425 livans, Hannwoon, CasHiN, AN JacksoxN

this test; L[-[2-(dimethylamino)ethyl-1-phenyhndenc
hydrochloride (2) wuas the most active.  Relatively
minor structural changes reduced the aetivity mark-
cdly.  The corresponding indin (23) wus only one-
tenth ax active ux 2. Moreover, 1-[2-(dimethylamino)-
ethyl]-3-phenvlindene (1) was even less active aud
3-[2-(dimethylamino)ethyl-2-phenyiindene (4) wax in-
active.  Extension of the side chain by one C'Hy (10)
also lowered the activity considerably, a surprising re-
sult since the dimethylaminopropyl group ix the side
chain of hoth imipramine and amitriptyline.  Changes
1n the amine portion of the molecule revealed an inverse
relationship between the bulk of the amine group and
the activity of the compounds.  The demethy! deriva-
tive (6) and the N-oxide (5) both had acetivities on the
same order as 2, while the dicthylaminoethyl deriva-
tive (7) was only weakly netive and the morpholino-
cthyl analog (9) was inactive.

A comparison of some of the pharmucological netivi-
ties of 2 and the clinieally active compounds, imipra-
mine and amitriptyline, s summarized in Table IV,
1-(2-Dimethylaminoethyl)-1-phenylindene  hyvdrochlo-
ride (2) has a greater milligram potency in the reserpine
test.  Of special interest is the lack of central anti-
cholinergic effects of 2 as shown in the antisinistro tor-
ston® and  antiparkinsonism®®  tests, Compound 2
does show considerable MAO inhibition #n e2tro, using
as the eriteria the change of the rate of kynuramine oxi-

(27) A Kandel and 1% M. Lisl, Meard lodmsan aad Cro, Britsle Patew
1,041,484 (1966).

(28) M. C. Delpnge & A. 1. 11 Yuurke, Arch. Luteyse, hurmucodyri.,
137, 375 (1962).

129) G. M. Lveret, 1. 1.
TH 1406,

Blockus, and 1. M. Slepperd, Seienrve, 124,
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dation i liver homogenates, i the presence of the test
compotid, By the more indicative i edvo tests, nsing
both tryptamine and S-hydroxytryptophan potentin-
tion ax womeasure of MAOT activity, 2 did not behave as
an MAO inhibitor. Thus, the in eitro NMAOT activity
appears to be an artifact due ta Hver cell disruption,
atthough some MAO inhibition ¢ #ro s 1ot eon-
pletely ruled out. This combination of greater milhi-
gram poteney wud lack of anticholinergie ¢ffeets of 2
may resubt in sgnifieant reduction of the undesirable
atropine-tike side cffeets encountered ehnteally with the
standird ngents,

Table V summarizes the results obtained i the anti-
spasmodic and antiserotonin tests. The indans were
the most potent compounds in this aren.  3-(1-Methyl-
3-pyrrolidinylmethyl)-1-phenylindan hydrochlorde (38)
wax the most active of thisx series. having approxi-
nuately twice the potency of the reference agent pap-
averine as o nusculotropie agent with ouly 0.3-1.0¢;
of the neurotropie offects of atropine =ulfate.  Its
iromer, 1-(I-methyl-3-pyrrolidenyimethyl)-1T-phenyhn-
dan hyvdrochloride (39). wax cqually active as a nns-
cntotropie agent: however, 39 had neurotropic coffcets
which were ten times greater than its isomer (38).
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Kiszel and AL Kandel and Mr. I WL Dungan for the
pharmacologieal evaluations.  The assistance of Drs,
Do Rivard and R Majewski and Messrs. R D,
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[.. Jones at various times during the course of this
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Substituted Anilinopyridine Carboxylic Acids with Antiinflammatory Activily
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The synthesis of eleven substitnted anilinopyridinecarboxylic acids, of which seven were novelt, ix deseribed und
their antiinflammatory activity is compared with that of mefenamic acid and flufenamic acid. Comparable :e-
tivity was found with 2-(2,3-dimethylanilino)-, 2-(m-trifinoromethylaniline-, and 4-(m- trifinoromethylaniling )-
nicotinic acid.  The novel 8,9-dimethylpyrido{2,3-b]quincd-3-o1te was also synthesized and found to be inactive.

The recent publication of a patent! claiming deriva-
tives of 2-anilinonicotinic acid as analgesic—antiin-
flammatory agents prompts us to report our experience
with these and related anilinopyridinecarboxylic acids
in which the substituted anilino and carboxyl groups
are in different positions around the heterocyclic
nucleus.

This study was initiated to determine if the anti-
inflammatory activity of mefenamic acid? (la) and

(1) Société Anonyme Laboratpires U.P.8.A., Belgian Patent 657,266
(April 16, 1965).

