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reaction accompanied each drop.  After the addition, the reaction
mixtire was allowed to warm to room temperature and stirred
1 hr, 400 ml of dry CsHs was added, and the ether was removed
by heating on a water bath. Ice and then 200 ml of 10¢; HCI
was added to the suspended salt, the organic laver was separated,
the residue was washed with two 100-ml portions of benzene, and
the combined organic layer was washed (100 ml of salt water,
two 100-ml portions of 5¢ Nay,CO;, salt water), After drying
(N#:80y), the solvent was removed and the product distilled
to give 5.5 g (37%.) of a clear yellow liguid: hp 133-135°
(0.5 mm): ir (Alm), 3.0 (bonded OH), 3.3 (Ar-CH), 3.45, 3.50
(CHy), 9.6 (C-O) p. Anal. (CgH,O8) N,

This compound was identical with that prepared in 42¢; vield
by LiAllly reduetion of TV.19

3-(3-Bremoethyl)benzo|/]thiophene (X).—Following the pro-
cedure of Cagniant,™" 30 g {(0.168 mole) of IX was treated with
16 g of PBr; in 200 ml of dry CHCl; containing 1 g pyridine.  After
standing overnight, the mixture was heated to 50° for 1 hr,
cooled, and poured into 200 ml of cold 11,0, The CHCI; layer
was separated, washed (110, 10¢¢ HCL, twice with 109 Na,COy,
H,0), and dried (Na.80,),  Distillation gave 25 g (657%) of pale
vellow oil: bp 134-137° (1 mm): ir (ilm), 3.27 (Ar-CH),
3.40 (CHy), 1485 (C-Br) . The oil was used without further
purification, as it rapidly became cloudy and decomposed,
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3-(3-t-Aminoethyl)benzo[b] thiophenes (X1).- - Ali of the deriva-
tives listed in Table I, except XTII, were prepared as follows:
5 g (0.021 mole) of X was added to each of five batches of 200 ml
of anhydrous MeOH. To each flask was added 50 g of a sccondary
amine, di-p-propylamine, pyrrolidine, piperidine, morpholine,
and N-methylpiperazine, respectively.  Upon the addition of
these amines; each reaction mixture became warnm. The homo-
geneous solutions were allowed to remain at room temperature
for 15 duys, then solvent and excess amines were removed by
distillation, and the residue was treated with 50 mlof 104, NaOH
and extracted with three H0-ml portions of ether.  The extraets
were dried (Na;R0y), solvent was removed, and 1he amine deriva-
tives were distilled.
3-(3-Dimethylaminoethyl)benzo |/ | thiophene Hydrochloride
(XIID). - The Eschweiler-Clarke variant of the Leuckart reaction
was used in this preparation.® TII (5 g, 0.0282 mole), 20 ml of
3700 CH.O, 20 mlb of 99¢; HCOOH, and 16 ml of 11O were
heated gently on the =team bath for 4 hr, then 30 ml of 6.V HC
was added 10 the cool reaction mixture and the solvent was
distilled at reduced pressure. The tan semisolid that remained
wax dried at 78° (1 mm), for 16 hr, washed with dry ether, and
recry:tallized twice from absolute 1Ol to yield 4.5 g (667 ;) of
white erystals: mp 260-261°; ir (KBr), 3.41 (CIL, Cllp, 373
(N-CHy), 4.0 (NI .
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Candidate irreversible inhibitors derived from phenoxyacetanilide (1), such asx N-[m-(m-tluorosulfonyl-
phenylureido )phenyl]-3-chlorophenoxyacetamide (3), are too insoluble in water for enzymatic evaluation;
therefore, a study was conducted on where to position polar groups on phenoxyacetanilide (1) that would not
interfere with complex formation. Three useful classes of compounds emerged. The first class of compounds
consisted of introduetion of RCOO™ or CHyNH;* groups on the N-phenyl molety; this N-phenyl moiety ix
apparenily complexed to a polar region of a-chymotrypsin since no binding was lost.  The second class derived
from 1 consisted of introduetion of a COO~ group on the phenoxy moiety, which is complexed in a hydrophobie
region. An o-COO ™ group (13) was well tolerated in the complex, and inhibition could be further enhanced by
introduction of a 4- or 3-chloro or 4-bromo atom. The third class consisted of a replacement of the phenoxy-
methyl molety of 1 by a quaternized pyridylvinyl or pyridylethyl molety; only N-methyl-2-pyridylacrylanilide
(28) in this class was satisfactory, being complexed to the enzyme about one-third as well as 1. The 2-carboxy-
4-chlorophenoxy group of 19 was shown to be a suitable replacement for the 3-chlorophenoxy group of 3 in order

to inerease solubility; not only was 19 about 100 times as soluble as 3, but irreversible inhibition was readily

detected with 19 at 159 of its maximum solubility.

