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Six candidate irt everbible inhibitors (18-23) for a-chymotrypsin were synthesized by quatertii~atiori of x-(P 
pyridy1)- (25) and N-(@-pyridylmethyl)-3,4-dichlorophenoxyacetamide (26) with m- and p-bromomethylbenzerie- 
sulfonyl fluoride and N-bromoacetylsulfanilyl fluoride (29); all six were excellent irreversible inhibitors a t  a K ,  
concentration, inactivating the enzyme with a half-life of < 2  min. One of the beit inhibitors was the quaternary 
salt (20) formed between 26 and 29; a t  a K, = 7 p M  concentration, 20 showed SY% inactivation of the enzyme 
in 2 min and 1007G in 4 min a t  24". 

Derivatives of S-phenyl- (1) and S-benzylphenoxy- 
acetamide (2) have been found to be good reversible 
inhibitors of a-chymotryp~in.~.~ Optimum binding of 
the Ar group of 1 was achieved with the naphthyl, 3- 
chlorophenyl, or 3,4-dichlorophenyl moieties6 If the 
R group of 1 and 2 ended in an SO2F moiety, a series of 
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irreversible inhibitors emerged;'~~ however, many of 
these could not be evaluated as irreversible inhibitors 
a t  a K ,  concentration due to i~\solubility.~J Solubiliza- 
tion was achieved by introducing a carboxyl group 
ortho to the ether linkage of 1 and 2 or replacement of 
the ArOCH2 moiety by a quaternized 2-pyridylethyl 
group;g use of the o-COOH group led to a useful group 
of SO$-type irreversible inhibitors of a-chymotryp- 
sin.3 Another possibility for solubilization was to use 
a quaternized K-pyridyl group in the amide moiety 
(3, 4); if such compounds were well complexed re- 
versibly to the enzyme, they would also have the ad- 
vantage that the R group could terminate with an 
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a The technical asaistance of Diane Shea and Marlene Dean is 
acknowledged. Assayed with 200 pJf 5-glutaryl-L-phenyl- 
alanine-p-nitroanilide in 0.03 '11 Tris buffer (pH 7.4) containing 
10% D51SO as previously described.6 I,o = concentration for 
50% inhibition which is about equivalent to K,.' 

SO& moiety to give a new class of active-site-directed 
irreversible inhibitorsi0 of a-chymotrypsin. The re- 
sults of studies with compounds of type 3 and 4 are the 
subject of this paper. 

Enzyme Results.-Reversible inhibition of a-chymo- 
trypsin by quaternary salts of types 3 and 4 is shown in 
Table I. It mas previously observed6 that 5 (R = 
p-C1) had 160 = 210 p N ;  note that 7 has I,, = 340 
~ ~ 1 1 .  Thus the pyridyl quaternary (7) binds about as 

5,n-0  
6 , n = l  

well as 5 (R = p-C1) which in turn binds three to ten 
times better than 5 (R = H). Replacement of the 
S-methyl group of 7 by N-benzyl (8) gave a threefold 
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TABLE I11 
PHYSICAL PROPERTIES OF 

NO. 
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206-209 
193-196 
218-219 
230-232 
209-2 10 
228-229 
196-1 98 
132-134 
136-158 
11 1-120 
178-180 
189-190 
155-137 
196-197 
190-1 91 
2 12-2 1 3 
178-180 

.inalyses 

c', 11, N 
C, H,  r\; 
C, H, X 
C, H, S 
C, H, N 
C, H,  S 
C, H, S 
C, H, X 
C, H, N 
c, H, N 
C, H,  Tu' 
c, H, F 
C, H, ?J 
C, H, F 
c, H, F 
c, H,  F 
c, H, F 

llecrystallized from EtOH. b Recrystallized from I\le2CO-i\IeOEtOH. e The a-bromo-p-methoxytoluene was made by the 
The compound 

e Recrystallized from EtOH-petroleum ether (60-110'). 
0 Recrystal- 

method of S. Feng and K. Chiu, H u a  Hsueh Hsueh Pao, 25, 277 (1959), and used immediately due to  its instability. 
was precsipitated out of the reaction mixture with petroleum ether (60-110'). 
1 See B. 11. Baker and C;. J. Loiuenr, J .  M e d .  Chem., 11, 666 (1968), for the preparation of the required starting bromide. 
lized from EtOH-hIezCO. Recrystallized from MeOEtOH-EtOH. Recrystallized from Me2CO. 
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61 

bromide or toluenesulfonate in hot l I e 2 C 0  or CHCl,. 
,Ittempts to quaternize 27 led to blue pigments which 
could be decolorized by addition of HBr; however, pure 
quaternary salts could not be isolated from 27. The 
required pyridines (25-27) were prepared by condensa- 
tion of the appropriate pyridine with 3,i-dichloro- 
phenoxyacetic acid, the carboxyl group being activated 
by a mixed anhydride for 26 arid 27 and an acid chloride 
for 25. 

