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type for both trypsinlj and chymotrypsin3#l6 emerged. 
These compounds have now been investigated for 
inhibition of the complement system since the system 
has both "tryptic" and "chymotryptic" properties;jZ6 
the results with the trypsin inhibitors'j are the subject 
of this paper and the results m-ith the chymotrypsin 
inhibitors3' are in the paper that follows. 

Inhibition Assay.-The guinea pig complement sys- 
tem, although complex in nature due to the many 
proteins involved, is relatively simple to assay" since 
all of the components are commercially available. In 
this study, the lysis of sheep red blood cells by guinea 
pig complerneiit and guinea pig antibody (hemolysin) 
was employed; the variety of possible assays17 were 
modified slightly as described in the Experimental 
Section. Kith the whole complement assay system, it 
is not possible to discern which of the enzymes in the 
system are being inhibited; however, the whole comple- 
ment system serves admirably as a screen for possible 
active compounds. A variety of inhibitors of the com- 
plement system or its components have been described,+' 
but usually concentrations in the 1-50-mM range are 
required. The most potent are maleopimaric acid (2)'* 
and a series of irreversible p-nitrophenyl phosphonates 
(1) ;'" the latter type can phosphorylate the active-site 

w CO,H 

2 

serine of a number of other enzymes, including trypsin, 
chymotrypsin, and cholinesterase. 

As described in detail in the Experimental Section, 
1 ml of solution cont'aining 2.6 x 105 sheep red blood 
cells (RBC), excess antibody, and sufficient complement 
to lyse 43-607, of the RBC in 16 min at 37" was 
quenched mit'h 2.75 ml of ~itrate-saline.'~ Total lysis 
gives 0.7 OD unit of hemoglobin; thus the controls 
should give 0.30-0.42 OD unit. Since many of the 
compounds were difficultly soluble in water, 5% 
MeOEtOH was employed as a solvent; no appreciable 
lysis was caused by this solvent, in contrast to 5 7 ,  
DMSO which gave too much RBC lysis to be useful. 
RBC lysis catalyzed by compkment is not linear with 
time, but sigmoidal with reasonable linearity at 0.2-0.6 
OD unit; the 5 70 methoxyet'hanol slowed the reaction 
somewhat, Le., the slope of the linear portion of the 
curve was changed, but was duplicatable. 

The data in Tables I-T7 are recorded as the effect of 
a given concentration of the compound on complement- 
catalyzed lysis compared to a cont'rol with no compound. 
In addition to either inhibition of lysis or no effect, 

(13) (a) B. R. Baker and E. H .  Erickson, J .  Jled. Chem., 11, 24.5 (19681, 
paper C S V  of this series; (b) B. R. Baker and E. H.  Erickson, ibid., 12, 112 
(1969), paper C S L I V  of this series. 

(16) (a) B. R. Baker and J. A. Hurlhut. ibid., 11, 233 (1968), paper CXIII 
of this series: (h) B. R. Baker and J. A .  Hurlhut, ibid., 11, 241 (1968). paper 
C S I Y  of this series; ( c )  B. R.  Baker and J. A. Hurlbut, ibid., 11, 1054 (1968), 
paper C S S S I I  of this series; (d) B. R. Baker and J. A. Hurlhut, ibid., 12, 118 
(1969). paper CXLY of this series. 

&hat and RI .  AI .  Maser,  "Experimental Immunochemistry," 
2nd ed, Charles C Thomas, Springfield. Ill., 1967, pp 149-153. 

(18) R1. A I .  Glovsky, E. I,. Becker, and N. J. Halhrook, J ,  Zmmunol., 100, 
079 (1968). 

