Septemnber 1965

A NEw CoNCEPT OF NARCOTIC ANALGESICS ACTION 609

A New Concept on the Mode of Interaction of Narcotic Analgesics with Receptors

Puinip S. PORTOGHESE

Department of Pharmaceutical Chemistry, College of Pharmacy, University of Minnesota, Minneapolis, Minnesota 55465

Received March 18, 1966

Existing data on the relationship between molecular geometry and narcotic analgesic activity has been in-

terpreted in terms of differing modes of analgesic-receptor interactions.

A method for detecting similarities or

differences in molecular binding modes has been accomplished by comparing the variation of activity in two or

more different series of compounds when identical changes of the N-substituent are made.

A parallel change in

activity is suggestive of similar binding modes while a nonparallel relationship is indicative of dissimilar inter-

actions.
lationship when binding modes are similar,

This method has been extended quantitatively to demonstrate the existence of a linear free-energy re-
The value of the slopes from such a relationship are approximately

unity. This suggests that, when compounds in two different series interact with the receptorsin a similar fashion,
identical substituents contribute to the binding by a similar mechanism. The concept of three-point interaction
and possible pitfalls inherent in its applicability to the interaction of analgesics with receptors is discussed.

Although it is generally agreed that narcotic anal-
gesics exert their action by interacting with specific
receptors, there is little known about the nature of such
receptors. One approach to the investigation of re-
ceptor topography is the correlation of absolute stereo-
chemistry with analgesic potency. In this connection,
the configuration of a variety of optically active struc-
tures has been determined.!=” A rather perplexing
aspect of this problem is that the more active
euantiomers of analgesic niolecules, having degrees of
structural similarity and a common asymimetric
center, are not all stereochemically related.

Another phenomenon which has not been adequately
rationalized has a bearing on the pharmacophoric con-
formation(s) of mobile analgesics. It appears that at
least two conformations of the phenylpiperidine moiety
contained iu various compounds are capable of exerting
high analgesic potency. For example, the conforma-
tionally restricted compound I8 is as potent as mor-
phine even though the aromatic ring is fixed in the equa-
torial position. This is in contrast to the phenyl-
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I

piperidine moiety of morphine, where the aromatic
group is constrained in the axial conformation. Since
I is active, it is conceivable that other phenylpiperidine
compounds exert their action in the equatorial confor-
niation when serious nonbonded interactions preclude
a significant amount of axial conformer. For example,
the change in free energy on going from the equatorial
(ITe) to axial conformer (IIa) in the potent analgesic,
proniedol,® is in excess of 7 kcal./niole. Since it
seems unlikely that such a large energy barrier can
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be surmounted as a consequence of an analgesic-
receptor interaction, ITe possibly could be a pharma-
cophoric conformation,
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In view of the absence of a coherent iuterpretation of
steric factors and other phenomena as related to the
mode of interaction of molecules with analgesic recep-
tors, existing structure—activity relationships have been
reinterpreted in the light of newer developments in the
areas of biological and medicinal chemistry.

The Analgesic—Receptor Interaction.—There are
three possible modes of interaction of narcotic anal-
gesics with receptors which merit consideration. Dif-
ferent analgesic molecules may exert their action by:
(1) interacting with a single species of receptors, (2)
interacting with two or more common species of recep-
tors, and/or (3) interacting with different species of re-
ceptors. Since a variety of structures possessing nar-
cotic analgesic activity has been shown to be antago-
nized by nalorphine,1 it is conceivable that the mode
of interaction in certain cases involves either of the first
two possibilities. Quantitative studies!! with anal-
gesic antagonists may provide greater insight into this
problem. Recent experiments along these lines have
indicated that nalorphine does not necessarily antago-
nize different analgesics to the same degree.’*> Although
quantitative experiments are presently one of the best
means of investigating possible modes of interaction of
narcotic analgesics with receptors, such studies are open
to question since it is not known with certainty whether
nalorphiue is purely a competitive antagonist. More-
over, since the effects of certain highly potent anal-
gesics!? do not appear to be completely antagonized by
nalorphine, it seems likely that there may be several
different species of narcotic analgesic receptors. It ap-
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pears, therefore, that all three possibilities are probable
and should be considered.

Studies on the interaction of proteins with various
types of molecules suggests that there are basic sinmilar-
ties in enzyme specificity, antibody specificity, receptor
specificity, and related phenomene.

1t i now widely believed that the =mue type of in-
tevactions favoring association of hydrocarbon wmoieties
in proteins are alzo responsible for the binding of small
molecules  to macromolecules, % Noreover, it ix
becoming inereasingly evident that the geowetry of
an aetive site o an enzyme is not a vigid entity but,
rather, possesses n degree of conformational mobility
whiclt enables the substrate to be correctly aligned with
the catalytic groups necessary for enzyue action,'?
Based on thix well-known ability of small molecules
to induce conformational changes in proteins, n theory
ol drug action has recently beeu proposed.

