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reaction accompanied each drop.  After the addition, the reaction
mixtire was allowed to warn to room temperatiure and stirred
1 hy, 400 ml of dry CsHg was added, and the ether wax removed
by heatibg on a water bath. Ice and rhen 200 ml of 100, TICI
was added to the suspended salt, the organic layer was separated,
the residiie 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 NayCOs, salt water), After drving
(Naa80)), the =olvent was removed and the product distilled
to give H0.5 g (37%) of a clear yellow Lipid: bp 133-135°
O.5 wmm); ir (film), 3.0 (bonded OI1), 3.3 (Ar-CII), 3.43, 3.5
(CTly), 9.6 (C-O) p. Anal. (CygH08) N,

This componnd wax identical with that prepared in 42€¢; vield
by LiAHT rednction of IV)?

3-(3-Bremoethyl)benzo]b]thiophene (X).—Following the pro-
cedure of Cagninnt,?® 30 g (0.168 mole) of IN was treated with
16 g of PBry in 200 mi of dry CHCly containing | g pyridine,  After
<tapding overnight, the mixtire wax beated to 50° for 1 lhr,
cooled, and poured into 200 ml of cold 1L, The CHCl; layer
was separated, washed (1.0, 10¢0 TTCL twice with 109 NayCOy,
11,0}, avd dried (Na.80,).  Distillation gave 25 g (6597) of pale
vellow oil: bp 134-137° (1 mm): ir (ilm), 3.27 (Ar-CII),
340 (CHy), 14.85 (C=-Br) u. The oil was nsed withont further
pvification, ox it rapidly became clondy and decomposed.
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3-(3-t-Aminoethyl )benzo]b] thiophenes (X1 ). - All of the deriva-
tives listed in Table 1, exeept XITT, were prepared os follows:
5 g (0.021 mole) of X was added to eoch of five batebex of 200 wl
of anbydrons MeO)H. To each flusk wosndded 50 g of » sceondary
wanine, di-p-propylamine,  pyrrolidine,  piperidine, morpholine,
snd N-methyvipiperazine, respectivoly.  Upoun the addition of
these amines, each reaction mixtnre bhecame warm.  The homo-
geneots solntions were allowed to remain at room temperabire
for 15 days, then solvent and exeess smines were removed by
distillation, avd the residiie was trented with 50 ml of 10¢, NaOT]
and extracted with three H50-ml portivos of ether. The extracis
were dried (NayS()y), solvent was removed, ond the amine derivi-
tives were distilled.
3-(3-Dimethylaminoethy!)benzo[b]thiophene Hydrochloride
(X, - The Eschweller-Clarke variant of the Lenekart veaetion
wasowed in this preparation.®  I11 (5 g, 0.02582 mole), 20wl of
37Cc ClLO), 20l of 99¢, HHCOOMT, and 16 ml of LD were
hieated gently oo the steam bath for 4 hr, then 30 vl of 6.V 1T
wax added to the cool reaction wixtnre and the solvent was
distilled at redneed pressure. The tav semisolid that remained
wis dried nt 78° (1 m), for 16 hr, washed with dry ether, and
recrystallized twice from absobite 10O, (o yield 4.5 g (66,1 of
white crystal: mp 200-261°; 1 (IKBri, 341 (Cll., Clly, 8.7
(N-CIIy), 4.0 (1LNTL7) u.

Proteolytic Enzymes.

Type of Inhibitor of a-Chymotrypsin

B. R. BAXER ax» JErFREY A. HurLput?

Department of Chemistry, Unirersily of California ot Santa Bavhara, Sonta Bnrbara, California 93106

Becerved April 15, 1968

Candidate irreversible imhibitors derived from phenoxyacetanilide (1), snch ns N-]m-(n-thiorosulfonyl-
phenylureido)phenyl]-3-chlorophenoxyacetamide (3), are too insoluble in water for enzymatic evalnation;
therefore, a study was conducted on where to position polar gronps on phenoxyacetanilide (1) that would nof

interfere with complex formation.

Three usefnl classes of componnds emerged. The first class of componnds

consisted of introdnetion of RCOO™ or CH,NH:* groups ob the N-phenyl moiety; this N-phenyl moiety ix

apparently complexed to a polar region of a-chymotrypsiu since no binding was lost.

The second class derived

from [ consisted of introdnetion of a COO~ group on the phenoxy moiety, which is complexed in a hydrophobie

regiol.

