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A series of 31 compounds derived from hydrocarbon-substituted pyridines by quaternization with PhCHZBr 
containing 4-SO2F, 2-SOzF, or 6-Cl-2-SOzF were synthesized and evaluated as inhibitors of guinea pig comple- 
ment and its C’la component. The most active compound was 3-(3,4-dichlorophenylbutyl)-A~-(o-fluorosul- 
fonylbenzy1)pyridinium bromide (7) which showed about 60% inhibition a t  31 p3f; three other compounds (8, 
10, 35) showed about 507, inhibition a t  62 p.M. The most effective irreversible inhibitor of the C’ la  component 
in this series was N-(6-chloro-2-fluorosulfonylbenzyl)quinolin~um bromide which showed 55% inhibition a t  16 
p M  and 88(r, inhibition a t  31 w M .  

The serum complement system is a mixture of 11 dis- 
tinct proteins4-+ which has protease activity that is 
both “tryptic” and “chymotryptic.” The function 
of the serum complement system is to kill foreign bac- 
teria and protozoa; it can also lyse foreign mammalian 
cells thus causing rejection of organ and tissue trans- 
plants. Certain arthritic states are also caused by mal- 
function of the complement system. Thus inhibitors 
of the complement system have potential medical use 
for controlling transplant rejection and treatment of 
complement-induced a r t h r i t i ~ . ~  

The complement system and its inhibition7 is readily 
measured by the lysis of sheep red blood cells (RBC) 
by guinea pig csomplement and antib0dy.7.~ Powerful 
tryptic-type inhibitors of complement derived from 
benzamidine7m9 have emerged from this laboratory. 
Similarly, two types of chyrpotryptic-type inhibitors of 
complement have resulted from studies in this labora- 
tory, as exemplified by 1 ’ O  and 2.11,i2 Only side chains 

I I 

~ H C O N H ~  SO~F 

1 

2 , n = Q , 1  

a t  the 3 position of t’he pyridine ring could be made, the 
2- or 4- amino group on pyridine (2, n = 0) being too 
inert to acylate and the 2- or 4-aminomethylpyridines (2 , 
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n = 1) giving unstable products;’3 as a result structure- 
activity relationships were incomplete. There ap- 
peared to be 2 possible solutions to this dilemma. The 
first was to increase n to two in 2; inhibition of comple- 
ment was lost when the side chain was at  the 2 position 
on the pyridine, but was maintained when the side 
chain was on the 4 position.14 

The second solution would be to replace the CONH 
part of the bridge between the pyridine and dicbloro- 
phenyl rings of 2 with CH2CH2; such a structural change 
would cause little change in binding to  chymotrypsini5 
and presumably to  other “chymotryptic” proteases. 
Furthermore, replacement of the 0 in the bridge by 
CH2 causes no change in binding to chymotrypsin.16 
Since (CH,), bridges in 2 are easier to synthesize than 
0(CHz).-, bridges, a series of compounds related to 2 
were synthesized with hydrocarbon bridges to the 2, 3, 
or 4 positions of the pyridine. These compounds were 
then evaluated as inhibitors of whole guinea pig comple- 
ment, irreversible inhibitors of the C’la component, 
chymotrypsin, and acetylcholine esterase. The results 
are the subject of this paper. 

Assay Results.-When the OCHzCONH bridge of 3 
was replaced by (CH2)4, the resultant 6 showed such 
enhanced lysis of red blood cells in the absence of com- 
plement that 6 could not be evaluated as an inhibitor 
of the complement system; this result was not too 
surprising since the (CH,) I bridge of m-(phenylbuty1)- 
benzamidine gave much more compound-induced lysis 
than m-(phenoxypropyl~xy)bensamidine.~ This di- 
lemma was avoided by quaternization with o-benzylsul- 
fonyl fluorides to give 7 and 8 since these o-sulfonyl 
fluorides showed considerably enhanced activity with 
the OCHZCONH bridge. l1 The o-benzylsulfonyl fluo- 
ride quaternary salt of the compound with a (CH,), 
bridge (7) was just as effective as the corresponding 
compound with the OCH&ONH bridge (4) ; similarly 
the benzyl quaternary with 6-chloro-2-fluorosulfonyl 
substituent with a (CH& bridge (8) was just as effec- 
tive as the corresponding compound with a OCH2- 
CONH bridge (5) .  

