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�\ Itolt’cular ourbifal oaleulafioomus and ohussiemul 1)0 of enfimul fwuefiooiu ealculmuf iootis were cmurried

tuit tc, exmunuitie flit’ pro opt osmul f limit t lie confo urnimuf ioimis tof flit hallucituo ugt’tuic f rypfamili(’S afl(I

jhuo’muylalkylmtmiiuo’s mire such that tho’ir 6-mo’mbo’ro’d mirtunuatic rings mutud their mulkylamino
out rougo’tis muro’ oootugrueiut with thit’ A ritug mutid N(6) tuitrougo’n mufoom ouf lyso’rgic mucid dio’thyl-

mumide (flue nifrogo’ti ouf flit 1) ring). The ooumtgruent ooumiformafioon of psiloocimu is �‘ C(9)-

C(3)---C((3)---C(afl = 46 ± 10 do’grees, �[C(3)-C(fl)---C(a)---X[ = 230 ± 20 degrees,

01] C(f3)---C(a) -N--C(JN) } = iSO ± 10 degro’o’s, mimid 01] C(j3)-C(cr)----X--C(2N) } =

30() ± 10 do’gro’t’s; that ouf mescmuhint’ is �‘[ C(2) ��(1(h )---C(�)----C(a) = 147 ± 10 degrees

munid � C(l )--C[�] -C(a)-----X = I 60 ± 20 dogro’o’s. Those ro’simlts shouw that congruenco’

of psiloucin and ruuesoalituo’ with lyso’rgio acid ohio’thuylmumide is eiuo’rgo’tically permissible.

I NTROI)UO’TI ON

(‘o’rtain .\ , .\-dimo’fhuylfrypfanunuo’s (o’.g.,

psilooiiu) mutid mo’tlioixylafo’d phenylmulkyl-
muniitio’s (e.g., nuo’soahino’) muro hmulluoitioogotiio

mund shoow cross-f ouloratico’ with (/-lyso’rgio muo’id

diet hvlamuuido’ (1-7) that is hoot atfributmublo’

o mo’taboohio ohispoosifiooiu (7) but rmut boor sug-

go’sts ao’tivity at flit’ smunuo’ tot. mu similmur sift’ iii

tluo’ iuervouus systo’nu. In mu pmt��o’r froom this

Imubtormuf tory (S) it wmus suggo’sto’d that (hut’ ooon-

foorniatioutis ouf tho hmulluoittogo’nuic frvpt:unuituo’s

mttid pho’tuylmulkyhamines at flit’ ro’cejof our i���#{149}e

sutlu t humut t ho’ir ti-mo’mbo’ro’d murounimut ic ritigs

atuoi thio’ir mulkyhannuinoo tiitrougo’tts art’ coutigriio’nif

uvithu flit’ A rimig mind X(6) oof hyso’rgio multi

dio’tluylanuido’ (Fig. 1). ‘flit’loutio’pair o’lo’otrouits

This resemiro’h wmis sumppounte(1 boy ( ;rmitit MU -

17489 froomuu t hue Nat io omiab 1 mist it ott e oof Mcmi tab

lleabthi.

(tot flit’ joroutouti) ouf flit’ nuitroogo’ti would bo’

bo’loow flit plmutio iii flit’smumo’ way as flint of

lyso’rgic aoid diefhylmumido’. rfluis proopooso’d

Co omifornumit io on, which oxphmuimis flit’ ihia(tivit it’s

ouf /-lyso’rgit aoid dio’fhiylamido’ mind (i-isooly-

so’rgie acid diet huylmumido’ (9), humus ro’co’ivt’d

SI1j)100 orf fro oni raohiouimminnoomussay studio’s

(10), froomui oobso’rvafioomis ton flit’ nno’scalitio’-hike

mutt ivit�’ oof flit’trans isoonio’r ouf thuo’ oyolouproo-

pylmumituo’ mutimuliuguno’ ouf nuo’scahitio’ (11), froum
oobso’rvmutiootos ton flit’ mo’soahino’-hiko’ attivitio’s

o of flit’ 1? ftut.nuis of humulInt’l mitugt’tuit phit’nyl -

isoojoropvlaniino’s (12, 13), mutid frouni the

oubso’rvo’d (mund pro’diof t’d) mo’scmuhiiuo’-hiko’ ac-

tivity oof 2-muminoo-7-liydrooxyfo’frmuhimu (14).

Attotho’r Pro oiooso’d ooontformafiooti (15) caminuoot

miooo oumif to or mull tho’so’ Imubourmuftory fitiditugs.

