606 Nores
bdicated, 1ests were performied gt Umes ol penk aclivity as
determined diring toxicity studies.

Determinations were nade of 24-hr 1oxiciiies, nsing groups of
ten mice at each dose level, of anticonvilsam activiry against
clectroshock and pentyleneretrazole,® and of ability (o protec
Ngainst strychnine lethality® and  amphetanine aggregation
lethality,® the do=e n=ed in the latter 1est being the sane ax that
in the strychnine test in nearly «l eases.  Represenliive camn-
pands were also =ercetred for analgerie” and antiemeticd aclivity.
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In a previous paper! we deseribed a series of basie
cthers of guaiacol and thyimol with a polyoxyethylenic
chain (I), some of which showed considerable antitus-
sive activity; in addition, m almost all of the com-
pounds of that series, we recorded hypotensive proper-
ties of short duration, probably originating in a direct
action on the myocadium or the peripheral vasodila-
tion.  Quaternary annmonium salts often show a pro-
nouneed aectivity on  neuromuscular or ganglionic
transmission, which accounts for their properties of
lowering blood pressure; this prompted us to transforin
the basic ethers previously described into quaternary
anuoninm salts (I1), in order to see if the hypotensive
activity of the former was enhanced.

The deseription of the new compounds, listed in
Table I, and their pharmacological evaluation are the
subjeet of the present note.

R—~(OCH,CHy),,Y

OCH, CH(CH,),

R=

CH,
L.Y=NR, B
1, Y = NR/y(C;H,) T

Experimental Section

Where analyses are indicated only by symbols of the elements
attalytioal result= abtaitied for thase elements were within 0.4,
of the theoreticul values.

(1) M. Carissiini, A, Cattaneo, R. 1" Nmbrosio, V.o De Pascuide, o G-

melli, 150 Milla, srel 10 Ravenun, /.o Mod, Chen,, 8, 532 (1967,

Vol. 11
Tarn |
Erinopies ar Basie rnerg or Grataeal, axn Toyaaor
R (O(JHzClll)hN "RLCuH LT
OCH. CH(CH.).
| .
R=G={ R:T=<_k—
CH,
Yield,
No. R n NR Yormnla’ Methionl ‘e
L (% 2 Ni(sllg) C7111NO; \ BTl
2 T 2 N (C:Hg) CuHsINO: A i
i G 3 N(C:Hg) CryMHaI N O« B 5
1 1 3 N (a5 CaaBl40IN O3 A o
N (¢ t (' CallslNOs 13 87
1 T 1 Cog Mg INOs 13 G4
7 G B NC:He) CuNazl NOs B e
8 T B NA(Cally) CalesINOs B T
a G 1 Nl CosHasIN O I S1
10 1 G Ni(aHs). CasNs2l N Os I 80
11 [ 5 N (Caldg)s Cor Mgl NOx ik T
12 T 7 NCaHe)s Calpl NO* 1B 82
13 & 2 Piperidino CisH3INOs 1B 81
1t T 2 Piperidino CaHuINO: B a1
G 3 Piperidine CnFHuINOS B a5
16 r 3 Pipreridino CasHgINOs B a2
17 G 1 Piperidino ('29Hizs1INOs 1B a1
18 T 1 Yiperidino CoFlal NOy B K4
19 ) 5 lliperidino 2 HaeINOg 1 a3
20 T 5 Piperidino CorHgINOs I 90
J1 [§ 1i Piperidino Caogliggl NO: 1B al
22 s fi Viperidine CaeH e INOg? 13 aa
23 C 2 Morpholino CalsINOs 1’ 20
21T 2 Morpholina CoHuIN Ot 13 32
25 [§ 5 Morpholine CrsHINOs 1B 80
26 ) 3 Morpholina CoHlNOs B T
27 [ 1 Morpholine CaHINOs B 87
28 T 4 Marpholing oy HaINOs 13 i
24 (L 2 Yyrroliding CryHpIN O B a6
30 T d Pyrroliding C2HuINO: 13 B
31 [ 3 Pyrrolidino CroliaIN Oy B 72
3 T 3 Yyrrolidino CogHasINO; B 87
33 (¢ +4 Pyrrolidina CaHisINOs 13 a3
33 T 1 Pyrralidine CoaHlINOs 1N 86
3 G 2 I-Methylpiperazino  CagHasl:N20): [ a8
36 iy 2 -Methylpiperazino  CullalaN20s! ¢ 81
37 (¢ A {-Methylpiperuzino  CalglzNeOy [ 1i6
38 T i I-Mechylpiperazino  CaHasIaN2Ox & 60
39 ¢ I A-Methylpiperazino  CaHagl:N205* « 86
4@ T 1 t-Mechylpiperazino  CyrHsolaN204 & ()

