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Quantum chemical calculations were performed on six N-derivatives of oxymorphone including iV-methyl- (oxy
morphone), N-allyl- (naloxone), iV-dimethylallyl- (nalmexone), IV-methylcyclopropyl- (naltrexone), N-methylcyclobutyl-
(nalbuphone), and N-phenethylnoroxymorphone using the PCILO method. The object of the study was to identify 
conformational features of the N-substituents which might be responsible for the intrinsic observed pharmacological 
properties of opiate agonism and antagonism. Both axial and equatorial N-substituent conformers were considered, 
as well as possible interactions of the C14-OH group with such substituents. Variations of agonist/antagonist potency 
ratios within this series could not be explained by differing relative energies of equatorial and axial conformations 
or by varying rates of interconversion between the two. Direct effects of the C14-OH group on conformations of 
N-substituents also could not account for their relative agonist/antagonist potencies. Consistent with a previous 
hypothesis, the observed potencies and binding data could be explained most consistently by the availability of 
several low-energy equatorial conformations of N-substituents and their interactions with the CX4-OH group through 
a common anionic receptor site. 

The oxymorphone series (la-f) of potent opiate narcotic 

la, R = CH3 (oxymorphone) 
b, R= CH2CH=CH2 (naloxone) 
c, R= CH2CH=C(CH3)2 (nalmexone) 
d, R = CH2-c-C3Hs (naltrexone) 
e, R = CH2-c-C4H, (nalbuphone) 
f, R = CH2CH2Ph 

agonists and antagonists is a good example of the complex 
role the N-substituent plays in controlling pharmacological 
behavior ranging from potent agonism (la and If) to mixed 
agonism-antagonism (lc and le) to pure potent antago
nism (lb and Id).1"5 Although metabolism may have some 
effect on the relative agonist/ antagonist potencies of some 
of these compounds (for example, the weak and incomplete 
analgesia of naltrexone has been attributed to a metabolite, 
/3-naltrexol6), the data in Table I establish a fairly con
sistent trend. While there are three structural differences 
between the morphine and oxymorphone parent com
pounds, it is the C14-OH group that appears to most 
drastically alter the morphine-like pharmacological profile 
for varying N-substituents.7"9 In pure agonists, the CM-OH 
appears to slightly decrease intrinsic in vitro potency9 while 
increasing in vivo potency,8 presumably by a favorable 
transport effect. In mixed agonist-antagonists the C14-OH 
drastically diminishes agonism while increasing antago
nism.7 While these general observations apply to the few 
compounds studied, more experimental study is required 
to firmly establish these trends. 

To explore the role of the Cu-OH group and various 
N-substituents in mediating agonism and antagonism, a 
systematic quantum chemical study has been made of 
la-f. The purpose of this study was to identify structural 
properties which might explain the observed variations in 
relative agonist/antagonist potency. Calculations were 
performed to examine the conformational behavior of both 
axial and equatorial N-substituents, to estimate minimum 
energy differences between axial and equatorial confor
mations in the protonated and neutral species, and to 
estimate inversion barriers in the neutral molecule in which 
such inversions must occur. 

Several authors have recently speculated on the roles 

of N-substituents and the axial C14-OH group in conferring 
agonist or antagonist activity on the morphine-like 
fused-ring structures.10"15 It has been suggested that axial 
Cu-OH groups might act by direct steric interference with 
certain equatorial N-substituent conformations.10 It has 
also been suggested that agonist and antagonist activities 
are associated with axial and equatorial N-substituents, 
respectively.15 Although there is evidence for rapid in
terconversion between axial and equatorial N-substituent 
orientations of unhindered piperidines in solution,16 ni
trogen inversion is unverified in the highly rigid three,17 

four, and five fused-ring opiates, and its correlation with 
relative agonist and antagonist potencies is unproven. In 
all crystal structures of neutral and protonated three, four, 
and five fused-ring opiates reported to date, N-substituents 
have been found to be equatorial. 

