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] 
SUMMARY: Using very high frequency H nuclear magnetic resonance, nitrogen 
inversion in the N-substituted piperidine ring of a fused po]ycyclic molecule 
is demonstrated for the first time. The molecule discussed is the potent 
opiate agonist morphine where the piperidine ring is known to be of vital 
importance in receptor mediated pharmaco]ogica] action. Previous]y, it has 
been accepted that the conformation of the piperidine ring was so]e]y N-R, 
equatoria], on the basis of so]id state and theoretiea] conformation studies. 
The present work demonstrates a relatively slow rate of interchange between the 
axial and equatorial forms and therefore requires a reappraisal of the previous 
]iterature as applied to the receptor active conformation of morphine. 

There has been a great deal of recent interest in the topology of opiates 

with respect to acertaining the conformationa] features responsible for the 

receptor mediated actions of the mo]ecu]es. This ]iterature has taken the form 

of X-ray determinations of many of the important class representatives (]), 

quantum chemical ca]cu]ations (2), and hypotheses based upon empirica] struc- 

ture activity relations (3,4). In particular, much of this work has centered 

on the role of the N-substituted piperidine ring in classica] opiate agonists 

and antagonists since change in this section of the molecules is known to be 

very important in receptor-]igand recognition and subsequent biologica] 

effects. A stereoscopic view of the conformation of the archtypa] agonist, 

morphine, as determined by X-ray crystallography is shown in Figure ]a (5,6). 

The formal structure and numbering system for morphine (1) is given below. A 

significant conformationa] feature of the structure is the who]]y N-R, 

equatoria], chair, conformation of the E (piperidine) ring. This feature, 

apparently confirming theoretical ca]cu]ations which make the N-R, equatoria], 

conformer overwhelmingly favored energetically (2), forms the basis of much 

current thinking on the nature of the opiate receptor (7). 
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(A) Stereoscopic view of morphine conformation as determined by X-ray 
crystallography (the N-R, equatorial form). (B) Stereoscopic view 
of morphine in the N-R, axial, conformation. 

In stark contrast to this voluminous sol id state and theoretical l i t e ra tu re  

l i t t l e  attention has been given to the solution conformations of alkaloid 

opiates and, in par t icu lar ,  none has been given to the interpretat ion of the i r  

relevant nuclear magnetic resonance (NMR) spectral features. NMR work on the 

opiates has been confined to some early 60 MHz IH work and later  13C 

assignments in organic solvents (8,9). 

Extensive classical NMR studies have, of course, been performed on 

nitrogen inversion and boat-chair interconversion in simple piperidine rings 

( I 0 , I I )  but such interconversions have never been demonstrated in large 
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TABLE I 

Proton spin-spin coupling constants for the piperidine ring of morphine in 
aqueous (D~O) solution, 30°C, pDa=l.5 compared with those predicted from X-ray 
crystal structure of morphine hydrochloride. 

(a) 
derived dihedral angles from crystall ine morphine hydrochloride structure, and 
observed coupling constants 

a(obs) 
dihedral angle crystal perfect chair -NR,eq -NR,ax 
Hl6,eq-Cl6-ClS-Hl5,ax -54.19 ° -60.00 ° 4.9 Hz 4.8 Hz 
Hl6,eq-Cl6-Cl5-Hl5,eq 68.02 60.00 <I <I 
Hl6,ax-Cl6-Cl6-HlS,ax -166.19 -180.00 13.1 14.2 
Hl6,ax-Cl6-Cl5-Hl5,eq -43.g8 -60.00 4. 4. 

(b) 
theoretical prediction vs. observation J(trans)/J(cis) for J(trans)=I/2(Jaa+Jee), 
J(cis)=]/2(Jae+Jea) 
J(trans)/J(cis): perfect chair 2.00 (ref. 13) 

crystal(predicted), l.Sl 
-NCH3,eq (obs) l.Sl 
-NCH3,ax (obs) 1.67 

polycycl ic  fused ring systems such as the a lkalo id opiates. Aided by the 

increase in chemical s h i f t  dispersion afforded by NMR spectroscopy at 600 MHz 

th is  report  discusses and i n i t i a l  invest igat ion of conformational equi lbr ia  in 

morphine in aqueous solut ion.  

METHODS: 1 H assignments derive from homonuclear decoupling work performed 
i n i t i a l l y  at I00 MHz and la te r  at 600 MHz. 13C measurements, based on these 
assignments were performed at 25.2 MHz. I00 MHz measurements were taken in 
the Fourier transform mode while those at 600 MHz were done in the corre lat ion 
mode. Samples were made up from recrys ta l l i zed  morphine (furnished as a g i f t  
from the State of Connecticut Department of Consumer A f fa i r s ,  Drua Control 
Division) ~at a concentration of 50 mg/ml in 100% 2H20 with added 2HCI to bring 
them to the desired ac id i ty .  An exception was the corre la t ion mode experiment 
carr ied out in H20. 