II one aceepts the reasonable assumption that the
physicochemical factors responsible for the interaction
of an annlgesic molecule with o receptor are basically
the same ns those which cause the binding of small
wolecules to macromolecules, certain conclusions may
be reached regarding the nature of the interaction of
analgesic wolecules with receptors.

It 1= proposed that a wolecule binds to an analgesic
receptor by forming hydrophobic bonds with noupolar
sites and through ion-pawr formation'? with an anionie
site, A olety such as carboxylate or phosphate anion
could conceivably be involved i ionie bonding with
the protonated amine nitrogen®™ in the analgesie mole-
cule,  The binding of the avomatic ring in analgesic
molecules has been attributed! to van der Waals forces.
However, since such attractive forces ave highly dis-
tance-tpecitic and thought to be effective only i a lock-
and-key type of fit,!* it may be more reasonable to
assume that hydrophobic-attractive forces ave opera-
tive, It is possible that such an attraction involves
imternetion with an aromatie ving located on the re-
ceptor. Such o situation would be analogous to the
artive site of a-chymotvypsin which contains an aro-
matic ring* that could possibly be involved in the
binding of aromatic competitive inhibitors devoid of
polar groups=.?'  Alkyl moleties in analgesic molecules
most probably huve the potential of contvibuting to
binding ria hydvophobic bonds.  Since analgesic recep-
tors are capable of exhibiting n high degree of steveo-
selectivity toward optically acetive molecules (see Table
I), it is conceivable that one enantiomer i move active
than its mirror mage because of its greater ability to
form hydrophobic bonds with sites on the veceptor.
Although polar groups capable of forming hyvdrogeun
bonds with dipolar sites on veceptors arc not neces-
sy for activity,®  they could enhance the anal-
gesie effect by inereasing the affinity of the mole-
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cule, It appears that such dipolar internctions play
an important role in controlling the wmode? of bind-
ing of analgesic molecules.  This will be covered in de-
tail later in this discussion.

Aualgesic receptors having o degree of fexibility??
would allow interaction with a greater variety of anal-
gesic molecules than would rigid receptors. This could,
in part, acconnt for the fact that narcotic analgesic
activity can be found in eompounds that do not have
similar geometry. For example, it is known that cou-
formatioually restricted phenolic compounds (Table V)
possessing equatorial and axial aromatic rings exhibit
comparable activity even though the distanee between
ring and basic nitrogen is diffevent.  Inasmuch ax
couformational restviction precludes the possibility
that the molecules are nssuming a siiilar conformation,
it is conceivable that induced fit is a factor in this case.

The question of whether narcotic analgesics are in-
teracting directly with sites ou the nervous tissue or by
an indireet meclianism is not yet known. In any case,
Liowever, analgesic molecules wmost probably are in-
volved in binding to sowe type of wacromolecular
stretare loeated o the cential nervous system.?

analgesic wolecules  with receptors

Associntion  of

(230 L1 Mngeles, 1 WL sebueler, PR TS Litg, and AL Sotto, ek
Jadern. phurmacodyn., 162, 253 (1964).
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located on these macromolecules may promote a rear-
rangement of the receptor substance which contributes
to the binding process.’® The resulting macromolecular
perturbation® ultimately may lead to an analgesic
effect. It is quite possible that several different types
of complexes could give rise to the pharmacological
effect. If the wmacromolecular rearrangenent does not
lead to aualgesia, then the compouud may act as a
competitive antagonist (z.e., in rats and mice). Iun-
activity can also be caused by a lack of affiuity?* for
the receptor due to unfavorable hvdrophobic iuter-
action. It is likely that the value of the ED; is de-
peudent both ou the ability of a molecule to induce a
proper macromolecular perturbation and on the
affinity for the receptor.

Configurational Selectivity of Analgesic Receptors.—
The stereoselectivity of analgesic receptors toward a
variety of narcotic aualgesics is amply documented
(Table I). In all cases activity is distributed une-
qually in enantiomeric molecules. It is significaut that
the more active enautiomers are not all configuration-
ally related. T'or exaniple, methadone (1) and thiam-
butene (8) are related to (R)-alaunine while the carb-
ethoxv analog of methadone (3), diampromide (10),
and «-methadol (4) are of opposite configuration.
The aforemeuntioned cases are quite obvious because of
the inversion iu coufigurational selectivity of the
analgesic receptors. Quite often, however, the selec-
tivity of the veceptors, though not inverted, is changed
cousiderably wheu groups in a niolecule are altered
(see Table I).

