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5-Imino-2-(p-aminophenyi)-A%-1,3,4-oxadiazoline Dihydro-
chloride (3). Method J.—To 10 g (0.05 mole) of 19 in 250 ml of
glacial acetic acid heated initially to the boiling point and with
the source of heat removed, was added portionwise a total of 10 g
of Fe powder; the mixture was stirred an additional 0.5 hr,
heated under reflux for 2 hr, and filtered hot. The filtrate was
concentrated to dryness ¢n vacuo, the residue was shaken with 250
ml of 109, aqueous NHg, filtered, dried, and extracted with 500 il
of boiling 1-butanol. The butanol extract was conceutrated to
dryness in vacuo and the residiie was dissolved in 109, aqueous
HCIL. The HCI solution was concentrated to dryness in vacuo
to give 3. An attempt at catalytic reduction of 19 with Pd-C
in glacial acetic acid under 3.5 kg/cm? of hydrogen was unsic-
cessful.

5-Imino-2-(1-ethyipropyl)-A2-1,3,4-0xadiazoline Hydrochlo-
ride (12). Method K.—Compound 11 (9.0 g, 0.058 mole) was
dissolved in 1:10 absolute ethanol-ether, and the solution was
treated with ethereal HCI nutil acidic to congo red. The precipi-
tate was filtered and air dried to give 9.0 g of 12.

5-Imino-2-( a-ethylbenzyl)-A2-1,3,4-0xadiazoline Hydrochlo-
ride (10). Method L.—To 4.0 g (0.02 mole) of 9 in anhydrous
acetonle was added 0.02 mole of HCI in absolute ethanol; an-
hydrous ether was added to turbidity and the whole was cooled
to give 10.
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1-Ethyl-3-(5-phenyl-1,3,4-0xadiazol-2-yl)urea (32). Method

M.—A solution of 4.5 g (0.028 mole) of 20 in 50 ml of ethyl iso-
cvanate was heated under reflux for 4 hr and then partially
coucentrated in vacuo to give 32.

5-Imino-2-phenyl-A2-1,3,4-o0xadiazoline Maleate (25). Method
N.—A mixture of 1.61 g (0.01 mole) of 20, 1.16 g (0.01 mole)
of maleic acid, aud 100 ml of propanol was heated to boiling and
then cooled to give 2.4 g of 25.

5-Imino-2-phenyl-A2-1,3,4-0xadiazoline Citrate (26). Method
0.—Method N was followed except that 100 mli of acetonitrile
was the solveut.
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A mnmber of 4-N-substitited amino- and carbamoyi-2,3-polymethylenequinolines have been synthesized and
have been found to exhibit a wide spectrum of pharmacological properties, which inclnde analgetic, local anesthe-

tic, analeptic, and respiratory stimulant activities.

In particular 4-(4-morpholinyl)-2,3-pentamethylenequinoline

has shown significant and promising analeptic and respiratory stimulant activity.

5-Amino-1,2,3,4-tetrahydroacridine (4-amino-2,3~
tetramethylenequinoline), although originally syn-
thesized for antibacterial studies,! has been shown to
possess a wide spectrum of pharmacologial actions,
which include anticholinesterase,® antagonism to psy-
chotomimetics,® morphine antagonist,* analeptic,*® and
decurarizing® actions. This molecule seems to offer a
good lead for further exploration. Except for an old
report of analeptic action of 3,4-dihydro-1,2-benzacrni-
dine-3-carboxylic acid® (Tetrophan), local anesthetic
activity for N,N-diethyl-1,2,3,4-tetrahydroacridine-5-
carboxamide’” and a report published during the
course of this work on the analeptic activity of amino-
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(2) (a) ¥. H. Shaw and G. A. Bentley, Australian J. Exzptl. Biol. Med.
Sei., 31, 373 (1953); (b) I. 8. De La Lande and G. A. Bentley, ibid., 83,
555 (1955): (c) E. Heilbronn, Acta Chem. Scand., 18, 1386 (1961).

