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Abstract 0 Ab initio (4-31G) molecular orbital calculations wcre performed 
on model systems to investigate the proton-transfer version of the clastic 
binding hypothesis for opiate-reccptor interactions. Ammonia was chosen 
as the model for the nitrogen-containing portion of theopiate molecule, while 
ammonia and water were chosen as  models for the proton acceptor at the re- 
ccptor. The equilibrium position of a proton situated between the two mole- 
cules is found to be determined primarily by the orientation of the proton-donor 
molecule with some influence also from the other molecule. Misalignments 
o f  the lone pairs can significantly alter equilibrium populations when the 
proton affinities of the two molecules are similar. 

Keyphrases 0 Clastic binding hypothesis-proton-transfer mechanism, op- 
iate-receptor interactions. ah initio molecular orbital calculations 0 Op- 
iate-receptor interactions-proton-transfer mechanism, clastic binding hy-  
pothesis, ab initio molecular orbital calculations 0 Proton transfer-mech- 
anism. clastic binding hypothesis, opiate-receptor interactions, ab initio 
molecular orbital calculations 

Belleau et al. (1,2) have presented concrete evidence that 
the relative spatial orientation of the lone electron pair on ni- 
trogen (N lone pair) or morphine-type opiates is crucial for 

their opiate activity. On this basis they proposed the clastic 
binding hypothesis for opiate-receptor interactions (3) .  Ac- 
cording to this hypothesis, morphine-type opiates achieve 
productive binding with the opiate receptor through a clastic 
binding process involving a stereospecific electron transfer 
from the nitrogen lone electron pair of the opiate to some 
electrophilic site at the opiate receptor. This hypothesis was 
recently analyzed from a chemical point of view and was found 
to be chemically feasible (4). An extended form of this hy- 
pothesis was proposed (4) to accommodate recent observations 
by Fishman et al. concerning the N-dernethylation of mor- 
phines in the brain (5-7). 

Belleau and co-worker (2) later proposed another version 
of the clastic binding hypothesis according to which the N lone 
pair of opiates is involved in a stereospecific proton transfer 
to the receptor leading to strong analgesia. For optimal anal- 
gesia, a morphine should have the N lone pair oriented properly 
for a facile proton transfer. This version of the clastic binding 
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Figure I -Schematic representation of the proton transfer between a protonated morphine-type opiate (only nitrogen is shown) and an acceptor base (B) 
of the opiate receptor (shaded area) (adapted from Ref 2) .  

hypothesis shall be referred to as the proton-transfer version, 
as opposed to the electron-transfer version which was discussed 
in the previous paper (4). 

We believe that the clastic binding hypothesis shows promise 
of explaining the mechanism of opiate-receptor interactions 
and, therefore, deserves further examination. The objective 
of this paper is to provide new insights into this hypothesis. This 
paper deals with the proton-transfer version of this hypothesis, 
while the previous paper (4) corlcerns the electron-transfer 
version. (An extensive discussion of the proton-transfer version 
of the clastic binding hypothesis can be found in Ref. 2.) We 
summarize here some crucial points with emphasis on those 
which we are going to investigate (oide infra). 

BACl&ROUND 

Belleau and coworkers (2) visualized the proton transfer between a mor- 
phine-type opiate and the opiate receptor as shown in Fig. 1. The potency of 
an analgesic. according to these authors, depends on the position of the equi- 
librium of the proton, which is affected by the basicity of nitrogen of mor- 
phines. To account for the observed influence of the directionality of the N 
lone pair of morphine-type compounds on their opiate activity, it was proposed 
that: 

I .  Only the orientation of the N lone pair which allows a facile, i.e.. ener- 
getically favorable, proton transfer is favorable for induction of analgesia. 
There are other orientations of the N lone pair from which the proton transfer 
is energetically unfavorable. 

2. The position of equilibrium of the proton will depend on the N lone pair 
orientation (in addition to basicity of nitrogen). 