Iu comipounds structurally related to inethadoue,
alteration of the ketouic carbouyl group causes pro-
found changes in the enantionieric potency ratio. TFor
lustance, reduction of methadone to «-methadol (4)
followed by transformation to the acetate derivative
(6) causes the (R). (8), aud (R) isomers of 1, 4, and
6, respectively, to be more active. A mere change in
relative stereochemistry can also iufluence the auti-
podal diseriminatory power of the receptors. Thus,
the more active enantiomer of a-methadol (4) is in the
(S) series while the niore potent optical antipode of
B-niethadol (5) possesses the (6R) coufiguratiou.

Variations in the discriminatory aptitude of analgesic
receptors toward various enantioniers can be caused by
several factors which may be inmiportant singly or in
combination. These are as follows: (1) Differences iu
the course of binding of stereochemically related coni-
pounds to a single species of receptors. Figure 1 illus-
trates schematically how two different niolecules of
opposite coufiguration may interact with an analgesic
receptor. Such differences iu the binding mode will be
manifested by au inversion of the configurational selec-
tivity of the receptor. Dipoles conceivably can be sites
which arve hydrogen bonding proton donors (X) or ac-
ceptors (Y). As illustrated, interaction of methadone
with an analgesic receptor may involve hydrogen bond-
ing of the ketonic carbonyl group by X, whereas with
a-methauol, OH:--Y may oceur. Hence, alteration of
a polar group on an analgesic molecule can afford a
compound which may interact with dipolar sites and
Liydrophobic areas that differ from those involved in the
binding of the unaltered structure.® (2) Differences in

(24) E. J. Apens, ""Molecvlar Pliarmacology.' Vol. 1, Academic Press
Inc., New York, N. Y., 1964, p. 232.
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Figure 1.—An illustration of how different polar groups in
analgesic molecules may cause inversion iu the configirational
selectivity of an analgesic receptor. Hydrogeu boudiug protou
donor and acceptor dipoles are denoted by x and y, respectively.
The aniouic site is represeunted by —.

the partitioning of configurationally related molecules
ou two or miore conunon species of receptors. Hence, if
two analgesics are partitioned in different proportions
on two or niore comnion receptors which do not have the
sanie stereoselectivity, an appareut change in the stereo-
selectivity of the receptors will result. (3) Binding of
stereocheniically related compounds to different species
of receptors having dissimilar configurational selec-
tivity.

It niay be possible to make a distinctiou betweeu the
first two cases aud the third possibility by studies with
analgesic autagounists. However, it may prove difficult
to distinguish between (1) and (2) by such a uiethod.
The situation may be more coniplex if there are com-
binations of case (2) aud (3).

Inasnmiuelh as wo quautitative studies with aunalgesic
antagonists have been caried out on compounds such
as a-ethadol and the basic anilide analgesies [whose
more active enautiometers are all stereochemically ve-
lated to (8)-alaniue], firm conclusions regarding the
mode of iuteraction of these compounds with analgesic
receptors cannot preseutly be made.

It is of interest that inversion in the coufigurational
selectivity of miuscarinic receptors toward muscaroune?
has been suggested to be caused by binding of muscarine
aud muscarone with different portious of the receptor.®
Siniilar behavior has been displayed by a-chymotrypsin
i the hydrolysis of various asynunetric esters.?.2
These observations have likewise been intevpreted as
being due to differences in the interaction of substrates
with the active site, 28-%

Variation of N-Substituents as a Means of Compar-
ing Modes of Drug—Receptor Interaction.—It is known
that variation in the substituent attached to the basic
uitrogen of an analgesiophore®! can exert a profound
influence on activity.?? TFor example, replacing a methyl
with a cinnamyl group i 4-phenyl-4-propionoxypiperi-
dine results in a hundredfold increase in analgesic activ-

(25) P. G. Waser, Pharmacol. Rev., 18, 465 (1961).

(26) B. Belleau and J. Puranen, J. Med. Chem., 6, 325 (1963).

(27) G. E. Hein, R. B. McGriff, and C. Niemann, J. Am. Chem. Soc., 82,
1830 (1960).

(28) 8. G. Cohen and 8. Y. Weinstein, ibid., 86, 5326 (1964).

(29) 1. B. Wilson and 13, I, Tirlanger, i/id., 82, 6422 (1960).

(30) E. 8. Awad, H. Neurath, and B. 8. Hartley, J. Biol. Chem., 235,
PC35 (1960).

(31) Analgesiopliore is defined as the analgesic molecule less the substituent
on the hasic nitrogen.

(32) P. A. Janssen and N, 1%, Eddy, J. Med. Pharm. Chem., 2, 31 (1960).
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* Analgesic activity relative to meperidine: a value of 10 signifies the componnd is 10 times more potent thau the reference comporud.

Unless otherwise specified compounds were administered subcutaneonsly.
* B. Elpern, L. N. Gardner, and L. Grumbach, J. Am. Chem. Soc., 79, 1951 (1957).
¢ Analgesic activity relative to morphine in the same seuse as in a.

