November 1969 NorES 1093
TaBrLe I
i
ArNH(fN(fNHz-HCI
|
HN:
Yield.,

No. Ar R Formula® o Mp, °C
I CH,—CHCH, CH,—CHCH, CsH,N,S-HCI 80 145146
II 2,6"(CH2)‘2CGI{3 n-Bu 014H22N4S ‘ HCI 5 139-140
III p—CH30C6H4 n-Bu C13}120N4OS ‘HCl H 134-135
v m-CHyOC:H, n-Bu CisHyN,08-HCL 72 142-144
V p-CH;CeH, n-Bn C1sHy NS -HCI 7T 129-130
Vi p-C.H;0CH, n-Bu CyHsN,0S-HCI 70 159-160
VII p-CICeH, n-Bu C;1H;CIN S -HCI 78 144-146
VIII p-CH,;CsH, CH; CyoH NS -HCI 76 158-160
IX 2,6-(CH;),CeH; CH; CiHieNS-HCI 7 152-153
X Cel; CH; Ce¢H N, S-HCI 78 167-168

« All compounds were analyzed for N and 8 and the analytical results were within =0.4¢7 of the theoretical values.
Tasrre I
ANTITHYROIDAL ACTION IN INTACT Rars
AAAAAAAAAAAA Thyroid radiocactivity, dpm = std error — Estd act.
Compd% {my) 1] uptake PRI Inorg 1251 {thiouracil = 1.0)

Blank 272,189 = 13,670 237,730 = 12,340 25,017 £+ 1238
Thiouracil

(0.500) 39,428 + 9233° 30,679 = 7645° 8,102 £ 1694" 1.0
1(0.913) 45,714 £ 6683° 38,247 £ 5837 5,933 = 809 0.63
11 (1.22) 41,152 £ 17,735 34,984 + 16,240" 4,837 + 1341" 0.57
IIT (1.45) 24,764 £ 56720 18,318 = 4762° 5,155 = 601+ 1.0l
IV (1.43) 64,265 = 12,059 52,448 = 10,708 9,832 = 1251° 0.74
V (1.30) 22967 + 5011° + 41517 6,253 = 691 1.31
VI (1.54) 29,005 + 40560 + 36580 5,408 == 339 0.91
VII (1.46) 65,647 = 10,866" 5 =+ R888L 8,482 = 1203" 0.62
VIII (1.01) 87,405 £ 25,535" + 21,9210 8,468 £ 2041" 0.42
IX (1.06) 74,005 = 12,561° =+ 22,513 8,324 £ 979" 0.54
X (1.19) 128,604 + 33,855¢ 113,338 = 31,297¢ 10,189 = 1768 0.33

« Concentration of test compounds equimolar to thiouracil.

(100-125 g) were maintained on a low-iodide diet for 3 days then
divided into groups consisting of four rats in each group. The
animals in each gronp received an intraperitoneal injection of 1
mi of either a blank (0.99; NaCl), thiouracil, or one of the test
compounds. One hour later, 1 xCi of Nal®I (carrier free) was
injected intraperitoneally. Three hours after the injection of
1] the animals were sacrificed and the thyroids were removed.
The whole lobes were placed in ground-glass homogenizing tubes
and counted in a Nuclear-Chicago well scintillation counter to
determine total thyroidal uptake. The whole lobes were then
homogenized it 1 ml of 0.05 M barbital buffer (pH 8.6) containing
1.0 X 10— M thiouracil. One milliliter of cold 2097 trichloro-
acetic acid (TCA) was added and the homogenate was centrifuged.
The precipitate was washed twice with 1.0 ml of cold 109, TCA.
The original supernatant and the two washes were combined and
the radioactivity was determined. The %I in this fraction in-
dicated the concentration of inorganic 21 or TCA-soluble 1%].
The washed precipitate was counted in the homogenizing tube.
The radioactivity in this fraction indicated the PB%[ (protein-
bound iodine) or the TCA-precipitable !%I. The counts were
all corrected for counting efficiency and are expressed as dis-
integrations per minute.