One of the goals in this laboratory has been the design
and synthesis of active-site-directed irreversible in-
hibitors® of proteolytic enzymes® that operate by the
exo mechanism, that is, the inhibitor forms a covalent
bond outside of the active site of the enzyme” «-
Chymotrypsin is rapidly inactivated by the irreversible
inhibitor 2, and, in addition, e-chymotrypsin can cata-

(1) This work was supported in part by Grant CA-08895 from the Na-
tional Cancer Institute, U. 8. Public Health Service.

(2) Tor the previous paper in this series see B. R. Baker and J. L. Kelley,
J. Med, Chem., 11, 686 (1968),

(3) For the previous paper on proteolytic enzymes see B. R. Baker and
L. H. Erickson, ibid., 11, 245 (1968).

4) N.D.E.A. predoctoral fellow.

(5) B. R. Baker, “Design of Active-Site-Directed Irreversible Enzyme
Inbibitors. The Organic Chemistry of the Enzyme Active-Site,” John
Wiley and Sons, Inc., New York, N. Y., 1867,

(6) Fora discussion of the chemotherapeutic utility of selective irreversible
inhibitors of serum proteases in the cardiovascular disease and organ trans-
plantation area see B. R. Baker and Ii. H. Erickson, J. Med. Chem., 10, 1123
{1967,

(7) The exo type of irreversible inhibitor can have an extra dimension o1
specificity not present in reversible inhibitors, the bridge principle of speci-
ficity: =see ref 4, Chapter X, for a detailed discussion of this principle.

OCH,CONH
Cl R
L, R=H
2, R=80,F
3, R = NHCONHC:H,SO,F-m

Ivtically hvdrolyze the SO.F groupof 2 to the irreversible
inert sulfonic acid;® neither reaction was seen between
2 and bovine serum albumin. A series of fifteen eandi-
date irreversible inhibitors related to 2 were then syn-
thesized which placed the SO.I further from the CONH
linkage of 2 which is believed to complex its CONH
linkage to the catalytie part of the active site;” un
example is 3.  Most of these compounds were too in-
soluble to be evaluated. Therefore a program was

(8) B. R. Baker and J. \. Hurlbut, J. Med. Chen., 11, 233 (1968), paper
CXTIT of this series.

(9) B, R. Baker and J. A. Hurlbut, ¢bid., 11, 241 (1968, paper CNXIV of
this series.
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TasLe I
InHIBITION®'? OF 0~CHYMOTRYPSIN BY
Rt R
Inhib Estd
concem, % Iso,°
Compd Ri1 Ra mM inhib mM
1 H H 2.04 42 2.6¢
2 m-Cl m=-S0,F 0.050 50 0.050/
3 m=Cl m-NHCONHCH,SO,F-m 0.00504 0 >0.0259
4 m-Cl H 0.26 50 0.26
3 H p-COO~ 5.2 50 5.2
6 H m-COO~ 5.2 50 5.2
7 H 0-CO0 - 4.3 50 4.3
8 H p-CH,COO~ 4.5 50 4.5
9 H p-OCH.COO - 4.8 50 4.8
10 3,4-Cl; p-OCH,COO~ 0.51 50 0.51
11 m-Cl p-CH,NH;* 0.28 50 0.28¢
12 m-Cl m-SO;~ 0.83 50 0.837
13 0-COO~ H 5.4 50 5.4
14 m-CO0 -~ H 13 50 13
15 4-Cl-2-CO0O- H 1.5 50 1.5
16 4-Br-2-COO~ H 1.1 50 1.1
17 5-Cl-2-COO~ H 1.5 50 1.5
18 4,6-Cly-2-COO - H 3.1 50 3.1
19 4-C1-2-COO- m-NHCONHC:HSO.F-m 0.15 30 0.15

« The technical assistance of Maureen Baker, Diane Shea, and Susan Black is acknowledged.

b Assayed with crystalline a-chymo-

trypsin in pH 7.4 Tris buffer containing 1097 DMSO with 0.2 mM N-glutaryl-L-phenylalanine-p-nitroanilide at 410 mu as previously

described.! ¢ I3 = concentration for 509 inhibition. ¢ Maximum solubility. ¢ Data from ref 10, / Data from ref 8. ¢ Data from
ref 9. * Since 209 inhibition is readily detected, the I is at least five times greater than the concentration measured.  Solubility =
1 maf.