‘l’huat flit’ ooontfoormafiouti propooso’d by ins wmus

miout oobservo’d mt orvsfmuhs (16) d(oes nouf pre-
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TAtILI: 1

Defi,oitiooo of dihedral aoogtes of noe-seatuoe (010(1

psitocio (see Fig. 1)

Compound �

�0

0
z

Mescaline #{231}

Psiloocin Om

02

Dihedral angle

N(alkyl)-C(a)-- C(�3) C(l)

C (a)-C ((3)--C (1) ---C (2)

C(1N)-N(mulkvl)---C(a)- C(�1)

C(2N)---N (alkyl) -C(a)---C(f3)

N (abkvl)-C(a)-----Cfll)---C(3)

C(�)---C([3)---C(3)- C(9)
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P. Paubimug, persoumual comuumuuutuicmitiomi.

FmG. 1. .Voonobero iog schenoe for ty.sergic (1(1(1 diethytanoide, psitooiio, wod noe’eati,oe

elude their ouccurretice at the biological site of

action : moire than omit’ co)muformafiounu cami 1)0’

obso’rved in a unit co’hl oof a situgle crystal

( 16, 17) ; amud flit’ co)nformafionu mu crysfmuls is

influenced by the free enuergy of crystal pack-

mug, which is muot a (o)musiderafio)n in a IMO-

lo)gical system. The utiktuo�vnu effects ouf a

receptor Oil the molecule ro’oluiro’ thuat o’vi-

denco’ tof all kinds be consido’red in inuferring

the ooomuformatiotu, includimig infowmafiotu oh-

famed from molecular orbital studies. TIuo’

confourmation f hat we proposed (5) was

based omu sfereochemical models bo’cause the

exact at omnmc (oordinuaf t’s ouf lysergic acid

diethylamide w�erc’ not knuoiwmu at flue timo’.

With the availability ouf these c000)rdinafes

(16),’ the proposed oo)nuformafiomus of mo’sca-

limit’ and psilooin wore o’xamined by hot hi

classical potential funcf iouiu ca Icuhaf it onus atud

molecular ourhitmil calculafitonus. The results oof

tluis work aro’ preso’tufo’d ho’re.

METHOI)S

�1folecuiar geometry anti stereoc/o em ical de-
finition. Standard bound lo’iugf his amid bond

angles (15) �yt’ro’uso’d too defimue fhe geometry

of mescahimue and i)siloCini. Thuo’ dihiedral

anglo’s of mescaline and psilocin are given in

Tal)le 1. Positivo’ roofafioin meatis choo’kwiso’

rotation oil flue far bomud with respect to flue

near bond, as proposed by Klynue and Prelog

(19).

Methods of energy calculations. The molec-

imlar orbital method at the intermediate

uueglect of diffo’renfial ovo’rlap level (of ap-

proximation (20) amid thuo’ classical Letinuard-
,Jones 6-12 potential function, inucludinug an

electrostatic fo’rnu (21-23), wo’ro’ used to cal-

culate flue cootufoirmafitomual o’nio’rgy. Itu flue

classical calculafiouns flit’ o’no’rg�’ of flit’ mimi-

botuded inferaofioutu is givo’iu by

� 1i�

where � is flit’ distanuce between mifounis i atud
j. B1� is given by flit’ Slat o’r-Kirkwood equa-

fiomu

B - �2 e(Ti/int )a�a�0 - (a1/X1)#{176}2 + (aj/Xj)t12

where a, amid a� muro’ thue atomic pohmurizabili-

ties, and X, amid X.� are the effect ivt’ tiumbers

of outer sho’hl elo’ctronus (011 atoms i amid j,
respectively. A � is given by the o’xpressiomu

A � �

where ruin is f he sunu of the itutramohecuhar

van der \Vaals (24) radii for at toms i and /.

D is tho’ dielectric ooutustanf and assumed to

be 1.0 for these calculations. q, mmd q1 aro’ thu

tuet at onuic charges tutu atoms i amid j, coul-
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cuhuto’d by flit’ 11\I)( F’ muuouho’ouhar orbifmuh

methuoud, four rno’scahine (‘afioun with cc 180

degreo’s aiid ‘tL’ = 90 do’gro’o’s, arid foir psiloicinu

catioti with 0, = 60 do’greo’s (02 i(�’�O do’-

gro’es), cc 150 do’greo’s and �& = 90 degreo’s.

Caleulmuficotus of the tuef muftonuie charges oti all

atoms of flue nuo)l(’culo’ mu differenut coitufornimu-

fiomus (48 four nio’scahine c’atioiu anud i;s fur

psilO(’itl emufioti) shioiivod that the chuargo’s did

ti(Of significmunifh�’ vmiry with alterafioun of tho’

coutifornimut ion , chanuging otuhy in t hue foottrth

decinimul exoept uvhuo’ro’ fhio’ro’ i�as luydrogemu

bootuditug, as betweetu flit’ phenohie huvclrooxvl

group oof 1)silouciti amid fluo’ side chain mumino)

group. The oori(’tutafioonus of flue huydroxyl

group of Psil00iti mumuolflit’ nio’fhuoxy groups of

mescahitue art’ sliow’tu mi I”ig. 1 . If was tub-

served flint the orienfmufiotu ouf fhuo’ mefho)xy

group does uuof influetuco’ flit’ c’otiformationual

energy diagrmim. Otho’r o’oouustatufs uso’d in

tluese calculaf ions art’ given elso’who’re (24).

