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TAHLK II 

BENZYL TRIFU'OKOMETHYL K E T I I M > 

R-

Itp (tmn) or 
inp, °C 

73-77(1 .01 
67-70(0..")) 

102-104 CO.7) 
66-67'' 
S.N-80'' 

CH,C0CF, 

Formula" 

CMU,F3(h 
C : I O H ! 1 F 3 O 2 

C„Hi,Fs();J 

CiiH l,F3()s-2H2() 
C,..H.:lF:J()4-2FI..() 

Mp of 
ox ime, ' c ( ' 

.)").")(> 

.">1 -52 
(IS--90 
ill-02 
Xot isolated 

Formula ' 

doH.iF^NO.. 
CoH.oKAO-. 
CH.-.F^XO:, 
C I , H , . F ; , N O : . 

The •ir ir and ninr spectra were as expected. *' Kecrystallized from OsIIe-petrolenrn ether (b|> 
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3-OCIE 
4-OCH., 
3,4-( OCIE !2 

3,.-)-COCH3)2 

3,4,5-COCH:,), 

footnote b, Table I. ''(.': 

Yield. 
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Mp. °C 

171-173 
ISN-1M) 
176-177 
222-223 
217-2 IS 

?; found, 46.43 

I teerys tn solvenl 

/-PrOII-petr ether 
Sublimed'' 
Sublimed'' 
EtOIT-petr e the r 
/-PrOH-petr e the r 

1' o rmula ' 

(',„H I2F3X0-HC1'' 
C,0H,2F3NO-IIC1 
C „ H H F 3 X ( V H C I 

C H H F S N O O - H C I 

C,2H13F3N()3-HC1 

Bp 60-S0c 

Compound 1 is 2-amino-3-phenyl-l,1,1-triflnoropropane hydrochloride, p/\", 
' 'Compounds were sublimed at 150-1000 
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injections of the drugs under study were given. Doses of <ll-
amphetamine of ."> mg/kg and above regularly reversed the effects 
of reserpine; the mice became alert and showed spontaneous 
activity. Doses of 40 mg/kg of 1-6 were completely without 
effect.' 

(b) Production of Head Twitches in Mice.—The method1 

has been claimed to detect activity of drugs producing hallucino­
genic effects in man. In this laboratory, subcutaneous doses of 
(//-amphetamine produce no characteristic head twitches in male 
albino mice while doses of mescaline of 5 mg/kg and above regu­
larly produce an appreciable number of such twitches. Com­
pounds 1-6 were used initially at 40 nig'kg but only 6 produced 
any head 1 witches. Assayed against mescaline in a six-point 
assay using ten mice per group, 6 showed a potency relative to 
mescaline of 0.11. 

(c) Neuropharmacological Action in Conscious Cats.—-Cats 
with chronically implanted stainless steel electrodes sited over 
association and auditory areas of the cortex were prepared ac­
cording to the method of Bradley and Elkes.18 The animals 
were placed in a 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 became 
drowsy and showed a characteristic pattern of elei t rocoilical 
activity consisting of synchronized large-amplitude i1-3 cps i 
waves with luuMs of spindle activity ;it S-12 cps. A dose of 
'//-amphetamine i2 rag, kg ip) produced marked behavioral 
alerting and increased attentiveness. The alerting effect per­
sisted for over 3 hr and during this period the EEC showed 
continuous, alert, desynchronized activity consisting of 15-30-
cps low-amplitude waves. In this test, doses of up to 2."> mg kg 
of 1 or 6 caused no detectable change either in the behavior or in 
i he electrocortical activity of the cats. 

(dl Actions in Cat Encephale Isole Preparations.—The 
experiments were carried out according to the method of Bradley 
and Key," and enabled the effects of drugs on electrocortical 
and behavioral responses produced by electrical stimulation of 
I he brain stem to be studied. A dose of (//-amphetamine (().."> 
mg/kg iv) decreased both behavioral and electrocortical arousal 
thresholds by .")()'','. After a total dose of 1.0 mg/kg the prepara­
tion remained behaviorally alert and there was typical desynchro-

lo) S, J. C u m e and H. \Y. Picker ing, 1'sijchupharmacoloi/vt. 11 , 
l Hi) I ' . B. Brad ley and J. Elkes , Bruin, 80, 77 (1957). 