That the 3,4-dirhlorophenylbutyl side chain at  the 3 
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TABLE 1 
 INHIBITION^ OF GUINEA PIG COMPLEMENT A N D  IRREVERSIBLE INHIBITION OF THE C ' l a  COMPON-UT BY 

-Whole complement- 
% lysisc 

C'la,  
% inactnd 

67 

95 
96 
70 
37 

98 
98 
73 
5 5 

66 
36 
97 
96 
75 
37 

95 
98 
97 
67 
39 
8 5 
64 
3 5 
9 ,i 
93 
73 
38 
71 
29 
79 
3 0 
78 
54 
84 
3 1 
27 
77 
4 .i 

69 
38 

9 <5 
86 
52 

35 
49 
22 
96 
91 
61 
38 
90 
72 
39 
82 
57 
21 

No. Ri R2 
3. 3-( 3,4-ClzCsH30CHz(=ONH) 4-SOzF 

4e 3-(3,4-ClzCsH,OCHzCONH ) 2-SO2F 

m M  inhib 

1 .0  
0.50 
0.50 
0.25 
0.125 
0.062 
0.031 
0.50 
0.25 
0.125 
0.062 
0.031 
0.25f 
0 .  125 
0.50 
0.25 
0.125 
0.062 
0.031 
0,013 
0.50 
0.23 
0.125 
0.062 
0.031 
1 . 0  
0.50 
0.25 
0.50 
0.26 
0.125 
0.062 
3 .0  
1 .0  
1 .0  
0.50 
0 1 50 
0.2;i 
0.50 
0.25 
0,126 
0.30 
0.25 
0.125 
0.50 
0.25 
0.125 
0.50 
0.25 
0.125 
0.062 
0.50, 
0 . 2 Y  
0.125 
0.50 
0.25 
0.125 
0.062 
1.0 
0.50 
0.25 
0.50 
0.25 
0.125 

% inhibnb 

45 
93 
89 
84 
63 
27 
94 
96 
96 
84 
4 <5 

16 

85 
72 
59 
21 

94 
76 
20 
56 
30 

88 
9 d 
82 
51 
54 
24 
67 
39 
64 
39 

16 
3 

53 
34 

22 

64 
23 
20 

20 
98 
81 
40 

53 
22 
87 
68 
37 

4 5 
4 
0 

8 

100 
10 

100 
100 

100 
59 

3 

7 

0 

0 

2 

100 
12 
0 

100 
32 
0 

100 
100 

9 
100 
41 

0 
29 
0 
0 

94 
5 

0 

6 

7 

4-SOzF 

2-SOzF 

8 

9 

10 

4-SOzF 

6-Cl-2-SOzF 

4-SOzF 

2-SO2F 

6-Cl-2-SOzF 

4-SOzF 

2-SOzF 

4-SOzF 

2-SOzF 

11 

12 

13 

14 

H 

H 

H 

2- [ 3,4-CliCeH3 ( CHZ )4I 

1 *5 

16 

17 

18 
19 

4-SOzF 
4-SOzF 

6-Cl-2-SOzF 20 

21 

22 

3-( 3,4-C1zCsH3CHzCHz) 

3-(3,4-C12CsHaCHzCH*) 
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No. 
23 

24 

25 

26 

27 

28 

29 

30 

31 
32 

33 

34 
35 

RI 
2-(3,4-C1zCoHtCHzCH~) 

2-( 3,4-ClpCsHaCHzCHz) 

3-CsHaCHzCHz 

4-CeHsCH2 
4-CsH5 

4-CHs 

2,3-Benzo 
2,3-Benzo 

36 3,4-Benzo 

TABLE I (Continued) 

Ra 
4-SOzF 

2-SOzF 

4-SOzF 

2-SOzF 

6-Cl-2-SOzF 

4-SOzF 

4-SO4F 

6-CI-2-SOzF 

4-SOzF 
4-SOzF 

4-SO2F 

4-SOzF 
6-Cl-2-SOzF 

6-C1-2-509 

mM inhib 

1 .o 
0.50 
1 .o 
0.50 
0.25 
0.125 
1 .0  
0.50 
0.25 
0.50 
0.25 
0.125 
0.50 
0.25 
0.125 
1.0 
0.50 
1 .o 
0.50 
0.25 
0.50 
0 .25  
0.125 
0.50, 
1 .o 
0.5Q 
0.2R 
3 .0  
1 .o 
1 . o  
0.50 
0.125 
0.062 
0.031 
0.0156 
0.0078 
0 .  FjO 
0.25 
0.125 
0.062 

-Whole oomplement- 
% inhibnb % lysisc 

63 18 
43 0 
64 14 
85 0 
66 
32 

100 
5 6 0 
22 
88 0 
6 -5 
33 
93 0 
77 
40 
45 3 
23 
52 3 
33 

89 0 
78 
42 
21 0 
41 0 
22 
12 
46 0 
17 
21 0 
88 0 
83 
45 
11 

90 0 
74 
33 

C’la, 
% inactnd 

73 
43 
95 
94 
82 
58 
93 
74 
32 
91 
78 
52 
93 
69 
44 
71 
39 
79 
61 
34 
94 
83 
48 
17 
78 
65 
37 
84 
40 
22 
94 
95 
90 
88 
5 .i 
28 