RESULTS

.llescaiine. Tue f o)fal niolo’oular oirbifal

enuergies of the moleoulo’ were calculated by

simulfatieou,slv rotafinug � amid �‘ in mere-

motifs uf 30 degrees. The values o)f tho’

eno’rgy at 5-degro’e iiufo’tvals were estimated

by plotting flit’ o’nergy mugaimust � and �‘ and

drawing curves fhrouughu the Poitifs Values

(of the eno’rgy mit 5-do’gree itift’rvals were

o’sfinuafeol from flue curves and umsed toi con-

struct a comifoutmr dimugrmunu (Fig. 2) wifh a

CDC-6600 digitmul comjouter ploutfimig pro-

gram. The cotitoour diagrmini, as �ve11 as flit’

moleculo’, has S2 synu met ry (rofmuf ion-ro’ulec-

tioini) aloong flue �‘ = 90 clo’gro’o’s our � = 180

do’grees symmetry mixis; thins thuo’ confo�rmo’r of

� 30 = do’grees and �‘ = 60 degrees is ido’nf i-

omil with flue o’otiformo’r out’ � = 330 olegrt’es

amid �‘ = 120 do’gr(’o’s. As mu rt’suhf, two mmii-
mal energy cotiforniaf ions wo’ro’ oubst’rved:

= 60 degrees amid �‘ = 90 degrees amid � =

180 degrees anid m,b = 90 degrees. Simihur ro’-

stilts wero’ oubfmuino’d four pluo’muylefhuyltumitio’s by

an other method (25), joo’rt urbafivo’ Co otu figura-

fion ituferactioti using locahizo’d orbit als

(PCILO). XI-rmuy orystmulloogrmiphie mumumuhyso’s

of J)hefl�’lo’flu�’1amino’s (16, 26) shoowed fwo

counfourmmufioaus fhumif fmuhl in the t woo o’no’rgy

nuitiima (I”ig. 2).

2 The mibbrevimit ioumt used is: IN I )0, I mutermne-

diate neglect of dihlero’ntial ooverbmip.

-

� 60 20 80 240 300 360

0

Fm o ; . 2 . ( ‘(0 oofoorooo at lo ooat e loergy (00 ,oto oor (biagra ooo

(�1-�p oooap) of ?liCsC(ltilOe ((lti(010 , (at(o,tate(1 l)q the

J.\_1)() uooolee oola r orbital ouoetbood

‘l’huo’ boowest (‘mio’rgy o’oomifoormuuem’, 1 = 60 degrees

amid #{231} = 30 degrees, was set too zeroo. The muuimuibers

imuside I ho’ (himigrmimuu mime givemi I mu kiboocahories per

nuole. Sitice thue diagratmu hmis �S2 symuumuuet ry (roota-

t ioomi-refleo’I loumi ) abomug t hue it = 90 (Io’gro’(’s or

� = 180) degrt’es axis, tlue left amid right side o’miergy

miuimuimiimo mtt’(’ iolemitmcal.

P81100W. Bo’emuuse oof the bulky .V , ,V-di-

methyl gmt)Ilps the r(itmutiotu of flit’ dihuo’dral

anughe 0 oof psilo)t’imi beooinues inipoorfmuiit ; thuums

flit’ o’toflij)l(’tt’ ooonuformmufioumual o’nuo’rgy omulcula-

fitins ro’oiuiro’ siniulfatio’tuus rofafioons ouf 0, �c,

anol i,1’. Complete calculation by flue IXI)()

nuo)lo’o’utlar oumi)ifmlh rno’fhuood is mit pro’so’nt mu-

prmu(fiomul. ‘fherefouro’ flit’ o’no’rgio’s ouf flue
molecuho’ ivo’t’e omuloithmuted by flit’ siniuhfmt-

mio’oolis rotmufiomus to!’ �c atiol l’ in inio’ro’nut’nfs (of

30 degro’o’s (mutud, uvhio’tu mupprooprimute, 15 do’-

gret’s), whuilo’ O� wmus fixo’ol either mit 60 do’gro’o’s

(02 180 do’greo’s) our mit 180 do’gro’o’s (02 =

300 do’grees), respeofivo’ly (so’o’ Tmublo’ 1 �. The

ooonformer of 0, = 60 degrees mint! 02 = 180
degrees is flue gauche-lions foornu; flit’ ton-

former ouf 0, = I SO do’gret’s anud 02 = 300

degrees is the trans-gauche foorni. ‘flue gauche-

gauche foorm (0, = 300 do’gro’es mind 02 = 60

degro’es) �ymis tiot cmulo’inlmufed, situce nuoulecular

nuotlt’hs showed that this fourm woould ho’ hess

stablo’ flimutiflit’ootho’r (woo forms becauso’ of

sfo’rio hiinolrmuti to’, mu oo unohusion suppourt ed by

orysfahloogrmuphic studio’s (16, 17). TIio’ values

iuf (ho’ emuerg mit 5-olo’gro’e itufervtuls y#{231}en.eOil)-

fmuint’d by flue graphic mo’fhod mis described

mibovo’ foot mescalimuo’ mnuol were itso’d too coon-

sfruo’f tho’ oonf tour thimugrmuni shoiwn in Fig. 3.

