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under reduced pressure and the product was poured into ice-cold 
water, extracted with ether, and the ether extract dried over 
anhydrous sodium sulfate. Solvent was removed, and the 
product was distilled if it was an oil. The solid thiazanediones 
were recrystallized from benzene. The compounds are listed in 
Table III. The thiazanediones all exhibited amide carbonyl 
and carbamoyl carbonyl peaks at 5.8 to 5.9 n and at 6 to 6.15 IJ., 
respectively. 

3-(5-Carboxy-3-oxapentyl)-l,3-thiazane-2-thione-4-one.—The 
reaction mixture obtained by the reaction of sodium (2-hydroxy-
ethyl)dithiocarbamate and /3-propiolactone according to the 
general procedure described was added to 600 ml. of boiling 
6 A" hydrochloric acid. Xo solid was precipitated when the 
mixture was allowed to cool. Water was then removed under 
reduced pressure and a white solid product was obtained. It 

Many known psychotomimetic compounds such as 
lysergic acid derivatives, psilocybin, and harmaline are 
substituted indoles or carbolines. The psychotomi­
metic action of lysergic acid diethylamide was originally 
postulated as being due to its ability to antagonize the 
action of serotonin.3 It had been demonstrated fur­
ther that although melatonin had no effect on avoid­
ance escape behavior, cyclodehydration to l-methyl-6-
methoxy-3,4-dihydro-/3-carboline yielded a compound 
which proved to be a potent serotonin antagonist and to 
exert a profound effect on conditioned behavior.4 The 
idea that such compounds might arise endogenously has 
been entertained as a possible biochemical explanation 
for psychosis.6 Recently, evidence has been put forth 
for the presence of a compound in pineal tissue which 
does not give a typical Ehrlich indole reaction and is a 

(1) The 0-carboline nomenclature is cited in "The Ring Index" as pre­
ferred nomenclature, while the pyridoindole nomenclature is used in the 
Chemical Abstracts indexes. The pyridoindole nomenclature does possess 
greater potential for describing all of the various, theoretically possible iso­
mers of these heterocyclic systems. However, some ambiguity can arise in 
the use of that nomenclature. Thus, the Chemical Abstracts index [Chem. 
Abstr., 57, 516s (1962)] equates /3-carboline to 9ff-pyrido[3,4-&]indole. Ac­
cording to the established pyridoindole nomenclature rules, then harmine, 
l-methyl-6-methoxy-/3-carboline, becomes 7-methoxy-l-methyl-9#-pyrido-
[3,4-i>]indole whereas harmaline, l-methyl-6-methoxy-l,2-dihydro-/?-carbo-
line, is described as 4,9-dihydro-7-methoxy-l-methyl-3i7-pyrido[3,4-&]indole. 
That this can sometimes give rise to two sets of pyridoindole nomenclature 
for the same compound is illustrated by the fact that a chemical compendium 
as the "Merck Index" uses the name 3,4-dihydro-7-methoxy-l-methyl-9ff-
pyrido [3,4-6 jindole for harmaline. Since this paper is concerned only with 
the one isomer of these heterocycles, use has been made of the preferred no­
menclature of "The Ring Index" calling the series ^-carbolines. 

(2) The authors wish to thank Mrs. Gertrude H. Britton for her generous 
financial support. 

(3) D. W. Woolley and E. Shaw, Science, 119, 587 (1954). 
(4) W. M. Mclsaac, P. A. Khairallah, and I. H. Page, ibid., 134, 674 

(1961). 
(5) W. M. Mclsaac, Postgrad. Med., 30, 111 (1961). 

recrystallized from water in colorless plates in 11% yield. Ana­
lytical results proved this compound to be 3-(5-carboxy-3-oxa-
pentyl)-l,3-thiazane-2-thione-4-one. The infrared spectrum 
showed the amide carbonyl band at 5.85 /J and carboxyl carbonyl 
peak at 6.1 M-
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serotonin antagonist. On this tenuous basis it has 
been suggested that a carboline could be present in 
pineal tissue.6 The isolation and characterization of 
melatonin, an indole derivative, from pineal tissue7 

provides further impetus to look for indolic sub­
stances in this gland for which so many functions have 
been postulated.8-10 The minute amounts of physio­
logically active compounds present have made classical 
means of identification impractical. Thus, it was 
important to these investigations to embark on a pro­
gram of synthetic chemistry to provide a variety of 
classes of authentic indolic compounds for comparative 
purposes. In general the compounds prepared were of 
types that could arise conceivably from the metabolism 
of serotonin or melatonin. Because of the close rela­
tionship of these compounds to known psychotomimetic 
indoles, they have provided a valuable series for our 
pharmacological studies. 

Structural class representatives have been prepared 
rather than attempting to synthesize many isomers of 
one structure so that a profile of general characteristics 
for different types of compounds would be available. 
The Pictet-Spengler reaction (Fig. 1) has been estab­
lished as a general and reliable method for the conver­
sion of tryptamines to l,2,3,4-tetrahydro-0-earbolines,u 

(6) G. Farrell, and W. M. Mclsaac, Arch. Biochem. Bwphys., 94, 543 
(1981). 

(7) A. B. Lerner, J. D. Case, and Y. Takashi, J. Biol. Chem., 235, 1922 
(1960). 

(8) J. I. Kitay and M. D. Altschule, "The Pineal Gland," The Harvard 
University Press, Cambridge, Mass., 1954. 

(9) G. Farrell, Recent Progr. Hormone Pes., 15, 275 (1959). 
(10) L. Baschieri, F. DeLuca, L. Cramarossa. C. DeMartino, A. Oliverio. 

and M. Negri, Experientia, 19, 15 (1963). 
(11) W. M. Whaley and T. R. Govindarchari, "Organic Reactions," 

Coll. Vol. 0, John Wiley and Sons, Inc., New York, N. Y., 1951, pp. 151-190. 
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A series of /3-carbolines and tryptamines related to serotonin and melatonin has been synthesized. These in­
cluded a number of tetrahydro-/3-carbolines with substituents in the 1, 2, or 6 positions. An unusual oxidative 
transformation of one of the compounds, 2-acetyl-6-hydroxy-l-methyl-l,2,3,4-tetrahydro-0-carboline, was ob­
served. Preliminary pharmacological investigations of these new compounds consisted of examining their 
ability to antagonize the myotropic action of serotonin and to effect a conditioned behavioral reflex in rats. 
Most of the compounds showed some activity in both experimental preparations, with several exhibiting high 
potency in both. Since use can be made of these materials in the characterization of metabolites of serotonin and 
melatonin, their chromatographic and spectral properties are reported. 
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H H R3 

Fig. 1.—A generalized scheme of the Pictet-Spengler reaction. 

