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SUuIMARY

It muppears tlnmut N-milkyl groups necessary for beta adrenengic activity act directly on tine

receptor rmutiser tintims by imsfluenscing tue comnfonmations of tine side chain relative to tine cate-

cinol nimng or tine cinmurge (hstnibutiomn around the muitrogenn. While alpha activity probably
imnvolves hnydrogenn bonnd formation between ann omiium proton and a negatively changed

receptor, beta muctivity is likely to involve dispersions binding betuveen tine alkyl group and

receptor sucin tismit tine nsitrogems may not be necessary for beta activity.

INTRODUCTION

Inn 1948 Ahnlquist (1) proposed that
mudrennergic agonnists could be divided into tuso
gemnemmil classes, desigmuated alpha amid beta,

onu the basis of target organs responnse. Since
that time, it hunts become gennerally mecog-
mnized tinat theme are adremsergic receptors

responsding to differemst patterns of struc-
tune in active molecules. The cnutechsolamnnine
ring and alipinatic inydroxyl and amino
groups inave all beens shouvmn to be importamst
for adnennergic activity amsd presumably
interact usith tine receptors. A perplexing
problem has beens the observations that
structural channges in tine agonist tisat
diminisin alpha activity nnmuy increase beta

activity, and vice versa. Thus, ins the cate-

cisolnumimse series (I), msorepimuephminse (Ia)
is onne of the most potennt alpha adrenengic

agonuists. Monosubstitutions uvitis metlnyl
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(epinuephrimse, Ib) , ethyl (Ic) , and isopropyl
(isoprotenenol, Id) leads to decreasing

alpha agonsist potenscy but to increasing
potency of beta agonist activity.

HO ._�h�__c�H-CH2-NH-R

I . Adrensergic catecisolansimse
(a)R=H

(b) R = CH3
(c) R = CHSCHS
(d) R = (CH3)2CH

Ann umuresolved question has been whether

tine R group exerts its influence on the rela-
tive degrees of alpha amid beta activit.v by
altering the preferred conformation of the
side chain relative to the catechol ring, by
influencing the reactivity of the amino
group, or by direct interaction with the

receptor. Here we report the results of a
tineoretical study of the influence of the R
group on tue conformation of the side chaims

and the charge distribution omi the onium

group.
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The extended H#{252}ckeltineory as proposed
by Hoffmann (2) uva.s used to perform the
comsforrnatiomnal calculationss. Briefly, the

molecular orbitabs � are writtens as a

linsear combinations of atomic basis funsc-

tiomns, p:

SL’m �: Cmj�j

Assuminng ann effective 1-electrons Hamiltoni

operator, H, we write � = f #{231}c�Hip1dr.

The overlap integrals S�.i = S � dr are

also required. Mimsimizatioms of the molecular
ennergy uvitin respect to tine coefficiemnts Cmj

then leads to the secular equations

det (H - ES) = 0
amid H amid S are tine matrices formed from

tue integrals H�3 amid � respectively.
The calculations connsider onsly tine valensce

electromis, amid tine diagonsal elements of H
are approximated by valemsce state ionsiza-

tion potemstials. All tine overlap integmnuls,

SO, are computed exactly for a Slater
orbital basis set, amid the off-diagonal dc-
ments of H are approximated by the equa-
tion

H�, = 0.5K(H�� + H3)S�,

witis K set at 1.75 (Tntble 1). Tine H#{252}ckel
emuergy is computed as tine sum of tine oc-

cupied orbital energies founnd from the solu-
tions of tine secular equmution, multiplied by

ann occupations nsumber. Tine molecules cons-

sidered ins this study conntaims an evens msumber

(2k) of electromus, tumid these are tinens placed

two at a time ins tine lowest-lying k moleculnnm

orbitaLs, so that tine extemuded H#{252}ckelemsergy

is EEH 2 � E8 , wlsere E8 is tue emsergy

level corresponsdimsg to tine molecular onbittul

Extensded Huckel tineory inas beemn rather
successful for tine predictions of preferred
consformations of molecules (2-12), although
rotational barriers amid emsergy differemsces

betuveems trans and gauche consformations

tend to be exaggerated. The rationale for

the success of the extensded H#{252}ckel tineory
for conforrnational studies is found ins tine
uvork of Fink and Allens (13), uvho comssidened