An 0-COO~ gronp (13) was well tolerated in the complex, and inhibition conld be further enhanced by

introdnetion 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 u gquaternized pyridylviuyl or pyridylethyl moiety: only N-methyl-2-pyridylacrylanilide

(28) in this class was satisfactory, being complexed (o the enzyme abont one-third as well as 1.

The 2-carboxy-

4-chlorophenoxy gronp of 19 was shown to be a suitable replacement for the 3-chlorophenoxy gronp of 3 in order
(o increase solubility; not ouly was 19 abont 100 times nx solnble v= 3, but irreversible inhibition was readily

detected with 19 at 157 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 proteolvtic enzymes® that operate by the
exo mechanism, that is, the inhibitor forms a covalent
hond outside of the aetive site of the enzyme.” a-
Chymotrypsin is rapidly mactivated by the irreversible
inhibitor 2, and, in addition, e-chymotrypsin can eata-

(1) This work was sppported in part by Grant CA-(08695 [rom (he Na-
¢onal Cancer Institute, U, & Poblic Healtli Service.

(2) For the previous paper in this series see B. R. Baker and . L. Keltey,
J. Meid, Ckem., 11, 686 (1068).

(3) Fyy the previous paper on proteolytic enzymes see B, R, Baker and
1. 1. Erickson, tbird., 11, 245 (1968).

i4)y N.D.L.A. predoctoral feliow.

i5) B. R. Baker, “Design oy Active-Site-Directed Irreversible Iinzyme
Intibitors. Thie Organic Chemistry ol the linzyme Aective-Site,” .lotn
Wiley aml Sons, Ine., New York, N. Y., t467.

6) Fyya disenssion ol the ciemotherapeutic utitity of setective irreversible
inbibitors o) serhm proteases in the cardiovaseular disease and organ trans-
plantadyou arca see B, R, Baker and 11, H. Erickson, J. Merd. Chem., 10, 1123
(167,

y7) ‘T'tie exo type of jrreversibte inhiibitor can have an extra dimensjon o)
specificity noy. present in reversible inhibitors, the bridge principle of speci-
ficity: see rel 5, Cliapter 1X, for a detailed discussion of this principle.

OCH,CONH
Cl R
I, R=H
2, R=S0,F
3, R = NHCONHCH,SO,F-m

Ivtically hydrolyze the SOsI¢ groupof 2 to the irreversible
inert sulfonic acid;® neither reaction was seen hetween
2 and bovine serum albumin. A series of fifteen eandi-
date irreversible inhibitors related to 2 were then svn-
thesized which placed the SO.L" further from the CONH
linkage of 2 which iz believed to complex its CONH
linkage to the catalytic part of the active site;®
example is 3. Most of these compounds were too in-
soluble to be evuluated. Therefore a program was

(8) B. R. Baker aud 1. A\ 1turibo, J. Med., Chenc, 11, 233 (1968), paper
('X111 of thijs series.

@) B. R. Baker aud .t. A0 Hurlboy, b0/, 11, 241 Q1968), paper CNTV of
yhis serjes.
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TaBLE I
INHIBITION*'? OF a-CHYMOTRYPSIN BY
@OCHQCONH@
R! R
Inhib Estd
conen, % Is0,°
Compd R R» mM inhib mM
1 H H 2.0 42 2.6¢
2 m-Cl m-SO.F 0.030 30 0.050/
3 m-Cl m-NHCONHCH,SO,F-m 0.00504 0 >0.025¢-4
4 m-Cl H 0.26 50 0.26
5 H p-CO0~ 5.2 50 5.0
6 H m-CO0~ 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 )51 p-OCH,COO - 4.8 30 4.8
10 3,4-Cl, p-OCH,COO - 0.51 50 0.51
11 m-Cl p-CH,NH;+ 0.28 30 0.28
12 m-Cl m-S03~ 0.83 50 0.83/
13 0-CO0- H 5.4 50 3.4
14 m-CO0~ H 13 50 13
15 4-Cl-2-CO0O -~ H 1.5 50 1.5
16 4-Br-2-CO0- H 1.1 50 1.1
17 5-Cl-2-CO0 -~ H 1.5 50 1.5
18 4,6-Cl,-2-COO~ H 3.1 50 3.1
19 4-Cl-2-CO0O -~ m-NHCONHCH,SO.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 109, DMSO with 0.2 mM N-glutaryl-L-phenylalanine-p-nitroanilide at 410 mu as previonsly

described.’?
ref 9.
1 mJ[

¢ I3 = concentration for 309 inhibition.

undertaken to determine where water-solubilizing
polar groups could be placed on phenoxyacetanilide
(1)'° that would not interfere with complex formation
with a-chymotiypsin; 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 lonic
groups on the anilide moiety (Table I). Two baseline
compounds should be kept in mind, phenoxyacetanilide
(1) with I3, = 2.6 mM 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
increment 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,

@ Maximum solubility.
 Since 2092 inhibition is readily detected, the I, is at least five times greater than the concentration measured.