17) V. B. Brad ley and B. .1. Key, EF.G Clin. N,urophu>ioL, 10, 

nized activity in the E E C Total doses of 20 mg/kg of 1 or 6 
had no effect in this test. 
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Monoamine oxidase inhibitors have been reported 
to possess antidepressant- and pronounced anticon­
vulsant properties/ ' In addition, clinical efficacy of 
8-('2-aminobutyl)indole for the treatment of some types 
of depression4 and its ability to inhibit reversibly rat 
brain and rat liver monoamine oxidase" led us to syn­
thesize substituted indoleacyl hydrazides as compounds 
affecting the aclivitv of the central nervous system. 

(l,i (a) T h e inves t iga t ion was s u p p o r t e d in p a r t by t he Counci l of Scien­
tific a n d Indus t r i a l Research , New Delta , and t h e S t a t e Counci l of Scientific 
and Indus t r i a l Research , I .ucknow (Junior Research Fel lowship to V. K. A.). 
(li) Pos tdoc tora l Research fe l low of t he Counci l of Scientific a n d Indus t r i a l 
Research, (c) Enqui r ies should lie addressed to Professor S. S. P a r m a r . 

1,2) E . A. Zeller. S. Sarkar , l i . Banerjee, a n d M . S. Ise , Heir. Chim. Aria. 
43, MS! (19601. 

C-i) D . J . Prockolu I'. A. Shore, and 1). 11. Brodie, Ann. X. V. Arm!. Sri., 
80, 64M (lflflip. 

(1) L. .1. Aleduna . ./. Xeurnp.^/ehinl., tfuiiph, 2, 150 (H)ti l) . 
'.')) M . E . Grieg, I'. II. Seay, and W. A. F reyburge r , ihid., 2, 1:11 ( l l l ( i l ) . 
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SCHEME I 

•NH, i. HNO;. 

2. SnCl2 

*- R-
•NHNHo 

NH 
EtOH 

—CH2CONHNH, ,NH;NH; 

—CH3 

III 

R.N 

/° 
-CH 2CONHN=C 

-CH, 

y R1 

^ R 2 
redn 

ll.CHjCOCH,! 
12. 2A'HC1 

,CH.COOC2H3 

NH 

-CH2C00C2H5 

-CH, 

PtO.(EtOH) 
*• R 

NH ~ NH 

IV V 

R = o-CH3, p-CH3, p-OCH3; R, = CH,; R2 = CH,, C2H, 

-CH,CONHNHCH; 
"CH;, 

TABLE I 

ETHYL 2,5-DISUBSTTTUTED INDOLEACETATES 

TABLE I I 

SUBSTITUTED INDOLEACYL HYDRAZIDES 

Deriv of ethyl 
indole-3-acetate 

2,5-Me2 

2,7-Me2 

2-Me 
2-Me-o-OMe 

Bp, °C 
(mm) 

170 (5) 
180(5) 
135-138 (5) 
180 (6) 

Yield, 

% 
58 
45 
55 
50 

Formula 

C14H17N02 

C„HnN0 2 

C13H„NO.> 
C „ H „ N 0 2 

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 bv the route outlined in Scheme 
I. 

Experimental Section 

Substituted Alkoxy- and Alkylphenylhydrazines (I).—The 
hydrazines synthesized according to the methods reported 
earlier6 were o-methyl-, jj-methyl-, and p-methoxyphenyl-
hydrazine. 

Ethyl 2,5-Disubstituted Indoleacetates (II).—Cyclization of 
substituted phenylhydrazines and ethyl levulinate in 2 .V E t O H -
HC1 was used. The crude products7-10 isolated with E t 2 0 were 
washed (NaHC0 3 , H20) and distilled under reduced pressure 
(Table I). 

Substituted Indoleacyl Hydrazides (III).—The various suo-
stituted ethyl indoleacetates (0.1 mole) were refluxed wi:h 
hydrazine hydrate (0.15 mole; 80%) in 25 ml of absolute EtOH 
for 8 hi'. On distilling excess EtOH the hydrazides which 
separated out were filtered and recrystallized from appropriate 
solvents. The hydrazies (Table I I ) 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 ~Me2CO 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 I I I ) . 

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

(6) K. G. Blackie a n d W. H. Perk in , ,/. Chem. Soc. 128, 296 (1924). 
(7) E . Wal ton , C. H. S t a m m e r , R. F . N u t t , S. R. J enk ins , a n d F . W. Holly 

J. Med. Chem., 8, 204 (1965). 
1.8) F . J . S tevens and C. F . Su, J. Org. Chem., 27, 500 (1962). 
(9) M . W. Bullock and S. Fox, J. Am. Chem. Soc, 73 , 5155 (1951). 
(10) E, Shaw, ibid., 77, 4319 (1955). 
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CH, 
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CH3 

CH3 

CH3 

ji—CH,CONHNH, 
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Mp, °C° 

156 
135 
156 
140 
158 

Yield, 

% 
70 
60 
70 
70 
70 

Formula6 

CnHuNaO 
CnH1 3N30 
CuHuNaO 
C12H„N30 
Ci2H„N,0 

a 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. 

