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The technical assistance of 11aureen Baker, Diane Shea, and Susan Black is acknowledged. * Assayed with crystalline a-chymo- 
trypsin in pH 7.4 Tris buffer containing 10yc DMSO with 0.2 mW N-glntaryl-L-phenylalanine-p-nitroanilide at 410 mp as previoiisly 
described.I0 1 5 ,  = concentration for 50% inhibition. d IIaximum solubility. e Data from ref 10. J Data from ref 8. 0 Data from 
ref 9. ' Solubility = 
1 m31. 

Since 2 0 5  inhibition is readily detected, the 1," is a t  least five times greater than the concentration measiired. 

undertaken to determine where mater-solubilizing 
polar groups could be placed on phenoxyacetanilide 
(1) In  that would not interfere with complex formation 
with a-chymotrypsin; the candidate inhibitors could 
be divided into three classes: (a) a carboxylate or ali- 
phatic amino group attached to the aniline ring, (b) 
a carboxyl group attached to the phenoxy ring, and (c) 
replacement of the phenoxy ring by a quaternized pyri- 
dine ring. Some members of all three classes met the 
desired criteria of increased solubility and little loss of 
complexing ability to the enzyme. The results are the 
subject of this paper. 

Enzyme Results.-The first class of compounds cori- 
sisted of a series of phenoxyacetanilides with ionic 
groups on the anilide moiety (Table I). Tn-o baseline 
compounds should be kept in mind, pherioxyacetanilide 
(1) with 1 6 0  = 2.6 mJ1 arid 3-chlorophenoxyacetanilide 
(4)In with 1 5 ,  = 0.26 m-11. Insertion of a carboxyl 
group, which would be fully ionized a t  pH 7.4, on the 
para ( 5 ) ,  vzeta (6), or ortho position (7) gave only a tmo- 
fold loss in binding compared to 1.  Similarly, irisertiori 
of a p-CH2COOH (8) or p-OCH2COOH (9) function 
was tolerated within the enzyme-inhibitor complex. 
3,4-Dichloro substitution (10) on 9 gave a tenfold 
increment in binding as would be expected from pre- 
vious studies 011 this mode of substitution.'" 

That a cationic group could be introduced with little 
loss in binding can be seen by comparison of 11 and 4. 
However, a nz-SO3H group (12) gave a fourfold loss in 
binding compared to 4; the fivefold enhancement in 
binding by the m-S02F group of 2 compared to 4 is due 
to the previously observed electron-withdrawing effect 

(10) R .  R.  Baker a n d  J. A .  Hurlbut, . I .  Med.  Chem.,  10, 1129 (1967), 
paper CVII of this  series, 

of a substituent on the binding of the anilide moiety.ln 
Thus either an  anionic carboxylate or cationic am- 
moniummethyl group can be inserted on the anilide 
moiety of 1 with good retention of binding and greatly 
increased solubility. 

The second class of compounds consisted of COO- 
substitution on the phenoxy moiety (Table I). Al- 
though the phenoxy group of l is believed to complex to 
the same hydrophobic bonding region of a-chymotrypsin 
as the phenyl group of phenylalanine peptides,ln no clear 
evidence exists that all of this phenyl group is buried 
in a hydrophobic region. That the para position of the 
benzene ring of phenoxyacetone was complexed in a 
hydrophobic bonding region mas clearly indicated by the 
huge loss in binding when a p-COO- was inserted on 
phenoxyacetone;ln however, it was still possible that a 
polar group could be tolerated ortho or meta to the ether 
linkage of 1.  In  fact, only a twofold loss in binding oc- 
curred when the 0-COO- group (13) was inserted on 1 ; 
the loss in binding with a nz-COO- group (14) was 
larger, being fivefold compared to  1. 