We decided to investigate the above two statements in a quantitative manner 
using ab initio quantum chemical methods. These methods are suitable for 
this type of study since the relative orientations of species to ,k studied (amine, 
proton, and the base at  the receptor) may be precisely specified and easily 
varied. S C F  calculations were carried out with the 4-31G basis set since this 
procedure furnishes proton-transfer energy barriers in excellent agreement 
with much more sophisticated theoretical treatments using large basis sets 
and configuration interactions (8-1 I ) .  

To perform ab initio calculations it was necessary to model the large 
morphine molecules by smaller representative systems. Ammonia was chosen 
as the simplest model of the amine-type nitrogen-containing portion of a bi- 
ologically active morphine-type opiate. Two different models were chosen to 
represent the base at the opiate receptor, the nature of which has not as yet 
been elucidated. We examine the possibility that such a base contains nitrogen 
or oxygen, as is frequently the case for bases encountered in biological systems 
( I  2). The first model is the nitrogen base ammonia which contains a single 
lone electron pair (Fig. 2). Water was used as the simplest model of an oxygen 
base and contains two lone pairs (Fig. 3). These two models for the base pro- 
vide a wide range of basicity, which is expected to include the pK of the re- 
ceptor within it. 

EXPERIMENTAL 

All molecular orbital calculations were performed using the ab initio 
Gaussian-70 system of programs (13). The 4-31G basis set (14) was used 
within the restricted Hartree-Fock formalism. 

Before we present our calculations on the simple model systems (Figs. 2 
and 3) it is important to define clearly all the parameters of these models in 
conjunction with the acthal case of a morphine undergoing a proton transfer 
at the opiate receptor (Fig. 4). Both the morphine molecule and the hypo- 
thetical base at the receptor have been shown to be sterically fixed at  the re- 
ceptor: morphine by virtue of the noncovalent "lock-and-key" fit ( 1  5 )  and the 
base at the receptor by virtue of a covalent bond (Fig. 4). The example of a 
morphine shown in Fig. 4 is oxymorphone, a potent opiate agonist. The ex- 
ample of a base B at the receptor shown in Fig. 4 is a neutral base having one 
lone electron pair. The N lone pairs of oxymorphone and the base B are shown 
to be in a less than perfect alignment along the N. . .B internuclear axis, which 

is a more likely case than perfect alignment, since morphines may not be the 
ideal substrates for the opiate-receptor cavity [etorphine, for example, may 
be a better candidate ( I  6)]. 

The N. . .B distance R is unknown. In our calculations on the model systems 
this distance varied from 2.75 to 3.15 A, which is a typical range between 
proton donors and acceptors encountered in  biologically important hydro- 
gen-bonded systems ( I  2). The N. .  .B distance R shown in  Fig. 4 is likely to 
be longer than the equilibrium N. . .B distance (in the absence of steric con- 
straints), due to the postulated less-than-perfect f i t  between morphine and 
the receptor. In Figs. 2--4, r refers to the distance between the protondonating 
nitrogen atom and the central proton in its equilibrium position. This pa- 
rameter, r ,  will depend to some extent on the internitrogen distance R,  as will 
be demonstrated below. 

Tostudy thedependenceof the propertiesof the proton transfer on thedi- 
rectionality of the lone pairs, the NH3 and base molecules (NH3 or OHz) were 
twisted, as  illustrated in Figs. 2 and 3. LYI  and a2 are angles describing the 
rotation of the nitrogen proton donor add the proton-acceptor B, respectively, 
from their optimal orientation. Both conrotatory and disrotatory rnisalign- 
ments were studied. For each configuration (defined by R, aI, and a2), the 
equilibrium position of the central proton was located. Scheme I conveniently 
summarizes the relevant features of the energetics of the proton-transfer 
process. The left well corresponds to the NH. .  .B state and the right well to 
N. . .HB. Between the two is an energy barrier E t  over which the proton must 
pass. A high value of Et  may prevent proton transfer. AE refers to the energy 
difference between the states (N+H. . 'B) and (N. .  .H+B). and its value will 
determine the equilibrium population of the proton between the two states 
(assuming equilibrium is achieved). 