undertaken to determine where water-solubilizing
polar groups could be placed on phenoxyacetanilide
(1)'® 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 con-
sisted of a series of phenoxyacetanilides with ionic
groups on the anilide moiety (Table I). Two baseline
compounds should be kept in mind, phenoxyacetanilide
(1) with Iss = 2.6 m3M and 3-chlorophenoxyacetanilide
(4" with I;, = 0.26 mM. Insertion of a carboxyl
group, which would be fully ionized at pH 7.4, on the
para (5), meta (6), or ortho position (7) gave only a two-
fold loss in binding compared to 1. Similarly, insertion
of a p-CH,COOH (8) or p-OCH,COOH (9) function
was tolerated within the enzyme-inhibitor complex.
3,4-Dichloro substitution (10) on 9 gave a tenfold
inecrement in binding as would be expected from pre-
vious studies on 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 m-SO;H group (12) gave a fourfold loss in
binding compared to 4; the fivefold enhancement in
binding by the m-SO,F group of 2 compared to 4 is due
to the previously observed electron-withdrawing effect

(10) B. R. Baker and J. A, Hurlbut, J. Med. Chem., 10, 1129 (1967),
paper CVII of this series,

of a substituent on the binding of the anilide moiety.!
Thus either an anionic carboxylate or ecationic 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 1 is believed to complex to
the same hydrophobic bonding region of a-chymotrypsin
as the phenyl group of phenylalanine peptides,’ no clear
evidence exists that all of this phenyl group is buried
in a hydrophobic region. That the pare position of the
benzene ring of phenoxyacetone was complexed in a
hydrophobic bonding region was clearly indicated by the
huge loss in binding when a p-COO~ was inserted on
phenoxyacetone;® 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 m-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.!® Insertion of a 4-chloro atom (15) on 14
gave a 3.6-fold inecrement in binding and a 4-bromo
atom (16) gave a fivefold increment in binding; since
there was 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. Although 3,4-dichloro sub-
stituents might be expected to give another threefold
increment in binding,' the gain in binding would result
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in a commensurate loss in solubility, 4,6-Dichloro
substituents (18) gave a twofold loss in binding com-
pared to 15,

From syvnthetie, binding, and solubility standpoints,
the best solubilizing combination in Table T ix repre-
sented by 15, Therefore, the 4-chloro-2-carboxy
analog (19) of the candidate irreversible inhibitor, 3,
was svnthesized; 19 had an [, = 0.15 mW and was
soluble in 109 DAISO to 1 mi/, being about 100 times
as soluble ax 3 and solving the solubility problem pro-
posed at the beginning,  Furthermore, 19 wuas an iv-
reversible inhibitor at 0.15 mJd/: these inaetivation
experiments will be reported in o future puper along
with other analogs of 19.

Sinee the 0-COO™ group of 13 could be inserted on the
phenoxy moiety of 1 with only a twofold loss in binding,
u third elass of compounds was investigated where the
phenoxymethyl group of 1 was replaced by quaternized
pyridyviviny! and pyridylethyl groups (Table 1), The

Tasue 11
[xnisretone? or a-Criiyvorryesiy 8y RCONTCH,

Inhib Eistd
conen, % T
Compd R IR inhibn mM
1 oL OCH, 2,04 42 2.6¢
200 2-Pyridyl-CH=CH 0.6 17 ~3
21 3-Pyridy]-CH=CH 3.0 50 3.0
22 4-Pyridyl-CH=CH 6.5 50 6.5
23 2-Pyridyl-(Cl), b 0 R.D
24 3-Pyridyl-(Cll), 7.7 50 7.7
25 4-Pyridyl-(ClHad, Y.l ) 4.1
26 2-Quinolyl-(Cly), 0,504 29 1.4
27 2-Quinolyl-CIT==CIT 0. 0507 0 >0.25¢
28 N-Me-2-pyridyl-ClH=CII R0 30 8.5
20 M-It-2-pyridyl-ClHT=CH 15 50 15
300 N-Me-3-pyridyl-CH=CII 10 0 > 507
20 —Hiw
31 N-Me-4-pyvridyI-CH=CIH 2.0 0 >u
32 N-Me-2-pyridyvl-(CHy). 25 15 ~140
33 N-IBt-2-pyridyl-(CHy ) 20 200 ~90
34 N-Me-3-pyridyvl-(CH. ), 25 0 >120
35 N-Me-4-pyridvi-(CI) 20 0o >100¢
36 N-Me-2-gquinolyl-CIlI=CII 1.4 50 1.4
37 N-Me-3-isoquinolyl-CH=CH ). 624 0 >3.1

