhibit trypsin? or chymotrypsin? when
measured by the sheep red blood cell-hemolysin-serum
method.%¢ Effective ''tryvptic” type inhibitors were
found in the benzamidine series (1), particularly when

NH

CNH,

R was isoamyloxy or pheunoxypropoxy.* 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 enzvme systems.” Such a
study with compounds of strueture 1 is the subject of
this paper.

(1) This work was generously supported by Grant CA-08695 from tlie
National Cancer Institute, U. S. Public Healtli Service.

(2) For tlie previous paper in this series, see 3. R. Baker and J. L. ielley,
J. Med. Chem., 12, 1046 (1969).

(3) (a) H.J. Muller-Eberharit, Advan. Immunol., 8, 1 (1968); (b) P. H.
Seliur and K. R, Austen, Ann. Rev. Mesd., 18, 1 (1868).

(4) 3. R. Baker and 1. I1. Lirickson, J. Med. Chem., 12, 408 (1969),
paper CLIT of tlis series.

(5) (a) B. R. Baker and J. A. 1luribut, ibed., 12, 415 (1969), paper CLI11
of this series; (b) B. R. Baker and J. A. Hurlbut, bid., 12, 677 (1969),
paper CLVI of this series.

i6) E. A, Kabat and M. M, Mayer, “‘Fxperimental Immunochemistry."
2o ed, Chacles C Tlowas, Paldisber, Springfield, 1L, 1967, pp 149-153.

(7) Tor a review see 3. R. Baker, “Design of Active-Site-Directed Ir-
reversible linzyme Inhibitors,’" John Wiley and Sons, Inc., New York,
N.Y., 1967,

Inhibition Results.,—The inhibition of complement by
a given concentration of compound 13 determined by
comparison with a control lysis of sheep red blood cells
(RBC) with no compound (Table I). In some cases
acceleration of lvsis oceurred which is expressed as a
minus amount of inhibition. The Increase in rate of
lvsis can be due to one of two factors; the compound
can cause lysis in the abseunce 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 complement*
(see 19).

A strict comparison of the effects of substitution on
benzamidine for inhibition of coniplement is compli-
cated by the multitude of enzymes involved in the
complement system; with a single enzyme such as
trypsin® or chymotrypsin,® good comparisons of sub-
stituent effects can be made. Nevertheless, the sub-
stitutions giving the best increments in inhibition of
coniplenent can be determined. Little variation in
inhibition of complement was seen with single small
meta substituents (3-8), except for NO, (7) where
inhibition was poor; the effect of the NO, group does
not appear to be electronic since CH; (4) and Cl; (6)
are nearly the same. The best inhibitor of this group
was m-methoxybenzamidine (5); therefore higher
alkoxy groups were studied as dizcussed below.

Five disubstituted benzamidiues were 1nvestigated.
The 3,4-Me, derivative (10) was slightly more effective
than 3-Me (4), being equivalent to the parent benzami-
dine (2). The 3,5-Me;, derivative (11) was three to four

(8) B. ®. Baker awl E. 11, Erickson, J. Med, Chem.. 10, 1123 (1967).
paper CVI of tlis series.

(9) B. R. Baker and J. A, tluribut, dhed., 10, 1120 (1967), paper (V11 of
this series.



B. R. Baxer axp Micnakn Cow

Vol 2

Tanrr |

[Nt oF GUises Proe CoMrneMest

1050
R

Clanipel, '. o

N Y wlf it tysist

2 11 3 58 b
| 15

e w-011 3 38
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| ()
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N -1 N 44 0
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il ()-(:H;z 0 14 1}

10 -‘;,4-((.'”:0;- 3 41 0
| 5

11 3,0-1CHy 3 72 0
| 5

12 3,5-1OCH 3 ) 3 7 0
| ]

13 m-QC,H-n | 30 4
0.5 20

14 m-OCyHe-n 1 0o 1
0.5 17

15 lll-()(::.l'{“-ll | 62 1
0.5 30

105 m=-OCH -7 i 39 0
n.hH 40

17 11-QCel L g-1 | —X] X2
0.5 ) 5l
0,25 20 7

1=t -OCHCsl | o 0
05 21

14 m-(nCH.OCsls 1 12 il
0.5 36

* The (echnical assistance of Sharon Lafler with these assays is acknowledged.
¢ A minns nimber indicates more lyxix than the complement vontrol withont compomuld,

by vomplement.
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0.5 1
30 =0 CHLOC T, | i ¥4 100
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b Ree rel 4 Tor the assay of inhibition of RBC Jyst-
4 Lvsix in the abzenve ol

votnplentent corrected for 0-5¢; ly=ix in a control in the absence of compound; this ix expressed as the per vent of the total lysis pos-

sible, 0.7 OD nnit. ¢ Data from ref 4.