¢ Data from
i Solubility =

¢ Data from ref 10, / Data from ref 8,

of a substituent on the binding of the anilide moiety.'°
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 1 is believed to complex to
the same hvdrophobice 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 hvdrophobie region. That the para 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
phenoxyvacetone;!® 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 increment 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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oo commensurate loss in solubility.  4,6-Dichloro
substitnents (18) gave a twofold loss in binding com-
pared to 15,

From svnthetie, binding, aund solubility standpoints,
the best solubilizing combination v Table T is repre-
sented by 15, Therefore. the 4-chloro-2-carboxy
analog (19) of the candidate irmreversible inhibitor. 3.
was svnthesized; 19 had an L, 0.15 mW and was
solithle in 1097 DAISO to 1 m3/, being about 100 timex
ax soluble ax 3 and =olving the =olnbility problem pro-
posed ot the beginning,  1'wrthermore, 19 was an ir-
reversible mhibitor at 0.15 mld/; these Inactivation
experiments will he reported o future paper along
with other annlogs of 19.

sSinee the 0-COO- group of 13 could be mserted on the
phenoxy molety of 1 with only a twofold loss in binding,
a third elass of compounds was investigated where the
pliecnoxymethyl group of 1 wax replaced by quaternized
pyridyvivinyl and pyridylothyl gronps (Table 1T).  The

Tanut 11
Ixtimron<e? oF e-Cayvorryrsiy 3y RCONIIC

Inbih JDEVA
conen, G ls."
Comyped R w M inhihp R
1 ClLOCT, 207 42 260
200 2-DPyridyi-ClH=Cll1 0.6 i 3
21 3-Pyridyl-ClI=Cl 3.0 a0 3.0
22 -L Pyridyvl-CH=CH 6.5 B 6.5
20 2-Pvridyl-(ClLL ) . S0 R
24 S Pyridvl-(Cllon 7.7 50
25 4-PyridyH(Clygn 0.1 30
26 2-Quinolyl-(Clla)s 0,507 29
27 2-Quinolyl- CH»rCH 0. 050¢ 0
28 N-Me-2-pyridyvl-ClH=Cl 8.0 BYy)
20 M-E-2-pyridyl-ClII=CI{ ] A
300 N-Me-3-pyridy-Cl=C1I i 0
)0 — Oty
31 N-Me-d-pyridy-ClH=Cl1 ENVG 0 > 1
32 N-Me=2-pyridyl-(CHy ) 25 15 ~140
33 N-Kt=22-pyridyl-(CIly) 20 20 ~900
34 N-Me-3-pyridyl- ((.,Hg)g 25 n o >120
35 N-Me-4-pyridyl-(Clla ) 20 >0/
36 N-Me-2-quinolyvl-Cll=Cl1 1.4 o0 1.4
37 N-Me-g-isoquinnlvi-CH=CH .62 U >3.1

v v Nee corresponding footnotes ib Table I F Maximinn solu-
bility, * Data from rel 10. 7 Sipee 209 inhibition ix readily
detectable, the T is grenter than five times the concentration
wmensired, ¥ 300 acceleration of the enzyme reaction; 30 was
pot 1 soibstrate at 410 mg.  * Maxinvm concentration allowing
Hght travsmission: solnbility =15 mi/.
inthibitor with the 2-pyvridylvinyl group (20) was éven
less soluble than the phenoxymethyl inhibitor (1), but
1o loss in binding oceurred.  No loss in binding com-
pared to 1 ocemred with a 3-pyridylvinyl inhibitor
(21), but solubility was mmereased only about twofold.
A twofold loss in binding occurred with the 4-pyridyl-
vinyl inhibitor (22), less loss than might be expected
sinco 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 pyiidylvinyl ana-
logs (20-22), but a three- to fourfold loss in binding
ocenrred compared to 1.