100 
93 
75 
41 

o The technical sssistance of Pauline Minton with these assays is acknowledged. Inhibition of lysis of sheep red blood cells by guinea 
c Lysis by the compd in the absence of complement expressed as per cent 

d Inhibitor incubated 10 min a t  37’ with C’la, then whole complement restored and assayed as previously de- 
pig complement and antibody detd as previously described.’ 
of total lysis possible.’ 
scribed.’ Data from ref 3’and l l .  f Maximum solubility. 

position (8) made a contribution to inhibition of the 
complement system was shown by replacement of this 
side chain by H (13) ; 13 was 8-fold less effective than 8. 

When the side chain of 7 was moved to the 2 position 
of the pyridine ring, the resultant 15 was $-fold less 
effective than 7. When the side chain of 7 was moved 
to the 4 position of the pyridine ring, the resultant 17 
was also about 4-fold less effective than 7 on the whole 
complement system. 

Removal of the two Cl’s from 8 gave 10 which was 
almost as effective as 8;  thus the contribution of the two 
Cl’s to inhibition of whole complement was small, but 
lysis of the red blood cells by 10 was considerably re- 
duced compared to 8. When the 3-phenylbutyl side 
chain of 10 was moved to the 4 position of the pyridine 
ring, the resultant 20 was again 4-fold less effective than 
the 3 isomer. 

When the 3,4-dichlorophenylbutyl side chain of 7 
was reduced in length to phenethyl, the resultant 22 was 
&fold less effective than 7. Shifting the side chain of 
22 from the 3 position to the 2 position of the pyridine 

ring (24) gave no change in binding; similar results were 
observed when the side chain of 22 was moved to the 4 
position of the pyridine ring (26). When 27 was com- 
pared to 22, the inhibition by phenethyl and 3,4-di- 
chlorophenethyl appeared to be equivalent. 

Since the contribution of a phenylbutyl group a t  the 
4 position of the pyridine ring (17) \vas 4-fold less effec- 
tive than the contribution by the phenylbutyl group 
a t  the 3 position (7), the contribution of a G H s ( C H ~ ) ~  
group a t  the 4 position was investigated where n = 0-4. 
The contribution was only 2-fold where n = 0 4 ;  this 
conclusion can be arrived a t  by comparing 13 us. 20, 
20 us. 27 and 30,18 us. 31 and 32. 

Replacement of the pyridine ring of 13 with quinoline 
gave about a 6-fold increment in better inhibition with 
the resultant 35. Replacement in 13 with an iso- 
quinoline ring (36) gave only a 2-fold increment in 
inhibition. 

The compounds in Table I were then investigated as 
irreversible inhibitors of the C’la component of com- 
plement by the previously described in general 



796 Journal of Nc.dicinal Chemistry, 1971, Vol. 1.4, S o .  9 BAKER ASD DOLL 

TABLE I1 
IZHIBITIONa  O F  CHYMOTRYPSIX AND -4CETYLCHOLIXE ESTERASE BY 

s o  

3J 
4h 
;I' 

6 
7 
\ 

9 
10 
11 
12 
1,3 
14 
1 5 
16 
17 
1% 
10 
20 
"I  
22 
23 
24 
2 i  
26 
27 
2h 
20 
30 
31 
3 2 
33 
34 
3 .i 
36 
3 7 
3 \ 
:VI 
40 
41 

R2 

4-SOzF 
2-SO2F 
6-Cl-2-SO2F 
4-SO2F 
2-SOYF 
6-Cl-2-SOqF 
4-SO2F 
6-Cl-2-SO2F 
4-SO2F 
2-SO2F 
6-Cl-Z-SO2F 
4-SO2F 
2-SO2F 
4-SO2F 
2-SO2F 
4-SOgF 
4-SOzF 
6-Cl-2-SO2F 
4-SO,F 
2-SOgF 
4-S02F 
2-SOrF 
4-SOZF 
2-S02F 
6-Cl-2-SOgF 
4-SOiF 
4-SOCF 
6-Cl-2-SO2F 
4-SOzF 
4-S02F 

