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under reduced pressure and the product was poured into ice-cold recrystallized from water in colorless plates in 115; yield. Ana- 
water, extracted with ether, and the ether extract dried over lytical results proved this compound to be 3-(5-carboxy-3-oxa- 
anhydrous sodium sulfate. Solvent was removed, and the penty1)-lJ3-thiazane-2-thione-4-one. The infrared spectrum 
product was distilled if i t  was an oil. The solid thiazanediones showed the amide carbonyl band at 5.85 p and carboxyl carbonyl 
were recrystallized from benzene. The compounds are listed in peak a t  6.1 I*. 
Table 111. The thiazanediones all exhibited amide carbonyl 
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and carbamoyl carbonyl peaks a t  5.8 to 5.9 ,A and a t  6 to  6.15 p, 
respectively. 

3-(5-Carboxy-3-0xapentyl)-1,3-thiazane-2-thione-4-one.-The 
reaction mixture obtained by the reaction of sodium ('-hydroxy- 
eth!-1)dithiocarbamate and P-propiolactone according to the 
general procedure described mas added to 600 ml. of boiling 
6 -1- hydrochloric acid. So solid was precipitated when the 
misture \$as alloTTed t o  cool, F\-ater was then removed under 
reduced pressure and a white solid product was obtained. It 
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A series of &carboline8 and trvptamines related to  serotonin and melatonin has been synthesized. These in- 
cluded a number of tetrahydro-@-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-1,2,3,-1-tetrahydro-p-carboline, was oh- 
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. 
AIost 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. 

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 ~e ro ton in .~  It had been demonstrated fur- 
ther that although melatonin had no effect on avoid- 
ance escape behavior, cyclodehydration to l-methyl-6- 
niethoxy-3,4-dihydro-P-carboline yielded a compound 
which proved to be a potent serotonin antagonist and to 
exert a profound effect on conditioned b e h a ~ i o r . ~  The 
idea that such compounds might arise endogenously has 
been entertained as a possible biochemical explanation 
for psych0sis.j 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 p-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 tha t  nomenclature. Thus, the Chemical Abstracts index [Chem. 
Abstr., 67, 516s (1962)l equates p-carboline to  QH-pyrido[3,4-b]indole. Ac- 
cording to  the established pyridoindole nomenclature rules, then harmine, 
l-methyl-6-n1ethoxy-~-carboline, becomes 7-niethoxy-1-methyl-QH-pyrido- 
[3,4-blindole whereas harmaline, l-methyl-6-methoxy-l,2-dihydro-~-carbo- 
line, is described a s  4,Q-dihydro-7-methoxy-l-methyl-3H-pyrido [3,4-b]indole. 
That this can sometimes give rise to  two sets of pyridoindole nomenclature 
for the same compound is illustrated by the fact tha t  a chemical compendium 
as  the "Merck Index" uses the name 3,4-dihydro-7-methoxy-l-methyl-QH- 
pyrido [3,4-blindole for harmaline. Since this paper is concerned only u-ith 
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 t o  thank A h .  Gertrude H. Britton for her generous 
financial support. 

(3) D. W. Woolley and E. Shaiv, Science. 119, 587 (1954). 
(4) W. l f .  McIsaac, P. 4 .  Khairallah, and I .  H. Page, 

(1961). 
( 5 )  \V. LI. hlcIsaac, Postgrad. .Wed., SO, 111 (1961). 

ibid., 134, 674 

serotonin antagonist. On this tenuous basis it has 
been suggested that a carboline could be present in 
pineal tissue.6 The isolation and charact'erization of 
melatonin, an indole derivat'ive, from pineal tissue' 
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 t,o 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 metabolisni 
of serotonin or melatonin. Because of the close rela- 
tionship of these compounds t'o 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 charact'eristics 
for different types of compounds would be available. 
The Pictet-Spengler reaction (Fig. 1) has been estab- 
lished as a general and reliable met'hod for the conver- 
sion of tryptamines to 1,2,3,4-tetrahydro-@-carbolines, l1 

(1961). 
(6) G. Farrell, and W. h l .  AIcIsaac, Arch. Bioehem. B i o p h y s . ,  94, 543 

(7)  A .  B. Lerner, J. D. Case, and I'. Takashi. J .  B i d .  Chem., 235, 1922 
(1960). 

(8) J. I. Kitay and 31. D. hltschule, "The Pineal Gland," The H a r \ a r d  
University Press, Cambridge, hlass.. 1954. 