{
* Nee corresponding footnotes in Table I 4 Maximum solu-
bility.  « Data from ref 10. 7 Sinee 200, inhibition ix readily
detectable, the I is greater than five times the concentration
measured. v 500 acceleration of the enzyvme reaction; 30 was
1ot @ <tthstrate at 410 mu.  # Maximum concentration allowing
light transmission: solubility =15 mi/.

inhibitor with the 2-pyridylvinyl group (20) was even
less soluble than the phenoxymethyl inhibitor (1), but
no loss in binding occurred. No loss in binding com-
pared to 1 oceurred with a 3-pyridylvinyl inhibitor
(21), but solubility was increased only about twofold.
A twofold loss in binding oceurred with the 4-pyridyl-
vinyl inhibitor (22), less loss than might be expected
sinee the pyridine nitrogen is usually solvated with
water,’! and this para position does not tolerate polar
groups.’  The pyridviethyl analogs (23-25) were
considerably more soluble than the pyridylvinyl ana-
logs (20-22), but o three- to fourfold loss in binding
occurred compared to 1.

The 2-quinolyl analog (26) of the 2-pyridyethyl in-
hibitor (23) was a sixfold better inhibitor than 23, a

1 D Pressman and M. Stegel, J. Ame. Chene, Soc., 79, 991 (1957).
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result that might be expected sinee g-naphthoxyacetone
is a sevenfold better inhibitor than phenoxyvacetone;!
however, solubility with 26 wuas greatly repressed as
could be expected. Whether a <imilar inerement in
binding between  the 2-quinolinylvinyl (27) and 2-
pyridylvinyl (20) existed could not be determined due
to the isolubility of 27,

Conversion of the pyridines (20-25) to N-methyl
quaternary  derivatives (28-35) gave readily water-
soluble products as could be expected.  About a three-
fold loss i binding oceurred when the 2-pyvridylviny
group of 20 wax N-methvlated (28); a tivefold loss in
binding occurred with the N-cthyl group (29). A
greater than 20-fold loss occurred in binding with the
N-methyl-3-pyridylvinyl inhibitor (30) compared to
1; this loss is considerably greater than the fivetold
loss in binding when a 3-COO~ group (14) is inserted wt
this position (1 rs 14). Two factors can explain the
difference between 14 and 30: (a) 30 may have u
larger water cage around the pyridinium ion that ix
repulsed by the hydrophobie region, and (b) the phen-
oxy group of 14 is more flexible in its conformation than
the planar 3-pyridyvlvinyl group of 30, thus allowing 14
to position in the complex more favorably with re-
spect to repulsion of its polar group. At higher con-
centration, 30 was a consistent aecelerator for enzy-
matic hydrolysis of the substrate, N-glutaryl-L-phenyl-
alanine p-nitroanilide.’® but 30 was not an observable
substrate at 410 mg.

The N-methvl-4-pyridylvinyl analog (31) was suffi-
ciently soluble, but its charge-transfer band in the
410-mu region limited the coneentration that could be
used for inhibition studies; nevertheless, some binding
was lost compared to 1 as would be expected.

The poor binding of the N-methyvl-3-pyridylethyl
(34) and N-methyl-4-pyridyvlethyl (35) analogs ean be
attributed to the repulsion of the polar quaternary
group from a hydrophobic region on the enzyvme.  The
N-methyl-2-pyvridylethyl analog (32) ought to be at
least one-third as good an inhibitor as the N-methyl-2-
prridyviviny] analog (28) by comparison of 23 and 20;
vet 28 was a 17-fold better inhibitor than 32, Thix
diserepaney may due to a shift in allowable ground-
state conformations with 32 compared to 20, 23, and
28, It is elear that the 2-pyridylvinyl group of 20 and
28 is planar, and this planar relationship between the
pyridyl group and the vinyl or ethyl group may be
optimum for binding to the enzvme. Thus, & threefold
loxs in binding with 23 compared to 20 may occur since
the 2-pyridyvlethyl group might only require this little
amount of energy to approach coplanarity.  However,
the solvated quaternary nitrogen of 32 may repulse the
ethyl group of 32 even more from coplanarity in its
ground-state conformation, thus accounting for the
47-fold loss in binding with 32 compared to 20.

