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s Behavioural Effects of some Derivatives
" of Amphetamine and LSD and their
i Significance
S In attempts to work out possible mechanisms of action of
the hallucinogenic drugs, it would be helpful to know
_which chemical groups modify their activity. In the
i methoxylated amphetamines, some methoxy groups may
“act as electrostatic binding sites and some may effect the
#shape and energy distribution of the = cloud. It may also
‘be important to know whether the amino group is
necessary for activity. It has been shown that N,N-
.dimethylmescaline is & less potent compound than
jmescaline:?. We have now tested further N,N-dimethyl
“derivatives of hallucinogenic amphetamines using the
Bovet-Gatti profiles on the Sidman avoidance schedule®*
thich we have found to discriminate between hallucino-
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Fig. 1. (¢) LSD; (b) mescaline and 1-methyl-1,2,5,6-tetrahydropyridine-
3-(N,N-dicth_\'lcnrboxamide).
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TFig. 2. The Bovet-Gatti profiles of the interaction between THPC and
mescaline; (a) 15> mg/kg of THPC; (b) 125 ma/ke of mescaline; (¢) the
same, after treatment with 15 mg/kg of THPC. The latteris similar to the
effect normally produced by 25 mg/kg of wescaline. The total number
of responses in each category isgiven. B, Burstresponses; P, premature
responses; E, eflicient responses; L, late responses; on the right the
. distribution of responses within the 10 s conditioned stimulus (CS)
period is gziven. Hallucinogens increase I3, P’ and L responses and shift the
peak of the responses in the €S period to the left. The total nnmber of
'E responses may be computed as the sum of the columns in the right-
hand figure.
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Fig. 3. The same for LSD: (@) saline; (b) 0:05 mg kg of LSD; (¢) 01
mg/kg of LSD after 15 mg/kg of THPC.

genic drugs very well. 4-Methosyamphetamine is a very
potent disrupting drug in rats and produces a typical
“hallucinogenic’’ profile at 3 mg/kg (equivalent to mesca-
line at 25 mg/kg). The N,N-dimethyl derivative was
totally inactive at 25 mg/kg. 2,5-Dimethoxy-4-methyl
amphetamine (DOM) is the most potent human hallucino-
genic amphetamine known (active in rats at 2-5 mg/kg).
Tts N,N-dimethyl derivative was also quite inactive at
20 mg/kg. These results suggest that, if these compounds
bond, they do so using their N atos, in which case our
hypothesis® would predict that the 3-compeund (not yet
tested) would be an active hallucinogen. The relative
activity of methoxylated amphetamines seems to corrclate
more with their quantum chemical properties, such as their
Hickel molecular orbital (HMO) energies and degree of
native fluorescence’, than with their steric properties.
That is to say, the steric requirements seem to be an
unhindered N and an unhindeced ortho or para methoxy
group, and the energetic requirement is a high HMO
energy.

A second prediction of our hypothesis® is that blocking
all three active groups on 3-HT (3-hydroxytryptamine)
should inactivate the compound. 5-Methoxy-N,N-di-
methyltryptamine is a most potent hallucinogen and
disrupts rat behaviour at 2:5 mg/kg. We have tested the
1-methyl derivative of this drug and found it to have only &
mild “stimulant” (amphetamine-like) profile at 10 mg/kg.
"This is in contrast to l-methyl LSD which is an active
hallucinogen.

We wished to know whether halving the LSD molecule and
giving the bits separately would be effective. An approxima-
tion to this procedure can be carried out by determining
whether 1-methyl-1,2,5,6-tetrahydropyridine-N,N-diethyl-
carboxamide (THPC; Fig. 1) potentiates the effcet of
mesealine. Fig. 2 shows that pre-treatment with 15 mg/kg
of THPC, 45 min before treating with 12:5 mg/kg of
mescaline, markedly potentiates the effects of the latter.
This was confirmed in a sccond rat, the behaviour of
which was completely disrupted for 30 min by the combina-
tion. When given before an equivalent dose of LSD
(0-1 mg/kg), there was no such potentiation (Fig. 3), but
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the effect of LSD was inhibited. This dose of THPC by
itsglf Froduced no behavioural effect (Figs. 2 and 3).

HEC could potentiate the effect of mescaline by one
of two mechanisms: (1) if mescaline occupies only half
the HBD site, as Snyder and Richelson have proposed®,
ocenpation of the other half by THPC might increase its
effect, at the same time blocking binding of LSD, or (ii)
THP® might affect some other brain mechanism, which,
altho 1gh it might have no direct behavioural effect, would
nevextheless potentiate the effect of mmescaline on some
other system. But because mescaline and LSD are
balieved to act on the same mechanism, it is difficult to see
why such a non-specific action should not potentiate the
effect of LSD as well.
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Correlation between Activity and
Electronic State of Hallucinogenic
Amphetamines

THE actions of hallucinogenic agents have been correlated
with Hiickel molecular orbital ealculations of the =-
eleetionst and with fluorescent properties?. The Hiickel
correlations on three mecthoxylated amphetamines indi-
cated that hallucinogenic activity correlated with energy
of the highest occupicd molecular orbitalt.