CGrrumbach, 7bid., 80, 4916 (1958).

and B. Pellmont, Bull. Narcotics, U. N. Dept. Social Affairs, 10, 23 (1958).
search,” Vol. 5, E. Jucker, Ed., Birkhauser Verlag, Basel, 1963, p. 157.
* Administered intraperitoneally.

“ Hot plate method nsing mice. 7 Rat tail radiant heat method.
ity.  An identical substituent change in the morphine
series results in loss of activity.?® The fac( that N-cin-
namylnormorphine is not an antagonist3® suggests that
its Inactivity may, in part, be due mainly to lack of
affinity for the receptovs. A plausible explanation for
this nouparallel relationship is that the einnamyl sub-
stituents attached to the aforementioned analgesio-
phores are in different physiochemical environments
on the receptors. This would wean that the binding
mode of the analgesiophore i phenylpiperidine com-
poundg is different frow that iu the morpline series.

Of greater significance is the report that N-allyl-
normeperidine (Table 1T, 1, R = allyl), unlike nalov-
phine (4, R = allyl) which behaves as a morphine
antagonist. and is virtually inactive (.., in mice or
rats), is not an antagonist™ aund possesses activity com-
parable to weperidine. Thisx suggests that the N-
allyl derivatives of 1 aud 4 (Table II) ave complexing
with the analgesic receptors by dissimilar modes.
Since the affinity of nalovphine for the veceptors has
not been diminished, the great variance in the pharma-
cological effect may be reflective of a difference in bind-
ing mode. Such differences in the mode of interaction
ca1l be attributed to any of the factors which have been
discussed in connection with the inversion of configura-
tional seleetivity of analgesic receptors.

¢33 Co AL Winter, V. 1) Oralwvats, and k. G, Lehman, Adreh. sntern.
pharmacndyn,, 110, 186 (19571,

(345 P T Costa and 1. 1. Donnyeastle, J. Dharmuesl, Eepil. Thucap.,
118, 310 (1455).

? R. H. Thorp and E. Walton, J. Chem. Soc., 559 (1948).
¢ B. Elpern, W. Wetteran, P. Carbateas, and L.
£ N. B. Eddy, H. Besendorf,

7 I.. B. Mellett and L. A. Woods ""Progress in Drug Re-
k J. H. Ager and E. L. May, J. Org. Chem., 25, 984 (1960).

Although an analgesiophiore in one series of com-
pounds may interaet with analgesic receptors in a man-
ner which i3 dissimilar to a different analgesiophore
containing an identical N-substituent, it is reasonable
to assume that, regardless of the bindiug wode, all
analgesics (including cowpetitive antagonists) are in-
volved i ionic bonding with an identical aniouie site.
The anionic site may be envisaged as a pivotal point
around which various wodes of binding may oeccur
(Iigure 2).  This does not necessavily imply that 360°
surrounding the anionic site is available for binding;
it may be ouly a small fiaction of this area. The
struetural features of an analgesiophore deterniine the
position of binding of an N-substituent to a single spe-
eles, Lo two or move counmon species, and/or to different
species of receptors. It is also conceivable that the N-
substituent 1may be capable of modifying the binding
mode of the analgesiophove. If this is the case, cach
aualgesic in a series containing the sanie analgesiophore
and differeut N-substituents would exert its action vig
slightly different binding modes.

When different analgesiophores interact with recep-
tors by similar modes, then identical N-substituents
should contribute to the pharmacological effect by the
same mechanism. If eachh compound in one series of
analgesics iz compared with a member in a second series
which has u different analgesiophore and an identical
N-substituent, then it may be possible to determine
whetlier the binding modes of the analgesiophores (at-
tached to the same N-substitueut) are similar or quite
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different, Thus, if identical changes in the N-substi-
tuent in two series of compounds produces parallel
changes in potency, the mode of binding of the anal-
gesiophores should be similar. A relationship which has
a high degree of nonparallel activity is suggestive of
binding modes which are quite dissimilar,

The activity of identically N-substituted analgesio-
phores has been compiled in Table II. It can be seen
that the meperidine series (1) and identically sub-
stituted veversed esters (series 2 and 3) exhibit par-
allel changes in activity. Comparison of the afore-
mentioned series with identically substituted coni-
pounds related to morphine (4, 5, and 6) show no parallel
relationship. On the other hand, derivatives of mor-
phine (4), morphinan (5), and benzomorphan (6) do
display parallel chauges in potency.

The correlations in Table II suggest that the anal-
gesiophores (containing identical N-substituents) in
series 1, 2, and 3 are binding to the receptor by similar
niodes aud that au analogous situation exists among
the structures related to miorphiue (series 4, 5, and 6).
TFurtherniore, the high degree of nonparallel activity
between phenylpiperidine derivatives (series 1, 2, and
3) and morphine-like conmpounds (series 4, 5, and 6)
strongly suggests that the binding modes of identically
substiuted conipounds in the former series may be quite
different from the latter.