(3) 8. Gershon, Nature, 186, 1072 (1960).
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(b) Nature, 169, 712 (1952); (¢) F. H. Shaw and G. A. Bentley, Australian
J. Exptl. Biol. Med. Sci., 33, 143 (1955); (d) T. H. Shaw, 8. Gershon, and
G. A. Bentley, J. Pharm. Pharmacol., 9, 666 (1957).
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(1926); Chem. Abstr., 20, 2204 (1926).

(7) 0. Yu Magidson and A. I. Travin, J. Gen. Chem. USSR, 7, 842 (1937).

cycloheptaquinoline,® not much is known about the
pharmacology of these compounds. Brian and Souther?
have recently reported the synthesis of a few more
substituted 5-amino-1,2,3,4-tetrahydroacridines but
gave no data about their biological activity. The
synthesis of a number of 4-N-substituted amino-2,3-
polymethylenequinolines (I) and 4-N-substituted car-
bamoyl-2,3-polymethylenequinolines (IT) has now been
carried out and their pharmacological actions studied.

R
@f%@
N7 N(CH),
I, R=-N< 1
IL R—-CoN< ‘=13

The 4-chloro-2,3-polymethylenequinolines were pre-
pared from the corresponding hydroxy compounds by
treatment with phosphorus oxychloride,”® which on
coudensation with the appropriate amines in phenol at

(8) N. Plotnikoff, J. Keith, M. Heimann, W. Keith, and C. Perry, Arch.
Intern. Pharmacodyn., 146, 406 (1963).

(8) W. P. Brian and B. L. Souther, J. Med. Chem., 8, 143 (1965).

(10) (a) B. K. Blount and 8. G. P. Plant, J. Chem. Soc., 376 (1937); (b)
L. J. Sargent and L. Small, J. Org. Chem., 11, 359 (1946),
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temperatures ranging from 120-145° gave the required
4-substituted amino-2,3-polymethylenequinolines, which
are described in Table I. The yields obtained in thix
condensation arc very largely dependent on the tem-
peraturc of the condensation, particularly with the
pentamethylene compounds.
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For the preparation of compounds of tyvpe 11, the
4-carboxylic acids were prepared by the condensation
of isatin with the appropriate eycloalkanones!! and
converted into the corresponding chloride hydro-

(111 W Rarsche fBec, 41, 2201 0 1908),
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chlorides, which on treatment with the required amines
gave various 4-N-substituted carbamoyl-2,3-polymeth-~
ylenequinolines (Table I).

Experimental Section

4-Chloro-2,3-pentamethylenequinoline (25).—Powdered and
dried 4-hydroxy-2,3-pentamethylenequinoline (12.5 g, 0.058
mole) was added under stirring to POCI; (20 ml, 0.218 mole) over
a period of 1 hr. The straw-colored mixture was refluxed for 0.5
hr at 125-130°, poured over 250 g of crushed ice, and stirred
vigorously for 1 hr until a clear solution was obtained (warming
if necessary). The solution was filtered, cooled, and basified with
anmionia, and the product was filtered; yield 12 g (889%).
Crystallization from acetone gave an 85%; recovery of pure 4-
chloro-2,3-pentamethylenequinoline.

4-(4-Morpholinyl)-2,3-pentamethylenequinoline (19).—A mix-
ture of 4-chloro-2,3-pentamethylenequinoline (4.6 g, 0.02 mole)
and phenol (3.6 ml, 0.04 mole) was heated at about 100° for
15 mii, uutil a clear solution was obtained. Morpholine (3.6 ml,
0.04 mole) was then added dropwise with stirring and the mixture
was heated in an oil bath at 140-145° for 20 hr. The resultant
gelatinous mass was poured into 100 ml of water and triturated
until it solidified. Water was decanted, the product was taken
up in ether and extracted successively with 209 NaOH and water,
and the ether layer was dried (Na,S0O,) and evaporated to dryness.
The product was contaminated with 4-phenoxy-2,3-pentamethyi-
enequinoline (16). The crude product was taken up in 6 N
HCI and the less soluble hydrochloride of 16 was filtered, the
deep yellow filtrate was extracted exhaustively with ethyl acetate
to remove the last traces of impurities, and 19 precipitated from
the acid solution with 109 NaOH solution. Crystallization
from benzene-hexane (60-70°) gave 3.5 g (639) of 19 as pale
vellow crystals, mp 123-124°,

Anal. Caled for CisH»N:0: C, 76.66; H, 7.85. Found: C,
76.86; H, 7.57.

