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Yieid, i (i or
R “ Inp, °C
3-OCH, 6Ht) T3=T7(1. .t
4-OCIL 68 6770 (.7
3,4-(OCHs). a8 102-104 (0.7
3,5-(OCHj ) 27 6667
:},4,.-)-(0(71{3\);1 3N [8-8H*

* All ketones were analyzed for (!, T,
B0--G0°). © Ree footnote b, Table 1.

Their ir and umr specora were as exjiecced.

CH,COCF;
Mp of
Forra? axipie €C° Forlaa’
Cyl 1,170, NIRRT CiIpFaN .,
CyoTgF30. D102 CrpHplaNO.,
CyH,F504 O8O0 CHH LN,
CyHuF0,- 2110 a1-02 ChHLFNO;

CrallgF0,- 2.0 Not isolared

" Recryetalized from Cellg-petroleumn ether (hp

Taure 11
2-AMINO-3-PHENYL-], | I-tRIFLUCArorraPANE Ty bRrOCHLoRI DES

CH,CH(CF;)NH,.-HCl
R
No.* R Yield, < AMp, °C Recrysiil solvem Fopmila® R
2 3-0CH; 68 171173 ~PrOT-per ether CallFsNO - TTCT 4,408
3 4-OCH, 71 188190 Sublimed Cl1FNO - H 5.06
k! 3,4-(OCHa 1. s 176--177 Nublimed+ CHILFN 0. TIC 000
5 3,5-(OCH 5 222203 FrOH-petr ethierr CHHuFNO, 11 1,08
0 3,4,5-(OCHu 6t 217-218 -PrOH-petr edier CreFNO,- HCI O.oa

“Ree {votnote b, Talle I. " C: ealed, 46.97; found, 46.43.

“Bp 60-80°.

* Componnds were sublimed e 150-160° (1.0 b1 1.

CComponnd 1 s 2-amivo-3-phenyvi-1,1, 1-triflnoropropane hydrochloride, pA, = 4.07.

jeetions of the drugs nuder study were given.,  Dozes of di-
winphetamine of 5 1mg/kg and above regularly reversed the effectx
of reserpine; the mice became aleri amd showed spoutaneons
activity, Dozes of 40 mg/kg of 1-6 were completely withoue
effect.

(b) Production of Head Twitches in Mice.—The method’®
has been elaimed to detect activity of drugs producing hallueino-
geiie effectx in man.  In this laboratory, subentaneons doses of
di-unphetamine produve no characteristic head twicches in male
albino mice while doses of mescaline of 5 mg/kg and abave regu-
Larly produce an appreciable number of =uch twicches.  Com-
pounds 1-6 were used initially at 40 mgskg buconly 6 produced
any head ovitehes,  Assayved againse wescaline inoa six-point
ds<y onsing cen e per graup, 6 <howed a poteney reladive 1o
wescaline of K11,

(e} Neuropharmacological Action in Conscious Cats.-—('ai~
with clironieally mplanted scainless xteel electrodes sited over
associaton and auditory areax of the corcex were preparved ae-
cording to the medind of Bradley and FElkes.'s The antmnlx
were placed 1 a =ound-proof chamber and their behavior was
observed wich the aid of closed circulr television.  Elecaoenrtical
activity was reeorded on an eight-channel Flema- Mingograph
eleccroencephalograph. In che chamber ¢he cars saon hecmne
drowsy and showed g characterisde paccern of eleciroenrtienl
aetivity consisting of =yvehranized large-amplicude 1-3 e
waves with hoests of spindle accivity ac 8=12 epse A dose of
di-aunphetautine 2 g kg ip) produced marked behavioral
alerting and increased actentiveness.  The alerting effecc per-
sisced foar over 3 he aud durivg ¢hix periad che 112G shawed
it barans, alert, desyuchronized acdivity consisting of 15-30-
eps low-nmplitude waves, T chis test, doses of up (o 25 mg kg
ol 1 or 6 caied 1o decectable cliunge eicher in the hehavior orin
the elecamcortieal netiviey of the cars.

