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Conformational analysis of five lysergates in six different
solvents has been carried out by an empirical method. The energy
maps are developed for all rml.ecu.les in all solvents. Further,
the receptor site conformations are identified for both hallucin-
ogenic and anti serotonin activities. It appears that all the IIOle-
cules do not act on the same site. Effect of solvent is examined
by comparing the solvated conformation with that of vacuumand
it can be concluded that this effect definitely exists, but depends
on both solute and solvent. Various properties such as free
energy, entropy, percent population, dipole IIOment,translational
and rotational diffusion coefficients, and relaxation time are
obtained for receptor site conformations and correlated with the
observed activities. It is concluded that the IIOdeof action in
eliciting the hallucinogenic response is different from that of
antiserotonin response.

INI'RODUCTION

The ergot alkaloids have always been a fascinating class of
drug molecules due to their diversified effects and unusual struc-
ture activity relationships. There have been numerousinvestiga-
tions regarding the pharmacological actions of LSD(d-lysergic
acid diethylamide) and other similar compounds. Amongall the
pharmacological actions, the hallucinogenic (H) action has drawn
IIOst of the attention (Sankar 1975). The main interest lies in
understanding the mechanismof hallucinogenic and/or anti serotonin
(S) actions in terms of molecular structure under existing physio-
logical conditions. Earlier rml.ecu.lar-orbital studies (Karrernan
et al.1959; Snyder and Merrill 1965; Kangand Green 1970) have
indicated a charge transfer reaction for the hallucinogenic acti-
vity of LSD(being a donor) due to high degree of correlation be-
tween the activity and the highest occupied II01ecular orbital
energy which was later found to be not true (Johnson et al , 1975;
Kumbarand Sankar 1973; Sankar and Kumbar1974). In recent years)
however,attention has been turned to utilize the concept of
"structural resemblance" in explaining the activities of various
hallucinogens other than LSD. This concept has been examinedby
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using roolecular models (Snyder 1970), x-ray crystallography (Baker
et al , 1973), and roolecular orbital methods (Kler- 1971; Green et
al. 1974; Pullman et al. 1974). All these studies, however,have
been confined to congeners of LSD,butnot to the derivatives of
d-lysergic acid.

The quantitative values of hallucinogenlc and antiserotonln
effects are knownfor about 20 lysergates (Cerletti and Doepfner-1958).
These include roonoand disubstituted amides, cycle and 1, 2, and
8 substituted derivatives of LSD. In the present stud~only five
lysergates (figure 1) have been selected due to their structural
differences in side chains which might help to assess the role of
the side chain in producing the pharmacological response. Any
change in the drug roolecule and in the mediumin which the molecule
exists can dramatically effect the active (receptor site) confor-
nations. Therefore, these molecules are studied in different sol-
vents varying in physiochemical properties to see howthe confor-
national behavior changes f'romsolvent to solvent. In the course
of this action, the empirical method in conjunction with reaction
field theory (Sinanoglu and Abdulnur 1965) has been used. Within
the frame\"lorkof reaction field theory ~ an approach to solvation
effect involves the computation of the interaction energy of
solute with its surrounding,rnaking use of a continuummodel for
solvent. However,considerable doubt exists (Linder 1967) about
the applicability of this continuummodel,because of its treatment
of the solvent as a unifonn nedium inside and outside the cavity
of the roolecule. In reality, the dielectric constant inside and
outside of the cavity maybe different. Previously (Kumbar1976),
it was pointed out that the effective dielectric constant (inside
the cavity) is about one half of the bulk dielectric constant (out-
side the cavity). With this in mind, a confonnational analysis is
carried out and properties such as free energy, entropy, percent
population, dipole rooment,translational and rotational diffusion
coefficients, and relaxation times are deduced for active confor-
rnations,with the hope of obtaining a quantitative relation between
structure and activity.

The translational diffusion coefficient describes howthe
molecule travels in a given medium,while the rotational diffusion
coefficient gives an indication of howthe molecule orients itself
at the receptor site. Whenan interaction between the drug roole-
cule and the receptor site begins, the roolecule that is present in
a randomstate in a solution near the receptor site must cometo
an order state (specific orientation) at the receptor site for a
proper interaction. 'Iherefore the relaxation time maybe defined
as the t:ime required for the roolecule to relax itself from an or-
dered state into a randomstate. In other words.the relaxation
tirne maybe considered as the time spent by the drug roolecule at
the receptor site.