RESULTS 

(H3N.. .H . .  .NH# System-We begin our discussion with the system in 
which a proton may be transferred between two ammonia molecules, one of 
which models the morphine base and the other represents the base at the opiate 
receptor (Fig. 2). We shall refer to this model as the (H3N.. . H . .  +iI43)+ 
system. 

A study of the energetics of proton transfer in the (H3N. .H.. ,NH3)+ 
system has recently been published by Scheiner ( I  7). We summarize briefly 
here some conclusions of the latter work which are relevant to the objectives 
of this study. Calculated potential energy curves of the type shown in Scheme 
I are illustrated in Fig. 5. For internitrogen distances R <2.5 A, the potential 
may be seen to contain a single centrally located minimum. At this distance, 
the preferred position of the proton is midway between the two nitrogens. 
However, for larger values of R,  the potential acquires a symmetric double- 
well character. The two equivalent energy minima each correspond to a con- 
figuration in which thecentral proton is associated with oneammonia molecule 
or the other. The magnitudes of the energy barriers to proton transfer increase 
rather quickly as R is increased. In all configurations, for values of R ranging 
from 2.45 to 3. I 5  A, the hydogen bond is linear. 

I f  one assumes that there is a meaningful parallel between the model system 
(H3N.. .H.. .NH,)+ and the morphine-receptor complex shown in Fig. 4, 
an important feature emerges: there may be a significant energy barrier for 
the proton transfer between the morphine and the receptor which may be 
enlarged or reduced by increasing or decreasing, respectively, the distance 
H. This feature could provide a simple regulatory mechanism in case the re- 

figure 2-Model representing a proton transfer from the protonated nitrogen 
o /a  morphine-type opiate (NH3 on the le/l) and a base B at the receptor (NH3 
on the right). Both NH3 units belong to the C3vpoint group with r (NH)  = 
1.008 A, %(HNH) = 109.3". The equilibrium position of the central proton 
is dejined by the N-H distance r and the angle % between the N-H and 
N .  . .N axes. Angles a I and a2 describe the rotations of the proton-donating 
amine and proton-accepting base, respectively, from their optimal orienta- 
tions, a1 = a2 = 0". Dotted lines represent the C-3 rotation axis of each 
molecule. 
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,?' h 
Figure 3-Analogous to Fig. 2, except that the proton-accepting base at the 
receptor is modeled by OH2 with r(0H) = 0.95 A. 8(HOH) = 111.3". The 
corresponding dotted line indicates rhe C-2 symmetry axis of OH2. 

ceptor has a point of flexibility (dashed line on the boundaryof the receptor 
in Fig. 4). 

Belleau'sclaim that onlycertain orientationsof the N lone pair in the system 
shown in Fig. 1 allow a facile (i.e.,  energetically favorable) proton transfer 
is supported to some extent by the study of the energetics in the 
(H3N. . .H. . .NH3)+ system in terms of al and a2 for a range of R values ( 1  7). 
Thus, Scheiner has found that for each R studied (2.73.2.95, and 3.15 A) the 
activation barriers of the systems having a # 0, i.e., the N lone pair(s) mis- 
aligned relative to their optimal orientation, are larger than those of the sys- 
tems in  which the N lone pair(s) are optimally oriented, i.e., a = 0. The 
magnitude of the energy barrier depends on the type of misalignment between 
the two N lone pairs, and is largest for disrotatory misalignments (e.g., 42.0 
kcal/mol for a1 = -40', a 2  = 40'. and R = 3.1 5 A).  Misalignments of 20' 
produce barrier increases in the range of 1-2 kcal/mol, while much more 
drastic increases are observed for greater misalignments of the N lone 
pairs. 

