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5U\IMA It\�

The conformat ioiis of acetvlcholine and 22 r( htt ed (Omj)oUnds in a( iueous solut ion have

been determined by analysis of their XMR spectra. Gauche conformations depend on the
presence of the onium group and the Partial negative charge on the $-oxygen. good agree-

ment is obtained with crystal structures, except for (arbachol, which in solution has a f/auc/le

O/N+ conformation and in the crystal structure has a trans conformation.

There is fl() simple correlation bet weeti the predominant (onformat ions and the pot encv of

action of the drugs at either the nicotinic or musearinir receptor.

I NTROI)UCTION

Acetyicholine is a synaptic transmitter

that interacts With at least three distinct

receptor types as Well as being IL substrate

for the hydrolytic en���ies acetvlcholin-

esterase and chohinesterase. Because it is a

molecule which �aii exist potentially iii sev-

eral rotameric states, the question of which

rotamer predominates in solution enters into

discussions of structure-activity relation-

ships. In the past few years extensive X-ray

diffraction studies on the (rVstal structures

of acetylchohine and related molecules IlILVe

been reported. These studies raise the mi-
portant question of whether the unique con-

formation present in the crystal is the only

conformation present in solution or whether

significant populations of ot her (onf( )rmtL-

tions are also present. This problem can be

tackled by measurements of vi(inal fl-Fl
spin coupling (onstants by high-resolution

nuclear magnetic resonance spe(tros(opy.

The principle of the niethiod is that the

coupling of the spins of protons on adjacent
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(arbon atoms depends on the dihedral angle

& It Was established b� l�arplus on theoreti-
(al grounds that the relationship should be

1)l’OI )0It ioiial to (Os2�. Ext (1151 V( \V()rk on
compounds of defme(t geometry has (stab-
lished the reliability of this relationship,

eSl)(ciallV �vhieii the (oIlsttLIlts are based on a

s(ries of closely 1(Iate(I compounds 1(11(1 (tue

�tllowanee is made for the (hIe(ts on the

coupling (OlistItlits of the (l((t roncgativity

of the substituents. The method thus pro-

vi(les it basis for determining the relative
populations of tlie (olifolmatiolls 1)l’odtI((’d

by rotat ion about (1__( bonds. 1’( r the series

of (ompounds (Xamine(l hiete one (Itfl also

(leliVe (onformat ional inforiu�tt 1( )Il from the

coupling between 14\ nuclei and the protons,

which depends oii thl( N-C------(’---H dihe-

dial angle. Iii most molecules containing ‘4N
and ‘fl, spin coupling b(t \�‘((n t hese nuclei is

not observed because of the rapid relaxat ion

of the ‘�X nucleus which results from the

strong intera(t iou between its quadrupole

mom(nt and the fluctuating electric field
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gra(lidnts �vithin the niolecule. However, in

soiiie (Iliatel’IIai’V �tIi111101llU1fl (Oflipounds,

the high orbital siumetry around the nitro-

geti lea(lS to sniall electric field gradients, and

low quad rupolat relaxati( )iI rates and hence

the N -H couplings become observable.

Culvenot and Ham (1, 2) first pointed out

that the StilT! (\) atid �LII approximation to

the (hiference (14 of the vicuial coupling

constants, which are directly observable in

the A;! ‘JiB’ spectruni of acetyl(lloline, sug-

gest that it is present in the yauc/ie conforma-
tion. They subsequently showed that the �\‘

and L values for acetyltluocholine were quite

different from those Hi acetylcholiiie, and

indicated a hues conformation. Cushlev and

Mautner (3) carried out a fuller analysis of

the spectra of acetylcholine, acetyithiocho-

line, and acctvlselenorholine, which solidified

MeN -

these conclusions. Casy, Hassan, and \Vu (4)
have carried out more extensive studies on

the same lines, and also examined a- and

�-substituted acetvlcholines. The first use of

‘4X-’H couplings to elucidate the conforma-

tion of a- and �-substituted acetvlcholines
was by Inch, Chittenden, and Dean (5).

In the present work full spectral analysis

of a series of acetylcholine congeners has

been undertaken to put the calculation of the

relative population of rotamers on a more

quantitative basis by considering the ob-
served vicinal coupling constants to be
weighted averages of the component coti-

p1mg constants in the individual rota mers.