4-Phenoxy-2,3-pentamethylenequinoline (16) was obtained by
warming its hydrochloride with 109, NaOH. Crystallization
from cyclohexane yielded boat-shaped platelets, mp 128-129°,
infrared 8.25 u (ArOAr).

Anal. Cﬂ,l(‘d for Con]gNOI C, 83()4, H, 6.92.
82.72: H, 7.46.

All of the other substituted amino-2,3-pentamethylenequino-
lines (n = 3) listed in Table I were prepared as above. In the
preparation of the amino-2,3-trimethylenequinolines (n = 1)
the temperature during condensation in phenol was maintained
at 135° and the product was worked up as above. A temperature
of 120° sufficed for the preparation of amino-2,3-tetramethylene-
quinolines (n = 2) and in this case the crude product was free
from 5-phenoxy-2,3-tetramethylenequinoline and only required
to be filtered through a short activated alumina column before
crystallization.

2,3-Pentamethylenequinoline-4-carboxylic Acid (22).—Isatin
(10 g, 0.068 mole) dissolved in 309 aqueous KOH (40 ml, 0.375
mole) was added to an excess of cycloheptanone (20 g, 0.178
mole) dissolved in ethanol (75 ml) and the mixture was kept
under reflux for 10 hr. Ethanol was removed under vacuum and
the residual syrupy yellow mass was taken up in water (100 ml),
the excess cycloheptanone was extracted with ether, the aqueous
extract was filtered, and the filirate was acidified with acetic
acid when 2,3-pentamethylenequinoline-4-carboxylic acid slowly
crystallized in quantitative yield (16 g). The product was
collected and washed with a little ethanol and then water until
washings were neutral. It could be crystallized from 100 parts
of ethauol.

4-(1-Piperidyl)carbonyl-2,3-tetramethylenequinoline (14).—
2 3-Tetramethylenequinoline-4-carboxylicacid hydrochloride (14.1
g, 0.05 mole), prepared by passing a stream of dry HCI through
a suspension of the carboxylic acid in dry ether, was dried and
mixed intimately with PCl; (10.4 g, 0.05 mole). The mixture was
shaken ou a water bath until the reaction commenced (15 min)
and the mixture became a semisolid. Dry thiophene-free benzene
(50 ml) was added and the mixture refluxed on the steam bath
until no further HCI was evolved (1.5 hr). It was cooled and
the product was filtered and washed with more benzene to give
12-14 g of colorless crystals of 2,3-tetramethylenequinoline-4-
carbonyl chloride hydrochloride, mp 201-202° dec (lit.7 198~
200°). The produet was dried in vacuo over NaOH and used
directly for condensation.

Found: C,
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A solution of piperidine (2.7 g, 0.03 mole) in dry benzene (10
ml) was added to the above chloride hydrochloride (2.8 g, 0.01
mole) suspended in benzene (5 ml) or dissolved in chloroform (5
ml) and the mixture refluxed for 0.5 hr. The resultant solution
was cooled, the piperidine hydrochloride was filtered, and the
benzene solution was passed through a short column (10 g) of
activated aluming to remove colored impurities. Evaporation
and crystallization from benzene—ether gave 1.6 g of 14, pale
yellow plates, mp 192°,

Anal. Caled for CyHeN,O: C, 77.55; H, 7.82.
C, 77.67; H, 8.07.

All the other 4-N-substituted carbamoyl-2,3-polymethylene-
quinolines (n = 2 and 3) listed in Table I were prepared as above.

Pharmacological Activity. Methods.—Acute toxicity and
gross observational effects were studied in mice by intraperitoneal
administration of the compounds. The anticonvulsant activity
in mice was tested against maximal electroshock seizure (MES).
The analgetic activity was evaluated by the rat tail method.
The local anesthetic activity was tested by the rabbit cornea
method, and thig activity of the promising compounds was
confirmed by intradermal injection in guinea pigs. The effect
on blood pressure and respiration was determined in anesthetized
cats by intravenous administration, The analeptic activity was
determined in mice against phenobarbital, pentobarbital, thio-
pental, morphine, and ethanol. The promising compounds were
studied in detail for their respiratory stimulant activity in rab-
bits and cats against morphine- and barbiturate-induced de-
pressed respiration. Anticholinesterase activity was determined
in rat brain homogenates using acetylthiocholine as substrate.!?