Fig. 2.—Ultraviolet absorption spectra of a sample of 2-acetyl-
6-hydroxy-l-methyl-l,2,3,4-tetrahydro-/3-carboline: A, immedi­
ately after synthesis; the upper curve, upon standing in air for 
several weeks; B, the oxidized form after treatment with pal­
ladium and ethanol. 

and extensive use has been made of it in the present 
study. It was desirable to prepare a carboline that 
could result directly from serotonin. Acetaldehyde 
was chosen as the other reactant because of its physio­
logical significance and because it reacts generally more 
successfully in the Pictet-Spengler reaction with trypt-
amines than most other aldehydes. 

In initial experiments a variety of conditions were 
explored with the stable and physiological form of 
serotonin, the creatinine sulfate, to elucidate its reac­
tion with acetaldehyde However, only inseparable 
mixtures which seemingly contained the desired product 
were obtained. In light of these results, it was decided 
to approach the synthesis through 5-benzyloxytrypt-
amine and again a variety of conditions were explored. 
In initial reactions where a low yield (28%) of the de­
sired di (6-benzyloxy-l-methyl-l ,2,3,4-tetrahydro-/3-car-
boline) sulfate monohydrate had been obtained, the 
product had been accompanied by a large amount of 
red, resinous, high-melting solid. Subsequently it was 
shown that pH was a critical factor and that a good 
yield of pure 6-benzyloxy-l-methyl-l,2,3.4-tetrahydro-
/3-carboline hydrochloride could be obtained when the 
reaction was carried out at pH 6. With this pure inter­
mediate all subsequent conversions led to very pure 

products in contrast to earlier attempts with materials 
obtained at pH 2. 

Thus, the hydrochloride in aqueous solution was 
converted to the free base with sodium carbonate, which 
was then readily acetylated with pyridine and acetic 
anhydride to yield 2~acetyl-6-benzyloxy-l-methyl-l,2,-
3,4-tetrahydro-/3-carboline. The acetylated material 
was then debenzylated with hydrogen over 10f/< pal-
ladium-on-charcoal to yield 2-acetyl-6-hydroxy-l-
methyl-1,2,3,4-tetrahydro-/3-carboline. 6-Benzyloxy-1 -
methyl-l,2,3,4~tetrahydro-/3-carboline hydrochloride 
was debenzylated with hydrogen in the same manner to 
give ()-hydroxy-l-methyl-l,2,3,4-tetrahydro-/3-carboline 
hydrochloride, the carboline directly related to sero­
tonin. It was an off-white solid stable in air for several 
weeks as indicated by ultraviolet spectra. 

In several preliminary studies a less pure sample of the 
2-acetyl-6-hydroxy-l -methyl-1,2,3,4-tetrabydro-/J-car-
boline had been obtained. That material upon standing 
for several weeks in air underwent a modification 
in its ultraviolet spectrum as shown in Fig. 2, in­
dicating a transformation to another compound. How­
ever, it was then possible to re-establish the original 
spectrum by treating the "oxidized" material with 
palladium in refluxing ethanol. Ordinarily, this sys­
tem had been shown to convert tetrahydrocarbolines 
to the fully aromatic analogs12; however, in the above 
instance the system acted in an opposite manner. 
Furthermore, the acetyl group prevented that type 
of compound from being converted to the fully aro­
matic carboline. Examination of the ultraviolet spec­
tra of a tetrahydroearboline, a dihydrocarboline, and 
a fully aromatic carboline, as shown in Fig. 3, shows 
an increase in the wave length where the compounds 
absorb, characteristic for each compound class. How­
ever, upon comparing the spectra for the oxidatively 
transformed 2-acetyl-6-hydroxy-l-methyl-l,2,3,4-tetra-
hydro-iJ-carboline with those above, it can be seen that 
a different type of conversion is taking place. Further­
more, chromatography shows Rt 0.85 in solvent 3 (Table 
I) for the original compound against 0.55 for the oxi­
dized material. More significantly, the starting car­
boline gives a positive Gibb's reaction (2,6-dichloro-
quinone chloroimide) for the hydroxyl group, whereas 
the oxidized form no longer does. Treatment of the 
oxidized material with palladium in ethanol restores 
the original Rt, positive Gibb's reaction, and ultra­
violet spectra. 

It appears that the 6-hydroxy group either under­
went an oxidation to a probable quinoneimine or else a 
keto-enol tautomeric shift to a keto form under the 
catalytic influence of oxygen (Fig. 4). If the latter 
occurred, then palladium served as an enolization 
catalyst. The observation of keto-enol tautomerism 
of aromatic hydroxy compounds has been observed in 
many instances.13 On the other hand, the ease of 
oxidation of hydroxyindoles to quiuones has also been 
established, particularly in studies attempting to de­
scribe the formation and structure of melanin.1'1 Iso­
lation and characterization of the oxidized form to de-

112) C. I". II'.H-Imo.r, II . A. Troxell , anil C. Sehroeder , ./. Am. Churn. Sur.. 
75 , f>887 (I9."»3). 

(13) ("!. W. Whe land , " A d v a n c e d Oraanie C h e m i s t r y , " :jrd Kd., .7.111n 
Wiley and Sons, Inc . , New York, N. Y. . I!)li0, C h a p . 11. 

; 1 1; .1. D. Bu ' lock and J . H a r l e y - M a s o n . ./. Chem. Soc. 70:1 > l i i . l ] ; . 
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cide whether oxidation or tautomerism occurred was 
not included in this study. 

Di(8-benzyloxy-l-methyl-l,2,3,4-tetrahydro-/3-carbo-
line) sulfate was prepared in 78% yield and was a stable 
compound; however, on debenzylation the resultant 
hydroxycarboline proved to be unstable. Its solutions 
when exposed to air formed a purple product of low 
solubility which on further standing was converted to an 
even less soluble brown substance. 

An attempt was made to synthesize l,2-dimethyl-6-
methoxy-l,2,3,4-tetrahydro-,S-carboline by condensing 
5-methoxy-N-methyltryptamine with acetaldehyde. 
This was done in two steps, first using a mild reaction to 
form a Schiff's base, then further treating the Schiff's 
base at pH 2. Chromatography indicated that a mix­
ture of products had formed, the major constituent 
being the desired carboline which was then isolated and 
identified as a picrate. The reaction was repeated at 
several conditions and at pH 6, but no improvement in 
the quality of the product could be achieved. 

a-Ketoglutaric acid is a carbonyl compound of 
interest because of its role in pyruvate metabolism and 
transamination in the brain.15 Tryptamine has been 
shown to form a carboline when condensed with a-
ketoglutaric acid.16 This reaction was repeated using 
5-methoxytryptamine, a molecule more closely related 
to serotonin. The reaction went successfully first to 
l-carboxy-l-(2-carboxyethyl)-6-methoxy-l,2,3,4-tetra-
hydro-/3-carboline (I). It was then possible to cyclize 
this intermediate further by means of hydrogen chloride 
catalysis to the hitherto unreported lactam, 10-methoxy-
6-oxo-2,3,4,5,6-pentahydro-/#-indolo[3,2,l-de][l,5]-
naphthyridine (II, Fig. 5). The relative ease of this 
intramolecular acylation of the indole nitrogen is signif­
icant in comparison to the much greater difficulty with 
intermolecular acylations. This reaction provides an­
other example of what might be considered a model 
enzyme system where the entropy factor due to molec­
ular motions is reduced, providing the reaction with 
the benefits of a greater negative free energy change. 