2) tay C. V. Winder, J. Wax, L. Scotti, R. A, Scbherrer, I, M. Jres, ad
1. W, Shory, J. harmueol., 188, 405 (1062): (1) €. V. Winder, 1. Wax, 13,
Serriccae. 100 AL Jones. and AL L. MePlhier, Astheitis Rheemnt., 6, 3G (10635,

NHAr F NHAr
@] N
COOH ~"C00H

1 2

a, Ar = 2 )
b, Ay = 5-F,CCslly

flufenamic acid? (1b) was affected appreciably when
the phenyl ring A in these compounds was replaced by
a pyridine nucleus ns in 2. For this reason the com-
pounds which have been synthesized have been niostly
confined to the 23-dimethylanilino and #-trifluoro-
methylanilino derivatives.
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Chemistry.—2-(2,3-Dimethylanilinoynicotinic  acid,
2- and 4-(m-trifluoromethylanilino)nicotinic acids, and
3-(m-trifluoromethylanilino)isonicotinic acid were pre-
pared by heating 2 3-dimethylaniline or m-trifluoro-
methylaniline with the appropriate halogenopyridine-
carboxylic acid. No catalyst was required with the 2-
and 4-chloronicotinic acids but the deactivating effect
of the ring nitrogen on the 3 position of the pyridine
nucleus necessitated the use of more forcing Ullmann-
type conditions when 3-iodoisonicotinic acid was used.

An alternative route was used to prepare 4-anilino-,
4-(2,3-dimethylanilino)-, and 4-(m-methoxyanilino)-
nicotinic acids which involved the nucleophilic dis-
placement of the nitro group of 4-nitronicotinic acid
l-oxide by the corresponding aniline.? The resulting
anilinonicotinie acid 1-oxides were then reduced to the
required compounds by catalytic hvdrogenation over
palladized charcoal. m-Trifluoromethylaniline did not
react with 4-nitronicotinic acid I-oxide under similar
conditions.

In attempts to prepare 6-substituted anilinonicotinic
acids via the corresponding amides, the substituted
anilines were heated with 6-chloronicotinamide and
the products were hydrolyzed. 6-(m-Trifluoromethyl-
anilino)nicotinic acid was obtained in good yield from
m-trifluoromethylaniline but the method was unsuec-
cessful with 2,3-dimethylaniline.

In connection with this work, a new pyridoquinolone
4 was prepared in good yields by cvclization of 2-(2,3-
dimethylanilino)nicotinic acid (3) in the presence of

polyphosphoric acid. 2-(m-Trifluoromethylanilino)nic-
0O

CO,H

& “

GL —

N N CH, N N CH,
- CH, CH,
3 4

otinic acid gave a complex mixture of products under
the same conditions.

Antiinflammatory Activity.—The compounds were
tested for antiinflammatory activity by a modification
of the rat paw edema test of Winter, Risley, and Nuss*
who utilized carrageenin as the phlogistic agent.

In our experiments groups of four Sprague-Dawley
rats (Animal Suppliers (London) Ltd.) weighing 140-
170 g were dosed orally with the compounds at 0.5 and
3 hr prior to the injection of 0.1 ml of a 19, suspension
of carrageenin® in 0.99 saline into the plantar surface
of the right hind foot of each rat. The injected foot
volumes were measured immediately following the
carrageenin injection and 2.5 hr later using a ‘“‘plethys-
mograph,”’® and the difference was taken to be a reflec-
tion of the degree of inflammation produced. The
mean increase in volume for each group was calculated
and the results were expressed as a per cent inhibition of
swelling compared to a control group of ten animals
dosed with saline and tested concurrently.

Compounds active in the above test were then tested
for activity against ultraviolet erythema in guinea

(3) W. Herz and D. R. K. Murty, JJ. Org. Chem., 26, 122 (1961).

(4) C. A, Winter, E, A, Risley, and G. W. Nuss, Proc. Soc. Exptl. Biol.
Med., 111, 544 (1962).

(5) Gelozone S. T. I., Whiffen and Son Ltd., Loughborough, England.

(6) Volume differential meter manufactured by Ugo Basile, Milan, Italy.
Mercury is used as the displacing fluid.
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pigs, using equipment and erythema assessment similar
to that described by Haining.” Areas on the backs of
groups of four (two male and two female) albino guinea
pigs weighing 300—400 g were clipped and depilated with
a proprietary depilatory cream.® The test compounds
were given orally in suspension to each group
and 0.3 hr later four sites on the depilated skin of each
guinea pig were irradiated with the ultraviolet lamp
for 60 sec. The degree of erythema produced was as-
sessed 2.5 hr after irradiation using an arbitrary scoring
system; the mean score for each animal was calculated.
Results were expressed as a per cent reduction in
erythema, compared to a control group, treated sim-
ilarly but dosed with saline.