Figure l ,  the dihedral angles reported in Table I ,  and the internuclear 
distances and moments of i n t e r t i a  quoted in the text  were obtained using the 
program PEPTID developed in th is laboratory and described previously (12) 
implemented on a Texas Instruments 980A minicomputer attached to a Hewlett- 
Packard 7220A graphics p lo t te r .  

RESULTS AND DISCUSSION: In th is b r ie f  report only the resonances resul t ing 

from the N-CH3, NH, H15,16 and 13C15,16 nuclei w i l l  be discussed. At I00 MHz 

the lack of spectral de f i n i t i on ,  even at low pD, due to the complex ABCD spin 

system of H15,16 precludes fu r ther  analysis. This complication is t o t a l l y  

absent at 600 MHz at pD ~ 1.5. Figure 2 shows the resul t ing spectra along 

with assignments, and is contrasted to the pD ~ 7 spectrum at the same 
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Figure 2. (A) 600 MHz proton spectrum of morphine in 2H20, pD ~ 7, 25°C, in 
the region upf ie ld  from thewa te r  s ignal .  This spectrum sharpens 
dramat ica l l y  at  65°C. (B) Same region as (A), pD ~ 1.5, inset shows 
NH peak, 9.5 ppm downfield from water signal taken in H20, pH=O.5. 
The major and minor components for  HI5 ax ia l  and HI5 equator ia l  are 
bracketed and the major and minor components of the two methyl 
invertomers are labeled. On expanded scale (not shown) the major and 
minor components for  HI6 ax ia l  and HI6 equator ia l  are v i s i b l e .  A 
minor component peak accompanying H9 is also seen in spectrum (B). 

frequency. In H20 at pH=0.5 the major and minor components of the N-methyl 

proton resonances are s p l i t  into closely spaced doublets. Table I 

summarizes the coupling constant and chemical s h i f t  data resul t ing from 
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some of these experiments. The 13C spectra at pD ~ 1.5 show major and 

minor components for the methyl and 15,16 carbons. 

This extremely simple experiment, made possible by the dispersion of 

high frequency NMR, has a straightforward, unambiguous, interpretat ion. 

The major and minor components in the acidi f ied IH spectrum of morphine 

have nearly identical coupling constants which are consistent with the 

s l i gh t l y  distorted chair conformation (13) exhibited by the piperidine 

ring of ( I )  in the sol id state. Processes such as ring inversion and 

chair-boat interconversion are precluded by the r i g i d i t y  imposed by the 

fused ring molecular skeleton of (1). The results are, however, a l l  

completely consistent with a nitrogen invertomer equil ibrium "frozen out" 

at low pH as previously found by the same method in small piperidine ring 

systems ( l l ) .  The equil ibrium rat io  found corresponds to an ax ia l -  

equatorial energy difference of approximately l Kcal/mole and the rate of 

interchange is on the NMR time scale at neutral pH (as evidenced by 

temperature dependent, d i f f e ren t i a l ,  l ine broadening). Both the energy 

difference and barr ier  between the invertomers are inconsistent with 

theoretical estimates (14). 

A stereoscopic view of the N-axial conformer of morphine is shown in 

Figure lb. As a further aid in establishing molecular dimensions the 

following figures are pert inent. The distances between the methyl carbon 

and the tyrammine oxygen are: 8.177 A (N-R, equatorial) and 8.215 A (N-R, 

ax ia l ) .  The distances between the methyl carbon and the D ring oxygen 

are: 7.895 A (N-R, equator ial) ,  6.768 A (N-R, ax ia l ) .  The traces of the 

moment of i n te r t i a  tensor in the principal axes systems show the N-R axial 

conformation to be s l i gh t l y  more compact with an iner t ia l  rat io  of axial 

to equatorial of 0.93 for these quanti t ies. 

CONCLUSIONS: Previous hypotheses and theoretical studies on the topology 

of this molecule at the receptor which have accepted the N-R, equatorial- 
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only, conformer must be re-examined. This is because the on-rate to the 

receptor for opiate agonists such as morphine are many orders of magnitude 

more rapid than the invertomer interchange rate implied by the spectra 

shown. Hence there are ef fect ive ly  two d i f ferent  molecules of morphine 

being presented to the receptor at any given instant. Certain important 

interatomic distances vary considerably between the two invertomers. 

Final ly,  we have observed simi lar effects in other opiate agonists 

and antagonists and wi l l  report on these along with quanti tat ive kinetics 

(15), investigated using rotat ing frame NMR techniques (16) in more 

extensive reports to follow. 
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