« Melting poinls were determined in 4 capillary tube and are
nal corrected. * Mp 94° from +-PrOH. < Mp 109° from /-PrO11-

1.0, 4 Mp 66-68° (washed many times with ether). -« 1:
aded, 18.95; found, 18.46. /1. caled, 26.47; found, 25.94.
« 10 caled, 19.90; found, 20.35. #1: caled, 27.38; found,

26.89. 7 Mp 163° from +-PrOH.
1 caled, 36.55; found, 37.17.
for T, N.

i 1: caled, 40.12; found, 40.65.
LAl compounds were wnalyzed

Methods A and B.—The amine was dissolved with cooling
i1 the same volume of EtI and, after standing 24 hr in the dark
at room temperature, dry ether was added to the solution. Somc-
times 4 solid precipitated (method A). This was filtered, washed
with ether, and recrystallized. In most cases, however, an oil
separated (method B) which was repeatedly slurried with ether
:nd dissolved in 10 vol of acetone. After filteriug with charcont
the solution was cevaporated, yielding the guaternary salt as a
elear water-soluble oil, which was dried at 60° (1 mm).

Method C.-—The amine (5 mmoles), 5 ml of EtI, and 50 ml of
dry MeOH were refluxed for 16 hr, after which time the solution
was evaporated to dryness. The oily residue was shirried re-
pestedly with dry ether and dissolved i 20 il of a saturided
sohitian of NaHCO;.  This solution was extracted five times with
5 il (CHCL) and evaporated at 35° (13 mm) to give a semisolid
residue, from which the mineral salts were eliminated by extracting
ing with 20-ml portions of hot 7-PrOH and filtering from insoluble
material.  After evaporation of the solvent the oily quaternary
=alt was checked for the presence of mineral residue und extracted
with ¢-PrOH nuntil it was pure.
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Pharmacology

All the compounds shown in Table I were studied as
spasmolytics, as hypotensives, and, owing to the pres-
ence of a quaternary nitrogen, as possible synaptic
blocking agents at ganglionic and neuromuscular level.

As spasmolytics they were tested against acetylcho-
line, BaCly;, and nicotine contraction on the isolated
jejunum of rats and guinea pigs.?2 Their effect on blood
pressure and their possible synaptic blocking activity
were tested on rabbits and cats anesthetized with
pentobarbital, injected intravenously with 5.5 ulM /kg
of the various substances.

In cats (a) the two nictitating membranes were
electrically stimulated at the same time, pre- and
and postganglionically, respectively, before as well as
during and after treatment and their isotonic contrac-
tions were kymographically recorded; (b) the changes,
after treatment, of blood pressure responses to epi-
nephrine, nicotine, carotid occlusion, and vagal excita-
tion were recorded by a manometer inserted in the
femoral artery. In rabbits the gastrocnemius con-
tractions, elicited by sciatic nerve stimulation, were
recorded before and after treatment.?

From this general screening many compounds be-
longing to the thymol derivatives were shown to exert
a spasmolytic action against nicotine on the isolated
jejunum, a hypotensive effect and an inhibiting activity
ol the nictitating membrane. None of these com-
pounds antagonized in wviwo the epinephrine action:
its contracting effect on the nictitating membrane was
unchanged and its blood pressure effect was enhanced.
The blood pressure responses to nicotine, carotid occlu-
sion, and vagal stimulation were reduced considerably.
Among guaiacol derivatives the only active substances
were 15 and 17. The results for the most interesting
compounds are reported in Table II.