EXPERIMENTS AN!) 1IESULTS

The ‘H resonance spectra ��-ere measured

at 1(X) MHz and 220 MHz, using Varian

FIG. 1. Proton VifJf spectrum of choline bromide in D�() at 100 �IHz

lhe N -II (01 ipli tig is showit as are the L and X values uSed for t riat calculat i ns ii 1he LA( )( ( )( )N

Pr grain The weak (cot ral lines are showit at a 30-fold increased gain, the lower sect ion shows ire-

(illencies and iiit ensi ties of the t ratisi t ions calculated for the best fitto t lie observed sped runi.
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2a+l= 1 (1)

XL100-15 and HR 220 sj)ootrom(ters. All

compounds were examined as approximately

1 solutions in deuteriuni oxide at 300

[except for acetyl- a-methylohioline (0.25 �ol)].

Some were also examined in water, but no

differences due to the solvent, were observod.

Samples which showed line �viclths greater

than those expected from the resolving

power of the spectromflmt(r were also OX-

ttniined at 90#{176}Cto reduce the ‘4N relaxation

rate, so that sharper triplet splitting could be

observed on the �-CH2 proton signals. In

some cases dilute solutions of lower viscosity

were also used to redueo the 14\ relaxation

rate and so to reveal the N -H oou�ilmg.

\lost of the compounds were available

froni commercial sources. V - Benzvldi -

methvlethaiiolamnionium, oholine niethivl

ethet, (hoiline l)1iot1�l (1 hiei, V , V -(limet hyl -

niorpholiniuni, phenylet hyltrimot hylamm �-

niuni, oyolohexylet liyltri methylarnmoni 11111,

and �-anii noethvlt rimethvlamrnoniuni were

synthesized by standard met hiods. �-\ let hvl -

t hioet hyltrimethvlammonium was a gift

from 1)r. K. S. S(ott; 3, 3-dimeth�lbtit,ui-l -

ol, a gift from 1)r. V. Whittaker; and acetvl-

a-fllethyl(holiIi(, a gift from 1)r. E. IAsse!.

A ioalysis (If S/)ectma

ABX hype speebru. TIn (‘IL (H fiag-

nrients of the a- an(l �-stzhstituted oholities

gave spectra whioh wore analyzed as A BX

Spill systems by the suhspectial method (6).

AA’BB’ aiuIAA’\A’hype.speelra.Initially

analysis was performed by assuming that the

spectrum was approXinlat(ly ;1A’AA’, ttIl(l
subsequently tll( J)aram(t(ls \V(fl !(fi!ied

using a modified LA( )C( )OX oomputor pro-

gram (7). Figure 1 shows the methylone

legion of the ‘H spettruni of choline bromide

recorded at 100 MHz, together with the o,il-

culated spectrum obtailio(l by this method.

In this case the chemical shift and the vicinal

and geminal ooupling ooiistants (O)ul(l all bo

(xtra(ted from the spectrum. ‘ilie g(milial
couplings could be obtained beoause t hi

weak central transitions woro deteotablo.

The relative signs of the gominal an(l vicitial

couplings oould not be (lot ormined, booause

the largest effeot 0)! change of sign 001 a

transition frequenov Was approximatolv 0. 17

Hz, which is comparable with the pro(isio)n

of the line frequenov nit asureniotits. Flow-

ovor in othior substitutod othanes, the rela-

tivo signs of the geminal and vioinal oott�)lmg

oo)nstants ale well documentod (5) and are

always opposito; tho magnitude of the genii-

nal ooupling was 13.5 Hz.

Tho signals from tho 0-met hylene protons

exhibit the oharactoristio N-H triplets, and

lie coupling constant can be measured

(lirootly from the spootrum.

In some casos a small (less than 0.05-Hz)
unresolved ootlJ)l i ug between the methyl

protons and tho a-methylene protons was

ohserv(d. This (0111(1 he removed by double

10 5O!1�L!i(O spin-decoupling of the methyl

protons to improve the resolution of the

a-mothyleiie group.

(ale li/ui ion of Ho/amer PopUlatU)1I .5

/ , 2-Disubshit u/ed ethanes. Abraham lL!i(l

1- workers (9) have st udietl 0 xteflSiVOl\’ the

use of vicinal H- H coupling constants for

calculating rotamer l)o)l)ulations for 1, 2-di-

substituted ethanes. Using their nomencla-

ture, we can describo the throo most likolv

minimum energy confo)rmations as I, 11, an(l

III, with the compo )!i(Iit ViCiliIil COouplizig

constants as in(hcato(l below.