Results and Discussion

The antiinflammatory results are given in Table I
and for comparative purposes we have tested mefenamic
acid (1a) and flufenamic acid (1b) on our range of tests.

The only compounds showing antiinflammatory
activity of the same order as 1la and 1b were the 2- and
4-substituted anilinonicotinic acids (3, 5, and 8). The
other 4-substituted micotinic acids (6, 7, and 9), the
6-substituted compound (10), and the related iso-
nicotinic acid (14) showed no interesting activity and
the pyridoquinolone (4) was similarly of low activity.
The anilinonicotinic acid 1-oxides (11-13) showed only
slight activity; the apparent activity of 11 on the
carrageenin test was probably due to adrenal stimula-
tion as it was later found to be inactive in adrenalec-
tomized animals.

From these results it can be concluded that within
the limited series of compounds we prepared, the phenyl
ring A of mefenamic acid and flufenamic acids (1) can
be replaced by a pyridine nucleus in certain instances
without affecting activity.

Experimental Section®

Typical examples of all the reaction procedures involved are
given below and further details are noted i Table 1.

4-(2,3-Dimethylanilino)nicotinic Acid 1-Oxide. Method A.—
4-Nitronicotinic acid 1-oxide* (3.0 g) and 2,3-dimethylaniline
(15 ml) were stirred at 100° for 3 hr and the cooled mixture
was equilibrated between ether (100 ml) and two 50-ml portions
of 2 N NaOH. The aqueons solution was acidified with con-
centrated HCI and the precipitate was recrystallized from di-
methylformamide—water to yield the substituted anilino acid as
orange prisms (2.5 g, 6097 ), mp 272-274° dec.

4-(2,3-Dimethylanilino)nicotinic  Aecid. Method B.—The
above anilinonicotinic acid 1-oxide (1.0 g) in methanol (200 ml)
was hydrogenated at 4 atm and 50° in the presence of 109
Pd-C (0.3 g). The filtered solution was concentrated and the
residue was recrystallized from methanol or aqueous ethanol to
vield the expected acid (570 mg, 609 ), mp 302-304° dec.

2-(m-Trifluoromethylanilino)nicotinic Acid.! Method C.—
2-Chloronicotinic acid® (9.0 g) and m-trifluoromethylaniline
(20 ml) were stirred at 160-180° for 1 hr, cooled, and equilibrated
between benzene (100 ml) and two 100-ml portions of 2 ¥ NaOH.
Neutralization of the aqueous solution with concentrated HCI
yielded a light yellow precipitate which was removed by filtra-
tion, washed with a small amount of water, and recrystallized
from aqueous ethanol. The expected product was obtained as
needles (10.8 g, 67%), mp 203-205°.

(7) C. G. Haining, Brit. J. Phurmucol., 21, 104 (1963).

(8) Veet O®, Dae Health Laboratories, London, W. 1.

(9) Melting points are uncorrected. Microanalyses were carried out by
Dr. A. Bernhardt, Germany, and Drs. G. Weiler and F. B. Strauss, Oxford,
England.

(10) E. C. Taylor, Jr., and A, J. Crovetti, J. Org. Chem,, 19, 1633 (1954),
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3-(m-Trifluoromethylanilino)isonicotinic Acid. Method D.—
A mixture of 3-iodoisonicotinic acid! (2.5 g), m-trifluoromethyl-
aniline (4.0 g), K.CO; (2.8 g), reduced copper powder (0.3 g),
water (5 ml), and 1-pentanol (12 ml) was stirred under N, for
24 hr. The dark mixture was steam distilled, treated with char-
coal, and acidified with concentrated HCl. The precipitate was
removed by filtration and recrystallized from ethanol yielding
the required acid (300 mg, 119 ), mp 280-282°.

6-(m-Trifluoromethylanilino)nicotinic Acid. Method E.—6-
Chlorouicotinamide (6.0 g) and m-trifluoromethylaniline (15 ml)
were stirred at 170-180° for 4 hr. The cooled reaction mixture
was equilibrated between two 100-ml portions of benzene and
two 50-ml portions of 2 ¥ NaOH, and the combined organic solu-
tions were washed with water, dried (Na.SQ,4), and evaporated
utider reduced pressure to yield a yellow solid (9.0 g). A portion
of this solid (1.0 g), ethanol (25 ml), and 4 N NaOH (10 ml) were
heated at 100° for 7 hr. Most of the solvent was removed by

{11) K. Paldt, M., éeladnik. L. Novdicek, and R. Urbandik, Rozhledy
T'uberk., 19, 716 (1959).
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distillation, and water (25 ml) was added to the residue. The
clear solution was neutralized with 4 N HCI aud the precipitate
was removed by filtration, washed with a small amount of water,
and recrystallized from aqueous ethanol. The product was thus
obtained as light yellow crystals (600 mg), mp 243-246°.
8,9-Dimethylpyrido(2,3-b]quinol-5-one. Method F.—2-(2 3-
Dimethylanilino )nicotinic acid (1.0 g) and polyphosphoric acid
(10 ml) were stirred at 160° for 75 min, poured onto crushed ice
(30 g), and neutralized by the addition of 4 ¥ NaOH. The
solid which separated was removed by filtration, washed with a
small amount of cold water, and recrystallized from ethanol
vielding 4 as yellow needles (0.75 g, 819;), mp 243-244° dec.