Since an 0-COO- group (13) on the phenoxy moiety 
of 1 was tolerated in a complex with the enzyme, a 
study was made to see if halogen substitution could en- 
hance binding as previously seen without the carboxyl- 
ate group.ln Insertion of a 4-chloro atom (15) on 14 
gave a 3.6-fold increment in binding and a 4-bromo 
atom (16) gave a fivefold increment in binding; since 
there mas less than a twofold difference between bromo 
and chloro, the chloro was preferred since less loss in 
solubility would occur. The same increment in binding 
was observed with the 5-chloro atom of 17 as with the 
4-chloro atom of 15. illthough 3,4-dichloro sub- 
stituents might be expected to give another threefold 
increment in binding,1° the gain in binding would result 
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CH3 CH, 

36 37 

38a 38b 

region. When the quaternary quirioline (36) was 
evaluated as an inhibitor of a-chymotrypsin, it gave a 
sixfold increment in binding compared to 28 due to a 
hydrophobic interaction of the benzo moiety of 36. In  
contrast, 37 was less effective as an inhibitor than 36; 
the exact amount of difference could not be determined 
for lack of solubility of 37. When these results with 
36-38 are combined with the previous observation that 
a 3,3-dimethylphenoxy group (39) gives a loss in binding 
compared to  :<-methylphenoxy group (40), lo a picture 

I 
CH? 

I 
CH3 

39 40 

of the hydrophobic region for the phenyl group of 
phenylalanine peptides begins to emerge, providing the 
assumption is correct that the aryl groups of 1-40 as 
well as phenylalnnine are all complexed in the same p2 
area.l6 The 5 and 6 positions of the benzene ring (41) 
probably reside in a close-fitting crevice which has no 
bulk tolerance for a group larger than hydrogen. The 

41 

2 position is probably not in contact with enzyme and 
thus polar groups such as -Ilex+ and COO- can be 
tolerated in this area. Finally, additional hydrophobic 
bonding can be obtained by appropriate substituents 
a t  the 3 or 4 position; the size of this extra hydrophobic 
bonding area is as \ e t  uncertain, but could be deter- 
mined by appropriate additional compounds derived 
from 14 or 28. 

Chemistry.-Compound 6 (Table I)  \vas prepared by 
acylation of nz-aminobenzoic acid with phenoxyacetyl 
chloride i n  CHC1, with Et3X as an acid acceptor; 
more strongly basic conditions n ere needed for synthesis 
of  7 and 8. Since direct acylation of p-aminophenoxy- 
acetic acid proceeded poorly, acylation was performed 
on the corresponding t-butyl ester; heating the latter 
i n  berizerie in the preqence of TsOH afforded 9 and 10 
(Table I). 

Compounds 13-18 (Table I) were prepared by alkyla- 
tion of the appropriate derivative of methyl salicylate 
(42) with a-chloroacetanilide (43) to 44 followed by 
cnref ul h\.drolysis with SaOH i n  H20-1leOH (Scheme 

(13) (a) G E Iiein and C Niemann, J A m  Chem. Soc , 84, 4495 (1962) 
( I , )  .I R. Jones, C Xiemann and G E. lfein, Bzoc/iemiitri/, 4 ,  1735 (1965),  
( c )   be^ i d  5 ,  Chapter .3 

SCHEME I 
R 

OH + ClCH2CONHC6H5 - m I 
COOCH, 

43 

42 

OCH,CO?JHC,,H, 

COOH 

45 

i OCH,CO?IHC,,H, - 
COOCH, 

44 

I I I I 
COOR NO, COOR’ NHR 

46, R = H  19, R = CONHC,jH,SO,F-m; R’= €I 
48, R = H ,  R’=CHq 47, R = CH, 
49, R=R’=H 

I + (C,HJ,PCH,CONHC,H, - 
51 

50 

20, 2isomer 
21, 3 isomer 
22, 4 isomer 

1 

23,Z isomer 
24, 3 isomer 
25, 4 isomer 

1 
CH=CHCONHC,H., a(CHJ2COSHC6H q I- y+ 1- 

28, 2 isomer 
30,3 isomer 
31. 4 isomer 

32,2 isomer 
34,3 isomer 
35,4 isomer 

I). Similarly, 46 and 47 were prepared; two methods 
were investigated for conversion of 47 to the inter- 
mediate amine (49) needed for the irreversible inhibitor 
19. The intermediate amine (49) was better prepared 
by catalytic reduction of 47 to 48 followed by saponi- 
fication than by saponification of 47 to 46 followed by 
catalytic hydrogenation. The amine (49) was 
smoothly converted to 19 by reaction with nz-fluoro- 
sulfonylphenyl isocyanate in acetone. 