I n  this paper we focus oh the influence of the relative spatial orientation 
of the N lone pairs on the equilibrium position of the central proton and the 
relative equilibrium populations of the (HlNH.. .NH3)+ and 
(H3N. ..HNH,)+ states. 

Table I contains a summary of the equilibrium position of the central proton 
in the (H3NH.. .NH3)+ state for a range of intermolecular configurations 
specified by R,  al, and a2. We note that the equilibrium NH distance r re- 
mains virtually the same, -I A ( I  .002- 1.087). for all a values and R values 
studied. As R increases the proton is slightly Closer to the NH3, the proton 
donor, which is expected since the influence of the other NH3, the proton 
acceptor (ammonia on right in Fig. 2). becomes weaker as the distance R in- 
creases. The only exception to this trend is found in the last entry of Table I,  
namely for the largest misalignment studied (a1 = 40' and a2 = -40°), in 
which the distance r actually increases very slightly with the increased R .  With 
changing a values the proton is rotated at approximately constant r so that 
it partially follows the N lone pair of the NH3, the proton donor. This is seen, 
for example, in entries 4 and 5 of Table 1. which show that when the NH3 
proton donor is rotated by 20' and 40'. the proton is rotated off the N. . .N 
axis by 11.9' and 30.3', respectively, for R = 2.75 A. I f  we consider the N 
lone pair as  lying along the C-3 symmetry axis of NH3, a may be thought of 
as a measure of the "directionality" of the lone pair. [However, this corre- 
spondence is only true near the nucleus, as  the N lone pair may undergo 
"bending" toward the proton as illustrated in  similar examples ( I  8, 19).] 

The calculated values of 8 are a compromise between the left NH3 which 
attempts to pull the proton along the lone pair direction ( a ~ )  and the right NH3 
which pulls the proton toward the N.. .N axis (0'). The difference between 
nl and 8, listed in  Table I, provides a measure of the strength of the latter 
attraction. As the distance R increases, 0 becomescloser to a13 i.e., the proion 
follows the N lone pair of the proton-donating NH3 more closely, since the 
influence of the proton-accepting ammonia diminishes for greater R.  The only 
exception, again, is the case of the largest misalignment, presented in entry 
9. I n  conclusion, the equilibrium position of the proton depends primarilyon 
the direction of the donor lone pair and to a lesser extent on the relative position 
of the acceptor lone pair. The equilibrium N. . .H distance, r,  generally remains 
within a narrow range, -1.05 A.  

As mentioned above, the clastic binding hypothesis requires a proton 
transfer from the nitrogen of the morphine to the base in order to initiate 
analgesia. The calculated energetics are able to provide information about 
ihe rate of this proton transfer oia the barrier to transfer E'. In addition, it 

17\ 
i 
I bE . 1 

NH...B . N...HB 
Scheme I 

Figure 4-Schematic representation of a proton transfer from the nitrogen 
o f a  morphine-type opiate (oxymorphone) to a hypothetical base B at the 
opiate receptor. The latter is shown as a shaded area whose shape should not 
be taken literally. The broken boundary of the receptor indicates a point oj 
possible receptor flexibility and leads to uncertainty in distance R. The lone 
pairs of oxymorphone and the base B are shown to be in a less-than-perfect 
alignment along the N . .B internuclear axis for reasons discussed in the 
texi. 

would be useful to know something about the relative populations of the 
NH...Band N...HBstatesasit isonlythelatterthat leads toanalgesia. In- 
formation of this type is available from the difference in energy between these 
two states, corresponding to AE in Scheme I. At thermodynamic equilibrium 
the ratio of relative populations is given by: 

where AGO refers to the difference in Gibbs free energy between the two states. 
By equating our calculated values of AE to AG' we make the following as- 
sumptions: ( a )  the difference in  entropy between the two states IS negligible 
and ( b )  the zero-point vibrational energies of the two states are about the same. 
The lack of any major changes in bonding structure, with the exception of the 
proton motion, would lead one to expect these assumptions to be reason- 
able. 