(d) Actions in Cat Encephalé Isolé Preparations.—Tle
experviment: were carried one according o the method of Bradley
and KWeyv ™ and enabled (he effecis of drngs on electrocortical
sidd hehaviaral responses produced by electrieal stimulation of
the byant =stewn o be =aidied. A dose of di-amphetamine (0.5
mngSkg 1v) decreased both behavioral and electrocordeal aransal
threshold<by 5047, Afcer a total dose of 1.0 mg/kg the prepura-
tion reimained beluviorally alerc and chere was typical desyuebro-

155 2,00 Cuwrne and ROW, Piekeritle, fsgefiophacmacolagio, 11, 65 (1067 &,
(16) 1'. B. Bradley and J. lilkes, Broid, 80, 77 (1057).
17y P B Bradley and B, J. Keyv, IFEG Clid. Nexrophysiol., 10, 17 114050,

nized activiey in the ELG. Tocal doses of 20 wmg/kg of 1T ar 6
had un effecC in this test,
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Monoamine oxidase inhibitors have been reported
to possess antidepressant? and pranounced anticon-
vulsant praperties,®  In addition. elinieal efficacy af
3-(2-aminobutyl)indole for the treatment of xame types
af depresston® and 1t= ability ta inhibit reversibly rat
brain and rat hiver monoamnine oxidase® led us ta =yn-
thesize substituted indoleaeyl hydrazides as compounds
affecting the activity af the central nervous svsaten.
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R@-NHZ L HNO, R_@—NHNH,
2. SnCl,
I
1. CH,COCH,CH,COOCH;
22N HCl
CH,CONHNH, NH,NH, I CH.COOC,H;
T o e T o
NH ’ NH
11T 11
BNco
Rz/
R’ R’
e e
CH,CONHN==C. redn CH¢CONHNHCH\ ,
R"@L—_/“:CHQ SR FoEoR RA_@E—/“:CH) R?
NH ’ NH
v \Y
R = o-CH,, p-CH,, p-OCH,; R, = CHy: R, = CH,, C.H,
TapLe I TasLe 11

ETHYL 2,5-DISUBSTITUTED INDOLEACETATES

Deriv of etliyl Bp.°C Yield,

indole-3-acetate (mm) % Formula
2,5-:\163 170 (5) 58 CanNOz
2,7-)‘[63 180 (5) 45 CHHHNOz
2-Ale 135-138 (-3) %) C13H15NO;)
22\16-:)-0‘\[63 180 (6) 50 C14H17NO-1

In the present study attempts have been made to
investigate the structure-activity relationship of these
compounds with respect to their ability to inhibit rat
liver MAO. The various substituted indole deiiva-
tives were synthesized by the route outlined in Schene
1.

Experimental Section

Substituted Alkoxy- and Alkylphenylhydrazines (I).—The
hydrazines syuthesized according to the methods reported
earlier! were o-methyl-, p-methyl-, and p-methoxyphenyl-
hydrazine.

Ethyl 2,5-Disubstituted Indoleacetates (I1).—Cyclization of
substituced phenyvlhydrazines and ethyl levulinate in 2.V EtOH-
HCI was used. The crnde products™" isolated with Et,O were
washed (NaHCO; H;0) and distilled under reduced pressure
(Table 1).

Substituted Indoleacyl Hydrazides (III).—The various sup-
stituted ethyl indoleacetates (0.1 mole) were refluxed with
hydrazine hydrate (0.15 mole; 80¢%) in 25 ml of absolute EtOH
for 8 hr. On distilling excess EtOH the hydrazides which
separated out were filtered and recrystallized from appropriate
solvents. The hydrazies (Table II) were characterized by their
sharp melting points and elemental analyses.

Substituted Indole Isopropylidenehydrazides (IV).—Sub-
stituted indole hydrazides (0.2 mole) and 50 ml of Me,CO or
EtCOMe were refluxed for 13 hr. The reaction mixture wus
filtered hot and concentrated in wvacuo. On cooling, the solid
niass which separated out was filtered and recrystallized from the
appropriate solveut (see Table I11).