( I O )  E. I,. HPrker. Biochint. Biophlis. Acta, 147, 289 (1Rf i7) ,  and references 
therein. 
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Structure C m t n ,  mall 

Benzamidine 3 
1 

Phenylacetamidinee 3 
Heshydrobenzamidinef 2 
Phenylguanidine 3 
Benzylguanidine 0.25Q 

Benzylamine 3* 
Phenet hylamine 3" 

Phenylhut ylamine 3'' 
n-Butylamine 3 h  

Phenethylguanidine 3 
Phen?liJutylguariidine 3 

Phenylpropylamine 3h 

% i n h i b n c  % 1)s& 

38 s 
15 
6 0 

12 0 
0 0 
0 0 

11 16 
S 0 
0 0 

-S 0 
- S  0 

S 0 
s 9 

a The technical assistance of Sharon I.afler, Diane Shea, and 
Susan Black with these assays is acknowledged. ' See J'speri- 
mental Section for procedure and ref 4 and 15 for c*onipouiid 
synthesis. .$ minus numher indicates more lysis than the 
complement control without compound. I,>-sis in the ahsenre 
of complement rorrected for 2-sc;  lysis in a control in the 
absence (J f  compound. e Prepared in this hburatory hy AI. Cory 
according to ref 22.  f Prepared hy h!-drogenntion of 3 .HCl in 
EtOH containing 2c;  HOhc with a rhodium catalyst; see ref' 22 .  
0 AIasimum solihiIity. Assayed as the acetate salt.  

another effect was observed; more lysis than the control 
was sometimes observed which is expressed as a iiiinus 
amount of inhibition. One cause of more lysis was the 
lysis of the RBC by the compound in the absence of 
complement, expressed in the tables as a per cent of thc 
total possible lysis, 0.7 OD unit. When the compound 
showed no lysis in the absence of complement, but 
accelerated lysis in the presence of complement, this 
acceleration mas a direct effect on the complement 
system. Perhaps one of the active componeiits of 
complement such as the C'4 component was destroyed 
at  a slower rate clue to inhibition of the enzyme that 
normally rapidly destroys the C'4 component of comple- 
ment.6,20 Sometimes when lysis was accelerated by the 
compound, inhibition could he observed at n lower 
concentration. Although the results on inhibition of the 
complement system are more dificult to interpret than 
inhibition of a single enzyme, it is iiot difficult to see 
which compounds show inhibition or even which are the 
most potent inhibitors. 

Inhibition Results.-Since one or more of the conipo- 
iients of complement such as C'la are "tryptic" in 
character,21 some known inhibitors of trypsin were 
investigated. Trypsin can be inhibited hy benzamidinc 
(3),?? phenylguanidine (6)122 or benzylamine (lo)?$ in 
decreasing order of effecti~eness;~ the effect of these 
three compounds on the complement system is shown 
in Table I. Benzamidine (3) at 3 mall showed repro- 
ducible inhibition of complement with little lysis in the 
absence of complement. In contrast, the same conccii- 
tration of 6 and 10 showed no inhibition of complemeiit. 
The higher homolog (4) of benzamidine (3) or its hexa- 
hydro derivative (5 )  showed much less inhibition. 
Higher homologs (7-9) of phenylguanidine (6) also 
showed little inhibition; similarly, higher homologs 

(20) H. J. Miiller-Eberhard, A. P. Dalmaaso, and XI .  A .  Calcott, J.  Erpri. 

(21) (a) A. L .  Haines and I. H. LePow. J. Zmmunol., 92,436 (1964) ; (b) E. I,. 

(22) RI. Mares-Guia and E. Shaw, J. Bid.  Chem. ,  240, 1579 (1962). 
(23) T Inagami, ibid., 239. 787 (1964). 

.Wed.. 123, 33 (1966). 

Becker and K .  F. busten,  J .  Espl l .  M e d . .  120, 491 (1964). 
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(11-13) of' 1)eiizylaininc (10) sl ioi~c~i  iio :~ppreci:d)lv 
iiihibitioii. 