assay,

tinies mote effective than 3-Me; iu contrast, the 3.5-
(OMNe)s derivative (12) was ineffective, which should
be compared to the 3-OMe (5). the nost effective of the
small single group=. Although the naphthcarboxami-
dines (22, 23) can be classified ax disubstituted deriva-
tives of benzamidine, these compounds showed no
actvity,

It was reported earlier from thix laboratory* that
m-souinyloxybenzaniidine (16) wuas about sixfold niore
effective than the parent benzamidine (2) and about
twofold more effective thunm-propoxybenzamidine (13);
this posed the question of what was the optimum
alkoxy group for hyvdrophobie interaction.* Thix
activity peaks at v-amyloxy (15) and isoamyloxy (16)
since w-butoxy (14) s less effeetive and n-hexvloxy

7 Connuercially avatlable.
Picric acid was assayed as (he Trix salt and at 2 mM showed no lysis of RBC in the absence of vomplentent; pierie avid at
2, 1, 0.5, and 0.25 m showed 71, 32, 14, and 0¢7 inhibition of complettent.

¢ Dipicrate salt that wax dissolved in 1:4 H.O-MeOItOH for

A Maximnm solnbility in assay wmedinne.

(17) caunses severe RBC lysis in the absenee of comple-
ment; inhibition by 17 at 0.25 .3/ can be deteeted, bt
higher concentrations lysed the RBC.
m-Phenylpropyloxybenzamidine (19) was reported
warlier? to be an inhitbitor of complement; good inhibi-
tion was seent at 0.5 mM, but at I mM 19 was less
effective. The higher homolog (20) was a niore cffective
inhibitor than 19. since 20 showed 439 iuhibition at
0.125 md/; however, at higher concentrations of 20,
RBC lysis in the absence of complemnent becante severe.
Replacement of the benzyl group of 20 by phenoxy (21)*
gave a slightly less «ffective inhibitor, but lysis by the
compound was ermdicated; 1n the paper that follows!

(103 B R Baker awd M Coev, S0 MW ed Chend, 12, IDSE B, patant
CLXYV of this series.
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PrysicaL CONSTANTS OF
ll\IIH
@ CNH,HX
R
Y
No. R HX Method” yielil Mp, °C Formuta?
3 m-0OCH, HCI A, Be 204 162-164"*
6 m-CF; TsOH B 65/ 202-204 CtH:F3N.Os8
s m-Br TsOH B 40¢ 188-190 Ci:H;BrN.O,8
Y 0-CH, T«OH C Ug 168-170»
10 3,4-(CH,). T<OH B 29 194197+
11 3,5-(CHj). TsOH C 14/ 174-176 CisHypoN,O,%
12 3,3-(0CH:y>g TSOH B ' 135—137 C(GH-Z()N-,-O:,.\'
14 m-OCsHe-n TsOH A B 604/ 171-173 CisHuN-0.8
15 m-OC,Hu-n TsOH A, Be 254 164-166 CigHusNLOgS
17 m-0CsHz-n T<OH A, B 144,/ 154-156 CuoHpN.O S
20) m-O(CH,),CsHs TsOH A Be 204./ 147148 CHxN.O,S
22 2,3-Bezo TsOH C 8ii 210-213
23 3,4-Benzo T~OH B 650% 201-203
24 I)l—C4H 9-Nn TsOH 1 177 00-93 C(gH-“N:O;;b.
25 m-C:H-¢ HCI D H1/m )2-04 CuHsCIN, - 0.5H.0)
26 I)l-CGH:y T\.OH B 161 215-217 C-;gH-zoNio:gS
27 m-CH.CsH,; TsOH B 224w 177-179 Cy HpN.O8
28 m-(CH, 3CeH; TsOH 9] o 176-179 Co:HoysNLO8
20 m-CH=CHCH; TsOH Da 18/ 110-112 CaHaN.O58
30 m-(CH,),CsH, TsOH D 2,3/ .m 151-153 CosHpN.O8
32 '"'(CI{»'J~4:2> l)ipicl'me 1) 11/0m 220232 Czﬁl{‘llNg()H
33 mmH;n@ Dipicrate D 2R/ 241-244 CsHaN Oy
N
54 m.<cn_,._,—@x Dipicrate D 107 236-238 CusHyN O
33 "'4CH.7'4—© Dipicrate b 25/m 1H7-19 CosH.N 5O
N

< Methods:
amidine; [),* Wittig reaction, reduction, then method B.
F. L. Ro=e, J. Chem. Soc., 343 (1946), mp 165-166°.
m-cyanophenol. ¢ Recrystallized from KEtOH-Et,0.