TABLE I I I 

SUBSTITUTED INDOLE ISOPROPYLIDENEHYDRAZIDES 

R, 
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H H 
CH3 H 
CH3 H 
H CH3 

H CH3 

CH 3 0 H 
CH 30 H 
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CH3 

CHS 

CH, 
CH., 
CH, 
CH3 
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CH, 
CH, 
CH, 
CH, 
CH, 
CH, 
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CH, 

R( 

CH, 
C2H5 

CH3 

C2H, 
CH3 

C2H5 

CH, 
C2H, 

Mp, 
°C° 

142 
140 
165 
170 
138 
168 
180 
135 

Yield, 

V'c 

50 
60 
60 
55 
60 
50 
60 
50 

Formula'' 

C H H ^ N S O 

C,,H19N30 
Ci5H l nN,0 
Ci6H2iX,0 
d . - J T ^ O 
C16H21N,0 
CuH1 9N,0 
Ci6H21N,0, 

" Melting points were taken in open capillary tubes and are 
graphically corrected. b 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 
P t 0 2 at an initial pressure of 2.8 kg/cm2. The required amount 
of H2 was absorbed in 15 hr. The mixture was filtered and the 
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TABLI; I\ 

S c B S T I T r T K . D INDOLE N - I s o P R U P Y L H Y D R A Z I D K S 

,R) 
CHoCONHNHCH / " 

'R, 

Aip, "lipid. .MAO 
H Hi If: R;> Hi T " '•; Formula ' ' inhi l , / ' ' •; 

II II f l h ( ' I I , C l l i 8." .Ill r , i H , . \ , 0 ' i 5 0 . 0 , 4 9 . 0 
(49 , 51 

11 H ( ' H i ('11:, Colls 70 .",0 C.iH-.iN'sO -12.3.41 5 
141.9) 

I ' l l ; , 11 (.'lis ( ' H i C l l i 148 Ii" C,ill;,.V:,(l 5 0 , 0 , 5 0 . 0 
'50 .01 

Cll:> II C l l i Cl la CsJIs 105 70 CnH::::-VsO 4 2 . 0 , 4 0 . 0 
(41.0) 

II Clla CH:, Oi l s C H : 115 On C.slCiNsO 5 0 . 0 , 4 8 . 1 
149.2) 

11 Cl la ( ' H i ( 'H i C:Ils 100 05 (.'•,1II,:,N,0 1 8 0 . 4 7 , 0 
(47 .5) 

( ' H a d II Cl la (,'Hi Cl la 110 On C.iH.-iNiO 5 0 . 0 . 4 8 0 
f 49.(1: 

Cl laO II Cl la Clla C-'llr. 80 05 (',,, H::a\-:0)' 4 8 , 0 . 5 0 , 0 
i'49.0) 

" Melting points were taken in open capillary tubes and are 
graphically corrected. '> The compounds were analyzed for C, H, 
N. ' \"essel contents and the assay procedures are as indicated 
in 1 he text,. Each experiment was done in duplicate. Figures in 
the parentheses indicate mean values. d Ana!. (': calcd, 6S.4f>: 
found, 60.15. 'Anal. C: calcd. 66.4.'!; found, fi'..'.!:.>. 

solvent was removed under reduced pressure. The hydrazines 
were crystallized by dissolving in a minimum amount of EtOH 
and adding petroleum ether (bp 40-60°) to incipient turbidity. 
The crude product was recryst.allized from the appropriate 
solvent (see Table IV). 

Determination of Monoamine Oxidase Activity.- The speetro-
photofluorometric method of Kramel11 was used for the determi­
nation of the MAO activity of rat liver homogenate using kynura-
mine as the substrate. The 4-hydroxyquinoline, formed during 
oxidative deamination of kynuramine, was measured fluoro-
metrically in an Aminco Bowman spectrophotofliiorometer 
using activating light of 31."> n\fi and measuring fluorescence at the 
maximum of 380 m,u. 