I II

j,f

‘� H�:�H/

H.
g_��’ �

F)

If the fractional populatio)lIs of 1o)tamors

I. II, and III are a, a, an(l b, respectively,

sl1(h that



Suhstituent

‘1’�1LE 1

I icinal II -Il co�iphin f/ ,‘On,S’/(ln ts in 1, )_�/j,� ibstil i/ed c/lou nes

R� and E are suhst it ienl (10(1 rollegat ivit ios (Ihiggins ) . Spragg’s vales (10) for norpholitie are

J = 127#{176})1 = 11)) / / = 2 S21l1(iiol i�oIg1led) I Not n1(J + I ) ‘tre±03 117

I! + 1,
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�2(Ji + J�”) -1’ .1’ J.� + J�’

liz liz liz liz

1)/N i.55 2.42’ 12.31 5.48 13.ti2

(‘1/N .2() 3.14 l2.�2 5.25 14.33

(‘/N. S/N 5.05 3.fl3 13.11 4.90 15.45
N/N .1 3.21 12.70 5.19 14.54

Mean value 01)1 ai 1001 ii’om I h se oi Abraham itid ( ;u t i (9) and Spragg (10).

Itoii t lie o hserv sI vioinal oou1 )ling constants

niav ho exprosso(l as the popiilatioii-weightod

avorag( of tho values in tin three possible

1o)t�t1i’i(15. Flenoo

11 = (LI,’ -f- aJ� � 1)11(1

.1i� = a(.J,’ + .1�’) + 1)1’

.l’ioiu �tii inv(stigatio)n of’ a \Vi(il( 5(,!i(5 of

1, 2-disubstitutod othanes, .�bi’aham �uitl

(‘iatti (9) wero able to) deduce empirical

ielat ioiishiips hot woeti t lie vioinal H --Fl
oouphing O0)115t�L!it5 aiid the oleotron(gatiVi-

ties of the suhstituonts of the form

.1 = K, + K2(E1 + E,)

By oommbiiiiiig thou 1ost!lts with those o)f

Spragg (10) from t ho low-tomporature 1)10)-

t.o)Ii sj)ootIUm of mo)rphlo)lin(, We have com-

piled Tahlo 1, whicli oo)ntailis the various

viciiial II --H oo)u�)li1ig toi,staiit s for the

tootamors of i!lt(1(st in this investigation.

Using those values, it was possible to oulcu-

late tho !‘raotio!ial populations iii Table 2.

l’Afuatio)li 2 was IiO)t 115(51 foe this pitiposo

hooaI!se od its iiisoiisitivity to chi:uiges in a

ittid b resulting 110)111 � being similar in

magiiituolo to 2(1,,’ -f- .1�’). Ilowevor, tho

losilIts o)htaillo(l by using the nioee sensitiv�

Eo1. 3 wore chiockod for oonsistoiioy with Lo1.

Au alt ornative mothiod o)f o�oloulating the

f’ract iO )Iial )o)pllliLt 10)115 is 1)10 )Vi(ltd by the

o)hserVo(l ‘�X H coupling (oulstalits in the

1 Be(’:Lllso 1 110 (‘))1l1l)01l0I)1 (‘I )lIJ)Iing (‘( list ,oi,t S

01.0 os! 111111(01 1)V I his (Ill j)i l’i (‘111 11)1)1’) 11(11, 1 he

((1 tal �‘:i1us wilt he corrected in’ �tIi\ l)oSSil)Ie

(lislolt 10)5 ((1 the norniallv st lggo1’(’(l (lihe(lral

anglo’s -

fragment N-C - (‘----H, which can be

treated similarly to) the vainal H--H coil-

pling constants. This method is attraotive

since it (100’s not 1((luii( full analysis of the

sp((trum to) obtain .I� values; these may

be measured as lust-order splittings front

(3) the sj)(0tlltIfl. i’igur( 2 show’s the different

N-H oo)upling (olistants which f’oature in

the 51)((t 111 of (tt) ohio)lilltbromido, “NH =

2.7 Hz, indioating a predominant 0/N5

!Jaue/me ton! orrnat ion; (b) fl-chloroethvltri-
inethylaninionium, ‘NH = 1.5 Hz. illdli(at-