All compounds were dissolved in saline for injection. Thio-
nracil and IX were dissolved with heating to 55°; III was only
partially dissolved in saline, FtOH, or NH,0H, and therefore
it was injected as a suspension in saline. All compounds (except
III, IX, and X) were assayed at concentrations equimolar and
ten times equimolar to 0.5 mg of thiouracil (3.9 umoles) and the
biological effect was almost the same at both doses. Table II
summarizes the observations made with compounds 1-X.

All the compounds have antithyroidal activity and appear to
inhibit incorporation of l. in a manner similar to thiouracil.
Componnds IIL, V, and possibly V1 appear to be slightly more
potent than thiouracil while IV and VII-X appear to be slightly
less potent.

b P < 0.001.

¢ P < 0.0L
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In a routine screening evaluation for nonsteroidal
antiinflammatory? agents, it was found that 2-benzoyl-
pyridine (1) possessed a good level of activity in the
carrageenan foot edema assay.® This finding prompted
us to prepare a series of aryl pyridyl ketones for evalua-
tion as potential antiinflammatory agents.

(I) To whom inquiries should be addressed.

(2) For a survey of recent developments in nonsteroidal antiinflammatory
ageins see T. Y. Shen in *Anhual Reports in Medicinal Chemistry, 1965,"
C. K. Cain, Ed., Academic Press. New York, N. Y., pp 215-226.

(3) C. A. Winter, E. A. Risley, and G. W. Nuss, Proe. Soe. Expil. Binl.
Med., 111, 544 (1962).
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1
Carrageetiian
Taot edema"

Na. 1somer Nulstitnent(s; FDso, mg kg Method"
1 2 Noue 13 L
2 2 None, oxime AR S
3 2 None, N-oxide >40 I
4 5 Noue >50 o
5 4 None >50 oL
0 4 2721 >0 I
7 2 1°-Cl >50) T
S 2 4~Cl, axime >50 4
0 2 20 4-Cla >5H0 1

10 2 2'6°-Cly > 51 15

1 2 3-NOs »ol 1<

12 i 4-NO, >350 Y

13 2 4'-Nll, >H0 ’

14 2 1-NTICOCHH, >0 I

15 2 4-OCH; > 5t I

16 2 3 A -OCH): >50 I

17 2 3 4-OCH0 =50 12

18 2 S5-CH; >H0 1D

19 2 6-CTH; =00 -

20 9 2 5 (CT e =30 LE

21 2 3-Cy >0 1<

2 2 35 (CFy ) >30 5

23 2 2-COOI >S50 (r

24 2 3-COOH > 00 (¥

* All compounds were administered ovally to rats.
Section for synthetic procedunres.
ref 6.
. C. Walter, J. Awer. Chem. Soc., 70, 3702 (1948).
(1958)] reported mp 152-153° for a-oxime.
reported mp 52-54°.

The procedure for measuring mflammation is given in vef 33,
¢ A, EtOH-Et.0; B, FtOH-H.0: C, I't.0; D, FtOH: I, CH.Cle-Et.0: F, Et,0-Me.CO.
¢ Compound obtained fram commercial source and crystallized before nse.
¢ T. Nakashima [Yakugakw Zasshi, 77, 12098 (1957). Chem. Abstr., 52, 6345
A (. AL Archer, Al Stempel, 3. 8. Ho, and L. H. Sternbach [/. Chen. Soc., C., 1031 (1966)]
1 [, Koenigs, H. Mensching, and P. Kirsch [Ber., 59, 1719 (1926)] reported mp 99-100°.