For the angularly undistorted system (a1 * az = 0'). the symmetry of the 
potential energy curve leads to a value of AE = 0 and therefore to K = 1. The 
same is true for both conrotatory and disrotatory distortions where a1 = f a 2 .  
I n  all of these cases, we would expect equal populations of NH...B and 
N. ..HB. However, when one molecule is rotated and the other is not, the 
symmetry is destroyed and AE # 0. The calculated values of AE in cases 
where the proton-donor molecule is rotated by a and the acceptor molecule 
is left undistorted are provided in Table 11. Along with these calculated energy 
differences are included the associated equilibrium constants K. For distortions 
of only 20°, the AE values are quite small and K is thus nearly equal to I .  
However, for greater distortions of 40', the energy differences are greater 
than I kcal/mol and K is of the order of 0.1. We thus see that for such dis- 
tortions, the population of state NH..  .B IS an order of magnitude greater than 
that of N. .  .HB. I n  other words, the equilibrium of the two states is shifted 
toward that configuration in  which the proton is associated with the lone pair 
with the misalignment. 
(HJN.. .H.. .OH# System-The second system we studied is 

(H3N.. .H.. ,OH2)+ in which the morphine base is represented by H3N and 
the proton acceptor at the receptor is modeled by H2O (Fig. 3). The latter base 
has two lone electron pairs, thus providing an electronically different envi- 
ronment than that of the aforementioned NH3 system. In addition, H 2 0  has 
a different basicity than NH3. 

A study of the energetics of proton transfer in the (H3N.. .H.. .OH2)+ 
system as a function of R,  a], and a2 has recently been published (10,20). 
The results of these studies are qualitatively parallel to that of the 
(H3N.. .H.. .NH3)+ system, except that the asymmetry of the former system 
leads to two activation barriers. one for the proton transfer from NH4+ to H20 
(E 'NH-o)  and one for the proton transfer from H30+ to NH3 ( E ~ o H - - N ) .  
The latter barrier is smaller than the former. The values of activation barriers 
for proton transfers from NH4+ to H2O vary from 29. I kcal/mol for the o p  
timally aligned system (a1 = a2 = 0') to 52.2 kcal/mol for the system with 
the greatest misalignment studied (a1 = 40' and a2 = -40'). The corre- 
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Table I-huilibrium Position of Proton as Function of u in the (HIN.. .H.. .NH# Svstem for R Values of 2.75.2.95. and 3.15 A 

R = 2.75 8, R = 2.95 A R = 3.15 A 
Entry al a2 1. A 0 ,  " a1 - 0 "  r ,  A 0,  " - 0 ,  " r A  0, " a1 - 0 , "  

I 0 0 1.087 0 0 
2 0 20 1.076 3.0 -3.0 
3 0 40 1.059 5.6 -5.6 
4 20 0 1.068 11.9 8. I 
5 40 0 1.028 30.3 9.7 
6 20 20 1.069 14.7 5.3 
7 40 40 1.036 33.4 6.6 
8 20 -20 1.055 10.0 10.0 
9 40 - 40 1.002 35.3 4.7 

~~~~~~~ 

1.062 0 0 
1.057 2.2 -2.2 
1.046 4.1 -4.1 
1.051 13.5 6.5 
I .024 32.2 7.8 
1.051 15.6 4.4 
1.030 34.5 5.5 
I .04l 12.2 7.8 
1.007 35.3 4.7 

1.048 0 0 
1.045 I .7 -1.7 
1.037 3. I -3.1 
1.039 14.8 5.2 
1.02 I 33.8 6.2 
1.041 16.4 3.6 
1.025 35.5 4.5 
1.033 13.9 6.1 
1.010 35.8 4.2 

Table 11--Energy Differences end Relative Populations' for 
(H3N.. .H.. .NH3)+ 

R = 2.75 A R = 2.95 A R = 3.15 A 
a AE, kcal/mol K AEq kcal/mol K AE, kcal/mol K 

~~~~~~~~~~ ~ 

20" -0.126 1.23 -0.107 1.19 -0.032 1.052 
40° 1.192 0.145 1.161 0.152 1.321 0.119 

a For r = 27' C. 

sponding values for the barriers for proton transfer from H3O+ to NH3 are 
much smaller: 2.7 and 16.9 kcal/mol. 