TasLe 11
Relaxing
effect on
Nict membrane response to stim® isolated
Preganglionic Postganglionic Arterial gut EDso
During  After During After blood against
treat- treat- treat- treat- pressure nicotine,
No. ment  ment ment ment falle ug/mlé
4 ++ - ++ - +++ 1.1
10 ++ + - + +++ 1.5
22 + + +++ + +++ 1.5
24 ++ ++ ++ ++ ++ 2.5
36 ++ + ++ + +++ 2.8

@ Mean results of two to three experiments. b +, ++4+, +++
= relaxation, respectively, of 10-20, 30-50, and 1009, of initial
values; mean duration 20 min. — = no relaxation. Stimula-
tion trains of maximal electrical impulses (10-12 cps, 3-msec
duration for 2 min, at intervals of 3 min). ¢+, +4+, +++ =
decrease of blood pressure up to 30, 60, and >60% of initial values,
respectively; mean duration ~30 min. Observations on normal
or atropinized cats and dogs. ¢ Concentration reducing by 509
the maximum nicotine contraction of guinea pig isolated gut.

For these compounds a further series of experiments
was performed with the aim of testing their effect
(a) on the blood pressure of hypertensive rats;s

(2) E. Grumelli and A. Cattaneo, Farmaco (Pavia) Ed, Sei., 16, 774
(1961).

(3) M. Carissimi, I. Grasso, E. Grumelli, E. Milla, and F. Ravenna, ibid.,
13, 231 (1958).

(4) A. Grollman, Proc. Soc. Exzp. Biol. Med., 57, 102 (1944).

(5) C. 8. Alexander, ibid., 94, 368 (1957).
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(b) on the blood pressure of pentobarbitalized dogs, in
which the systemic arterial blood pressure was recorded
together with that of a local and peripheral circulatory
district (posterior leg);# (c) on isolated rabbit hearts
(Langendorff) injected with 10-1000 ug or perfused by
Krebs solution to which 1-500 ug/ml of the tested
substances were added; (d) on the isolated vessels of
rabbit ear” (4 and 22 only).

The results of this group of experiments were the
following. (a) All compounds of Table II, though
hypotensive on the normal anesthetized animals, were
unable to decrease the blood pressure of hypertensive
rats, (b) Doses equal to one-tenth of the minimal
amount acting intravenously as systemic hypotensives
gave, when intraarterially injected,® substantial vaso-
dilation lasting about 15 min in the vascular bed of the
posterior leg, without affecting the systemic pressure;
the local and general hypotensive effect were not abol-
ished in previously atropinized animals. (¢) In the
isolated hearts the beats were unchanged in frequency
and amplitude in the entire range of employed doses.
(d) Both a vasodilating and an adrenolytic effect on
the vessels of the isolated rabbit ear were obtained with
4 and 22 in a range of from 10 to 500 ug/ml of perfus-
ing fluid.

On the basis of these results the mechanism of the
observed hypotension does not appear as a simple one,
The hypotensive effect can be related partially to a
moderate ganglionic blocking activity, as shown by the
decrease of the contractions of the preganglionically
stimulated nictitating membrane. This mechanism,
in spite of the fact that the contractions of the second
postganglionically stimulated membrane were equally
diminished, is supported by those modifications of the
blood pressure response to several agents (increase for
epinephrine; decrease or suppression for nicotine,
carotid reflex, and vagal stimulation) and by the inhib-
iting effect on the nicotine contractions of the isolated
gut, which are peculiar to all ganglionic blocking agents.

A point of attack at the effector level must also be
postulated: the contractions of the nictitating mem-
brane were decreased when postganglionically stimu-
lated; the smooth muscles of blood vessels relaxed
appreciably, as shown by the localized vasodilation in a
vascular district of a living animal not accompanied by
a systemic hypotension; and finally, for two compounds
(4 and 22), a vasodilating effect was seen on the vessels
of the isolated rabbit ear.

A component of the hypotensive effect due to an
impairment of the cardiac function is to be excluded, on
the basis of the blood pressure and the isolated rabbit
heart records. In these the heart beats were unchanged
in frequency and amplitude even at concentrations of
the drugs in the perfusion fluid well above those acting
intravenously as hypotensive in the living animals
(rabbits, cats, dogs). In the whole animal an adrenoly-
tic as well as a pure vagal effect must also be excluded,
since the epinephrine responses were not abolished or
diminished after treatment and the activity of the
tested substances was not suppressed after atropiniza-
tion.

