


well dociui~eiited.~ It is perhaps of iiitercst tliat a- 
iiietl-iyltryptaiiiiiie wliicli n as observed to effect a 
behavioral change iii mice lias beeii found to cause 
hallucinations ill ma11.7 

-4 study of a series of halogenated derivatives of 
these two tryptamines was undertaken for two reasons. 
lcirst, the substitution of the aromatic ring, particu- 
larly in the 5 aiid G positions, by a lialogeii atom might 
be expected to pretreiit Iiydroxylatioii aiid coiljugation, 
one of the iiormal nietahlic patliways for tryptamines. 
Surh a nietabolic block sliould result iu sustaiiied drug 
action. 'l'lie addition of a halogcii atom would also 
trnd to iiicreasc drug pcrsistciiw by increasiiig the 
solubility of the conipouiid iii lipoid inaterial aiid fat  
deposits iii the body. l'urtliermorc, Szaras has 
410wi1 that  many indole derivatives are not psycho- 
mimetic per  se but are psyclioiiiimetic because they are 
converted in vivo into their hydroxy derivatives. 
1Ietabolic blockade of a-methyltryptamine by 
lialogeiiatioii might, it was argued, abolish the psycho- 
mimetic effects of the drug. 

Second, the introduction of halogen atoms instead 
of diminishing or abolishing the psychomimetic artion 
soiiietiines leads to enhanced action as was shown by 
Heniiigton, et u1.,lU iii their studies oii a series of ring 
substituted phenethylamines. Psychonlimetic agents 
have been used in nien and animals to  promote "model 
psychoses" in attempts to discover the nature and 
('auses of schizophrenia, 11-14 and although the validity 
of the results obtained is the subject of some contro- 
\.ersy, further new compounds able to  influence be- 
havior may be of some assistance in the furthering of 
these studies. 

Chemistry.-4-, G-, and 7-chloroindoles were con- 
\ rrted into the cwrespoiiding aldehydes by reac+tion 
\\ ith phosphorus oxychloride i l l  dimethylformamide 
iiiider ~~oiiditioiis previously described for 5-chloro- 
indole. The aldehydes were condensed with either 
nitroethaiie or nitropropane by heating the reactants 
together in an  open flask to allow water vapor to  escape 
aiid in the presence of ammonium acetate as a catalyst. 
.hn ionium acetate has been found to be superior in all 
these reactions ivith indole aldehydes to  the more usual 
amine catalysts, aiid in all cases the use of an  excess of 
the nitroparaffin as solvent has been found to  be 
preferable to the use of other solvents such as ethanol 
or acetic acid. The condensation products, which have 
the nitronium salt structureI6 (111), were reduced to 
the tryptamines (IV) with lithium aluminum hydride in 
ether; a Soxhlet extraction technique being used be- 
cause of the low solubility of the nitronium salts in 
ether. 
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X = 4-C1; 5-C1; 6-Clor 7-C1. 
R =  Me or Et 

Experimental 
4-Chloroindole-3-aldehyde.-Phofphorue oxychloride (25 nil.) 

was added dropwise, with stirring, at 10-20" to dimethylform- 
amide (75 nil.). A solution of 4-chloroindole (14.1 g.) in di- 
methylformamide (25 nil.) was added gradually at  20-30". 
The solution was then kept at  35-37" for 45 min. and finally 
poured into stirred ice (200 g.) and water (150 ml.). Sodium 
hydroxide (48 g.) in water (250 i d . )  was added during 0.5 hr. at 
20-30", the rate of addition heing such that when ca. 0.75 of the 
sodium hydroxide solut,ion had been added the mixture was a t  
pH 8. The mixt'ure 
was boiled for 5 min. and then cooled rapidly to 50". The alde- 
hyde was collected, washed with cold water, and dried a t  100" 
(15.1 g., m.p. 164'). Crystdlization from water gave white 
needles, m.p. 177-1i8". 

Anal. Calcd. for C Q H ~ C ~ N O :  C, 60.2; H, 3.3; N, 7.8. 
Found: C, 60.1; H, 3.3; X, i .6 .  

Similarly the following indole-3-aldehydes were obtained : 
6-chloro-, yield 73y0; m.p. 206", needles from aqueous ethanol. 

Bna2. Calcd. for C9H6Clr\;C): C, 60.2; H ,  3.3; S,  7.8. 
Found: C,60.0; H,3.9; N , i . 9 .  

7-chloro-, yield 91yo; n1.p. 181 needles from aqueous ethanol. 
And .  Calcd. for CQH&lNO: C, 60.2; H, 3.3; N, 7.8. 