Thio’ ro’sults (Fig. 3) shoow that iti flit’ gauche-

trans foormuuof the 0 mumuglo’ fhurt’t’ etuo’rgy minima
\\�(�J�� (olust’l\’o’tl: = 30 do’gmo’o’s, �‘ = 45 de-

grees; op = 180 dt’gro’o’s, ‘t& = 45 do’grees; amid op

= 270 degrees, � = 120 degrees. The lower
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0- � � I I 1

0 60 20 80 240 300 360

0 (No,kyo’C,�’Cp-c3)

Fmo;. 3. (�‘oiofornoalioooal energy (ti(Igranos (�1i-#{231}o

iooap) of psitociio, oatcootated by the L’�’1)O nootecottar

orbital lnetho(b

Itu tlue upper diagramui the angle of the muuooleo’ube

wmis fixed such that 0� = 60 degrees amid 02 180

degrees, In the bower diagramui the amugle was tixed
such that 0� = 180 degrees amid 02 = 300 degrees
(tg formui) . The emiergy ouf the o’oumufoirmiuer oof Oi =

180, � = 180, and � = 90 degrees was set to zero.

The numuubers inside the ohiagramuu mire givo’mi in

kibocalories per mole. The experimuuentmiblv oh)-

served comufornuations are: 0 and #{149}, psiboc�’bimu;

� amid A, N, �\‘-dimuuethvl-5-hvdrtoxvtrvptamuuine;

� and I, .\‘, �\‘-dimuuethyltryptamuuine.

emuergy at op = 30 degro’es mutud ‘tl’ = 45 degrees

is probably due to huydroogemu botuding be-

tween flue hydrougcmi oof flue alkyhmunuinuo nitro-

gen and 0(4): flue disfatuco’ betw’eo’nu X(mulkvl)

amid 0(4) is 2.8 A, mind flint ht’fweemu

H(.V-alkyl) atid 0(4) is 2.4 A. Such a huvclro-
gen bomud is intulikely in physiological soihu-
fiomu, owing to the energetically moro’ fmuvor-

able soluto’-water hydrogen bounding, as oft cmi

othserved (e.g., ref. 27). Atuofhier local nuimui-
mum, mit op = 270 degrees mind ‘t&= 120 de-

grees, has relatively high energy compared

with other minuima and woouhd noit be pre-
ferred.

In the trans-gauche ftirm ouf flue 0 mingle

three energy minima were alsoi oh)so’rved:

op = 90 degrees, ‘#{231}l’= 60 tlegro’es; op = 240

degrees, �‘ = 60 degrees; and op = 300 de-

grees, �‘ = 120 degrees. Tue especially low’

c’tuergy at op = 240 degrees and ‘tL’ = 60
degrees is dine to (ho’ huydrogo’n botudimug he-

tween flue luydroogo’n ouf (ho’ mulkyhaminou tuitro-

gen munud 0(4) : flue distanuce Ioetweo’mi N(alkyh)

and 0(4) is 2.5 A, and that bet weemi

H(.V-alkyl) and 0(4) is 1.6 A. Agaito, sUCh

hydrogo’tu bonding is unuhikely in physioulogicah

solution, oun aectount of flue o’tiergeficmulhy
more favorablo’ soul uf e- wafer liyolrougo’n bound -

big (e.g., ref. 27). In (lie mubsetuco’ ouf such a

hydrogemu boimud flue o’muergy mimuimuni at op =

240 degret’s amid u,l’ = 60 olo’gro’o’s shifts f to

op = 180 degro’es atud m,t’ = 60 do’greo’s.

Crystals ouf halluein ougen tr3’ptanuimuo’s have

been described with comuforniations (limit fall
in (lie region of op = 180 degro’o’s amid ‘o,l’=

60 degreo’s (16, 17).
In order to do’fine further (he importmunco’

of flue 0 ro(afioomu, flue classical energy calcula-

(ions were perfourmed by si multanieously

rotating 0 and op af mufixed ‘t& valuo’ our 0 and �‘

mut a fixed op vahino’ imu increm(’nts oof 5 do’greo’s.

Figure 4 shows (hat muf �. = 60 dt’greo’s tluo’

l)referred conformaf itonal t’muergy ratugo’ is

op = 180 degreo’s and 0, = 60-180 degro’o’s.