The pyridylacryanilides (20-22) (Table 11) were 
synthesized by a Wittig condensation of the appro- 
priate pyridine aldehyde (50) with the Wittig reagent 
(51)14 from a-chloroacetanilide in DMF with Et3S as 
the base; this route was considered superior to the more 
standard route of 50 to &(2-pyridyl)acrylic acid to 20 
via a mixed anhydride. 

Reduction of 20-22 catalytically with a Pd-C cata- 
lyst proceeded smoothly to 23-25. The quaternar), 
salts 28-35 were prepared with the appropriate alkyl 

(14) H. Fuerst, G. IVetzke. \V. Berger, and W. Schubert ,  J .  I’ruht. ChPm., 
17, 299 (1962). 
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Experimental Section 
I5arli :iii:rlytical sample had a priiper ir sperr rrim aiid moved :is 

:t siiigle spot oii t I t  O I I  Britikmaiiii silic:l gel C;F or polyamide 
1 I K .  hlelting points were taken i l l  c*apillary tiibes OII a LIel- 
Temp block and are riitcorrected. Where analyses are indicated 
IIIIIS by symbols of the elements, :itialyticd resiilts obtained f o i .  

I hose elements were nit hiti ~!=0.4'; of  the theoretiral values. 
N-(Phenoxyacetyl j-m-aminobenzoic Acid ( 6 )  (Method A):- 

'ro a stirred solritiiin of 1.37 g ( 10 mmoles) of rri-aminobenzoic, 
;wid in .iO ml of CHCla and 3.,5 ml ( 2 3  mmoles) of EtnN was 
:ttldetl dropwisr a sdntion of 1..54 rnl ( 1  I mmoles) of pheno 
:twtyI chlriride in ?AI ml of CIIC1, over a period of 13 min 
:tiithient temperat i ire. After Iieing stirred an itddit ional 13 mill, 

1 he mixtiti.e w:ts hented l o  boiling for 5 mir i .  The hot mixt,iirc 
\vas estr:tcted with two 100-ml portions of NaIIC 
firat ion wi th  6 AV €IC1 gave the prodiict. which was re 

EtOIT aiicl onre from AIerCO: yield, 0 . i 3  g (27';;) of 
t:A, mp 221-224', that gave a negative Bratton-AIar- 
f i ~ r  :tromatic :amines.15 So attempt w a i  made to re- 

I Y I V P I .  :rdtlitioiinl m:ttrrial f rom the filtrate$. See Tnhle I11 for 
:itlditionai datii. 

N-(Phenoxyacetyl )anthranilic Acid ( 7  j (Method B).-To ii 

.I ir.i,etl soliition of 1.37 g ( 10 nunolei) of anthranilic acid in 20 
1111 of 1)MF ctnd GJ in1 o f  aqueoris . XaOH ( 10 mmoles j cooled 
i : t  :in ice. I i a t h  was added drop :I solittion of 1.68 ml ( 12 
nirnolrs) o f  ~ ih~ri i~syac~etyI  c~liloritlc~ i t 1  13 nil of I11IF ovel' :I 

I  15) H It, I h k r r .  I ) .  V.  h n t i .  J. 
J~~ i i la i i r i .  . I .  I I d r c o ~ w d .  CI~eni., 9, 425 I 
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TABLE I V  
PHYSICAL PROPERTIES O F  RCOSHC6Ha 

Yield, 
N O .  R Method 7 c  LIP, oc Formula' 

