
M0LLCULiIl i’HAIIM.SCOLOGY, 9, 756-765

Copyright © 1973 by Academic Press, Inc.

Ati rigtits of reproduction in any firm reserved.

The Conformation of Catecholamines and Related

Compounds in Solution

IL R. IsON, P. PARTINGTON, AN!) G. C. T�S. ROBERTS

Deparimmiemit of Pharmnacolog�j, Umiiversily of Edinburgh, amid .Vatiomta Institute ,for .hle(lical Research,

.‘ilili lull, Lomiolon, 11muted A.imigdom

Received Juuie 5, 1973

SUMMA flY

IS0N, R. II., I�AHTINGTON, P., �cn ROBERTS, G. C. it.: The conformatioln of (‘atocimol-

amincs and relatedl compouimds in solutioum. Mol. Pliarmacol. 9, 75(1-765 (1973).

Ti coumfelrmation (If a series of e’atee’holmimines tmimel related d’onmpommlmds in solution imas

been studied by nuclear magumetic resonance speetroscopy. Jim molecules svith a $-imydroxyl

group, time preferred coimformation is Ofl( in svimicim the amino group is trans tel the aromatic

ring amid ganche to time fl-hydroxyl group; time fractional PoPulatie)n e�f timis rotamer is approxi-

mately 0.8. The major interaction leading to the predominance of this rotamer is simowim to

he an electrostatic’ or imydrogo’tm i)oimding iumtera(’tion hctss-een th( anmimmo amid �-imydroxyl
groups. Comparison of timese results witim theoreticmml calculations simelsvs that extelmdled

Huckel timoolry calculations give oumly qualitativo’ mmgro’ement, silmile witim time me’timod of

pertumrhative eonfigumratiotm into’ra(’tiollm usitmg locmtlise’d olrbitals (PCILO) time agro’enment is

mucim better.

INTRODUCTION

Time e Information of pimarmacologically
active small molecules is clearly relevant to

any considerat ioim of timoir iimt o’raction witim a

receptor. Maumy such molecumles arc potenti-

ally flexible’, and thus may o’xist iim soAutioum

in mmnumber of confornmations. Assumiumg that
the small molecule imas otmly mt siumgle e’o�n-

formatioim in its complex svithm time recdptor,

time formation of time complex must itmvolve mm

prolcess of coumformational seloct ioum, whicim
si-ill influence time kiimetics atmd eumerge’tics of
colmpl(’x formatioum. Timere is timus cotmsider-

able ilmt(’ro’st in cimaracto’risiimg the’ coumfornma-

tional distribution of molecuules sucim as

acetvle’imolume atmd tiio’ e’ateciiolamines [for

rcviesvs see Simofter (1) and Portoghese (2)],

timough it. si-ill 1)e necessary to knosv the

conformat io�tm of those molecules svhen bound
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t time receptor b(’fore full unso’ (‘atm be made

of this information.’

Botim X-ray crystallography and theoreti-
cal molecular orbital ealculmmtiotms imave been

ext eumsivelv used to est ai Ilish time’ preferred

colmfell’mations of pimarnmacolo Igie’ally active
nmo)lo’culo’s. Time metimolel (It choice for time

study of o’eltmformmmt ionmmil distributions in

solution, lmowevo’r, is umuclear magime’tic

ro’soIumance sp(’ctrosch )py. Tho’ uuse elf this

method is based on time’ fmiet timat the spin-

spin couphrmg constant bet weeim protons

attmmeimed to tiso adljae’o’nt carbonm atoms de-

pelm(ls upoim time diimedlrmml angle about time

1 luiformat ion on tIme pref erred coinfornmat 11)11 in

the crystal or in solution has also been used to

c(uulst rtict Ifl(idelS of the drug-receptor complex,

thougim there is iio a priori relatiotiship betweeum

these tw(I states of the nmh(lecllle
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itmtei’vo’nmiuig c’al’bhlul-carboti boumd. ‘1�hmus oumo

can det o’rnunme t ii(’ relat ive popuiatio )!i5 01!

differo’tmt e’onmfonnmmat io�ns j)I’odue’ed h)y t’oit a-

tiou 1 about canl)on-(’arl)oum 1)onmds. N \ I II

s1)ectroscolJ� has bo’(n exteimsively used in
st undies 0If acet ylchohiumc aimd i’o’lateel ‘ mm-

pelunmds (3-8), but has imoit hitherto beeim
usod felr ml detailed study of (‘atecimolmmnmitme

conmfornmmtt ion , timough studies of related

e’otmmpouuiels such as amphetamines (9-1 1),
e’pimo’driuio’ (12), aumel clopmmmiimo (Lfl imave

bec’nm repelu’ted.

\v( umoiii r(’port a stud� of time’ coumfournia-
tioum about time’ a-�3 i)Oumd in a series of 12

d’at(’(’imolanunes and relatod compouum(ls. In

vie’i%- of time consido’rable itmt.ere’st in timo’ aro’a

iii recent years, sic have also) made a eli’-

tailed comparisoum of our experimeimtal

results witim. timo’ IIt’o’elictioltms of tho’(In’o’ti(’aI

(‘al(’ulat i( I1�S,

METHOI)S

The nmajonity of (‘hlummpounds studied svo’re

chInmmercially available; we are grateful to

I)rs. B. Calliimgimam and L. Iverseim of time

I)epartnmmo’imt of Pharmacology, University (If

Cambridge, for giving us samples (If many

of tho’nm. Professor Chapman of time Uni-
versity of Hull kiumdlv provided a sample of

_\ - dinmetimyl - 2 (o - br Imophenyl)et imanola -

nmiumc, aumd 2-phenvlnmorphmoline ss�mis a gift
fronm Dr. .J. H. Simelley, Boeimriimger Iumge’l-

heim, Ltd.