Male adult rats weighing approximately l.>0~200 g were killed 
by decapitation. Livers were quickly removed and homog­
enized in ice-cold 0.2.5 M sucrose with the help of Potter-Elveh-
jem homogenize!'. The reaction mixture consisted of phosphate 
buffer, O.o ml IpH 7..j, O.o M ), ().."> ml of kynuramine (100 ,ug), 
and 0.5 ml of liver homogenate (corresponding to 5 mg of wet 
weight of the tissue). The MAO activity of the liver homogenate 
was determined by incubation for 30 min at 37° in air. The 
various inhibitors, used at the final concentration of 1 X 10' -: 

.1/, were added to the liver homogenate and incubated for lOmin 
before the addition of kynuramine. The mixture was further 
incubated for 30 min. The reaction was stopped by the addi­
tion of 2 ml of 1 0 r

t TCA and the precipitated proteins were 
removed by centrifugation. Suitable aliquots of the supernatant 
were taken in 1 .V XaOH solution and were assayed for 4-hy-
droxyquinoline. Increase in the optical density provided a 
direct measurement of the 4-hydroxyquinoline which was taken 
as an index of the enzyme activity. The per cent inhibition was 
calculated from the decrease observed in the optical density. 

Results and Discussion 

The JNIAO inhibitory activities of subst i tuted indole 
X-isopropylhydrazides using rat liver homogenate dur­
ing oxidative deamination of kynuramine are shown in 
Table IV. The various indole hydrazides shown in 
Table I I I were found to be devoid of enzyme inhibitory 

(11) Al. Krame l , Binchem. 1'harmaroL, 14, 1684 (1065). 

properties. Reduction of some of these hydrazides 
(Table I I I ) led to the corresponding hydrazines (Table 
IV) which, however, exhibited MAO inhibitory proper­
ties. Similar results have been reported earlier by 
Zeller1- where no inhibition of the enzyme MAO 
could be observed with isoniazid. as compared in ipron-
iazid. All the substituted indoleacylhydrazines were 
equally effective in inhibiting the enzyme activity since 
the degree of inhibition produced by these compounds 
was fairly constant. Substitution in the indole nucleus 
or in the hydrazine side chain was found to have no 
specific effect on their ability to inhibit rat liver MAO. 
At present, it is difficult to evaluate a structure activity 
relationship of these substituted hydrazines, h is 
presumed that investigations dealing with the deter­
mination of the subslrate specificity and the inhibitory 
effects of these compounds during oxidation of u y p t -
amines could provide better knowledge regarding their 
structure activity relationship as MAO inhibitors. 

Acknowledgments. The .authors wish in express 
iheir thanks to Dr. J. P. Barthwal and Dr. K. Kishor 
for their advice and encouragement, and to Dr. M. L. 
Dhar and Dr. Xitya Anand of the Central Drug He-
search Inst i tute. Lucknow. for providing microanalysis 
facilities. A generous gift of Aminco Bowman speciro-
photofluorometer by the Rockefeller Foundation and 
the research chemicals from the Hiker Laboratories. 
\<>r1 bridge, California, is gratefully acknowledged. 

.12 : I-). A. Zeller in ' M el abolic Inh ib i to r s ; A <_'om|prc lionsn e 1'realise. 
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T h e S y n t h e s i s a n d P h a r m a c o l o g i c a l P r o p e r t i e s 

of a Ser ies of 2 - S u b s t i t u t e d 

A m i n o m e t h y l - 1 . ,4-benzodioxai ies 
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Since Fourneau and Bovet- first described benzo-
dioxanes as epinephrine antagonists a large number of 
related compounds possessing similar properties have 
been reported. Bovet and Simon3 investigated the 
adrenolytic and sympatholytic properties of a series of 
aminomethylbenzodioxanes and noted the effect of 
these compounds on the CXS. The preparation of 
X,X'-ethylenediamine and piperazine derivatives struc­
turally related to 2-diethylaminomethyl-l,4-benzo-
dioxane (prosympal) and '2-(l-piperidylmethyI)-l ,4-
benzodioxane (piperoxan) have been described4 and the 
pharmacological properties of some of these compounds 

(1) T o w h o m enquir ies should he addressed . 
(2) (a) E . F o u r n e a u a n d D . Bovet , Arch. Intern. Phar/nueodyn., 46, 179 

(1933); (b) D . Bove t a n d F . B o v e t - N i t t i , " S t r u c t u r e et Activi ty P h a r m a c o -
d y n a m i q u e des M e d i c a m e n t s du Sys teme N e r v e a u x Veireta t i l ," Verla^ 
S. Karger , Basel , 1948, pp 2 4 1 - 2 7 1 . 

(3) D . Bove t a n d A. Simon, -4r(7i. Intern. I'harmacolun., 55, 15 (1937). 
(4) (a) A. P . Swain a n d S. K. Xaegele , ./. Am. Chem. Soe., 76, 5089 (1954); 

•4.) ihi.J.. 76, 5091 (1954). 
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