Pyridoxal, another physiological aldehyde, condensed 
with 5-methoxytryptamine to form l-(3-hydroxy-5-
hy droxy methy l-2-methyl-4-py ri dy 1) -6-methoxy-l, 2,3,4-
tetrahydro-/3-carboline, which also should be of interest 
to the area of pyridoxine biochemistry. 

Direct N-methylation of 6-methoxy-l-methyl-l,2,3,4-
tetrahydro-/?-carboline with methyl iodide yielded the 
N-methyl quaternary ammonium iodide, a stable white 
salt. Acetylation of the same carboline with acetic 
anhydride in pyridine proceeded readily to give 2-
acetyl-6-methoxy-l-methyl-l,2,3,4-tetrahydro-/3-carbo-
line related to melatonin. In a similar manner, 2-acetyl-
l-methyl-l,2,3,4-tetrahydro-/3-carboline was also pre­
pared. 6-Methoxy-l-methyl-l,2,3,4-tetrahydro-/3-car-
boline, when treated with butyric anhydride and pyri­
dine, yielded the N-butyryl derivative, a longer chained 
fatty acid amide. 

Although there is no reported instance of simple 
ketones reacting in the Pictet-Spengler reaction, the 
possibility was investigated. Thus, serotonin cre­
atinine sulfate and acetone were incubated at 37° for 
3 days. Isolation of the product yielded 81% of un-

(15) H. Mcllwain, "Biochemistry and the Central Nervous System," 2nd 
Ed., Little, Brown and Co., Boston, Mass., 1959. 

(16) G. Hahn, Ber., 71, 2163 (1938). 
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Fig. 3.—Ultraviolet absorption spectra of three carbolinea dif­
fering only in their degree of saturation of the C-ring. Curve A 
is of 6-methoxy-l-methyl-/3-carboline, curve B is of 6-methoxy-
l-methyl-l,2,3,4-tetrahydro-(3-carboline, and curve C is of 1,2-
dihydro-6-methoxy-l-methyl-/3-carboline. 
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Fig. 4.—Two possible modes by which 2-acetyl-6-hydroxy-
l-methyl-l,2,3,4-tetrahydro-,S-carboline could be effected by 
oxygen. 

CH,0. CH,0 

'COOH 

Fig. 5.—Structures of l-carboxy-l-(2-carboxyethyl)-6-meth-
oxy-l,2,3,4-tetrahydro-/3-carboline (I) and 10-methoxy-6-oxo-
2,3,4,5,6-pentahydro-J?i/-indolo[3,2,l-de] [1,5]naphthyridine (II). 

changed starting material, identified and shown to be 
homogeneous by its color reactions and migration on a 
silica thin layer on glass. 

Carbolines containing a 3,4-dimethoxybenzyl group 
in the 1-position were prepared. Such materials re­
sulted from condensation between tryptamine or 5-
methoxytryptamine and 3,4-dimethoxyphenylacetal-
dehyde. The latter aldehyde could occur physiolog­
ically, since evidence exists that its hypothetical pre­
cursor, the corresponding amine, may be a physio­
logical substance.17 

Both tryptamine and 5-methoxytryptamine readily 
underwent a Pictet-Spengler condensation with 3,4-

(17) A. J. Friedhoff and E. Van Winkle, J. Nervous Mental Disease, 6, 550 
(1962). 
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TABLE 1 

CHARACTERISTICS OF ^OME COMPOCNOS RELATED TO SEROTONIN' 

Fluorescent 
Color r e a c t i o n s a -

X a n t h y -
spec t ra 
Xa Xe. 

Ultravio le t Serotonin 

./ 
-Effect on V.r . behavto 

Bloc 

Magenta 

Bli 

( i r 

0 . 8 5 0.7") 0 . 8 2 800 
0 . 6 5 0 . 8 1 0.8. i 300 

spectr ; 

Xraax. nifi 

(57, 802 

(72,279. 28!i 

a n t a g o - Dose, 
nism ^ m o l e s / k g 1 

4- 1 ! 

420 294 

850 28:1 

- 2 4 . - 1 8 

C o m p o u n d drol Khrlieh Gibbs 1 2 8 ni^ m^ 

3- (2-Aminoe thy l ) -5-n ie th- 0 , 0 0 0 76 0 50 390 475 
oxyindole 

l -Benzy l - l , 2 . 3 ,4 - t e t r a - M a g e n t a 0 . 0 2 0.1)0 0 . 8 2 200. 350 272, 279. 289 -- -r- 2li -^22 4-5 S - 2 8 
hydro-#-carbo l ine .400 
hydroch lor ide 

2 -Ca rboxy-o -me thoxy-
indole 350 

l - C a r b o x y - l - ( 2 - c a r b o x y - C r a y 0 . 0 1 0 . 15 0 .54 500 
e thy lmethoxy-1 ,2 ,3 ,4 -
te t rahydro- /3-oarbo-
line 

10-Methoxy-O-oxu- M a g e n t a 0 30 0 . 8 0 0 , 6 5 85(1 410 2 5 3 , 2 9 8 , 3 0 8 16 - 8 - 4 0 
2 ,3 .4 ,5 ,0 -pen tahydro-
/ / / - i n d o l o [3,2.1-de]-
[1,5] n a p h t h y r i d i n e 

l - ( 8 - I l yd roxy -5 -hyd roxy - Blue 0 . 2 5 0 . 8 0 0 . 0 2 810 875 292 (sh. 275)-"' 
i i ie thyI-0-methoxy-2-
me thy l -4 -py r idy l ) - l , 2 ,3 ,4 -
tetrahydro~/3-carboline 

1 .2-Dinie thyl -6-methoxy- Blue G r a y 0 . 2 5 0 . 9 0 0 . 7 0 205. 
1.2,5. t - t e t r a h y d r o - 3 - 830 
ea rbohne 

5-Met hoxyisat in Orange Orange 
2-Acety l -O-hydroxy- l - Blue Blue Blue 

m e t h y l - l , 2 . 3 , 4 - t e t r a -
hydro-^-carbo l ine 

6 - H y d r o x y - l - m e t h y l - Blue Blue Blue 0 . 0 0 0 75 0 57 260 
1 ,2 .3 ,4- te t rahydro-S-
carbol ine i iydrochlor ide 

