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Tasue 1
BeNzyL TrIFLUCorROMETHYL KETONES

R
Yieid, Bp (mm) or
R €q mp, °C
3-0CH; 60 T3-7T(L.
4-0OCIH, 63 67-70 (0.3
3,4-(OCHj)s A8 102-104 (0.7
3,5-(0CHj3), 27 66-67"
Z},4,5-(OCH’3\):¢ 38 8R-K4y»

« All ketones were analyzed for (!, H.
30-60°).  © See footnote b, Table 1.

CH,COCF;

Mp of

Formula” heg

CroHaF;0:

Formula’

CrH i FaN O

oxime,

CioHF;0, CpHpl s NO,
CyyHnuF30, ChHLENO;
ChHOF0,-2H,0 9142 CoHRENO,

CrHF0,-2H,0 Not solated

Their ir and nmr spectra were as expected. » Recrystallized from Cellg-petroleum ether (bp

Tasre {11
2-AMINO-3-PHENYL-1, [, 1«TRIFLUOROPROPANE HYDROCHLORIDES

CH,CH(CFy)NH,-HCl

R
No.* R Yield, <7 AMp, °C
2 3-OCH; i 171-173
3 4-OCH, 71 188190
1 3,4-(0CH,), T 176177
3 3,5-(0OCHy), T 222223
6 3,4,5-(0CH, s 60 217218

« Nee footnote b, Table 1. * C: caled, 46.97; found, 46.43.

“ Bp 60-80°.

Recryvsin solvent Formula® PR

~PrOH-petr ether CppFaNO - HC 4,08
Sublimed? CuHBENO-HCL 3.06
Sublimed? CyHFNO HCL 5,00
ErnOH-petr ether CyHLFNO, - HCL 1.08

-PrOH-petr ether CpHEFNOy- HCI 5. 00

4 Compounds were sublimed a1 150-160° (1.0 mm ).

“ Compound 1 is 2-amino-3-phenyli-1,1,1-trifluoropropane hydrochloride, pA, = 4.97.

injections of the drugs under study were given. Doses of dl-
amphetamine of 5 mg/kg and above regularly reversed the effectx
of reserpine; the mice became alert and showed spontaneous
activity,  Doses of 40 mg/kg of 1-6 were completelv without
effect.

(b) Production of Head Twitches in Mice.—The method!"
has been claimed to detect activity of drugs producing hallucino-
genic effects in man. In this laboratory, subcutaneous doses of
di-amphetamine produce no characteristic head twitches in male
albino mice while doses of mescaline of 5 mg/kg and above regu-
lwrly produce an appreciable number of =uch twitches,  Com-
poiunds 1-6 were nsed initially at 40 mg/kg but onlyv 6 produced
any bead twitches,  Assaved against mescaline in a =ix-point
ussay using ten mice per group, 6 showed a potency relative to
mescaline of 0.11.

(¢) Neuropharmacological Action in Conscious Cats.— (a1~
with chronieally implanted stainless steel electrodes sited over
as<ociation and auditory areax of the cortex were prepared we-
cording to the method of Bradley and Elkes.'® The animals
were placed in i sound-proof chamber and their behavior was
observed with the aid of closed circuit television.  Electrocortical
activity was recorded on an eight-channel Elema-Mingograph
electroencephalograph,  In the chamber the cats soon hecame
drows=y and <howed a characteristic pattern of electrocortical
setivity consisting of synchronized large-amplitude (1-3 ¢ps=i
waves with bursts of spindle activity at S=12 ¢px. A dose of
dl-nmphetamine (2 mg, kg ip) produced marked behavioral
alerting and increased attentiveness.  The alerting eff'ect per-
sisted for over 3 hr and dwring thix period the KEG showed
continmous, alert, desynchronized aetiviry consisting of 15-30-
ep= low-amplitude waves. In this text, doses of up to 25 mg kg
of 1 or 6 caused no detectable chunge either in the behavior or in
the electrocortical activity of the cats.

(d) Actions in Cat Encephalé Isolé Preparations.—The
experiments were carried out according to the method of Bradley
and Kev,' and enabled the effects of drugs on electrocortical
and behavioral responsesx produced by electrical stimulation of
the brain stem to be =tudied. A dose of dl-amphetamine (0.3
mg/kg iv) decreased both behavioral and electrocortical arousal
threshold<by 504, After a total dose of 1.0 mg/kg the prepara-
tion remained behaviorally alert and there was typical desynchro-

150 .0 Curne and RO W, Pickering, Psychopharmacologio, 11, 65 116467,
(16) I. B. Bradley and J. Illkes, Bruin, 80, 77 (1957).
17y P B. Bradley and B. J. Key, FEG Clin. Newrophysiol., 10, 07 {1435,

nized activity in the EREG.
had no effect in this test.