SNy % » y
) Co
N o o - At

By 1) Crystn
or mp, °C sglvens’ L orula A nalysesy
A CredlyNO
1551557 & CraHieN:O
8387 B Crel 1N O, C,1,N, 0
35 A CrHNO
772 A CHWNO
3t B CheHLCINO
B C,.1,CINO
15515, i CreLCINLO ¢, 1, CLN, O
1851858
B2-63 A Crel LCLNO C, 1L N, 0
150152 A CratCLNO O, H, (ll, N, O
P5-118 ¢ C N0, ¢, 1, N
[SRENCES ¢ Cro s NGOy
1581391 ¢ CrellyNO
168-169 D CraleN O, ¢, 1,0
98" A CHuNO.
02204 I CHnN Oy C 1L N, 0
137 1587 A CrHNO;
123148 CrH NO ¢, H, N
0.2
CullnNO
90.5-91 B CuHBNO C, “, N, O
15 13 CLILENO O, 10, N
1224125 CrlisN O C, I, N
.4
250 B Crl 1N Oy ¢ H, 0
147 148" 3 CalaN O,

1. ¥ Ree Iixperinental
¢ See

7 Prepared hy the procedure of k. H. Huntress and

i Lit.s mp 138°.

k Société des Usines Chimqgues Rhone-Poulene [British Patent 851,972 (Oct 19, 1960): Chem. Abstr., 55, 11441 {1961)] reported mp

96°. ¢ Lit.s mp 139°.

Chemistry.-—The preparations of the aryl pyridyl
ketones listed in Tables T and IT were carried out by
known synthetic techniques. The majority were pre-
pared by the procedures A and B given in Scheme 1.
Typical cases for Scheme I and other procedures are
given in the Experimental Section.

Pharmacology.---The antiinflammatory activity, as

SCHEME 1
(A Z | +
\N

—_—

ArCHO
L

Ar=amrvl. thienyl

H
7 | ~

(B [—}u + @-CH() — [}C@
S N SR BN

OH

m J. C. Cochran and W. F. Little [J. Org. Chen., 26, 808 (1961)] reported mp 146-148.5°.

determined by the carrageenun foot edem: assay® in
rats for the compounds prepared in this work is given in
Tables T and I1. The compounds in Table I represent
attempts to improve the antimflammatory activity of
2-benzoylpyridine (1) by (a) preparing positional
isomers (4, 5) of 1, (b) placing methyl (18, 19) and
carboxyl (24) groups on the pyridyl ring; (¢) adding
oneortwo ClL I, NHy, NO,, OCH;, OCH,0, CH;, CI'y, or
COOH groups on the phenyl ring, and (d) oxime (2, 8)
or N-oxide (3) analogs of 1. This approach was aban-
doned since all examples except the oxime of 1 (2) gave
Very poor or no protection in the carrageenan assay.

The componnds in Table IT are thienyl analogs of 1.
The most active member in this group, 2/-pyridyl 3-
thienyl ketone (28), was also a 2-substituted pyridyl
ketone.

Since 1 and 28 possessed activity in the range of
phenylbutazone (Table II) they were selected for
further testing in the antiinflammatory urea. In
bilaterally adrenalectomized rats the carrageenan foot
edema EDj for 1T and 28 was >100 and 72 mg/kg,
respectively, In the Randall-Sellito? test oral minimnm

i4) L. O, Randall and J. J. Sellito, Arek. fxtern, Fharmaocodyn., 11, 4D
0471
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TasrLe IT

PyripynL THIENYL KETONES

4

4 1 3 5

L I~

3 S 2 " 27 67
0

Carrageenan
foot edema?® Bp (inm) Crystn
No. Ketone EDs, mg/kg Method? or mp. °C solvent® Formula Analysesd
25¢ 2,2/ 37.5 E 138-140 (0.6) C;pH:NOS C,H N, O
26/ 2,3’ 50 E 94-97 E C1oH;NOS C, H N
274 2,4/ 50 E 94-97 E CioH;:NOS C,H, N, O
28t 3,2/ 15 E 170180 (1.0) CroH:NOS C,H,N,0
29 3,3’ 37.5 E 73-76 E CH:NOS C,H N
307 3,4/ 50 E 98-101 F CioH:NOS C, H N
Aspirin 90
Phenylbutazone®* 30
a=d ep corresponding footnotes in Table I. ¢ Naof 240 mu (e 5430), 279 (8580), 306 (9650); n¥p 1.6475, f Nor 273 mu (e 10,300),

EtOH

‘ )\Emg’f-x
1

I N e

296 (10,200).
265 (12,700).

