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SUMMARY

Time conformat ionial arid electronic properties of acetylcimoline , nmuscarimie , and nicot me

have been investigated by the quantum mechanical metimod of perturbative configuration

interaction using localized orbitals. The results obtained in time field of preferred coniforma-

tions, in particular in the case of acetylcimoline, are in satisfactory agreement uvitim experi-

nmental observations based on X-ray data. Time distribution of time net electronic charges

indicates, among otimer conclusions, time nearly neutral cimaracter of time quatem-nary nitrogen,

time distribution of a large fraction (70-SO 9) of time formal positive charge of this imitrogenm
on the surrounding alkyl groups, producing a large cationic globe, ammd time near equivalence

of time net total negative charges on time 2 oxygen atoms of acetylchohine. Altogetimer, time

results do riot favor a primordial role played by changes of conformation in tile interactiomis

of acetylcimohine with different clmohnergic nerve receptors, altimougim some sucim changes nmay

occur because of the appreciable flexibility of this molecule. Timey poimit ratimer to time im-

portance in this respect of the electronic characteristics of time molecule. Thus, time involve-

ment of time cationic globe iii interactions uvith all cholinergic nerve receptors amid timat of time

carbonyl and ester oxygens of acetylcimoline in interactionis witim the nicotinmic and muscarinic

receptors, respectively, seems plausible.

INTRODUCTION

Acetylchohine (structure I) is time natural

intercellular effector in nervous transmission

systems, and its fundamental importance

in this field has stimulated a great amount

of experimental and, more recently, theo-
retical work on time structure of this mole-

cule, both for its ouvn interest and in com-

parison with related substrates of cimohinergic

systems. Generally, cimolinergic receptors
in the peripimeral nervous system are di-

vided pharmacologically into nicothiic and

muscarinic, depending upon whether stimu-

This work was supported by Gramit CR-66-236
from the Inst.itut National de la Sante et de la

Hecherche M#{233}dicale.

lationi of time nerve junctiomis occurs by

nicotine or by muscaritme. Because of this

dual specificity of time cholimmergic receptors,

tilere was a natural tendency to associate

tile activity of acetylcimoline with tuvo

distinct structural or reactive features of

this compound. Broadly speaking, these

have generally been considered as con-

sistinig either of tuvo distinct conformers

(e.g., refs. 1-4) or of tuvo different combi-

nations of reaction sites on one (altimough

possibly not too rigid) conformer (e.g.,

refs. 5 arid 6).

Acetylcholine is a flexible molecule, arid

its structure, in particular its conforma-

tional possibilities, has attracted the at-
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tention of theoretical investigators. Two

studies imave been carried out in this respect:

one by an “empirical” procedure, in terms

of van der Waals pairuvise inmteractionis be-

tweenm nonbonded atoms arid threefold

torsional potentials (7), arid the other by a
relatively sinmple molecular orbital quantum

mechanical method, time extended H#{252}ckel

theory (5). Time two treatments led to
different results, arid, as uvill be seen from

time fort hcoming discussion, are both
somewimat unsatisfactory. This situationi

pronmpted us to re-examine the problem

theoretically uvith time help of a more refined

quantunu mecimanical procedure, PCI If),

perturbat ive configuratiorm interaction using
localized orbit als, developed recently in

our laboratory (9, arid references indicated
timereimm), uvlmicim imas beeni used successfully
in time study of conformational problems

conmcerning a large number of biomolecules:

time amino acid residues of proteins (10-13),
nucleosides amid nmucleotides (14), steroids
(15), disaccharides (16), retinals (17), anmd

others.

We imave also extended our researcim to

t�1 I

H�-CifnrH

H � � )� t� /H

H’�1 ‘� #{176}t �t T3

time study of time two acetylcholine agonists,

muscarine (II) anmd nmicotinme (III). The first

of timese molecules has also been investi-

gated empirically (15) and by the extended
HUckel theory (5) ; time second, only by the

extended H#{252}ckel theory (19).

PROCEDURE

The designation PCILO stands for per-
turbative configuration inmteraction using
localized orbitals. Details of the method

are to be found in time original papers (9).
Onily its broad principles are outlined here.