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

D DL Dyessinan ol ML Slegel, J. cbre Cleeae, See., T9, 994 (105H7).

result that might be expeeted sinee g-uaphthoxyaectone
1= a sevenfold better inhibitor than phenoxy: 1('(t(mo‘“’
however, =olubility with 26 was greatly repressed :
conld I)(: expected.  Whether a similar lucerement in
binding between the 2-gquinolinylvinyl (27) and  2-
pyridylvinyl (20) «xisted could not be determined due
to the insolubility of 27.

Conversion of the pyridines (20-25) to N-methyl
quaternary  dervatives (28-35) gave readily water-
soluble products as could he expeceted.  About o threc-
fold loss in binding ocemrred when the 2-pyridyivinyd
group of 20 wax N-methyvlated (28); a tivefald loss i
binding ocenrred with the N-cthyl gronp (29). A
greater than 20-fold loss occeurred in binding with the
N-methyil-3-pyridvivinyl inhibitor (30) compared to
1: this losx ix considerably greater than the tivefold
loss in binding when @ 3-COO~ group (14) 1% inserted at
this position (1 s 14).  Two factors can explain the
diffcrence betweent 14 and 30: (1) 30 may have
larger water cage around the p\ndlmum ion that ix
repulsed by the hydrophobie region, and (b) the pheit-
oxy group of 14 is more flexible in 1ts conformation than
the planur 3-pyridvivinyl gronp of 30, thus allowing 14
to position i the complex more favorably with re-
speet to repulsion of its polar group. At higher con-
centration, 30 wasx a consistent aecelerator for enzy-
matic hydrolvsis of the substrate, N-glutaryi-t-phenyl-
alanine p-nitroanilide.* hut 30 was ot an observable
substrate at 410 mg.

The N-methyl-4-pyrdylvinyl analog (31) was suffi-
ciently =oluble, but its charge-transfer band in the
410-mp region limited the concentration that conld be
used for inhibition studies; nevertheless, some binding
was lost compared to 1 uswould be expected.

The poor binding of the N-methyl-3-pyridviethyl
(34) and N-methyl-4-pyridylethyvl (35) analogs can be
attributed to the repulsion of the polar quatermary
group from a hydrophobie region on the enzyme.  The
N-methyl-2-pyridylethyl analog (32) ought to be at
least one-third ax good an inhibitor as the N-methyl-2-
pyridyivinyl analog (28) by comparizon of 23 and 20;
vet 28 was o 17-fold better inhibitor than 32, This
dizerepancy may dne to o shift in allowable gronnd-
state conformafions with 32 compared to 20, 23, and
28, It ix 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 he
optimum for binding to the enzyme.  Thus, n threefold
loxs in binding with 23 compared to 20 may ocenr since
the 2-pyridyvlethyl group might only require this Tittle
amount of energy ta approach coplanarity.  However,
the =olvated quaternary nitrogen of 32 may repulzc the
ethyl group of 32 even more from coplanarity in its
ground-state confarmation, thus accounting for the
47-fold loss in binding with 32 compuared to 20.

Sinee  g-naphthoxyucetone (38) gives o seventold
increment in binding compared to phenoxvaectone.?”
either 36 or 37 but not both should give a similar inere-
ment in binding depending upon whether 38 assnmes
conformation 38a or 38b. Either 36 or 37, hut not
hoth, should be a poor inhibitor since the polar quater-
nary 111t100011 eat bind only in one conformation which
projects the polar gromp awayv from the hyvdrophobic

2131 13,1, Ertanger, 17 tolel, and AL G Cooper, ctech, Bipelori. Bovphys..
118, 206 (196l)
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CH=CHCONHCH; %CH=CHCONHCSH5
N+ N+
| |

CH; 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),'° s 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 phenvlalanine 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. Tinally, additional hydrophobic
bonding can be obtained by appropriate substituents
at the 3 or 4 position; the size of this extra hydrophobic
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-aminobenzoie acid with phenoxyacetyl
chloride in CHCI; 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 ¢-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,O-MeOH (Scheme

(13) ta) G. E. Hein and C. Niemann, J. Am. Chem. Soc., 84, 4195 {1962);

t) J. B. Jones, C. Niemann, and G. E, Hein, Biockemistry, 4, 1735 (1965):
(¢) see tel 5, Chapter 3.
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ScHEME 1