We recently proposed that the dual agonist-antagonist 
behavior of nalorphine was due to the existence of two 
low-energy "types" of equatorial N-allyl conformations at 
the receptor. Differences in activity between agonists and 
antagonists could not be attributed to electronic effects.11"13 

Such differences in drug conformation, as well as in re
ceptor conformation, could account for the differences 
between agonist and antagonist binding associated with 
the observed3 Na+ effect. We have also recently reported 
calculations which suggest that the Cu-OH group and 
various N-substituents cannot interact directly but might 
interact indirectly through a common anionic receptor site 
such as RS04" or Rxr^PCV. In this study we use both of 
these hypotheses to help understand the variation of 
agonist/antagonist potency in the series of oxymorphone 
derivates selected. 

The conformational calculations reported here were done 
on the protonated form, thought to be the active form,18 

and no solvent effects were included. Solvent effects on 
N-substituent conformations are not expected to be 
substantial for the lipophilic substituents studied. Solvent 
interactions were not found to affect inversion energies in 
unhindered piperidine compounds.16 The possibility of 
induced conformational change at the receptor site is 
included in our study by considering many low-energy 
conformers, rather than a single global minimum, as re
ceptor site candidates. 

Experimental Section 

The conformational calculations reported here were done on 
the isolated, protonated form of the opiates, thought to be the 
active form.18 All calculations were performed using the program 
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PCILO19 which has been used to study a variety of biological 
systems.11,20'21 The geometry of the oxymorphone fused-ring 
structure was taken from a recent crystal structure of naloxone22 

and is comparable to other recent oxymorphone derivative crystal 
structures.23,24 Hydrogens were placed by combining standard 
bond lengths25 with bond angles (zCCH,zHCH) equalized due 
to a lack of refinement in the crystal structure. Geometries of 
the N-substituents except around the nitrogen atom were also 
standardized26 with verification for this assumption from crystal 
structure data for methyl,23,26 allyl,22 methylcyclopropyl,27 and 
methylcyclobutyl28 groups. 

Conformational calculations on equatorial N-substituents were 
performed with a bonding geometry about the nitrogen atom taken 
from the crystal structure of naloxone.22 For the minimum energy 
conformer, the bond angles zC9NH,zC9NCa and the torsion angles 
T(C10C9NCa) and r(Cj0C9NH) were reoptimized to give a more 
accurate energy for the best equatorial conformer. For the axial 
N-substituent, the geometry about the nitrogen atom was initially 
minimized for a single conformation of each N-substituent. 
Energy-conformation tables of the axial N-substituents were 
obtained using these optimized nitrogen geometries. The global 
minimum obtained by this procedure for each compound was then 
reoptimized with respect to the nitrogen geometry to obtain a more 
accurate minimum energy for the axial conformation. 

Optimized global minima were used to obtain energy differences 
between the best axial and equatorial conformations in the 
protonated form. Using the same global minima, the nitrogen 
bond angles were reoptimized for both axial and equatorial 
conformers to obtain energy differences in the neutral species. 
Estimates were also obtained for the neutral molecule inversion 
barriers between axial and equatorial conformers. The transition 
state was assumed to be a roughly planar conformation about the 
nitrogen, and a geometry optimized energy for such a state, i.e., 
when -HCioCgNCJ was at a maximum and other angles at their 
minimum energy value, was calculated. Energies for the planar, 
transition states were calculated with sp2 hybridization of the 
nitrogen atom, an option available in the PCILO program, while 
axial and equatorial N-substituent orientations were calculated 
using sp3 hybridization appropriate for tetrahedral nitrogen 
orientations. In order to calibrate such estimates, calculations 
for the inversion barrier were also made for ammonia and aniline 
for which experimental values of barrier heights are known. 

