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SUMMARY ! in

in
](AN(], SUNGZON(], JOHNSO]N, Chltb L., ANn GREEN, JACK P.: Theoretical studies on

the conformations of psilocin and mescaline. Mol. Pharmacol. 9, 640-648 (1973). lo
re

' hlolecular orbital ealcul._tions and chussicai potential function calculations were carried i dt

out to examine the i)roposal that the conformations of the hallucinogenic tryptamines and ! tl!

1)lwnylalkylaminos "tre such that their 6-membored aromatic rings and thcir alkylamino _i ta
nitrogens are congruent with the A ring and N(6) nitrogen atom of lyscrgic acid diethyl- i c(
amide (the nitrogen of the l) ring). The congruent conformation of psilocin is ¢,{C(9)-- i b"
C(3)--C(_)--C(a)} = 46 4- 10 degree.s, _{C(3)--C(B)--C(a)--N} = 230 4- 20 degrees, e_

0,{C(B)--C(a)--N--C(1N)} = 1804-10 degrees, and 0_{C(B)--C(a)--N--C(2N)} = , di
300 4- 10 degrees; that, of mescaline is _b{C(2)--C(1)--C(tJ)--C(a)} = 147 -4- 10 degrees V_

and ¢{C(1)--C[$]--C(a)--N} = 160 4- 20 degrees. These results show that congruence ! (1
of psilocin and mescaline with lysergic acid diethylamide is energetically permissible. !i lil

_! el
m

mTROnUCTfON (or the proton) of the nitrogen would be t tt
Certain N,N-dimethyltryptamines (e.g., below the plane in thc same way as that of

' psilocin) and mothoxylated phenylalkyl- lysergic acid diethylamide. This proposed ,
' ,unines (e.g., mescaline) are hallucinogenic conformation, which explains the inactivities

and show cross-tolerance with d-lysergic acid of /-lysergic. acid diethylamide and d-isoly-, i_ fi_
diethylamide (1-7) that is not attributable sergic acid diethylamide (9), has received al
to metabolic disposition (7) but rather sug- SUl)l)ort from radioimmunoassay studies ' ot
gests activity at the sam(; or a similar site in (10), from observations on the mescaline-like ai
the nervous system. In a paper from this activity of the Irans isomer of the eyclol)ro- ' T
hal)oratory (8) it was suggested that tim con- pylaminc analogue of mescaline (11), from rt
formations of the hallucinogenic tryptamines nbservations on the mescaline-like activities n,

•rod l)hellylalkylamines at the receptor were of the R forms of hallucinogenic l)henyl- (l
such that their 6-memt)ered aromatic rings isoprol)ylamines (12, 13), and from the t
and their alkylamino nitrogens are congruent observed (and predicted) mescaline-like ac- u

with the A ring and N(6) of iysergic acid tivity of 2-amino-7-hydroxytetralin (14). i n.
dielhyl'tmidc (Fig. 1). The lone pair electrons Another proposed conformation (15) cannot I)

This research was supported by Grant MIt- account for all these laboratory findings, t ,lq
17489 from the National Institute of Mental That the conformation proposed by us was e]
llealth, not observed in crystals (16) does not pre-
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"W York, F]o. 1. Nurnberino scheme for lyseroie acid dielhylamide, psiloein, and mescaline
rris J.

l elude their occurrence at the biological site of T^BLr, 1) action: more than one conformation can be Definition of dihedral angles of mescaline and
, observed in a unit cell of a single crystal psilocin (see Fig. 1)

(16, 17); and the conformation in crystals is
, influenced by the free energy of crystal pack- C_mund "z°_ Dihedralangle

dies on ing, which is not a consideration in a bio-
973). logical system. The unknown effecks of a

receptor on the molecule require that cvi- Mescaline _, N(alkyl)--C(a)--C(B)--C(l)
c'trried t dence of all kinds be considered in inferring _ C(_)--C(B)--C(1)--C(2)
ic_ an i the conformation, including information oh-
'lamino J rained from molecular orbital studies. The Psiloein 0t C(1N)--N(alkyl)--C(_)--C(B)

liOhyl- t conformation that we proposed (8) was 0_ C(2N)--N(alkyl)--C(tt)--C(a)
C (9)-- | based on stereochemical models because the ,, N (alkyl)--C (a)--C (B)--C (3)
[egrees, exact atomic coordinates of lysergic acid _ C(_)--CO_)--C(3)--C(9)
N)} = ) diethylamide were not known at the time.

