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Communications to the Editor 

JV-Methylnalorphine: Definition of JV-Allyl 
Conformation for Antagonism at the Opiate 
Receptor 

Sir: 

The fundamentally important question of whether 
morphine and its congeners adopt a conformation in the 
drug-receptor complex with the nitrogen substituent in 
an equatorial or axial configuration is not yet resolved. 
The answer to this question has great significance for the 
rational development of novel agents that interact with the 
opiate receptor. 

The apparent requirement for an equatorial configura
tion of the nitrogen substituents in morphine-like agonists 
was noted by Belleau et al.1 and also by Feinberg et al.,2 

who further suggested that antagonists are distinguished 
by having their nitrogen substituents equatorially oriented. 
However, recent evidence indicates that both axial and 
equatorial substituents (as defined by solid-state crystal 
structures) can lead to active agonists.3 Other theories 
have postulated that levels of agonism/antagonism may 
be related to various conformational minima attainable by 
antagonist nitrogen substituents4 or that more subtle 
conformational changes in the piperidine ring might lead 
to different interactions with the amine binding site.5 

While more recent work has shown that potent antagonists 
may be generated in series not possessing an antagonist 
pharmacophore on the N atom,6'7a,b all antagonists or 
agonist/antagonists of current clinical importance possess 
such a substituent.8 

Recent quantum mechanical calculations reveal that the 
axial-equatorial minimum-energy differences for proton-
ated and neutral morphine are only of the order of 0.4 and 
2.9 kcal/mol, respectively, and these barriers do not in
crease significantly in the antagonist iV-aHylnormorphine 
(nalorphine).9 Since, according to estimates by Ariens,10 

the amount of binding energy available for a ligand-re-
ceptor interaction assuming high complementarity of fit 
is also of this order of magnitude, the relevance of any 
specific conformation of an isolated flexible molecule to 
the drug-receptor interaction is unclear. In principle, 
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sufficient energy is available to cause an induced fit in an 
agent with either an axially or an equatorially confined 
susbstituent. 

We undertook an experimental test of the importance 
of the conformation at nitrogen in opiate antagonists by 
a comparison of the pharmacology of the diastereoisomeric 
quaternary compounds A and B which have their iV-allyl 
substituents confined to the axial and equatorial positions, 
respectively. These were prepared by the method of 
Koczka and Bernathlla by alkylation of morphine with allyl 
iodide and iV-allylnormorphine with methyl iodide, re
spectively. 

The two compounds1113 were examined for their ability 
to displace [3H]diprenorphine (1 nmol) from rat brain 
homogenate by the procedure of Pert and Snyder12 and 
for both n and 5 agonist and antagonist effects13 in the 
electrically stimulated mouse isolated vas deferens (mvd)14 

and for JU and K agonist effects in the guinea pig isolated 
ileum (gpi).15 

Quaternization is seen to lead to very reduced antagonist 
potency against both fi and 5 agonists and to a decreased 
binding affinity in competition with [3H]diprenorphine. 
The axial isomer A has approximately one-hundreth the 

R1 r 

isomer A, R' = CH2CH=CH2; R" = CH3 
isomer B, R' = CH3; R" = CH2CH=CH2 

antagonist potency of nalorphine in the mvd assay, which 
very closely parallels the decrease in binding affinity both 
in the presence and absence of Na+ to approximately 
one-hundreth that of nalorphine. Isomer A is completely 
ineffective in antagonizing the effects of Met5E at a con
centration of 22 /umol (approximately 5 times the pA2 
concentration of isomer B at this receptor and approxi
mately 20 times its own pA2 concentration at the ix re
ceptor). 

(11) (a) Koczka, K.; Bernath, G. Acta Chim. Acad. Sci. Hung. 1967, 
51, 393. (b) Isomers A and B were prepared exactly as de
scribed in ref 11a. The samples of A and B were recrystallized 
six times from water and 90% aqueous methanol, respectively, 
and then had melting points 240-241 and 255-256 °C, re
spectively. The IR spectrum of the two pure materials, ac
cording to the criteria of ref 11a, showed none of the other 
isomer as a contaminant. An HPLC analysis on Spherisorb 5 
Mm ODS, 25 X 0.46 cm i.d., at 60 °C with 0.1% (w/v) pen-
tanesulfonic acid (sodium salt) in acetonitrile/water (96:4) at 
a flow rate of 1 mL min""1 with UV detection at 227 nm gave 
retention times of 21.6 and 23.6 min, respectively, for isomers 
A and B. A quantitative assay of very low levels of impurities 
proved difficult, but samples of A and B were >98% pure. 
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Table I. Results of in Vitro Pharmacological Evaluation of Diastereoisomers A and B 

