


170 NICHOLS ET AL. 

TABLE 1 

EACH VALUE REPRESENTS TRE PERCENT INCREASE (+f OR 
DECREASE (-f IN SPONTANEOUS ACTIVITY RELATIVE TO 
SALINE CONTROLS, FOLLOWING THE INTRAPERITONEAL AD- 
MINISTRATION OF RACEMIC 2-AMINO-1,2,3,4-TETRAHYDRO- 
NAPHTHALENE HYDROCHLORIDE (2-AT) OR ONE OF ITS 

ENANTIOMERS 
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FIG. 1. Proposed structural relationship between (a) LSD, (b) 
S-(-)-2-amino-1,2,3,4_tetrahydronaphthalene (S-(-) 2-AT), (c) the 
staggered conformation of 2,5-dimethoxy-4methylphenylisopropyl- 
amine (DOM, STP) with the aromatic ring approximately anti to the 
amino group, and (d) mescaline, illustrating how the aromatic rings 
of phenethylamine derivatives correlate with the pyrrole portion 
(ring B) of LSD. Rings A and B in LSD represent the indole nucleus 
and are the portions which, along with the aliphatic nitrogen, 

correspond to the structure of the neurotransmitter serotonin. 

Agents which selectively deplete brain S-HT produce an 
increase in spontaneous activity IS, 6, 71. Conversely, drugs 
which stimulate 5-HT receptors, such as hallucinogens, 
could be expected to reduce the activity of an animal. 
Indeed, Lopatka et al. [ lo] have found that the hallucino- 
gens DOM, para-methoxyamphetamine (PMA) and 3,4- 
methylenedioxyamphetamine (MDA) all produce a marked 
decrease in spontaneous activity in mice. 

Examination of the quantitative EEG parameters total 
power, P, and median frequency in the power spectrum, 
f 50, has shown that, of the isomers of 2-AT, only the (--) 
enantiomer (4 mgjkg, IV) produces effects in the rabbit 
EEG similar to mescaline (20 mg/kg, IV). These results 
support the view that the hallucinogenic effects reported 
[ 1 I for racemic 2-AT can be attributed to the selective 
central action of the S-(-) enantiomer. 

A comparison between the structure of LSD and S-(-) 
2-AT (Fig. 1 b) is inconsistent with currently accepted views 
[ 1, 2, 4, 8, 13, 14, 151 which suggest that the aromatic ring 
of the phenethylamine type hallucinogens corresponds to 
ring A in LSD. Rather, the evidence shows that the 
aromatic ring of the phenethylamines corresponds to the 
pyrrole portion (Ring B) of the indole nucleus in LSD, as 
depicted in Fig. 1. From a chemical point of view this is a 
more appealing analogy, since one need not consider the 

sP= nature of C-IO in LSD as being incorporated into a 
phenethylamine moiety, an idea required by earlier con- 
cepts. Using results of theoretical calculations it was first 

(+) 2-AT 

(4 mg/kg) 
(2) 2-AT 
(8 m&g) 
(-) 2-AT 

(4 mg/kg) 

-4.7 +6.8 +5.4 +27.2 +23.3 

-35.9, -11m -5.8 +11.4 111.7 

-54.1t -64.6? -59.71 -47.1* -21.8* 

*p<o.os. 
tp<o.01. 

suggested by Kang and Green [8] that receptor binding 
occurs from the underside, or alpha face, of LSD [ 81. 
X-ray, solution, and theoretical studies by several other 
workers have supported the suggestion. This indicates that 
the R-(--) isomer of hallucinogenic phenylisopropylamines 
is active because the alpha methyl is allowed to project 
away from the receptor surface, and does not interfere with 
binding. This is quite obvious if one examines the ability of 
space filling molecular models of the two enantiomers to 
interact with a planar surface. Only the staggered con- 
former of the R isomer, where the aromatic ring is anti to 
the amino group (Fig. 1 c), is able to fulfill this requirement. 

There is apparently no published evidence which is 
inconsistent with this new approach. It is clear, from the 
work of Cooper and Walters [3] with the cis and trans 
cyclopropyl analogues of mescaline (2-(3,4,5trimethoxy- 
phenyl) cyclopropylamine) that the receptor accommo- 
dates a transoid side chain conformation for the hallucino- 
genic phenethylamines. However, these workers did not 
resolve the more active trans isomer into its enantiomers. 
Until this is accomplished, it is impossible to determine 
whether their data support this new proposal, or whether it 
is cbnsistent with the earlier ideas. If our revised view is 
correct, onty the lR,2S isomer should possess activity. On 
the other hand, if the earlier ideas are correct the IS,2R 
isomer should be active. 

Molecular orbital calculations have also been used to 
support earlier analogies [ 81. However, these describe the 
electronic character of the aromatic system, and would 
equally well support congruence of the aromatic ring of 
phenethylamines with either Ring A or Ring B of LSD. 

A serious deficiency in the earlier ideas [4,8] is the 
inability of the R-(-) isomer of the phenylisopropylamines 
to adopt the coplanar aminotetralin-like conformation 
required by the A-C ring analogy. This is primarily due to 
steric interaction between the alpha methyl and the 
hydrogens on the ortho positions of the aromatic ring. On 
the other hand, the staggered conformation which we 
propose for DOM (Fig. lo) has been calculated to be the 
low energy solution conformer [ 171. 

This concept shows explicitly how phenethylamines can 
relate to serotonin and other tryptamines by simply 
considering them all to be arylethylamines. Consideration 
of a recent hypothesis put forth regarding the structural 
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relationship between LSD and certain dopaminergic ago- specifically to the 5-HT agonist properties of hallucinogens. 
nists [ 121, which can relate the stereochemistry of LSD to Suggestions [9, 11, 161 that 2-AT derivatives represent an 

that of other classes of rigid agents such as benzomorphans, oxytocic A-C ring fragment of lysergic acid may still be 

suggests that there may well be a great deal of similarity justified when considering the ability of ergot alkaloids to 

between dopamine and serotonin receptors. interact with alpha adrenergic receptors. 

We emphasize, however, that this approach applies 
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