If identically substituted compounds in two different
series are interacting with receptors in a similar man-
ner, then the quantitative contribution of various sub-
stituents to the analgesic effect should produce, under
steady state conditions, proportionate variations of
activity in both series. If a point is plotted whose
abscissa is the logarithm of the activity for the appropri-
ately substituted compound in one series and whose
ordinate is the logarithm of the activity in an identically
substituted compound in the second series, the resultant
points should describe a straight line. Such a propor-
tionality is known as a linear free-energy relationship.?®
Linearity would be a consequence of similar binding
modes of two different analgesics containing identical
N-substituents and would be due to the fact that the
change in AS = 0 or that variations in AS are propor-
tional to changes in AH. If the modes of interactiou
are quite dissimilar, then identical N-substituents
attached to two different analgesiophores would ex-
perience different physicochemical environments on
the receptors. Such a situation would give rise to non-
proportionate differences in AS and AH which would
be manifested by a nonparallel relationship and a
scatter of points. If the binding modes of two dif-
ferent analgesiophores containing identical substituents
are similar, the slope of the regression should be in the
vicinity of 1. This, of course, is dependent on the
assumption that, prior to the drug-receptor interac-
tion, identical substituents on two different analges-
iophores will affect the biodistribution of the com-
pounds in a similar fashion. This assumption is quite
reasonable in view of the successful application of sub-
stituent constants® for the purpose of predicting drug
availability at the site of action. Thus, parallelism
or nonparallelism of potency is interpreted as a mani-
festation of events at the receptor level. When the

(35) H. H. Jaffe, Chem. Rev., 83, 191 (1953},
(36) C. Hansch and T. Fujita, 7. 4m. Chem. Soc., 86, 1616 (1964).
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Figure 2.—A schematic illustration of two different positions
of binding to a receptor. The protonated amine uitrogen
is represented by + and the square denotes an N-substitnent.
The anionic site lies directly beneath +.

mode of binding is not similar, scattering of points may
make the wvalue of the slope indeterminate. If
several dissimilar binding modes exist for each
of two different analgesiophores having the same
N-substituent, depending on the relative popula-
tion of the modes, degrees of point scattering may
be observed. As differences in the modes of interaction
increase, the standard deviation of points which com-
prise the regression will become quite large and result
ultimately in a nonparallel relationship.

Janssen and Eddy?® have reported on the analgesic
activity of several series (Table II, series 1, 2, and 3)
of identically N-substituted phenylpiperidine deriva-
tives. Since their data are reported with well de-
fined confidence limits, it seemed that they could be
used to demonstrate the existence of a linear free-
energy relationship. An additional advantage was
that regressions obtained from the data of Janssen could
be compared with those of Eddy.

Although the least-square regressions obtained
fron1 both Janssen’s and Eddy’s data (Table III)
represent a first approximation due to the limited
number of compounds tested, it can be seen that the
values of the slopes and the linear correlation coeffi-
cients are fairly close to unity. This is consistent,
in a way which is more exacting than qualitative
examination, with the idea that different analgesio-
phores containing the same substituent are interacting
with the analgesic receptors in a similar manner. It is
evident that the standard error (S.E.) and the standard
deviation (8.D.) for each of two regressions (which
possess identical analgesiophores) obtained from two
different sources are in good agreement. A plot of the
logarithm of the activity (ud /kg.) for series 1 and
series 2 is shown in Figure 3.

Since S.D. represents a measure of point scatter it
should give an indication of the degree of similarity
in the binding of different analgesiophores to the re-
ceptors. If the data in Table III are significant, the
substantially higher values of S.D. in regressions de-

(37) P. A. J. Janssen, "'Synthetic Analgesics," Part I, Pergamon Press
Ine., New York, N. Y., 1960, p. 63.



514 Primiv 8, PoRToGHESE

T
!
@
X ] #1CHa ), O
=
- )
; pickz), Q
o > e z
it .
- O
L W
[ =]
o w
=]
o
)
Ot

.| + + +
; g 3 -
Log ED50 ()JM/Kg.)
Series 2

Fignre 3.--A plot of the log IiDu of nualgesics i =<eriex 1 rs. the
log D of identieally substitnted componds i geriex 2.