Experimental Section 
Each analytical sample had an appropriate ir spectrum and 

moved as a single spot, on tlc on  Brinkmann silica gel GF; Brink- 
mann &IN-polyamide was used for the quaternary salts. Com- 
bustion values within 0.47, of theoretical for C, H, and 3' or F 
were obtained. Melting point,s were t,aken in capillary tubes on 
a blel-Temp block and are uncorrected. 

N-( ~-Pyridylmethyl)-3,4-dichlorophenoxyacetamide ( 26).-To 
a stirred solution of 4.42 g (20 mmoles) of 3,4-dichlorophenoxy- 
acetic acid in ,50 ml of T H F  containing 2.02 g (20 mmoles) of 
Et$ was added 2.18 g (20 mmoles) of ethyl chloroformate in 
10 ml of T H F  over a period of 3 min maintaining the temperatiire 
at - 6  to 0'. After being stirred by an additional 46 min at  - 5  
to O o ,  2.16 g (20 mmoles) of 3-(aminomethy1)pyridine in 50 ml of 
ice-cold T H F  was added dropwise (5 min). The mixture was 
allowed to warm slowly to room temperature over 12 hr, then it 
was refluxed for 5 min. After filt,ration the T H F  solution was 
evaporated in zmcuo, and t,he result,ing oil was crystallized from 
aqiieou> EtOII. Iiecrystallizatiot1 from petrolenni ether (tip 
G(I-1 10") gave 3.5 g (57:;  ) of white scJlid, rnp Oo-c~!)~. A d .  

Similarly, 27 was prepared and recrystallized from EtOH; yield 
2.3.5 g (385;), nip 143-147". A n d .  IC14H&12N,Oz) C, H, N. 

( C I J € ~ ~ C I ~ X ~ C ) P )  C, H, S. 

N-( 3-Pyridyl)-3,4-dichlorophenoxyacetamide (25).--A mixture 
of 5.5 g (25 mmoles) of 3,4-dichlorophenoxyacetic acid and 10 ml 
of SOC12 was refluxed until gas evolution ceased (45 min). The 
excess SOCl2 was evaporated in  vacuo, and the resulting acid 
chloride in 20 ml of CHC13 was added dropu-ise over 30 min to an 
ice-cooled solution of 1.88 g (20 mmoles) of 3-aminopyridine and 
2.0 g (20 mmoles) of Et3X in 40 ml of CHCI3. After being stirred 
30 min at  ambient temperature and 5 min on a steam bath, the 
solution was washed with three 200-ml port,ions of HZO and dried 
(hIgSOd), then the product was isolated by precipitation wit,h 
petroleum ether (GO-110'). Recrystallizat~ion from toluene 
yielded 3.3 g (56%) of white needles, mp 134-136", which gave a 
negative Brat,t,on-llarshall test. for aromatic amine.'4 dna? .  

a-Bromo-m-toluenesulfonyl Fluoride ( 28).--m-Toluenesulfo- 
nyl fluoride15 was prepared from the corresponding chloride.16 
A mixture of 17.4 g (0.1 mole) of the fluoride, 17.8 g (0.1 mole) of 
KBS, 0.3 g of benzoyl peroxide, and 100 ml of CCl, was refluxed 
for 7 hr when the succinimide had risen to the surface. The 
cooled CCl4 was treated with charcoal, filtered, and evaporated in 
vacuo leaving 24.6 g (97%) of a yellow oil; this gave one major 
spot and one minor spot on tlc using petroleum ether (60-110")- 
EtOhc (4 : l ) .  Both spots gave a positive active halide t,est.14 
The oil was used without, further purification. This compound 
is a sk in  irritant that  should be handled ait ,h care. 
N-Bromoacetylsulfanilyl Fluoride (B).-To 12.1 g (GO mmoles) 

of bromoacetyl bromide in 100 ml of CHCl3 was added dropwise 
(15 min) with stirring and ice cooling 8.75 g (50 mmoles) of snl- 
fanilyl fluoride in 50 ml of CHC13. To this ice-cold mixture was 
then added (10 min) 5.35 g (50 mmoles) of 2,G-lutidine in 25 ml 
of CHC13. After being stirred an additional 15 min at room 
temperature, the mixture was filtered and the filtrate was washed 
auccessively with two 200-ml portions of H 2 0 ,  two 100-ml poi- 
tions of 6yo HC1, 100 ml of 5yo SaHC03 ,  and two 200-ml portions 
of H20. Dried with l IgS04,  the solution was diluted with 100 ml 

(CiaHioC127S-202) C, H, N. 
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