Me,CO.

I1.0.

i Previoasly prepared by an alternate procednre by P. Oxley and W. F. Short, J. Chem. Soc., 147 (1946), mp 210-211°.
viously prepared by an alternate procedire by P. Oxley and W. F. Short, thid., 147 (1946), mp 203°.
m Qver-all yield from m-cyanobenzyltriphenyiphosphoninm bromide; the intermediates were oils.
amitnobiphenyl; nitrile prepared aceording to R. L. Daunley and E. C. Gregg, J. Am. Chem. Soc., 76, 2997 (1954).

A,'Calkylation of m-cyanophenol; B,'! CN — imino ether — amidine; C, amide and (KtO)BF, — imino ether —
b Previonsly prepared by an alternate procedure by F. H. 8. Curd and
¢ The intermediate nitrile was an oil that was not purified.

/ Recrystallized from H,O,
viously prepared by R. J. Clark, A. Isaacs, and J. Walker, Brit. J. Pharmacol.,, 13, 424 (1958), mp 195-196°.

4 Qver-all yield from

¢ Picrate, mp 231-233°; lit.12 235-236°. * Pre-
" Recrystallized from
¥ Pre-

! Recrystallized from Me.CO-
«Qver-all vield from 3-
o Over-all vield

from m-cyanobenzyl bromide; nitrile prepared according to C. R. Hauser, W. Q. Beard, and F. N. Joues, J. Org. Chem., 26, 4790 (1961).

» Analyzed for C, H, N. 2 Rednetion step omitted.

7 3-(3-Pyridyhacrolein, mp 62-66°, wasx prepared from 3-pyridylcarboxyaldehyde

by the procediire described for p-nitrocinnamaldehyde by B. R. Baker and J. H. Jordaan, J. Med. Chem., 8, 35 (1965).

the effect of substitution on the phenoxy moiety of 21 is
reported which greatly improved inhibitiow.
Benzamidines with au m-alkyl group were then
studied. n-Butyl (24) and n-amyl (25) were about
equally effective, beiug about threefold niore effective
than the parent benzamidine (2); since 24 and 25 were
equipotent, 1o higher alkyl groups weve investigated.
Attention was then turned to a series of m-CeHz (CH,),
groups. The m-phenylbenzamidine (26) was three to
six finiles as effective as the parent benzaniidine (2);
1 md of 26 showed 749, inhibition with no lysiz of
RBC. The beuzyl (27), phenethyl (28), and styryl
(29) derivatives were less effective than plienyl (26).
m-Phenylbutylbeuzamidine (30) at 1 m3/ caused 1009
lysis of the RBC in the absence of complement; how-
ever. at 0.25 n.l/ no lysis by 30 was seen and comple-
ment was inhibited by 409.. When the pheuylburtyl

moilety of 30 wuas substituted by the polar p-AeNH
group (31),* lysis did not occur in the absence of com-
plement, but inhibition at 0.25 md/ was maintained;
although inhibition increased to 599, with 0.5 mi/ of
31, there was no further inerease i inhibition at 1 mA/
indicating sonie other factor such ax acceleration of one
of the complement compouents was oceurring siniul-
taneously.

Since the lysis of RBC cells by m-phenylbutyibenz-
amidine (30) was renioved by substitution of the polar
acetamido group ou the terminal phenyl to give 31, but
inhibition of complement wus muintained, the phenyl
group of 30 was replaced by the more polar 3-pyridyl
(35). None of the usual salts of 35 could be crystallized,
but 35 could be isolated as the dipicrate; this com-
plicated the assay since Tris picrate itself shows 71, 32,
14, and 09 inhibition of complement when axsayed at