4-SO,F 
4-PO2F 

6-Cl-2-SOnF 
6-Cl-2-SOtF 
11 
H 
3,4-Beneo 
2,3-Beiizo 
:3,4-Heiizo 

I60,b'C 

p 31 

15 
13 
5 . 7  
4 . 2  
3 . 3  
3 . 3 
6 , .5 
3 . 4  

110 
170 
2s 

6 .2  
3 , 4 

2 . 8  
20 

37 
13 
16 
2 3 

17 

22 
33 

66 
tj 9 
48 
50 
11 
91 
r, 0 

19 
> .i000 

3 . 0  

6 . 6  

7 . 2  

3 , 6 

_____ Ch>motrypsin------ 7 

----- Irreversibled--- -7 

I n h i b  Time % 
ir .v min inactvn 

1 3 2, 8, 300 81, 89, 100 
13 < 2 8  100 
3 7 2, 49 98, 100 
4 2  60 94 
3 3  60 100 
3 3  60 100 
6 ,j 60 89 
3 4  60 86 

110 60 93 
170 60 100 
28 60 97 

6 2  60 82 
3 4  60 100 

20 60 8 ,5 
2 3  60 96 

37 60 9 3 
13 60 90 
16 60 100 
23 60 92 

3 0  60 4J 
17 60 h 3 
6 6  60 100 

22 60 90 
33 60 87 
7 2  60 49 

66 60 94 
39 60 94 
4\ 60 92 
i o  60 94 
11 60 94 
93 60 9 3 
i 0  60 88 
5 6 60 91 

19 60 96 

.4ChE,e 
1M.b 

f iM 
15 
3 .7  
5 . 0  

4 . 2  
8 . 2  

26 

40 
12 
71 
38 
6 L5 
22 

19 

2 5 
23 

44 
20 
44 
19 
32 
17 
17 
62 
1 3 
10 

100 
62 

180 
12 
1 d 

66 
1 3 
90 
.i 0 
7 3 

9 . 2  

9 . 8  

8 3  

4 . 8  

'1 The !echiiical assistance of Julie Beardelee, Nancy Middleton, and Pauline Rliriton with these assays is acknowledged. Iao = 
concii for 50% inhibition. Assayed with 200 ,uJf ,Y-glutaryl-L-phenylalanine p-nitroanilide in 0.05 hl Tris buffer (pH 7.4) contg 10% 
1)MSO as previously described.'s d Inkctivation performed with *1 p M  enzyme at 24" in 0.05 M Tris buffer (pH 7.4) containing 10% 
l)MSO, then the remaining enzyme assayed with -~-benzoyl-L-tyrosine E t  ester in pH 8.1 Tris buffer containing 0.1 M CaCL as pre- 
viotisly described [B. R. Baker and J. A. Hwlbut, J .  I l fed .  Chem., 12, 118 (1969)]. e AChE (acetylcholine esterase) from rabbit brain 
was assayed with 1000 p M  [14C]ACh as previously described [B. 1%. Baker and R. E. Gibson, J .  M e d .  Chem., 14, 315 (1971)l. f Chymo- 
trypsin data from ref 13. Q From a 6-point time study. Data from ref 11. 

the results paralleled the inhibition of the whole com- 
plement sl  stem v-ith the following exception: the 
phenylbutyl group was equally effective \Then attached 
to  the 3 or 4 position of the pyridine ring. In  cases 
I\ here inhibition of whole complement system and 
irreversible inhibition of its C'la component run par- 
allel, the results have been interpreted to indicate that 
the main blockade of the n-hole system is that of C ' la .3  

In summary, the following important conclusions are 
reached from the data in Table I on inhibition of the 
I\ hole complement system. 

The (CHa) ,  bridge at the 3 position of the pyri- 
dine ring is jubt as effective as the OCH2COXH bridge. 

(1) 

although lysis by the compounds is increased with the 
nonpolar (CH2)4 bridge. 

( 2 )  The C6Hs(CH2)4 substituent gives maximum 
inhibition when a t  the 3 position, being less effective at 
the 4 or 2 positions of the pyridine ring. 

( 3 )  The C6H,(CH2)2 substituent is less effective at 
the 3 position than CCHs(CH2)I. 

Current studies are focused on synthesis of other sub- 
stituents with hydrocarbon bridges at the 3 position of 
the pyridine ring to see if inhibition of the whole com- 
plement system can be further maximized. 

The amides 3-6 are good reversible and irreversible 
inhibitors of chymotrypsin;ll therefore 6-36 were 



INHIBITORS OF PROTEOLYTIC ENZYMES. 18 Journal of Medicinal Chemistry, 1971, Vol. 14, No. 9 797 

examined for their inhibition of chymotrypsin, and the 
results are recorded in Table 11. The Ijols for reversible 
inhibition were determined with N-glutaryl-L-phenyl- 
alanine p-nitroanilide" as previously described;l8 in this 
assay the 1 6 0  is approximately equal to  Ki.ls Irreversi- 
ble inhibition was performed by incubation at  24O, then 
assay of the remaining enzyme with N-benzoyl-L- 
tyrosine ethyl ester as previously described. l9 The 
reversible 160's of the inhibitors with a 3-(3,4-dichloro- 
phenylbutyl) side chain (6-8) were 2- to  4-fold better 
than the Ijols of inhibitors with the corresponding com- 
pounds with 3-(3,4-dichlorophenoxyacetamido) side 
chain (3-5). Removal of the phenyl chlorines 
(9, 10) from 6 and 8 gave no appreciable change in LO. 
That the 3-phenylbutyl side chains did contribute to 
binding was shown by comparison of 6-8 with 11-13; 
the binding increments were 9- to  50-fold. 