(9) G. Farrell, Recent Progr. Hormone Res., 16, 275 (1959). 
(10) L. Baschieri, F. DeLuca, L. Crarnarossa. C .  Delfartino, 4 .  Oliverio. 

and 31. Negri, Ezperientia, 19, 15 (1963). 
(11) W. M. Whaley and T. R. Govindarchari. "Organic Reactions," 

Coll. Vol. 0 ,  John W l e y  and Sons, Inc., S e w  Pork. X. T., 1'381. pp. 151-190. 
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Fig. 1 .--A generalized scheme of the Pictet-Spengler react ion. 

- . - _ _ _ _ . _ -  
Fig. 2.--Ultraviolet absorption spectra of a sample of 2-acetj 1- 

G-h~.drolcy-l-meth~l-l,Z,3,4-tetrah~dro-~-carboline: A, immedi- 
ately after q nthesis; the upper curve, upon standing in air for 
several Reeks; 13, the oxidized form after treatment with pal- 
ladium and ethanol. 

and extensive use has beeii made of it in the present 
study. It was desirable to prepare a carboline that 
could result directly from serotonin. -1cetaldehyde 
was chosen as the other reactant because of its physio- 
logical significance aiid because it reacts generally more 
successfully in the Pictet-Speiigler reartioii with trypt- 
amines tliaii most other aldehydes. 

In iiiitial experiments a variety of coiiditioiis were 
explored with the stable aiid physiological foim of  
wrotoiiin, the creatinine sulfate, to elucidate its reac- 
tion ii-itli acetaldehyde Howevei., oiily inseparable 
iiiixtures which seemingly coiitaiiied the desired product 
weie obtained. In light of these results, it n-as decided 
to approach the synthesis through S-benzyloxytrypt- 
aiiiiiie and again a variety of conditions were explored. 
In iiiitial reactions where a low yield (28yc) of the de- 
sired di (ti-beiizyloxy-l -methyl- l .2,3,-1-tetrahydro-P-car- 
1)oliiie) sulfate monohydrate had beeii obtained, the 
product liad heeii accompanied by a large aniouiit of 
red, icsinous. high-melting solid. Subsequently it was 
.;hewn that pH was a critical factor and that a good 
yield of pure G-beazylouy-l-iiietliyl-l,2,3.d-tetrahydrc~- 
3-carholiiie hydrochloride could be obtained IT lien thc 
reaction was carried out a t  pH 6. With this pure iiitei - 
mediate all 5uhsequent eoiivei sioiis led to i w y  p i i ~ ~ ~  
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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-~-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 1,2-dimethyl-G- 
methoxy-l,2,3,4-tetrahydro-~-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 mas 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 pyrurate metabolism and 
transamination in the brain. Tryptamine has been 
shown to form a carboline when condensed with a- 
ketoglutaric acid. l6 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-ll2,3,4-tetra- 
hydro-P-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-IH-indolo [3,2,l-de ] [l ,5]-  
naphthyridine (11, 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 ni th  
the benefits of a greater negative free energy change. 

Pyridoxal, another physiological aldehyde, condensed 
with 5-methoxytryptamine to form 1-(3-hydroxy-Z- 
hydroxymet hyl-2-met hyl-4-pyri dy 1) -6-methoxy-1 , 2,3 , 4- 
tetrahydro-p-carboline, which also should be of interest 
to the area of pyridoxine biochemistry. 

Direct N-methylation of 6-met hoxy-l-methyl-l,2* 3,4- 
tetrahydro-p-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-~-carbo- 
line related to melatonin. In  a similar manner, 2-acetyl- 
l-methyl-1,2,3,4-tetrahydro-P-carboline was also pre- 
pared. G-l\lethoxy-l-methyl-1,2,3,4-tetrahydro-~-car- 
boline, when treated with butyric anhydride and pyri- 
dine, yielded the K-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 a t  37” for 
3 days. Isolation of the product yielded 81% of un- 

(15) H. McIlwain, “Biochemistry and the Central Nervous System,” 2nd 

(16) G. Hahn, Ber., 11, 2163 (1938). 
Ed., Little, Brown and Co., Boston, Mass., 1959. 

Fig. 3.--Ultraviolet absorption spectra of three carbolines dif- 
fering only in their degree of saturation of the C-ring. Curve B 
is of 6-methoxy-l-methyl-p-carboline, curve B is of 6-methoxy- 
l-methyl-1,2,3,4-tetrahydro-f?-carboline, and curve C is of lj2- 
dihydro-6-methoxy-1-met hyl-p-carboline. 

N-C-CH3 9 

K E T O  FORM O U l N O N E l M l N E  

Fig. 4.-Two possible modes by which 2-acetyl-6-hydroxy- 
l-methyl-l,2,3,4-tetrahydro-~-carboline could be effected by 
oxygen. 