_egrees With the availability of these coordinates culate the conformational energy. In the_ruence _ (16), _ the proposed conformations of mesca-
le. 'i line and psilocin were examined by both classical calculations the energy of the non-

i classical potential function calculations and bonded interaction is given by

! molecular orbital calculations. The results of A_i Be q_qi
uld be _ this wo_rk are presented here. E_i = 1_ s + 332.0 X
that of r_s re' D.r_i

oposed , METHODS where r _j is the distance between atoms i and i'

tivi(ies Molecular geometry and stereochemical de- j. B _j is given by the Slater-Kirkwood equa-
/-isoly- ! finilion. Standard bond lengths and bond lion
,ceived ' angles (18) were used to define the geometry
studies _ 3/2 e(h/mln)a_ ai

I of mescaline and psiloein. The dihedral Be = i[(ai/N,) m + (ai/Ni) 'n
he-like angles of mescaline and psilocin are given in
clopro- _ Table 1. Positive rotation means clockwise where a_ and a_. are the atomic polarizabili-
., fror rotation of the far bond with respect to the ties, and N_ and Ns are the effective numbers
t.ivities near bond, as proposed by Klyne and Prelog of outer shell electrons on atoms i and j,
)henyl- (19). respectively. A _ is given by the expression
m the t Methods of energy calculations. The molec-

= Bo_'mlnike ac- i ular orbital method at the intermediate Ao" _ _

(14). i' neglect of differential overlap level of ap- where r_ is the sum of the intramolecular
cannot i proximation (20) and the classical Lennard- van der Waals (24) radii for atoms i and j.
idings, t Jones 6-12 potential function, including an D is the dielectric constant and assumed to

us was electrostatic term (21-23), were used to cal- be 1.0 for these calculations, q_and q; are the
3t pre- t P. Pauling, personal communication, net atomic charges on atoms i and j, eal-

!
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method, for mescaline cation with ¢ = 180
degrees and ¢_= 90 degrees, and for psilocin

grees)) _ = 180 degrees and _b= 90 degrees, yr \ i

Calculations of the not atomic charges on all 60 i_(_)i.___j.
atoms of the molecule in different conforma-

_. tions (48 for mescaline cation anti 168 for 0l• )

psilocin c'ltion) showed that the charges did 0 60 i20 tO0 240 300 360 ,j
: not, significantly vary with alteration of the ¢ $

conformation, changing only in the fourth Fro. 2. Co))formational energy contour diagram

decimal except where there was hydrogen (¢-_ )nap) of mescaline calion, calculated by the
I)onding, as between the phenolic hydroxyl 1NDO molecular orbilal method
group of psilocin and the side chain amino The lowest energy conformer, _b = 60 degrees

group. The orientations of the hydroxyl and _ = 30 degrees, was set to zero. The numbers
group of psilocin and the methoxy groups of inside the diagram are given in kiioealoriea per
mescaline are shown in Fig. 1. It was ob- mole. Since the diagram has S_ symmetry (rots-

' served that the orientation of the methoxy tion-refleetion) along the tb = 90 degrees or= 180degrees axis, the left and right side energy
• group does not influence the conformational minima are identical, nit

energy diagram. Other constants used in ori

,. these calculations arc given elsewhere (24). Psilocin. Because of the bulky N,N-di-
RESULTS methyl groups the rotation of the dihedral wt

angle 0 of psilocin becomes important; thus de
Mescaline. The total molecular orbital the complete conformational energy calcula- su