A larger summary has been presented else-
uvimere (13).

The met imod coimsiclers all valence elec-

tromis, arid timerefore involves simultaneous

study of the �- and nr-electrons. It takes

iimto account inmterelectronic repulsions and

goes beyonmd time self-consistent field ap-
proximation in time calculation of the ground

state energy, by incorporating an appreci-
able fraction of time correlation energy. Its
fundamental idea is to choose a set of rea-

sonable bonding arid antibonding orbitals

localized 0mm time chenmical bonds. Such a set

may be constructed on a basis of hybridized

atomic orbitaLs (Xi), the bond orbitals

being obtained as linear combinations of
distinct imybrids taken two by two, each
bonding orbital �, being associated with

arm ortimogonal antibondinmg orbital �i*:

= cilXii + c,1�2��2= ci2xir - cilxir

A localized orbital representing a lone pair

is described by a single hybrid orbital.

Time bonmding orbitals are then used to
construct a fully localized Slater determi-

nant. This determinant represents the

0-order wave function for time ground state

of time system. Time antibonding orbitals

are utilized to build time excited states, and

H H H

N

(b)
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a configuration interaction matrix is con-
sidered to be constructed on such a basis

of configurations. Timen the lowest eigen-
value and eigenstate, i.e., the energy and
the wave fuimction of the ground state of

the system, are obtained by a Rayleigh-
Schrodinger perturbation expansion trun-
cated after the third order.

As a tecimnical sinmplification, the principal
working Imypotheses of the CNDO/2 pro-

cedure have been retained, in particular the
hypothesis of complete neglect of differ-

ential overlap as uvell as the general para-

meterization of timis procedure (20, 21).

The calculations have been carried out
on an IBM-360-75 computer. The evaluated

energy differences between the conformers
are estimated to be significant within the

limits of 0.5 kcal/mole.
The treatment of the molecules investi-

gated uvas carried out along the following
lines.

Acetylcimoline (I). Although acetylchmolinme
conmtains eight single bonds, there are only

four important torsion angles (indicated as

71-T4 in structure I) and, in fact, only two

essential such angles, ri and ‘T�.1 Thus, in
the first place the methyl groups of the

quaternary nitrogen may be taken in stag-

) gered positions, the trimethylet.hylammo-
nium backbone being (as it is in all known

chohinergic molecules) antiplanar with T� =

r(C5-C4-N�-Cn) = 180 degrees. From

our studies on dipeptides (10) we may also
fix the C7 methyl group witim a C-H bond
eclipsing the C6=02 double bond. More-

over, because of the partial double bond
character of the C5-01 bond (similar

to the partial double bond character of time

0

C-N bond of time peptide group C-N),

H

the torsion angle T� = r(C7 -C6-01-C5) =

‘The torsiomi angle r of the bonded atonms

A-B-C--D is the angle betweemi the planes

ABC and BCD. Viewed from the direction of A,
r is positive for clockwise and negative for coumiter-

clockwise rotations. The value r = 0 degrees
corresponds to the planar-cis arrangement of the
bonds AB and CD. Values of r = 0, 60, 120, and

180 degrees are termed syn-planar, syn-clinal,

anti-clinal, ammd anti-plammar, respectively).

180 degrees (5, 22). We are therefore left
with the two essenmtial torsion angles:

Ti = r(C60rC5C j) and r2 =

r(Or-Cs-C4-X1). It is time study of

these rotations on uvimicim our attention will

be centered. Timey have been calculated
with 20 degree increments, uvitim time ex-
ception of time region near time global mini-

mum, where the calculations have been
refined using a 5 degree increment.

Time geometrical input data for acetyl-
choline (bond lengths and bond angles)
have been taken from the crystal structure

of acetylcholinme chloride (23) , uvitim the

assumption of symmetry of time arrangement

of the three CH3 groups attached to N�.
Muscarine (II). The tuvo torsion ammgles

taken into consideration define time rota-

tions around the CringCH2 bond (desig-

nated T2 by analogy with acetylchohine)

and around time CH2-X� bond (r3). A
staggered conformation (T3 = 60, 180,
and 300 degrees) may, of ur, be pre-

dicted for this last angle and, as uvihl be
seen hater, is actually found. Time geo-
metrical input data (bond lengths and bond
angles) for this molecule uvere taken from

the crystallographic study of ,Jellinek (24)
on muscarine iodide. Following time mmdi-

cations of this study, uve have placed the

ring methyl group on time same side as the

chain -CH2-N�(CH3)3, while time OH
group was placed oni the opposite side.