CH2 
COOH 

I I1 

Fig. L-Structures of l-carboxy-l-(2-carboxyethyl)-6-meth- 
oxy-1,2,3,4-tetrahydro-p-carboline (I) and 10-methoxv-6-oxo- 
2,3,4,5,6-pentahydro-IH-indolo [3,2,1-de] [l,j]naphthyridine (11). 

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-dimethoxg benzyl 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. l7 

Both tryptamine and 5-methoxytrgptamine readily 
underwent a Pictet-Spengler condensation with 3,1- 

(17) A.  J. Friedhoff and E. Van Winkle, J. .Verious Jfental Disease, 6, 550 
(1962). 
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" lteagents used were: xanthydrol, '"/O i n  ethanol plus a few drops of c m m .  HC1; Ehrlich (dimeth)-laniinobenzaldeli~~de~ in 1 .i .\- 
Solvents used were: I .  

3, 1-butanol-acetic acid-water 
e Percentile change during earl1 quarter of esperinient;d 

H('1: Gibbs 2";) 2,G-dichloroquinoneclilori)imide in ethanol followed by saturated sodium bicarbonate. 
(~hlor(,fi,rru-methanol (9  : 1, silica gel thin layer chroniatographj-); 2 ,  1-propanol-ammonia ( 8 :  2 ) ;  
(4: 1 : .7 i .  
session re1:ited t o  means based 1111 five cwnt,rol periods (see Experimental). In water at pH 1 .  

' In ethanol at pH i .  In  ethanol a t  pH 7 ;  sh. denotes a shoulder. 

cli~i~ctliosyplieiiylacetaldeliydel~ iii aqueous alcohol at 
room temperature a t  pH 4-6, after several days stand- 
ing, to yield the corresponding tetrahydrocarboline 
hydrochlorides. l-(X,&Dimethoxybenzyl)-l.2,3,4- 
trtiahydrocaholine had been prepared previously, 
1 io I\ e \-e r , 1)y 1 isiiig 3,4-di met hosyphenylpyruvic acid 
and ~uhiiequently decarhoxylatiiig the 1-carboxy iiiter- 
i i i~d ia t c . ' ~  

I t  was found that great variations of optimum con- 
ditions of the Pictet-Speiigler reactions are required 
t)y cacli pair of reactants. This "perplexing variation 
of  yield;, mider different conditions for several react- 
aiitr" has been previously coiiiinented upon in a re- 
vic1u , ?" 

-5- 5 I ethoxy -S-met hyltrypt arm lie n as pi epared io I - 
lowing the method of Wilkinson, begiiiiiing 11 itli .i- 
iiiethoxytryptaiiiiiie, carrying out a tosylatioii, methyla- 
tion, and detosylation on that 
by a modification of the reported isolatioii piocedure i t  
was possible to prepare the free base, piel-iously un- 
reported, in good purity aiid yields. 
X second tryptamine prepared was related to mo- 

tonin through 0-methylation aiid osidation iii thr 
2-position, i . e  , the oxindole. That coinpouiid 11 a- 
synthesized h~ btartiiig with p-anisidine arid in fis-c 
steps preparing the S-methoxy-3-oxindolylacetoni tr ik ?' 

By means of a limited careful hydrogenation os-el .i 

platiiium oxide catalyst it was possible to reduce pic't- 
wentially the nitrile group to the amino function, leal - 
iiig the carbonyl group intact to give 2.3-dihydi o-*7- 

Hon el-el 

nilkinson J Chem Soc , 2079 (1933) 
Pietra F a i m n r o  (Pa\ia) Ed. Sci , 13, 7 5  (1ii-X) 
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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 nuinbei, of conipounds 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 
mrying 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. 

Experimentalz3 
Reactions between Serotonin Creatinine Sulfate and Acetal- 

dehyde.-In an  attempt to prepare 6-hydroxy-l-methyl-1,2,3,4- 
tetrahydro-P-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 a t  
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-1,2,3,4-tetrahydro-~-carboline Sulfate. 
-5-Benzyloxytryptamine sulfate (300 mg., 8.25 X mole), 
6.0 nil. of 10yc acetaldehyde, 6.0 ml. of water, and 1.0 ml. of 2 M 
sulfuric acid were heated a t  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 S sulfuric acid to yield 80 mg. 
( 2 8 % )  of 6-benzyloxy-l-methyl-1,2,3,4-tetrahydro-p-carboline 
sulfate monohydrate, m.p. 250-252' dec. 