375



METHOD OF CALCULATION
(a) Conformational energy: The total energy of a molecule for a
particular geometry under the influence of a solvent is calculated
as

Etotal = Esolute + Esolvation (1)

where Esolute is the total energy of a solute molecule in the free
space approximation and Esolvation is the energy of sOlute"solvent
interaction. Esolute is computed as the sum of various contribu-
tions as given in the following equation:

Esolute (cp, 1jJ,'i) = Enonbonded + Etorsional + Eelectrostatic (2)
where <p, 1jJ,and 'i are the dihedral angles defined in figure 1.
The nonbonded interaction energy between. the pair of interacting
atoms is calculated by means of the I.ennard-Jones 6-12 potential
function, which is,

L -12EnOnbonded = i,j dijrij (3)

The first term in this equation represents the repulsive forces
and the second term describes the attractive forces. The term
rij is the distance between the ith and the jth interacting atoms,
and eij and dij are coefficients which have been determined accord-
ing to the method described previously (Scheraga 1968; Kumbar 1975)
The torsional potential energy about C-C single bonds and the C-N
single bond is added via the following equation
Et i nal= (E~/2)(1+cos3<P)+E9./2)(1+cos21jJ)+L(Eo./2)(1+cos3'.)(4)ors 0 ~ ~ i ,l l

where :Sf>, If1jJ, and ~i are the energy barriers which are respect-
ively set equal to 1.0 kcal mole-l, 1.9 kcal mole-l, and 0.58
kcal mole-l (Volkenstein 1963; Flory 1969; Scheraga 1968). In
recent years,various crystallographic studies (Codyet al. 1973)
and theoretical investigations (Renugopalkrishnan and Rein 1976)
have indicated that the peptide bond deviates ·from its planar
structure. Bes.ldes,the assumption of the planar structure in
d-lysergic acid diethylamide introduces considerable steric
interaction between the side chain and.the ring portion. In
order to understand how the side chain behaves if this constraint
is relaxed,and how this effects the orientation of -C=O bond, the
peptide bond is treated as a single bord , In addition, the poten-
tial barrier is lowered to about one tenth of its true value.
Therefore,the results obtained here should be used cautiousl~ due
to hypothetical nature of the present model. The electrostatic
energy is evaluated using the formula

(5)
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where £' is the effective dielectric constant that is applicable
inside the cavity and ei is the charge on the ith atom,which is
the sumof 7T and a charges. 'Ihe 7T and a charges are computed
respectively by the Huckel method (Pullman and Pullman 1963) and
the procedure suggested by Del He (1958).

Esolvation energy is the sumof three contributions, namely,

E . =E +E +Esolvatlon es dis cav (6)

where Ees is the electrostatic solute solvent interaction, Edis
is the solute solvent interaction energy due to dispersion forces,
and Ecav is the energy required to create a solvent cavity. 'The
Ees is conouted by treating the solute as a sphere of radius a
with a point dipolar ion of charge q and the total dipole moment
]..I positioned at the center. 'Thesolute sphere is :imbeddedin a
cavity of identical size,making the dielectric constant of the
mediuminside and outside the cavity different. According to
Onsager's reaction field theory (Onsager 1936), the electrostatic
energy is g1ven by

( 2 -3)( - -3 )-1Ees = - ]..I L a 1- Cl a IL

With L = 2( £-1)/(28'+-1)

(7)
(8)

where e is the bulk dielectric constant of the sol vent outside
the cavity and a is the average polarizability of the medium,
which is a = 1/3 ('\. + 2Cll)' 'Thesolute-solvent interaction
energy due to dispersion forces is

f
o

where p is the numberdensity of the solvent, g(2) (r-) is the
radial distribution function for solvent molecule about a central
solute, which is taken as zero for r<a and unity for r~. 'Ihe
effective pair potential between a solute A and a solvent B at a
separation r is

_~ff 2 2vAB (r) g (r) r dr (9)