223 mu (e 8050), 294 (10,300).
220 mp (e 13,300), 267 (11,400),

B AR 221 mp (e 7770), 272 (11,000); n¥p 1.6349.
® Randall-Sellito* tes tagainst yeast-induced inflammation; EDs = 30 mg/kg

F1OH
" N mex

220 my (e 11,900,

(rat, oral). Protection against bradykinin-induced bronchoconstriction; EDj = 1 mg/kg (guinea pig, iv).
TarLe I11
ARYL-2-PYRIDYLCARBINOLS
s o H
gase
4
\._7/
= | N
OH
Yield, Mp, °C
No. R Method® % (solvent?) Formula Analyses®
31 2-Cl A 56 63-64 (A) Ci:HyoCINO C, H N
32 2,4-Cl, A 34 95-96 (A) Ci1.HyCLNO C,H N, O
33 2,6-Cl, A 72 82-83 (B) CiH,CLNO C,H,Cl, N, O
34 2,3-(CHa), B 51 117-118 (C) C1,Hy;:NO C, H X,0
35 3-CF; B 42 92-93 (C) Ci:HyF:NO C,HN
36 3,5~(CFs), B 36 111-113 (C) CuH FNO C, H, N
@ 8ee Experimental Section. * A, CH,Cl,-C;Hye; B, Et,0-CsHy,; C, CHCl-CsHya. ¢ See footnote d in Table 1.

effective doses against yeast-induced inflammation were
14 mg/kg for 1 and 24 mg/kg for 28. Protection against
bradykinin-induced bronchoconstriction® was (EDs,
iv) 10 mg/kg for 1 and >10 mg/kg for 28. Since
phenylbutazone (see footnotes & and [, Table II) has
considerably greater activity than 1 or 28 in the above
tests, further development of these compounds as
useful antiinflammatory agents was terminated.

Experimental Section®

Preparation of Arylpyridylcarbinols. Method A. Arylaldehyde
and 2-Pyridyllithium.—A stirred solution of 50 ml of 159 n-
BuLi-hexane (0.053 mol) and 100 ml of anhydrous Et,O, main-
tained under N, and cooled to —40° internally, was treated with
12.1 g (0.077 mol) of 2-bromopyridine in 30 ml of Et,0O (0.3 hr)
and then dropwise (1.5 hr) with 0.075 mol of halobenzaldehyde
in 100 ml of Et,O. After an additional 1 hr at —40°, the mixture
was allowed to warm to 5° and then treated dropwise (0.3 hr)
with 125 ml of 1 N HCIl. The acid layer was separated, made
basic with 2 N NaOH, extracted with CHCL;, dried (MgSO,),
filtered, and concentrated in vacuo to give 31, 32, or 33 (Table
IIT1).

Method B. Aryllithium and Pyridinecarboxaldehyde.—An

(5) H. Konzett and R. Rossler, Arch. Ezptl. Pathol. Pharmakol., 195, 71
(1940).

(6) Melting points were determined on a Thomas—Hoover eaplllary melting
point apparatus and have not been corrected. The uv spectra were obtained
on a Beckman Model DB spectrophotometer attached to a Sargent SRL
recorder or on a Cary Model 15 spectrophotometer. Where analyses are
indicated only by symbols of the elements, analytical results obtained for
those elements were within ==0.4%, of the theoretical values.

organolithium reagent was prepared by refluxing a mixture of
0.27 mol of 1-bromo-z-benzene and 3.8 g (0.30 g-atom) of Li wire in
300 ml of anhydrous Et;O for 3 hr under N.. The reagent was
cooled to an internal temperature of —40° treated dropwise
(0.5 hr) with 31.9 g of 2-pyridinecarboxaldehyde in 50 ml of
Et,0, and processed as in method A to give 34, 35, or 36 (Table
IIL).