2-Acet.vl-6-metho.xy-]- Blue Blue 0 . 8 5 0 87 0 . 9 0 310 
me thy ) - l , 2 ,3 ,4 - t e t r a -
hydro-/3-carboline 

N-Methy l - .5 -methoxy- Blue Blue 0 . 0 7 0 . 8 6 0 . 6 5 380 350 275 ish. 293) ' Oxytocic 27 - 5 0 - 6 4 - 8 4 
t r y p t a m i n e h y d r o ­
chloride 

8-Me. thoxy- l ,2 ,2- t r i - G r a y 0 . 0 5 0 . 5 5 0 . 6 4 265, 350 272 (sh. 292, - 8 - I S 
met hyl-1,2,3,4- 320 
tetrnhydro-f3-carboline 
iodide 

2 -Ace ty l - l -me thy l - l , 2 , 3 , 4 - Blue 0 . 8 0 0 . 9 0 0 . 9 2 300 
tetrahydro-£f-earbol ine 

2 - B u t y r y l - l - m e t h y l - Blue 0 . 8 5 
l ,2,3.4.-tetrahydro-(3-
carbol ine 

l - ( 3 . 4 - I ) i m e t h o x y b e n z y l ) - M a g e n t a 0 . 5 8 0 .92 0 . 8 2 310 340 279 + - e + J- 12 - 1 0 - 5 0 - 1 0 
1,2,8.4-tetrahydro-f?-
carbol ine 

l - (3 ,4 - I ) ime thoxyben2y l ) - Blue 0 . 6 0 0 . 8 6 0 . 7 8 325 
6- rue thoxy- l , 2 ,3 ,1-
te t rahydro-/3-carbol ine 

" Keagents used were: xanthydrol, 2% in ethanol plus a few drops of eoncn. H O ; Ehrlieh (dimethylaminobenzaldehyde.) in l.."> .V 
HC1: Gibbs 2%, 2,6-dichloroquinonechloroimide in ethanol followed by saturated sodium bicarbonate. b Solvents used were: 1. 
chloroform-methanol (9 :1 , silica gel thin layer chromatography); 2, l-propanol-ammonia (8:2); 3, 1-butanol-acetic acid-water 
(4:1 : ,o i. ' In ethanol at pH 7. d In ethanol at pH 7; sh. denotes a shoulder. " Percentile change during each quarter of experimental 
session related to means based on five control periods (see Experimental). •' In water at pH 1. 

200 

350 253 (sh. 262) 
350 enol 275 (sh. J- +-

295) 
keto 258, 308 

360 270 (sh. 298, - + +-
308) 

350 275 (sh. 295. 
303) 

16 

18 

350 272 (sh. 292, 
304) / 

350 226,278 
(sh. 295, 309) 
276 (sh. 295. 

80S) 

340 279 

340 225 (sh. 309.1 

• 14 

5 1 

9 1 

12 

dimethoxyphenylacetaldehyde15 in aqueous alcohol at 
room temperature at pH 4-6, after several days stand­
ing, to yield the corresponding tetrahydrocarboline 
hydrochlorides. l-(3,4-Dimethoxybenzyl)-l,2,3,4-
tetrahydrocarboline had been prepared previously, 
liowever, by using 3,4-dimethoxyphenylpyruvic acid 
and subsequently decarboxylating the 1-carboxy inter­
mediate.19 

It was found that great variations of optimum con­
ditions of the Pictet-Spengler reactions are required 
by each pair of reactants. This "perplexing variation 
of yields under different conditions for several react­
ants" has been previously commented upon in a re­
view.-1' 

(18) K. Kaufman , E . Eliel, a n d J. R o s e n k r a n z , Cieneia (Mex . ) , 7 , 136 
(1940). 

(19) Ref. 11, p. 174. 
120) Ref. 11, p. 172. 

•VMethoxy-N-methyltryptamine was prepared fol­
lowing the method of Wilkinson, beginning with .">-
methoxytryptamiue, carrying out a tosylation, metliyla -
tion, and detosylation on that material.21 However, 
by a modification of the reported isolation procedure it 
was possible to prepare the free base, previously un­
reported, in good purity and yields. 

A second tryptamine prepared was related to sero­
tonin through O-methylation and oxidation in the 
2-position, i.e., the oxindole. That compound was 
synthesized by starting with p-anisidine and in five 
steps preparing the 5-methoxy-3-oxindolylacetonitrile.52 

By means of a limited careful hydrogenation over a 
platinum oxide catalyst it was possible to reduce pref­
erentially the nitrile group to the amino function, leav­
ing the carbonyl group intact to give 2,3-dihydro-.">-

(21) 
(22) 

. Wilkinson, ,/. Chem. Soc, 2079 (1958). 

. P ie t ra , Farmaco (Pav ia ) , Ed. Sci., 13, 75 (1958). 

2-Acet.vl-6-metho.xy-%5d-
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methoxy-2-oxotryptamine in reasonable yield, readily 
purified by crystallization. 

Pharmacological Activity.—Many of the compounds 
in this series were found to be potent antagonists of the 
myotropic action of serotonin in the isolated rat uterus 
assay, and significant changes in potency resulted from 
minor modifications in chemical structure as shown in 
Table I. 

A large number of compounds prepared in this study 
exhibited significant effect on conditioned behavioral 
response rates of rats (Table I). Considerable varia­
tion of this effect was seen with each structural change 
varying from materials that had no activity to those 
of a high order of potency. For this reason, and since 
they all bear some structural relationship to known 
psychotomimetic substances, a more detailed study is in 
progress to elucidate the structure-activity relationship 
of these compounds. 

Since some of the compounds may be the same as, or 
related to, active agents in pineal tissue, their effects are 
being studied on other physiological functions in which 
this gland has been implicated. 

Experimental28 

Reactions between Serotonin Creatinine Sulfate and Acetal-
dehyde.—In an attempt to prepare 6-hydroxy-l-methyl-l,2,3,4-
tetrahydro-/3-carboline directly by means of the Pictet-Spengler 
reaction, serotonin creatinine sulfate and acetaldehyde were al­
lowed to react under a variety of conditions of time, pH, tem­
perature, and ratios of reactants. Products were obtained that 
gave a positive reaction for the hydroxyl group (Gibb's) and for 
the indole (xanthydrol) but were negative for the indole 2-position 
(Ehrlich), indicating hydroxytetrahydrocarboline formation. 
In addition, the products in bioassays were potent serotonin 
antagonists and caused aldosterone secretion in decerebrate ani­
mals, properties characteristic of carbolines.6 However, the 
products were sometimes high melting (above 300°) and even 
upon repeated crystallization had elemental analyses that were at 
times near to those required but were never acceptable matches. 
Furthermore, a variety of different melting materials were ob­
tained suggesting that these attempts yielded mixtures of prod­
ucts. 