• energies of the molecule were calculated by tions require simultaneous rotations of 0, _, qt

t simultaneously rotating ¢ and _b in incre- and _b. Complete calculation by the INDO TI
merits of 30 degrees. The values of the molecular orbital method is at present ira- ki

. energy at 5-degree intervals were estimated practical. Therefore the energies of the se
'; by plotting the energy against _ and _band molecule were calculated by the simulta- a

drawing curves through the points. Values neous rotations of _ and _b in increments of ' []
of the energy at 5-degree intervals were 30 degrees (and, when appropriate, 15 de-
estimated from the curves and used to con- grees), while Olwas fixed either at 60 degrees en

' struct a contour diagram (Fig. 2) with a (02 = 180 degrees) or at 180 degrees (0_ = I is
CDC-6600 digital computer plotting pro- 300degrees), respectively (see Table 1). The t_x
gram. The contour diagram, as well as the conformer of 01 = 60 degrees and 02 = 180 ge
molecule, has S: symmetry (rotation-reflec- degrees is the gauche-trans form; the con- ' all
tion) along the _b = 90 degrees or _ = 180 former of 01 = 180 degrees and 02 = 300 ; H
degrees symmetry axis; thus the conformer of degrees is the lrans-gauche form. The gauche- 1 ge

30 = degrees and _b= 60 degrees is identi- gauche form (01 = 300 degrees and O_ = 60 , tit
cal with the conformer of + = 330 degrees degrees) was not calculated, since molecular al:
and _b = 120 degrees. As a result, two mini- models showed that this form would be less o1:
real energy conformations were observed: stable than the other two forms because nf m,

¢ = 60 degrees and _b = 90 degrees and ¢ = steric hindrance, a conclusion supported by gr(
, 180 degrees and _h = 90 degrees. Similar re- crystallographic studies (16, 17). The vahles wi
: suits were obtained for phenylethylamines by of the energy at 5-de_ree intervals were ob- fel

another method (25),perturbativeeonfigura- tained by the graphic method as described !
tion interaction using localized orhitals above for mescaline and were used to con- th
(PCILO). X-ray crystallographic analyses struct the contour diagram shown in Fig. 3.
of phenylethylamines (16, 26) showed two The results (Fig. 3) show that in the.qauche- de
conformations that fall in the two energy lrans form of the 0 angle three energy minima ' gr
minima (Fig. 2). were observed: _ = 30 degrees, _ = 45 de- en

The abbreviation used is: INDO, interme- grees;_ = 180 degrees, _b= 45 degrees; and _ de
diate neglect of differential overlap. --- 270 degrees, _ = 120 degrees. The lower t_

!

i
i
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I genandO4thditanceetecnNky
H(N-alkyl) and 0(4) is 1.6 A. Again, such

' ' hydrogen bonding is unlikely in physiological
120 ,

solution, on account of the energetically
60 more favorable solute-water hydrogen bond-

u" ing (e.g., ref. 27). In the absence of such a i
0 ' ' ' _ ' hydrogen hand the energy minimum at _ = [360 _ 180 ,---.)__/)_\_ ((_._ 240 degrees and _b = 60 degrees shifts to

- If/////-__?_(ff_ _ = 180 degrees and _b = 60 degrees.
ik 120 Crystals of hallucinogen tryptamines havelrattl

, the been described with conformations that fall

_ 60 in the region of _ = 180 degrees and _b = I

;rees 60 degrees (16, 17). [i A , , J In order t() define further the importance
bers : 0(_-- 60 120 180 240 500 360 of the 0 rotation, the classical energy calcula-per L

eta- '
, ¢(No,ky,-C,cCp-C3I tions were performed by simultaneously i

or _ rotating _ and _ at a fixed _ value or 0 and _k t
ergy Fla. 3. Conformalional energy diagrams (_-_ at a fixed 9 value in increments of 5 degrees. t

map) of psilocin, calculated by the INDO molecular
orbital method Figure 4 shows that at _h = 60 degrees the