ing a mixo(1 (Ia-ne/Ic iraims oonformation; and

(o) fl-mo ti iylt hioet hylt rimet hylammonium,

(4) ‘N H = 075 Hz, indicating a piedominant

�: N’ iraio.s oonformatioii.
Several workers have ifl(licate(l the j)055i-

bility of using vicinal N--H coupling coii-

stauits fot this 1)Ui1)OsO (11). We have at-

t(mpt((l to (butte the values of the appro-

priate N - - -Fl coupling constants in the
individual iotanieis to) permit quantitative

oalculat ion of’tho fruot 1o)1i�tl populat ions.

As a first aj )j)roXi mat io)n, �ve have assumed

that only tW() toupling constants, �

(qane/me) and .J� (tramis), need to)be (1(fin(d,

to) doscribe tho observed avetagod coupling

(o)tistatlts, atiol we have neglected electro-

uiogativity oori’ootio eis. Thus, foi totamers

I, II, an(l III, th( eXplessioll for tho observed

vio’inal N- -H o’oupling ((Instant is

I - I!� �t \ t IIfI

.1 NIl - (t’ NIL “r .1 xii) -� 0’ NIl

The values for tho (0 )nipouient coupling

(0 )Iistaflts \Vt1e ost iniat 0(1 in the following

manner. The obstivod 1N H coupling coti-

stiitit in th� othiyltrinioth,ylantmonjuni ion is

2.1 Hz, and becauso tho oonformational state



(a)

MeN-CH-CH-OH �-

3 22

�lMz

0-CM N-CM
2 2

MeA-CM-CMC, Ct_
3 22

�NM

Ct-CM ACM
2 2

M= 0

(c)

Me-A CM-CM-S Me �
3 22

N-CM NMe SCM

2 3 2

F,a. 2 Pioton XMR spectra of (a) choline, (b) chloroch-oline, and (c) (3-we/h yl/hioethyltr-imethylannionitimn

at 100 MHz.

Notice the large JNH in (a), the smalt JNH in (c) and the intermediate value in (1)) The N-CH2 part

of the spectrum cati be readily identified by the tack of N -H couplings.
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of too ot hvl group is woll obtund we ctimi state stants have tIto same sign. The best values

thittt am’e

- (- -

2.7 6.56

2.8 6.6

6,68

2.5 6.93

2.6 7,19

2,5 7.17

2.7 6.98

6.98

2.7 6.55

2.8 6.44

2.7 6.6

2.2 6.57

89

88

85

100
100
100
100

96
88

96

89

11
12
15

4

12
4

11

3-55

3.6

3,93

2.35
2.27

2.29

2.20

2.83
3.57

2.83
:3.5

3,54

11 .59

12.63

11.43

11.49

11.00

11 .50

10.00’

11 .01)

0.75

<0.7

0.75

0.7

0.7

5.00
4.83

5,02
4.68

5.00

470

5.70

5.01)

16 84

5 95
17 83

17 8:3

22 78

13 87

32 68

22 78

64 :36

64 36

1.8 6.42 6.53

6.5

1.3

1:3
‘) ‘)

l)ata of Cishles’ and Maut looF )3).

Rot amem’ WI Iii ( ) , N �, am! Me qa ui-he to each ot her is leasl popilat ed -

0

0

20
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Errot’ iii loot :tuioem’ P00I)1l1(t (oils is ± 10’ , -

‘NH = 1�.3(J\J + � = 2.1

The smallest value of ‘N H observed in this

work falls itt the rango ±0.7 FIz, and such

oasos were shown by the proton oouphng

couistiuits to ho almost oXchusively /ra,is

0/N rotamers. This phtoos a limit on the

range of the value of’.I� , being 6.3 ± 1.4

Hz. We have used valuos of’ .I� and .1 � in

thioso ranges to calculate fractional popula-

tio)iis, atid We obtain thu host agreemont w’ith

t he t)o)l)11ltLti0)1�s obt-aitio(b fronii proton cou-

j)hiuig ((Instants ��‘hon t Ito N - --H coupling con-

= 0.7 Hz

= 4.9 Hz

All tito fractional population data are

summarized in Tbl 2.