6-Benzyloxy-l-methyl-l,2,3,4-tetrahydro-/3-carboline Sulfate. 
—5-Benzyloxytryptamine sulfate (300 mg., 8.25 X 10 ~4 mole), 
6.0 ml. of 10% acetaldehyde, 6.0 ml. of water, and 1.0 ml. of 2 N 
sulfuric acid were heated at 90° for 20 min. At the end of this 
time an orange precipitate began to appear, and the reaction 
mixture was immersed in ice to furnish 282 mg. of an orange 
product. The material was crystallized from 30.0 ml. of water 
containing several milliliters of 2 N sulfuric acid to yield 80 mg. 
(28%) of 6-benzyloxy-l-methyl-l,2,3,4-tetrabydro-/3-carboline 
sulfate monohvdrate, m.p. 250-252° dec. 

Anal. Calcd. for CagH^XjOS: C, 65.49; H, 6.08; X, 8.05; 
S, 4.60. Found: C, 65.20; H, 6.18; X, 7.90; S, 5.01. 

A number of variations in time, reaction temperature, and 
amounts of reagent were carried out in attempts to improve the 
yield; however, in each case a low yield resulted with either an 
orange gummy product, or an orange powder containing a large 
amount of soluble, high melting impurity (probably polymer). 
However, in a first experiment where the pH of the reaction was 
varied from 2-6, the yield and quality of the product markedly 
improved, and those conditions, using 5-benzyloxytryptamine 
hydrochloride, are described below. 

6-Benzyloxy-l-methyl-l,2,3,4-tetrahydro-/3-carboline Hydro­
chloride.—5-Benzyloxytryptamine hydrochloride (250 mg., 8.3 
X 10~4 mole), 6.0 ml. of 10% acetaldehyde, and 6.0 ml. of water 
were incubated (pH 6) for 1 hr. at 85°. While cold, the amine salt 
did not dissolve; however, upon heating the mixture, a clear 
solution was obtained. I t was cooled in ice and filtered to give 
254 mg. (93% yield) of white crystals, m.p. 235-237°. A small 
portion was crystallized from water for an analytical sample. 

(23) All melting points are corrected. Microanalyses were performed by 
Micro-Tech Laboratories, Skokie, 111. 

Anal. Calcd. for Ci9H21ClN20: C, 68.67; H, 6.44; CI, 10.78; 
X,8.52. Found: C, 68.91; H, 6.48; CI, 10.45; N,8 .71. 

The base, 6-benzyloxy-l-methyl-l,2,3,4-tetrahydro-/3-carboline, 
was prepared by the addition of 10% sodium carbonate solution 
to a saturated solution of the hydrochloride to pH 9 and then 
extracting with chloroform. Reduction of the volume of the 
combined chloroform extracts with the addition of a large excess 
of heptane produced a copious precipitate which on filtering and 
drying melted at 160-163°. 

Anal. Calcd. for C19H2„X20: C, 76.27; H, 6.90; X, 9.58. 
Found: C, 76.46; H, 7.05; X, 9.43. 

2-Acetyl-6-benzyloxy-l-methyl-l,2,3,4-tetrahydro-/3-carboline. 
—6-Benzyloxy-l-methyl-l,2,3,4-tetrahydro-/3-carboline (140 mg., 
4.8 X 10~4 mole) was dissolved in 1.0 ml. of pyridine and 0.3 
ml. of acetic anhydride resulting in warming and a deepening of 
color. After 24 hr. at room temperature the reaction mixture 
was poured into 10 ml. of benzene to which 35.0 ml. of heptane 
was then added. A heavy precipitate of the product formed, 
and the mixture was cooled at 5° for 2 hr.; filtration vielded 121 
mg. (76%) of product, m.p. 200-202°. 

Anal. Calcd. for C21H22N202: C, 75.44; H, 6.63; X, 8.38. 
Found: C, 75.42; H, 6.46; N, 8.53. 

2-Acetyl-6-hydroxy-l-methyl-l,2,3,4-tetrahydro-/3-carbo-
line.—2-Acetyl-6-benzyloxy-l-methyl-l,2,3,4-tetrahydro-/3-carbo-
line (120 mg., 3.6 X 10~4 mole) was dissolved in 20 ml. of ethyl 
acetate and debenzylated in a Parr low pressure hydrogenator 
under 2.8 kg./cm.2 of hydrogen for 18 hr. at room temperature 
with 50 mg. of 10% palladium-on-charcoal catalyst. The mixture 
was filtered through Celite and reduced in volume on a Rinco 
evaporator to 5.0 ml. Heptane (35 ml.) was added to precipitate 
the product. The mixture was cooled 4 hr. at 5°, filtered, and 
upon drying yielded 61.0 mg. (70%) of material, m.p. 221-224°. 

Anal. Calcd. for CHH16X202: C, 68.83; H, 6.60; X, 11.47. 
Found: C, 68.56; H, 6.66; X, 10.59. 

6-Hydroxy-l-methyl-l,2,3,4-tetrahydro-/3-carboIine Hydro­
chloride.— 6-Benzyloxy-l-methyl-l,2,3,4-tetrahydro-3-carbohne 
hydrochloride (200 mg., 6.1 X 10"4 mole) was dissolved in 20.0 
ml. of methanol, 40 mg. of 10% palladium-charcoal was added, 
and the mixture was hydrogenated in a Parr low pressure appa­
ratus for 18 hr. at room temperature at 2.8 kg./cm.2 of hy­
drogen. The reaction solution was filtered through Celite, 
and the filtrate was evaporated to a gum on a Rinco evaporator. 
Acetone was added to the gum to furnish 122 mg. (S4%, yield) 
of a light gray substance, m.p. 266° dec. 

Anal. Calcd. for Ci,H15ClX20: C, 60.37; H, 6.33; CI, 14.85; 
X, 11.84. Found: C, 59.81; H, 6.52; CI, 14.23; X, 11.78. 

8-Benzyloxy-l-methyl-l,2,3,4-tetrahydro-0-carboline.—7-Ben-
zyloxytryptamine (250 mg., 9.4 X 10~4 mole) was suspended in 
12.0 ml. of 5% acetaldehyde. The mixture, with occasional shak­
ing, was allowed to stand for 30 min., then 1.0 ml. of 2 N sulfuric 
acid was added, and the mixture was heated at 85-90° for 25 min. 
I t was cooled at 5° overnight to yield a tan precipitate which on 
washing with acetone and drying amounted to 247 mg. (78%) 
of the sulfate salt, m.p. 210-212°. A portion was crystallized 
from dilute sulfuric acid to give an analytical sample. 