(10)

where VAB(r)and B'ABer) are pairwise interaction potentials for
a molecule in a gas phase and a liquid phase correction factor
(Sinanoglu 1967) respectively. 'Ihe VAB(r)is taken in the rorm
of a Kibara potential (Kihara 1953), assuming each IIDlecule as a
spherical core of diameter 1. 'Ihis potential function is

( 6 -12 P -6)
VAB= CAB aAB PAB- AB en:

In the above equation, CAB is the Londondispersion coefficient,
PAB is the intercore distance, and aAB is the collision diameter.
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'Ihe intercore distance is given .by

(12)

with lAB= ~(lA + 1a)

and crAB= ~(oA + 0B)

'Ibese core size parameters are evaluated from the sem1emp1rical
relations

(15)

(16)

wherewAis Pitzer's "accentric factor" (Dannonand Pitzer 1962),
~~1.15, and a is an effective solute cavity radius which is taken
as (Amosand Burrows 1973)

a3 = r'l (1+r,)4 (nr,)-l; r'=rAlrB (17)

The r A is generated from the radius of gyration for a particular
conformation and rB is determined from the critical densities of
solvents. 'Ibe liqUid phase correction factor for the gas phase
potential in equation (10) (Sinanoglu 1967) is

Biu,= 14 6'AB D'B L'AB

1- {11AJ!(r-lAB)}6
(18)

where 6iu, is a ftmction of ionization energies IA and IBlas shown
in the following equations:

6iu, = CIA+ 218)/ {2(IA + 1B)}

and DB = DB" (1 + DB)

with DB = (~2_1)/(~2+2)

(19)

(20)

(21)

where l1J3 is the ref'ractive index of the solvent. 'Ibe London dis-
persion coefficient CAB is set equal to

(22)

Finally, the energy required to create a solvent cavity to accorm-
date a spherical solute of volume v is expressed as

E = Mv 2/3 (1 + N v -2/3) (23)cav A A
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with M= 6.96 x 10-3 B (1- atnYB _ 21T)
atnT 3

(24 )

(25)

where I<'Bis the constant dependent of the volume fraction, vpjvA'
T is the thennal expansion of the sol vent, YB is the sur-face
tension of the solvent, and T is the absolute tenperature of the
system which is set equal to 3100,a physiological tenperature.

(b) Conformational properties: 'Ihe Helmholtz free energy is
calculated by

A = E-TS (26)

where E is the conforrmtiona1 energy in a particular solvent, and
S is the entropy, which is corrputedby the following set of equa-
tions:

S = R Inz + <E>/T
-1<E>= z Li Ei exp (-ElRr)

and z = r exp (-Elm')

(27)

(28)
(29)

'!he dipole rroment,on the other hand,is predicted by using the equa-
tion, J.l = L qiri, where <li is the charge on the ith atom and ri
is the distance of the ithatom from the origin of the chosen re-
ference coordinate system. 'Ihe translation and rotational diffu-
sion coeffiCients are obtained from the well knownequations ap-
plicable to spherical rro1ecules in an unboundedfluid of Viscosity
n. '!hese equations are

(30)

Here,k is the Boltzmannconstant. Further,the rotational diffu-
sion coefficient is related to the relaxation time (T) through
the. equation, T = 1/2 Dr. '!he percent population of the nth min-
imumis estimated according to the equation:

(31)

where ~ is the energy of the ith conformation in the Vicinity of
the nth minimum. The most probable properties associated with a
given energy valley are determined by

-1<p>= z L Pi exp (-Ei/RI') (32)

In addition, the most probable properties averaged over various
solvents are computedthrough the following equation:

«p» = zt-1 L r Pi exp (-Ei/RI') (33)
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with z' = E E exp (-E./RT).
l

(34)