(3-Met/i ac/i oil/mi-c, carbammi yl-/3-mmiethylcholimm-e,

amid acetyl-a-mmu’hIi-yle/iolmne. It- is more difficult

to obtain quatitit at ive conformat-ional infor-

mation for these ((Impounds, because the

oomponent vio’iiial ooupling (onstants are

known wit-hi loss cortaintv. Casv and co-

workers (4) have pro )vided reasonable (st i-

‘l’s tOtE 2

(‘on formation of ace) gjlcholino’ and ro-la/e(l i-ow pounds

‘l’loe rofoi’oi u’es (‘it 0(1 hh )W p to oV i(le N -ray cr�’s1 alh)graphi 0’ (110Ia hi’ I ho’ 00111 �( (l11(IS i id (‘Itt 0(1.

(‘onl )( � � I Jn\ 1 � (u tic/ic Trans

(‘lass I
Choline (12)

‘0 -13etizvldimot llylethlaIio)laiIiI110)Iliuni

.-\‘ -1 )iniet hvlet liatiolanunoniuni

,\.(‘etylohohine (13)

l3ut -o’rylcholitoo

Sxainethoni liii

Carbaniyleholine (14)

Benzilylcholiiio

Choline met hvl ether

(‘hotine phenyl ether
Choline 2,6-xvlvl ether (15)

.V ,.V-I )imethvlmorpholiiium

Class II
Acetyithiocholi tie (16)’

,\o’etvlselenoo’holine (17)’

(3-�\Iet hylthioet hvlt runet hvlamniounum

1�hieiiylet hytt rime! by! amnn uiiu in

Cvclohexylethvlt ritnet hvlanimnoioitin

3-Amimioet hylt ritnetloylammnotoitin

3,3-1 )imnet h-�’lht au -1-ol (o’arbochol iiie)

4-llvdroxvlphouovlet hvldimet lovlamtinoiiim

Class 111
(3-Chloroet hvl t ii tool hylamiimiio oni urn (chloro-

(‘hiolillo

V-I )imet hvlet hauiolai,iiuie

(‘lass I\’

Methao’hohiio (18)

( am’harnyl -(3-moot hylchol itie

.-�o’et vI -�-muot hvlcholi tie (19)

8.8 1.-I 77/23”
9.4 1.5 79/21#{176}

8()
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mates for some of the oompon(nt coupling

constant-s by examining V , N-dimethyl-2 , 6-

dimethylmorpholinium iodide and assuming

the molecule to be exclusively in the con-

format-ion with the methyl groups in equa-

torial posit-ions (“Vie = 11.2 and 2.1 Hz). We

have used a combination of these values and

those previously used for 1, 2-disubstituted

ethanes to calculate (onformat-lon popula-

tions from observed vi(inal coupling ��n-

stant-s. The best internal consistency \V�t5

obtained when w’e tmploved the same values

as used for the 1, 2-disubstituted ethanes.

1)ISCUSSION

Table 2 contains the vicinal coupling

constants for all the ((Impounds studied,

together with the cal(ulated fractional popu-

tions oft-he gauc/m-e and trans rotamers. Four

classes of results can be defined.

Class I. In these compounds the gauche

(synclinal) conformation is strongly pre-

ferred. The JNH coupling (onstants fall in

the range 2.2-2.M Hz, an(i one of the vicinal

proton coupling constants, #{149}Jn, is the narrow

range 2.3-3.9 Hz.

Class II. In these compounds the tramt.s’

(antiplanar) conformation is strongly pre-

ferred. The JNH is small, apProximately 0.7

Hz, and one of the vioinal proton coupling

(onstant-S, ,j13 , is large, 110-12.6 Hz.

Class 111. These two (ompounds are mix-

tures of gauche and trans conformations, as

shown by the intermediate value for .J�3 of

6.4-6.5 Hz and the valuo of1,JNH for (11101(1-

choline. The “NH ss’as not- observable in the

tertiary amine N- dimet hylethanolamine.

The distribution of gauche and trans is close

to the 2: 1 ratio (Xpect(d wh(n there is no

conformat-ional preference.