-di- In the upper diagram the angle of the molecule preferred conformational energy range is
:lral was fixed such that 81 = 60 degrees and 0t = 180 tp = 180 degrees and 81 = 60--180 degrees.
hus degrees. In the lower diagram the angle was fixed At _b = 90 degrees the preferred conforma-

u]a- such that, et = 180 degrees and 02 -- 300 degrees tional energy range is near 9 = 180 degrees
(t.q form). The energy of the conformer of e, = and 0_ = 60--180 degrees. However, the pre-

P' _P' 180, _ = 180, and _/, = 90 degrees was set to zero. ferred energy range at _k = 90 degrees is
DO The numbers inside the diagram are given in wider than that at ff = 60 degrees (Fig. 5).

ira-the _ kilocalories per mole. The experimentally ob- The 0-_ energy contour diagram at _ -- 180
: served conformations are: 0 and 0, psilocybin;

lta- Z_ and &, N,N-dimethyl-5-hydroxytryptamine; [

of [] and II, N, N-dimethyltryptamine. OI ( :IN'NoIkyI'C_'C,/! )
300 0 60 120 180 240

de- 56 240 , l l I
•ees energy at ¢ = 30 degrees and _h= 45 degrees

is I)robably due to hydrogen bonding be-
l'he tween the hydrogen of the alkylamino nitro- 300

lS0 gen and 0(4) : the distance between N(alkyl) ._
(m- and 0(4) is 2.8 A, and that between ? 240

300 H(N-alkyl) and 0(4) is 2.4 A. Such a hydro- V_ _;he- gen bond is unlikely in physiological solu- _ too -

60 ,ion, owing to the energetically more favor- _ )(dar able solute-water hydrogen bonding, as often z*
less observed (e.g., ref. 27). Another local mini- _ 120

of mum, at ¢ = 270 degrees and _b = 120 de- -.

by i grees, has relatively high energy compared 60 \_ues with other minima and would not be pre-

ob- ferred. O0 _ _ t , ,60 120 180 240 500 360 :

led I In the trans-gauche form of the 0"angle ez(C_.-No_kyrCwC_l
on- three energy minima were also observed:
• 3. ._ _ = 90 degrees, _k = 60 degrees; _ = 240 Fro. 4. _-e energy map at _k= 60 degrees, calcu-
"he- degrees, _b = 60 degrees; and _ = 300 de- taredby the classical melhod

4- denotes the zero-energy point• The experi-

ma ' grees, _h = 120 degrees. The especially low mentally observed conformations are: C, psilo-
de- energy at _ = 240 degrees and _b = 60 eybin; &, N,N-dimethyl-5-hydroxytryptamine.
d _ degrees is due to the hydrogen bonding be- The numbers inside the diagram are given in
_ver tween the hydrogen of the alkylamino nitro- kiloealories per mole.
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6 I (CIN "Nolkyl-Co_-Cp ) O! (CIN-Nolkyi-C=-C p } plan(

240 300 0 60 120 180 240 240 300 0 60 120 180 240 It IS,"
360 i I i I I, 360 ; I I I I the )

@,Y
3O0 soo _ C(11

_ |/k/"O-'_ C(13240 _=z4o acid
,., _ of (-

Y°_ISO _ 180 lyser
_" _e --' •_ simu

z 120 _ 120 degr,
0.41,

60 _ ._LA-"__[ 60 rues(

_ ' ami(

I I I ! 0(_ I I I I I gree;0(_ 60 120 180 240 500 360 60 120 180 240 300 i60 --3.1
02 (C2N" NoIkyI'Co¢'C"8 ) O2 (C2N'N°IkyI'C""OP) degr