RESULTSANDDISCUSSION

Energy mapswere obtained for all five molecules (figure 1)
in six different sol vents: heptane, carbon tetrachloride, aniline,
ethanol, methanol, and water which have a wide range of dielectric
constants. The ISDmolecule has a bulky side chain with six
degrees of freedan. It is difficult (see figure 1) to rotate all
six dihedral angles s1nn1.1taneously,due to computer-time. Hence,a
different approach was taken. Firstly, the angles '3 and '4 in
all the molecules were fixed at 600 in a staggered position with
the preceding group' (minimuminteractions). ' Secondly, the angles
'1 and '2 were rotated in 100 interval to determine the most
stable values by considering only the interactions in the side
chain. The energy maps produced as a result of rotations of '1
and '2 contained two m1n:imacentered around '1. = '2 = 900, and '1
= 700 and '2 = 2500• The min.1mumenergy conformations my not
represent the energy valley in which they exist. Therefore, IIDst
probable conformations were determined as indicated in equation
(32). It happened that the most probable values did not deviate
considerably from their respective minimumvalues. So these
values were used in further computations in ISD and d1methylam1de
The same strategy was also adopted for ethylam1de and found that
'2 had three different most probable values, rJGlIrely600, 900, and
1800• Similarly, the most probable value of '2 in rrethylam1de
was determined to be 1800• Using these values, the rotations
around </> and 1/1 were carried out in 100 increment in various sol-
vents mentioned above. The most probable confonnations for each
molecule in all six solvents are shownin figures 2(a) to 2(e).

Effect of solvation

In order to understiand the influence of the solvent mediumor
to gain some infonnation about the conformational behavior in pre-
sence of external forces (solvent medium), the vacuum(gaseous
phase) .conformations were also generated by setting e:' = 1.0 in
Esolute equation (2). The most probable confonnations are also
indicated in figures 2(a) to 2(e). These vacuumconformations
maybe considered as the most 'ideal situation' confonnations
(ideal conformations). Someof the properties of ideal and sol-
vated conformations are comparedin figure 3. It is apparent
that the solvated conformation is quite different from an ideal'
conformation. The degree of influence of the solvent rredium
depends on the nature of the solute as well as the nature of the
solvent. In all cases, the conformational energies of ideal con-
formations are lower than the corresponding solvated conformations.
The conformational entropy decreases whenIIDlecule is solvated,due
to a loss of conformational freedom. A further decrease in entro-
py is observed whenthe dielectric constant of the mediumis in-
creased. 'Ine dipole manent is higher whenthe molecule is solva-
ted except for dimethylam1de,whereit is lower. '!his property
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slightly varies as the dielectric constant of the mediumchanges.
The volumes of all the rrolecules except d:l.rrethylamideare smaller
in a given solvent and also to someextent depend on the dielec-
tric constant of the mediurn. Therefore, it is clear that the sol-
vent definitely influences the conformational behavior of the sol-
ute, depending upon the nature of the solute as well as that of the
solvent.

Solvated conformations

For a given molecule,number of minimaappearing in energy
mapsdepends on the nature of the solvent. As the dielectric con-
stant of the mediurnincreases, someof the minimadisappear due to
an increased interaction between the solute and the solvent that
favors certain conformational regions. As a result, the conforma-
tional entropy decreases. Even though the most probable values
of the dihedral angles ~ and 1/1 have altered to someextent from
solvent to solvent, they have grouped together into a small region
as shownby the circles in figures 2(a) to 2(e). This behavior
is observed in spite of the fact that Tl and T2 have been set at
different values. This might be an indication that these subsi-
diary angles have less influence on the main two dihedral angles,
<p and 1/1. en the whole,the LSDhas eight conformational regions,
dimethylamide has four, ethylamide has four, methylamidehas two,
and an amide has four. In reality, the LSD should have only 4 con-
formational regions, the dimethylamide should have only 2, and the
amide should have only 2 due to the symnetry nature of the side
chain over the dihedral angle lji. The asynmetry over the angle lji
is due to fixing of Tl and T2 at certain values when<p and 1/1 were
rotated.

Free energy, entropy, dipole moment, percent population,
translational and rotational diffusion coefficients, and relaxa-
tion times are important aspects of drug receptor interactions.
All these properties truly depend on the nature of the solvent
medium. Someof these properties of each rml.ecule as a whole,
without differentiating various minima,are considered in figure 3.
It is obvious that these properties are functions; of the nature of
the mediurnand the molecule. For a given property, all molecules
except dimethYlamidehave behavior similar to the dielectric
constant .of the mediumincreases. 'll1ese changes in properties
point out that the solvent mediumthat exists around the receptor
site(s) mayplay an important role. The effect of the solvent
depends on the nature of the energy valley. If the valley is
deeper, for example, IV(VIII) in LSD,the effect is smaller. On
the other hand, if the valley is shallow like I or III or IV in
ethylamide, the effect is greater. The shal.LownessjhowevervLs
dictated by the conformatioriaJ.flexibility. It means that a rrole-
cule with a considerable flexibility might experience a greater
effect of the solvent.

