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Quantuin-niochanical (akuhatiomis 1ia�’e boemi pot’fom’tiitd, by the niothiod of portuirbative

configuratio )n imiteracti(Imi usimig localized orhitals, omi thie couifo orniatiomial j)roperties of

modols for lo )cal anest I tot ics belo oigimig to the class of’ostors oft ho gemioral 6 )rmula

()
/

Am - (‘-----0------(CH2),---N�---- -

fot n = I , 2, 3, ��mid fo,m’ t h� amoilide drug lidocaino. Thoo m�sults imidicato t lint- iii spitt Of the

different miumubers of imd ermodiato carhomis, thoo (iistamic(s hetwoemo thio carbonvi and amino

groups of the stot’s ate simnilam’itosomito of thooir stable cotif’orniatiomis. This suggests that they

tnt-t\’react with thoo saint meeoptom’.

I NT1IA)01C’l’lO)N

��moioong thoo largo mounihor (if symit-hetic

tilOl(CillO5 exhibiting lolcal ati(st loetic action,

ami import-ant group is forniotl (If ostots nt�)i’(-

somot ocI by tha gemiom’al 6 ummula (1 3)

Thoo most (‘tlmnooomo conil)oollmods (If this

series comotain twol (‘112 grooups hotwoon the

estorat ic oxygot o amid (hoe aniimio I nitrogen

(o.g., pi’oca-itlt, 1), bitt a tilt tiib)0t’ (If actiye

coiiipoutids (otitaimi thomeo such groups (e.g.,

hutaeaitio’, II) �vhoibo 5(01W c(omotaiii otily 1

saturated carboti atooni imi thoe niain chain

(e.g., amybo’imoo, III). Amooothoei’ relatod groutp
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of’ loocal amiost-hootics is forniod of’ amiilides, a

t�’pical oxaiiiphe (If svhoichi is hidocaine (IV).

Thio local amoesthootics are related chienii-

ctollv to cla)limoorgic drugs. It- is frequently

(0 omisiolomod (2. 3 ) that tIii olect roonic chitirac-

to rist ics amid, ito part iculto m’, tlie charge (115-

tnibutiomos 0010 thu cambomivl homid are itiipor-

:ototimitIto act a Iti (of lo Ical to nest bet ics. ( )mi the

othoor hototool,toitluoughi it is ossotitiah for their

act ivitv thotot to htdtomoco o xist bet woomi the

lipophilic :110(1 the hiyolrolphiilic pttrts of the

molloculo’, (Itoh slight stone Co )mI)lo’motitanity

is ti(o(l((l hId \V00Ii these diuigs ait(l their re-
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ceptoi-s, amid there exist-s in thus respect a

relatively large degree (If freedom.

The aim of the present study was to gaiti

more knowledge about the conformational

aspects of local anesthetics, in l)articular the

geometrical arrangement oIl the lipophilic

and hydrophihic centers wit-hi respect to each

other. Maps of the conformational energy
have heen constructed to imldicate its �‘aria-

tion as a function of rotations aboutt the

appropriate torsion angles. Although it is

obvious thiat such a study of molecules in a

vacuum is tioit necessarily related directly to

their 1)1 iarmacological activity, numerous

examples hiave shown that- at- least some

degree of corrolation betwieti the tw’o may

reasonably be (xpected.