All compounds were exmmmi mmccl as mmppro ixi-
ummmmtelv 10 solutiorms of timeir salts (usually

hve.lrochmlo Iride) iii D20, acidified wimo’um

necessary witim 1)Cl. ()nmlv time mliv pro-

touiatod foi’umm elf the (‘(Impounds was ox-

amiumed; jim tim(Is( instaimees wimere it si-as

(‘xanm.iimh’d, timo’ imatuure (If time atmiolum had imo

o’ffect on time spectrunm.

‘H Ni\IR spectra wore oi)taum(’el mmt 100

I\ 1Hz (Varianm Associate’s HA- 1001)-i 5 and

XL- 100-15 spectrounmeters) aumel, by o’ourto’sv

elf time Scie’imco’ Ro’searclm Couumcil, mit 220

i?slHz (Variatm Associates HR-220). All

sph’ctra sV(t’O ruum mtt probe’ tempe’rature
(24#{176}for timo’ HR-220, 32#{176}for the HA-lOO

and XL-lOO) ; field/frequency lock was pro-

vielo ‘ci 1IV a coneeimt rR’ capillary Ill hd’xmm -

ummetimm-ldisiloxaume (HA- 100) or ily time deun-

t(’niunm iii timo’ solvo’tmt (XL-100).

Spectral analysis. lum o’ompounumels sucim as

o’pimedrnme thmor( is (IDly a single a-proton,

and time sI)ee’trmi are (If time sinml)lc AX type,

frolm sihmicim time vicinal (‘eIu�)lnmg coumstant

(‘�L!i 1)e immeasured eiir((’tlv.

(�inmpeIuumcls suchm as umolradro’nalinc, having

two a-protolns aumel ti single f3-protoim, gmtve

a Sl)O’(’trunmm approxinmatnmg to mum AB.X type

for this Part hlf time melleculle. in aelreimaline,

isopro’lmalnm(’, pimeumylepimritme, armd syim(’phm-
nimmo’ the two co-nmethmvleime preltons are

mm(’cido’umtaily mmlnmost equivmmlo’nt , amid time

si)ec’tra at 100 i\lHz mire (I! time ;12V type;
imoIsi(’v(’r, at 220 1\lHz time imoltm(’(Iuivale’n(’(’ is

sunfficieumt to give mum .AILV 1)atterlm. Jim time

majority Of timo’ AB_�V� sl)e(’trmt timero’ sums coim-

si(lei�ai:Ile ovo’nlmmppiumg (If hiui’s, and iii maumy

(tis(5 olumo’ (If time l B sUh)Sp(’O’tl’a ss.mts (100(j)-

tivo’lv sinmj)lo’ ; direct mmimalvsis of timose

sl)e(’tia gav(’ inmpreo’ise results. In spectra
su(’h as timeso’, nmeasuuro’(l penmk nmaxinma mtu.o’ a

p0101’ j)mLFtmfli0’to’F bun itei’ativo’ littitmg. (oom-

seque’umtly, itmitial ‘stiuimates of time speo’tral

l)mmraflmet ens siere I Ibt aine(l I )V st aumclard
nmetimocls (o’.g. . 1’(’i. 14), and thieso (‘stinmates

si.ei.o’ thm(tm u’efiumecl by o’onmpanisolum of (‘xpo’ri-

nmonital aimd sinmuulmmtecl spectrmm. rfhm( sj)ectra

were simulated (as A BC systems) musing time
progrmmnmme SIMEQ II; sic are grato’ful tel

Dr. M. .J. A. do’ Bie of timo’ Uumivorsitv e)f

Utre’chmt for supplying ins svithi a copy (If this

j)u’ogrmmnmnme. Atm illustu’ativo’ o’ompaniselum of

experinmental amid ‘‘bo’st -fit” sinmumlateel spoc-

tra is given ium Fig. 1; time estinmatecl accuracy

of time o’oluphnmg (‘o)umstatmts obtained jim timis

way is betto’r timan ±0. 1 Hz. Time pal’anlo’t(’rs

obtained mm this svmtv fronm the 220-MHz

spectra gave, m all cases, a satisfmmctorv

simultation (If time 100-MHz spectra.
�-Pimo’umvlo’timvlmmnmiumo’, mm 1, 2-disubstitutedl

e’thaume, gives an AA’BB’ spo’ctrunm foIl time

a- mmtm(1fl-protons. Timis was mtnmmlysed ito’ra-

tivelv usinmg a nmo)clificmmtion (If time LAOC(X)N

progranmrno (15). Timo’ rO(lt nmo’mum square error

itm linme fittiimg svmts 0.11 Hz.

Ca.lculat iofl oj rotanm er populations. The

e’Oimf( rnmatioum clist ributit am about t imo’ a-fl

1)011(1 (‘mini 1)0’ describod ilm te’rnms (If time rolative

pepuulat loIns of timo’ timree classical staggo’red
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Fi;. 1. E.rperimmuemutal (upper) oumuol simnulateol

(lower) 2�O-MHz spectra of the mmicthylcmic protons

of phcmuylephrine imu D,O

The paranmeters used four the sinnulated spec-

trum are given mm Table 1.

rot amers, slmosvim as Newman proj ect ioims in

Fig. 2. Timc expressions ro’latmg these

populatio Ills, 7)i , p �u, and i � , tO) time
experim(ui t al coupling cotmstants .1 � and �

are

.1i3 - ‘I,m
= Je �

.123 -

Pu = -

1 - (p� -1- puii)

where .1 and J� are time couplinmg constants

for dihedral aimgles of 1800 (trans) aimd ±60#{176}
(ga nc/ic), respectively.