Anal. Calcd. for C3SH„X406S: C, 67.03: H, 5.92; X, 8.23; 
S, 4.71. Found: C, 66.76; H, 6.18; X, 8.31; S, 4.53. 

l,2-Dimethyl-6-methoxy-l,2,3,4-tetrahydro-/3-carboline.— 
5-Methoxy-N-methyltryptamine (250 mg., 1.2 X 10~3 mole) 
was dissolved in 6.0 ml. of water containing 0.5 ml. of 2 N 
sulfuric acid. The solution was filtered and neutralized to pH 
6 with sodium carbonate. Six milliliters of 10% acetaldehyde 
was added, and the mixture was heated at 70° for 1 hr. Then 
1.0 ml. of 2 N sulfuric acid was added, and the mixture was heated 
at 90° for 30 min. I t was cooled and 10%, sodium carbonate 
was added to adjust the solution to pH 8; the resulting precipitate 
was filtered. Additional precipitate was obtained upon adding 
10% sodium carbonate to the filtrate getting a total of 188 mg. of 
product having a wide melting range starting at 110°. This 
material could not be purified by crystallization. However, 
confirmation that it was the crude carboline was obtained by 
preparing a picrate which was then crystallized from ethanol, 
m.p. 213-215° dec. 

Anal. Calcd. for C20H2IX6O3: C, 52.26; H, 4.61; X, 15.25. 
Found: C, 52.20; H, 4.68; N, 14.93. 

Cyclization of 5-Methoxytryptamine with a-Ketoglutaric Acid. 
—a-Ketoglutaric acid (800 mg., 5.5 X 10~3 mole) and 700 mg. 
(3.6 X 1 0 - 3 mole) of 5-methoxytryptamine, dissolved in 15 ml. of 
ethanol, were stirred at room temperature overnight. A white 
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precipitate began to appear after approximately 1 hr. The prod­
uct was then filtered directly from the solution and dried under 
vacuum to yield 1.0 g. (100%) of l-carboxy-l-(2-carboxyethyl)-6-
methoxv-l,2,3,4-tetrahydro-|3-earboline, m.p. 183-185°. 

Anal. Calcd. for C16H i aN206: C, 60.37; H, 5.69; N, 8.80. 
Found: C, 60.22; H, 5.57; N, 8.S9. 

It was dissolved in 25.0 ml. of methanolio hydrogen chloride, 
and the solution was refluxed overnight during which time a white 
solid settled out of the solution. The mixture was cooled and 
filtered to give 0.7 g. (76% yield) of 10-methoxy-G-oxo-2,3,4,5,6-
pentahydro-/ff-indolo[3,2,1-de] [1,5]naphthyridine hydrochlo­
ride, m.p. 301-302°. Its identity was confirmed by converting 
the salt in hot water to the free base with sodium carbonate, 
the cream-colored product had m.p. 167-170°. 

Anal. Calcd. for C15H,7X202: C, 70.01; H, 0.66; N, 10.89. 
Found: C, 69.73; H,6.19; X, 11.11. 

Reaction of 5-Methoxytryptamine with Pyridoxal.—5-Meth-
oxytryptamine (250 mg., 13.2 X 10"~3 mole) was ground and 
dissolved in 6.0 ml. of water and 1.0 ml. of 2 N sulfuric acid. 
A solution of 250 mg. (13.2 X 10~3 mole) of pyridoxal hydrochlo­
ride in 6.0 ml. of water was added to a deepening yellow color, 
and the solution was incubated for 20 hr. at 37° and neutralized to 
pH 9 with 10% sodium carbonate. A yield of 316 mg. (71%) 
of l-(3-hydroxy-5-hydroxymethyl-2-methyl-4-pyridyl)-6-meth-
oxy-l,2,3,4-tetrahydro-f3-carboline, m.p. 245° dec , was obtained. 
A portion was crystallized from ethanol-dimethylformamide and 
water for anal vsis. 

Anal. Calcd. for C19H21X303: C, 67.24; H, 6.24; X, 12.3S. 
Found: C, 66.65; H, 6.37; X, 11.89. 

Reaction of Methyl Iodide with 6-Methoxy-l-methy]-l,2,3,4-
tetrahydro-fJ-carboline.—6-Methoxy-l-methyl-l, 2 ,3 ,4- te t rahy-
dro-(3-carboline (250 mg., 1.2 X 10 ~3 mole) was suspended in 
0.5 nil. of ethanol and 0.2 ml. of 30% sodium hydroxide solu­
tion. Methyl iodide (0.2 ml., 460 mg., 3.2 X 1()-3 mole) was 
added to the suspension which turned to a yellow solution, re­
solidifying upon cooling under a tap. The mixture was allowed 
to stand overnight and was filtered to give a quantitative yield 
(475 mg.) of 6-methoxy-l,2,2-triraethyl-l,2,3,4-tetrahydro-,3-
carboline 2-iodide, m.p. 228-232°. A portion was crystallized 
from ethanol and showed the presence of the iodide ion by the 
formation of free iodine upon adding chlorine water to a solution 
of the compound. 

Anal. Calcd. for C i6H21IX2(): (.', 48.39; H, 5.69; X, 7.53. 
Found: C, 48.38; H, 5.61; X. 7.03. 

2-Acetyl-6-methoxy-l-methyl-l,2,3,4-tetrahydro-j3-carbo-
line. — 6-Methoxy-l-methyl-l ,2,3,4-tetrahydro-/3-carboline (100 
mg., 4.6 X 10~4 mole) was added to 0.2 ml. of acetic anhydride. 
Solution occurred immediately with warming, followed by copious 
precipitation after 1 min. The mixture was heated in boiling 
water for an additional 2 min. Several milliliters of water was 
added to the mixture, and the precipitate that formed was filtered, 
washed, and dried to yield 116 mg. (98%.) of material, m.p. 203-
204.5°. 

Anal. Calcd. for C,5HWX203: ( ' ,69.74; H, 7.01; X, 10.85. 
Found: C, 69.21; H,6 .91; X, 10.85. 

2-Acetyl-l-methyl-l,2,3,4-tetrahydro-f3-carboline,—This mate­
rial was prepared in 94%. yield in the same manner as the pre­
ceding N-acetylated carboline, however, starting with 1-methyl-
l,2,3,4-tetrahvdro-5-carboline. m.p. 205-207°. 

Anal. Calcd. for CuH,-X2b: C, 73.30; H, 7.42; X, 12.22. 
Found: C, 72.83; H, 7.20; X, 11.90. 

2-Butyryl-6-methoxy-l-methyl-l,2,3,4-tetrahydro-|3-carbo-
line.— 6-Methoxy-l-methyl-l, 2,3,4-tetrahydro-0-earboline (100 
mg., 4.6 X 10~4 mole) was dissolved in 0.5 ml. of butyric 
anhydride by heating, then adding 1.0 ml. of pyridine. The 
mixture was allowed to stand at room temperature for 24 hr. 
A small quantity of water was added; the oil that formed initially 
solidified after several days standing. The solid was obtained by 
decantation and crystallized from ethanol-water to yield 72 mg. 
(54%.) of product, m.p. 118-122°. A portion was recrystallized 
for analysis, m.p. 122-127°. 