Anal. Calcd. for C38Hdd3iS: C, 65.49; H, 6.08; N, S.05; 
d, 4.60. 

A number of variations in time, reaction temperature, and 
amounts of reagent were carried out in attempts to improve the 
vield; however, in each case a low yield resulted with either an 
orange gummy product, or an  orange powder containing a large 
nmount of soluble, high melting impurity (probably polymer). 
However, in a first experiment where the p H  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-~-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. a t  85". While cold, the amine salt 
did not dissolve; however, upon heating the mixture, a clear 
rolution was obtained. It 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. 

Found: C, 65.20; H, 6.18; S, 7.90; S, 5.01. 

1'23) A11 melting points are corrected. Microanalyses were performed by 
Nicro-Tech Laboratories, Skokie, Ill. 

Anal. Calcd. for C19H21ClN20: C, 68.67; H, 6.44; C1, 10.78; 
S,8.52. Found: C, 68.91; H, 6.48; C1, 10.45; N,8.71. 

The base, 6-benzyloxy-l-inethgl-1,2,3,4-tetrahydro-p-carboline, 
was prepared by the addition of 10% sodium carbonate solution 
to a saturated solution of the hydrorhloride to  p H  9 and then 
ext)racting 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 a t  160-163". 

Anal. Calcd. for CI3HznS20: C, 76.27; H, 6.90; T, 9.58. 
Found: C,76.46; H, 7.05; ?;, 9.43. 

2-Acetyl-6-benzyloxy-l-methyl-1,2,3,4-tetrahydro-p-carboline. 
-6-Benzyloxy-l-methyl-l,2,3,4-tetrahydro-~-carboline ( 140 mg., 
4.8 X 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. a t  room temperature the reaction mixture 
was poured into 10 nil. of benzene to which 35.0 ml. of heptane 
vias then added. A heavy precipitate of the product formed, 
and the mixture was cooled at  5' for 2 hr.; filtration yielded 121 
mg. (76Yc) of product, m.p. 200-202". 

Anal. Calcd. for C2,HZ2X2O2: C, 75.44; H, 6.63; S, 8.38. 
Found: C, 75.42; H,6.46; N,8.53. 

2-Acetyl-6-hydroxy-l-methyl-1,2,3,4-tetrahydro-~-carbo- 
line.-2-Acetyl-6-benzyloxy-l-methyl-l,2,3,4-tetrahydro-p-carbo- 
line (120 mg., 3.6 X 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. a t  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 (3.5 ml.) was added to precipitate 
the product. The mixture was cooled 4 hr. a t  So, filtered, and 
upon drying yielded 61.0 mg. (70%) of material, m.p. 221-224'. 

A n d  Calcd. for C1&6?;202: C, 68.83; H, 6.60; S, 11.47. 
Found: C,68.56; H,6.66; S, 10.59. 

6-Hydroxy-l-methyl-1,2,3,4-tetrahydro-~-carboline Hydro- 
chloride.- 6-Benzylo~y-l-methyl-1,2,3,4-tetrahydro-p-carboline 
hydrochloride (200 mg., 6.1 X mole) m-as 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. a t  room temperature a t  2.8 kg./cm.2 of hy- 
drogen. The reaction solution m m  filtered t.hrough Celite, 
and the filtrate was evaporated to a gum on a Rinco evaporator. 
Acetone was added to the gum to furnish 122 mg. (S4c; yield) 
of a light gray substance, n1.p. 266' dec. 

Anal. Calcd. for CIPHIICI?;PO: C, 60.37; H, 6.33; C1, 14.85; 
N, 11.84. 
8-Benzyloxy-l-methyl-1,2,3,4-tetrahydro-~-carboline.-7-Ben- 

zyloxytryptamine (250 mg., 9.4 X lo-' 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 S sulfuric 
acid was added, and the mixture was heated a t  65-90' for 25 min. 
It, was cooled a t  5' overnight to yield a tan precipitate which on 
washing with acetone and drying amounted to 247 mg. (7Syc) 
of the sulfate salt, m.p. 210-212'. A portion was crystallized 
from dilute sulfuric acid to give an analytical sample. 

Anal. Calcd. for C?EH,,S&S: C, 67.03: H, 5.92; N, 8.23; 
S, 4.71. Found: C,66.76; H,  6.18; S,S.31;  S,4.53. 