Receptor site conformations

Amongthe five molecules studied here, the LSDis highly
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potent in terms of hallucinogenic and antiserotonin activities.
The magnitudes of these activities are also shownin figure 1.
The differences in the activities of these molecules maybe attri-
buted to differences in behaviors of side chains. The structural
differences, together with differences in various physiochemical
factors, might account for the variability of their activities.
Therefore, it is essential to identify those conformations which
are believed to be present at the receptor site(s). This is, of
course, a difficult task. To get around this problem,the follow-
ing approach is taken. Since the LSD possesses the maximumacti-
vities (H=lOOand S=lOO),it is assumedthat all four conforma-
tions (figure 2(a)) are involved in producing these activities.
However,it is difficult to assess their degree of contribution
towards the total activity. Whena drug molecule binds to the
receptor site, the molecular conformation might be cormlerrentary
to the receptor site(s). Onthis basis, it is assumedthat the
LSD binds to four different sites corresponding to four sterically
different conformations labelled as I to VIII in figure 2(a).
Region III(VII) appears only in high dielectric constant medium
as a result of disappearance of region II (VI). It meansthat
there are only three sites in low dielectric mediumand three
in high dielectric medium. If there is a continuous fluctuation
in dielectric constant,or if the receptor site region exists in
an inhomogeneousmedium,then all four sites might be activated
simultaneously as shownbelow:

site I(V) II (VI) III (VII) IV(VIII)

low e 0 0 0
high e 0 0 0
fluctuation in £ 0 O· :Q. 0',' ','

In order to obtain the receptor site conformations for other
molecules, the conformational regions of each molecule are compar-
ed with those of the LSD in figures 4(a) to 4(d). It is clear
that someof the regions lie close to those of the LSD. Thus it
appears that there exists a conformational resemblance between
LSD and other molecules. Therefore, it is conceivable to assume
that these molecules elicit their pharmacological response by
resembling the conformations of LSD, However,in methylamidethe
resemblance is found only for regions II and IV, and in amide only
for I and IV. In addition, all molecules do not act on the same
site (table I). 'Ib have somekind of overall representation of
each region shownin figure 2(a) to 2(e), a further averaging over
all solvents is carried out and resulting dihedral angles,together
with various properties, are tabulated in table II. These overall
conformations are presented in figures 5(a) to 5(e).

A close look at the LSD molecule reveals that it contains
various centers for interactions as schematically shownin figure
6. Various intracenter distances for all the overall conformations
are listed in table III. These distances might be complementary
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to the interacting centers existing in receptor site(s). Since
the ring portion of the LSD is camronto all molecules, the inter-
actions in this portion are retained in all molecules. Therefore,
the variation in antiserotonin and hallucinogenic activities might
be explained in tenns of the variability that exists in side chain
interactions such as the hydrogenborrling, hydrophobicity, free
energy, etc. 'Ihe hydrophobicities for these molecules have been
calculated by Dunnand Bederka (1974) which are 2.16, 1.16, 1.16,
0.66 and 0.16 respectively for LSD,dimethylamide, ethylamide,
methylamide, and amide. 'Ihis property decreases as the activities
decrease. In addition to hydrophobicity, other factors might also
influence the drug receptor interaction. '\-lehave looked into
the possibility of hydrogenbonding by the carbonyl oxygenof the
side chain and the receptor site. Since the LSDrolecule has the
naximumactivities arrongthe molecules considered here, it is
assumedthat the oxygenatom in all the receptor site conformations
(I ... IV, table II) of LSDis situated in an optimumposition.
The deviaticns of this atom from the optimumpositions (measured
ill tenns of the angle, e, figure 6) for oniv receptor site confor-
mations (shownin figures 4(a) to 4(e» are also tabulated ill
table III. This angle increases as activities decrease, suggesting
that the strength of hydrogenbondillg is also an important factor.
'Ihis strength decreases as ~ctivities decrease. Further, it is
possible to distinguish the conformations responsible for hallucin-
ogenic and anti serotonin activities using the angle e. 'Ihe anti-
serotonin activity is always higher than the hallucinogenic acti-
vity for a given molecule,which might be due to a close congruity
between the 1ID1eculeand the receptor site(s). It means that a
stronger hydrogenbonding is necessary for antiserotonin activity
conpared to hallucinogenic activity. 'Inus,the conformations with
smaller e values might be responsible for antiserotonin activity
while larger e for the hallucinogenic activity. 'Ibis distinction
is· noted in table III by the letters S and H. This is further
supported by a good correlation obtained betweenthe e and the
differences in activities (table IV).