The invostigatioon has beemo carriedi out ott

the model conlpoum(ls V-VIII. The mole-

cules w’ero considered ill thoir ionized fortus

because, although identification of the active

form of the druigs was for sIme timue contro-

versial (2, 4), rocemit evidence seoums to favor

the catiomutc form as the active (Inc. This

evidence springs imuparticular from the stud-

i(5 (Of Xarahuashoi, \amada, and Frazier

(5-7), who used intraC(lhtlar perfusion tech-

-

VII

CH3

�CH /�N�(C H3)3
� 0 VIII 10

mques to investigate the potoncy of local

anesthetics with low’ and hugh PKa valuos

when applied outside or imiside the nervo

membrane at different j)H values. Studies

with tertiary local anesthetics have (loarlV

demonst rated that these co )mupounds block

tile action potential fromu imisi(Ie the nerve

membrane in charged forms. \ Io)reover, coin-

plement ary experiments wit hi quaternary

comj)oltmuds, which might be anticipated to

be more effective froth1 the inside than from

the outside of the nerve membramle as their

l)ermatielit- chiargos gomuerally impair their

petiet rat ion through nerve nlemnbram is, lod

to similar conclusions. Altoget-hier these

strongly support thou hypothesis that- local

ail(sthiotiCs in thieir choarge(1 form bloock thie

action potential from imiside the nerve nuemn-

brane.

For reasons of coomputtational simuphifica-

tion our calculations have been carried out

on t juaternary am monium formns, wit-h a

t-ermimial -N�’ ((‘H3)3 grouping. Thin �5 lit)
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doubt that virtually idemut ical results w-oluld

,CH3
+

be obtaimied for a (- N_H) groupmmig.

CH3

\l ETHOI)S

� muiet-hood utilized is that oof jittuibative

configuratiomi imiteract ion using li ocahized

orhitals (PCI IA)) (5), who icho recent lv wto.s

used sutccossfuhl�’ loon the study (of’ a tiiiiit-

her o of comif ormnat io onah pro ohh’ins in bit och oonu-

ist-ry timid phoaninacohogy (9 -ii) amid was

emphoovod !Irovioollsl�. imu thoo’ stu(1 of acotyl-
chtolimie amid its agomiists (12).

Thus mothuood hohomugs too thoe all valence

oloet momos pro )ce(luros ami(l th ooro f’ om.i t hoe a- ami(l

ir_olect r omis are co onsidered sinlultamio(Ittslv. It

takes imitol acco oulmot imitoreh’ct 1,0omoic toh)ulsa mis

ati(1 go oes boyo mod t hoe sob f-co omisisto mit- Iiolol

appiooximatiomi in thio caleulatiomi of the

grooumid state omiorgv by imocoor�Ioomatimig part olf

the ci Irrelat a oilomioI.g . Its fumodamomit al idea

is to) ehooooso a sot oof reasootoablo hoomudimog amid

ant iht hiding oorhitals li ocali zeol ott t hoe chemui-

ical bomids. SUcho a sot niav he (((most ruct-o(l on

the basis of hivbridized atomuic orbitals (Xo),

the bond orbitals being oobtained as linear

combimiations o-of (listimict hvbridls taken two

by two, oachu botodimig orbital cI� being associ-

ated wit-hi au (ort ha og ona-l amit-ibonding orbital

= = � + C,2�3

= (‘Xi - C,tX2

A localized orbit-al ropresomitimig a lone 1)air is

(loscrihed by a simiglo hybnidl (orbit-al.

iioo bondimig (orhitals are thiomi used to con-

struct a fully localized Slater (loterminamit-.

This dot(rmi miant rol)rosomits thoc zero-ordler

wave fumiction for the grolutnd stat-c of the

system. Thue amitib omiditug oorbitals are utilized
to) build the oxcited stat(s, and a configura-

tioon intcractaomo matrix is ccomistruct-edl on this

basis. Thien thou lowost eigomivahume and oigen_

state, i.e., the onergv an(l the wave function

of thoou grouind state of the system, aro ob-
tailt((l by a Hayleighu-Schorodimoger perturba-

t 1011 (Xpatisio 010 t rumucato(l aftor the third

O(m.(I(t.

180

F 10 - 1 . (‘umJ’uonuuo (1/ iOn (11 (‘10 erl/!I 100(11) of (‘01/il /_000 iiu’l 1

Iso(mi(m’gv ctit’ves, iii kiloo’alo ties p�’ mole, wit Ii m’o’spect too the gh hal mnimoinitimmu , I akomi as zero emoergy.
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w’orking hypothesis of the (‘XDO/2 l)roce-

dure have been retained, in particular the

hoypotluesis of complete neglect of dhfferential

overlap as well as thou general parametniza-
tioti of this procedluire (13, 14).