Sinee S-naphthoxvacetone (38) gives a seventold
inerement in binding compared to phenoxvacetone ™
either 36 or 37 but not both should give a similar inere-
ment in binding depending upon whether 38 assumes
conformation 38a or 38b. FEither 36 or 37, but not
both, should be & poor inhibitor since the polar quater-
nary nitrogen can bind only in one eonformation whieh
projects the polar group awayv from the hydrophobic

12y BB Iirlanger, I bdel, and AL G Cooper, Arch, Biockem. Biophys..
116, 206 (1u66}
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CH=CHCONHCH; %CH=CHCONHCGH5
1 1
|

CHG CH;;

36 37
@ OCH,COCH, @
@ @ OCH,COCH,
38a 38b

region. When the quaternary quinoline (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 3,5-dimethylphenoxy group (39) gives a loss in binding
compared to 3-methylphenoxy group (40),'° a picture

CH,

OCH,COCH, OCH,COCH;,

CH, CH,
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 phenylalanine are all complexed in the same p;
area.'’* 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 MeN*+ and COO~ can be
tolerated in this area. Finally, additional hydrophobic
bonding can be obtained by appropriate substituents
at the 3 or 4 position; the size of this extra hydrophobie
bonding area is as vet uncertain, but could be deter-
mined by appropriate additional compounds derived
from 14 or 28.

Chemistry.—Compound 6 (Table I) was prepared by
acylation of m-aminobenzoic acid with phenoxyacetyl
chloride in CHCl; with Et;N as an acid acceptor;
more strongly basic conditions were needed for synthesis
of 7 and 8. Since direct acylation of p-aminophenoxy-
acetic acid proceeded poorly, acylation was performed
on the corresponding é-butyl ester; heating the latter
in benzene in the presence 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
careful hydrolysis with NaOH in H,0-MeOH (Scheme

(13) (a) G. E. Hein and C. Niemann, J. Am. Chem. Soc., 84, 4495 (1962);

(b) J. B. Jones, C. Niemann, and G. E, Hein, Biockemistry, 4, 1735 (1965);
() see ref 3, Chapter 3,

IRREVERSIBLE ENZYME INHIBITORS.

CXXXII 1057

ScHEME |

R

OH + CICH,CONHCH; —
43

R
OCH,CONHCH, — @OCHQCONHC.,H,

COOCH, COOH

COOCH,

42
R

45

44
al @OCH@ONH@ — Cl@OCHﬁONH@

COOR NG, COOR’ NHR

46, R=H 19, R = CONHC:H,SO,F-m;R'=H
47, R=CH; 48, R=H; R'=CH,
49, R=R'=H
Cl

CHO |
@ + (CH;),PCH,CONHCH; —
N

51
50
CH=CHCONHCH; (CH,),CONHCH,
© -
20, 2isomer 23, 2 isomer
21, 3 isomer 24, 3 isomer
22, 4 isomer 25, 4 isomer

l !

<@§CH=CHCONH CsH, (CH,),CONHC;H;
+ ©f
¥or o
CH, CH,
28, 2 isomer 32, 2 isomer
30, 3isomer 34, 3 isomer
31, 4 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 m-fluoro-
sulfonylphenyl isocyanate in acetone.

The pyridylacryanilides (20-22) (Table II) were
synthesized by a Wittig condensation of the appro-
priate pyridine aldehyde (50) with the Wittig reagent
(51)'* from a-chloroacetanilide in DMF with Et;N 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 quaternary
salts 28-35 were prepared with the appropriate alkyl

(14) H. Fuerst, G. Wetzke, W. Berger, and W. Schubert, J. Prait. Chem.,
17, 299 (1962).
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Prysican PROPERTIES OF

OCHECONH@

LOAS
R

No R: R

6 H m-COOTT

i i1 0-COOTI

N tH p-CI1L,COOH

¥ 1t p-OCIHLCOOH
10 3,4-Cl p-OCH,COOH
13 0-COOH H

14 m-COOH H

15 4-C12-COOH H

16 4-Br-2-COON H

17 5-Cl-2-COOH 3!

I8 4,6-Cl=2-COOH H

19 1-Cl-2-COO! m=-NTHCONHCI1LS0,F-m
448 0-COOCH; H
44h m-COOCH; I
14¢ 4-Cl1-2-COOCH;, H
44d 4-Br-2-COOCH, H
41e 53-Cl1-2-COOCTH, H
441 4,6-Cl-2-COOCH, H
46 4-C1-2-COOH =N,
47 4-C1-2-COOCII, m=-N0),
4% 4-Cl-2-COOCH;, =N,
440 4-Cl-2-COOH =N Hs
3 I p-OCH,COBu-t
Bt 3,4-Cl, p-OCIH,CO,Bu-t

« Reerystallized from EtOH.  * Recrystallized from Me,CO.

presence of EtOH was verified by nmr: integration showed a 1:1 ratio.
b 4-Chlorosalicylic acid prepared in 3897 vield according to R. Kuhn and I R. Heusel, Chem. Ber., 84, 557 (1961).%  + See
/ Reaction run in MeOTI.
= All compounds were analvzed for C, I, N, except 19, which was analyzed for C, H, F.