Total dosex of 20 mg/kg of 1T or 6
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Monoamine oxidase inhibitors have been reported
to possess antidepressant? and pronounced anticon-
vulsant propertie<®  In addition. elinieal efficaey of
3-(2-aminobutvl)indole for the treatment of xome tyvpes
of depression® and it= ubility fo inhibit reversibly rut
brain and rat liver monoamine oxidase® led us to =yn-
thesize substituted indoleacyl hydrazides as compounds
affecting the activity of the central nervous system.
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CH,CONHNH, JHNH,
R I l CH, EtOH
NH
I
Ry
\CO
Rz/
R!
CHZCONHN=C<
R L cq R?
NH
v

TasLe I
ETHYL 2,5-DISUBSTITUTED INDOLEACETATES

Deriv of ethyl Bp, °C Yield,

indole-3-acetate (mm) % Formula
2,5-:\192 170 (5) 38 CanNOz
2,7-.\‘[63 180 (5) 45 CanNOz
2-Me 135-138 <5) 35 C‘3H15NO-_>
2-Me-3-OMe 180 (6) 50 CMHHNOQ

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 deriva-
tives were synthesized by the route outlined in Schene
1.

Experimental Section

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

Ethyl 2,5-Disubstituted Indoleacetates (II).—Cyclization of
substituted phenylhydrazines and ethyl levulinate in 2 .V EtOH-
HCIl was used. The crude products™! isolated with Et.O were
washed (NaHCO;, H,0) and distilled under reduced pressure
(Table I).

Substituted Indoleacyl Hydrazides (III).—The various sub-
stituted ethyl indoleacetates (0.1 mole) were refluxed wi-h
hydrazine hydrate (0.15 mole; 809;) 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 I1) were characterized by their
sharp melting points and elemental analyses.

Substituted Indole Isopropylidenehydrazides (IV).—Sub-
stituted indole hydrazides (0.2 mole) and 30 ml of Me,CO or
EtCOMe were refluxed for 13 hr. The reaction mixture was
filtered hot and concentrated in vacuo. On cooling, the solid
mass which separated out was filtered and recrystallized from the
appropriate solvent (see Table ITI).

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

(6) K. G. Blackie and W. H. Perkin, .J. Chem Soe., 128, 296 (1924).

(7) E. Walton, C. H. Stammer, R. F. Nutt, 8. R. Jenkins, and F. W, Holly,
J. Med. Chem., 8, 204 (1965).

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., 78, 5155 (1851).

(10) I, shaw, ibid., T, 4319 (1955).

1 HNO,
2. SnCl,

_redn CH CONH\IHCH/ ’
TiO.(EOH) SR

R = 0-CH,, p-CH,, p-OCH; R, =

_@—\IHNH_;
I

1. CH,COCH,CH,COOC,H;
2. 2N HC!

CH,COOC,H;
CH,

R¢

CH;; R,=CH,, C.H;
TasLe 11
SL‘BSTITL"l‘ED INDOLEACYL HybprazZIDES
CH,CONHNH,
R,
Yield,

R R: R: Mp, °C@ % Formula®
H H CH; 156 70 CiiHi:N;0
CH; H H 135 60 C11Hi3N;0
CH3 H CH3 156 70 C[zHuNgO
H CH; CH,; 140 70 CpHisN;0
CH,0 H CH; 158 70 CHi:N:0

o Melting points 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 I11
SuBsTITUTED INDOLE ISOPROPYLIDENEHYDRAZIDES

R;
R—7” T CHQCONHN=C<R
NOONET R
R,
Mp, Yield,

R R R: Rs Ry ece A Formula®
H H CH; CH; CH, 142 50 CuHiuN0
H H CH; CH; G.H; 140 60  CiHioN;0
CH; H CH; CH; CH; 165 60  Ci;HisN30
CH; H CH3 CHS CzH:, 170 55 CleHleﬁO
H CH; CH; CH; CH; 138 60  CuHiN0
H CH; CH; CH; C:H; 168 50 CiHuN;O
CH;O H CH; CH:; CH, 180 60  CiHiyN;O0.
CHaO H CH; CHJ; CzH5 13:’) 50 CmHmNSOﬂ

@ Melting points were taken in open capillary tubes and ave
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 150 ml of absolute EtOH was hydrogenated with 0.1 g of
PtO; at an initial pressure of 2.8 kg/em?2  The required amount
of Hy; was absorbed in 15 hr. The mixture was filtered and the
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Tapur IV
SUBSTITCTED INDOLE N-TROPROPYLHYDRAZIDES