20 2-Py-ridyl-CH=CH I 63" 147-150 CiiHiS20 
21 3-Pyridyl-C H=C H I 63h,c 163-166 CiaHi2NzO 
22 4-Pyridyl-CH=CH I 63 166-169 CiaHi,N20 
2 ?j 2-Pyridyl-( CH? j j  J 8 9 d  108-11 l e  CiaHirSd3 
24 3-Pyridyl-( CH,)? J i l h  124- 126 Ci4HiaS20 
2.j 4-Pyridyl-( CH2)n J 84 136-137 CuHiah'20 
20 2-Qiitiolyl-( CIT, j p  J 59* 136-138 Ci8TTL6Nz0 
27 2-&iiirrolyl-C€I=CH I j  54O'Q 140-144 c1Br<14xo 

14" 234-236 dec C l J ~ l ~ I s * 0  
99 S-Et-2-pyridyl +-CH=CH, I -  K ( 7 2 )  26' 213-22.5 dec C ~ G H I I I S Y ~  
3 0 K-LIe-3-pyridyl +-CH=CI-I, I - K ( 2 )  T T h  220-2.50 dec CiiHiJNZO 
31 S-lIe-4-pyridyl+-CH=CH, I - K ( 2 )  79h 220-28.i dec Ci:HiJN20 
3 2 S-lIe-2-pyridyl+-( CH,),, I - K (3) 83' 163-167 Cl>HiiIN& 

,561 148-151 Ci6HiJK;20 
1-58- 16 1 Ci;Hi,INtO 3 4 S-1Ie-3-pyridyl +-(CH,)%, I - K (12) i n' 

3 .i X-l1e-4-pyridyl+-(CH2),, I -  K (12) 71' 192-19.5 C1,Hi;INtO 
36 S-lIe-2-qiiinolyl +-CH=CH, I - K ( 7 2 )  1 3 h  21.5-223 dec CieHiiIK20 

47h 262-263 dec Ci9Hi,I?jaO 

2s S-lIe-2-pyridyI +-CH=CH, I -  K (3)  

-- 33 S-Et-2-pyridyl+-(CIIZ)%, I -  K (24) 

37 N-~le-3-iaoqniiiolyl +-CH=CH, I - K (12) 
3-Isoqiiinolyl-CH=CH I k  411,h 163-166 CiaH~Tu',o 

_ -  
.).I 

3 6 "&~iiiiolyl+-(CHL)2, I -  K (12) 15h 219-220 Ci 9HisINgO 
cL Recryst,allized from lIe~CO-H~O. Recryst,allized from toluene. Recrystallized from CHCI3-petroleum ether (bp 60-110'). 

e Mp 109-110" reported by F. H. bIchIillan and J. A. King, J .  A n i .  Chem. 
f Q1iirioline-2-carboxaldehyde prepared in 17% yield according t,o H. Kaplan, 

1 Recrystallized from EtOH. 
A. Isoqiiiriolirie-3-carbosaldehyde prepared in 8% yield according to C. E. Teagrie, @Jr., arid 

d Recrystallized from CsHs-petroleum ether (bp 60-110'). 
Soc., 73, 3163 ( l9 . i l )  for 23 prepared by a different route. 
J .  a-lm, Cheni. Soc., 63, 26>4 (1941 j. 
1 Recrystallized from CHCl1-MerC0. 
A. Roe, J .  .-1m Chein. Soc., 73, 688 (1951). 

Q Recrystallized from E t O K H 2 0 .  Recrystallized from LIeOH. 

1 All compounds were analyzed for C, H, S except for 23 which was not analyzed. 

p-(Phenoxyacetamido)phenoxacetic Acid (9) (Method D).- 
A soliition of 452 mg (1.5 mmoles) of 53 and 50 mg of TsOH in 
2.5 ml of C6H6 was refluxed for 2 hr, then cooled. The product 
was collected on a filter and recrystallized from CHC13; yield, 
247 mg [,5,i%j of white crystals, mp 143-147". See Table I11 
for additional data. 