Siiicc~ I)twzainitlinc. (3) was the most cffectivc I m e  i i i  

Table I ,  derivatives of I)cwzamitliric origiiinlly prep:ire(l 
:LS iiihihitors of t r y p s i ~ i ~ . ' ~  \\-we tested as inhibitors ot 
coniplcrneiit ; these could lie divided into three clsssc q, 
rrieta derivatives (Table 11) ~ parer derivatives (Table HI), 
:uid K derivatives (Talde T-). m-(Phenoxgpropy1oxy)- 
~~ei ixl~i i i idin~~ (22), ail escellent reversible inhibitor of 
trypsi11,~ was a coiisiclerably more effective inhibitor of 
coinplcinent than the parent 3; 54% iiihibitioii was seen 
with 0.5 inJI of 22 which was riot significantly increased 
at  1 m X ,  but iio lysis was observed in the absence of 
complcrneiit. Therefore 17-21, 23, 24, aiid 27 were 
syiitlic*ized for w:ilii:Ltioii. 'rliat the propyl moiety of' 
22 \\'as giviiig n hyc1ropliol)ic iiiteractioii with thcx 
enzyme was indicated by the greatcr effectiveness of t h ( x  
m-propoxy (I(~rivativ(~ (17) t t i n i i  tlw pareitt 3 : i i i ( l  t l i c '  
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T \ B L E  111 
IS HI BIT ION^^^ OF GUINEA PIG COMPLEMENT BY 

CNHl 

No. R Concn, m M  Yo inhibnc 

3 H 3 3s 
1 15 

20 COCH? 1 !I 
30 COS(CH7)CsH; 1 -51 

0.5 0 
31’ SHCO( CH?)?CsH:, 0.2jp 12 
32 O(CH?)30CsHs I -14 

33 O( CH,),OC6H4SO?-p 0.5 0 

0.5 --s 
0.25 -5 

34 O ( C H ~ ) J C G H ~  1 -13 
0.5 $1 

0 25 -3 
0.125 0 

3 5s (CH?)&sH:, 0.5 

3G O( CHz)40CfiH4-p-?;HCOSHCsHaSOnF-p 0.062e 0 
37 O( CHj)rOCcH,-p-SHCOKHC6H3-2-OAIGXO,F 0.06ze 59 

3s O( CHz)aOCsH4-p-SHCOSHCsH&OzF-m 0.0W -4 
30 O( CHZ)~OCGHI-~-SHCOSHC~H~-~-C~-~-SOZF O.OIFe 3 
40 O( CHz)40C6H4-p-SHCO~Hc6H~-4-~Ie-3-so~F O . O Y  0 
41 O( CHz)40C6H4-~-r\THCOSHC~H~-3-Ol~e-4-So~F 0.031e 3 
42 O( C H Z ) ~ ~ C ~ H ~ - ~ - C ~ - ~ - ~ ” C O S H C ~ H ~ S ~ ~ F - V Z  0.05e G 

0.031 9 

a-d Sw corresponding footnotes in Tahle I. e Maximum solutiility. /See Experimental Section for synthesis. 
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0 
5s 
5 
0 

44 
7 

100 
0 

9 
6 
0 
0 
G 

16 
5 

12 

TABLE IT’ 
T N I I I R I T I O N ~ ~ ~  OF GCINE i PIG COMPLEMEXT B Y  

Concn, 7 6 %  

6 H  3 0 0  
NO. R m M  inhibnc l>-sisd 

43 m-COCHa 3 10 
44 p-COCHj 3 -7 

0.5 0 
45 ~-CHZCON(CHI)C~HS 1 - 5  

0.5 0 
46 p-O( CHz)aCeH:, 1 -24 15 

0.5 -17 6 
47 V L - O ( C H ? ) ~ O C ~ H ~  0.13e 0 0  
4s m-O(CH?),jCsH: 1 -15 42 

0.5 26 8 
0.25 -7 0 

40 p-O(CH?)*CsHS 1 3 0  
50 S’-CsHb 0.5 0 

a-d See corresponding footnotes in Tnhle I. Masimum 
soluhility. 

ated that an N-benzyl group on the amidine led to 
greatly reduced activity; compare 21 vs. 57. Since a 
number of the active bases in Tables I-V were prepared 
as the tosylate or iodide salt, sodium tosylate (59) and 
sodium iodide were shown to be devoid of effect in the 
0.5-1 mM range used for many of the bases; similarly, 
sodium benzoate a t  3 mM was ineffective. 

There are two ways to compare which compounds are 
best, namely, which give the most inhibition at  optimum 
concentration and which give 50% inhibition at  the 
lowest concentration. Other than maleopimaric acid (2) 
the most inhibition seen at  optimum concentrations in 

Tables I-V was only 55-607, with the meta-substituted 
benzamidines (18, 20, 22, 27) and the para-substituted 
benzamidine (37); the latter (37) was the most potent 
from the concentration standpoint giving 59 % inhibi- 
tion at  0.062 mX.  