Anal. Calcd. for CnH2 2X202 : C, 71.29; H, 7.74; X, 9.80. 
Found: C, 71.29; H, 7.66; X.9.79. 

Reduction of 3,4-Dimethoxyphenylacetyl Chloride by the 
Rosenraund Method.—3,4-Dimethoxyphenylacetyl chloride was 
prepared by refluxing the acid with thionyl chloride in chloro­
form.24 Several typical Rosenmund reductions were carried out 

(24) E. D. Haworth, W. II. Perkin, and J. Rankin, J. Chern. Soc. 1094 
(1924). 

exploring the variables of time and temperature on the reaction 
using either toluene or xylene as solvents. The progress of the 
reactions was monitored by bubbling the effluent, gases first 
through a Dry Ice trap and then through standardized sodium 
hydroxide. It was then possible to calculate the amount of 
hydrogen chloride formed by titration of the base. The yield 
of the aldehyde was calculated on the basis of the amount of 
sodium bisulfite addition product formed from the reaction mix­
ture. Details of one of the experiments are described below. 

3,4-DimethcxyphenylaeetyI chloride (5 g., 0.02 mole i was 
dissolved in 25.0 ml. of toluene, and 0.5 g. of palladium-on-barium 
sulfate and 6 drops of a quinoline sulfur "poison" were added. 
The mixture was stirred and refluxed while admitting a stream of 
hydrogen through a fritted glass opening. The effluent gases 
were passed through a Dry Ice trap and through a bubbler con­
taining 30 ml. of 1.17 A" sodium hydroxide. Aliquots (2 ml., 
were removed and titrated periodically, to indicate a 6S% con­
version of the acid chloride to hydrogen chloride at the end of 30 
hr. The reaction was stopped, and the cooled mixture was 
filtered. Vigorous shaking of the clear filtrate with saturated 
sodium bisulfite solution overnight yielded 0.9 g. (13.6%; of the 
addition product. The derivative was treated with 10%) sodium 
carbonate and evaporated to dryness; the residue was extracted 
with ethanol and filtered. Upon treating this filtrate, in the 
conventional manner with 2,4-dinitrophenylbydrazine, 0.16 g. 
of 3,4-diinethoxyphenylacetaldehyde 2,4-dinitrophenylhydrazone 
was obtained. One crystallization from ethanol yielded an ana­
lytical sample, in.p. 100-40.8°. 

Anal. Calcd. for ( V T ^ X ^ : C, 53.33; If. 4.02; X, 15.55 
Found: C, 52.78; H, 4.41: X, 15.35. 

The highest recover \ of aldehyde (1.37 g., 17%) from the 
conditions tried was obtained at the end of 6 hr. in refluxing xyl­
ene. The greatest quantity of hydrogen chloride at (86% of the 
theoretical) was obtained after 24 hr. of hydrogenation at re­
fluxing xylene temperatures, but none of the aldehyde could be 
isolated from that experiment. 

3,4-Dimethoxyphen}lacetaldehyde.-_A S Up e r ior method for 
this aldehyde was by the oxidation of 4-allylveratrole first to the 
glycol with potassium permanganate. The glycol then was 
cleaved oxidatively with lead tetraacetate to the desired aldehyde 
according to established procedures. , s 

l-(3,4-Dimethoxybenzyl)-6-methoxy-l,2,3,4-tetrahydrocar-
boline Hydrochloride.-Seven milliliters (7.7 X 10 3 mole) 
of a stock solution of 3,4-dimethoxyphenylacetaldehyde (1.3 
g. aldehyde/7.0 ml. ethanol) and 1.0 g. (5.3 X 1 0 - 3 mole) of 
5-methoxytryptamine were dissolved into 10,0 ml. of ethanol. 
Water (5 ml.) was added, and the pH was brought to 4 with A" 
hydrochloric acid. After 4 days at room temperature under 
nitrogen, the white crystalline precipitate that formed was fil­
tered to give 0.6 g. of product. Reduction of the volume of the 
filtrate yielded an additional 0.1 g. of the carboline hydrochloride 
to yield a total of 0.7 g. (35%) of crude product, m.p. 235-239°. 
Crystallization from ethanol yielded an analytical sample, m.p. 
239-242°. 

Anal. Caled. for C5,H25ClX2Os: 0 ,64 .85 : H, 6.48: X, 7.20. 
Found: C, 64.20; 14,6.50; X, 7.98. 

l-(3,4-Dimethoxybenzyl)-l,2,3,4-tetrahydro-/J-carboline Hy­
drochloride.—3,4-Dimethoxyphenylacetaldehyde (350 mg., 2.1 
X 10"s mole) was dissolved into 5.0 ml. of ethanol, and 4.(1 
ml. of water was added to obtain a slight cloudiness. Trypt-
amine hydrochloride (300 mg., 1.7 X 10 '3 mole) was added to­
gether with 2 drops of 2 A' sulfuric acid and 3.0 ml. more of ethanol 
to obtain a clear solution. The solution was allowed to stand at 
room temperature for 24 hr. and then was extracted with ether, 
discarding the ether extracts. Upon reduction of the volume of 
the aqueous portion, 210 mg. (34.4% yield), in.p. 232-238°, was 
obtained. A portion was crystallized from ethanol, m.p. 233-
235°. 

Anal. Calcd. for C2r,H23ClX202: C, 66.03; H, 6.46; X,7 .81 . 
Found: C, 66.85; H, 6.60; X, 7.93. 

l-BenzyI-l,2,3,4-tetrahydro-/3-carbo!ine was prepared from 
tryptamine and phenylacetaldehyde according to a known pro­
cedure.17 

5-Methoxy-N-methyltryptamine.—Essentially, the method of 
Wilkinson21 starting with 5-methoxytryptamine, ensuring mono-
alkylation by the attachment of a tosylate group, was used. 
The melting point (161-164°) of 5-methoxy-X-toluene-p-sul-
fonyltryptamine differed from the reported one (123-124°). 
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Anal. Calcd. for CSSHJSNSOJSJ: X, 8.20; S, 9.30. Found: 
N, 8.15; S, 9.69. 