In order to investigate the role of other properties in drug
receptor interaction, a correlation is also carried out between
these properties and the activities. Fromthe correlation coef-
ficients) few conclusions maybe drawn. Entropy and percent pop-
ulation do not seemto play any role. Onthe contrary, the free
energy, rotational diffusion (relaxation times), hydrophobicity,
and the strength of the hydrogenbording appear to be an important
detenninants. 'Ihe dipole momentand translational diffusion co-
efficients to sane degree are also :important factors only in
hallucinogenic activity. 'Ihe amidehas no hallucinogenic activity.
'Iherefore, we assumethat the conformations falling in region
II(IV) are responsible (figure 2(e» for this activity. Hence,the
properties of this region are used in correlating the hallucino-
genic activity. Fromthe correlation coefficients, one can see
that even amongthe correlated properties, the degree of correla-
tion is not the samefor both activities. Besides, the dipole
mcmentis better correlated in hallucinogenic activity. 'Iherefore,
it is concluded that the modeof action in eliciting the hallucin-
ogenic action is quite different from that of antiserotonin acti-
vity.
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TABLE I

Receptor site conformations.
TheRornan numerals indicate the conformational regions shown in

figures 2(a) to 2(e) and 4(a) to 4(d)

Molecule LSD Sites
rrv: II(VI) III (VII) IV(VIII)

d-lysergic acid
d:imethylarnide II(IV)

d-lysergic acid
ethylarnide I III II IV

d-lysergic acid
rnethylarnide I II

d-lysergic acid
amide I(III) II(IV)
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TABLE II
Over all conformations (averaged over all solvents) with their various properties

Site «41» «1jJ» «A»_l <S> -1 «v» «Jl» %P «Dt» x 105 «D » x 10-9 «T» x lOll
deg deg keal mole eal deg Ao3 D 2 -1 r -1

mole em see see see

LSD
I 140 82 -11.651 4.922 292 9.450 66 1.421 6.287 8.009
II 201 94 -10.627 4.635 263 9.062 13 1.459 6.927 7.348
III 257 60 -6.446 2.808 233 10.460 1 1.004 5.165 10.200

~ IV 333 86 -8.270 2.393 252 9.316 1 1.448 7.076 7.379
00 V 127 260 -9.078 6.193 315 5.669 1 1.389 5.847 8.584
U1

VI 201 274 -10.627 4.635 263 9.062 13 1.459 6.927 7.348
VII 268 257 -9.852 4.832 258 11.938 4 1.043 5.013 10.009
VIII 333 266 -8.270 2.393 252 9.316 1 1.448 7.076 7.379

d1methylam1de
I 62 85 -17.739 8.235 263 5.554 35 1.479 7.021 7.125
II 326 99 -17.300 6.198 220 12.606 17 1.570 8.395 5.957
III 60 265 -17.735 8.051 262 5.678 35 1.481 7.046 7.100
IV 330 281 -17.151 5.876 222 12.335 13 1.565 8.320 6.012

ethy1ariJide
I 149 81 -39.379 6.340 256 5.850 2 1.494 7.237 6.923
II 259 77 -41.295 6.327 213 7.822 31 1.587 8.669 5.769
III 182 279 -41.314 5.998 243 8.854 37 1.519 7.602 6.585
IV 317 273 -41.082 5.576 208 7.398 30 1.600 8.896 5.629



Table II. Continued

methylamide

I 275 87 -47.262 7.019 196 13.714 32 1.632 9.424 5.306
II 307 275 -47.733 6.917 193 14.027 68 1.640 9.570 5.225

andde

I 170 94 -45.651 9.507 190 7.102 39 1.649 9.722 5.143
II 289 91 -44.839 8.930 181 8.220 11 1.675 10.205 4.900
III 170 274 -45.051 9.507 190 7.102 39 1.049 9.722 5.143
IV 289 271 -44.839 8.930 181 8.220 11 1.675 10.205 4.900

t..I
00
0\



TABLE III
Various intracenter distances and the angle 6 (see Fig. 6)

for various sites.