opiate antagonist action in the mouse 
isolated vas deferens: concn, nmol, required 

to give a dose ratio of 2 ICS0 ," nmol 

compd vs. MetsE vs. normorphine +Na+ -Na+ 

nalorphine 286 ± 52(3) 22.4 ± 3.1 (3) 160 5$) 
A >22 0 0 0 ( 2 ) b 1247 ± 2 6 8 ( 2 ) 11500 8500 
B 4 9 2 5 + 1 4 3 5 ( 5 ) 59.2 ±5 .3 (5) 510 440 

a ICS0 is that concentration necessary to inhibit the stereospecific [3H]diprenorphine (1 nmol) binding at 36 °C. b At 22 
jumol, no antagonism of the effects of Met5E was apparent. 

The reduced binding affinity of the equatorial isomer 
B is approximately one-third that of nalorphine, and this 
again closely parallels the reduced antagonist potency in 
reversing the effects of normorphine in the mvd assay to 
approximately one-third that of nalorphine. The antag
onist potency in reversing the effects of Met5E is less, 
however, being approximately one-twentieth that of 
morphine, and isomer B therefore possessing 80-fold higher 
affinity for the /u receptor (cf. pA2 vs. normorphine with 
pA2 vs. Met5E). The effects of quaternization on reduced 
affinities and potencies are broadly in line with the results 
of previous studies of quaternized opiates.16-19 The 
quaternization of nalorphine with allyl bromide has been 
shown to reduce both agonist and antagonist potencies, 
respectively, to 2.1 and 12% that of nalorphine.20 That 
study, however, did not examine the importance of con
figuration about the N atom to agonist or antagonist ef
fects. In line with the conclusions from previous work,12 

the sodium index IC50 (+Na+)/IC50 (-Na+) for isomer B 
as a pure antagonist is expected to be <1, and that for 
isomer A as a partial agonist should be >1. It is found that 
indexes for both are marginally >1 (A, 1.26; B, 1.16). 
Although the relative order is as expected, it is difficult 
to assess the importance of such small differences, as some 
other partial agonists have indexes close to l.12 The value 
of the sodium index for A is probably a reflection of the 
fact that its intrinsic agonist activity is low in relation to 
its antagonist activity. 

Neither isomer possessed any agonist activity (<0.05% 
normorphine) in the mvd preparation. In the gpi, however, 
while isomer B was devoid of any agonist activity in con
centrations up to 44 /umol, isomer A possessed definite 
agonist activity manifested by a depression in the twitch 
height that was completely reversed by naloxone (0.09 
Mmol). The agonist potency was very weak, being only 0.26 
± 0.01% (n = 6) that of normorphine. Displacement of 
the dose-response curve to A with low concentrations 1.5-9 
nmol of naloxone indicated that the compound is 4-5 times 
more resistant than normorphine to the antagonist effects 
of naloxone. This finding is consistent with the idea that 
isomer A may be acting on a K receptor in the gpi (see 
Hutchinson et al.21). 

The marked differences in pharmacological behavior 
between isomers A and B warranted unequivocal deter
mination of their three-dimensional structure. Their 
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Figure 1. Observed structure of isomer B, showing equatorial 
configuration of the allyl group about the N atom, and the hy
drogen-bonding system linking hydroxyl groups, water, and the 
iodide ion. 

configurations have previously been assigned on the basis 
of chemical rationale and spectroscopic evidence.11 How
ever, lack of selectivity in the quaternization reactions with 
alkylation of both morphine and iV-allylnormorphine 
giving differing proportions of A and B and the essential 
ambiguity of the original structural assignments22 induced 
us to examine the structure of the isomer with the higher 
antagonist potency by X-ray diffraction. 

The structure determined by this analysis (depicted in 
Figure 1) represents the first unequivocal demonstration 
that the equatorial position is the preferred configuration 
for the antagonist N-substituent (the allyl group)23 and 
confirms the original structure assignment of Koczka and 
coworkers. The configuration of the chiral N atom is R. 
The bond angles and distances in this structure are as 
expected and generally correspond closely to those in na
lorphine. The torsion angle defining the orientation of the 
allyl group N(17)-C(19)-C(20)-C(21) is -104.2 (5)° and 
that in nalorphine is 136.50.24 Although this angular 
distortion appears large, the torsion angle found for the 
identical fragment in naloxone is -97.90.25 The partial 

(22) Bernath, G.; Szabo, J. A.; Koczka, K.; Vinkler, P. Acta Chim. 
Acad. Sci. Hung. 1967, 51, 339. 