All torsion angles used in this work are defined by the con
vention: T,(ABCD) = clockwise rotation of atom A into D while 
looking along the B-C axis from B to C. TX for all compounds 
defines the twist angle Cg-N-C^-Cjj while r2 defines N-C„-"Q-C.. 
N-Substituent geometries are defined as pairs of values of TY and 
T2 in parentheses, i.e., for TI = 300° and T2 = 60° the designation 
is (300°,60°). For the methycyclopropyl derivative, r2 = 0° when 
rH(C(j) = 214°, while for the methylcyclobutyl derivative r2 = 0° 
when TH(CS) = 130°. 

N-Substituent rotations for all compounds were performed with 
the OH group at its position in the crystal structure of naloxone 
(T0H = C9-C14-O-H = 270°). For the axial orientation in oxy
morphone, the OH group was rotated in 30° steps with the NCH3 
both and staggered and eclipsed. The minimum energy position 
was not substantially different from the crystal structure. 
Conformations with the hydroxyl proton pointing toward the 
N-substituent were high-energy forms. Thus, for all other N-
substituent rotations, the unhindered crystal structure orientation 
TQH = 270° was used. Coupling of the equatorial N-substituent 
position to the OH twist angle was explored in naloxone by 
rotating the OH group with the allyl group fixed at positions 
alternately favoring (300°,0°) or not favoring (180°,180°) C14-OH 
allyl interaction. All rotations reported here were performed in 
30° intervals unless otherwise noted. 

For the nalmexone derivative, the two CT-methyl group 
conformations were determined by energy minimization at three 
equatorial local minima of the allyl substituent in naloxone, 
namely, (180°,240°), (90°,240°), and (300°,120°). These mini
mizations all gave the same results. The methyl group cis to C„ 
has hydrogen atoms staggered with respect to Cvi and the 
rrcms-methyl group has one hydrogen cis to C3. 

For the phenethyl derivative full rotations of the three rotation 
axes were not feasible. Instead, a rotation in 30° steps was 
performed for TS (with rt = T2 = 180°) where r3 was defined by 
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Table II. Axial-Equatorial Energy Differences in the Protonated and Neutral Species and Neutral Molecule 
Inversion Energies 

Compd 

AT-Phenyl-
Mor- Nalor- Oxymor- Nal- Nal- Nal- Nal- noroxy-

Energy phine phine phone oxone mexone trexone buphone morphone 

AEa (protonated) 0A 1T2 H i L9 To 2^0 1̂ 9 2^2 
AEb (neutral) 2.9 2.1 5.1 5.4 4.5 4.0 3.5 3.9 
AE*C (inversion) 14.9 12.1 15.0 13.2 13.4 11.8 12.3 15.2 

0 Energy differences in kcal/mol between axial and equatorial minimum energy protonated conformations using optimized 
N bond angles as shown in Table IIIB (supplementary material) {AE = £ a x - Ee„). b Energy differences in kcal/mol be
tween axial and equatorial minimum energy neutral molecule conformations using optimized bond angles as shown in Table 
IIIA (supplementary material) (AE = EAX - Eeq). c Energy differences in kcal/mol between planar and equatorial minimum 
energy neutral molecule conformations using optimized geometries as shown in Table IIIA (supplementary material). These 
energies correspond to gas-phase inversion energies of activation. 

the positions of atoms Ca-C^-C^-Cph. Three local minima were 
found at rs = 0°, 60°, and 300° and were each used in full rotations 
of i\ and T2 for the equatorial conformation. For the axial ro
tations, T3 was held at 0°. 

Results 

Neutral molecule inversion barriers {AE*) are shown in 
Table II, together with energy differences between the best 
axial and equatorial N-substituent conformations of both 
neutral and protonated opiates. These energy differences 
provide an indication of the relative proportion of each 
conformer present. 