When the 3-(dichlorophenylbutyl) side chain of 6 and 
7 was shifted to the 2 position, the resultant 14 and 15 
were just as good reversible and irreversible inhibitors; 
these results should be contrasted with the irreversible 
inhibition of C'la (Table I) by these 4 compounds, 
particularly where 7 is considerably more effective than 
15 on C'la. The side chain at  the 4 position of 17 was 
as effective as having it a t  the 3 position (7), but 16 was 
about 5-fold less effective than 6. The dichlorophen- 
ethyl side chain at the 3 position of the pyridine ring 
(22) was as effective as the dichlorophenylbutyl side 
chain (7); however, the ethyl bridge (26) was less ef- 
fective at  the 4 position when compared with the butyl 
bridge of 17. 

All of the compounds (6-36) were excellent irreversi- 
ble inhibitors of chymotrypsin when incubated at  their 
Is0 'v Ki concn with the enzyme. 

Since quaternary salts are known to be inhibitors of 
AChE,20 and since the assay for this enzyme from rabbit 
brain was available from another project in this lab- 
oratory,21 3-36 were assayed as inhibitors of this en- 
zyme; 37-41 were prepared and assayed for comparison. 
These compounds showed reversible inhibition with 
I~o's in the range of 3-130 p M ;  these Ibols should be con- 
sidered minimum values since no effort was made to 
separate possible irreversible inhibition which may 
have occurred in the 15-30 min assay period. 

The baseline compound for AChE inhibition is ben- 
zylpyridinium ion (37)(Table 11) which had 100 = 66 
pfW. The corresponding quinoline (38) showed 4-fold 
better binding, but the naphthylmethylpyridinium ions 
(39, 40) showed little change in binding compared to 
37. The SOzF moiety of 11-13 gave no enhancement in 
binding compared to  37, indicating that these 3 com- 
pounds were not showing irreversible inhibition. The 
largest contribution to binding by a side chain occurred 
in 4 where the increment was about 10-fold compared 
to 12. 

It is unlikely that these quaternary compounds 
(3-36) would give CNS disturbances i n  vivo since they 
most probably cannot pass the blood-brain barrier. 22  

(17) B. E. Erlanger. F. Edel, and A. G. Cooper, Arch. Biochem. Baophys., 

(18) B. R. Baker and J. A. Hurlbut, J .  Med.  Chem., 11,233 (1988). 
(19) B. R. Baker and J. A. Hurlbut, abid., 12, 118 (1989). 
(20) P. Bergmann, I. B. Wilson, and D. Naohmansohn, Biocham. Baophys. 

(21) B. R. Baker and R. E. Gibson, J .  Med.  Chem., 14, 315 (1971). 
(22) M. E .  Goldberg and V. B. Ciofalo, Psychopharmaeologia, 14, 142 

(1969). 

116, 208 (1968). 

Acta, 6, 217 (1950). 

However, it is possible that some effects on the pe- 
ripheral nervous system could occur. 

Chemistry.-The quaternary salts in Tables I and 
I1 were prepared by reaction of the appropriate benzyl 
bromides" or chlorides with the appropriate pyridines. 
The substituted pyridines necessary for 29-36 were 
commercially available. The remainder of the sub- 
stituted pyridines were prepared by one of the following 
general routes (see Scheme I). 

SCHEME I 

RCHO + @CH,P+(C&,), 

N c1- 
HCl 

53,3 isomer 
54,4 isomer 

Compounds 42-46 and 48-51 were prepared by a 
Wittig reaction on the appropriate benzyl- or cinnamyl- 
triphenylphosphonium chloride with the 2, 3, or 4 
isomer of pyridinecarboxaldehyde, followed by catalytic 
reduction. Compound 47 was prepared by oxidation of 
3- (3,4-dichlorop henoxy ) - lt2-propanediol to 3,4-dichlo- 
rophen~xyacetaldehyde~~~~~ followed by a Wittig reac- 
tion with 4-picolyltriphenylphosphonium chloride hy- 
drochloride (54) and catalytic reduction. The pre- 
cursors to 42 and 45 were also prepared by treating 3- 
picolyltriphenylphosphonium chloride (53) or 54 with 
3,4-dichlorocinnamaldehyde (55). Compound 52 was 
prepared by catalytic reduction of commercial 4 4 1 -  
bazole. 