The most potent compound reported in the literature 
for inhibition of the whole complement system is 
maleopimaric acid (2) which gave 50 % inhibition at  
0.7 mM and 100% inhibition at  10 mM. Since the 
assay system used by Becker, et aZ.,I9 mas different from 
that used here, 2 was reassayed under our conditions. 
When 2 was dissolved carefully in MeOEtOH containing 
1 equiv of Tris base in order to maintain the anhydride 
linkage, solubility was achieved at  0.062 mM, but 
precipitation occurred at 0.12 m31 in the assay medium; 
at  0.062 mM, 2 showed only negligible inhibition. Since 
Becker, et a1.,18 dissolved maleopimaric acid in excess 
NaOH, then adjusted the pH to about 7.5 for assay, 
2 was dissolved in 50% aqueous MeOEtOH containing 
3 equiv of NaOH; this solution of maleopimaric acid (2) 
now could be assayed readily at 1 mlZ1 without precipita- 
tion. Thus it is clear that a solution of maleopimaric 
acid in KaOH is rapidly converted to the corresponding 
tricarboxylic acid. The tricarboxylic acid from 2 was 
indeed an excellent inhibitor of the complement system 
giving 81 % inhibition at 1 mJf arid 45% inhibition at 
0.5 mM. 

The Becker assay’* determines the concentration of 
compound necessary to return complement-induced 
lysis with doubled complement concentratioii to the 
amount of lysis seen with a not doubled coilcentration 
of complement in the absence of compound; that is, 
one out of two complement units is inhibited. Thus 
they reportedI8 that 0.7 m J I  of maleopimaric acid (2) 
inhibited one out of two complement units. Under 
similar conditions, 1 m J I  m-phenoxypropyloxyberiza- 



( 2 )  1 t has I m i i  ol~served that ni-pheri3.lbutylbeiiz:1- 
rnitliiie at 1 inJ1 gives 7 2 c ,  lpis in the absence of 
coinplemeiit?' and 285 inhibition at  0.25 inM. S o t r  
that :L pacetamitlo substituent (27) on the terriiiiial 
plieriyl (Tnhlr~ 11) gives no lysis a t  1 iiiX in the abseiic~ 
of coinplenit~iit, 1)ut good irihibitioii in the presence of 
c~~niplcmeiit 'rhus appropriate substitution can clc- 

se Iybis in the abseiic~ of complement without losing 
iiihibitioii of c.oiiiI-,lenieiit-iii~uce[l lysis. If appropriatcl 
siihtitiitioii mi  26 could remove lysis in the abseiicc of 
coinplciiient ~ ii potent iiiliibitor for the complement 
.\-stern coultl eniergr. 

i 3) IT'liicli of the conipoiieiits of conipleineiit xrv 
most iiihihitctl by the hetter iiiliihitors in Tables I -I7'? 
(4) Is tlir potency of 26 or 37 partially due to iriwers- 

ilile iiiliilitioii liy forrnatioii of a covalent boiid ria tlici 
SOLF moiety-' of oii(' or niorc of the coiiipoiicwts 01 
complenieiit 

( 5 )  Of 28 pal n-substituted I)eiizarnidiiies (Table 111) 
why is 37 uiiiquely activc? Wliat are the s t ru~tural  
reyuircmcnts aiitl caii morc potent relatetl inhibitors h i  

founcl? 
Chemistry.- As notetl iii Tables I-\?, the. syntheses of 

many of the compouiicls tested liacl beeii previouslj 
des~ribet l .~~ '  The new beiizaniidiiies in Tables I1 ant1 
111 were prthpared from the corresponding nitriles C I O  

the th i~a in ide ,~  except for 17 and 18 where the imino 
ether precedurel)d was employed. 