At ‘tl’ = 90 degrees the 1)ro’ferred counfornumu-

tional emuergy ramuge is n(’ar op = iSO degro’es

atud 0� = 60-150 do’greo’s. Howevo’r, (he pre-

ferred etuergy rmimuge mit �‘ = 90 degro’t’s is
wider than (lint at �‘ = 60 do’greo’s (Fig. 5).
Thuo’ 0-’tl’ o’nergy contour di:ugrmum muf op = iSO

FnG. 4. 0-0 energy iioap at u�’ = 60 degrees, calcu-

lated bo, the classical noethod

+ demuotes the zerco-o’nergy p(uimit. The experi-
nuentally observed comifornumttiomus mire: C, psibo-

cybimu; A. .\‘ , .\‘-dimuuethvl-5-hvdrtoxu’trvptanuine.
The nunuhoers imuside tlue diagrminu mire givemu in

kihoemubories per nuoole.
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FIG, 5. ��‘-O eioergy hoop at �t = 90 tegrees, eal(ol-

tated b�j the etassioab iioet hod

+ denootes tho’ zero-emuergy boouimit. The experi-

tutemitabby ob)served (‘umifoortiuat ituns are : #{149}, psi lou-

cyhitu; L. amid A, .\,.V-dintetluyl-5-hvdroxytru-pta-

tuultue; � mind #{149},,\ , .V-dimnethvlt rvptmimimue.

e, (CIN’NaIkyI �co�C18)

240 300 0 60 120 180 240
360

6C

-�

rt

�U�H4)
-

I I I I I

60 120 (80 240 300 360
e2 (C2N-NaIkyI-C�’C�)

FIG. (1. �t’-0 eloergy noap at � = 180 degrees, (at-

ooubated by the classical iooethod

+ demuotes the zero-emiergy poimut. The experi-

miuemut ally observed (ounfornumutioumus are: 0 mitud#{149},
PsibocYbimi; � amid A, .V,.\’-dimuuethyl-5-huvdrox\--

t ryptminuine; � amid #{149},N, ,V-dimethvlt rvptamuuimie.

The coontour level is 0.5 kcal/mole. The muummbers

inside the diagrmimui mire givemi hi kiloocmulouries per

moole.
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F’io;. 7. ,l-0 cioergy noap at � = 210 (I(fJrocs, cal-

(uit(ite(b by the classical uioct ho(l

+ olcmuootes the zero-energy poulmut. ‘Flue experi-

muuetitablv oubserved coruformuuatioumis mire : #{149},psilo-

cvboimi; E�. _V,.\’-dimuiethybtryptatnine. The miumn-

boers imiside the diagramuu are given imu kiloicalories

po’r muiobe.

do’gret’s shows (woo o’nergy minimmu : �L’ = 65

________ do’gro’o’s amid Oi 300 degrees, amid �. 60

do’gro’o’s atid 0� = 60-150 do’greo’s (i’ig. 6). Af

op = 210 degrees thuo’ 0-i,1’ diagram showo’d ono’

300 ___________ - -� nuajoor nuimiirnum, mit iL’ = 60 degreo’s mund

01 = ISO degro’es (Fig. 7). Sinoo’ flit’ U-u/i

:j, 240 diagram at %l’ = 60 do’grees (i’iig. 4) is mu ooun-
�:;#{176} tiniuafi(un of that at u/’ = 90 do’grees (l”ig. 5)

0�u � 80 along (hit’ �L’ munugle, flit’ pro’fo’rred ootut’oorma-

(ionmul rmumugo’s at u/’ = 60 degrees and u/’ = 90
� degreo’s mure ido’nuficah. ‘flit’ sanie is frito’ loon

;k I 20 flit’ 0-u/i diagrams mit op 150 olo’gro’o’s amid

op = 210 degrees.

t)ISCUSSI OX

‘I’hio’ 10t001)005t’d counufoornumufiounus (8) of trypta-

nuino’s mutid �)hiO’tiyhmIhkyhtuniimio’s, as oouiugt’uetut

\Vithi (/-lyso’rgic ao’id dio’fhu�u’lamide, hmtvo’ hoot

bo’o’ti oobso’rved by o’rys(alh ougraphio’ st tidies

(13). Avmuilabihtv oif flit’ atoumie o’oiordinumutes

of this drug provido’d an oupporfutui(y to

o’xamino’ moore rigoroously (lie pOSsib)ihif\’ (limit

fluo’so’ o’onfiurmafiouns oati o’xist. Because flue

X-ray orystallographic olafa tutuIyso’rgie acid

dio’fhuvhanuido’ (16) showo’d, surprisingly, that

flit’ inidohe ring is oouf oof planio’, we ooptimizo’d

slightl in order (oo put flue indoho’ ring in
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l)lmutit’,(t)IisOtiatif uvifhu outho’r studio’s (17). If
if is assumo’d flint C(1 1 ), (‘(12), munch (‘(13) ouf