tine conditions umnder uvhicin the tiseory

should yield results similar to those of

TABLE 1

Extended H#{252}ckel theory parameters

Coulomb integrals Slater exponents

Electron Value Atom Value

eV

N 2s -26.00 II 1.000

N 2p -13.40 C 1.625
0 2s -35.30 N 1.950

0 2p -17.76 0 2.275

C 2s -21.40

C 2p -11.40

studies ab iii.itio. These comnditionns are muot

stminngenst, anud apply to tine types of imntemmual
rotnitiomual modes studied inn thus paper.
Tine work of 1’innk ansd Ailems also sinows that

btumniers computed by usinsg sums of orbital

ensengies mus mini mipproximmitionu to nnnolecular
ensergies wihl generally yield exaggerated

results.
It is importanut before presenstimng our

finsdimsgs to empinasize tlsmut tine nsetluods

used here inave linnited accuracy, annd this
fact must always be kept ins mind ins mussessinsg
our consclusiomns. 1’irst, tine extemuded HUckel
theory utilized for consfommatiomsal calcula-

tionns exaggerates stenic effects, so thuat pre-

femned comifonmatiomss are gennerally predicted
accurately, but notatiomnal barriers are
gemnerally too large, as are ensergy differ-

ences betweems various comnfomnnationus of tIne
same molecule. These shomtcominsgs cams be
minnimized by compminimsg a series of results

for similar molecules amid also by use of
experimenstntl insfomnsations . Seconnd , tine

CNDO (Complete Neglect of Differential

Overlap) calculations of charge distmibutiomss

sinould be mucin more adequate oms an
absolute basis thnnums tine consformnnatiomnmul
results. Tinis metisod gives good results for
dipole momensts ninsd for tremsds ins dipole
momemsts uvitisins a series of related nniolecules.
Therefore, tine discussion of trends ins charge

distnibutionss below is omu firm gmounsd.

Further justihcnttions for this comsclusion

lies inn the parmullel results obtainned for
trends ins cinmurge distributions foumnd by

calculatiomss ab initio.

For tine cmulculnutions of tine catechnolmi-

nsinses (Ia-d) inn tinis study, it wmis nnecessamy
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to kmnow precise three-dimemnsiomsal coordi-

nsates for each atoni. This uvas accomplished

by nneamss of a computer program that was
obtaimned from tIne Inndiamua Umsiversity

Q uamstunn Chemistry Program Exchansge.

The program performs a series of vector

summationns uvith previously detemmimsed
plamses of atoms as referemsces. The program

cans be keyed to output the atom coordi-
nnates onn punsched cards, ins the fields re-
quimed for tine extensded Hflckel program.
Tine bonid anugles amid lenngths used ins the

coordimsates program were assumed to be of
comsvemstiomnal dirnenssiomus. Bond leisgths
were a.ssumed mnot to vary ins the differemst

comuformational models.

CONFORMATION OF SIDE CHAIN

Altlnougls the barrier ensergies are cx-

pected to be exnuggerated withn respect to
their absolute values, a comparisons of

calculated barriers ins a closely related series

is justifiable amid should give ann indications

of diffenennces ims a series of molecules amid

tine orderinug of the barrier heights. As the
msitrogen of adrenergic agonsists is largely

protomnated at physiological pH values,
this was tine form comssidered. The phemsolic
hydroxyl groups were assumed to be trans

to eacin otiner in relations to tine plane of the
nimug, as found from crystal data (14). This

assumptions may nsot be correct ims solution
or tine gas phase, but this uviil have no effect
ons tine rotational profiles computed since

chain C-C bomsd was rotated through
360 degrees in 60-degree increments. Al-

though these increments may be considered
somewhat large, it is expected that any

gross changes in the notationnal profile will
be obvious evemn uvith sucin a large mesh.

The calculated connformational emsergies

for norepinephrine, epinephnimie, N-ethyl-
norepinepinnimse, and isoproteremnol are listed

in Table 2. We have previously reported the
results for norepinephrine (12). Each

adrennergic agomsist has an ennergy mini-

mum uvitis the benzeise n-mug amid amine

trans to each other (ha), amid secondary
minima in the tuvo gauche arransgements

(hib) of approximately equal energy in-S
cremennt above the minsimum. Larsen (15)

NHR

isas necemstly proposed ams explamnation of

tine trends in adremnergic activity of tine

catecisolaminse series ha-d involving the
influence of the R group ons the comiforma-
tional preference of tine side chain. His

scineme beginis with the enzymatic ehiminsa-
tionn of the benzylic hydroxyl of the cate-
cisolaminse to form ami aziridimse ring (lila)
and a quinone (hhhb) in equilibrium.