Nicotine (III). Two rotatiommal angles

may be considered. One concerns the methyl
group of time pyrrolidine ring (angle #{231}o),

although it is expected that timis group is

staggered with respect to time ring. The es-

sential torsional anmgle r defines the nmutual

arranmgemenmt of the tuvo rings, pyridyl vs.
pyrrolidine. We have varied si nmultanmeously

the two angles and imave confirnmed, as will

be seen shortly, that time stable conforma-

tionis corresponmd to the staggered arrange-

merit of the metimyh group. An anmbiguity

remains, houvever, concerning time mode of

attachmenmt of this metimyl group to time

pyrrolidine rinmg. Tuvo possibilities are avail-
able a priori (lila and Ilib), corresponding

to time trans and cis arrangemenits of the
methyl group with respect to time pyridine
ring, and in the absence of decisive evidence

uve imave carried out calculations for both

forms. The geometrical input data for this
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molecule correspond to standard values of
bonmd lengths and angles.

RESULTS AND DISCUS5nON

Acetylciwline. Time coniformat ionmal energy
map of acetyheimoline (isoemmergy curves as a

function of Ti anmd r2) constructed by our

quanmtum mechanmical PCI LO calculations
is presented in Fig. 1. There is a global

minimum situated at Ti = iSO degrees and
= 60 degrees, uvimicim, togetimer uvitim time

adopted values of r0 = r3 = 150 degrees,
corresponds to a structure which may con-

ventionmallv be described by the svnmbol

TTGT, underlying time gauche conformation

of time Or amid N+ atoms arid time trans ar-

rangenment of time remaimminmg atoms of time

backbone. A local minmimum, situated about
1 kcal/nmole above time global one, is found

at Ti = 120 degrees amid T2 = -80 degrees.
[By svnmmmmetrv, timere are of course identical

minminma at (Ti, T�) = (-180, -60 degrees)
and (- 120, SO degrees); uvimicim correspond
to enmanmtiomorpims.1 It nmay usefully be

stressed timat around timese nminima, amid in

FIG. 1. (‘onformmmational energy map of acetylcholine

Isoemmerg curves in kilocalories per mole with

respect to the global mininmunm (*), take,, as

zero emiergy. Shown are experi niemit al comiformn -

tions #{149})imi crystals of (1) acetylcholine cimloride

(23), (2) acetylcholimie bromide (25), (3) lactoyl-
choli mie iodide (26), (4) acetu’I-a-methvlcholimie

(26), (5) dimethylphenvlpiperaziime (26), amid

(6) muscarimme iodide (24).

FnG. 2. Energy variation for rotation

Ti of aceiylcholine.

T� 180 degrees; T2 = 60 degrees.

particular around time global one, there

are large plateaus of hou�’ enmergy, as illus-
trated by the relatively broad contour of

time 1 kcal/mole isoenergy curve. Time

mimminma, amid in particular time global one,

are timerefore associated uvith a considerable

flexibility, especially as conicernis the van-

ation of T,.

Before confronting timese results uvitim time
available experimental evidence it may be

useful to conmpare them uvith the previous

timeoretical studies, nmemmtioned above. The
“enmpirical” calculatiomis of Liquori et al. (7)

led to time prediction of four higimly localized

energy minima, all of timem rio more timanm

0.7 kcal/mole above time louvest among them.

Time most stable conformation corresponds,

following those computations, to time totally

extended form, fohlouved by one iii uvhich the

0� atom is trans to the N+ atom. Our most
stable conmformationi is only time timird sucim
on their scale.