OH + CICH,CONHCH; —
43

R
OCH,CONHCH; — @OCHQCONHC,,H,

COOCH, COOH

COOCH;

42
R

45

44
Cl@OCHﬁONH@ — CI@OCHQCONH@

COOR NG, COOR/ NHR

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

CHO |
@ + (C4H,)PCH,CONHCH, —
N

51
50
CH=CHCONHCH; (CH,),CONHC.H,
©) - &
20, 2isomer 23, 2 isomer
21, 3 isomer 24, 3 isomer
22, 4 isomer 25, 4 1somer
@CH=CHCONHCGH;. (CH,),CONHC.H;
+ ©f
Y L
CH, CH;
28, 2 isomer 32, 2 isomer
30, 3 isomer 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 hvdrogenation. The amine (49) was
smoothly converted to 19 by reaction with m-fluoro-
sulfonylphenyl isocyanate in acetone.

The pyridylacryanilides (20-22) (Table II) were
svnthesized 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 8-(2-pyridyvDacrylic 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. Prakt. Chem.,
17, 299 (1962).
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Tabra 111
Puysican Provurmins or
OCH,COI\'H@
Rl R
Yiebi.

No R: R Medind " Myp, 2O tormnpla™
8 11 m-COOTI A a7 RREESIRE )11 N D),

7 1 0-COOTI 3 [N 1OS-201 TN D),

N 11 p-C11L,COON B B {42145 ClNO,

1] 1 p-OCILCOON B Ay 143147 el TN,

it 3,4-Cly p-OCH.COON D e 112-105 CrTCLNDL GOl 0T
B 0-COOIT I I 52 108-201 Cy TN,

14 m=-COOILI 11 10 a1/ 185180 N,

15 4-C1-2-COOL 11 I 5t C)a015.CIND,

16 4-Br-2-COOI1 11 I’ [§182 511 BrN O,

17 H5-Cl-2-COOI1 11 I 5o 7 dee I, CINO,

18 4,6-Cl,-2-COOT 11 I 21 [N8-101 Oy 11, CLN O,
19 4-Cl-2-COO0OT1 m=-NIHCONITCI 1,80, I T30 257200 dee ColL:CIPN(O;8
44n 0-COOCH; T 14 14 103105 el 1N Oy

141 m-COOCTI; 11 i< N OG- 08 Cyell)N Oy

44 4-Cl-2-COOCH; I§! Ie Ny 120131 Chal 1IN O,
J4d 4-B1r-2-COOCH, 11 I 630 145148 el BN O,
41e 5-Cl-2-COOCII, 11 108 BRI 136+ 140 el 1, CIN
41 4,6-CL-2-COOCIH, 11 I 14 07 - 100 el 1 CLNLY,
16 4-Cl-2-COOI1 m-NOy I’ S 260263 Oy CINGD,
47 4-C1-2-COOCT m=-Nt), 1 3 D821 Cul 1 CIN O,
48 4-C1-2-COOCTI, m=-N1H, 5 i 166165 T CINGOY,
49 $-C1-2-COONI m=-NT1, I NG 201201 dee O 01 CIN LY

ti 0wl
53 i1 p-OCH,CO,Ba-t & Sl -1 CallyN O,
o4 3,4-Cly p-OCILCOBn-t (! Sty 147150 Clap I Ty CLN O

lecrystallized from E(OIL ? Reervstallized from Me,Ct).

presence of 12tOH was verified by nnir: integration showed a 1:1 ratio.
b 4-Chlovosalicylic acid prepared in 3897 vield according to L. Knhn and 11, . Hewnsel, Chem. Ber., 84, 557 (19617  Sce
i Reaction mmn in MeOTI.
w All componnds were analvzed for C, 11, N, except 19, which wax avalvzed far C, 11, I,

MeOIl.
vef 9, method (i; Me,CO was nsed us solvent.
pefrolemn ether (hp 6U-110°),

iodide in boiling Me.CO.  The quinoline and isoquino-
line derivatives (26, 27, 36, 37, Table 1I) were prepared
by similar routes from the appropriate carboxalde-
hydes,

Experimental Section

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

N-(Phenoxyacetyl)-m-aminobenzoic Acid (6) (Method A).—
To a stirred solution of 1.37 g (10 mmoles) of m-aminobenzoic
acid in &0 ml of CHCL and 3.5 ml (25 mmoles) of Et;N wax
added dropwise a solution of 1.54 ml (11 mmoles) of phenoxy-
acetyl chloride i 30 ml of CHCL over a period of 15 min at
mubient temperature.  After being stirred an additional 15 min,
the mixture wax heated to boiling for 5 min. The hot mixture
was extracted with two 100-ml portions of 563 NaHCO;.  Acidi-
ication with 6 N’ HCI gave the product which was recrystallized
once from 1StOH and onee from Me,CQ; vield, 0.73 g (279%) of
white crystals, mp 221-224°, that gave a negative Bratton-Mar-
<hall text for aromatic amines.’> No attempt was made to re-
cover additional material from the filtrates. See Table III for
additional data.