1,2-Dimethyl-6-methoxy-l,2,3,4-tetrahydro-~-carbo~ine.- 
5-;\.Iethoxy-N-methyltryptamine (250 mg., 1.2 x 10-3 mole) 
was dissolved in 6.0 rnl. of water containing 0.5 ml. of 2 A' 
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 a t  TO' for 1 hr. Then 
1.0 ml. of 2 N sulfuric acid was added, and the mixture was heated 
a t  90' for 30 min. It was cooled and 10% sodium carbonate 
was added to adjust the solution to pH 8; the resulting precipitate 
%as filtered. Additional precipitate was obtained upon adding 
lOy0 sodium carbonate to the filtrate getting a total of 188 mg. of 
product having a wide melting range starting a t  110'. This 
material could not be purified by crystallization. However, 
confirmation that i t  was the crude carboline was obtained by 
preparing a picrate which was then crystallized from ethanol, 
m.p. 213-215' dec. 

Anal. Calcd. for C ~ O H ~ ~ N ~ O ~ :  C, 52.26; H ,  4.61; N, 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 mole) of 5-niethoxytryptamine, dissolved in 15 ml. of 
ethanol, were stirred a t  room temperature overnight. A white 

Found: C, 59.81; H, 6.52; C1, 14.23; N, 11.78. 



precipitate began to appear after approxiniately 1 hr. The prod- 
uct was then filtered directly from the solution and dried under 
va('uuiii to yield 1.0 g. (1007,) of l-carboxy-l-(2-carboxyethyl)-(i- 
riiethoxy-1,2,3,4-tetrahydro-8-carboline, m.p. 183-183'. 

A n a l .  Calcd. for ClsHls?T20~: C, 60.37; H, 5.69; N, S.SO. 
Found: C, 60.22; H, 5.S7; X, 8.SY. 

I t  was dissolved in 25.0 nil. of methanolic 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-rnethoxy-G-o~o-2,3,4,~~6- 
pentahydro-IH-indolo [3,2,l-de] [ 1,5] naphthj-ridine hydroclilo- 
ride, n1.p. 301-302". Its identity was confirmed by converting 
the s d t  in hot m t e r  to the free base v i th  sodinni carhonntc, 
t,hc cream-colored product had in.p. 167-170". 

~ I I L C J ~ .  Calcd. for CljH17Sd)2: C!, 70.01: H, 6.66; 1, 10.h:). 
Found: C, 69.7:3; H, 6.19; 1, 11.11. 

Reaction of 5-Methoxytryptamine with Pyridoxal.-5-SletIi- 
tryptaniine (250 mg., 13.2 X 10V3 mole) was ground and 
olveti in 6.0 nil. of water m i l  1.0 inl. of 2 N sulfuric acid. 

A solution Of 230 mg. (13.2 X mole) of pyridoxal hydrochlii- 
ritle in  6.0 nil. of water was added to a deepening yellow color, 
and the solution was incubated for 20 hr. at 37' and neutralized t o  
pH 9 with lowo sodium carbonate. A yield of 316 mg. (71 i ,  i 
of 1-(3-h~drc~~~-5-liytlrosy1~~eth~~l-2-n1ethyl-4-pyridyl)-F-nietli- 
ox~.-1,?,3,~-tetral~ydro-~-car~~oline,  m.p. 243" dec., was obtained. 
A portion was crystxllizecl from ethsnol-di~nethyIformnrnidr and 
w:ttcr for anal,-sis. 

An,trl. Calcd. for C1YH21S303: (', 67.24: H, 6.24: N, 12.:;\. 
l ~ i i u n d :  (I, 66.65; H, 0.37; S ,  11.S9. 

Reaction of Methyl Iodide with 6-;llethoxy-l-methyl-l,2,3,4- 
tetrahydro-~-carboline.-6-~retliosy-l-n1et}ij-l-l, 2.3: 4-t et r shy -  
dri,-?-c.arbi)lirie ( 2 . X  nig., 1.2 x 1 0  mole) was suspended in  
0.5 n i l .  of ctliancd arid 0.2 i i i l .  of Nir; sodium hydroxide solu- 
tion. SIethj.1 iodide (0.2 i i i l . ,  460 riig.? 3.2 X mole) \vas 
added to the suspension w h i v h  turned t i i  a yellow solution, rc- 
solidifJ.ing u p i n  cooling under a tap. The mixture w:ts nllowed 
to stand oyernight and was filtered t o  give n quantitative yidd 
(.47.i niy.) of ti-iiiethox~-l,2,2-tririiettiyl-l,2,3,1-tetrahpdri~-~- 
cxrboline ?-iodide. ni,p. 2%-2:32". A4 portion was crystallized 
friirn e t h n o l  and shi)wetl the presence Of the iodide ion by t l i e  
foriri:ition of free icitiine up in  adding rlilorine n-titcr t o  :L soliitiiiii 
of thc  conipound. 