vived from 1 »s. 3 may wean that the analgesiophove
in =eries 3 binds to the receptors in a manner which has
less of an element of shnilarity thando 1 and 2.
Although series 4, 5, and 6 (Table II) show parallel
changes in potency, the pharmacological data on these
structures have been obtained from several souveces.
Consequently, = quantitative correlation of these
series 1x not presently feasible. The data on open-
chain analgesiex (Table IV) present the same problem
and have the added disadvantage thiat changes in the
N-substituent ave not of the type which cause lavge
variation in  activity.  Therefore, ouly substantinl
changes 1 analgesic activity wmay be meaniugfully
interpreted when identically substituted compounds
In various sgeries arve compared. Lurtheviove, since
sevies 3 and 4 do not have many substituents in counnon
with other series in Table IV, any conclusions drawn
from these data regardiug the aforementioned series
can be counsidered only tentative.  In spite of these
Hitations, a cevtain amount of information can be
extracted from these data. Qualitative wspection of
these sevies indicates that 1, 2, 3, and § may have a
degree of parvallel activity. This could possibly mean
that compounds in the above series are interacting
with analgesic receptors by smimilar modes. The
fact that the more active enantiomers in series 2, 3,
aud § (R = R’ = Me) are configurationally related is
consistent  with the above couclusion. It can be
seent that the compounds present in series 4 and 6
show httle corvelation with series 2, 3, and 5. Sig-
nificantly, the wore active enantioners iun series 4
(R = R” = Me) and 6 (R = Ne; R’ = benzyl)
possess the opposite configuration.  In this case, dis-
similar binding wodes ave reflected both by inversion
in the configurational =electivity of the analgesic re-
ceptors and by nonparallel changes in aetivity., It is
ilmportant to point out that an identieal stereochemicend
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RedrEsx1oN ANALYSIS OF THE LOGARITIIM OF T
ANALGESIC ACrviTy 1IN VARIors N-RUBSTITUTED
PHENYLPIPERIDINE SERIES
Ol
N
t
R
1, R = COalit
2,11 = OCOL
3, R = OCOMe
Darla
Correlation” Slope® RNON RN 7 al sourew
1 s, 2 12 0.0 .16 0.09 5 g
1.01 0,135 .25 1. 96 ¢ h
175, 8 D93 124 13T b0 4 y
0 =7 (.21 D42 0.87 ] h
3 s, 27 10u 1,20 .27 0.96 4 y
1.006 0.19 .25 0.04 3] h

“Reries 1, 2, and 3 were plotied as the logavithun of the nctivity
(ul /kg). " Valnes were calenlated by rhe method of leas
sguares,  © Represelts the linear correlation coefficient;  when
» = 1 there is o perfect corvelation: if r = 0 there ix no correln-
tion. ¥ Deuotes the nmmber of points in the regression. « All
datit were obtained from vef. 32, niice were the test aninnls,
"R = C.H.CH==CHCH., CiH.(CHau, CsH;(CHa)s, CiHu(CHa)y,
CH;CHs; R o= CH.CHOCOFNCH.CH,, CeH:,CH=CH('H.,
CiHa( CHa)y, CGHRCH-=CH(CHa)s, CH;.  # Eddy's data. * Juns-
sei’s  datn. 1 CsHy(CHu)y,  CeHao(CHa)y,  CoHa(CHuy,
Ce;CH:; R = CGH,CH(OA)CH.CH,, CH;CH==CHCH.,
CoHy(CHy 'y, Calds(CHa)., CiH;CH=CH(CH,), CH;. 7R =
CeHi(CHy)s, CsHa(CH )y, CeHs( CHu 1, CeHCHyy R = CeHCH=

CHCH., CeHy( CHay, CelH5(CHy), CeH,CH==CH(CHa)., CH.

) -
3 =

relationship alone does not necessarily indieate that
analgesic wolecules are interacting with receptors in
a similar fashion since such a relationship may be coin-
cidental rather than reflecting similar binding. A
wore rigorous procedure would involve the use of sub-
stituent  variation  and  stercochemiceal  data. For
exauple, the more active enantiomers of the earbeth-
oxy mnalog of methadone (Table I, 3) and the basie
anilide compounds (Table 1, 9 and 10) possess the
same configuration but do uot appear to bhe shmilarly
affected by identical N-substituent=. This snggests
different binding wodes despite the fact that the more
active optieal Isomers are stercochennenlly related.
Influence of a Phenolic Hydroxy! Group on Molecular
Modes of Interaction with Analgesic Receptors.- The
ability of a meta plienolic hydroxyl group to enhance
analgesic activity in compounds containing a basic
nitrogen located i a ring is well known.»?%%  Place-
ment of the hydroxyl group in the nrtho or para posi-
tion causes n great decrease or loss of activity.®® If
the aromntic ring is uwouplicuolic, then activity ix
usually  decrensed but not lost. It is conceivable
that such behaviov is enused by the interaction of the
meta OH with a dipolay site on an analgesic veceptor
which aids in binding of the wmolecule.  Anortho or para
hydroxyl group may be responsible for incorreetly
aligning the molecule wlich could result in inactivity
due to loss of affinity for the receptors. Since non-
phenolic aualgesies should not be influenced by a di-
polar site which has the poteutial for hinding u pheno-