Site b c d 6 3ite b c d 6AO AO AO deg AO AO AO deg

LSD ethylamide
I 4.215 3.145 5.681 I 4.193 2.813 5.487 8(3)
II 4.236 3.173 5.580 II 4.531 2.789 4.785 5(3)
III 4.519 2.985 4.618 III 4.187 2.812 5.505 16(H)

~ N 4.830 3.174 4.663 N 4.798 2.846 4.563 14(H)
00 V 4.259 3.130 5.587-....J

VI 4.236 3.174 5.580 methy1amide
VII 4.583 3.107 4.700
VIII 4.830 3.174 4.663 I 4.621 2.846 4.670 16(s)

II 4.766 2.834 4.599 22(H)
dimethyl amide

I 4.605 3.158 4.925 I 4.176 2.840 5.502 27(3)
II 4.818 3.136 4.834 6(H) II 4.692 2.858 4.614 38(H)
III 4.616 3.165 4.912 III 4.176 2.840 5.502 27(3)
N 4.826 3.121 4.751 3(S) N 4.692 2.858 4.614 38(H)



TABLE IV

Summary of the properties of the receptor site conformations for both
activities along with correlation coefficients

Molecule M 6.8 16.]11 I~DJ x 105 16. Drl x 10-9 6. Hydro- 16.%p/ e 6. Activity
-1 -1 cm2 sec-1 sec-1 phobicity degkcal m1e kcal mle D

deg

antiserotonin activity
dimethy1amide 8.881 -3.483 3.019 0.119 1.244 1.0 12.67 3 76.80
ethy1amide 27.728 -1.418 3.600 0.073 0.950 1.0 66.74 8 88.10

34.849 -3.519 2.638 0.583 3.504 1.0 30.98 5 88.10
methylamide 40.816 -4.20 3.254 0.628 4.259 1.50 31.98 16 93.70

\1.1 amide 35.024 -4.872 1.960 0.190 2.795 2.0 26.10 27 95.7000
00

corr. coeff. 0.93 -0.38 -0.35 0.38 0.62 0.75 0.29 0.82

hallucinogenic activity
dimethylamide 9.03 -3.805 3.29 0.122 1.319 1.0 16.68 6 90
ethylamide' 30.687 -1.363 0.208 0.06 0.675 1.0 24.10 16 96

32.862 -3.189 1.918 0.152 1.820 1.0 29.67 14 96
amide 36.569 -6.537 1.098 0.227 3.129 2.0 10.0 38 100
corr. coeff. 0.96 -0.41 -0.75 0.53 0.63 0.73 -0.19 0.90



FIGURE 1
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FIGURE 2
(a) d-lysergic acid diethylamide (oj
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60- f-

FIGURE 2
(d) d-Zysergia aaid methyZamide (.)
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FIGURE 2
(e) d-Zysergic acid amide (e)
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'/I, de"
Comparison of varioue most probable oonfozmaidonal: 'l'egione of a given molecule IJith those of LSD.
e_ LSD and :x - a given molecule: (a) LSD and dirnethylamide~ (b) LSD and ethyZamide~ (e) LSD and
methylamide~ and (d) LSD and amide.

FIGURE 4
(a) LSD (.) and dimethyZamide (:x)
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b

FIGURE 4
(b) LSD (.) and ethylamide (x)
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FIGURE 5

OVer al.l:conformations (see bext: and aleo tabl.e III) of mol.eeul-ee
studied here. The conformation{s) responsibLe for each activity
(both activities) is (are) indicated by Sand/or H: (a) LSD~
(b) dimethyLamide~ (c) ethyLamide~ (d) methyLamide~ and (e) amide.
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FIGURE 5
(b) ciimethy Lamide
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FIGURE 5
(d) methyZamide
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FIGURE 6
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