Found:

Results and Discussions

Pharmacological data of the compounds are described
in Table II.

Analeptic Action.—Most of the compounds showed
central stimulation as evidenced by hyperreflexia,
hyperactivity, Straub’s phenomenon, and polypnea,
followed by clonic and tonic convulsions. The analeptic
activity was most marked in 2,3-pentamethylene-
quinolines (18-20) and was particularly significant in
19; the activity of the latter was, therefore, studied in
detail. In mice at 0.5LD; it could reduce the sleeping
time of 60 mg/kg of pentobarbital by 859, (Table III),
and there was cross protection against barbiturate
toxicity at different dose levels (Table IV). At 0.5LDj,
the sleeping time of ethanol hypnosis was reduced by
889,. From ethanol, urethan, and chloral hydrate
hypnosis at LDg the arousal was instantaneous, but no
protection against the toxicity of the drug was afforded.

Respiratory Stimulant Action.—A number of com-
pounds showed polypnea (4, 6-8, 13-15, 19, 23, 24).
This increase in respiration was again most marked in
19, which was unaffected by carotid and aortic de-
nervation. This compound had no effect on electrical
transmission through the superior cervical ganglion of
cats. In rabbits it could prevent the death due to re-
spiratory failure by thiopental, pentobarbital, and pheno-
barbital, and the latter two barbiturates in turn
prevented the death due to the very high doses of
the compound (Table V) which was more active than
d-amino-1,2,3,4-tetrahydroacridine (THA) (Table V).
Nikethamide aund prethcamide at similar doses could
not prevent the pentobarbital-induced toxicity, while
pentylenetetrazole could check the death, but the in-
crease in respiration was not as marked as with 19.

This respiratory stimulant action was also evident in
anesthetized cats and rabbits, where depressed respira-
tion was produced by loading doses of morphine, pento-
barbital, and chloralose.

(12) S, 8. Parmar, M. Sutter, and M. Nickerson, Can. J. Biochem. Physiol.,
39, 1335 (1961).
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No.

3

10

13

14

16

18

Approx
LD
(1nice),
mg/keip
45

50

50

100

150

380

250

250

1000

70

15
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Tasre I

PrarmacorogicaL Activity oF SOME or TiE 2,3-POLYMETHYLENEQUINOLINES
Effeet on puentobar-

Gross observations
(mice)

Straub tail, hyperre-
flexia, hypersensitive
to touch, persistent
clonic convulsions,
salivation, and
lachrymation.

Polypnea, persistent
clonic convulsions,
hyperreflexia, saliva-
tion, gasping respira~
tion.

Hyperreflexia, gasping
respiratioil, cyanosis.

Polypnea, clonic con-
vulsions, and gasp-
ing respiratioul.

Polypnea, preconvul-
sions, piloerection,
salivation, Iachry-
mation, mydriasis,
gnsplig respiration,
and denth,

Polypnea, clonie con-
vilsion, salivatiorn,
lachrymation, my-
driasis, locomotor
activity reduced.

Quick and irregular
respiration, tail lash-
ing, clonie and tonic
convulsions.

At high doses hyper-
activity, irritability,
straub tail, loco-
motor activity re-
duced.

Polypnea, mixed con-
vulsions, hyperre-
flexia, salivation,

Polypiiea, persistent
clonic convulsion,
salivation.

Polypnea, clonic and
tonic convulsions,
hypersensitive to
touch, salivation,
lachrymation.

Hypersensitive to
touch, opisthotonus,
clonic and tonic con-
vulsions, lachryma-~
tion, salivation.

Persistent preconvul-
sion, clonic and tonic
convulsions, hyperre-
flexia, hyperactive,
salivation, lachryma-
tion.

Straub tall, hyperre-
flexia, hypersensitive
to touch, salivation,
clonic and tonic con-
vulsions.