More details about- the methiod al( to be

found in the original PaPors (8). A larg(r

summary is I)resomttod in r(f. 9.
Stamidard values of bobmudi lengthos and

angles have been utilized as geometrical itt-

put data-. The torsiomu amigles taken into ac-
count for the c(Instrulct-ioli of the confornha-

tionah energy maps are indicated in formutlae

V-VIII. (Thie torsion angle r cof thue bonded

atoms A-B----C-----D is the angle between

the platles ARC and BCD. Viewed from the

direction of A, r is positive for clockwise and

negative for coitnterclockwise rotations. The

value T = 0� correspomids tO) the plamuar-cis
arrangement of thie bonds AR amid CD.) In
all cases the N+H3 group was fixed in a stag-
gered posit ion in accordance with previous

results (12, 15). ‘flue r(Itatioomis abouit the tor-

sioti angles Ti amid T2 wore carriedi out wit ho

:30#{176}incremnetits.

RESULTS

( ‘ompound I . The two t msi omi amiglos COli-

sioloi.ed aro Ti (C1-C------C7-O5) and T2

((‘7--O�---(’9---N10). The group

()

C6--C7----- Os-- -C10

\Vt15 CO Omtsi(lOm’e(lto be l)lamoat, as iit(licate(l by

a proviouts study of choohimiongic (Irugs (12).

TI oe conformatiomial onorgv map I)r(somtto(l imi
l”ig. 1 shiows very limited zoomios oof stability.

Thoero� is a net jlreferemuce fom the cohmifo rma-

iO Ott C0OiTO5j)O omidimig too Ti = 00, T2 = 1500 (or
the idomutical (0110, Ti = 180#{176},r2 = 150#{176}),

which I.oupresomots the global muuimiimumi. It cor-

rospon(ls to a phamoar backbone (the estoric
gmoup cophamiar with thou aromatic ring), the

(arbomlyl group, and thou oluatornary amnnio-

mum grouij), whoicho are trans with rospect to

(OUC anot-huer.

(‘oiio pound Vi. The to omsu oil amiglcs co omosid-

(10(1 in this conipolutndl ttl�( T� ((‘7---( )� (�_�

(1�,) 1110(1 T3 (05-(’9-------(’10-----N11). Thoo part oof

180

FIG. 2. (‘omofonmmoatoomoal energy mmoap of commipound VI

Isoetoergy curves, ito kihocalories per mole, wit hi respect- lio the global mnimiimunu, takemo as zero emoergy.
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Fmo. 3- Coomofoniioatio,oal eioergy map of eoioo pound I’ll

lsooemiergv curves, ito kilocalories per mnoole, with respect- to) I lie global niimoimntomoi, t akemo a,s zero emiergy.

thu niolloclllo imovolvimig

0

Ar- C-(J----CH2

was taken tO) b( planar oti thie basis (of the

results for conhpound V. The confornhational
energy ntap (Fig. 2) shows that- lengthemuing

of the backbone bias produice(1 an increase in
the available conformat-ional pdossibilit-ies.
There are thre( practically equivalent global

niinima, locate(l at Ti = 60#{176},T3 = - 150#{176},at-
Ti = 1_0 , T� = -90 , amid at Ti = -60
T2 = - 90#{176},as well as thio symmetrical ottes.

Compound Vii. The torsion angles considi-

ered are Ti (C7-O8----C9-----C10) and T2

C 9--C10--C11). Thie molecular fragmetut-

0

was again considered plamiar, as in Conlpouliud

VI, and the fragment CH2--CH2---CH2---N�
(CH3)3 was fixed in a trans arrangement so as
to minimize steric hoindrance. The colnfornha-

tional em�ergy map (Fig. 3) shows a further

iiicroase in t boo allowed comtfolrmational space

(within the fixed limit of 3 kcai,/mole above

the nhitiifllutln). There are two practically

equivalent- global minima, at r1 = -90#{176},
T2 = 60#{176},amu(1 at T� = 60#{176},T3 = 60#{176},in addi-
ti(omu to) the symmetrical otios.