For all compounds studied, the equatorial conformer is 
the lowest energy form. This result is consistent with 
crystal structure data as are the optimized values of 
equilibrium bond angles about the nitrogen. Morphine and 
nalorphine have comparable axial-equatorial N-substit
uent energy differences, as do oxymorphone and naloxone. 
Some effect of the C14-OH can be seen by larger energy 
differences in the oxymorphone series over those in 
morphine and nalorphine but the effect on the pure agonist 
and pure antagonist N-substituents is comparable. 

In the protonated form of all species, the equatorial-
axial energy differences are smaller, reflecting the si
multaneous presence of N ligands at both positions. 

The inversion barriers correspond to the calculated 
differences in energy between the lowest energy (equa
torial) and planar structures. They are relatively inde
pendent of N-substituent and the presence or absence of 
C14-OH. 

Calculated barrier heights for ammonia and aniline were 
12 and 7 kcal/mol, respectively, compared to known values 
of 6 and 2. Thus, while the PCILO method overestimates 
these quantities, their relative values are reasonably re
liable. 

Table III gives the optimized geometries of axial, 
equatorial, and transition states for all the opiates studied 
in their neutral and protonated form. Tables IV-XVI give 
the complete energy-torsion angle variations obtained for 
axial and equatorial N-substituents for all compounds 
studied. (For Tables III-XVI, see paragraph at end of 
paper regarding supplementary material.) Figure 1 (A-K) 
shows low-energy equatorial N-substituent conformations 
for all compounds studied. 

For oxymorphone, staggered and eclipsed equatorial and 
axial conformers were investigated. In the protonated 
equatorial form, the staggered conformation [Figure 1 (A)] 
was favored by 1.7 kcal/mol while in the axial conformer 
it was favored by 1.2 kcal/mol. 

The rotational behavior of the Cu-OH group with an 
equatorial NCH3 substituent has been discussed 
elsewhere29 and is identical with that of equatorial nal
oxone, shown in Figure 2 (a). The rotational behavior of 

Figure 1. Two types of low-energy conformers for equatorial 
N-substituents of oxymphone derivatives: (A) oxymorphone 
(staggered); (B) naloxone (300°,240°); (C) naloxone (180°,240°); 
(D) nalmexone (300°,180°); (E) nalmexone (180°,210°); (F) 
naltrexone (300°,210°); (G) naltrexone (210°,90°); (H) nalbu-
phone (300°,300°); (I) nalbuphone (210°,180°); (J) phenethyl 
(300o,180o,0o); (K) phenethyl (210°,180°,0°). 

the Cu-OH group with an axial NCH3 substituent is shown 
in Figure 2 (b). All conformers in which the C14-OH points 
toward the NCH3 are high-energy forms. The low-energy 
region of the Cu-OH group is very similar to that for the 
equatorial N-substituent. With the Cu-OH in such 
positions, low-energy conformers of equatorial and axial 
N-substituents are not affected by the presence of the 
Cu-OH group. 

Figure 2 (a) also shows no direct interaction between the 
Cu-OH and the allyl group in its equatorial conformation. 
This curve was reproduced to within 0.5 kcal/mol for two 
different conformers (TI,T2) of the allyl group chosen 
because they represented possible interacting (300° ,0°) and 
noninteracting (180°,240°) conformations with the C14-OH. 
The minimum distance possible between the hydrogen of 
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Figure 2. (a) Rotational behavior of the C14-0H group in naloxone 
with the equatorial allyl group at (300°,0°) and (180°,180°). (b) 
Rotational behavior of the C14-OH group in axial oxymorphone 
with NCH3 protons alternately staggered and eclipsed. 

the C14-OH group and an H atom of the allyl group is 1.75 
A. In the region of low-energy conformations of the 
Cu-OH (AE < 3 kcal/mol), the curves differed by <0.2 
kcal/mol. 