Time results of time extenmded H#{252}ckel theory

have beenm obtained by computing mdi-
viduahlv time variationis mm energy come-
spomidimmg to each torsion angle studied. Time

results lead to a preferred conformation

associated uvitim T� = iSO degrees and T2 =

SO degrees rind timus are close, from timat

I)oinmt of view, to time most stable conforma-
tioim found in our calculations. Houvevei,

Kier (8) found that the carbonyl group is

free to rotate 60 degrees to either side of

the planar-cis arrangement witim respect to

the O�-C� bond, i.e., timat time torsiomm anmgle

T� corresponmds to a conmstanmt value of energy

bet uveenm 120 arid 240 degrees. This result

led Kier to postulate tuvo conformers uvith
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similar values of Ti atid r� but different values
of TO (4). Before emmgaginmg mi furtimer dis-
cussion, we nmav already say timat our ouvmm
computat ions disagree uvitim Kier’s results

concermminmg the simape of time T� rotational

curve. Time curve obtaimmed by the PCILO

metimod is givemm in F�ig. 2. It simows time

existermce of a definite minimum at 180 de-

grees, corresponmdinmg to time plananity of time

ester group, uvitim time etmergy risinmg coimtin-
uously upon departure from timis arrange-
nmenmt. A 60 degree torsiomm uvould correspond

to iiI) inmcrease in energy of about 4 kcal7

mole.
\Ve mmow turnm to time available experimental

results, uvimicim nmay simed some higimt onm time

real situation. These results come mmtime first

place from X-ray studies on acetylcimoiiime
crystals armd rehated conipounds. The most

signmificanmt from timat Point of view is, of

course, time model compoummd of time calcu-

lat iou, acetvlcimolinie cimloride. Time observed
confornmatiomi (23) correspoimds to Tj = 166.9

degrees arid T� = M4.7 degrees and, as cani

be seeum from Fig. 1, falls very umear our
calculated global minminmum, witimin time 1

kcai/mole isoenmergy curve. It corresponds to

a gauche arranmgenmeumt of time 0_C_C_X+
systenm. Time same arrangemeumt is also founmd

in a nunnmber of closely related mohecuies-L

(+)-lactoylcimoline iodide (IV), uVitim T� =

157 degrees and T� = 85 degrees (27); 1 , 1-
dimet imvl-4-pimenmylpiperazine (V), uvit im T� =

179 degrees amid T� = 55 degrees; arid D(+)-

acetyl-o-nmethylcimohine (VI), witim T� = 170

degrees amid T3 = 90 degrees (26)- arid is

coumsidered by Sundaraiinmgam (2S) to be a
commomm structural feature of mmerve amiumes

anmd pimospimolipids (see also ref. 22).
On time other hamid, time crystal of acetyl-

choline bromide (25) corresponds to a sig-

nuificantly different conformation (Ti = 79

degrees, T2 = 77 degrees), uvhmicim is a gauche-

gauche arrangememit. It cani be seenm, imouvever,
timat altimougim someuvhat different from time

compoummds mentioned above, time conmforma-

tion of acetylcimoline bromide is still uvell
uvithin time 1 kcal/mole isoenergy curve and

C H1-�--d�--0-C H�-CH�.--NiC H3)3

‘V

C6H#{231}- N- C H�-CH�--N’(CH&

NCH�CH2/ 2

V

C H�-�-0--C H�-CH-N�(C H3)3

0 CS3

VI

its energy therefore cannot be far above time

eumergy of time trans-gauche amraiigenmeumt . It is

particularly gratifying to observe that XMR

studies on acetylcimoline bromide iii D3() have

simouvn timnit thus molecule assunmes in soiutiomm

time trans-gauche arraumgenmenmt uvithi T, � 150
degrees (29).