Acknowledgment.—We thank Dr. 8. 8. Szinai for val-
uable discussion and Miss R. A, K. Finucane for tech-
nical assistance. The mefenamic and flufenamic acids
used in the biological tests were kindly supplied by
Dr. H. O. J. Collier, Parke, Davis and Company,
Hounslow, Middlesex, England.

2,4,7-Triamino-6-ortho-substituted Arylpteridines.
A New Series of Potent Antimalarial Agents

T. 8. OspENE, PETER B. RUSSELL,

Research Division, Wyeth Laboratories, Inc., Radnor, Pennsylvania

AND LEo RANE

Malaria Screening Laboratory, University of Miami, Miami, Florida

Recetved December 7, 1966

Activity against the experimental malarias caused by Plasmodium berghei in mice and P. gallinacewn in chicks las been demon-

strated for several 2,4,7-triamino-6-ortho-substituted arylpteridines.

The o-methyl and o-chloro derivatives were the most active

compounds i the systems examined. A toxicity study in rats and dogs revealed that 2,4,7-triamino-6-o-tolylpteridine is sufficiently

nontoxic to be administered in effective doses to humans.

From time to time reports of antimalarial activity in
the pteridine series have appeared in the literature.!=*
To the present, however, no compound of this type has
achieved clinical significance in the treatment or pro-
phylaxis of the disease. The present study originated
in the observation that 24 7-triamino-6-0-tolylpteri-
dine (I, R = 0-CH3)7 was highly active against Plas-
modium berghet infections in mice and that this activity
was coupled with a relatively low toxicity in this

specles,
H,N /Nl NYNHz
SN ZN
R

NH,
I

Results.—The activity of several of the most inter-
esting 2,4,7-triamino-6-arylpteridines is compared with
the standard antimalarial agents quinine sulfate and
chloroquine diphosphate in Table I.

From the table it can be seen that the activity of the
compounds at 160 mg/kg falls in the following order
taking quinine sulfate as 1: I, R = 2-CH; (7.7 Q) >

(1) M. D. Potter and T. Henshall, J. Chem. Soc., 2000 (1956).

(2) W. R. Boon, ibid., 2146 (1957).

(3) H. O. J. Collier and M. Phillips, Nature, 174, 180 (1954).

(4) A, Bishop, Parasitology, 44, 450 (1954).

(8) J. Thurston, ibid., 44, 99 (1954).

(6) J. Greenberg, J. Pharmacol. Ezxptl. Therap., 97, 484 (1949).

(7) R. G. W. Spickett and G. M, Timmis, J. Chem. Soc.. 2887 (1954).

TaBLE I
Increase Min. dose Increase
111 mean giving mn
survival cure, survival
time mng/kg tine at
MTD, at MTD, (cured/ 160
Comnpd mg/kg? days treated) mg/kgb
L R = 2CH; >1280  (Cure) 320 (6/10)  15.6
I, R = 2Cl >1280 (Cure) 320 (3/10) 10.5
L R = 26Cl >1280  (Cure) 320 (1/5) 10.6
IL,R=H 160¢ 5.6 5.6
Quin'ne 640 5.4 . 2
Chloroquinine 160 10 10

e Maximum tolerated dose = dose at which no toxic deaths
oceur. ® MTD of chloroquinine. ¢ Cure defined as a survival
of 30 days or more. 9 The MTD for this compound varied
greatly in ditferent tests as did the increase in MST (inean sur-
vival time).

ILR=2Cl1(53Q) =1, R = 2,6-(Cl); (5.3Q) > chloro-
quine diphosphate (5.0 Q) > I, R = H (2.8 Q). How-
ever the first three compounds differ from the remainder
in that they are able to cure the infection. Similar
results were obtained against P. gallinaceum in chicks.
It should be noted that while the compounds fall in the
expected order with respect to activity the quantitative
value of the activity (Q) is probably not comparable
with that obtained by other antimalarial tests against
experimental infection,® where the intensity of para-
sitemia rather than death is taken as the criterion.

(8) P. B. Russell in '*‘Medicinal Chemistry," A. Burger, Ed., 2nd ed.
Interscience Publishers, Inc.,, New York, N. Y., 1960, p 814.