MeQH.
ref 9, method ;) Me,CO was used as solvent,
pefroleum ether (bp 60-110°),

iodide in boiling Me.CO. The quinoline and isoquino-
line derivatives (26, 27, 36, 37, Table IT) were prepared
by similar routes from the appropriate carboxalde-
hydes,

Experimental Section

Fach analytical sample had a proper ir spectrum and moved as
a single spot on tle on Brinkmann silica gel GF or polyamide
MN. Melting points were taken in capillary tubes on a Mel-
Temp block and are uncorrected. Where analyses are indicated
only by symbols of the elements, analytical results obtained for
those elements were within 0.4 of the theoretical values.

N-(Phenoxyacetyl)-nm-aminobenzoic Acid (6) (Method A).—
To a stirred solution of 1.37 g (10 mmoles) of m-aminobenzoic
acid in 50 ml of CHCl; and 3.5 ml (25 mmoles) of Et;N was
added dropwise a solution of 1.54 ml (11 mmoles) of phenoxy-
acetyl chloride in 30 ml of CHClL: over a period of 15 min at
ambient temperature. After being stirred an additional 15 min,
the mixture was heated to boiling for 5 min. The hot mixture
was extracted with two 100-ml portions of 5, NaHCO;.  Acidi-
fication with 6 N HCI gave the product which was recrystallized
once from EtOH and once from Me.CO; yield, 0.73 g (279%) of
white crvstals, mp 221-224°) that gave a negative Bratton-Mar-
shall test for aromatic amines.’ No attempt was made to re-
cover additional material from the filtrates. See Table IIT for
additional data.

N-(Phenoxyacetyl)anthranilic Acid (7) (Method B).—To a
stirred solution of 1.37 g (10 mmoles) of anthranilic acid in 20
ml of DMF and 5 ml of aqueous 2 ¥ NaOH (10 mmoles) cooled
in an ice bath was added dropwize a solution of 1.68 ml (12
mmoles) of phenoxyacetyl chloride in 15 ml of DMF over a

(15) B. R. Baker, D. V. Santi, J. K. Coward, H, 5. Shapiro, and J, H.
Jurdaan, J. Heteroeyel, Chem., 8, 425 (1966),

« Reeryvstallized from CHCl,.

R
Yield
Method [ Ny, ¢ Formula™
A 2T 221-224 CrptlNO;,
3 {8 198-201 CLHNO;
B Sl 142145 CielNOy
b ESE F43- 147 Cll NGO,
B T2 [92-195 (‘11;“1:{(719\‘{)1-(‘g”_u()”‘
I 62 198-201 CiHNOy
I 91/ 185189 CrlaNoO;
I T 228231 CilLCINO,
I (AVE 227251 CiHpBrNO,
I 2 250-257 dec CrHpCINO,
F 21 I88-191 CrHp CLN O,
H: T3 257265 dec (A‘-_‘_»II]T(‘VIFN;{(%S
18 144 103105 CipllN Oy
I N 9608 Crel T NOy
I K3 120131 CrHCING,
I 630 145-148 el BrNO,
I 33 136- 146 L CINO,
i 14 a97- 100 (‘](,”1((‘1_!\'()(
13 alr 260- 2063 O CINLO,
1 N2* 208211 CslHCINGO,
(L 72 166 168 L CINLO,
I BAY 211213 dee CHBCENLO,
G 32
¢ e 90-403 CopI TN O;
& NG 147150 CyHy CLNO;

4 Recrystallized from toluene. ~ The
£ Recrystallized from CHCL-EtGIH. ¢ Recrystallized from

EHCLomitted in reaction. ! Recrystallized from ItGIH

period of 15 min. The mixture was treated with 5 ml of 2V

NaOH, then stirred 5 min more and finally heated on a steam
bath for 3 min. The mixture was cooled, then treated with 10 g
of ice and 30 ml of 3% HClL.  The product was collected on a
filter and then washed with H:0. Recrystallization from CHCl,
gave 0.50 g (1897) of white needles, mp 198-201°, that gave a
negative Bratton-Marshall test for arvomatic amine.®  See
Table I11 for additional data.

t~-Butyl p-Nitrophenoxyacetate (52).--A =olution of 6.00 g
(40 mmoles) of -butyl chloroacetate and 5.91 g (30 mmolex) of
sodium p-nitrophenoxide dihydrate in 50 ml of DMF was stivred
in a bath at 60-70° for 18 hr, then diluted with 400 mil of cold
[1,0. The product was collected on a filter, washed with 11,0,
and dissolved in 200 ml of CHCY,. The soluticn was washed with
two 100-ml portions of ice-cold 10¢, NaOI, then with 0.
Dried with MgsO:, the CHCl, solution was evaporated in vacuo.
Crystallization from petroleum ether (bp 60-110°) gave 6.66 g
(887) of nearly colovless plates, mp K3-86°.  Anaf. (CpllyNO:)
C, 1, N.