flit’ A ring ouf hyso’rgio’ aciol dio’thiylmunuido’ himive

(.r, y, z) oouoirdinmufo’s (in Angstronu utuifs) ouf

C(11) = (0, 0, 0), C(12) = (0, 0, 1.39), muti(l

C(1 3) = ( 1 .23, 0, 2,06), thou N (6) of lvso’rgio

miciol diefhuyhmunuide has flit’ oouordinmuto’ ymihuo’

ouf (-2.15, 0.42, -3.01 ), \Vlio’tu flue ritig ouf’

nuo’so,mulinie is simpo’rinupooso’ol tutu flit’ A rimig out’

lyso’rgio acid dio’fhuylanuido’ munch op mlhi(l u/’ mitt’

sinuuhtmumuo’oously noofmufo’d imi imuoro’nio’nts oof 1

olo’gro’o’, fho’ nuoost oootugruo’tut pousifiootu ( - 2.21

0.41 , - 3.01) ouf flit’ alkylminuimio ttifroogo’ti ouf

nuo’so’alimuo’ uvifhu N (6) ouf h’so’rgic mucitl olio’fhuyl -

munuiclo’ is u/i = 147 do’greo’s anti op = 160 do’-
gno’o’s, ‘Fhuo’ eoutigruo’mut poositioti ( - 1 93, 0,43,

- :1.0(1) ouf j)sil000iti givo’s flit’ vmthuo’ of u/’ = 4(i

tlo’gro’o’s mutid op = 230 tlo’gro’es. The tlo’vimuf ion

frooni o’xact conigruo’tuc’y within a snuall voulunie

o’ho’nuetif, o’.g., (iO.2)�, shituithol taut I)m0\?0�1tt mimi

iiifo’rmuofioutu, anid uvo’ nimuy still o’xpo’ef flit’ ooun-

tournuatioiti ouf � = 147 E 10 (l(’gro’t’smutiti

cc 160 ± 20 tlo’greo’sfo)r nuo’so’muhituo’,mutid ouf
�t/ = 46 ± 10 tlo’gro’es an(l op 230 ± 20

do’gro’o’s loon’ psiloucinu, too ho’ o’o)migruo’tuf wit hi

lysergic aoid dio’fhylminuido’.

Figuro’ 2 shows that thio’oonfoortuutfioun oof

mescmtlino’ congruetit with lyso’rgio muoiol oh-

efhuylarnido’ is within 2 komulnioulo’ oof (hut’

ghohmul minimutui, which o’ouuld wo’ll pt’ttuii(

itifermuctio)nu \Vifht flit’ rooo’hutour,

Bo’o’ause of fluo’ bulky .V , _\‘-thinio’fliyh

gtouups ouf psiloocin, flit’ op-�L’tuumup vmurio’s with

fluo’ orio’mufafiotu oof flit’ 0 muniglo’. Four .\‘ ,

dimo’fhuvhfrypfmunuitio’s flit’ coumit’oornimufioomi to!’

flit’ 0 mumuglo’ is mis itnporfmtnf as flit’op mutiti u/’

(oumufoorniafioins, l)t’tmiusO’flit’ 0 mumuglo’olo’to’r-

iuuint’s flit’ po)sifiooti of flit’ tiifrougen bunt’ pair

electroons tom flit’ imioo)nuimig prooftuii. Thus 0, oof

l)Si10d’ili otuiit’spoitids to t lie oliluo’drmil mutuglo’
C(4)-C(5)-- -N (G)----C(7) to!’ hyso’rgic mucid

dietluyhumidt’, muiud 02 o’oorro’sptonds to flue

dihuo’drah amugle C(4) C(5)-X(6)- -C(1 7).

The X-ray orvsfallogrmuphio’ tlmutmushiouw (limit

flue diho’tlrmulatiglo’ C(4)--C(5)-- N(6)- C(7)

tof lysergic mucid diethuyhmuniitle is 178 do’gro’o’s

and that flit’ duhuedrmul munglo’ C(4)- ---C(S)-----

X(6)-C(17) is 300 do’gro’es (16). Thio’ trans-

gauche (0, = 150 do’gro’o’s, 02 = 300 do’gro’o’s)

forni of the 0 anuglo’ oof l)sil(iOiti is fhuo’ro’fore

ooutigruo’nf wit hi lyso’rgio muo’itl dio’thuylmunuide

(louvo’r dimugrmunu ouf h’�ig. 3), h”iginro’s 3-7 slit ow

t limit flit’ to unto ornumufio on oof jusilo ooiti to otigruo’iit

uvifhi lyst’rgit’ aoitl dio’fhylmunuitlo’ is uvifhinu 3

kcmuh,’ nuolo’ tof flit’ gloobomul nuiiliinuuunuu, uvhuio’h

to unIt! uvo’hl I)ernuuit imit o’rmuof it ot i uuit hi I ho ‘ mo’oo’io-

toit�.