m-l.CH
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201005, and 0.25 ml/, respectively. At its maxinnnn
solubility of 0.25 ml/, 35 dipierate showed 53¢, inhibi-
tion of complement: when this was corveeted for the
1497 inhibition by 0.5 m M pieric ucid, 35 had the =ame
order of inhibition of complenent as hown by 30 and
31. Although the guestion of whether or not 1 mi/ of
35 could ly=c RBC cells wax not auswered, it was clear
that 35 wax not more effective ininhibiting conmplenient
than 30 or 31 thercfore, more detaded studies were
not purstted.  The samce comphlications with the di-
picrate =altx of the three pyridvlethylbenzamidines
(32 -34) nvoxc; since these compounds appeared to havi:
thie =ame order of activity of m-phencthylbenzanudine
(28) when corrceted tor the inhibition by the prerate
present, finrther stidies were not made,

The best meta side chams on benzamidine (2) giving
inthibition of complement with little lysix of RBC are
phenoxypropyloxy  (21) and p-acetamidophenylbutyl
(31). A study of effects of sutbstitiient= on the phenoxy
motety of 21 has led to constderable enhaucement of
activiey: ' for example, 36 wax abont 20-fold more

effretive than 21, =xince 36 <howed 659 inhibition at

@(nm,m@
NH('()@N(),

(‘'=NH

NH
36

0.031 m.l/.

Chemistry. - A~ noted in Table I, the syuthesis of
<ome of the conmponnds tested had been previously
deseribed.*  The new benzamidines in Table 1 were
prepared from the corresponding nitrile ria the imino
cther procedure.!! except for 9. 11, and 22 where the

by ML R Bakeeawd M1 Ericksou, J. Hed, Chenr. 11, 245 (1068), papey
CNV of this secies.
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method of Weintranb! was used; this imvolves reaction
of an appropriately substituted benzamide with tri-
ethvloxoninm  fluoroborate, then conversion of  the
resultant tmino ether fluoroborate with anmonia m
cthuanol to the amidine.

The  required  alkoxy- or  arvialkoxybenzonttriles
were prepaved by the alkylation of m-cvunophenol with
the appropriate bromide the resulting cimide oils were
canverted to the amidines.  The reguired alkyvl or
arvialkyibenzonitrilex were prepaved by a Wittig re-
action nsing m-cvanobenzyltriphenylphosphoniim bro-
mide* and the reguired aldehyvde, followed by eatalytic
reduction: the mtermedinte nitriles were again nils,

Experimental Section

Melling pobas were determined i eapillary tubes ow a Mel-
Tettp blovk and are nuewrrected.  All analvtical =amples had ir
=peetra cotpatible with their assigned <trnctnres and moved as a
stngle =pot on (e e Brinkntann <tltea gel GF or polvanide
MNu: each gave cambastion valnes Tar €, M, mad N within
0.4, ol theory.

3,5-Dimethylbenzamidine Toluenesulfonate (11 (Method C).'*

Toa raptdly stirved sohtion of 9.88 ¢ (40 mmolex) of Bl Ol
i 20 1l of dey B0 pratected from moisture was <lowly added
5.60 g (30 nmwles) of epichlorohydrin al =nch a rate thar the
soltttion matntained 1 slow reflux tvery exathermnie reaction).
The resulting mixtnre was stivred at reflux Tor I8 hr and cooled
1o room temperatare. 'he ervetallite produer was waslted with
thiree 60-m1l portions of dry B60O by decantation. then dissolved
trc 100 mb o CHLCL. This CILCH solntion was added taoa soln-
tiotr of L4 g (10 mmoles ¢ of 3,5-dhmethyibenzamide in 50 mib of
CH.Cl; ar 0°0 The tesnlting solntton was stirred w0 ambier
temperatire for 15 hr, then evaporated 7o racno. 'The restdie wis
dissolved i 20 mib of EtO1L, and 35 ml of OH previously san-
rated with NFLat 07 was added. The mixinre was stivved 15 he,
then filtered.  Lvaporatiia of the Gltrate /n cacico gave n resulue
that was partitiored befween Cille and 50770 agieous NaOl
solution,  The Cglle layver was washed with H.O, dried with Mg-
=0, (hen evaporated /n oo, Uhe T=OH <alt was prepared by
dissolving the restdiie e 60 ml of hor H.O containig 0.23 g of
T=OH. The solntion was cooled amd the crystalline prodact was
collected.  Sce Table 11 for wddittonal data and other componnds
prepared by this procedire.

120 L Weinonoi, =0 B Oles, ond N Kuliste, 0 trey Chene 33, 10740
[ SH N