(23) A sample of isomer B was crystallized as a monohydrate by 
evaporation of an aqueous methanol solution. The crystals are 
othorhombic, space group P212121 with a = 9.136 (1), b = 
18.677 (2), and c = 11.323 (1) A, with Z = 4 molecules of 
C20H24NO3

+I--H2O; 2108 intensity data with 26 < 130° were 
measured with graphite monochromatised Cu Ka radiation 
and were corrected for absorption (̂  = 133 cm"1, Cu Ka). 
Merging equivalent reflections yielded 1945 unique reflections; 
1753 had F > 3<r and were treated as observed. The structure 
was solved by the heavy-atom method refined by the method 
of cascade blocked full-matrix least squares to a final residual 
i?w = 0.038, corresponding to a weighted residual Rw = 0.038 
(X>A2 was minimized, where w = l/(cr2F + 0.0003.F2). In the 
final cycles of refinement, the hydrogen atoms were refined 
isotropically and the other atoms anisotropically. All calcula
tions subsequent to data reduction were performed with 
SHELX. Atomic coordinates for this work are available on re
quest from the Director of the Cambridge Crystallographic 
Data Centre, University Chemical Laboratory, Cambridge, 
CB2 1EW, England. Any request should be accompanied by 
the full literature citation for this communication. 
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opiate agonist effects of nalorphine have been related to 
variations in this torsion angle,9 but its variability may 
simply serve to emphasize the obvious flexibility of such 
a substituent; indeed, from published data, the confor
mation of the allyl group in the quaternary derivative is 
of somewhat lower energy than that found in nalorphine 
hydrobromide.9 The possibility that this torsion angle is 
influenced by ionic interactions should not be discounted, 
since the iodide ion is found 5.32 and 5.34 A, respectively, 
from the quaternary nitrogen atoms of two adjacent drug 
molecules, in addition, the iodide ion is part of the chain 
of hydrogen bonds, 0 (6 ) -H» .0 (H 2 0) -H.» I - -H-0(3 ) link
ing the 6-hydroxy and 3-phenolic substituents of the same 
molecule. The remaining water hydrogen atom interacts 
with the 6-hydroxy group of a symmetry-related drug 
molecule, resulting in an infinite chain of hydrogen bonds 
extending along the a-axial direction. 

Other interesting observations emerge from the phar
macological evaluation of A and B. The fact tha t isomer 
A with an axial N-substituent possesses some agonist ac
tivity whereas B with an equatorial N-substituent is a pure 
opiate antagonist lends support to the hypothesis of 
Feinberg et al.2 relating to N-substituent conformations. 
It must be stressed, however, that isomer A has but a low 
intrinsic agonist activity and still possesses a very sub
stantial (in comparison to its agonist activity) antagonist 
component. Both isomers A and B possess affinity for the 

(25) Karle, I. L. Acta. Crystallogr., Sect. B 1974, 30, 1682. 

ii rather than the 5 receptor. Since isomer B has greater 
affinity at both /t and 5 receptors than isomer A, it is 
apparent that the equatorial configuration of the .ZV-allyl 
group is the favored conformation for interaction at both 
types of opiate receptor. 

To our knowledge this is the first unequivocal experi
mental determination of the contribution of configuration 
about the N atom to antagonist effects in opiates. 
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Articles 

Potential Neuroleptic Agents. 2,6-Dialkoxybenzamide Derivatives with Potent 
Dopamine Receptor Blocking Activities 
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A series of some novel iV-(l-ethyl-2-pyrrolidinylmethyl)benzamides was synthesized and tested for dopamine receptor 
blockade in vivo by the ability to block the apomorphine syndrome in the rat. Several compounds were considerably 
more potent than sulpiride as dopamine receptor blockers and displayed low liability to induce extrapyramidal side 
effects (catalepsy) in the rat. The blockade of dopamine receptor activity in vivo was mainly confined to the levorotatory 
isomers having the S absolute configuration. The structure-activity relationships are discussed. 

The substituted benzamides sulpiride, metoclopramide, 
and tiapride display pharmacological properties charac
teristic for neuroleptic drugs.1"6 Sulpiride has been re
ported to be an effective antipsychotic agent tha t at 
therapeutic doses produces less marked extrapyramidal 
side effects than most antipsychotic compounds.7,8 Animal 
investigations have demonstrated tha t many of the 
pharmacological effects of this compound are associated 
with blockade of (DA) receptors in both striatal, meso-
limbic, and tuberoinfundibular DA containing neurons. 
Thus, sulpiride blocks some of the behavioral effects of the 
DA agonist apomorphine that are mediated via activation 

+ Department of CNS-Medicinal Chemistry. 
' Department of Pharmacology. 

of striatal and mesolimbic DA receptors4,10 and inhibits 
the binding of radiolabeled dopamine receptor antagonists, 
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