Jim time epimedniumo’ so’i�ies, whmere H2 is re-

l)lmi(’o’d b)’� an alkvl substitueimt , sic (‘all eiimly
distingmnisim rotamer I , in which H, and H3
are tra.ims, from rotanmo’rs II miimd III, iii 1)0th
(If ssImi(’h they are qano/te. Thus p, is cal-

cuul,mto’d fronm Eo1. 1 , timid

(/)�, -F Pint) = 1 - p, (4)

Sinmilarly, iim fl-pimenvletimvlanmine, sie (‘aim
oIlily distiumguisim the ‘ ‘symmetrical “ rotamer,

ill iVimi(’ii time pime’umyl and amino gn’oup mti�e

trans (mumalogous toil rotam(’r II), from timo’

otimer tii0I. Agaium, I�i , is calculmmto’d froni

Eq. 2, timid iim aelditiorm sic imave

(/), + /),,�) = 1 - J),� (5)

Tlmo’se equatioums are based on the missumptioum

timat single values (If .1 , aimd .J� are mipphid’al)le

to all rotamers ; timis aimd other assumptions

itiVoIlvOdi in this approach tel timo’ study (If

o’oumfornmat ioimal equilibria ssill be discuss’el
ium time folhlosvilmg sec’tioum.

RESULTS ANI) DISCUSSION

Time (‘(Iuphilmg coumstants do’rivedl from time

sj)ectra of the 12 (‘0flmPOmiflds stuidhed mmro

givoun inn Tmmble 1 . As p�iumted out abov’, sic

can obtain the popumlatioims of all timree
re)tamo’rs sime)silm in l’ig. 2 fi’oun time tssoI

coupling coIumstatmts ,J..�- mmumel � observe(1

for c’(lmpelmunds su(’h as nmoradro’umalitme. Hosv-

ever, examitmation of Fig. 2 simosvs timat we

can (ltih\ associate rotanmers I mmmcl 11 with

the appropriate populatioim values if sic can

assigum prototms H, and H2 ium time spectrum.

Specifically, sic umeed tol kimoss wimicii (If the

protons H, and H2 (defimmed stereocimenmicahly

iim Fig. 2) gives rise to) svimich of tim(’ observed
couphimgs .J..ix maid �Jj�x . Jim tho’ ai)sence (If

stereospo’o’ific isotopic substitutioum, thus mis-

sigimmenmt canmimot be made unequmivo)callv.

Helsvcve’r, ium the’ present instaume’e it is pos-

sible to deduce 1)0th tho’ qualitative distribmn-

(1) tion of rotamer populations and time assigum-

nmeumt (If protoims H, and H2 from the observed

(‘)\ couphiimgs svitim considermmbie couifido’umce.

‘�‘ We assume at tlmis stage only that J, is

large (>10 Hz) and J0 small (<4 Hz)---for

\3j svhicim therc’ is ample evidence (14). In

noradrenalimme, time observed c’oupl iimgs arc

9.05 and 3.35 Hz; cle’anlv rotanmer III, in

which both. H, anmd H2 arc gauche to H3 and
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Compound

svill thcro’fore simoss small coupliimg constaumts,

niust imave a losv population. We are left t(I

choose betsveen rotamer I, ium which H2 is

gauche and H, trans to H3 , mimic! rotanmer II,
in which H, is gauche aimd H2 trans. Whicim-

ever of these tsso rot mumers preclo Inmin at os, iso’

should expect to) observe one limrg(’ aumd oume

snmall celuplinmg coumstanmt (if rotamers I and
II, oi’ I, II, anidi III iV(’i( o’o4uall3 1)OlRhlIit(’d,

sic should expect both coupling constmumts to)

be mibomnt 6-7 Hz). rilimis ambiguity cain bo’ re-
solved by (‘(luiSid(’i’iflg timo’ results for nore-
pimedriumo’. Iti imoro’phednine one of time protons

H1 and H2 in imolra(lu’oumahino’ is rej)laced by a
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‘I III

FIG. 2. .\eu’mmiami projectiouus of the three classical stoiggered rotaumiers about the ca-c’� bond imi

catecholamuiimucs

TABLE 1

OHR’

1+

HXHA

R R’ R” J.41i” J.4x” fluX’

II: II:

“4 “B I

U: pfrmn

Noradreimalinc 3,4-diOll HR 11 1:3.2 9.05 :3.35 0.053

Adrenalinmec 3,4-diOll HR Me 12.8 915 :3.65 0.010
Is(iprenalirme” :3,4-diOll HR iPr 12.8 9.65 3.15 0.014

$-Phenylethanmolanmine ii Hi� H 13.2 9.70 3.00 0.075
Phenylephrinec 3-OH HR Me 12.8 9.45 3.55 0.023

Synephriume” 4-OH 11B Me 12.8 9.50 3.00 0.024
.V,V-Diinethyl-2- 1-Br “B diMe 13.1 10.80 2.10 0.1:30

(o-bronmhiphenyl) -

et hatmolaumm inc
Isopropaumoharmmine (C113C11(O1I)CH2N1J3�) 13.2 9.3() 3.30 0.210

Norephedrine H Me 11 4.4

Metaranminol 3-OIL Me 11 44

Butanephrine 3,4-diOll Et II 5.0

JAAa JBB” JAB’ JABa PA-PB�

�-Phenylethmylanuine (Ph-CH2CII2NII3j 13.6 15.0 64 � 0.249

±0.05.