N-(Phenoxyacetyl)anthranilic Acid (7) (Method B).—To a
stirred solntion of 1.37 g (10 mmoles) of anthranilic acid in 20
pil of DME and 5l of aqueons 2 N NaOI1 (10 mmoles) cooled
in an ice bath was added dropwise a =olution of 1.68 ml (12
punoles) of phenoxvacetyl chloride in 15 ml of DMF over a

1161 B R. Bakey, D, V. Ranti, J. K. Coward, . X Suapiro, and I, 1.
Jordann, J. Hetecoegel, Clem., 8, 125 (1966),

< Recerystallized (rom CHCL.

4 Recrystallized from tolnene. v The
! Reerystallized from CHCL-ItGTL # Recrystallized from

ETICH omitted v reaction. ! Recrvstallized from 116G

period of 15 min.  The mixtire was treated with 5 ol of 2N
NaOH, then stivred 5 min more and finally heated on a stesm
bath for 5 win. The mixture was cooled, then treated with 10 g
of ice md 30 mlb of H¢ HCL  The prodict wax collected on a
filter and then washed with ;0. Recrvstallization from CHCl,
gave 000 g (18¢0) of white needles, mp 1098-201°, that gave a
negative Bratton-Marshall text for arvomatic amine™  See
Table I1I for additional data.

t-Butyl p-Nitrophenoxyacetate (52).--A =obition of 6.00 g
(40 mmolex) of -butyl chloroacetate and 5.91 g (30 muolex) of
=odimn p-nitrophenoxide dihydrate in 50 ml of DME was stirred
in a bath ai 60-70° for 18 hr, then dilnted with 400 ml of cold
11:0.  The product was collected on a filter, washed with 11.0.
and dissolved in 200 il of CIICL. The solnticn was washed with
two 100-inl portions of ice-cold 10¢, NaOIT, then with 11.0O.
Dried with MgsO:, the CHCL solution was evaporated in racno.
Crystallization from petrolennm ether thp 60-110°) gave 6.66 g
(880 of nearly colorless plates, mp 83-86°. Anad. (CallisNO:
C. 11, N.

{-Butyl p-( Phenoxyacetamido )phenoxyacetate (53 ) (Method C1.
—~-A solition of 2.53 g 511 mmoles) of 52 in 100 ml of 1ELOTT was
shaken with Ty at 2-3 atm in the presence of 0.2 g of 5. Pd-«!
for 1 hr when reduction was complete.  The filtered =obition was
evaporated in racuo leaving 2.30 g (9207) of t-bntyl p-unino-
phenoxyacetate ax an oil which darkened on standing.