The hypotension and the local vasodilation as well as
the decrease in the contractile response of the nictitating

(8) P. Nolf, Bull. dcud. Roy. Med. Bely., 895 (1902).
(7) A. Fleckenstein, Brit. J. Pharmucol., T, 553 (1952).
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nmemibrane elicited by postganglionic stimulation seem
then to be due not only to a moderate mhibition at the
level of the ganglionie syuapses but also to a relaxing
effeet directly exerted by the injected substanees on the
smooth musenlar fibers of the vascada walls and nicti-
tating membranc.

Substituted Heteroaromatic Anthranilic Acids

with Antiinflammatory Activity

E. Kaven, J. Wers, avp TW Narvis
lesearck Division, Pharmacia A4S, Copenhagen-Vanlose, Dowwack

Leceived November 301, 196

The pronounced pharmacological activities of N-
(2,3-dimethylphenyl)anthranilic acid (nefenamie neid)!
and of other substituted anthranilie acids** have
stimulated other workers to prepare and evaluate
numerous analogs of this clusz of compounds for their
analgetic and  antiinflammatory  properties.  Sutton
and Bimiet described the synthesis of I-carboxy-S-
trifluoromethylphenothiazine, an active trieyelie sulfur
analog of N-(3-trifluoromethylphenyl)anthranilic acid
(Aufenamic acid). Recently, series of anilinopyridine-
carboxylic acids® and 4-anilinopyrimidine-5-carboxylic
acidst have been prepared, and significant antiinflam-
matory activity has been established for several mem-
bers of each group of compounds.

These results suggest that the anthrandyl ring of
mefenamic aad may be snbjected to considerable
manipulation without serionsly affecting the activity.
We wish to report the synthesis and pharmacology of
novel anthraniliec  acids  containing  heteroaromatic
N-substituents.  Only «w few ecompounds of this type
have previously been reported in the literature.”

Chemistry..—The majority of the compounds listed
i Tables I-I1T were prepared by the reaction of ap-
propriately  substituted chloro heterocyeles with an-
thranilic acid in hydrochlorie acid in a manner similar
to that employed by Banks for the preparation of N-
(substituted pyrimidinyDanilines.  Alternatively, snb-
stituted methylthio heterocyeles were treated  with
anthranilic acid in afkaline solution (18, Table I, and
23, Tuable 111).

N-[5-(4-Carboxy - 2.6-dibydroxy pyrimidinyl) Janthra-
nilic acid (20) was prepared under Ullmann conditions
from o-bromobenzoic acid and S-nmino-4-carboxy-2,6-
dihydroxy pyrinidine.

1y Co V. Winder, 1o Wax, L. Seotd, R N, Selercer, 150 A Jones, and
1. W. Sbort, J. Pharmacol. Exptl. Therap., 138, 405 (1962).

{2y C. V., Winder, J. Wax, B, Serrano, . M. Jones, and M. L. Melhee,
Artheitis Rhewraal,, 6, 36 (19635,

G3) LV Winder, Jo Wax, and ML Welfowl, S Pharnacdd. Eeptl, Therage.,
148, 122 (1965).

1) B, AL Suatton wud 3o 1) Birnie, /. Med. Chew., 9, 835 (19665,

3) (a) 1. Mvans, X, S, Hallwood, (. M, Cashin, and 1. Jacksou, 1thid.,
10, 128 (1967); (1) Soeciété Ananyme Labaratories U.1)S.A., Belgian latent
657,266 (1965).

{6) 117 Juby and "I AW, Nadywma, J. Ved. Chem., 10, 954 (1967).

(7) (a) C. X, Banks, J. Am. Chem. Soc., 66, 1131 (1944): () D. D), Lesly
and NN Galdberg, J. Chem. Soe., 1097 (19575: Ge) M. Yanad and 1 K-
ishi. Nippen Kagakw Zasshi, 80, 1181 (1959); (1) 1. Ueda and 1. 1 Yox,
Joo Med, Chea., 6, 607 (10G3) 0 () G N. Mubapatra and ML Ko Roa, S
Ladian Chew. Soe., 30, 398 (1953); 81, 033 (031): 34, 453 (1957): f
11, K. Pujaciand M, K. Ront, 2ad., 31, 237 (1931); (#) 3. K. Ruue, ifad., 38,
THG (1056).