Found: 60.0, 60.6; H, 3.2, 3.2; S,  7.6. 
Chioro ol-alkyl-P-indoienideniumethyl Nitronates. 4-Chlcro- 

a-methyl-p-indolenideniumethyl Nitronate.-4-Chloroindole-k- 
aldehyde (10 g.), nitroet,hane (40 ml.), and ammonium acetate 
(2 g.) n-ere heated in an open flask on the steam bath with 
occasional shaking for 0.5 hr. On cooling, the cryst,als (11.2 g., 
m.p. 203-204') were collected, washed with hot water (2  X 50 
ml.), and crystallized from methanol; the product (m.p. 205-206") 
was then obtained as orange prisms. The remaining nitronates 
shown in Table I were obtained by a similar procedure. 

Chlorotryptamines. 4-Chloro-~methylt1 yptalt ine Hydro- 
chloride.-Lithium aluminum hydride (15 g.) was added to 
ether (500 ml.) in the flask of a Soxhlet extrartor. Finely ground 
4-chloro-~-niethyl-8-indolenideniumethyl nitronate (10 g.) was 
then ext,racted from the t,himble yi th  ether for 8 hr. The 
product was cooled and water (100 ml.) was added dropa-ise to 
decompose the excess of lithium aluminum hydride and the addi- 
tion complex. The solid was filtered o f f  and washed with ether 
(2 X 100 ml.), and the ethereal solut.ion was dried (KOH) and 
then saturated with hydrogen chloride. The hydrochloride was 
collected and washed with ether; it (9.4 9.) had m.p. 264-265" 
dec. The product waa purified by crystallization from a meth- 
anol-ethyl acetate mixture from which it separated as silvery 
plates, .7.3 g., m.p. 269-270' dec. The 3-(2-aminoalkyl)indoles 
described in Table I1 were similarly prepared. 

Pharmacology. Methods. Amine Oxidase and Decarboxylase 
Inhibition.-The rompounds IVa-h together with a-methyl- 
tryptamine (&IT) and a-ethyltryptaniine 71 ere examined as 
inhibitors of guinea pig and rat  kidney monoaniine oxidase 
(MAO) and tryptophan decarboxylase (TD). 5-Hydroxy- 
tryptophan ( 5  H T P )  is decarboxylated by T D  to give &hydroxy- 
tryptamine (5HT). 5HT is oxidized in the presence of M A 0  to 
give among other products a pigment which can be extracted with 
1-butanol and estimated colorimetrically a t  400 m+. With 5HT 
as the substrate only M A 0  is involved in the production of pig- 
ment;. 5HTP must first he decarboxylated to 5HT and then 
oxidized. Compounds which only inhibit hIAO will be active 

The reniainder was then added at' once. 
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, Analyses, 7G 
Compound Yield, AI.  p. ," SI I,lecula;. ,-Calcd.- --Found- 

I V  s K C: " C  h r m u l a  < '  TI .u c 11 s 
a 4-Cl Me 71 2ti$l-2iOdec*. ( ' l ~ € l ~ , C I S ~ ~ H C ' l  5:3 ! I  5 i 11 .4  54.3 3 . ;  11:1 
b 4-CI l<t 64 295-296der. ( ~ i r H l i C I S , ~ H C I  55 (i ii 9 I0.S 5 5 . 7  5.0  10.3 
c 5-Cl Mf, (ih 210-2411 de(*. ~ ~ l l H l , ~ C I S ~ ~ H C I  .i:i ! I  5 . 7  1 1 . 4  5 4 . 0  5 . 7  11 2 
d 5-Cl Et 52 241-242 C'l,HljCIS,.HCl 33 t i  (i .L' 1 O . R  5 6 .  I ii ,:3 IO.ii 
e ti-CI l l e  ( ' liHl.~ClS2~H(~l > : < . ! I  5 7  1 1 . 1  .j4,:3 5 . 7  1 1  .i 

g 7-C1 Me CIIH.:jC1lS:.HC1 5 : i , \ )  : I , ?  1 1 1  . i4 ,2  5.9  1 1 :  
h i -Cl  E: t ( ' l~Hl : , ( IX2~HCI 5.5.fi (i L' I 0 . S  5 5 . 7  ( i .4  lU. ! l  

f 6-C1 Et 61 2:35--23ti <'I~HijClS?.HCI 53 . ( i  ( i . 2  10,s 5 3 . 1  t i 1  1 0 s  

The tryptamine hydrochlorides were crystallized froni a niethunol-ethyl acetate rnisturi,. 