Upon methylation with methyl iodide, however, a 5-methoxy-
N-methyl-N-toluene p-sulfonyltryptamine whose melting point 
coincided with the literature value was obtained, m.p. 117-120° 
(lit.21 m.p. 118-119°). I t was then possible to convert this 
tosylate with liquid ammonia in good yield to a very pure, hitherto 
unreported, 5-methoxy-N-methyltryptamine base by modifying 
the literature procedure somewhat. Thus, instead of ether 
extraction of the water solution of the ammonia detosylation 
residue, the solid that precipitated was filtered, washed, and dried. 
In this manner 347 mg. (9.3 X 10~4 mole) of 5-methoxy-N-
methyl-X-toluene-p-sulfonyltryptamine yielded 127 mg. (67%) 
of 5-methoxy-N-methyltryptamine, m.p. 99-102". 

Anal. Calcd. for Ci2H16X20: C, 70.55; H, 7.90; X, 13.72. 
Found: C, 70.41; H.7.79; X, 13.50. 

A picrate was prepared in the usual manner; 136 mg., m.p. 
224-226° dec , was obtained from 75 mg. of the free base. 

Anal. Calcd. for C18H18X6Os: C, 50.00; H, 4.19; X, 16.20. 
Found: C, 50.61; H, 4.51; X, 15.77. 

5-Methoxy-2-oxo-2,3-dihydrotryptamine.—5-Methoxy-
3-oxindolylacetonitrile was prepared starting from 5-methoxy-
isatin and cyanoacetic acid.22 The nitrile (9 g., 0.045 mole) was 
hydrogenated in 100.0 ml. of ethanol and 9.0 ml. of concentrated 
hydrochloric acid over 0.5 g. of platinum oxide catalyst at 2.8 
kg./cm.2 for 2.5 hr. The reaction mixture was filtered through 
Celite and all of the solvents were removed under vacuum. The 
product was crystallized from ethanol-chloroform. In several 
crops, a total of 5.8 g. (69% yield) of product was isolated. The 
crops varied in melting points from 270 to 275° with the first crop 
having the best purity, m.p. 275° dec. 

The introduction of the acetyl group into position 5 
of the tryptamine molecule results in a significant 
change in its pharmacological properties.1 This finding 
suggested the preparation of 5-acetyl analogs of other 
indole-containing substances of physiological sig­
nificance. The present investigation concerns itself 
with the synthesis of derivatives of gramine, skatole, 
N,N-dirnethyltryptamine, tryptophan, heteroauxin, 13-
carboline, and yohimbane, which are substituted by 
acetyl groups in the position para to the indole nitrogen. 

It has been shown in the course of this work that the 
acetyl group at C-5 of the indole nucleus can survive the 
conditions of catalytic - C - N - hydrogenolysis as well 
as a variety of acid- and base-catalyzed condensation 
reactions. A survey of the literature suggested that all 
of the desired compounds could be synthesized starting 
from 5-acetylgramine (I) and 5-acetyltryptamine (II). 
Our first task, therefore, centered upon the preparation 
of 5-acetylgramine. The problem was approached by 
two routes. One involved the formation of the indole 
nucleus in the course of the synthesis; the other utilized 
preformed 5-acetylindole as the starting material. 

(1) (a) J. Shavel, Jr., M. von Strandtmann, and M. P. Cohen, J. Am. 
Chem. Soc, 84, 881 (1962); (b) M. von Strandtmann, M. P. Cohen, and J. 
Shavel, Jr., 141st National Meeting of the American Chemical Society, 
Washington, D.C., March, 1962. 

Anal. Calcd. for CnH15ClX202: C, 54.39; H, 6.23; Cl, 14.61; 
X, 11.54. Found: C, 54.41; H, 6.22; Cl, 14.75; X, 11.47. 

Serotonin Antagonism.—The myotropic response to a standard 
dose of 0.4 ,ug. of serotonin was determined using estrus rat uterus, 
in a muscle bath. The potency of compounds in the series was 
determined by the amount required to antagonize the action of 
the standard. If less than 5 ng. of compound was required for 
antagonism it was rated as 4 + , 5-20 ng. as 3 + , 20-50 as 2 + , 
50-100 tig. as + , more than 100 tig. as no activity. Results are 
given in Table I. 

Effect on Behavior.—The effect of compounds on behavior was 
determined in the following manner. Rats were conditioned on 
a variable interval (V.I.) positive reinforcement schedule, i.e., 
bar pressing in a Skinner box at a steady medium rate which was 
rewarded automatically with food pellets. Faster or slower rates 
therefore represented less reward for effort and would indicate 
that behavior was not optimal. Animals were deprived of food 
and spent 50 min. each day in the test chamber. The mean 
rate of response during each quarter of the test period on 5 con­
secutive days was determined. On the experimental day the 
compound was administered intraperitoneally, and the increased 
(-f) or decreased (—) response rates were computed as a per­
centage of the normal. Many rats were used to determine the 
eftect of each compound, and several dose levels were employed. 
Specific examples to illustrate the action of each compound are 
quoted in Table I. 
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The first route was an adaptation of Hegedtis'2 

tryptophan synthesis which had the advantage of also 
being applicable to the synthesis of 5-acetyl-N,N-
dimethyltryptamine (III). The synthetic scheme in­
volved a Japp-Klingemann coupling of diazotized p-
aminoacetophenone with ethyl a-(2-dimethylamino-
ethyl)acetoacetate (IV) and ethyl a-(3-dimethyl-
aminopropyl)acetoacetate (V) to give the p-acetyl-
phenylhydrazones of ethyl a-keto-7-dimethylamino-
butyrate (VI) and of ethyl a-keto-5-dimethylamino-
valerate (VII). Cyclization of the hydrazones with 
polyphosphoric acid gave 5-acetyl-2-carbethoxygramine 
(VIII) and 5-acetyl-2-carbethoxy-N,N-dimethyltrypt-
amine (IX), respectively. However, decarbethoxyla-
tion of ester VIII as well as decarboxylation of 5-
acetyl-2-carboxygramine (X), obtained by hydrolysis 
of VIII, proved to be very difficult. Heating with 
resorcinol,8 sulfuric acid, or hydrobromic acid resulted 
solely in extensive decomposition, whereas prolonged 
refluxing in hydrochloric acid-acetic acid gave 5-
acetylgramine (I) in a maximum yield of 2.5%.4 The 
slow rate of decarboxylation of this compound is in 

(2) B. Hegediis, Heh. Chim. Acta, 29, 1499 (1946). 
(3) H. Plieninger, Ber., 83, 268 (1950). 
(4) Uncorrected for recovered acid X. 
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A number of 5-acetylindole derivatives, such as 5-acetyltryptophan, 5-acetylheteroauxin, 5-acetylskatole, 
5-acetylgramine, 5-acetyl-X,X-dimethyltryptamine, 6-acetyl-l,2,3,4-tetrahydronorharman, various 1-substi-
tuted 6-acetyl-l,2,3,4-tetrahydro-/3-carbolines, and 10-acetyl-17,18-dimethoxy-15,16,17,18,19,20-hexadehydro-
yohimbane were synthesized. Most of these compounds produced hypotensive effects in dogs. 