Substituted Indole N-Isopropylhydrazides (V).—A solution af

(6) K. G. Blackie and W. H. Perkin, J. Ckem. Soc., 125, 296 (1924).

(7) E. Walton, C. H. Stammer, R. F. Nutt, 3. R. Jenkins, and ¥. W, Holly,
J. Med., Chem., 8, 204 (1963).

8) F.J. Stevens and C. F. Su, J. Org. Chem., 27, 500 (1962).

'9) M. W. Bullock and 8. Fox, J. Am. Chem. Soc., T8, 5153 (1951).

(10) E. =haw, ibld., TT, 4319 (1955).

StssTiTCTED INDOLEACYL HYDRAZIDES

CH,CONHNH,
R,
Yield,

R Ri R Mp. °C® % Formula?
H H CH; 156 70 CiHisN;0
CH3 H H 13:) 6() 011H13N3O
CH; H CH; 156 70 C13H15N3O
H CH; CH;s 140 70 Ci12HysN50
CH3O H CH3 158 70 Cle)sA\vgo

o Melting poiuts were taken in open capillary tubes and are
graphically corrected. * All compounds were analyzed for C, H,
N and analyses were found within limits.

TasLe 111
SupsTITUTED INDOLE ISOPROPYLIDENEHYDRAZIDES

A
R—7 CH,CONHN==C
L R,
NONHD R
R,
Mp, Yield,

R R R Rs Ry °Cce A Formula®
H H CHB CI{B CHg 142 :)0 C14I{|‘)N3O
H H CH; CH; C,H; 140 60  Ci;Hi N0
CH3 H CHg CH-; CH; 165 60 C15H19N30
CH; H CH; CH; CH; 170 53 CiHaN;O
H CH; CH,; CH; CH; 138 60 Ci:H,.N,0
H CH3 CH? CHg CQHI, 168 ;)() CleH;‘lNSO
CH;0 H CH, CH; CH; 180) 60  Ci;H)uN;0:
CH;0 H CH; CH; CH; 135 50 CieHuaN5O:

@ Melting points were takeu i open capillary tubes and are
graphically corrected. * All compounds were analyzed for C, H,
N and analyses were found within limits.

2 g of a substituted indole isopropylidenehydrazide (0.01 mole)
in 130 ml of absolute EtOH was hydrogenated with 0.1 g of
PtO; at an initial pressure of 2.8 kg/em?  The required amount
of H; was absorbed in 15 hr. The mixture was filtered and the
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TapLe I\

SUBKTICUTED INDOLE N-IROPROPYLHYDRAZIDES

AR
CH,CONHNHCHE
R R,

Al Yiekd, MAO

R R Re R Re 200 0 Furinulah i, o
1 1 Clls Ty CHs 83 300 CuyHeN ¢ 50.0,40.0
4.5}

1 1 Clla Cly Calli 700 300 CplleNsO (2.3, 4.5
i41.0%

Cle 11 CH; CHy CH: L8 65 Culla N0 30,0, 50,0
(50,01

11, 11 Clle  Clly Cally 105 Tu CelgNst 12.0,40.0
(11,0}

1 Cll: Clhy CHy Cll: 160 v CullygNaO 500,481
B3t}

1 Clly Cl CHe Calls 1000 65 CullaNGO (8.0,47.0
(17.31

OO0 11 Cl CHs CHs 1a 60 Culy NGO 50.0.48. 4
(BN

1.0 11 Cly Clly Cally 14 60 CrllaN+Oy 48 .0, 3.0
o1 M

@ Melting points were aken in vpen capillary anbes nnd are
graphically corrected. * The compounds were analyzed for ¢ 11,
N. ¢ Vesszel concents and che assay pracedures are us indicaced
in che text. Each experimenc was doue in duplicate.  Figures in
the parentheses indicate mean values. € Ana/. o ealed, 68,46
Tound, 6915, ¢ Anal. Co o ealed, 66.435: fonnd, 65000

solvent was renoved under reduced pressure. The hvdrazines
were ervstallized Dy dissolving in a minininm amoma of KtOT
and adding peanleunt ether (hp 40-60°1 1o incipienc tbidity,
The erude product was recrvstallized (rom che apprupriate
solvent (see Table IV),

Determination of Monoamine Oxidase Activity.-—"The speciri-
pliotofluorometric method of Kramel!! was used for the determi-
natian of che MAO activity of rat liver homogenace nsing kynura-
mine as the substrate.  The 4-hydraxyqninoline, formed during
oxidative deamiuation of kynuramine, was measured flioro-
metrically in an  Amiuneo Bownian  specaophotafluorometer
nxing activating light of 315 mix atnd measiring fluorescence at e
nmaximuni of 380 mi.