'I'ABLE 111 
PHARMACOLOGICAL ACTIVITY OF ~ N I , C ) R U T R Y I ' T . ~ ~ ~ I S E S ' ~  

-.Inticon wdsant- 
activity 

P - - ~ O ~ , ;  Inhibitory- S ~ ~ n i a i i w ! ~ ~  S;puntaneoua Alouse R a t  low cur- 
concentrations. fig./iiiI, Ilrserpinr, $liiirmol nucturnal rleotro- rent, plectro- 

.\cute I,l)s,, Substrate Substratr  reversal :+('ti vi t J- activity shock shock' 
Conipound in I n i c e  ,5HT .5HTT' t- Dlih 1<1)1> EDzoo ED6" El)5,# 

I Va :<TO 2s 1 ti i s  > 100 SA'' 

IVC 700 26 ')ti 7s !Ih 70 .> 100 
IVb 

IVe 370 > 1 00 > 100 I00 .: I O 0  < 100 > 100 
IVf .i60 > 100 > 100 > 100 s .I 6ti 7 0  I ( ;  
IVg 370 1s \ 3 S <I00 :$8 ( i t i  12 
IVh 20 :3  , .i 100 e:, 100 :30 IOU 20 
a-hlethyltryptaniine GOO 34 I t i  I ii I ,5 L'! I ti0 ) 

a-E th yltryp tamine 400 41 I 1  :i; fi'c : 3 0  :$2 h 

870 !)ti 4 3  ;ti S A  150 2 .i - 
IVd 3 5 2; 'io >I00 150 17 .i 

a All doses arein nig./kg. unless otherwiseindicated. Ref. 16. ' , J .  \-. Bogue :tiid H. (1. Curiiigton, H r i f .  ,/. I'hurni(md., 8,230 ( 1 9 5 3  I .  
* N.A. = Not active at  the highest dose tested--150 mg./kg. for :t~iticc~nviilssnts: 100 nig./kg. iil other tests. 

a t  the same concentration whichever substrate IS used. In- 
hibitors of TD and M A 0  will inhibit at lower concentrations 
when the substrate is 5HTP. The results in Table 111 give the 
,507, inhibitory concentrations of the compounds against M A 0  
and indicate whether any inhibition of TD was exhibited. 

(a) Reserpine Reversal.--;Llice treated with 
reserpine show typical ptosis and depression Jvhich can be 
reversed by MA0 inhibitors. The intensiy of this hvperactivitl 
can be quantitated reproducibly by means of a rating scale. 
The doses quoted in Table I11 produce marked hyperactivity.16 

(b) Spontaneous Diurnal Activity (SDAj.-Spontaneous 
activity was measured in photobeam cages using groups of 3 
mire during the day The results are expressed as the dose 
which produces a doubling of activity (number of times a light 
beam wm interrupted) of the group of mice compared with 
controls. 

(e) Spontaneous Nocturnal Activity (SNA).-SNA was meas- 
ured in the same way as SDA e v e p t  that  the determination 
was carried out during the hours of darkness when micae are 
normally more active. 

I n  Vivo Tests. 

Mouse Electroshock Test.-IvIire were dosed ortill>. with tlit. 
i*unipounds and shocked after 2 hr. (20 ma. for 0.3 ser. froln a 
constant rurrent stimulator), 

Results.-Conipoiuid IVh w:~s the most active of the ch1orc1- 
tryptamines as an inhibitor of LIAO and TD.  All 8 mnipounde 
were less active th:iii aLIT :is amine osidnsc inhibitors :md in 
their anti-reserpine a c t i v i t y .  

In the rat, electroshock anticonvulsant test ~onipound 11-c 
gave the greatest protection. There appeared t80 be little correla- 
tion between ita vitro activity against either enzyme and onti- 
convulsant or stiniulant activity. Compounds I\'(: and IVd 
both caused marked behavioral changes in conscious cats. T l i c ~  
animals shoxed many features of sympathomimetic stimulation 
a t  doses of 5 mg./kg. The effects were defensive hostilitj ns- 
sociated with piloerection, exophthalmos, and arched back. 
These effects can be explained as the results of sympathetic stim- 
ulation but the extrenie pupillary constriction seen with IVc 
(but not IVd) does not fit in with this picture. 

The time course of the anticonvulsant activity of IVc W:kS 

similar to that of a-methyltryptamine, and a-ethyltryptarnine 
:nid in other tests t h  ciinipounds had similar times of peak 
xtivi ty  and diir:ttion. 