The requisite k)eiizonitriles for 17-21, 23, arid 24 werc~ 
prcpnrctl by nlkylatioii of m-cy~~iophei io l~~ with tliv 
appropriatc hrcmiitlc.4 Bromination of vi-tolunitrilc. 
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(62) with KBS gave 63 which was not purified, but 
converted directly to the Wittig reagent (64) in 81% 

I 

CX C?; 
62. R = H 64 

63. R = BY 

( 'S 
65 

('N 
6 6 . R = H  
67. R = AC 

over-all yield by reaction with triphenylphosphine in 
boiling xylene. Condensation of 64 with p-nitrocin- 
namaldehyde28 in methanolic KaOMe afforded the 
butadiene (65) as a mixture of cis-trans isomers in 5 4 5  
yield. Catalytic reduction of 65 with a Pd-C catalyst 
gave 66 as oil which was converted to 67 with Ac20 in 
good over-all yield. Similarly p-phenylbutylbenzo- 
nitrile was prepared by Wittig condelisation of p-cyano- 
benzaldehyde with cinnamyltriphenylphosphonium chlo- 
ridezg followed by catalytic reduction. 

p-Phenylpropionamidobenzonitrile was prepared by 
reaction of hydrocinnamoyl chloride with p-amino- 
benzonitrile in CHCls-pyridine, then converted to 
31 by the H2S method. The meta isomer (28) was 
prepared by reaction of m-aminobenzamidiiie dihydro- 
chlorides0 with hydrocinnamoyl chloride. 

The substituted benzylamines (55, 56) were prepared 
by catalytic reduction of the corresponding nitriles with 
a PtOn catalyst in EtOH containing EtS03H; 57 was 
prepared from the corresponding nitrile by reaction of 
its imino thioether with benzylamine. Alkylation of 
ethyl m-hydroxybenzoate with phenoxypropyl bromide 
followed by saponification afford 54. 

Experimental Section 
Melting points were determined in capillary tubes on a Nel- 

Temp block and are uncorrected. All analytical samples had 
ir spectra compatible with their assigned structures and moved 
as a single spot on tlc on Brinkmann silica gel G F  or polyamide 
M S 2 8 4 ;  each gave combustion values for C, H, and S within 0.4% 
of theory. 

m-Cyanobenzyltriphenylphosphonium Bromide (64).-A mix- 
ture of 25 g (0.14 mole) of SBS, 16.4 g (0.14 mole) of m-tolu- 
nitrile, 60 ml of cc14, and 0.3 g of BzzO? was refluxed for 90 min; 
if reaction was not complete, as indicated by succinimide not 
rising to the surface, additional Bz202 was added and boiling was 
continued. The mixture was diluted with 70 ml of CHC1, and 
filtered, and the filtrate was washed with 100 ml of HzO. Dried 
with IlIgS04, the solution was spin-evaporated in vacuo to about, 
25 ml, then chilled. The crude 63,31 mp 80-87", was collected on 
a filter and washed with petroleum ether (bp 30-60 "). 

To a solution of the crude 63 in 150 ml of xylene was added 
36.7 g (0.14 mole) of triphenylphosphine in 150 ml of xylene. 
.4fter being refluxed for 60 min, the mixture was cooled and the 
product was collected on a filter; yield 52.9 g (81% j, mp 270-280", 
suitable for further transformations. Recrystallization of a 

(28) B. R. Baker and J. H. Jordaan, J. Med.  Chem., 8, 35 (1965). 
(29) R. N. McDonald and T. W. Campbell, J .  O r g .  Chem., 24, 1969 (1969). 
(30) Prepared by catalytic reduction of m-nitrobenzamidine hydrochloride 

with Pd-C catalyst; see A. P. T. Easson and F. L. Pyman, J .  Chem. Sac., 
2991 (1931). 

(31) E. J. Cragoe, Jr., and A. 11. Pietrusekiewicz, J. O r g .  Chem., 22, 1338 
(1957), prepared this compoiind by an alternate mpthod. 

sample from n-PrOH gave white crystals, mp 311-320". Anal. 
(C2&BrNP) c, H, K. 