Male adult rats weighing approxiuiacely 150200 g were killed
Iy decapitation.  Livers were quickly removed and howng-
enized i ice-cold 0.25 1 sucrose wich che help of Potter-Elveh-
jem homogeunizer. The veaction mixture causisted of phosphace
buffer, 0.5 wml (pH 7.5, 0.5 M1, 0.0 ml of kvonuramine (100 ug),
and 0.5 nil of liver homogeuate (correxpunding (1 4 g of wei
weight of the tissue).  The MAO acriviiyv of the liver homogenaie
was determined by incubation for 50 min at 37° inoaie. The
varinous inhibitors, used at the final cascentration of 1 X 1g-#
VM, were added to the liver homogenace and ineuhated for 10 min
bhefore the addition of kyunramine. The mixcire was further
ivcubated for 30 min.  The reactian was stopped by he addi-
tion of 2 ml of 107 TCA and ¢he precipitaced proceins were
reutoved by centrifugation.  Suitalde aligquats of the =upernataut
were taken in 1 N NaOH solutiom and were axsayved for 4-hy-
droxvquinoline.  Tuerease in the opdcal density provided a
direct measurenient of the 4-hydraxyquinoline which was taken
1% an ludex of the enzyme activity.  The per cent inhibition was
caleulated from the decrease abserved in the optical densicy.

Results and Discussion

The MAO inhibitory activities of substituted indole
N-isopropylhydrazides using rat liver homogenate dur-
ing oxidative deamination of kynuramine are shown in
Table IV. The various indole hydrazides shown in
Table I1T were found to be devoid of enzvme inhibitory

11y M. Krawel, Biochem. Pharmnceol., 14, 1684 (1065).
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properties,  Reduction of some af thexe hydrazides
(Table TI) led to the corresponding hyvdrazines ('Fable
1V) which, however, exhibited MAO inhibitory proper-
tiex.  Similar results have been reported carlier by
Zeller™ where no  inhibition of the enzyme MAO
could be obzerved with isoniazid, as compared to ipran-
tazid. Al the substituted indoleaevihyvdrazines were
equally effective in inhibiting the enzyvme activity sinec
the degree of mhibitian produced by these compounds
was fairky canstant.  Substitution in the indole nueleas
o in the hydrazine =ide chan was found to huve o
specitie effect on their ability 1o inhibit rav Iiver MAGO,
At present it is diffieult vo evaluate «ostrueture aetivity
relationship of these suhstituted hydrazines, 10 s
prestuned that imvestigations dealing with the deter-
mination of the substraie specifieity and the inhibitory
effeet= of these compounds during oxidation ot {rvpt-
amines cauld provide hetter knowledge regarding their
1rueture-aetivity relationship ax NLAO inhibitors,
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The Synthesis and Pharmacological Properties
of a Series of 2-Substituted

Aminomethyl-1,4-benzodioxanes
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sSince Faurneau and Bovet? first deserthed henzo-
dioxanes as epinephrine antaganists a large number of
related compounds possessing similar propertiex have
heen reported. Bovet and Simon" investigated the
adrenolytic and sympatholytic properties af a0 series of
aminomethylbenzodioxanes and noted the effect of
these compounds on the CNS. The preparation of
N,N'-ethylenediamine and piperazine derivatives strue-
turally  related to  2-diethylaminomethyl-1,4-benzo-
dioxane (prosympal) and  2-(I-piperidylmethyl)-1,4-
benzodioxune (piperoxan) have been deseribed* and the
pharmacological properties of same of these campounds
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