C', 45,:n;  H, 5.69: s, 7 

2-Acet~l-6-methoxy-l-methyl-1,2,3,4-tetrahydro-~-carbo- 
line. - 6-~Ietliosy-l-methyl-l,2,3,4-tetrahydro-p-carboline ( 100 
mg., 4.6 X niole) was added to 0.2 nil. of acetic anhydride. 
solution occ4urred iinniedi:itely witli warming, followed by copious 
precipitation after 1 iiiin. The inixture was heated in h i l i n g  
water for :in additional ? niin. Several milliliters of water ~ i u  

added to the mixture, and the precipitate that formed was filtered, 
washed, a n d  dried to J.ie,l(i 116 iiig. (Oh' ) of iilaterid, n1.p. 20::- 
204.5 O .  

Almd. ('alcd. for C I J ~ L ~ S ~ O ~ :  ( ' >  U1.X:  H, 7.01; S, 1O.S,7. 
l.'ourid: c', (iO.21; H, B.9l ;  S, 10.Si. 

2-.~cety1-l-methyl-1,2,3,4-tetrahydro-~-carboline,--'~liis niate- 
rial ~v:is prepared in 94yc >-icld in the same manner as t,he pre- 
d i n g  N-ucctyl:ited carboline, ho\vevcr, starting v i th  I-metliyl- 
1,2,3,1-tetr~h~dro-~-carboIine; 1n.p. 205-207'. 

. I n i d .  Cnlcd. for ClrHI;N20: (', X : X ;  E l ,  7.42: S! 1 2 . 2 .  
l:oiinil: C, 72.83; H, i.20; S ,  11.9~i .  

2-Butyryl-6-methoxy-l-methyl-1,2,3,4-tetrahydro-~-carbo- 
line.--8-~Ietliosy-l-n~et~iyl-l,2,3.4-tetrnhydro-~-carboliiie ( 100 
rilg., .&.6 x IO-' molej was dissolved in 0.5 nil. of biityric 
d i y d r i d e  b>- heating, then adding 1.0 mi. of pyridine. The 
mixture was nllowcti to stand a t  room temperature for 21- hr.  
A eiiiall quantitJ- of water wxs adtleti; the oil that  formed initially 
solidified after several days standing. The solid was obtained by 
decantation and crystallized from ethanol-water to yield 7 2  mg. 
[54(;2,) of  product, n1.p. 11s-122'. portion was recrystallized 
for :m:tlj-sis, n1.p. 122--127". 

d n n l .  Calcd. for C1,HZP?TT?02: C', 71.29; H, i.74; S, 9.SO. 
Found:  C, 71.29; H, 7.G6; S, 9.79. 

Reduction of 3,4-Dimethoxyphenylacetyl Chloride by the 
Rosenmund Method.-3,4-Dimethoxyphenylacetyl chloride was 
prepared hy refluxing the acid with thionyl chloride in chloro- 
form.$& Several tJ.gicd Rosenmund reductions were carried out, 

(24 )  R. 11. Hnwurt l i .  IV. II. l'crkin. :urd J. Rank in ,  J .  Cliern. Sac . ,  10134 
11924). 

I .  1 lie highest rcLc.ovi'rj of :ildcti~.cle (1.:!7 g., 1 i ' l j  t'roiii t l i y  

conditions tried \vw cibt:tinoti : ~ t  the, end of 6 hr. in reliusing q - I -  
r w .  
theoretical i \vas o 1 i t : i i i i d  af ter  ?1 lir. of hj-dragenation at  rc- 
fluxing xylene tc~inpc~r:itures, h i t  none of the aldehyde cviii l t l  tw 
iw1:itetI fro111 t h T  118\peri i i icr i t .  

3,4-Dimethoxyphenylacetaldehyde.-A snperior inetliod fo r  
this :ildehy& was ljy t l i v  osidation of 4-allylveratrole first to the 

with piitasviiin: perinang:tnatc. The glycol tlien aas 
t l  osidati\-ely wit11 le:itl tetr:i:icetate to  t h e  desired :tltlehydc 
ing to cst:il)lislied p r o r d w c ~ s .  1' 

1 -(3,4-Dimethosybenzy1)-6-methoxy-l,2,3,4-tetrahydroc~r- 
boline Hydrochloride. --Seven niilliliters (7.7 X 10 8 mole) 
of :i stork siiliitiitii  c IF 3,4-diniet l iosypl ie~iy~~i~~~tal~lel iy~le  ( I .:; 