Altogether timese experimental u’esults con-

firmtime significance of time quantum mecimaumi-

cal conmputatioums arid differ from time predic-

tionis of time empirical omies, wimicim proposed,

as we imave seen, timat time most stable coum-

former of acetvicimohine simoumld be time all-
trans one amid timat time traims amid (lane/me con-
formers should 1os.sess lit tie energy dif-

ference.
It niay, imowever, be useful to iumdicate that

acet vlt imiocimohine aimd acet v Iselenmochohinme

(compoumids in wimicim O� of st runct ure I is

replaced by S and Se) imave been found to

imave time trans comiformatioum of timeir X+__

C-C-S(Se) grouping [Ti = 129 degrees turd

T� = 171 degrees iii acetylthiocimohinie bro-

mide, amid Tm = 124 degrees and T2 = 175

degrees in acetylselemmochohinme bromide (30))
aumd that time trans conformation of acetvl-
timiocimohirme is conmserved in solutioum (31). hr

time absence of computations oui timese auma-

logues, winch uve intemmd to investigate, we

can onmly imote from time quoted observations

time perserveraumce of time preferred con-

formation, iimdicating probabi�’ a relatively
higim energy barrier betweemm the trans arid

gauche arraumgemeumts.
Muscarine. Time conformational energy

map of thus molecule is simowum mm Fig. 3. A
single stable conformation is fouuid, cor-

respomiding to T3 = 60 or 150 or 300 degrees
(staggered) and T2 = 60 degrees. It is idemiti-

cal with time conmfornmatioum fouumd by Kier (5)

(because of differemmces in time definition of

T3 = 0, tIme angle T3 for time stable commfornma-

tiomi imas time value of 180 degrees in 1(ier’s
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(�(, rine.

Isoenergy curves iii kilocalories per nmole with

respect to the global minirnmum (*), takemm as

zero emmergy.

Paper) aumd corresponds precisely to time
experimeumtal coniformatioui (24). No ap-
propriate comparisorm is possible with time

results of time empirical computation (uvhicim

seem to predict three local minima), be-

cause of difficulties in following the presenta-
tion of its results (compare Fig. 2 and Table
3 of ref. 18).

Nicotine. Time conformational energy map
of nicotine in its tuvo calculated forms is
shown in Fig. 4. In both forms there are two

distinct regions of stability, which correspond
to a staggered position of the methyl group
of the pyrrolidine ring and are centered

around 100-120 degrees and -40 to -80
degrees for the rotational angle T, betuveen
time pyridyl and pyrrohidine rings. Houvever,
while time global minimum of form lila cor-
responds to T = -40 degrees and its second-

ary minimum to T = 120 degrees (at about
i kcal/mole above time global one), the re-
verse is true for fornm Ilib, in which the
global minimum occurs at r = 100 degrees

and the secondary minimum (1 kcal/mole
above) at T2 = -80 degrees. Altogether the
calculations predict form lila to be about
4 kcal/mole more stable timan form IIIb, a
result wimicim seems to be in qualitative agree-
ment with the conclusions of Craig et al.

(32). Our results timus differ somewhat from
those of the extended H#{252}ckel calculation of

Kier (19), who studied the enantiomorph of

form lila and also found tuvo minmima at

similar coordinates, but estimated timem to
be equivalent iii energy.

The experimental data (26) seem to be in

relative agreement uvitim the quantum-me-

cimanical computations indicating the angle

T = -62 degrees.

(b)

FIG. 4. Conforniational energy map of nicotine

(lIla and IlIb).

Isoenergy curves imi kilocmmlories per mole with

respect to the global miiiimunm (*), take,, as

zero energy.

The principal general conclusions wimich

can be drawn from this review of the

theoretical results and their comparison with

the available experimental evidence at this

stage of our discussion are time following: (a)
Acetylchohine has more conformational flexi-
bility than muscarine or nicotine, (b) The

flexibility of acetylcholine stems, however,
from rotations arounmd Ti and T2 (in particular
around r�) and not, as claimed by the ex-

tended H#{252}ckeltheory, from rotation around
TO, (c) Time gauche arranmgement of the
esteric On atom with respect to time N+ atom
appears to be a preferred conmformation in

acetylcimoline, the trans arrangement beinmg
approximately 3 kcal less stable, (d) Mus-
carine is the least flexible of the three com-
pounds studied, being associated with a

single arid rather restricted minimum energy
zone. Nicotine has two local minima, which,
however, are riot equivalent, one being about
1 kcal/mohe more stable thanu the other.

Witlm these results in mmmd uve may con-
sider somewhat more closely time different
proposals related to the muscarinic and

nicotinic receptors of cholinergic systems. It
is obvious, of course, that since time calcula-

tions have beeni nmade for molecules in a
a vacuum the results must be interpreted
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with caution ; houvever, the relationship

seems worth exploring.