Experimental Section 
Melting points were taken in capillary tubes on a Vel-Temp 

block and are uncorrected. Each anal. sample had an ir spec- 
trum compatible with its structure and moved as a single spot on 
tlc on Brinkmann silica gel GF. All anal. samples gave com- 
bustion values for C, H or C, H, N within 0.4y0 of theoretical. 
3,4-Dichlorocinnamaldehyde (55).-This compd was prepd 

from 3,4dichlorobenzaldehyde and AcH by the general method 
of Baker, et aLZ5 and was recrystd from EtOH in 48y0 yield, mp 
93-95'. Anal. (CsHeC1~0) C, H, N. 
3-Picolyltriphenylphosphonium Chloride .HCl (53).-A soln 

of 15.0 g (91.5 mmoles) of 3-picolyl chloride.HC1 and 24.0 g 
(91.5 mmoles) of PPh3 in 100 ml of DMF was stirred and heated 
at  80' for 45 min. The product crystd as the soln cooled to 
room temp; it was collected by filtration, washed with PhMe, 
and recrystd from PhMe-EtOH; yield, 15.9 g (41%) of white 
amorphous solid, mp 310-315'. Anal. (C2rH22C12NP . H 2 0 )  
C, H, N. 
4-Picolyltriphenylphosphonium chloride .HCI (54) was prepd 

by the same method as 53 using 4-picolyl chloride.HC1 and 
PPh3. Recrystn from PhMe-MeOH gave 23y0 of white amor- 
phous solid, mp 259-261" Anal. (C21H22C12NP.0.5H20) C, H, N. 

3-Styrylpyridine (Method B).-A s o h  of 7.8 g (20 mmoles) of 
benzyltriphenylphosphonium chloride, 2.2 g (20 mmoles of 3- 

(23) L. Hatch and 8. Neabit, J .  Amer. Chem. Soc., 67, 39 (1945). 
(24) R. Speer and H. Mahler, ibid., 71, 1133 (1949). 
(25) B. R. Baker, E. E. Janson, and N. M. J. Vermeulen, J .  Med.  Chem., 

14, 898 (1989). 
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TABLI;, I11 
PHYSIC.IL PROPERTIES OF 

No. 

6 
7 
x 
9 

10 
11 
12 
13 
14 
1 .i 
16 
17 
14 
19 
20 
21 
22 
23 
24 
2 ,i 
26 
27 
28 
29 
30 
3 1 
:3 2 
33 
3 4 
3 r, 
36 
37 
38 
39 
40h 
41 

R? 
4-SOiF 
2-SOlF 
6-CI-2-SOzF 
4-SOlF 
6-Cl-Z-SO2F 
4-SO2F 
2-SOlF 
G-Cl-2-SO2F 
4-PO2F 
2-802F 
4-SOzF 
2-SO2F 
4-SO2F 
4-SOrF 
6-Cl-2-SO2F 
4-SO2F 
2-SO2F 
4-SOiF 
2-802F 
4-:'O?F 
2-SO2F 
6-CI-2-SOiF 
4-SO2F 
4-SOiF 
6-CI-2-SO2F 
4-SOJF 
4-502F 
4-SO>F 
4-SO2F 
6-Cl-2-SO2F 
G-Cl-2-SOzF 
H 
T r  
:3,4-Benzo 
2,3-Berizo 
::,4-Berizo 

c 

A, the appropriate pyridine free bases were qiiaternized by the previously desrribed general procednreil except that Et20 was added 
to ppt the product. Products were recrystd by dissolving in boiling Me2C0 coritg uboiit 2% 11eOII followed by the nddn of petr 
ether (bp 60-110") to cloudiness; yield of anal. pure material is a minimum. I n a l .  fo r  C, H, S. -1rnorphoiic solid. .J. 
Willems and J. Nys, Bull. SOC. Chim. Belg., 66, 502 (19*ii), reported mp 98-100". i F. Kroehnke, H. Dickhauser, arid I. Yogt, Jiistus 
Liebigs Ann. Chem., 644, 93 (1961), reported mp 184'. 0 R. Corral and 0. Orazi, A n .  Asoc. Quitn.  Argent., 42, 169 (19.54)> reported 
mp 163.3-16jO. 11. 
Corral and 0. Orazi, An.  Asoc. Quim. Argent., 42,169 (1954), reported mp 194-196'. 

C1- salt. 1 J. V. Braun, J. Nelles, and A. May, Ber. Deut. Chevz. Ges., A ,  70, 1767 (1937)) reported mp 162". 