�fhio’ nioolo’ouhmtr o orloifmul oaloulmif it Otis imudiomut o’

t limit mihfhiooughi flit’ to otit’o ornumit it otis o ut �osilo uoimt

muti(I nio’scmuhiiio’ flint mint’ eoomigrtno’ttt wit hi

byso’rgio muoiol dio’fhiyhmuuuido’ mitt’ mioot mi(’to’ssmirilv

the nuuous( stmubho’ ouno’s, only snuall o’no’rgy

ohifl’eno’nuco’s--bo’ssthumumiflit’o’no’rgv out mu huvolroo-

genu boonditig-�-tueed t oo I oo‘ oovo’too tnuo ‘ i ti o tn�Io ‘r

too muffmuiti flit’ ooomigruo’tio’y. Thio’so’ o’mio’mgv

oliffo’ro’nuo’o’s,hio�v o’vo’h�, o’o)inlol ro’sult in mu to’lmt-

t ivo’ly snuahl munuouutit o of’ flit’ mijojono 01 orimut o’ to on -

tournuuo’n’ bo’inug avmuihmuhlo’ (I3ooltznuimumun distriluin-

t i(uti ) f to f lie h’t’tt’pt 0 01, \Vhuit’hi to oil Id miooo out it

for flit’ ro’lafively lou\\ joooto’mioio’stot’ thio’so’

to)nupo uutuds (Oflipmut’t’tl \uit Ii of- ly’.o’tgio aoid

(bitt hio’hanuido’.

(‘tunsisetrt with fhit’so’ lot00Pto5t’Ol ototit’oontuimu-

tiouns out’ psibcuoiii mimi(I nuo’somuliiio’ mitt’ ouloso’rvmi-

taurus that if is (hit’ I? f’ournis ouf’ tluo’ himilluoimioo-

go’miic �)hio’tiylistu�)rtupylmunuuitIo’s (limit mitt’ mucfivo’

(12, 13), mutid fhimut 2-aniitio-7-hivtltooxvtetrmulitt

is nuo’soahimie-like (14). Booth thuo’so’ ooluso’rva-

fioutus uvo’re o’xplioifht’ horo’tbicto’d in mu pre�’iootts

j)mtj)t’l’ (5), booth in thuo’fo’xt mumid itt l’ig. 1 out’
( humut j)mip(’n’. ‘fhio’so’ �oto Oj)t O5(’(I to ott to ornuumut I t otis

also muco’ouumit foot flit’ inmuot ii’if it’s to!’ i-lyso’rgie

muo’iololiefluvlmunuioho’(ro’t’. S mood Fig. 8) mutioh ouf

ti-isolyso’rgic muo’id obio’thi�’hmimitIo’ (h”ig. 8).

‘flit’ inmutti’,’if’u’ out’ il-iso olyso’rgic mooiol ohio’thuvl-

munuido’ oouuhd m.o’sf sooho’hv tutu flit’ f:uo’t that its

dio’fhivlaniido’ gtouup mit (‘(5) is muximul,iii this

ctuso’ flit’ bulky dio’thvlanuitlo’ grooup is

oorio’iufo’cbbo’loow- thio’ jolmuno’ mumid sto’rio’ally

huintlo’rs (lit’ muloproumuohu out Iho’ looiio’jomuirtot’flit’

N (6) tuifro ogo ‘ii too (Ito’ ro’�’j of oor; muIt ornmuf ivo’ly

(he muximul oomio’nufmutiouii mmiv boot be sfmulolo’, mitotl

(lie 1) ritug nuumtv hot boinoko’rotl sou (limit thio’ bouioo’

Pair tot flit’ N(6) muitroogo’n is nout torio’nto’tl
l)t’lO\Vflit’plmuiio’(thto’ooonfoormuumutioomiouf flit’ 1)

ritig (of il-isoulvso’rgicmucid diethuylmunuitlo’is tiouf

ktiouwmi). In mutlthitiotu, flue ohio’t huylmunuiole grouup

itso’bf numuy to’ao’f with flit’ ro’eo’jut our, mund mull

o’ojuafoui’i,’uIounio’nfatioin nuimiv ho’ iio’o’o’ssmury tour

(lit’ ro’ao’tiotu ; it is kmioowii that (ho’ ohimo’thvl-

aniiicle anuahogue oof lyso’mgio muoid (hot hoyhmutiuiobo

humus lower activity fhimumi the latto’r mind thmuf

lysergic much! lumus lift ho’ our tutu hioolougio’mul mictiv-

ify (9).



AtomCompound

Lysergic acid

diet hvlanuide

Fmt;. 8. Structures of lysergic acid diethyloinoide isonioers

Upper left, (/-lysergic acid diethybatuuide (511,811); upper right, I-lysergic acid obiethuylmumiuide (58,88);

lower left, d-isolysergic acid diethylamuuide (5R,8S); bower right, d-isoolysergic acid diethylamide (511,88)

with the D ring puckered.