To a gtirred sobition of 1.12 g (5 mmoles) of the mnive in 25 ml
of CHCl; and 0.61 g 6 mimoles) of BN cooled 1n 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 ane-
cessively with 1L,O (two 50-ml portions), 30 ml of 3¢ Na.CO,,
and 30 ml of 11O, Dried with MgS0,, the solution was evapo-
rated /n vecuo. Two recrvstallizations from tolnene gave .55
g (3197 of white plates, mip 90-93°, which give a negivve Brot-
ton-Marshall test for aromatic amines,’*  See Table 11 for ad-
ditionsl data.
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TaBLE IV
Puysicarn ProrerTiES 0F RCONHCH;
Yield,
No. R Method A Mp, °C Formula’
20 2-Pyridvl-CH=CH 1 632 147-150 C):HN-0
21 3-Pyridyl-CH=CH 1 63b.c 163-166 CuH:N,O
22 4-Pyridyl-CH=CH 1 63? 166-169 C)sH,:N.0
23 2-Pyridyl-(CH,), J 894 108-111¢ O N,0
24 3-Pyridyl-(CH,), J 71b 124-126 CuH,N,0
25 4-Pyridyl-(CHy) J 84% 136-137 G H)uN,0
26 2-Quinolyl-(CH, ), J 59 136-138 C)sH,sN,O
27 2-Quinolyl-CH=CH 1/ 54be 140-144 CsHiuN,O
28 N-Me-2-pyridyl -CH=CH, 1~ K (3) 14/ 234-236 dec Ci:H,5IN0
20 N-Et-2-pyridyl -CH=CH, 1~ K (72) 261 213-225 dec C)sH)7IN,O
30 N-Me-3-pyridyl -CH=CH, 1- K (2) 7Tk 220-250 dec C):HiIN,O
31 N-Me-4-pyridyl*-CH=CH, 1~ K (2) 79k 220-285 dec Ci:HiINO
32 N-Me-2-pyridyl +-(CHa),, I~ K (3) 83! 165-167 C):Hi IN-O
33 N-Et-2-pyridyl T-(CI1y), 1~ K (24) 561 148-151 C)¢H,4INO
34 N-Me-3-pyridyl T-(CHy),, I~ K (12) 750 158-161 C):HyIN,O
35 N-Me-4-pyvridyvl -(CH,),, 1~ K (12) it 192-195 Ci:H,-IN,O
36 N-Me-2-quinolyl -CH=CH, I- K (72) 134 215-225 dec CysH)7:IN,O
37 N-Me-3-isoquinolyl -=-CH=CH, I- K (12) 47k 262-263 dec C)sH7IN,O
35 3-Isogninolyl-CH=CH Ix 4100 163-166 CisHuuN,O
56 2-Quinolyl *-(CHy),, I~ K (12) 15 219-220 C,sH,5IN,0

+ Reerystallized from Me,CO-H,0.
4 Recrystallized from CsHs—petroleum ether (bp 60-110°).
Soc., 73, 3165 (1951) for 23 prepared by a different route.
J. Anm. 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 reerystallized from CHCl;; yield,
247 mg (559;) of white crystals, mp 143-147°. See Table III
for additional data.

a-(2-Carbomethoxy-4-chlorophenoxy )acetanilide (44c¢)

(Method E).—To a solution of 1.68 g (9 mmoles) of methyl
5-chlorosalicylaie’® and 0.46 g (8.5 mmoles) of NaOMe in 25 ml
of dry DMF protected from moistnre 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 dihited with 200 ml
of 497 aqueons NaHCO;. The produet was collected on a filter,
washed with H;0, then recrystallized from EtOH; yield, 2.10
g (83%) of white needles, mp 129-131°, See Table IIT for addi-
tional data.

a-(2-Carboxy-4-chlorophenoxy)acetanilide (15) (Method F).—
A mixtine 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 H.O. The
filtered =olticn was acidified with 59 HCI, then the product was
onllected on a filter and washed with H.O. Recrystallization
from MeOH gave .94 g (76%:) of white crystals, mp 228-231°.
See Table III for additional data.

a-(2-Carboxy-4-chlorophenoxy )-m-aminoacetanilide  (49)

(Method G).—A solution of 0.73 g (2.1 mmoles) of 46 in 100 ml
of 909, aqueons 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 PtO. for 35 min when reduction was complete. The filtered

t16) J. Klosa, Arch. Pharm., 289, 143 (1956); other salicylic acids in
this study were also esterified hy this POC1:-MeOH method.

b Recrystallized from tolhiene.

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

¢ Mp 109-110° reported by F. H. McMillan and J. A. King, J. Am. Chem.
7 Quinoline-2-carboxaldehyde prepared in 177 vield according to H. Kaplan,
7 Recrystallized from EtOH-H,0.

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

h Recrystallized from MeOH. ¢ Recrystallized from EtOH.

solution was neutralized with 2 ¥ NaOH, then diluted with
200 m! 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 III 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 produet 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,COs, then collected on a
filter and washed with H,O. The free base was recrystallized
from Me,CO-H,0; yield, 0.70 g (639%) 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) ¢f 21 in 100 ml of EtOH was shaken with
H, at 2-3 atm in the presence of 0.2 g of 597 Pd-C until 1 equiv
was consiimed (abont 2 hr). The filtered sohition was evaporated
in vacuo and the residue recrystallized from toluene; yield,
1.13 g (719), mp 124-126°. See Table IV for additional data.

8-(2-Pyridylacrylanilide 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 produect was eollected 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 gninolines, these times being indicated in parentheses in
Table IV,