T.IBLK IV 
PHYSICAL PROPERTIIS OF 

Pyridine 
bridge 

N o .  position R n Methoda 7 0  N p ,  o(: For~nula .\nalysis 

42 3 3,4-C12 2 B o r C + D  42 150-1 .i 1 c ' d C1:Hl~,CIJ" HC1 c, rf, ?; 
43 3 H 2 B + I1 58 49-,51e C1aH1,N C, H 
44 2 3,4-C12 2 B + D  49 14 1- 142'. d CljHi5CIJ ' " 2 1  C, H, K 
4 .i 4 3,4-C1, 2 B o r C + D  3 3 142-143',' Cl>H1,Cl?S 'IIC1 C ,  H N  
46 4 H 2 B + 1) 49 45-47es f CisIIi7N 
48 3 3,4-C12 1 B S D  63 140-141r,d CiaHiiClrN HCI c, i r ,  s 
49 2 3,4-C12 1 B + 1) 60 149- l . iOC,d  C13HliC12S. HC1 C, H, N 
50 4 3,4-C12 1 B + 1) 60 227-229c C J ~ l ~ C l ~ ~  .HC1 C, H, N 
31 3 H 1 C + 1) 27 32-34e C13fI13x C, H, N 
52 4 H 1 n 80 69-71e,Q Ci3HiJ'J 

a See Experimental Section. Overall yield from pyridinecarboxaldehyde except 52. c HC1 salt. d Recrystd f rom Me2C0. e HCl 
F. Bergstrom, T. Pl'orton, and R .  Seibert, J .  Org. Chem., 10, 452 (194d), reported mp 47-49'. salt purified, then base regenerated. 

0 F. Bergstrom, T. Norton, and R. Seibert, ibid., 10,452 (1943), reported mp 70-71". 
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pyridinecarboxaldehyde, and 2.5 g (20 mmoles) of DBNZ6 in 
75 ml of anhyd DMF was allowed to stand a t  ambient temp for 
24 hr, then poured into 125 ml of H20. The resulting soln was 
decanted from the oil which formed. The oil was dissolved in 
EtOH, and the soln was clarified with charcoal, then treated by 
method D without further purification. 
4- [3-( 3,4-Dichlorophenoxy)-l-propenyl]pyridine (method C) 

was prepd by the above procedure from 54 and 3,4-dichloro- 
phenoxya~etaldehyde~~~~~ and treated by method D without 
further purification. 

4- [3-( 3,4-Dichlorophenoxy)propyl] pyridine (47) (Method D),- 
A s o h  of 0.50 g (1.8 mmoles) of 4-[3-(3,4-dichlorophenoxy)-l- 
propenyllpyridine in 100 ml of EtOH was shaken with 2-3 atm 
of H, and 50 mg of 10% Pd/C until the theor amt was used. 
The soln was treated with charcoal, filtered, and evapd to give 
0.45 g (217, from 54) of an oil which was dissolved in Et20 aud 
treated with HCl gas. The resulting HCl salt was recrystd 
from 1Lle2CO-Et20;- yield, 0.40 g, m p  164-166'. Anal. (CW 
HixCbNO.HC1) C, H. N. 
~3-(3,4-Dichlorophenoxy)-1,2-propanediol (57).-A soln af 

16.3 g (0.10 mole) of 3,4-dichlorophenol and 35.0 g (0.32 mole) of 

(26) 1,5-Diazabicyclo[4,3.0lnon-5-ene: see H. Oediger, H. Kabbe, F. 
Moller, and E. Eiter, Chem. Ber.,  99, 2012 (1966). 

3-chloro-1,2-propanediol in 70 ml of DRfF was heated a t  70" 
with 13.8 g (0.10 mole) of K&Oa for 3 days, then poured into 
H20. The crude product was collected on a filter, washed with 
H20, triturated in 2 M NaOH, then washed with HzO, and finally 
recrystd from H20;  yield, 13.7 g (55%) white solid, mp 105- 
107". Anal. (CsHl~ClnOa) C, H, C1. 
3,4-Dichlorocinnamyltriphenylphosphonium Chloride (56).-A 

soln of 23.0 g (10.6 mmoles) of 3,4-dichlorocinnamic acid in 100 
ml of SOClz was refluxed for 20 min and then evapd in vacuo 
to a solid which was suspended in 100 ml of dioxane and added 
over 30 min to a stirred suspension of 25.0 g (65.7 mmoles) of 
NaBHd in 250 ml of dioxane. The soln was stirred at  room temp 
for 30 min then cooled to and maintained a t  20' while 60 ml of 
ice water and then 125 ml of 8 M HCl were slowly added over 1 hr. 
The contents of the flask were poured into 800 ml of H 2 0  and 
twice extd with CHC13. The combined org layers were washed 
with three 400-ml portions of satd aq NaHCOs, two 400-ml 
portions of HzO, dried (Nak304), and evapd to an orange liquid. 
This alcohol was treated with 100 ml of SOC12 as above and then 
evapd to a dark liquid (19.8 g, 89.5 mmoles) which was dissolved 
in 150 ml of PhMe contg 24.0 g (90 mmoles) of PPh3. The 
resulting soln was heated overnight on a steam bath, cooled, 
and filtered. The collected product was recrystd from PhH- 
R4eOH; yield, 25.0 g (57%) of white amorphous solid, mp 144- 
146". Anal. ( C ~ , H ~ ~ C ~ ~ P . O . ~ H Z O )  C, H. 