01-(2-Carbomethoxy-4-chlorophenoxy)acetanilide (44c) 
(Method E).-To a soliit8ion of 1.68 g (9  mmoles) of methyl 
.5-chlorodalicy1atei6 and 0.46 g (8.6 mmoles) of NaOLCIe in 25 ml 
of dly IIRIF protected from moistlire was added a solution of 
1.35 g ( 8  mmoles) of 43 in 10 ml of dry DhIF. Aft,er being stirred 
in a bath at 3-60'  for 18 hr, the mixture was diliit,ed with 200 ml 
of 4 5  aqueous SaHC03. The prodiict was collected on a filter, 
washed with HgO, then recrystallized from Et,OH; yield, 2.10 
g ( 8 3 % )  of white needles, mp 129-131'. See Table I11 for addi- 
tional data. 

CY-( 2-Carboxy-4-chlorophenoxy)acetanilide (15) (Method F).- 
A mixtuie of 1.28 g (4 mmoles) of 44c and 30 ml of 807,  aqueoiis 
MeOH containing 200 mg (.i mmoles) of S a O H  was heated on a 
steam bath for 30 min, then diluted with 60 ml of H20. The 
filtered soliiticn was acidified wit,h I HC1, then the product was 
collected on a filter and washed th  H20. Recrystallization 
from 1IeOH gave 0.94 g (76';;) of white crystals, mp 228-231". 
See Table I11 for additional data. 

01-( 2-Carboxy-4-chlorophenoxy)-m-aminoacetanilide (49) 
(Method G).-A solrition of 0.73 g (2.1 mmoles) of 46 in 100 ml 
of YO$; aqrieoiis lIeOEtOH containing 0.4 ml of 12 '\* HC1 (4.8 
mmciles) was shaken with Hi at 2-3 atm in the presence of 50 mg 
of PtO. for 3 . i  min when rediiction was complete. The filtered 

(16) J. Klosa. A r c h .  I'hnrm., 289, 143 (1956); other salicylic acids in 
t,liis study were also esterified 1)y this POClrhIeOH method. 

solution was neutralized with 2 S NaOH, then diluted with 
200 ml of H20. The product was collected on a filter, washed 
with H20, then recrystallized from EtOH-petroleum et,her (bp  
60-110'); yield, 0.26 g (38Yc) of white crystals, mp 211-213" 
dec. See Table I11 for additional data. 

P-(2-Pyridyl)acrylanilide (20) (Method I).-To a stirred soln- 
tion of 2.16 g ( 5  mmoles) of 51i4 and 0.61 g (6 mmoles) of EtaN 
in 10 ml of DLIF was added a sdution of 0.54 g (5 mmoles) of 
2-pvridiriecarboxaldehyde in 10 ml of DMF. After being st.irred 
at ambient temperatiire of 16 hr, the mixture was clarified by 
filtration, then diluted with 100 ml of H?O. The product was 
collected on a filter arid washed with H2O. 

The 
salt was stirred with excess aqueous Na2C03, then collected on a 
filter and washed with H20.  The free base was recrystallized 
from lIe2CO-H20; yield, 0.70 g (637,) of yellow crystals, mp 
147-150". 
p-(3-Pyridyl)propionanilide (24) (Method J).-A solution of 

1.60 g (7.1 mmoles) cf 21 in 100 ml of EtOH was shaken wit,h 
Hz at 2-3 atm in the presence of 0.2 g of 5% Pd-C until 1 equiv 
was conslimed (about 2 hr) .  The filtered soliition was evaporated 
in z'ucuo and the residue recryytallized from toluene; yield, 
1.13 g (71%), mp 124-126'. See Table IV for additional data. 

p-( 2-Pyridy1)acrylanilide Methiodide (28) (Method K).-A 
stirred solrition of 0.4.50 g (2  mmoles) of 20 in 10 ml of nIesCO 
and 2.1 g (13 mmoles) of JIeI  was refluxed for 3 hr, then cooled. 
The prodiict was collected on a filter, washed wit,h acetone, then 
recrystallized from AleOH; yield, 0.103 g ( 1 4 5 )  of yellow crys- 
tals, mp 234-236" dec. See Table IV for additional data. Vari- 
able reaction times were nsed with method K for related pyridines 
and qiiinolines, these times being indicated in parent,heses in 
Table IV. 

The hydrochloride salt, was crystallized from 57,  HC1. 

See Table IV for additional data. 