First, it is apparent that our timeoretical

results do not particularly favor the hypotime-

sis that two fundamentally distinct con-

formatioums of acetylcimohine interact with the
two types of receptors. One global mini-
mum, ium uvimose vicinity the essential experi-

nient al conformations under investigation

fall, imas been found for this molecule, uvitim
time exceptionm of acetylcholine bromide,
uvimich, imowever, reverts to this global mini-

mum conformation in solution. Whmenm the

appropriate rotational angles of muscarinme
and nicotine are plotted on the acetylcimoline
conformational energy map, timey also fall
umear the global mirmimum of acetyhchohine.
It is true, however, that time buy energy zonme

(less than 1 kcal/mole) located around time

global minimum is a large one, permitting

mucim flexibility.
In view of timis situation we may thiemm

cenmter Our attenmtion on the proposals uvimicim

relate time dual receptivity of acetylcholine
to distiumct structural or reactive features of
timis compound. Two major proposals have

been made recently in this respect. One, by

Chothia (5), distiniguisimes tuvo “sides” in

acetylcimoline, time methyl side and time car-

bonyl side, time first one activating the

niuscariumic receptors and the second one the
nmicotinic receptors. In more detail, time es-

senitial structural features of time muscarinic

agonists responsible for timeir interactioum
with the receptor are, according to Cimotimia,

the quatermmary nitrogen group anmd time

terminal metimyl group (C7 in acetylcimohimme),
while time essential structural features of the

nmicotinic agoumists are time quaternary group
and time carbonyl group. Time second pro-

posal, recently presented extensively by

Beers and Reicim (6), also considers the dual

receptor action to be due to interactions

based oni two different combinations’ of
functional groups iii time transmitter mole-

cule. According to timese authors, in time

muscarinmic series time functiommah groups uvimich
determine interaction are a quaternarv am-
moniunm groupinmg, time ester oxygen, uvlmose
lone pair of electrons can act as an acceptor

for imydrogerm bonmding, arid time terminal CH3
group; iii the nicotinic series time functional

groups are again time quaternary ammonium

center and time carbonivl oxygen, uvhiciu also
acts as an acceptor for imydrogen bonding.

The two proposals are therefore extremely
similar uvitim regard to nicotinic activity,
wimich both suggest is determined by time

combined action of time X+ cationic center
and the carbonmyh group [tire same comicept
uvas also proposed by Icier (4)). They differ
someuvimat in timeir conmceptionm of the mus-
carinic agents. mm particular, uvhihe Beers arid
Reich attach great importance to the role of

the esteric oxygen in this respect, rio special
role seems to be attributed to this atom by

Chothmia.

In an effort to simed sonme light on the
validity of timese proposals, we may con-
sider tuvo structural features of the molecules
studied imere wimichm may possibly play a
significauit role imm the correlatiomi proposed.

Timese are time interatonmic distanmces among

the complementary active groups (the afore-
mentioned proposals being generally as-

sociated with restrictionms on timese distances)
and time distribution of electronic cimarges,
uvlmich may, of course, play a dominant role
in time cimemical action iumvolved.

Calculation of t hue iumterat omic dist anmces
associated uvitii time nmost stable conmforma-

tions predicted for acetylcimohinie, muscarine,

amid nicotinme indicates a theoretical distance

of 3.02 A betuveen X� aumd time esteric
oxygen atoms (against time experimental
crystal value of 3.26 A) aumd of 4.93 A be-
tweeim N+ arid time carbonmyl oxygemm atom inn

acetylcholine. In muscariume, time calculated
N�-esteric oxygen distance is 2.91 A (com-
pared with time experimental value of 3.07