1 -( m-Cyanophenyl)-4-( p-nitrop1ienyl)butadiene (65).---To a 
solution of 20 g (43 mmoles) of 64 and 7.64 g (43 mmoles) of 
p-nitrocinnamaldehyde28 in 250 ml of MeOH was added a solution 
of 2.5 g (46 nimoles) of S a O l I e  in 100 ml of MeOH. .Ifter being 
stirred 15 hr, the mixture was filtered and the product was 
washed with JIeOH. Recrystallization from JleOEtOH gave 
6.6 g (54'5) of product as a mixture of cis-trans isomers, mp 
145-160 ', that was suitable for further transformation. Two 
additional crystallizations gave yellow crystals, mp 14s-165 '. 

l-(p-Cyanophengl)-4-phenylbutadiene (SO).-Condensation of 
1.34 g (10 mmoles) of p-cyanobenzaldehyde with 4.15 g (10 
mmoles) of cinnamyltriphenylphosphoniuni chloride,zy as de- 
scribed for 65 with a 60-min reaction time, gave 0.82 g (34%) of 
product, mp 164-167 ', suitable for further transformation; 
lit . 3 2  nip 168-171'. 
m-(p-Acetamidophenylbuty1)thiobenzamide (81).--.1 solution 

of 2.0 g (7.2 mmoles) of 65 in 200 ml of AIeOEtOH was shaken 
with Hz a t  2-3 atm in the presence of 0.30 g of 5% Pd-C; reduc- 
tion was complete in 45 min. The filtered solution was evap- 
orated in vacuo leaving 66 as an oil. The oil was dissolved in 
20 ml of CHCla, cooled in an ice bath, and treated with 1.0 g 
(10 mmoles) of AcsO. -4fter 1 hr a t  ambient temperature when 
tlc showed reaction was complete, the solution was washed with 
H20 and evaporated in vacuo leaving 67 as an oil. The oily 67 
was dissolved in 10 ml of pyridine and 0.8 ml of Etas ,  then HYS 
was slowly passed through the solution for 2 hr. The solution 
was allowed to stand about 18 hr, then diluted with 50 ml of HrO 
and the oily layer was extracted with two 50-ml portions of 
CHCl,. The extracts were evaporated in vacuo and the residue 
crystallized from C&; yield 1.48 g (62% over-all), mp 120-130°, 
suitable for further transformation. Two recrystallizations from 
C& gave the analytical sample, mp 129-131 '. Anal. (C1yHn2- 

p-Phenylbutylthiobenzamide (82).-From 0.81 g (3.5 mmoles) 
of 80, as described for the preparation of 81 with omission of the 
ACYO st'ep, was obtained 0.61 g (66%) of product, mp 145-160", 
that was suitable for further transformation. Two recrystalliza- 

. 4 d .  (Ci7H12X202) C, H, S.  

S?O,S) C, H, S. 

tions from EtOH gave the analytical sample, mp 163-165". 
.4naZ. (C17HIySS) C, H, S. 
p-Phen>lpropionamidobenzonitrile (83).-To an ice-cold solu- 

tion of hydrocinnamoyl chloride, prepared from 2.25 g (15 mmoles 
of the acid with SOC12, in 10 ml of CHCl, was added 2 ml of 
pyridine, followed by 1.8 g (15 mmoles) of p-aminobenzonitrile in 
10 ml of CHCL. After 90 min a t  ambient temperature, the mix- 
ture was washed successively with 5% HCl (two 20-ml portions), 
20 ml of 5Vo KaOH, and finally H20. The organic layer, dried 
with MgSOa, was evaporated zn vacuo. Recrystallization from 
C6H6 gave 1.42 g (38F0) of product, mp 105-111", that was used 
for subsequent transformation. Two recrystallizations of a 
sample frdm C ~ H ~  gave white crystals, m i  116-118". -Anal. 
(C16Hi&20) c. H. S. . ~. ~~ ~ 

m-Phenplpropionamidobenzamidine p-Toluenesulfonate (28). 
-To a stirred and ice-cooled solution of 1.00 g (5 mmoles) of 
m-aminobenzamidine d ihydrochl~r ide~~ in 4 ml of D M F  and 2 ml 
of pyridine was added dropwise a solution of the acid chloride 
from 0.80 g (5.3 mmoles) of hydrocinnamic acid (prepared with 
SOCln) in 5 ml of DMF. After 3 hr a t  ambient temperature, the 
mixture was diluted with several volumes of Et2O. The solution 
was decanted from the oil; the latter was dissolved in 25 ml of hot 
H20 containing 1.1 g of TsOH. The cooled solution deposited 
0.77 g of crude product that was twice recrystallized from HzO; 
yield 0.27 g (12%) of white crystals, mp 192-194". rind.  