±0.005.
I’rhitui 220-i\IHz spectra.
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nmethmvl gI’ouj) ; Slti(’(’ time’ sto’reoo’honmistry

(If ( - ) - epimedrium( mind ( - ) - noirephudrinmo’ is

kumosium tO 1)e 1R , 2�S (16), it is H2 jim Jig. 2

sshicii is u ‘l)Ia(’d’d . Timo reforo , iii nd)rO’j)imednilm ‘,

ivo caum clistinmguish rotanmer I, ssithm a trans

()ri(’umtatiolum of H, and H3 , froni rotanii’rs II

mumd III I , amid time small columphng eolmmstammt

(Ibso’rvo’d inmdicates timat rotaurio’r I has a losi

PoPulat 1(1mm. Celmparisonm svith imoradrenahiume
iumehc’atos timat mm time latter case it is �

5\hmi(’hm is sinlihmr to time (‘oupling in nelrol)heel-

l’itmo’, ttlm(1 therefore 114 m H1 . This assunmes

t limit f( Ii noradreimalinc, as for norepimedriimc,

/) i < /) i u � this seenis reasoumai)lc, since time

trans orio’umtatioum of time a-methmyl amid

ai’o Iflmat U’ grouj)s of imorepimedrine in rot anier
I iiOtil(l iflij)l5 that , oti stcrie’ groIummds, time

popumlatioln elf this reltamer sviluld if anmythiumg

1)0’ guoater imm imorophm(’cli’iume than in imor-

Ii(lt’(’ilItIitmO’ (this is imm fact observed ; soc

IIII)lO’ 3). \Vo’ conclude, therefore, thmat HA
m H, , amid! as a corollary that for umor-

ae1m�o’iia1ine /1 u I > P u � P I I I ‘ The preferred

rotanmer is tints that in svimich time amimmo

gm.olup is trans to the aromatic ring amid

(Jane/ic to time fi-imydroxyl group. This is sup-

ported J)57 time ro’sults for �\,A-dhiimmethyl-2(o-

bronmmophenmyl )et hmanolamine. In this colnm-

1)(Iuitidl tim’ stenic repulsion betsse’emm the
amino group audi the aromatic ring si-ill 1)e

Sinl)st antially immcreased. Time abovo assign -

ment (H..1 H,) leads to time I)redicted
increase in the populatioim of rotanmo’r II in

this compoummd; time reverse assignment would

imply a sul)stammtial increase in time population

of rotamer I, iii whicim timese tsvo bulky groups

are gauche, svhu’hm seems quite uumreasommmible

on steric grouimds.

\Ve’ mmoiv turn to tho’ problem of the

quantitative estimatioim (If time rotamer popu-

latioims. As indicated by Eqs. i-3, this re-
quires a fairly prcciso’ knosvle’dge of time
values (If J, and J5 (time couphmmg coumstaumts

Indeed, the values of J1 auid J1 also depeumd on

the oriemutatiomu of the electroumegative sinbstituents

(17), so that the present approach, assunming single
values for a giveti systenm, is atm approxinmation
whicim we are forced to adopt in time alIsenmee of

detailed studies of conforrnatioumallv rigid nmodel

compoutids. As argued below, adoptioum of the

phenmyl-substituted nmorphohines as models mini -

inises time error froni 0 hi� soui’ce.

for time trans amid gauche olri(’ntatiollm (If

I)roltotns, respectivo’lv), svimo’reas up to umosi

we have’ used oimlv their a�)proxinmate nmag-

nitudo’s. ‘IThese (‘ouj)lirmg o’onstmtmmts cli) im It

immmv( time sanme value ium all systems, simmc’e

tho’y (lOpO’tmdl nmarko’dly otm Substitun(’mmt dcc-

trelmmogativity.2 Abraimanm mmmmdGatti (17) imave

develelpeel a proo’o’duro’ fo �r t lie o’aleu,lat iou

of .1 � and J11 from substituno’mmt o’lectroimmega-

tivities iii 1 , 2-disubstituted ‘thmiiu’s ; sie have

adopto’d timeir motimod foi’ time (‘misc (If /3-

phmo’tmyl(timylamnmc, mine! wo’ cal(’unlate .J� =

i3.i Hz and .J� = 3.6 Hz. Time mmij(lrity of

time compoummds si-c are into’ro’stod imm hiere,

how-ever, aro tn- oIr tctrasub)stitmnto’d etimaum(’s

and lii) equatiolmis anah(Igous to timoso’ of

A1)raimanm and Gatti (17) are available to

ahlo)sv 1,5 to) calculate .1 � mmmmd.J� in timo’se cmises.

wT(, nmust thmo’refom’o’ ohtmiimm .1 � mmtmcl .J� froumm

co)ulformationally rigid nmo)d(’l (‘0 InIj)ouimds.

Time most appropriate inoclo’l c’(lnmpoummds mire
time sub)Stit at ed nmo Irpholiumiums , aumd t lie

value’s used are sime)simm in Table 2 ; timo’ upper

tsVel (‘(lflmpOuimdlS omre models 1(11’ thm(’ o’phmedrme

series, time losie’r tsi-o for time umoradrenmahimme

series. Time uso of model compounds hmas tsvo

poteumtial disadvammtmmges : (itimer (Ir 1)0th time’

pree’is( dihedral ammgle and time elrieumtatioln

of timo electronegative suil)stituents may be

differeumt for the meidel c(Impouimds and time
molecules of intero’st. Hosvever, sie iimive

already shmosvni qualitatively timat rotanmer

II is time’ prcdomiumaumt one’ for umoradrenmiline

aumd related cornp(lummds, aimel this rotauno’r is

esse’nmt iahiv ideimt ie’al svith time’ conformat i am

about tim(’ C2--C3 1)(lild of time morpime)htm(’s
(see Table 2). Thus, for exampl(’, ammy devimi-
tions of the dihmedral aimglo from (10#{176}due to
the gauche orieumtatielum of time amimmo amid /3-

imydrelxyl groups simoluld 1)0’ very similar imm
1)0th cases. Similarly, time orientation of time

clectrommegativc substituents is time same mis

in rotamer II, so thmat the values of J u ammcl
,J� frotim tho’ morpimolhitmiums mire time appro-

priate (limes for roltamer II; small differences
jim these values 1(11’time other rotamers will

make a imeghigible difference to time calculated
rotam(’r populatioums. However, t hue re’o luiro’-

ment of ring closmnre iii time o’yc’hc modo’l
compounds svill causo a difference mi dihedral

angies compared to time noncyc’hic comj)ounds;
this is mmot likely tol be more than about 5#{176}.