Class IT”. For inethachiolino and carbaniyl-

fl-niethylcholiiie, the gauche 0,/N � conforma-

tions tile strongly preferred; however, there

are two (liStinct- gauch-e eonformatioiis, I arid

II, of which II is the most populated

(approximately MO �

From thu 51)((tlU11i of acetvl-a-inot hi�l -

ohOlille it �s’as l)ossible oiil�’ to obtain the

sum of the vioinal H-H coupling constants,

because of the fortuitous equivalence of the

fl-CH2 protons. This considerably reduoes the

ooiiformatioiial information, but from the

large observed value of ‘NH (2.2 Hz) the

molecules are obviously at least 75 % in the

gauche 0/N+ forms. ()ur conclusions are

entirely oonsistent with those of Cas�’ ci al

(4) and Inch et al (5).
The correspondence of the oonformations

obtaiiied by NMH with the X-ray cryst-allo-

graphic data is very good. Among the coin-

pounds in (‘lasses I and II, the only disagree-
ment is for carbamyhohohine, which in the

crystal is in the trans conformation (13). In

the case of methaohohne, the structure found

by X-ray is the gauche II structure, w’hichi we

find to) be the most populated conformation,

but no trace is seen of the significant- popula-

tion of gauche I. In acetyl-a-methvlchohine

the X-ray shows the unusual feat-uro o)f

twinning of a distort(d tramis conformation

with a gauche.

The unusual crystal structure of carbachiol

can be attributed to au intermolecular

hydrogen bond, bitt t hie othierwiso good

agroemen t between t ho two met holds does

not mean thiat discrepancies will tiot occa-

sioi)flallyooeur \Vhl(I) re� liii rement-s of packuig,

or mtera(tions between adj acont molecules,

are sufficient to overcome the intrinsic

(n(m’gy distribuit iou of the isolated molecules.

The assessment of the relative populations

in olass I give an average gauche to trans

ratio of 95: 5 (excluding the tertiary amino

_\-dinlet hylethanolammonium), comi )tI r(d

with the ratio 67:33 to be eXp(oted if thiere

w’eie HO (011 formational preference Thie free

energy neede(l to produoe this distribution is

at least - 1.5 kcal/mole.

Examination of space-filhimig models, on

simplified t’aboulatiouis of van der \Vaals

interactions (including contributions from

torsional barriers), shows that a 60-degree

gauche conformation is a high-energy one

and that a trami.s conformation is likely to he

preferred. In thie grouj� I molecules thiouo is
the additional fao’t-ou of an eleotrostat-io’ inter-

actioti hot woen the positive chlarge of t lie

onium and thu partial negative charge Ott the

ethei’ 01’ alcohlol oxygon. This iiiteract-ion is

stronget’ in the gauche foim, and therefore
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favors it. Tho strength of the van (lot’\\aals

repulsion tieyou’t heless 1)1’(velit s t hie 60-degroe

tOlsiOllUl atiglo fi’oun being tit t ttiliedl, t lie

e(1uilibriun� torsional tuigle being 75-S5

degrees in tlie or,�’stal states, as found in tile

X-ray studios.

,\-Dimethivlethanolamino is ititotesting in

this o’onnection ; ill thu protonatc(1 form it is

prodomiutantly gauche, while in thie non-

protoliat((l form there is ati e(lUa-l distribu-
1011 of the to)tamels. The elect lost at jo iiito r-

tnt ion j)robably stabilizes thu gauche form,

but it is riot possible to ass(ss th( offect of

t-hio pOt(ntial N -- -H . - -0 hydrogen bond.

Iii the othieu’ mOl(cttle that shows a mixture

(If lot anlels, chibotocholine, t lu elect uonega-

t-ivit-v of chlorine is lower thiati that- of oxv-

gen, and thus the (lectt’ostatic interao’tion is

w’eakor and insufficient to favor a ptedomi-

nance of thie qauehe o’o)flfOlmatioIi. [ho size

of the ohihorine atom must- also play some

part in this, because of thie groater van (Icr
Waals repulsion. In tile thiocholines, since

sulfut possesses lo)w electronegativity, no

olectu’ostatic intoitto’tion (�i-Ii dev(lop, audi

the basic tramis proforente p(1sists. Iii 3 , 3-

(lifllethi\’lbutttilol t hid electrostatic interaction

15 no longer pro’sent, because of tile lack of an

o)nium gro)up.

It should be tioted that sj)in coupling data

of the kind (hs(’ussed hlere give ito informa-

tion about- the conformatioii of (ithor the

C-C---( )---C (It tue C(’NC (hihedrlil

angles, tt-tid we tile at presoiit reliant on

X-ray or tlieorotical cahculatiouis foir our

knowlodbge o�f thiese angles.