FIg. 5. ,p-O ct,ergy map at _k = 90 degrees, ealeu- Fig. 7. _b-0 energy map at ¢ = 210 degree.% Cal- frolT

lated by the classical m.elhod culaled by the classical.method elen3

+ denotes the zero-energy point.. The experi- + denotes the zero-energy point. The experi- intcl
mentally observed conformations are: O, psilo- mentally observed conformations are: O, psilo- forrr
eybin; Zkand &, N,N-dimethyl-5-hydroxytrypta= cybin; [3, N,N-dimethyltryptamine. The num- ¢ _.-
mine; I-3and B, N,N-dimethyltryptamine. hers inside the diagram are given in kilocalories _b

per mole. degr
lysel

O!(ClN'Nolkyt'Ctu'C_) degrees shows two energy minima: _b = 65 Fi
240 500 0 60 120 180 240 degrees and 0_ = 300 degrees, and _b - 60 mesq

360[ , _ _ ; , degrees and 01 = 60-180 degrees (Fig. 6). At eth)
| _ ¢ = 210 degrees the 0-_bdiagram showed one gloh

major minimum, at _h = 60 degrees and into:

30o ' .c._ 01 = 180 degrees (Fig. 7). Since the 0-_b B
- _ diagram at _h= 60 degrees (Fig. 4) is a con-

240 grot
tinuation of that at _b = 90 degrees (Fig. 5)

18o along the _h angle, the preferred conforma- _ the

: dim,

tional ranges at _b= 60 degrees and _b = 90 the
! degrees are identical. The same is true for cord

120 the 0-¢+diagrams at _ 180 degrees and , rain
, _ = 210 degrees, elec

+°l
DtSCVSSmN psih

+ 0 I I = L I The proposed conformations (8) of trypta- C(4
0 60 120 t80 240 500 560 diet

OZ (CzN.NolkyI.C_t.Cp I mines and phcnylalkylamines, as congruent dih(
with d-lysergic acid diethylamide, have not The

Fro. 6. _b-Oenergy map al _ = 180 degrees, cal- been observed by crystallographic studies
culated by the classical method (13). Availability of the atomic coordinates the

of l:4-denotes the zero-energy point. The experi- of this drug provided an opportunity to
mentally observed conformations are: O and O, examine more rigorously the possibility that and
psilocybin; A and k, N,N-dimethyl-5-hydroxy- these conformations can exist. Because the N(G
tryptamine; [] and II, N,N-dimethyltryptamine. X-ray crystallographic data on lysergic acid gau,
The contour level is 0.5 keal/mole. The numbers diethylamide (16) showed, surprisingly, that fort

., inside the diagram am given in kilocalories per the indole ring is out of plane, we optimized, con.
: mole. slightly in order to put the indole ring in (lovi

l
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pl.me, consonant with other studies (17). If that the conformation of psilocin congruen_
240 it is assumed that C(11), C(12), and C(13) of with lysergic acid diethylamidc is within 3.

l tile A ring of lysergie acid diethylamide have kcal/mole of the global minimum, whick

(x, y, z) coordinates (in Angstrom units) of could well permit interaction with the recep_
C01) = (0, 0, 0), C(12) = (0, 0, 1.39), and tor.
C(13) = (1.23, 0, 2.06), then N(6) of ]ysergic The molecular orbital calculations indicate,

i acid diethylamide has tile coordinate value that. although the conformations of psiloein
i of (--2.15, 0.42, --3.01). When the ring of and mescaline that are congruent with

i mescaline is superimposed on the A ring of lysergic acid diethylamide are not necessarily

lysergic acid diethylamide and _ and ¢/are the most stable ones, only small energy

simultaneously rotated in increments of 1 differences less than the energy of a hydro-
degree, the most congruent position (--2.21, gen bonding--need to be overcome in order

j 0.41, --3.01) of the alkylamino nitrogen of to attain the congruency. These energy

mescaline with N(6) of lysergic acid diethyl- differences, however, could result in a rela-
amide is _b = 147 degrees and ¢ = 160 de- tive]y small,amount of the appropriate con-
grees. The congruent position (--1.93, 0.43, former being available (Boltzmann distribu-