T.uILI: 2

Couplimug comu.sta mutt imu umiorpholimie model commipoumuols

o R’

+

NHR”

H

R R’ R” f, .1, Ref.

Pu Mc II

Ph Me Me2

Ph H II

Me H Me,

II: If:

2.810.5

10.4

11.0

11.2

Pu’ Put’ Putt’

0.14 0.76 010
0.17 0.77 0.06

0.11 0.83 006
0.10 0.84 0.06

0.16 0.81 003

0.1() 0.81 (109

0.00 0.96 (1.04
0.13 0.79 0.0%

(1.45 0.50 0.05
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TAIII. 3

ibm umier pop u lot iomus imu catechi ola umuimu OS a muol related
(��( �() 1 muds

Values were calculated usinmg .1, = 11.2 lIz and
.J� = 2.1 lIz for time tuoradretmaline series. T.�siuig

the alternative values (If 11.0) and 2.6 lIz (Table 2)

gave fract )((nal p(Ipmnlati(Iums differing from time

figures below b <0.05, 1�iit led to a slightly noga-

tive value for pu for .\ ,.V-dimethyl-2(o-broumio-

phetmyl )et Imanoianmi ne.

Conmjound

Norad renal i no

Adretmmtl i tie

Isoprenali tie

�1- Phenmvlet hanoi a mmiitie

Plmenylepim ri tiC

12 Svneplmrine

.V,\-l)inmmetIm�-l-2-

2.6 _“ (o-hronmophens-l ) -

2.1 18 ethanmolanmine

15(IPr(II)t111(Iltttlmi ute
Aniphet mmliii much

a J� Feeney amid (. C. X. lioberts, unpublished

work.

\Vc feel , timerefelre , t hat time mmmorpimohiumiunms

are good moIdio’l compounds, atmd that time

calculated rotamer populat ions, l)reseimt e’d
in Table 3, are probably accurate to ±0.05.

Thus, in terms of the coumformatioimal

distributioim about the a-fl bond, time cmite-
cholamines appear to exist some 80 #{176}�elf time

time in the commformatiomm shosvim a rotamer

II. This is probably also true of time a-

substituted compounds. It must be em-

pimasised, hosvever, that time coimformat ionmal
prefo’rences observed are rather w-o’ak. A

fractional populatioim of 0.80 for rotmomer II
corresponmds to) mitm energy cliff’eremmce of oumly

0.83 kcal/nmole for II compared to) (I +
III). The catecimolamities must 1)0’ re’gardo’d
mis hmaviumg substantial (‘ Imif ormat i )umal flex-

ibility. Irom time rot amer polpulatiolmis in

Table 3, sie can now attempt to) elucidate

the structural features ro’spdlumsiblc for time

observed coimformatioumal distributiomm. [For

completeness, wc have also included time

results of otimer workers for epimedniume (12),

dopamine (13), amid anmphetamimmc (9); si-c
have also examined these compouimds, and
our results are iim excelleumt agre’ememmt svitim

those quoted iii Table’ 3.]
Effect of the f3-/iydro.u’yi group. Time major

Pu (Pu -I- Putt)

1;I)hedrimme� 0 . 10 0.90

INorepiieolrinme 0.21 0.79

Metaramiumol (1.21 0.79

But auiephrine 0.2% 0. 72

Pu’ (p� + pim�)

�3-PImeniylet Imvlaniimme 0.56 0.44

1)opamine’ 0.4:3 0.57

a Fractional puipulatiorms of r(Itanmers I-Ill (see

Fig. 2). Estimated accuracy ±0.05. Tenmperature

32#{176}ex(’ept for adrenalinme, isoprenmaline, pimen I -

epimrimme, atmd synepimritme, whose spectra were ob-

tained at 24#{176}.
Ref. 9.
Ref. 12.

1 I�ef. 13.

det ermiumanmt of time (‘oumformat iouia I pief-

ereumce obsorved is clearly aim interactioim

betss-eemm timo’fl-hyelroxyl maid ammo) groups.

Thus, for fi-pimenyletimylamine, p,, = 0.56,

ss-hilc for fl-pimenyletimammolamine, p,, = 0.84;

this dramatic differeumcc is also seeim on

comparing clopanminme witim umoIradrenalmnme,
aimd amphet amimme with n urepimedritme. He-

Jlacemc’nit (If time aronmatic u’ing by a nmo’timvl
gre)up, to give isoprelpaumolamine, doles umot
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mt�lpl(’O’ia1)ly r(’(!u(’c t in’ populatu �n (If ro Itamor

II, � that time’ (‘oumtlil)utioltm of stone repul-

sioui h)dtsVeclm tim( anummol group mind time

aro.lmmmatic ring is nuimimal. Frolni time rotamer
distributioims iim Table 3 w-e caim o’stinmate timat

time energy diffe’reumce of 0.7-1.0 kcal/mole

for mo)tamer II (‘onupared to (1 + III) is

mmmaelc unp of approximately 0.65 kcai� nmole

dune to aim interactiolim 1)et\veo’ni the amimmo

guoiup mmmcl time /3-imydrolxyl group, amid some
0. 2 keith/mole clue to the steric amino group-

aronmmatie’ ring inmteractioum. Timese value’s nmmty

muicle,’o’stinmate time (‘o)umtrib)utiomm of steric
re’I)ultiomm ; the loss- populatioim of rot amer

III, iti svimich time N-O iumteractioum is still

pOssil)l(’, must prcsuniably bo’ ascrii)o’(l to

steric factors.