TABLE 2

.Proposed coordi,oales in inescatuoc aioo-t psilociio compared wit/i coordi,oates of il-lysergic acid

dieth ylam ide oibtai,oed by A-ray diffractioio aioatysis

It is assumed thumut the bemuzene rings oof psiboucimi amid nuescmubimie mir(’ suiperimllpo)sed tutu the A ring of

ti-lysergic acid diethylminuide.

Coordinates (in .�ngstrom units) Reference

3:

16

‘rhiis paper

15

C 0 1) (1

C2 0 0 1.39

Cu3 1.23 0 2.06

N6 -2.15 0.42 -3.01

N6 -2.21 0.41 -3.01

N6 -3.03 ±1.45 -1.75
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N, -1.93 0.43

N6 -0.84 ±1.45

-3.06 ‘rhuis paper

-4.67 15

Chiuthia and Pauhing (15) proposed a conu-

formatiomu of tryptaminues and phetuylabkyl-

tummies in w’hich u/’ = ±90 degrees and op =

± 180 degrees for both compounds; the co-

Mescalimue

Psiloci mu

ordituato’ pousitiouns of the alkyhanuino nitrogo’n

(if it is mussumo’d (limit flit’ benzo’tuo’ ritug is con-

gruenit with (lie A rimug of lyso’rgic acid di-

etluvlamide) are (-0.84 ±1.45, -4.67) for



67.8

58.9

Do

16

17

17

188.7

180.2
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T�mom�m: 3

C’oiofornoatuooos (of .\‘ , .V -donor/h yttryptanoo ioes as (ubsei’led in cri,stal.s

The angles 01 mind 02 were caloumlmtt eol I mi I huis wourk.

Compounols Svmbola

degrees

Reference

Psibocybimu

A iuuooleettle 0 (15 174

B molecule 98 195

5-Hydrooxy-_\’, ,\ -dimet huvl -

rypt ami mie
A mnoolecule -89 175.7

B muuubecule A -102 170.4

N,.\’-I)imuuethyl-

tru’ptminuimie

A mnoolecumle LI -89 188.2

B nuoobecule I -79 175.8

Svmuulouls uised imu Figs. 3-7.

(rvpfamino’s tumid ( - 3.03 ± I .45, - 1 .75) four

l)ho’iu�’lalk�’lmumitues. mu this moodo’l flit’ ahkvl-
aminio tuifroigo’ii is far aw’muy froim X(6) ouf

byso’rgie aoid diethybamiobo’ (Tabho’ 2). The

nio)del caninoot exphuiti why /-lysergic acid

cliethiu’lminiido’ mutid (/-istolyst’rgit mucid dio’fliyl-

amide art’ imumuofive. Nor duo’s if o’xplaiti flue
muctivifit’s ouf the I? foorm of plio’tuylisou�)ro)-

pyhumint’s (12, 13) amid 2-anuituoo-7-huvclrouxy-
fo’trahimu (14). A subso’c1ino’mut nioodel (iS) mutof

onulv humus these do’fioio’nuo’o’s but also cannot
eXI)laiii crooss-foubo’rmunieo’ hot uuo’o’mu rno’so’ahimie
auth lysergic acid diethylmunuido’ (l”ig. 4 ouf
ro’f. 16).

It is imuferesfitig (limit tho’ro’ is hiffho’ or tit)

o’no’rgy barrier boo’(wo’o’n (hit’ ga ache-Iran s

(0, = 60 do’gro’es, 02 = 150 do’gro’es) fturm tumid
(ho’ trans-gau(he (0, = 180 do’gro’o’s, 02 = :�oo
do’grt’o’s) fourm, hut mu hargo’ o’nergy barrio’r

bo’fw-o’en flit’ gUU(’he-gaUeble (02 = 300 do’greo’s,
02 = 60 cbo’gro’es) fourm mimic! thuo’ gauche-trans

form, our bet w’et’ti (ho’ gauche-gauche form mind
flit’ trans-gauche fourm (Tmublo’ 3 and Figs.
4-7). I tift’rt’sfingly, booth flit’ gauche -t ia as

and trait s-ganchoe ft rms tort’ oubso’rvo’d itt

crvsfmils (16, 17) (so’o’Talolo’ 2). ‘Fht’ oubso’rvo’d

huydrogo’n boomuclitug ouf 0(4) . . H-N (CH3)2-

CH2- (Fig. 3) is unuliko’ly to o’xisf iii phuvsiou-

liogical soulutio on, but mu a tio oh pt olat emuviro on-

mt’muf, uvifhi flit’ aniimito grooup do’proofoomuafo’d,
hytlrougo’n booniding o)f flit’ fyjoo’ O(4)H .

N (CH3)2CH,- oouuld o’xisf.

AC K NOWLE J)GMENT

\Vo’ t hmtmik Mm’. Mariamu St ri’Io’zvk four to’clumiio’mil

assist amuce.

144 269

84 205

166.8 289.3 17

165.6 2882 17
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