{«Butyl p-(Phenoxyacetamido )phenoxyacetate (53) (Method C).
~-A solution of 2.53 g (11 mmoles) of 52 in 100 m! of 15O was
shaken with II, at 2-3 atm in the presence of 0.2 g of 57 Pd-C!
for 1 hr when reduction was complete. The filtered solution wax
evaporated in racuo leaving 2.30 g (920) of -bulyl p-umino-
phenoxyacetate as an oil which darkened on standing.

To a stirred solntion of 1.12 g (5 mmoles) of the amine in 25 ml
of CHCL and 0.61 g (6 mmoles) of EtzN cooled in an ice bath
was added dropwise a solution of 0.85 ml (6 mmoles) of phenoxy-
acetyl chloride in 5 ml of CHCl; over a period of 15 min.  The
mixture was warmed on a steam bath for 5 min, then washed suc-
cessively with 0 (two 50-ml portions), 50 ml of 5% Na.CQs,
and 30 ml of HL,O. Dried with MgS0;, the solution was evapo-
rated in vacwo. Two recrystallizations from toluene gave .55
g (31¢.) of white plates, mp 90-93°, which gave a neg utive Brat-
ton-Marshall test for aromatic amines,’*  See Table I11 for ad-
ditional data.
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TasrLe IV
Puysicarn ProperTiEs oF RCONHCH;
Yield,
No. R Method % Mp, °C Formula’
20 2-Pyridyl-CH=CH I 634 147-150 Ci1HN,0
21 3-Pyridyl-CH=CH I 638 ¢ 163-166 C1HiN:O
22 4-Pyridyl-CH=CH 1 63? 166-169 C1sHp;N,O
23 Q-P}'l'id}'l-(CHg )2 J 89d 108——1115 CI4H14N20
24 3-Py11d}1-(CH2 )-3 J 710 124-126 C14H14N20
2') 4-P)11d}1—(CH;); J 84b 136—137 C14H14NQO
26 2—Q\1inolyl-(CHg)2 J 590 136-138 Clgl{leNzo
27 2-Quinolyl-CH=CH 1/ 54bg 140144 CisHiN,O
28 N-Me-2-pyridyl -CH=CH, I~ K ( 144 234-236 dec Ci:Hi:INO
29 N-Et-2-pyridyl -CH=CH, 1- K (72) 26+ 213-225 dec CisHi IN:O
30 N-Me-3-pyridyl *-CH=CH, 1~ K (2) 7Th 220-250 dec CiHi:IN,O
31 N-Me-4-pyridyvl *-CH=CH, I~ K (2) 79k 220-285 dec Ci;Hi;IN,O
32 N-Me-2-pyridyl +-(CH,),, 1 K ( 83 165-167 Cu:HiIN,O
33 N-Et-2-pyridyl *-(CH,),, I~ K (24) 567 148-151 CieHi4INO
34 N-Me-3-pyridyl +-(CHa)y, 1~ K (12) 757 158-161 C;;HiIN,O
35 N-Me-4-pyridyl *-(CHz)y, 1~ K (12) s 192-195 Ci;HiIN.O
36 N-Me-2-quinolyl -CH=CH, I- K (72) 13% 215-225 dec CisHiIN,O
37 N-Me-3-isoquinolyl *-CH=CH, 1~ K (12) 47r 262-263 dec CipyHiINO
35 3-Isoquinolyl-CH=CH I* 4146 163-166 CisHisN,O
56 2-Quinolyl *-(CHy), 1— K (12) 15k 219-220 CioHyIN,O

@ Reerystallized from Me,CO-H,0.
4 Recrystallized from CsHg—petroleum ether (bp 60-110°).
Soc., 73, 3165 (1951) for 23 prepared by a different route.
J. Am. Chem. Soc., 63, 2654 (1941),
7 Recrystallized from CHCl;-Me,CO.
A, Roe, J. Am. Chem. Soc., 73, 688 (1951).

p-(Phenoxyacetamido)phenoxacetic Acid (9) (Method D).—
A solution of 452 mg (1.5 mmoles) of 53 and 50 mg of TsOH in
25 ml of CsHg was refluxed for 2 hr, then cooled. The product
was collected on a filter and recrystallized from CHCls; yield,
247 mg (539} of white crystals, mp 143-147°. See Table III
for additional data.