The natumre (If the X-O iimte’ractioim is not

(‘lear. lii time crystal structures of oI)hodriuie

( 19 ) , mmoradrenalimme (20) , and isoprotmahimme

(2 1 ) , ivhmere time molo’culc is mm mi o’c)nmforma-

tioim o’ourrespommdimmg to rotamer II, time N-O

distaumce is 2.65-3.0 A, suggestitig that a
hydrogen 1)OImd nmigimt i)c immvolvcd. It sieluld,
ho iiiei’o’i, hiave to h)e a very 1)eflt, amid there-

foro’ ml wommk, o)ne. Time predomitmammtly dcc-
trostatic mmatui’e of time iimteractiotm is slug-

go’ste(l h)\ (‘ompariso)nm svithm acetylcimolinme;

here nmo hydrogo’um botids (except perimaps
of time N-C--H .0 type) are possible, yet

the nmmolecule exists imm solution essemmtiahlv

100 mma coumformation in svhiclm time ester

elxygo’mm and thmo’ quaternary nitrego’n are

gauche to one ammother (1, 3-8).
Effects of a-substitution. The presence of

atm a-nmmetimvl or a-ethyl group seems to imave

time aumticipato’d o’ffect of inmcreasing time

1)(Ipulmttiomm (If rotamer 1, in wlmich time a-
sumbstitueimt is trans tel time aromatic ring.
Thus, for imoradreimahitme, j) = 0.07, w-imile

for mmorephedrine p, = 0.21 amid for buta-

imephrinme � = 0.28. Substitution of aim a-

methyl group into fi-pimenylothylamine (to
give amphetaminme) imas a ratimo’r similar

effect; the population of time roltamer in

svhmieim botim time amiumo group amid the a-

metimyl group are gauche to the aromatic
ring is only 0.05, svimoreas mi fl-phenyethyla-

mimine time gauche rotanmo’rs have atm average

population of 0.22 o’acim.
Eflects of V-subst it itt ion. The o’oInforma -

tiommal distrii)utioums of adrenahimme and umor-

adreumalimme aro’ very sinmiham’; thero’ is imol

discermmible (fI((t (If time V-methiyh gm’ou�). 1mm

epime’drirmc, hoiievo’m, time �V-nmctimyl sill)-

stitueimt mipp(’ars toi slightly r(’dud’e time

Population elf rotanier I. Time reasomms for
thus differemmce are mmot o’lear.

Isoprenaliumo’ shows mu sligimtly greater

pro’domimmaumco’ (If rotamer II timani umo)m.-
adrenalimme or adu’emmaline. This may be due

to steric iumterfero’nmce botsseemm time .\�-

isO�)t’OpVl groump ammo! time’ mirommutie’ rimmg ; time

effect is \‘ery small , hmosvever.

J�1Jects of substitution on the aromatic ring.
Time effect of introducing mm1)ulky ort/uo sal)-

stitueimt (togetimer svitim tsvo X-mothmyl

groups) has bceum umotcd eam’hiem ; _\� ,_V-

dime’thvl - 2 (o - brolmopimeumyl) o’thmumm(Ilanmuume

shcusis aim almost conmplet e l)r(Pondo’raum(’e of

rotanier II.

Time oiumly clear effect of timo’ rimmg hivdrox�l

gi�0U�)5 is sceum mmtime’ comparisomi oif dopamiume

(/) , i = 0.43) amid fl-pimd’umylo’thmylanmimme (p , � =

0.56). Here time ring hmydroxyl groumps appo’am’
to fmivour time qauchie conformations, so that

dopamine shiolsvs a lesser (‘0 Iuiformmitional

prefereimcc thamm fl-phenylethmylmimitme. A

similmir, though snmmillc’r, o’ffee’t is se(n (In

compariimg umoradrcnahmme (p i , = 0.76) amid

fl-phenylethmmnolamimie (p mm = 0.84) . In
discussing timeir results svithm dopmmmiumo’,

Bastard and Egamm (13) commcluded that time
gauche rotamem’s svere increased iii l)elpimlmitioum

by aim inmteraction betsveen time amiumo gi.ouip
and time am’omatic imvdroxvl groups, probably

mediated by a svater mole(’uhe. This idea is
certaimmly supported l)i� time present ro’sumlts

svithm fl-pimeumylethmylamiumc’, t imelugh time inter-
actionm, if it o’xists, is clearly mmvery weak ommo’

---tii(’ differemmcc immp’’ betwee’um noradremmalimme

amid fi-pimemmylethanmolamine is only just

gremiter timan experimo’umtal error.

Comparison u’ith results of X-ray crystal-

lograp/ y and 1/, eoret ical calculations. Iii time

crystal, epimcdriume (19), umoradremmahne (20),
and isopr(nahimmc (21) are all observed to be

in a conformatiomm colrresponding to rotamer

II. Thins mm those inmstatmces the coumfornmatiomm

iiithe crystal is time same as the preferred eon-

forrnatiomm in solution. It simould be mmoted,

imosvo’vcr, timat roltamer II is time only (‘On-

formation obse’rvo’d imm tim( crystal, while in

solhlmtion time olthio’r roltanm(’rs are also sig-

umificantly popumlat o’d. Indoed, for dopaminc
(22) amid fl-phmenmyletimvlamine (23), toOl, (lnily
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rotminmo’r II is obseuveei iii the (‘n’\stal, while

iii solutioim time fractional popuulmmti�mms of this

rotminner mire’ emily 0.43 muumd 0.56, respee’tivelv.