The comparison between the values for the energy barriers for the proton 
transfer from NH4+ to H 2 0  and to NH3 reveals that the latter are much 
smaller than the former. This difference is undoubtedly due chiefly to the 
difference in the electronegativities of nitrogen and oxygen atoms (10, 20). 
The activation barriers for the proton transfer in the (H3N.. .H.. .OH2)+ 
system depend on the misalignments between the proton donor and acceptor 
in a manner very similar to that observed for the (H3N.. .H.. .NH# system 
( I  0.20). 

We report here the effect of the relative spatial orientation of the lone 
electron pairs in the (H3N.. .H. . .OH2)+ system on the equilibrium position 
of the proton (Table I l l ) .  The analysis of data presented in Table 111 reveals 
a picture analogous to that of the (H3N.. .H.. .NH3)+ system. The r distance, 
again, is essentially constant and is -I A ( I  .OOO-I ,046 A). This distance again 
dccreases slightly with increased R, except for the case of the largest mis- 
alignment (entry 9 of Table I l l ) ,  in which r increases slightly. 8 Follows a1 
again (cf entries 4 and 5 )  and to a smaller extent a2 (cf entries 2 and 3). The 
a1 - 0 difference here is as large as 7.3". 

DISCUSSION 
While it would be presumptuous to generalize our data on the 

(H3N...H...NH3)+ and (H3N...H,..OH2)+ systems and claim that they 
are directly applicable to the situations where the proton is being transferred 
between the morphine-type opiates and the opiate receptor, we believe that 
our findings should be considered qualitatively when picturing morphine- 
receptor interactions in conjunction with the clastic binding hypothesis of 
Belleau. The previously published calculations of the energetics of proton 
transfer in  the (H3N.. .H.. .NH3)+ and (H3N.. .H.. .OH2)+ systems as a 
function of the distance and the relative spatial orientation of the species be- 
tween which the proton is being transferred (10, I 7,20) support the claim by 
Belleau and co-workers (2) that the ease of proton transfer depends on the 
directionality of the N lone pair (2). 

We have presented calculations which show that the equilibrium position 
of the proton depends on both the N lone pair direction and the orientation 
of the proton-acceptor molecule. We have shown in both model systems- 
(H3N.. .H.  ' .UH3)+ and (H3N.. .H.. .OHz)+-that the proton "follows" 
the N lone pair of the proton donor, and to a lesser extent that of the acceptor. 

The result is that if  the "directionality" of the N lone pair is changed by a 
certain angle a!, the proton will change its position by an angle@, which may 
differ from a1 by up to 10' in our model systems. The distance r between the 
proton and the proton-donating NH3 stays pretty much constant a t  -I A. 
However, the equilibrium populations of the proton on the two molecules may 
depend significantly on the N lone pair directions. This dependence is maxi- 
mized in a system such as  (H3N.. .H.. .NH3)+, where the proton-donor and 
-acceptor molecules have identical proton affinities. When the proton affinities 
are significantly different there is little dependence on angular characteristics 
for the following reasons. Even in the angularly undistorted case, AE is quite 
different from 0. I n  the case of (H3N.. .H.. .OHz)+, this quantity is about 
38 kcal/mol. The equilibrium population of N. . .HO relative to NH..  .O is 
negligible Angular distortions of the two groups may increase or 
decrease AE by only a small amount relative to the original 38 kcal/mol. For 
example, a reduction of AE by 2 kcal/mol would only change K from 
to an increase of 100-fold, but still a negligible amount of N. .  .HO. 
Therefore, for the angular orientations of the lone pairs to have a major effect 
on the relative populations of the two states, it would be necessary for the 
morphine and receptor base to have very similar proton affinities. 