a-(2-Carbomethoxy-4-chlorophenoxy )acetanilide (44¢)
(Method E).—To a solution of 1.68 g (9 mmoles) of methyl
A-chlorosalicylate!® and 0.46 g (8.5 mmoles) of NaOMe in 25 ml
of dry DMF protected from moisture was added a solution of
1.35 g (8 mmoles) of 43 in 10 ml of dry DMF. After being stirred
in a bath at 50-60° for 18 hr, the mixture was diluted with 200 ml
of 49, aqueous NaHCO;. The product was collected on a filter,
washed with H;O, then recrystallized from EtOH; yield, 2.10
g (83) of white needles, mp 129-131°, See Table III for addi-
tional data.

a-{2-Carboxy-4-chlorophenoxy )acetanilide (15) (Method F).—
A mixtre of 1.28 g (4 mmoles) of 44¢ and 30 ml of 809 aqueous
MeOH containing 200 mg (5 mmoles) of NaOH was heated on a
steam bath for 30 min, then diluted with 60 ml of HyO. The
filtered soluticn was acidified with 59 HCY, then the product was
collected on a filter and washed with H:O. Reerystallization
from MeOH gave 0.94 g (769) of white crystals, mp 228-231°.
See Table I11 for additional data.

a~-(2-Carboxy-4-chiorophenoxy )-m-aminoacetanilide  (49)
(Method G).—A solution of 0.73 g (2.1 mmoles) of 46 in 100 ml
of 909, aqueous MeOEtOH containing 0.4 ml of 12 N HCI (4.8
mmoles) was shaken with H; at 2-3 atm in the presence of 50 mg
of PtQ. for 35 min when reduction was complete. The filtered

(16) J. Klosa, Arch. Pharm., 289, 143 (1956); other salicylic acids in
this study were also esterified by this POCl-MeOH method.

b Recrystallized from toluene.

¢ Recrystallized from CHCl;—petroleum ether (bp 60-110°).

¢ Mp 109-110° reported by F. H. McMillan and J. A. King, J. Am. Chem.
/ Quinoline-2-carboxaldehyde prepared in 179 yield according to H. Kaplan,
¢ Recrystallized from EtOH-H,0.

* Isoquinoline-3-carboxaldehyde prepared in 8% yield according to C. E. Teague, Jr., and
¢ All compounds were analyzed for C, H, N except for 23 which was not analyzed.

» Recrystallized from MeOH. ¢ Recrystallized from EtOH.

solution was neutralized with 2 & NaOH, then diluted with
200 ml of H,O. The product was collected on a filter, washed
with H:O, then recrystallized from EtOH-petroleum ether (bp
60-110°); yield, 0.26 g (389,) of white crystals, mp 211-213°
dec. See Table IIT for additional data.

B-(2-Pyridyl)acrylanilide (20) (Method I).—To a stirred solu-
tion of 2.16 g (5 mmoles) of 51'* and 0.61 g (6 mmoles) of Et;N
in 10 ml of DMF was added a solution of 0.54 g (5 mmoles) of
2-pyridinecarboxaldehyde in 10 ml of DMF. After being stirred
at ambient temperature of 16 hr, the mixture was clarified by
filtration, then diluted with 100 ml of H,O. The product was
collected on a filter and washed with H,O.

The hydrochloride salt was crystallized from 59, HCl. The
salt was stirred with excess aqueous Na,COQOs, then collected on a
filter and washed with HyO. The free base was recrystallized
from Me,CO-H,0; yield, 0.70 g (63%) of yellow crystals, mp
147-150°. See Table IV for additional data.

B-(3-Pyridyl)propionanilide (24) (Method J).—A solution of
1.60 g (7.1 mmoles) cf 21 in 100 ml of EtOH was shaken with
H; at 2-3 atm in the presence of 0.2 g of 59, Pd-C until 1 equiv
was consumed (about 2 hr). The filtered solution was evaporated
in vacuo and the residue recrystallized from toluene; yield,
1.13 g (719;), mp 124-126°. See Table IV for additional data.

B-(2-Pyridyl)acrylanilide Methiodide (28) (Method K).—A
stirred solution of 0.450 g (2 mmoles) of 20 in 10 ml of Me.CO
and 2.1 g (15 mmoles) of Mel was refluxed for 3 hr, then cooled.
The product was collected on a filter, washed with acetone, then
recrystallized from MeOH; yield, 0.103 g (149,) of yellow crys-
tals, mp 234-236° dec. See Table IV for additional data. Vari-
able reaction times were used with method K for related pyridines
and quinolines, these times being indicated in parentheses in
Table IV,