� lolecular orbit nil calculat i �ns , svhi(’h

(‘elumsider time molo’culo’ in macito, immise i)(’(’ul

extemmsivelv used t o elul(’idat e ‘omtmlomnimmitio Iuial

preforeime’es. Cah’ulationms of t lie o’xt(nielo’(I

H#{252}ckel theory tVj)o’ cli) ajipemir tol 1)e mul)le to

l)rddict time re’ferm’eei (‘0 ltmfOII�flimmti(lmm (‘0 un’n’o’(’tlv.
Timims 1iier mimmelhis colle’migue’s limivo cmilculateel

that roltanmer II simoluld bo’ pn’efeiro’d foon

epimedrimme (24), umolmaelreummilitmo’ (25), adre’nmi-

lame, and! isolpromlalume’ (26). For pso’ueI�-
epimedrinme (24) min(! deujlmmnimummo’ (27), on time

other immummd, the (‘xtemmded Hueko’l timo’(Iry

e’milculations ropom’to’ei l)V 1�ier muiei imis (01-

leagues (lid umelt l)mo’di(’t rotammmem’ II t(i be

j)meierre’d , as is li )unumd experinmetmt ally ( 12,

13). [A subscciuent o’xto’imdeci H#{252}ekel timo’olmv

(‘mil(’ulatiolmi for e!olpmmnmine by Bastard and

Egaum (13) did, howevo’r, iumdicmite rotmmnmer II

to be preferro’d.] A reccmmt e’alculat io lii I

Pedersemm, Hoskiums, mind Cable (28), unsiumg time

met imod of immtommo’elimite no’glect of diffo’r-

crmtial overlal) (INI)()), prcdi(’tod timmit for

normmdre’imahimme rotminmo’r II shmo111101 ho’ oiumlv

shigimtly moro’ polpunlmmto’d tlmmun roltmiumlo’r 111.
This commclusion, surprising dlii st em’ic gro Iunds.

is at vmmriammce with time o’xperinietmtal liuidiumg

(Table 3) of a vemv losv j)opulationm of rotanmm(’u

III. While time extended H#{252}ckel theory

cal(ulatiomms gemmermmhly give a qualit mit iv(’ly

cori’ect predictioui of time most pro’Io’mro’ol

rotamer, they do not give mmqummntitative’ly

correct picture e)f time rotamo’r (hstribultiolmm.

lor example, for no Iuaelronmmhnc’ time ext ei melo’el

H#{252}c’kel theory calculat ioums predict t limit

rotamer II is almost 3.5 kcmml/mole moro’

favourable thian tim( otime’rs (26). This oxag-

germition of time eumergy c!ifferemmc’es, svhio’im

nmako’s a oiunmuimtitmiti\�’ olo’s(’ripti(lim (If tho’

rotanm.e’r d!iStrih)1mtio)li iflmj)OIssiblO’, mmppo’ars to

1)C’ a geumo’ral fcmiture (If o’xteumelo’cI HfR’ko’l

timeorv (‘mul(’l.mltIti(Iuis (20.)). It is mmotable that

Bustmird mmum(! Egmuum ( h3) aciiiovcd a nmucim

1)(t tei’ migreeumio’uit ssit im t ime 0 I1)sem’vo’d roltmmnmier

PoPulatiolmis for eloupmmtmmine using mi sitmmpl’

seuniempiricmtl o’alculatiouim, iimvolvimmg (lilly

pairsviso’ vmnm elo’m \\�tmils immto’m’mu’tiomms mind
tou’siclnmml 1)o)tonmtimils. thmmim svithm timo’ imioro’

(‘dlnmplo’x exto’umeio’el Hucko’l tlmO’d)my (‘milCl.nlIl-

t io)nms.

1�((’(’umtlV Punllniiamm ot al. (30) havo’ me-

1)(11t0(l a elitailed stuiclv ouI� time o’onmforuummtionmal
eiistl’il)litiolims (If a umunml)o’r 0 if (‘atechmollaniuum(’s

aimcl related o’ lnmI)oiun(ls insing mmmoIre m’o’fiimed

mmmolee’ular (lm’I)it nil cal(’ulatio 1115, l)V time method

of l)(’rtilrl)mitivo’ (‘0 lnfigmnm’at io Iii int(rmi(’tioln

insuig loo’mtliso’oi orbitals (P(1IL( )). Timey himive

ealculmited (‘( lnmplete ‘ ltmf( lrnmmttiolmmmil ommergy

nmaj)s, do Immsidouimmg rotmitiolmm ab(Iut 1)otim time

a-fl mimic!fl-Ar bommels, folr mmmmuml)(’i’ (If (‘elm-

pouumds; this emmables us tol nmmmko’ a detailed
(‘(ImparisOum svitii (lur experimo’mital results.

Tim Table 4 aro’ shmolwmm the roltamem’ populatioums

mibotit the a-fl 110 lad ealculmited from time

conforummatioummml ommergy fli�jlS (If Pinllnmnmui

et al. (30) using time B(Iltznmammmm equationm.

Thmo’ u. Itanmor polhnmlatio lims wo’ro’ tmikotm mis time

total populatiomm mm o’ac’h emmergy umminmimmnimm

(mmot sinml)lv t ho’ � Iptnlati( lii siit mum 5OIiii(’

arbitrary ramige dlf timo’ ‘‘ideal” 60#{176}and 180#{176}

dihedral mumiglo’s). Tlmus timis caleulatioim tako’s

mio mic(’olummt (If time fact thmmt fo)n� some elf

time colmmpollunmeis tho’ pro’oiio’to’ol emme’rgy nminima

(10 umot oo’o’ur mit Pm0’O’i50’lY 180#{176}om’ ±60#{176}. A
more rigorous co)mpmirisoni svith time’ o’xperi-
memmtmil elatmi is p(IssiI)le 1)y usimmg timo’ pd)pimlmi-

tions oul)taino’dl fronm time timo’om’eticmil o’tmergy

mrmaps as sicighmtimmg factolrs iii the Isarplums

T�uon.i 4

Ibotammuer populations (111(1 coo plimug comu.t(imut preducteo/ by i/ic P(’JL() calculatiomu.o of Pu/lummou mu ci al

Compound pu pit put, .1j�’