(380 NL I 10LLy, I Deloael, el OO )0 Beamaen, Ball. Warld Healtih
(1egan,, 14, 354 (1561
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TasLe IV
RELATIVE ANALGESIC ACTIVITY" OF STRUCTURES RELATED To METHADONE
?l’(C4HSS)2 CsH;NCOEt
Rs L@
; H.CH! 1
(CsH;)CCH:CHNRR (]JHNRRl CHNRR!
1, R? = H; R?! = COEt 3, R? = Me; R? = 80:Et |
2, Rz = Me; R® = COEt 4, R2 = Me; R3 = CO.Et e Ale
R R! 1¢ 2c 3¢ 4c 5 6
Me Me 1.2,7 2.5/ 78,7 5.6 6 1.3,7 0.55¢ 3 0
Me Benzyl 0, e <0.1 1.4%
Et Lt 0.8,7 0.829 3.1 5 0
n-Pr n-Pr <0.33, <0.25¢ <0.1
Allyl Allyl 0.5¢ . 0.7
C.Hs 4.0,1.979 4,715,779 3.5 0
C:H;s0 7.0,4.57 19,7 8 5/ <0.1¢ 1 0
CsHyo 2.6,7 2.5/ 20, 5.4/ 6 0.2 5.5 0

« Analgesic activity relative to meperidine; a value of 10 signifies the compound is 10 times more potent than the reference compound.

» Unless otherwise specified compounds were administered subcutaneously to rats.

4 Values were calculated from footnote j, Table 1.
were inactive at 25 mg./kg.
as test animals. * Footnote [, Table I.

lic OH group, the mode of binding of phenolic and non-
phenolic compounds may sometimes be quite dis-
siniilar.

Data on phenolic and nonphenolic analgesics (Table
V) show that replacing the methyl with a phenethyl
substituent causes an enhauncement of analgesic activity
in phenolic morphinans aud benzomorphans, whereas
conpounds containing no hydroxyl group exhibit a de-
crease in potency when an identical change in substituent
is made. Siuce phenolic and nonphenolic conipounds
do not exhibit parallel changes in activity, it is probable
that the niodes of binding are not the same. In-
asmuch as the aforementioned conipounds are con-
formationally inimobile, it appears that although molec-
ular shape is an important criterion, it is not the only
factor which determines the niode of binding. The
samne factors which have been discussed in connection
with the variation in the enantioneric potency ratio of
various analgesics (Table I) may also be of importance
here. Interestiugly, the azabicyclo[3.3.1]nonane deriv-
atives (Table V) do show parallel changes in activity,

TABLE V8

ANALGESIC ACTIVITY OF PHENOLIC AND
NonpaENOLIC COMPOUNDS

Structure X R R1 Rz EDg?
X H Me H H 187
H CHCHGCH, H H 31.9
OH Me Me H 8.9
OH CH.CH,CsH,; Me H 0.4
R N—R OH Me Me Me 2.6
He OH CH,CH.CsHs; Me Me 0.1

X
@ H Me - — 73
‘ H CHCHCH, — — 387
OH Me - — 0.5
‘ N—R OH CHCH.CH, — — 0.2
H  Me — — 184
X N—RH CH.CH.C:H, — — 287
OH Me — — 20
OH CH.CH.C:Hs — — 3.99

» Dose (mg./kg.) adiniuistered sipbentaneonsly to mice.

¢ Datajwere obtained from ref. 37, Table V, p. 63.

¢ With the exception of the methyl benzyl analog, all compounds in this series
We thank Dr. W. Wright, Jr., for providing this information.
* Animal species not revealed.

/ Average valie.
i Administered intraperitoneally.

7 Mice were employed
This could be coincidental or it may be iudicative of
very similar binding niodes. Additional data would be
needed in order to distinguish betweeu these alterua-
tives.