Lital (60 myg/ky ip)
Grpnosis fmice)

[ose,
m ke

45

75

50

100

120

SO0

250

500

e
i

0
0 b
0 10
0
+50 5
0 11)
—-35
0 25
0] 25
0 25
100
+50 7
—~80 L.

50

50

SO

60

60

0

Analsesic activiiy frarse

Incen- Lara-

1hon,

nan

60

20

15

Local anestletic acriviny
af o 27 solution (rabhiny

Ineen-
ALy

0

Complete?

Complete

Complete!

Complete

Partial

(e

0

Complete

Partial?

[RIEAE
sios,

>180

15

>100

40

Vol. 9

Resarks
Transitory rise
in blood pres-
S1re.

Transitory rise
in blood pres-

sHre,

Blocked exten-
sor conviul-
sions produced
by MES.

Transitory rise
in blood pres-
sure. Antago-
nized reser-
pine-induced
crouching.

Partially antag-
onized reser~
pine-induced
ptosis aud
hypothermia.
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TasBLE II (Continued)
Effect on pentobar~ Local anesthetic activity
Approx bital (60 mg,/kg ip) Analgesic activity (rats) of a 29, solution (rabbit)
LDs hypnosis (mice) Dose, Inten- Dura- Dura-
(mice), Gross observations Dose, mg/kg sity, tion, Inten~ tion,
No. mg/kgip (mice) mg/kg %° ip 4 min sity min Remarks
19 50 Polypnea, preconvul- 50 -90 5 70 30 04 . 7
siveness, clonic and
tonic convulsions,

In rabbits min LD =
5mg/kgiv; in-
creased rate and
depth of respiration,
clonic and tonic con-
vulsions.

20 60 Straub tail, clonic and 60 —36 6 0 ce 0

tonic convulsions,
hypothermia.

21 110 Straub tail, clonic and 110 0 11 50 20 Completed 2

tonic convulsions,
hypothermia.

23 250 Polypnea, staggering 250 +>100 25 40 40 0

gait, clonic convul-
vulsions, salivation,
hyperreflexia, hyper-
active, gasping res-
piration.

24 250 Polypnea, Straub tail, 250 -+>100 25 40 20 0

backward extension
of the hind limbs,
mixed convulsion,
catatonia, mydriasis,
salivation, and lach-
rymation.

THA® 30 Tail lashing and whip- 30 0 3 60 45 Complete? 120 J

ping, followed by
depression, piloerec-
tion, tremor, sali-
vation, and lachry-
mation,

@ Per cent decrease (— ) or increase (+) in pentobarbital sleeping time with respect to controls. ° Per cent of animals showing anal-
gesia. °0 = noeffect. ¢ Confirmed by intradermal injection in guinea pigs. ¢ 5-Amino-1,2,3,4-tetrahydroacridine. / Transitory rise
in blood pressure. Partial antagonism of reserpine-induced ptosis and crouching in mice. ¢ At 2.5 mg/kg iv in cats it showed a 90
mm fall in blood pressure lasting for 12 min. * At 2.5 mg/kg iv in anesthetized cats it showed significant increase in rate and depth of
respiration lasting for 50 min and transitory rise in blood pressure. * At 2.5 mg/kg iv in anesthetized cats it showed a marked increase
in the rate and depth of respiration lasting for more than 60 min and transitory rise in blood pressure; partial antagonism of reserpine-
induced ptosis and crouching; and reserpine potentiated its convulsive action. 7 At 2.5 mg/kg iv in anesthetized cats it showed slight
increase only in the rate of respiration; antagonized completely the crouching and partially the ptosis produced by reserpine while re-
serpine potentiated its convulsive action in mice.