Method C. 3-Thienyllithium and Pyridinecarboxaldehyde.—
To 68 ml of 1.6 N n-BuLi-hexane (0.11 mol) maintained under
N: and cooled to an internal temperature of —70°, there was
added dropwise (1.5 hr) 16.3 g (0.10 mol) of 3-bromothiophene?
in 50 ml of anhydrous Et;O. After an additional 1 hr at —70°
the solution was treated with 8.5 g (0.08 mol) of 2-, 3-, or 4-
pyridinecarboxaldehyde in 50 ml of Et;O and then after 2 hr of
stirring was poured onto ice. The organic layer was separated
and the H,O layer was washed with CHCl; (four times, 75 ml).
The combined organic layers were dried (Na,SO.) and concen-
trated n vacuo, and the resultant crude alcohols were used di-
rectly to prepare 28, 29, and 30 by method E.

Method D. 2-Thienyllithium and Pyridinecarboxaldehyde.—
A solution containing 5 g (0.059 mol) of thiophene, 34 ml of
1.6 N n-BuLi-hexane (0.054 mol), and 100 ml of anhydrous
Et;0 was stirred and refluxed for 5 hr under N, then cooled to
an internal temperature of —30°, and treated dropwise with 6.6
g (0.061 mol) of 2-, 3-, or 4-carboxaldehyde in 50 ml of Et,O.
After an additional 1 hr at —30°, the mixture was allowed to
warm to 0° and then was treated with ca. 15 ml of H:O. The
organic phase was separated, dried (Na;SO.), and concentrated
in vacuo and the resultant products from 3- and 4-pyridine-
carboxaldehyde were used directly to prepare 26 and 27 by
method E, and that from 2-pyridinecarboxaldehyde gave 2’-

(7) P. Moses and S. Gronowitz, Arkiv Kems, 18, 119 (1961).
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pyridyl-2-thienylcarbinol (37), mp 77-81° (Et.0).
NOS) C, H, N, 8.

Preparation of Aryl Pyridyl Ketones., Method E. Chromium
Trioxide Oxidation of Arylpyridylearbinols. A stirred solntion
of 72 g (0.33 mob) of p-anisvi-a-pyridytearbinst in 400 ml of
AcOH was cooled to 20° and treated dropwise with 30 g (0.30
mol) of CrOy it GO mi of ThO. The sobition was stirred 3 hr ot
ronm temperatnre, ponred onto re. 815 L of Tee water, extracted
with CHCL, washed with 2N NaOH, dried 1 MgSO,), filtered.
and concentrated i vaeyo o give compounds 6, 10, 11, 15-18.
20--22, and 25-30 list«d in Tables T and 11

Method F. Preparation of 14. A mixture vt 2.5 g of 13, 15
ml of pyridine, and 8 ml of AcyO was heated at 60° for 1 hr.
After standing avernight at room temperatnre the excess re-
agents were removed i oracpo and the restdne was dissolved in
CHaCl, washed with 11,0, dried, and evaporated to give 14
(FOCE), mp 1069° (O ). Anal, (CoTLa NGO C T O,

Method G. Preparation of 23. -\ mixture of 1.0 g of -
pyridyt o-tolyl ketone and 10 mlaf 2.V TS8O, was beated to 100°
and (reated dropwise 52 hry with a solntion of 5 g of KMno), in
75 ml and enongh HoS 0y to maintain an aedie solution (pll =2.0).
The mixtnre was then refinxed for 1, eooled 16 room tempera-
iure, and filtered and the salts were washed with 1T1,0) and MeOH.
The combined filtrates were concentrated 1o one-half volnme and
nentralized with 2 A NaOIH.  The resnllant precipitate was
fittered and carcfally nentrahized with 2.V THCHo give 28 71560,

Method H. Preparation of 9. A mixtire of 6G1.5 g (0.50 mol)
of picolinie acid, 326 g (2.0 mol) of 2 4-dichlorobenzaldehyde, and
500 mi of 854, o-dichlorobenzene was stivred and refhixed for 6
hr nnder a Ny atmosphere, The =olvent was removed in racno,
and the residue was dissolved tnoa minhmnm amonnt of CHCl
and then treated with 109 TICHmit the agneons Inver remained
actdie.  The restitant solid was filteved off, treated with 15¢7
NaOH until basie, extracted with CHCL, waxhed with H:Q, dried
(Mg, filtered, and concentrated /i varo 1o give 43.0 g (3477
ol 9.