560 -3.06) of psilocin gives the value of ¢ = 46 tion) to the receptor, which could account ,
degrees and _ = 230 degrees. The deviation for the relatively low potencies of these

.%cal- _ from exact congruency within asmall volume compounds compared with d-lysergic acid
element, e.g., (+0.2) 3, should not prevent an diethylamide.

xperi- interaction, and we may still expect the con- Consistent with these proposed conforma-
psilo- formalion of _b = 147 4- 10 degrees and tions of psilocin and mescaline are observa-
IIIIl'fl-

¢ = 160 4- 20 degrees for mescaline, and of tions that it is the R forms of the hallueino-
dories ' _ = 46 4- l0 degrees and _ = 230 -4- 20 genie phenylisopropylamines that are active

' degrees for psilocin, to be congruent with (12, 13), and that 2-amino-7-hydroxytetralin
lysergic acid diethylamide, is mescaline-like (14). Both these observa-

= 65 ; Figure 2 shows that the conformation of tions were explicitly predicted in a previous '
= 60 ' mescaline congruent with lyscrgic acid di- paper (8), both in the text and in Fig. 1 of
_). At
d one i ethylamide is within 2 kcal/mole of the that paper. These proposed conformations ..

global minimum, which could well permit also account for the inactivities of/-lysergic
; and interaction with the receptor, acid diethylamide (ref. 8 and Fig. 8) and of
e t_-_b Because of the bulky N, N-dimethyl d-isolysergic acid diethylamidc (Fig. 8).
, con- ' groups of psiloein, the _,-_ map varies with The inactivity of d-isolysergic acid diethyl-
ig. 5) the orientation of the 0 angle. For N,N- amide could rest solely on the fact that its
)rma- _ dimethyltryptamines the conformation of diethylamide group at C(8) is axial. In this= 90 f

the t_ angle is as important as the _ and ¢ case the bulky diethylamide group is
ie for _ conformations, because the 0 angle deter- oriented below the plane and sterically

and _ mines the position of the nitrogen lone pair hinders the approach of the lone pair of the
electrons or the incoming proton. Thus 01 of N(6) nitrogen to the receptor; alternatively

' psilocin corresponds to the dihedral angle the axial orientation may not be stable, and
C(4) C(5) N(6) C(7) of lysergic acid the D ring may be puckered so that thclone

ypia- _ diethylamidc, and 02 corresponds to the pair of the N(6) nitrogen is not oriented
Fueut t

dihedral angle C(4) C(5) N(6) C(17). below the plane (the conformation of the Dt_ not
udies The X-ray crystallographic data show that ring of d-isolysergic acid diethylamide is not
hates the dihedral angle C(4)--C(5) N(6) C(7) known). In addition, the diethylamide group

5' to , of ]ysergic acid diethylamide is 178 degrees itself may react with the receptor, and an
that i and that the dihedral angle C(4) C(5) equatorial orientation may be necessary for
e the i N(6) C(17) is 300 degrees (16). The trans- the reaction; it is known that the dimethyl.-
', acid l gauche (01 = 180 degrees, 02 = 300 degrees) amide analogue of lysergic acid diethylamide
that _ form of the 0 angle of psilocin is therefore has lower activity than the latter and that

nized _ congruent with lysergic acid diethylamide lysergic acid has little or no biological aetiv-

ng in (lower diagram of Fig. 3). Figures 3-7 show ity (9).
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Chothia and Pauling (15) proposed a con- ordinate positions of the alkylamino nitrogen
formation of tryptamines and phenylalkyl- (if it is assumed that tile benzene ring is con-
amines in which _b = 4-90 degrees and ,_ = gruent with the A ring of lysergic acid di- q

4-180 degrees for both compounds; the co- ethylamide) arc (-0.84 4-1.45, -4.67) for