Noradremmaline 0 (1.755 0.245 7.79

Adrenmaline 0 (1955 0.045 10.20

$-Plmetmvletlmvlaumiine 0.290 0420 0.29(1 800

Dopauninie 0345 (1352 0303 7.70

Ephedrinme 0) 0.721 0.279

Norephedrinie 0 0 959 0)041

Calculated using .J, = 11.2 lIz and .1 = 21 lIz (see legend to ‘1 able 3).
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o’quati lii t 0) (‘alculato time predicted coupling

conistamits J13 amid .12:1 . lime values of the

numerical commstaumts in time’ Is.mirl)lus o’quatioum

were 01)tmuimmed by using time couphimmg con-

stammts fronm time niorpimo)liimiums as the

vmilucs for 60#{176}amid 180#{176}dihedral aimgles, and
tii(’ valuo’s (If .113 mimid #{149}/23calculated iii this

ssay are also shmosvmm am Table 4.
Comparisomi (If t ime j)redi(’t (‘d rot mimer

populations amid cou�)hmmg commstammts immTable
4 svith the olbservo’(l values in Tables 1 and 3

simosvs timat, agaimm, time migreemont is quahta-

tivehy goo)d, rotanier II 1)eimmg tIme pro’ferred

coiumfornmation mm all caso’s. Tim fact, time dluamiti-

tative agro’em(’nt in to’rnms of rotamer popula-

tioiis is milso fairly good, the nmaiui elisd’re’j)amm-

cies bo’immg time ummdo’restimatioin of p1, �

fl-plmcmmylcthylanmiume amid dopanmine, amid iii

particular t lie predict lou of a zerci populatiomi

for rotanmer I fe)r all time (‘ompouumds possess-

ing a fl-imydroxyl grolup. Tim middition, tii(
calculationms predic’t aim ai)1)reciable differe’umce
iii time rotanio’r populaticiims botsieemm nor-

midreumahino’ mimic! adm’emmmilinme, notably a ratlmer
high vmiluo’ ()f p i m i for umoradremmahiume, ssimicim

is miot borne oimt b� o’xperimemmt. The elis-

crcpammcies betsseemm time(lry ammd expo’rimo’nt,

svhuchm lead to rathm(’r large differemmc’o’s be-

t sveenm predicted amid oII)so’rvo’d (‘(luplnmg

eomistaimts, cannot be exphmiino’d mmdetail, but

(‘aim probably be mise’ribed to the influence of

solvemmt, w-hichm is not (‘elumsidored in the

c’alcinlmttionms. I tmdeed, it is po’rhmmips surprisnmg

that the rotanmmer pe)pulmmtiomis, mmmvolvimmg as

they do) relatively snmmmll emmergy diffo’reumces,
c’anm be predicted as accurately as timis by

(‘mil(’tilmitiOmms svimio’h do mmolt iiid’llud(’ s(llvent

efIe(’ts.

CONCLUSIONS

It is a�)paro’umt from time results reported

hem’e t imat time cat och Ilanmummo’s aro’ co Ii mforma-

tioumahlv floxible mibount thio’ a-fl I)Oliid, but

simow a preferoimco’ for rot amer II amouumtnmg

to mimi emm(’rgy differc’umco’ of mipproximately 0.8

kcal/melle. This l)ref(ro’um(’o is largely due to)

miii el(e’trostat i(’ mind/or hyeirogo’um -i)oumdiumg

immteractioum bot sveen t lie’ a-amiumo group amid
time fi-hydlrolxyl, though sto’ric inmto’ractiolums

are alsel sigumificaimt, as indicated by the

loss- population oIf I’elt amo’r III.
Time magimit ude of time o’imergy differemmces

bet svo’o’umthe rot anmers is clearly very small

conmparo’dI to time emme’m’gy of i)indiumg of those

molecules to thmc’ir rt’co’l)tOm’, which must be

of time ordo’m’ of 10-12 kc’mil/nmole. This argues

that t ime lrocess (If commfd)rniatiOllmil selectiomi

on 1)imm(hmmg, nmermtio)mmo’d in t he INTRODUCTION,

will imave only a rather sniall influemic’o’ (lii

thm(’ over-all energe’tics (If time bimmding remmo’-

tiomi, ii’ time conformation sshmen bound is

o’ciumvmilent to (hid of time timi�c’o’ low-energy

(‘ommfomniatiomls (‘onsiel(’re’d here. (1olnmparisoim

(If time ‘‘l)0t0’mme�Y’’ 0)1, for (‘xamplo’, e!opamimmc
amid mmoradrenahimme svill , imosio’v(’r, bd’ immflu-

eimcc’d i)\ tiu’ fact timat thme\- Imave markedly

diffeu’emmt (‘(iii fornumit io lumal clistributiomms , mind

thus is clearly a facto, svhmichm mio’(’ds to I�’

boi’no’ in nmiumcl iii studies Oil time m’(lmitiommslmip

l)o’tsveo’mm stnuct ui�o� aimd activity. nh possible

iumfluui ‘mice 0 If (‘ommfornimmt iommal select iou omi time

kiumetics of time binehuImg reactioum canimot he

(‘vahmat(’d mit time’ present time, simice expei�i-

nio’nts (If time typo’ reported here givo’ no

immfornmat ieln Clii t Imo’ 0‘mmergy 1)arriems hetweeum

rotanmo’rs. It is mrmto’m’(’stimmg tdl umoto’, imossever,

that time cmulculatioums (If lkmllnmmimm et al.

(30) suggest that thu o’ne’rgy bI)arrio’rs nmay he

sigmmificammtly differeumt for the vmirious c’om-

P0)ummmds studied here. 1mmgo’imeral, time timeoreti-
cal calculations of e’ato’chmolamimm(’ (‘onifoirnia-

tioim, comisideu’ing the moihecule in iacuo, arc

in ommly ciummhit ativc’ agr(’onieumt svit ii t lie

cxperim(’umtmil u’o’sumlts iii solutiomm, but timoso’

(If Pullmnmmmnm et al. (30) are approaching

ctummiititative mmgreetnemmt.
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