Method 1. Preparation of 3. .\ mixtnre of 183 g (0.1 wmol)
of 1,75 mil of ITOAe, and 17 ml of 3097 H.Oy was stirred and re-
thrxed for 16 v, The solvent was removed 7» rarvo and the residne
was treated with 50 ml of 2.8 NaOIT and 100 ml of CIICL.
The CHClL was dried (MgROy), filtered. and concentrated to
give 3 (769,

Anal. (Cylle-
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The Synthesis of Some

4-Anilino-3-quinolinecarboxylic Acids and Esters
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Recently it was reported that 4-(«,«,a-trifluoro-m-
tolnidino)nicotinic acid (1) is an orally effective diuretic
in animals.! In order to iuvestigate the properties of
structurally related compounds, the synthesis of several
substituted 4-anilino-3-quinolinccarboxylic neids and
their corresponding esters was undertaken.

(1) J. R. Cummings, M. A. Ronsberg, E. H. Stokey, and R. Z. Gussin,
Pharmacologist. 10, 162 (1968): (b) R. Z. Gussin, E. H. Stokey. M. A. Rons
herg, alsl J. R, Cunonings, s/t 10, 163 (1968): {e) . 4. Gussin. L R, Cone
npugs, 11l Siekey, and M. A, Rousberg, J. Phorpwcol. Erp. Ther. 167,
104 it oD R Z Gussin and M. A, Ronsberg, I'vo¢, Soc. Erp. Biol.
e, o press.
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HN‘Q HN—C,H.
CF
: CO0
N CO0H ~ i
\N N/
1 2

The preparation of the parent compound, 4-anilino-
3-gquinolinecarboxylie aecid (2) has been deseribed using

the svuthetic procedinre shown in Scheme I. Reuction
Seneae |
CICOOCH. ).
&
P + S =
NH, ¢ HO
3 4
((COOC.H- 1,
I s
N/CH Diwtherm A
H
5
OH Ci
\CO0CH: \CO0CH |
— —
N7 N
6 7
HNC:H:
S COOCH; 5% BOH-NaOH
N/
8

of aniline (3) with cthoxymethylenemalonic ester (4)
gives the corresponding anilinomethylenemalonic ester
(5). Heating 5 in Dowtherm A results in ring closure
to produce ethyl 4-hydroxy-3-quinolinecarboxylate (6).*
Treatment of 6 with POCIL vields ethyl 4-chloro-3-
quinolinecarboxylate (7).  Addition of aniline to 7
followed by hydrolysis yields the 4-anilino-3-quinoline-
carboxylic acid (2).4

Using this procedinre we prepared ethyl 4-chloro-3-
quinolinecarboxylate (7) and ethyl 4,6-dichloroquino-
line-3-carboxylate (9) for use as intermediates. By re-
action of 7 and 9 with the proper amine, the esters in
Seheme IT were prepared.”  Hydrolysis of the esters
prodneed the eorresponding aeids.

All of these compounds were tested for diuretic
activity in both normal rats and hydrated dogs. The
pnormal mts were tested nt a dose level of 100 mg/kg
according to the proeedure of Cummings, et al. ® while
the hydrated dogs were tested using the method of
Little and Cooper” at 5 mgs/kg. Three of the com-
pounds, 2, 8 and 13, were found active in the rat at
this dose level; however, none of the compounds

(2) . Riegel, G. R. Lappin, B. 1. Adelson, R. 1. Jackson, C. 1. Allisetts.
Jr.. R. M. Dodson, and C. H. Baker, J. Am. Chem. Soc., 68, 1264 (1946).

t3) C. E. Kaslow and W, P. Clark, J. Org. Chem., 18, 55 (1953).

t4) W. O. Kermack and N. E. Storey, J. Chem. Soc., 1389 (1951).

(5) The 4-furfurylamino derivative was prepared as an extension of this
paelion tor 20.

i) L IR. Camanings, 2D, Havnes, L. M. Lipelucek, and M. A, Ronsbery,
J. Phormacol. Exp, Ther,, 128, 114 51060).

vy 1ML Litde and Caoper. dr., Fed. Proc., 8, 296 (19503,