The uolationship of the conformation of

o’hohiiioniimotic dlrugs to t heit biological ac-

tivity hias boen thu subject of’ much discus-

sioii. A comparison of tile pro(bominant- con-

formations fomitiid ill this stu(bv does not show’

any sinipbo corrohi-tion with thie potenc�’ of

action of the drugs at- either the nicotinic or

Illuscarinio 1ecel)tOl. Beets tLIi(l 1�(ichi (20)

have taken th( interesting empirical ap-

pioach o)f looking fot’ common dimensional

foatuies in agonists an(b anta-gontsts, and

a(bopting (‘o)nf(Itmations that sutit these di-

mensions; thiov are led to thio ((Inclusion that

at hot-h 1(O0ptoIrs acetylcholine is present in

tlit tramis couifonmatioii. Chiou et a-i. (21) have

defined tho conformation by making the

onant-iomors of 2-acotoxvc\’cloprop\’lt ri-

uiiethvlamnioniiirn , in w’hiichi the 0-C----C-

N dihedral angle is fixed. Tiney found that

thie (+)-traii� isomer was as active as acetyl-

(hi(Ilifle tit uiuuiscai’inic icceptors, w’hereas the

othiei three isonitis till had very low activity.

The torsion anglo of the trans isomer is 137

degrees (22), which is neither gauche nor

tramis’ but just about equtidistant- froni the

two. At tho nicotinic t’eoeptor this isomer is

much l(ss active than acetylcholine, but this

is presumably analogous to the low activity

of unet-hachohine and must- be attributed to

steno effects of (3-substitution.

The (aI’ef uI studl� by Hillman and

\huiitiii (23) of the pro�Ieuties of acetvlcho-

line, a(’(t ylt hiochohine, and a(etylselenocho-

lint a-s substrates for ao’etylchohnesterase are

of mt(u(st- here. The bitldiing constants for

thes( thirto sutbstrates form a smoothly in-

treasing stt, w’itholut any discontinutitv be-

tween the oxy and thioesters, suldil as might

ho oxj)eotedl if th( conformational difference

(bominat (d t he binding (hifleronces; a similar

smooth sories is fouuidl in the sensitivity of

thi( electioplax.

These tesutlts do not- leadi to niuch confi-

denco in attributing maximal biological ac-

tivity to tither gauche or tramis conforma-

tions, and indeed are most consistent

wit hi an intermediate conformation (anti-

olinal). Rather similar o’onsiderations caused

(1hiothia and Paulitig (24) to suggest that the

gauche conformatioti hiad to be opened out

before acetvl(holinest(1ase could act on tile

sitbst rat (5.

If the conformation binding to the recep-

tot is iiot the strongly l)ieferred one in solu-

tioui, a thermodynamic price must be paid,

repuesented approximately by t h( energy

fao’tor -RT lii n, where p is th( ratio of the

populations within and outside tile limit-s of
thlo torsion angle acceptable to the binding

site. Consider first the case in which acetyl-

(iiolitie, w-hich is gauche in solution, is re-

quired to bind in the trans form. Since in

sohultiOll p (rauus <0.05, the free energy needed

to oorrect it to the trans form for biiiding is

at least- 1.8 kcal/mole. Note that this also

Iii(1t1i5 that tile potency of acetylcholine is

less tilan 5 #{182}‘�- of that which it would have

been if tile solution population were all
trans. If we now’ consider tile anticlinal angle

of 135 dogre(s appropriate to the comparison
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w’ith the trans cyclopropyl compound, the

extra free energy is aboutt 3.3 kcal/mole

[from molecular orbital calculations (25)1, �o
that the potency in this case would ho re-

duced by a factor of approximately 200.
These arguments point to the very signifi-

cant factor that considerations of bound con-

format-ions introduce into discussions of

structure-activity relat it nshlips, and sIn w

how’ unclear the situation is at the l)rosellt

time. An illustration of this is the much used

comparison of acetylcholine w’ith th( un-

charged carbon analogue 3 , 3-(lifllethylbiltyl-

acetate (26). This comparison has been us(dl

to evaluate the contribution of an ionic inter-

action to the binding process, but since the

uncharged analogue is trans, whlereas acetvl-

choline is gauche, there is a conforma-tional

free energy component ui binding that pre-

vents an unequivocal assessment of tue coit-

tribution of the it nic interactio )n to binding.
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