With regard to the accuracy of the particular quantum chemical method 
used here, we do not expect our results to be changed in any major way by use 
of larger basis sets or inclusion of electron correlation. While the specific 
r ( N H )  distances in Tables I and I I I  may be somewhat altered, our finding 
of very small changes in this distance with variations of the hydrogen-bond 
configuration is expected to bc verified. The energetics calculated with the 
4-3 IG basis set at the Hartre-Fock level are also expected to be little changed 
with more sophisticated procedures, as has been demonstrated previously 

We may use our results to draw some inferences about the effects of mod- 
ifications of the relative orientation of the morphine and receptor in Fig. 4. 
A rotation of the morphine molecule as  a whole, with the nitrogen atom as  
a stationary "pivot" would correspond to twisting of the proton-donor molecule 
(a!) in Figs. 2 and 3. a2,Rotation of the proton acceptor, would be effected 
by a translatory motion of the entire morphine molecule to bring the nitrogen 
atom more out of line with the base lone pair. Our results provide evidence 
that small rotations of these types, i.e., 520°, would not significantly alter 
the populations of the "untransferred" state NH. .  .B and the "transferred" 
state N. ..HB. On the other hand, a large rotation was shown above to lead 
to a preferential population of the proton on the group with the misaligned 
lone pair. We therefore infer that a rotation of the morphine about its nitrogen 
atom (al) will inhibit transfer of its proton to the base. This transfer would, 
however, be enhanced by a translation of the morphine off the base lone pair 
direction (a2). 

The reader is cautioned that these conclusions are based only on equilibrium 
populations. Equilibrium might not be achieved in these systems. Secondly, 
while the equilibrium population of the N. .  .HB state might be increased by 
the second motion described above, the angular distortion also produces an 
enlargement of the energy barrier to proton transfer which would act to inhibit 

(8-1 I ,  17,20). 

Table Ill-Eqdibrium Position of Proton as Function of a in the (H3N. . .H. . .OH# System for R Values of 2.75,2.95, end 3.15 A 
R = 2.75 A R = 2.95 A R = 3 . 1 5 A  

Entry a1 a2 r ,  A 0, O aI  - 8 0  r ,  A 0,  " ai - 0 ,  " r A  0." a1 - 0 , "  
1 0 0 1.046 0 .  0 1.039 0 0 1.033 0 0 

4 20 0 1.037 14.2 5.8 1.032 15.3 4.7 1.027 16.2 3.8 
5 40 0 1.017 33.3 6.7 1.017 34.5 5.5 1.016 35.6 4.4 
6 20 20 I .039 16.1 3.9 1.033 16.7 3.3 I .028 17.4 2.6 
7 40 40 1.025 35.1 4.9 1.022 36.0 4.0 1.020 36.8 3.2 
8 20 - 20 1.030 12.7 7.3 1.026 14.2 5.8 1.023 15.5 4.5 
9 40 -40 1 .Ooo 36.1 3.9 I .005 36.3 3.7 1.008 36.8 3.2 

2 0 20 I .042 2.3 -2.3 I .037 1.7 -1.7 1.031 I .3 -1.3 
3 0 40 1.032 4.6 -4.6 I .030 3.4 -3.4 1.026 2.6 -2.6 
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Figure 5-Energetics of proton transfer in the 
(H3N. . .H . .  .NH3)+ system for various internitrogen 
distances R. Energies are all shown relative to that of the 
fully optimized structure (R = 2.73 A. r = 1.087 A. E = 
- I  12.6132 a.u.1. 
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this transfer. Finally, the changes i n  relative populations would be greatly 
reduced if the basicities of the morphine and receptor are different. It remains, 
of course, to elucidate the biological details, such as  how the opiate response 
is elicited by the proton transfer and how the equilibrium population of the 
proton mediates the opiate activity. 
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