H +R

HO_f�_C’�_�CH2 �

(lIla)

HA
(alpiza receptor)

O�-��--CH -CH2----NH2R

H�/ A

Alpha receptor complex

(Hib)

+

9K\ )nCH-CH2-NH2R

O-��-CH-CH2_--�H2R

Beta receptor complex

HB
(beta receptor)

these groups lie too far from tine rotatimng

part of the molecule to exert ansy insfluence

omi tue preferred connformations. The side

Subsequent reaction of intermediate lila
or Ilib uvitin the alpha or beta receptor,

respectively, leads to tine characteristic
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T�mmLE 2

Comparison of calculated barrier heights separating

ha and JIb

R J�(II-a) - E(IIb) E(harrier)

kcal/nzole kcal/;nole

11 3.46 5.58

Cl!3 3.71 5.14

CH3CH2 3.22 5.43

(C113)2C11 3.52 5.33

respomnse. Tine ability of tine aziridinne (lIla)

or tine quinnone (Ilib) to predomimsate inn the
equilibrium detemmimses uvhiethier the mole-
cule is ams alpha or beta agonsist. Tine relative

conncenstmationn of lIla or Tub is thus de-
pemndenst ons tine msatume of H, according to
Lamsens.

Tine msature of tlnis It-group depemsdennce

uvnus based ons tine retusonnimug that, for mini
azinidinse nimng to form lila, tine molecule
must be able to rotate from its preferred
consformtutioms, ha, based ons nuclear mag-
nsetic mesonsamnce (16) amid molecular orbital
studies (12), to a less favored conformations

alignsinsg tine munsinno ansd inydroxyl groups in mu
trans amnanngemennt (lib) . These trans groups
would thens be inn mu favorable relationnsbuip
for rearward disphacememnt and nuzinidimie

ring formations.

Tine barrier to this comsfonmationsal chnunsge
is, accordinsg to Lansenn, dependennt uponn the

bulk of the II substituennt, uvhicbn lie assumes
incremLses from Ia to Id in tine catecholamimse

series, I, and tinus decrenuses the proportions

of comiformer lib munnd therefore of lila.
Several argumemsts may be raised againsst

tine proposed mechnanisnn of Larsen. Altinougis

it is ingenuous from a cinemical poinst of
vieuv, it requires ultimmute covalennt bond

formations uvitin both alpha amid beta re-

ceptom features. Thus is msot connsistemst with

tine higinly reversible nsatune of adrenergic

actions, as sisouvni by tue complete extract-

ability of catecholamimses from tissue (17)
and tine ease uvith uvhicis blockimng agents
reverse catecholaminne effects.

The postulated influence of the R group
ons tine comiformnutioni of tine side chain is

amensable to verification by our calculations.

Our calculations on the series of catechsola-
minnes Ia-si indicated an identical conforma-

tiomial preferennce corresponsding to I Imi.
The calculated ennengies of tine louvest

barriers betweems ha and lib are shouvms ims
Table 2. Ins this table is also shown tine cal-

culated energy diffenemuce betweems con-
fonnuuers lint timid Jib. It appears from Table 2

that tine barrier betweens conformers ha
timid lib is of umniform magmsitude throughout

tin(’ series. I’un-thnermome, tue calculated
ensergy diffenemnce betuveeni comufommens is
umsiform tim rouginout tine series, inudicmutinsg a

compnurable preferemuce for ha throughout.
From these cmulculationss, we postulate that
tine innfluence of tint’ It group ons tine nnitnogen
in tine catecinoltunsimse series, I, is probtubly
not stenic tumid tinat nuns explamiatioms for tine
specific muctivity ratio of alpha amid beta

agomnists imuvoking sucin tins influemsce is nnot

supported.

CHARGE DISTRIBUTIONS

Amnothier exphamsnutioms for tine tmensds of
activity observed ins tue series mtty insvolve
a vamyinug electronnic effect of the R group

ons tine onmium nnitrogenn amid inydmogenis (18).
To test this possibility uu-e hnave againn

resorted to nsI)lecultum orbital calculationns

ons model compouisds simulatimig tine en-
vinonsmemst of tIne onsiunn gmomn�: inn tise series

of catecinolaminses, I. Sinnce extemuded Hflckel
theory is inadequate for tine descriptions of
cinange distributionus, these calcuhationus uvere
cmunried out usinng tue CNDO formulatiomi
of semi-empirical molecular orbital theory
developed by Pople amid Segal (19). Tinis
metinod is kmsouvni to give adequate charge
distributionns, simsce electron repulsions ef-

fects are insciuded, wisicis prevents tine

large buildup of charge at electronegative
centers founsd in extended Hiickel theory.