Pail
A

, i B
5-H

A
B

N,1

A
]3

o

r try

ph__tm

lys,
mtl
die
am

act

pyl
t.et
onl

Fro. 8. Structures of lysergic acid diethylamide isomers exl
Upper left, d-lysergic acid diethylamide (5R,8R); upper right, l-lysergic acid diethylamide (58,88); an(

lower left, d-isolysergic acid diethylamide (5R,88); lower right, d-isolysergic acid diethylamide (5R,88) rcf
withtheDringpuckered. ]

' I en(

TABLE 2 l (01

Proposed coordinates in mescaline and psilocin compared with coordinates of d-lyserqie acid th(
diethylamide obtained by X-ray diffraction analysis de_

It is assumed that the benzene rings of psilocin and mescaline are superimposed on the A ring of bel

d-lysergic acid diethylamide. I 02

Compound Atom Coordinates (in Angstrom units) Reference fortll(
x y = 4-_

'Lysergic acid am
diethylamide Ctt 0 0 0 16 t_cr3

C,, 0 0 1.39 Jly
Ci, 1.23 0 2.06 C}
N. --2.15 0.42 -3.01 ]og

mf

Mescaline N6 --2.21 0.41 --3.01 This paper hy
N, -3.03 4-1.45 -1.75 15 N(

Psilocin Na - 1.93 0.43 -3.06 This paper
N, --0.84 4-1.45 --4.67 15

as_
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rogen Txnl,r, 3
con- Co_formalim_s of N,N-dimethyllryptamines as observed in crystals

id di- The angles 01and 0t were calculated in this work.

_) for Compounds Symbol" _b _, 01 0t Reference

degrees
Psilocybin

A molecule O 65 174 144 269 16
B molecule • 98 195 84 205 16

5-I|ydroxy-N, N-dimethyl-
tryptamine

A molecule A --89 175.7 67.8 188.7 17
B molecule • - 102 170.4 58.9 180.2 17

i N,N-l)imethyl-
i tryptamine •
! A molecule [] - 89 188.2 166.8 289.3 17

i B molecule • -- 79 175.8 165.6 288.2 17
_ Symbols used in Figs. 3-7.

i

tryptamines and (- 3.03 -4-1.45, - 1.75) for nEFEnENCES
! phenylalkylamines. In this model the alkyl- 1. A. Balestrieri and l). Fontanari, Arch. Gen.

amino nitrogen is far away from N(6) of Psychiat. 1 279-282 (1959).

I lysergic acid diethylamide (Table 2). The 2. D. X. Freedman and G. K. Aghajanian, Fed.
model cannot explain why I-lyscrgic acid Prec. 18,390 (1959).

: diethylamide and d-isolysergic acid diethyl- 3. A. B. Wolbach, Jr., H. Isbell, and E. J. Miner,
amide are inactive. Nor does it explain the Psychopharmacoloqia 3, 1-14 (1962).

i activities of the R form of phenylisopro- 4. J. R. Smythies, E. A. Sykes, and C. P. Lord,

pylamines (12, 13) and 2-amino-7-hydroxy- Psychopharmacologia 9, 434-446 (1966)." " " 5. J. B. Appel and I). X. Freedman, Pwcho-
tetralin (14). A sul)sequent model (15) noti pharmacolooia 13,267-274 (1968).
only hms these deficiences but also cannot

6. M. T. Silva, E. A. Carlini, U. Claussen, andexplain cross-tolerance between mescaline
F. Korte, Psychopharmacologia 13, 332-340

,88); [ and lysergic acid diethylamide (Fig. 4 of (1968).e,8S) , ref. 16). 7. J. C. Winter, J. Pharmacol. Exp. Ther. 178,

It.is interesting that. there is little or no 625-630 (1971).energy barrier between the gauche-trans 8. S. Kang and J. P. Green, Prec. Nat. Acad. Sci.
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