~ ; - i ~ i e t ~ i ~ i s y t r ~ ~ ~ ~ t ~ i i i i i i i ~ ~  i v v w  tlissdved into 10.0 r i i l .  of ctIi:iii,il, 
\\.:iter t.5 i i i l , )  \\: is : t t l i l ( B i l ,  :ind t l i c .  p l I  \V:LS brought t o  4 ivi t l i  &Y 
h~~dri ichl~ir i i~ : i i . id .  . ' 4 d:tj-s :it rironi temperature under 
nitrogen, t l i i '  ~ ~ i i i t e  ( :illirre preripitate tlint forinetl 'ivas fil- 
tcretl t o  give, O.(i g. l i t  d u c t .  Reduction of t,he voluine of the. 
filtrate >-ieltleiI :in :rdtlitionnl 0. I g. of the c*arholine 11,-ti 
tri j.ieltl :t tot:il of 0.7 g. ( ; ! A i  i .) of rrude protlucxt, 1n.p. 
('r~.st:ill~z;iti~~ii i'rc~tir 1 2 1  1 i : in r i l  !.ic~ldetl an ;inalytic.:il mil 
2::; $ 1  .-?A L' 1 , 

"1 nul. ( ' : i l lYl.  ilir ( l?lHJa(:ls*l 
1:oiinil: C ' ,  ti4.20; If: ii..iO; 1, 7. 

I-~3,4-DimethoxyDenzyl)-1,2,3,4-tetrahydro-~-carboline Hy- 
drochloride.-~3,1--niiriet~ioxyphenylacetaldeh~(le (350 ing,, 2, i 
>: 10 :< n i i r l f ~ ' ~  !\:is rliusiilvrtl into 5.0  i n l .  of etlianol, itnd -1.0 
n i l .  ( J V  water W:IS : i! l t l i~l  to ol)t:tin :t slight, cloudiiiess. 'l'rypt- 
aniini; Iiydri~chli~ritlc (300 I I I K . ,  1.7 x 10. 3 mole) MXS :itltlod IO- 

gcther \\-ith ? drops oi 2 .\. eiilfiiric :ic.ici :ind 3.0 nil. inore of ct Ii:initi 
to  obtain :I clear solution. T h e  solution w t s  alliiwerl t r i  st:intl : i t  

rooni temlierntiire fur 24 Iir. itntl then was extracted witl i  ether. 
disc:irding the ether wtracts. L-pon reduction of 
the aquenris portion, 210 nig. (34.4% yield), in.11. 
obtained. .\ portion M-:W rrystallized from eth:t 
?;jz c ,  

Foiiiid: C, 66.S5; H, B.GO;  S, 7.93. 
l-BenzyI-1,2,3,4-tetrahydro-p-carboline was 1)reparr:d froiii 

tryptamine and phenylacetaldehyde according to a knoivn pro-  
cedure.17 

5-~\lethoxy-N-methyltryptamine.-Essenti:~ll~~ tlie method 01 
\Tilkinsnnz1 starting Kith 5-methoxptrj-ptamine, ensuring imino- 
:ilkylatiun by the nttnchment. of n. toeplate group, WVRS used. 
The melting point ( 161-1G-lo) of ~-methox\--N-toliieric-p-siil- 
f i I n j - l t  ryptamine differed from the reported one (123-124"). 

I .  1 he grcwte:st qii : tnt it!, of hydrogen chloride at, (8 

g, al(ic?hl'(lt'/;.O nli. ~'t11:~~1111) nrld 1.0 8. (3,:j x l I l i J l ( ' )  I J f  

. - l / ~ ~ l ,  (:alcd. for (12nHP3CIS20?: C', 66.93; H, 0.46; S ,  7.SI 
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Anal. Calcd. for C ~ ~ H ~ ~ N I O ~ S Z :  3, 8.20: S, 9.30. Found: , ,  

N, 8.15; S, 9.69. 
Upon methylation with methyl iodide, however, a 5-methoxy- 

N-methvl-S-toluene p-sulfonvltrwtamine whose meltinn Doint 
I I_  

coincide2 with the litkrature value was obtained, m.p. 117-120" 
(lit.21 m . 9  llS-119O). It was then possible to convert this 
tosylate with liquid ammonia in good yield to a very pure, hitherto 
unreported, 5-methoxy-Y-methyltryptamine base by modifying 
the literature procedure somewhat. Thus, instead of ether 
extraction of the water solution of the ammonia detmylation 
residue, the solid that precipitated was filtered, washed, and dried. 
I n  thie manner 347 mg. (9.3 X mole) of 5-methoxy-X- 
methyl-S-toluene-p-sulfonyltryptamine yielded 127 mg. (67%) 
of 5-methoxy-N-methyltrvptamine, m.p. 99-1 02'. 