We calculated the total valence electron charge density,
frontier electron density, dipole moment, total energy
and ell encrgy levels of thirteen hallucinogenic amphet-
amines using the INDO method (intermediate neglect of
differential overlap)® which gives good results in the cal-
culation of dipole moments, molecular geometries, electron
nuclear hyperfine coupling constants and foree con-
stants*-7. Standard bond lengths and bond angles were
uwsed to generate cartesian coordinates, and vicinal
methoxy groups were regarded as out of plane in a trans-
configuration.  All results were subjected to sequential
multiple regression analysis.

Table 1 shows the correlation between hallucinogenic
aetivities in man® and the energy of the highest occupied
molecular orbital (Ey). For this correlation, the linear
regression equation, log A=a-+bz,+cr, ., may be
expressed by the following equation, where 4 is hallucino-
genic activity

log A=19-074+3565 Eyy %))
The equation for equimolar activity is
log A=187+351 Eu (2)

For equation (1), r=0-753, F'=1436 and P <0-005; fer
equation (2), r=0-750, F=1462 and P’<0-005. This
eorrelation suggests that the ease of 'pertmbability of the
w-electrons of the amphctamines is & determinant of
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Table 1. HALLUCINOGENIC ACTIVITIES OF AMPHETAMINE DERIVATIVES IN
MAN AND ENERGY OF THE HIGHEST OCCUPIED MOLECULAR ORBITAL ()
Derivative of Hallucinogenie Eg
amphetamine activity (atomic units)
2,5-(0CH,),-4-CH;, 80-100* —0-4929
2,4.5-(0CH,), 17 —0-5001
2,3,6-(OCHy), 13 —0-5112
2,4,6-(0CH,), 10 —0-5217
2,56-(0CH,), 8 ~0-5012
2,3,4,5-(0CH,), 6 —0-5126
2,4-(0OCH,), 5 —-0-5194
4-OCH, 5 - 0-5262
2,3,5-(0CH,), t 4 —-0-5026
3,4,5-(0CH,), 2 —-0-5218
2,3,4-(OCH,), <2 —0-5274
3,4-(0CH,), <1 —0-5238
{Mescaline) ¢ 1 ~0-5226
(Amphetamine) 0 ~0-5885

* The activity has been reported as 80 and 100**,

t Limited number of tests.

+ Mescaline, 3,4,5-trimethoxyphenylethylamine, is pot an amphetamine
derivative but is used as a standard of hallucinogenic activity®., Amphetamine
is not hallucinogenic and is not considered in the statistical analysis.

Table 2. Ex OF SOME UNTESTED AMPHETAMINE DERIVATIVES AND THEIR
PREDICTED HALLUCINOGENIC ACTIVITIES
Derivative of En Predicted
amphetamine (atomic units) activity
2,3,4,6-(0CH,), -0-5067 10-0
3,5-(OCH;), —0-5240 -4
4-01 —0-5296 15
3-0CH, -0-5316 1-3
2,6-(0CH,), —0-5334 11
2,3-(OCH,), ~0-5346 1-0
2-0CH, —0-5371 09

fod

E?tuation (1) was used for the predictions; equation (2) gives very similar
esults.

by

hallucinogenic activity, the amphetamines presumably
forming with the brain receptor a low energy, reversible
r-molecular complex that gives rise to hallucinations.

Although the correlation is significant (r=0-753, F=
14-36, P <0-005), Ex does not account for the activities
of all the compounds. The 2,3,6-trimethoxy and 2,4,6-
trimethoxy derivatives and the 4-methoxy derivative
are more active than expected if Ey i1s the only determin-
ant of activity; and the 2,3,5-trimmethoxy is less active.
Other electronic or steric characteristics not revealed by
this work could contribute to the activity. A better
correlation cannot be expected. Drugs are involved in
numerous interactions® before they induce hallucinations.
Also, the error in measuring relative hallucinogenic
activity in man is about 20 per cent (personal com-
munication from A. T. Shulgin). Assuming that Eg
is the only correlate of activity, we calculated the expected
hallucinogenic activity of some untested amphetamines
(Table 2). Of these, the 2,3,4,6-tetramethoxy derivative
is the only one that should be significantly more potent
than amphectamine. Shulgin states in a personal communi-
cation that the 2,3,4-trimethoxy derivative has measure-
able activity, but it is less than two®; our calculations
predict that it has about the same activity as mescaline.
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