The Concept of Three-Point Interaction as Related
to Analgesic Receptors.—The useful concept of three
poiut interactiont?* has been employed in explaining
the antipodal selectivity of both euzynies and drug
receptors. This type of aualysis, however, should be
applied with caution as it represeuts an ovevshuplified
version of a relationship which can become quite cowm-
plex. Thus, it has been observed that the coufigura-
tional selectivity of muscarinic receptors®'.3? and of a-
chymotrypsiu®*—3% is dependent on the characteristics
of polar and nonpolar groups which are a part of the
drug or substrate. Such pheinomena have been ex-
plained in terns of dissimilar interaction with the
receptor or active site. It is possible that an anal-
ogous situation exists for analgesic receptors, in that
different sites on the same receptors have the poteutial
for binding some common features of structurally dis-
similar analgesiophores. Furthermore, if more than one
species of receptors having dissimilar steric require-
ments are interacting with analgesic molecules, the ob-
served configuratioual selectivity will represent au
average value rather than a single type of analgesic—
receptor interaction. Such differences in the niode of
binding of optically active narcotic analgesics are
usually reflected by variations in the enantiomeric
potency ratio. In certain cases (TableI, 3, 4,9, aud 10)
this may involve an apparent inversion in the configura-
tional selectivity of the receptors. This mieans that
stereochemical data cannot be used as the sole criterion
in determiniug whether binding modes are sinilar, al-
though it may be employed in the detection of dissim-
ilar modes of interaction. As has been pointed out pre-
viously in this conununication, an identical absolute
stereochemistry of the more active analgesic enaniiomers
does not necessarily indicate that these structures are intey-
acting with analgesic receptors by similar modes unless
variation of the N-substituent produces al least a roughly
qualitative parallel change in activity. Moreover, the
data presented in Tables IT and IV suggest that it
may be misleading to assumie, for example, that
methadone, meperidine, and morphine all exert theiv
action by interacting with receptors in very similar
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pharmacophorie conformations.  In comparing the
mode of binding of vavious narcotic analgesics, one wust
cousider not only the geometric disposition of pharma-
cophorie moieties but also take into account the role
played by other groups which are not deemed essential
for activity. If quite a different pattern of contribu-
tions to drug-receptor binding are made by various con-
figurationally related analgesic molecules, the conelu-

Vol. 8

sions drawn from the three-point interaction concept to
rationalize configurational selectivity of veceplors iy
not necessarily be valid,
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A group of glycolate esters of heterocyclic amino alcohols have been examined from the point of view of stereo-

chemistry in an effort to correlate pharmacological action with molecular configuration.

The examination was

confined to the properties of the heterocyclic amino gronp and was conducted with respect to the psychotomimetic

properties of the drugs.

An important factor for psychotomimetic potency was the availability of the electrou

pair on nitrogen, which, presumably, must combine with an electrophilic center of the biological receptor site.
Conformational factors were important insofar as they contributed tc 1,3-diaxial interference by axial hydrogen

atoms.
ish potency.

Considerable interest has beeu focussed on the struc-
ture-activity relationships of substituted glycolate
esters of heterocyclic amino alcohols which possess
warked psychotogenic (i.e., psychotonimetic) prop-
erties.t2  Previous studies were devoted largely to the
piperidy! and pyrrolidyl esters, with eruphasis on varia-
tion in the acid moiety of the esters. Sinece it was
known that variations in the type of heterocyeclic aniiuo
aleohol resulted in striking differences in psycliotonii-
metic effectiveness, an opportunity was at lhand to
examine the possible role of the amine nioiety in the
pharmacological action of this series of drugs.

R R
R R
Y O OLen
N N Il\T CH; N CH,

| |
CH, CH, CH,

1 11 11 v
decreasing potency
R R R
N CHs Q CHy
! CH,” N TCH;
CH; (IJHq
v VI VII

decreasing potency

R=e.g.. benzilate

(1) 1. G. Abood and J. H. Biel Intern. Fev. Neurobiol., 4, 217 (19621,
() L. G. Abood, A. Ostfeld, and J. H. Biel, Archk. intern. pharmacodyn.
120, 186 (1959).

Intramolecnlar interactions involving the nonbonded electron pair on nitrogen were believed to dimin-

Pharmacology.—The drugs iuclided in thiz study
were evaluated for tlieir anticholinergic potency and
for their effect on those paramieters of behavior which
are believed to be 1related to the psychotomimetic
action of the agents in humaus. A nmeasurement of
Lyperactivity in rats has been found to be a simple and
effective means of evaluating the over-all action of the
drugs upon the ceutral nervous system.!'? A more
direct measurement of the drugs’ disturbance of higher
central nervous function can be made by means of the
swinn maze and ‘‘peek’” tests.»* A description of these
tests and their reliability in predicting the psychoto-
mimetic action of the glycolate esters i1 humans has
been described in detail elsewhere.l* Briefly the
swim maze consists of a maze which contains water in
wliich a mouse is compelled to swim in order to escape
drowning; the more centrally active drugs produce =
greater numnber of errors in performance. The “peek”
test was developed by Kosiman* as a wmeans of quanti-
tating peculiar head-bobbing and head-swayiug move-
ments associated with the centrally active glycolate
esters,? and although the significance of this test in
determining the behavioral aberrations of the drugs is
not too well understood, it has proved to be extremely
effective in predicting psychotomimetic potency in
humans, The ability of the drugs to block the acetyl-
choline-induced contraction of the isolated rabbit
ileun1 was takeu as a measure of anticholinergic po-
reuey.?

(3) M. I, KKosman, Proc. Soc. Exptl, Biol. Med., 118, 728 (1964).
{4) M. E. Kosman, 1bid., in press.
(5 11. C. Chang and J. H. Gaddum, J. Physiol., 79, 255 (1933).