Anal. Calcd. for C12H1&20: C, 70.55; HI 7.90; S, 13.72. 
Found: C, 70.41; H,7.79; N, 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 C18H18X508: C, 50.00; H, 4.19; N, 16.20. 

Found: C,50.61; H,4.51; N, 15.77. 
5-Methoxy-2-oxo-2,3-dihydrotryptamine.-5-~Iethoxy- 

3-oxindolylacetonitrile w s  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 a t  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 eeveral 
crops, a total of 5.8 g. (69y0 yield) of product was isolated. The 
crops varied in melting points from 270 to 27.5' with the first crop 
having the beet purity, m.p. 275" dec. 

Anal. Calcd. for C11H&lN202: C, 54.39; H, 6.23; C1, 14.61; 
S, 11.54. 

Serotonin Antagonism.-The myotropic response to a standard 
dose of 0.4 pg. of serotonin wa8 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 pg. of compound was required for 
antagonism it  was rated as 4+, 5-20 pg. as 3+,  20-50 as 2+, 
50-100 pg. as +, more than 100 Fg.  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, Le.,  
bar pressing in a Skinner box a t  a steady medium rate which waa 
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 dav in the test chamber. The mean 
rate of response during each quarter of the test period on 5 con- 
secutive da,Ts was determined. On the experimental day the 
compound was administered intraperitoneallv, and the increased 
(+ ) or decreased ( - ) response rates were computed as a per- 
centage of the normal. Many rats were used to determine the 
efiect of each compound, and several dose levels p-ere employed. 
Specific examples to illustrate the action of each compound are 
quoted in Table I. 

Found: C, 54.41; H, 6.22; C1, 14.75; N, 11.47. 
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A number of 5-acetylindole derivatives, such as 5-acetyltryptophan, 5-acetylheteroauxin, 5-acetylskatole, 
t5-acetylgramine, 5-acetyl-N,N-dimethyltryptamine, 6-acetyl-1,2,3,4-tetrahydronorharman, various l-substi- 
tuted 6-acetyl-l,2,3,4-tetrahydro-~-carbolines, and 10-acety1-17,18-dimethoxy-15,16,17,18,19,20-hexadehydro- 
yohimbane xere synthesized. Most of these compounds produced hypotensive effects in dogs. 

The introduction of the acetyl group into position 5 
of the tryptamine molecule results in a significant 
change in its pharmacological properties.' This finding 
suggested the preparation of &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-dimethyltryptamine, tryptophan, heteroauxin, p- 
carboline, and yohimbane, which are substituted by 
acetyl groups in the position paya to the indole nitrogen. 

It has been shown in the course of this work that the 
acetyl group a t  C-5 of the indole nucleus can survive the 
conditions of catalytic -C-K- 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 j-acetyltryptamine (11). 
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., hI. yon Strandtmann, and M. P. Cohen, J .  Am. 
Chem. Soc., 84, 881 (1962); (b) %I. von Strandtmann. M. P. Cohen, and J. 
Shavel, Jr., 141st National Meeting of the American Chemical Society, 
Washington, D.C., hlarch, 1962. 

The first route was an adaptation of HegedW2 
tryptophan synthesis which had the advantage of also 
being applicable to the synthesis of 5-acetyl-KIX- 
dimethyltryptamine (111). The synthetic scheme in- 
volved a Japp-Klingemann coupling of diazotized p -  
aniinoacetophenone with ethyl a-(2-dimethylamino- 
ethy1)acetoacetate (IV) and ethyl w(3-dimethyl- 
aminopropy1)acetoacetate (Y) to give the p-acetyl- 
phenylhydrazones of ethyl a-keto-y-dimethylamino- 
butyrate (VI) and of ethyl a-keto-&dimethylamino- 
valerate (VII) . Cyclization of the hydrazones with 
polyphosphoric acid gave 5-acetyl-2-carbethoxygramine 
(17111) and 5-acetyl-2-carbethoxy-S,S-dimethyltrypt- 
amine (IX), respectively. However, decarbethoxyla- 
tion of ester VI11 as well as decarboxylation of 5- 
acetyl-2-carboxygramine (X), obtained by hydrolysis 
of YIII, proved to be very difficult. Heating with 
resorcinol, 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, H e l s .  Chim. Acta, 29, 1499 (1946). 
(3) H. Plieninger, Bw., 83, 268 (1950). 
(4) Uncorrected for recovered acid X. 