Irreversible Enzyme Inhibitors. 184.1~~ A n  Affinity Column for 
Purification of Rat Liver Guanine Deaminase and Xanthine Oxidase 

B. R. BAKER* AND HANS-ULRICH SIEBENEICK 

Department of Chemistry, University of California at Santa Barbara, Santa Barbara, California 93106 

Received March 8, 19Yl 

An affinity column for guanine deaminase and xanthine oxidase was prepared by coupling 9-(p-aminoethoxy- 
phenyl)guanine, an inhibitor of both enzymes, to BrCN-activated Sepharose-4B. Xanthine oxidase from a 
0-437, (NH4)gSOa fraction of rat liver was purified 230-fold with 90% recovery by absorption on the affinity col- 
umn and elution with 1 mM substrate, hypoxanthine. The xanthine oxidase could also be eluted with an in- 
hibitor, 2-benzylthiohypoxanthine; the latter was readily removed by 2-octanol extraction, and the recovery of 
purified enzyme was 68%. Guanine deaminase from a 45-90$Z0 (NH4)2SO4 fraction of rat liver was purified 200- 
fold with 87% recovery by elution with 0.5 mM guanine. 

The design, synthesis, and enzymic evaluation of 
active-site-directed irreversible inhibitors3 of guanine 
deaminase4 and xanthine oxidase5-'0 have been previ- 
ously reported from this laboratory. 9-Phenylguanine 
(1) was found to be a good reversible inhibitor of gua- 
nine deaminase, being complexed slightly better than 
the substrate;" it was then established that the 28-fold 
binding increment by the P h  group compared to Me was 
due to hydrophobic bonding to the enzyme.I2 The 
nature and dimensions of the hydrophobic region of the 
enzyme were then mapped;13 then an appropriate leav- 
ing group with the proper dimensions for formation of a 
covalent bond with a polar group on the enzyme outside 

( 1 )  The work mas generously supported by Grant C.4-08695 from the 

(2) For the previous paper in this series see B. R.  Baker and M. H. Doll, 

(3) B. R. Baker, "Design of Active-Site-Directed Irreversible Enzyme 

(4) B. R.  Baker and W. F. Wood, J .  M e d .  Chem., 12, 216 (1969). 
( 5 )  B. R.  Baker and W. F. Wood, ibid. ,  12, 214 (1969). 
( 6 )  B. R .  Baker and W. F. Wood, ib id . ,  111, 211 (1969). 
(7) B. R. Baker and J. A. Kozma, i b i d . ,  11, 656 (1968). 
( 8 )  B. R. Baker and J. A. Kozma, ib id . ,  11, 652 (1968). 
(9) B. R .  Baker and W. F. Wood, ibid. ,  11, 650 (1968). 
(10) B. R .  Baker and W. F. Wood, ib id . ,  10, 1106 (1967). 
(11) B. R .  Bakerand D.  V. Santi, zhid. ,  10, 62 (1967). 
(12) B. R .  Baker and W. F. Wood, ib id . ,  10, 1107 (1967). 
(13) B. R.  Baker and W. F. Wood, ib id . ,  11, 644 (1968). 

National Cancer Institute, U. S. Public Health Service. 

J .  M e d .  Chem., 14, 793 (1971). 

Inhibitors," Wiley, New York, N.  Y . .  1967. 

the active site (ex0 mechanism) could be placed on an 
inhibitor such as 3.4 

0 

2, R O(CHZXNH2 

5, R = O(CHz)2NH-Sepharoee 

An affinity column for enzyme purification consists of 
a solid polymeric support to which is attached by cova- 
lent linkage an inhibitor relatively specific for the en- 
zyme to be p ~ r i f i e d . ' ~  The solid support must be 
attached to a position on the inhibitor that does not 
interfere with complex formation with the enzyme. 
Such a position on the inhibitor is not obvious until 
sufficient information becomes available with reversible 
inhibitors as to where a large group can be placed on the 
inhibitor without interfering with complex formation; 
this is the same information needed to design an active- 

(14) Ref 3, Chapter XII I .  