Compound Viii. In thus compoulild thue
l)(ptide limukage

(1)

-�-N-

has been co mtsidered planar, in accordance

withi numerous theoretical and experimental
results (16). (‘floe torsiomi angles taken into

accouunt are Ti (C1-C6--X7----C8) and T2

(N 7-C8-C9----N10). Thie resuilting collfornla-

ti(Inal muap is showil in Fig. 4. The available

space is rathoer restricted. There is a global

mininlunh at Ti = 60#{176},T2 = 180#{176}(and a synh-

mhhetrical 0110 at T� = 120#{176},T2 = 180#{176}).In this

tuolecuthe the two tuethyl groups, ort/i-o with
respect to the chain, prevent coplanarity

bet ween thu aromatic rimug andl that- chain.

180
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Inleo-aloinic disla,oees 0 +-+ N4 in s/able
con forinalio,os of (‘oil, pounds V-VIII

Compoumud Distance

V 4.19

VI 3.60 (1st- mouimiirnumn)

3.81 (2nd minimum)
4.10 (3rd minimumn)

VII 4.24 (1st minimum)

.5.53 (2mod mininottmou)

VIII 2.62
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Fm:, -I. (‘oiofoi maloonal eu’nfjy iooap of o’ono pound I’IJI
Isoemoergv curves, ito kiloetihories jwr miiole, with respect 1(0 tlue ghoh:ol mooimoinuum, takemo as zero emiergy.

I)ISCUSSION ANt) CONCLUSIONS

Because the carbonyl amid amino groups

are generally considered particularly inlj)or-
tant for thu manifestation of local anesthetic

activity in (lruigs of the type considered lucre

(probably being involved in interactions with
receptors), we huave centered our attention

on the relative geometrical arrangement of
these two groupings. Table 1 indicates the

distamuce bet-w’een the N� atom and thie car-

bonyl oxygen calcutlatod for the stable coii-

formations of compoumids V-VIII. It is

interesting thiat in spite of the different mini-

hers of internlediate carbomu atoms, thte (us-
tances betw’een the carbonvl an(1 amimio

groups of compoumds V, VI, amId VII, are

sinhilar in some of their stable cotlformat-ions:

in the vicinity of 4.1-4.2 A. it is obviously

the flexibility of the lomuger chains which is

responsible. It therefore seems possible that

in spite of their apparent difforemuces in struc-

ture these compouitds may easily presemut

similar stenic arrangements for interactiomis

with the same receptor. Of course, the pres-

ent calcutlations, carried omit for conhpoulndls
in a vacuutm, in Ito) way dlenhonst rate thus

possibility, althouighu they favor it.

Compoumdls V-Vu are related to cocaimie
(IX). We have thuerefore calculated the dif-

ferent N+_O distances corresj)omiding to the

crystalline form of this compoutnd, fohlow’imug

the X-ray results of Gabe amid Barnes (17).

While the distance N�-02 is 5.37 A and thtmts

is larger than the corresponding dist-aiuces itt

conipounds V-Vu, the distances N�-O3

and N�-01, equal to 4.07 amidl 4.15 A, re-
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4. J - M. Hit due amo(l P. ( roengard, _4 ion. Re,’.

Pharmacol. 6, 405 (1966).

-COfC�H�CH� CH2

- HC-CH-----------CH2

30-C

CH3

IX. Cocaine

sp(ctively, are of the sanie order of magmti-
tttde. It iS possible, thoemefo:re, that- the amino

and carbonyl groups occupy similar relative

positions ill cocaimie atid thou ester local anes-

thietics.

In thie a-tiihidc (VIII), the theoretical (lis-

talic( between t-loe N+ atomui amid the carbomlvl

(oxygen is only 2.6 A, amid thus is sigmuificantly

smaller thiami in the ester compoundls. Thou

distamtce betwoeti the N+ atom and the pep-

ti(liC moitrogen is 3.66 A. It seems too risky to

(Iraw any Cotlclusiotis abouit the possible dif-

feremices in the mode of act-iomi of these tw’o

typos (If anesthetics from this isolatedl result.
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