m-Phenoxyethoxybenzylamine (56) Ethanesu1fonate.--A solu- 
tion of 2.39 g (10 mmoles) of 68a (Table 1'1) and 1.10 g (10 
mmoles) of EtSOdH in 100 ml of EtOH was shaken with H2 a t  
2-3 atm in the presence of 0.1 g of PtOp until 30 mmoles were 
absorbed; during this time the product separated. The mixture 
was warmed, then sufficient H?O was added to  dissolve the 
product; the catalyst was removed by filtration. The filtrate de- 
posited 1.8 g of product, mp 155-15S0, and an additional 0.3 g 
(total 60% j could be isolated from the filtrate. Recrystallization 
from EtOH gave white crystals, mp 164-166". -4nal. (C17H~J- 

( C Z S H ~ ~ K S O ~ S )  C, H, S. 

XOsS) C, H, S. 

(32) Kodak Society Anon.. Relginn Patent 641,415 (1964): Chrm. d b s f r  . 
63, P3092H (190;). 
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~r~-Phenylpropyloxj benzylamine ( 5 5 )  ethanesulfonate was pre- 
pared from ciily ?n-phenylprop~losyI~e~~zonitrile RS descri!)ecl fur 
56; white cryst,als from acetone, r i ~ ] )  75--75 '. . I  ,In/. (ClgFI2r 

m-(Phenoxppropyloxy)benzoic Acid (541.- ~-Al  
(30 nimoles) of ethyl m-hydrosyl)e~izoate wit 
Iironiide by method .I4 gave the  crude ether ester. The latter 
refluxed with 40 ml of 3.5 S SaOH and 40 nil of ICtOli for 30 niin, 
then the solution was acidified Kith 12 -1- HCI. The protluc.1 
( loo(,,;,, nip 142-140") was collected and wnph 

lliaations from EtOH gave 3.6 g ( 
sample, mp 147-149". ,lnal. ( C I ~ H , ~ O ~ )  C, €1. 

N-I;enzyl-m-( phenoxyet1ioxy)benzamidine (57) Hydrochloride. 
--:I mixture of 0.21 g (0.50 nimolei of 75b (Table \'I), 0.070 g 
(0.65 nimole) of benzylamine, :ind 5 rnl  of k t O H  \Tits stirred ill  

:Linljient temperature for 24 hr when t I C  inc1icateJ 1hr react iotl 
wt,s complete. Tlie solution was spiii-ev:ipor:ltet1mted i / t  vaciio. The 
residue was dissolved in 6 nil of hot 2 .V HC 
of sufticient lit OH. The solutioi! deposiletl 

tions from I Id- I~ : tOH ( 

so4sj) c, 1-1, s. 

Complement Assay.1; Materials -- Sheep red l)lood ceiib 
(I113C) suspended in .\Isever's soiution, guinea pig hemolysiii 
(:tntitiody), :mi lyopliilized guinea pig c.ginplement were piir- 
chased from Grand Island Biologicals Co., Oalrlm1d. Calif. .Ifter 
sterile withdrawal of 4 nil of I L K .  the  suspension uvas centrifuye,l 
i i i  :L cliriical centrifuge, and the c d l . 4  %ere warlied several t.irno- 
with buffer, then standardized OQ celldm1 of i)uifer;" Iiuiler- 
diluted cells are stable 2-3 d a ~  3 '. finnoiysin was tliluteil 
1 : 800 i l l  liutl'er for assay anti 6t:dile indefinitely at 3'; :I- 
used iii the assay lielow, t his gives five times :he amount needecl 
for niaxiniuni velocity. Tlie lyophilized wnipletne~it~ on receii)r 
W:LS dissolved in its restoring soluTic;li; 2OOO-pl :diyuots wew it~inic- 
di:Lt ely pl:~cetl i n  15-20-nI :md kept fri)aeii :it ---l5' i i i i i i !  

ys. :I vixl \Y:LF ililiitd with ! I . \  rn! 