AR
CH,CONHNHCHL
R R,

Mp, Yield. MAO

It 9 Re R R e < Formula” inhibh,” ¢
H H CHy ;. CHs 85 50 CuHeN0%  50.0,40.0
(49.5}

H H CHy o Cily ol 70 50 CrsHaN=O 123,415
11,93

CHy H CHs  CHs CHs 148 65 Coulha NGO 30,0.50.0
150,

C'Hy 8 Clla Clls (hlls 103 T CigHa NGO 42,0, 40.0
(11,0}

H ¢ CHy CHs CHe 145 Hiy CaHONzO 50,0, 48,1
(44.2)

H CHg CHe CHy  Cils 100 65 CHlsNRO $8.0,47.0
{47.5)

CHaO H Cil; CHs CHs 110 60 CuaHyg NGO 50.0.48 0
49

CHRO 1 CHy CHs (oHs 80 65 CuHaNOY  48.0,50.0
149,00

2 Melting points were taken in open capillary tubes and are
graphically corrected. * The compounds were analyzed for C, H,
N. ¢ Vesszel contents and the assay procedures are ns indicated
in the text. ISach experiment was done in duplicate. Figurex in
the parentheses indicate mean values. € Ana/. (0 caled, 68.46;
found, 69.15. ¢« Anal. C: caled, 66.43: found. 65.02

solvent was removed under reduced pressure.  The hyvdrazines
were ervstallized by dissolving in a minimum amonn of EtOH
and adding petroleum ether (bp 40-60°} 1o incipient turbidity.
The crude product was recrvstallized from the appropriate
solvent (see Table IV},

Determination of Monoamine Oxidase Activity.-——'he speciro-
photofluorometric method of Kramel!! was used for the determi-
nation of the MAOQO activity of rat liver homogenate using kynura-
mine as the substrate.  The 4-hydroxvguinoline, formed during
oxidative deamination of kyvnuramine, was measwed fluoro-
metrically in an Aminco Bowman spectrophotofluorometer
using activating light of 315 mu and measiring fluorescence at the
maximum of 380 mu.

Alale adult rats weighing approximately 150200 g were killed
by decapitation.  Livers were quickly removed and homog-
enized in ice-cold 0.25 M sucrosze with the help of Potter-Elveh-
jem homogenizer. The reaction mixture consizted of phosphate
buffer, 0.5 ml (pH 7.5, 0.5 M), 0.5 ml of kynuramine (100 ug),
and 0.5 ml of liver homogenate icorresponding to 5 mg of wet
weight of the tissue). The MAO activity of the liver homogenatie
was determined by incubation for 30 min at 37° in air. The
various inhibitors, used at the final coucentration of 1 X 10-¢
M, were added to the liver homogenate and incubated for 10 min
before the addition of kynuramine. The mixture was further
incubated for 30 min. The reaction wax =xtopped by the addi-
tion of 2 ml of 107, TCA and the precipitated proteins were
removed by centrifugation.  Suitable aliquots of the supernatant
were taken in 1 .V NaOH solution and were assaved for 4-hy-
droxyquinoline.  Increase in the optical density provided a
direct measurement of the 4-hydroxvquinoline which was taken
ax an index of the enzyme activity. The per cent inhibition was
caleulated from the decrease obszerved in the optical density.

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 IIT were found to be devoid of enzyme inhibitory

{11y M. Kramel, Biochem. Pharmacol., 14, 1684 (1065),
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properties,  Reduction of some of these hydrazides
(Table I1IT) led to the corresponding hydrazines (Tuble
IV) which, however, exhibited NAO inhibitory proper-
ties.  Similar results have been reported cwvlier by
Zeller'™ where no  inhibition of the cnzyme MAO
could be observed with isoniazid. ax compared 1o ipron-
inzid. Al the substituted indoleaeythydrazines were
equally effeetive in inhibiting the enzvime activity sinee
the degree of inhibition produced by these compounds
was faivly constant,  Substitution in the indole nuelens
or in the hydrazine side chain was found 1o have no
specifie effect on their ability to imhibit rat lver MAO,
At present it is diffieudt to evaluate aostrueture aetiviry
relationship of these substituted hydrazines. it =
presumed that investigations dealing with the deter-
mination of the substrate specificity and the inhibitory
effeets of these compounds during oxidation of trypi-
amines could provide better knowledge regarding their
strueture-aetivity relationship ax MAO inhibitors,
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sinee Fourneau and Bovet® first deseribed benzo-
dioxanes ax epinephrine antagonists a large number of
related compounds possessing similar properties have
been reported. Bovet and Simon® investigated the
adrenolytic and sympatholytic properties of «u series of
aminomethylbenzodioxuanes and noted the effeet 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-
benzodioxane (piperoxan) have been deseribed* and the
pharmacological properties of some of these compounds
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