8) N Banks, /. b, Chene Saee. 66, 1127 (19115,
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When 2-chloro-t-diethylamino-ti- methyIpyrimidine
and anthranilic acid were heated i dilute HCI, the dihy-
drochlorideof the anilinium saltof 19 was isolated in 4547
vield.  Undar the influence of the d-diethylamino suh-
stituient of the pyrimidine ring, extensive decarboxyla-
tion of the anthranilic aeid had occurved.  This effect
wis not observed during the preparation of the related s-
tnazie derivatives under the same conditions,

With few exeeptions the intermediate chloro- and
methylthio heterocyeles are known compounds.  The
preparation of the new compounds of tlhis type by
established procedures s deseribed in the Experimental
Scetion. A convenient and efficient method for the
svithesix of S-chloropyrimidines was developed. -
Chloro-2,6-dimethyl-4-hydroxy pyrimidine  had  previ-
on=ly been prepared by the condensation of acetamidine
and ethyl  a-chloroacetoncctate.”  We ohtained  the
conmpowndd - high yield by direet chlorimation of 2,6-
dinethyl-4-hydroxypyrimidine with aqueons sodium
hypoehlorite.  3-Chloro-4,6-dimet hyl-2- hy droxy pyrin-
idine wis prepared by the same method, which ap-
pears generally applicable to hydroxy pyrinmidines.

Biological Activity. - The compounds were zercencd
for their antunflammatory and analgetic activity by
the following procedines: yeast edema test inomice,'
kaolin cdema test i rats,™ and by a modified mouse-
writhing test.?

Groups of ten white male NMRI mice were dosed
orally 30 nmin prior to the injecetion of 0.02 ml of a 29
su=pension of hakers yeast into the plantar surface of
the left hind paw of each animal.  After 3 hr the mean
per cent weight merease of the inflamed paws was
compared with that obtained in the control group, aid
the resnlts are expressed as per cent inhibition.

The kaolin edema wax induced by injection of 0.1 ml
ol 2 109 snspension of kaolin into the left hind paw of
agronps of ten male Wistar rats immediately after the
oral adnnistrition of the test compound.  The degree
of swelling was measured volumetrically 5 hr later and
the vesult= are expres=ed as per cent inhibition of swelling
compared to the control group. A fixed oral dose of
300 g, kg was tmployed in these two proceduores.

In the writhing test for analgesia groups of five male
N MR mice were mjected imtraperitoneally with 0.2 ml
of 1 0,759 aqueons acetie acid solution and the writh-
ing= for the whole group were connted dming the fol-
lowing 20 min. A fixed oral dose of 100 mg/ kg of the
test. enmponnd was given I hr prior to the experiment
and the reduetion i writhings was recorded as per cent
inhibition compared with the control group. H the
fixed dose resulted in more than 506 inhibition, lower
doses were tested, aud 19150 vahies were caleulated.

I the yeast edema procedure the compounds 3, 4, 6,
7. 15, 21, and 22 <howed activities ranging from 12
369 inhibition.  Similar effects could be obtained with
50--200 mg kg of acetylsalicylie acid, while @ dose of 20
mg/ kg of mefenamic acid resulted in 239 inhibition.
The compounds 3, 5. 14, 15, and 24 caused inhibition of
the knolin edema ranging from 23--579; corresponding
to the results obtained with 10-50 mg/kg of phenyl-
bntazone or 25 100 mg/kg of mefenamie acid,  In the

0 LLove Aleyey, Chen Zenby TT, 912 {190t).

0+ g Wels, Med, Ezpti., 8, 1 (1963).

110 L Lewenz, deeh, Teptl, Pathed. Dhavewacol., 241, 516 11961).

12000 00 1L Uollier, AL 1L Mamsond, 8. Narwood=-Barrel, wnd ¢
Selmvider, Natawr:, 204, 1316 (196:1).