We have nuiso carried out self -consistenit

field studies ab initio oms several small mole-
cules comstainsimng the onsium group in order

to mussess the tuccumacy of the trends pre-
dicted by CNDO. The latter calculations
uvene cmirried out uvitin a modest set of

Gaussiminns (sevens s-ombitals amid three

p-orbitals for each of tine x, y, amid z direc-

tionis cemitered at the carbons and miitrogen

nsuclei, and three s-onbitals centered at

eacin protons) . These orbitals were contracted

to a minsimal set using results obtained pre-
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viouslv (20) for I i��l mocturbomn nss()leCul ds
numnd frons a cmulculatiomn on tint’ nsnethnvlnuni-
nniomuunn compounnd insinng ann unnconntm’nict(’(�l

nnitmogenn set. lint’ j�rogrannn rt’quired for tIne

cmulcuhmttiomns ab initia uvmus wnittenn by omit’ of

Ins (,J. Ii.) munnd linus beemi utilized extennsivehv
inn pn’evn��s computmutiomns ons instemmimul motmu-

tions annd connfomnnntutiomntul stu(hies inn isvdmo-
cmurbomss (20-23).

It should be enssphitisiZe(l before discussinng
tine clnmurge distribintionis thntit tine absolute
vmuhunes of clnmurge (lt’nsiti(s mine nnot of inns-

pottminice hnem�’, bitt ntutlnt’n tint’ n’lmutive
nnimignsitu(les miml(l clnmtmnges inn clnmurge dist ribu-

tionn mis omit’ j)tusS(’5 fronn nnnolecule to mnsole-

ctnhe. It is mint of conncenmn that crude cmulcu-

hat i()tns ab in tIm or (�N I )() resinits fun ci nmurge
(lenisities tune not likely to be highly muccummute
ins tine mubsolute semnse. TIne chiannges ins change
distnibutionn sIioUl(l be meheVtumit, inOW(’V(’t.

Figure 1 illustrates tIne cinmumge distnihim-

tiomn for five omniunn conspoimnnds mis connspute(l

H � H.+0.28
H +0�8 : 14+0.12

� � H

H’�� ,,C.+O.02 ,#{231}�O5

H +0.10 H +0.13

Fm u . I . ( har#{231}jedistribution in sonti’ q ualernary

(111110(5 (15 (001 paled .froni (iii i�ii1io and (.VDO

((‘(lie

by tine CX 1)0 tini(I ab inilia sehf-conssistemut

field stu(iies. �l1ine nnimmnnbers tun.t’ gn.(uss cinarges
tut emuchn center mus fOUmn(l fronsn mu ‘iluslhikemu

Pol)Inlmutiomn tunimulysis (24). It is muj)pmtrenst

thnmut thn(’ 5tiflie gemnemmul tren(ls ins cinan’ge
(listributiomn mun.(’ nnote(l inn both tine ab in itio

tumi(l CIN 1)() calcinhmstionns, tine nnntuj ()r differ-

(‘niCe betweenn t1i’ two nsnetiso(ls beimug thsat

CNI)O ts�)petirs to simsoothn out tint’ change
(histflbUtiOmn sonni(’uvhnttt more tinmumn is foumsd
frons mi sehf-comnsistentt field uvmive fumsctions.

ii3othi nnsetinods l)redict certainu femutures.

l”irst, the positive chnnurge of these onsium

connspounl(ls is mnot loctuhized ins mu small

negions of spnuce Wi nici i would be ensergeti cally

innnfavomahle. Hmutlner, the I)Ositive cisarge is

distributed thirom mgi tout the mnsolecule ons the

inydrogemi nnuclei, with tine eturbomus amid
tnitr()gens beimng miegmutively charged or es-
senntimullv mneutmtul. Seconnd, tIne cinmirges OIi

tIne nnitrogenn atonsns muppemur to be mufunmsctioms
only of tine nnumher of bomnded nulkyl groups,
mint of the idenitity of tinese gIouj)s. This is

mulso true for thl(’ inytlmogets nnuclei of tine