[S1}

Tasre III Anticholinesterase Action.—The results are given in
Errecr oF 19 scainsT HypNosis PRODUCED BY Table VI. The anticholinesterase activity of 19 was
60 MG/KG 1P OF PENTOBARBITAL IN MicE® much less than that of THA, thus showing that the
Dose of 19 % reduction in respiratory stimulant and anticholinesterase activities
in LDs sleeping time
0.25 6 do not run parallel to each other.
0.5 85 Local Anesthetic Activity.—Some of the compounds
1 88 (4-7, 17, 21) including THA showed marked local
a Twelve animals were used at each dose level. anesthetic activity both by the rabbit cornea method
and the guinea pig intradermal injection. This activity
TasLg IV was most prominent in 4-piperidyl compounds. Tetra-
EFrFECT OF 19 oN PENTOBARBITAL, ToxiciTy 18 Mice® hydroacridine-5-carboxylic acid diethylamide was de-
Dose of 19 Dose of pentobarbital, mg/kg ip ——————— scribed by Magidson, et al.,” as a local anesthetic; the
in LDs 115 125 135 145 175 200 activity of some of the compounds described in this
Control 33 83 100 c e iy paper is, however, much more powerful than that of this
1 . . 0 66 compound.
2 17 e S 17 50 50 . . e
3 33 0 Analgetic Activity.—Many compounds showed anal-
4 33 50 33 25 getic activity. No particular structure-activity rela-
6 ) o 100 100 100 o tionship could, however, be discerned for this activity.

@ See footnote @, Table III; values are given as per cent 4—(1-.Piperidyl)-2,3—tetramethylenequinoline (7)) was
deaths. particularly active as an analgetic.
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* In four divided doses.

Depressant (rouice)
Peutobarbital (ip)
Pentobarbital (ip)
Pentobarbital (ip)
Pentobarbital (ip)
Pentobarbital {ip)
Peutobarbital (ip)
Pentobarbital (ip?
Pentobarbital (ip)
Pentobarbital (ip)
Pentobarbital (ip:
Peutobarbital (ip)
Pentobarbital (ip)
Pentobarbital tip}
Pentobarbital (ip)
Thiopental (iv)
Thiopental (iv)
Thiopental (iv;
Thiopewntal (iv}
Thiopental (iv)
Thiopental (iv)
Thiopental (iv)
Thiopental (iv)
Phienobarbital (iv)
Phenobarbital (iv)
Phenobarbital (iv)
Phenobarbital (iv)
Morphine (iv)
Morphine (1v)
Morphine (iv)
Morphine (iv)
Morphine (iv)
Morphine (iv)

Tasre VI
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TasLe V

ANTACGONISM oF REsriryrory Dernression 1N HasBirs

Dose,
me, kg

T
v

STSE b~ =1 ~p =0~~~ ~1 ~y
[T I )

pd BNSY B}

H0

[ SRR B ST
[ Bl BN B Bt

300
300
300
300
10
10
10
10
10
10

¥ 11 three divided doses.

Rate of
respiration
after
depressant,
I min

20
12
Y
Stopped
Stopped
20
10
15
20
20
20
14
10
20
Stopped
Stopped
Stopped
Stopped
Stopped
Stopped
Stopped
Stopped
Stopped
Stopped
Stopped
Stopped
28
24
20
20
20
20

‘% INHIBITION OF THE PSEUDOCHOLINESTERASE

Compel
THA
7
17
19

Final ¢conen of the compd

3 X 107

100
N2
100

72T

3 X 10~4Y

100
66.6
90.0
25.0

Lare of
respiratinn
after
Dinse, srimulani,
Slimmlam mg- kg v 4. - DD Commenls
19 40 Bt Survived
19 40 60 Survived
THA 40 22 Deuth
THA 20 20 Survived
THA 20 0 Death
Pentylenetetrazole 00 33 Survived
Pentylenetetrazole 150 20) Survived
Prethcamide G5 15 Death
Prethcamide 60 16 Death
Pretheamide 120 b Death
Nikethamide 100 I8 Death
Nikethamide 1530 14 Death
Nikethanide 300 20 Death
. L Deth
19 5 S0 Survived
19 7 H0 survived
19 5 156 survived
THA 1 0 Death
Peutylenetetrazole 41 0 Death
Peutylenctetrazole 00 0 Death
Pentylenetetrazole 60 0 Death
. s Death
19 60 N5 Survived
19 60 50 Survived
THA 20 0 Death
o L . Penth
19 L 60 Survived
19 2b S0 Survived
19 26 70 survived
THA 3.0 40 survived
THA L 30 survived
Survived

° In six divided doses.
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