A). Finally, the calculated distammce betweeni

time tuvo nitrogen atonms inn nicotine is 4.3-4.7

A. Timese results point in particular to the
close similarity, mentioned frequently above
of time N�-esteric oxygen distances in acetyl-
choline and muscarine and, from time usual

pharmacological point of view, would sug-
gest that these tuvo sites play a role in

muscarinmic nerve receptors. Time N+_X

distance in nicotine is close to time N+_

carbonyl oxygen distanmce in acetylcimoline.
Another hypothesis, put forward by

Chothia arid Pauhimmg (26), proposed timat time
conformation of chohiumergic molecules for

binding to nmicotinmic receptors irmvolves a
planar acetoxy or aromatic ring and a
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cimarged nmetimylated anmmoniiunm group, uvitim

a variable distammce betweenm time two but uvitim

time N+ atonu about 1.3 A above time plarme of
time acetoxy or aronmatic group. Our com-

putationis inmdicate that timis out-of-planie

distance is 1.1 A in acetylcimohinme anidl 0.9 A
mm nmicotinme.

Some more striking timid original conmclu-
sionms are suggested by the distributiorm of time
electronic cimarges inn time nmohecules studied
(Fig. 5). However, time charges slmoivnm in Fig.
S are total nmet electronmic cimarges (i.e., a
summationm of the nmet �- anid ir-cimarges,

wimere “net charges” denotes aim excess or

deficit at each atonm in relation to the
number of electrons time atom uvouid pos-

sess in an isolated state). Timus time� differ
fronm time usual represenmtations, mm uulnicii a-

amid ir-electronms are depicted separately (ex-
cept, of course, for timose obtained by time

extermded Huckel theory).
Examiniat ioni of time cimarge (list ributions

of 1’ig. 5 leads t o t ire followimmg essenmtial con-

clusionms.
1. Time N+ atom is in fact nearly neutral.
2. In both acetylcimohinme armd muscarine a

large part (70 �7’( ) ot I ire formal j)ositive

cimarge is distributed anmonmg tire three at-
tacimed methyl groups. Timese three mmmetimyl

groups timus form a kind of large ball of

spread-out positive electricity to uvhicim the
(Iesignmation of a imydropimilic cationic center
is particularly appropriate. Time remaining
fraction of time positive cimarge seenms to be

conmcermtrated on time tuV() CH2 groups of

acetvlchohimme or on t ire CH2 group amid time
adjoining ring carbon of muscarine, further
emmiarging time dimension of tire cat ionic
moiety of these molecules. In nnicotinre, about
80 � of time formal positive charge is distri-
buted on the periphery of tire pyrroiidinre
rinmg arid time attached methyl group.

3. Time carbonmyl arid! time ester oxygenns of

acetylcimolinme bear very similar nmet total
charges. Both atonms carry arm excess of about

O.25e arid are thus both negatively cimarged.
The intermediate carbon atonm carries arm

appreciable excess of positive cimarge.

4. A similar situation concerns time ring
and hydroxyl oxygerms of muscarinme. Both are
negative anmd carry a someuvimat larger nega-

tive charge timani time 2 oxygen atoms of
acetylchohine.

5. Inn nicotine, time pyridinme nmitrogeni car-
ries, as expected, ann excess rmegative charge;

however, this excess (-O.145e) is much
smaller than suggested by time extended

H#{252}ckelcomputationis. It is smaller than the

excesses on time oxygen atoms memmtioned
above.

These results uniderhinme time sinmilarities
in the electronic constitutions of the conm-

pounds studied and timus imelp to enrvision
common mechanmisms for their interaction
with chohinergic nerve receptors. The three

compounds possess similar cationic centers
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or globes, \Vitir small fractionmal positive

cimarges widely distributed uponn the pe-

ripimeral carbon and hydrogen atoms. All
possess onne or two anionmic cermters some dis-
tanmce away touvard time other end of the
molecule. Time equivalence of time total dcc-

tronmic cimarge of time 2 oxygemm atoms of

acetvhcimohine suggests timat both participate
jim interactionrs uvith nerve receptors, uvimich

nmakes temptimmg tire proposal by Beers and

Reicim that assigns onme oxygenm to interaction
uvith muscariuiic receptors and the otimer to
inuteraction uu-itim nicotinic receptors. How-

ever, the mere value of time imet charge is not

P a sufficient measure of the chemical reac-
tivity of an atom or molecule, because such
reactivity depends on time dynamic properties
(sucim as polarizabihity) of time system.
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