The rotational behavior of the allyl group in equatorial 
[Table IV and Figure 1 (B and Q] and axial (Table XII) 
naloxone closely resembles that of equatorial and axial 
(Table XI) nalorphine in low-energy conformations. 
Significant energy differences (>1 kcal/mol) are found only 
for high-energy axial conformers with the allyl group 
oriented near the C14-OH. An equatorial local minima 
[Figure 1 (B)] at (300°,240°) is consistent with naloxone 
crystal structures (309°,262°).22 

The dimethylallyl derivative in its axial (Table XIII) and 
equatorial [Table V and Figure 1 (D and E)] orientations 
is conformational^ similar to naloxone. However, the 
added methyl groups increase the rotational energy 
barriers and decrease the range of low-energy conformers, 
thus decreasing the flexibility of the substituent. Although 
this increased rigidity is overestimated due to lack of 
optimization of the methyl hydrogen conformations at each 
calculated point, the basic hindering effect of the methyl 
groups should be real. 

Naltrexone shows somewhat increased conformational 
rigidity over naloxone in axial (Table XIV) and equatorial 
[Table VI and Figure 1 (F and G)] orientations of the 
N-substituent. Equatorial conformations which are local 

minima resemble local minima of naloxone in that one edge 
of the cyclopropyl ring is superimposable on the allyl 
double bond in its low-energy conformations. A local 
minima at (300°,90°) is consistent with crystal structures 
of cyclazocine (300°,97°) in both protonated and neutral 
forms.27 

The rotational behavior of equatorial nalbuphine (Table 
VII) shows a local minima (210°,180°) consistent with a 
recent crystal structure of nalbuphine (1.74°,180°).28 

Although less flexible than any other N-substituent in this 
series, it shares its lowest energy conformations 
[(300°,300°) and (210°,180°)] with naltrexone as shown in 
Figure 1 (H and I). In its axial conformation (Table XIV), 
it is constrained primarily to one conformation (150°,300°) 
with two others [(60°,180°) and (120°,180°)1 2.8 and 2.6 
kcal/mol above the global minimum. 

The results of the equatorial phenethyl rotations are 
shown in Tables VII-IX with three different conformers 
of the phenyl ring (r3). Minimum energy conformers are 
of two different types, shown in Figure 1 (J and K): a 
flexible extended chain conformation with jy = 210° or 
300° and r2 = 180° (in all three tables) and another with 
the phenyl group directly above the N-H bond [ThT2>

Tz = 

(210°,60°,60°) (330°,300°,120°)]. The second type' of 
conformer and the small barrier between T1 = 210° and 
TX = 300° in the extended chain conformers were not 
observed in our previous study of iV-phenethylmorphine 
due to the coarser rotational grid used in that work.11 

In the axial phenethyloxymorphone calculations, the 
N-substituent favors an approximately extended chain 
conformation (150°,180°,0°) with (60°,180°,0°) and 
(150°,300°,0°) local minima 1.4 and 2.4 kcal/mol higher 
in energy, a rotational behavior somewhat similar to 
nalbuphone. 

Discussion 

The results summarized in Table II do not support the 
hypothesis that axial N-substituents are required for 
agonist activity while equatorial substituents confer an
tagonist activity. No correlation exists between agon
ist/antagonist potency variation and calculated axial-
equatorial energy differences in either the base or pro
tonated form of the opiates studied. For example, the 
equatorial conformer is the lowest energy conformer for 
all compounds studied. Moreover, axial conformations are 
equally accessible in naloxone and oxymorphone, indi
cating an equally hindering effect of the C14-OH group on 
agonists and antagonists. In general, there is no systematic 
increase in axial conformational energies as agonist potency 
decreases. 

The inversion barriers calculated for the neutral mol
ecules are insensitive to N-substitution and, hence, show 
no correlation to agonist/antagonist potencies. Com
parison of the calculated inversion energies (Table II) with 
those calculated for ammonia and aniline indicates that 
the inversion process can occur in these fused ring opiates 
at about the same rate as in ammonia and that the axial 
conformer is accessible, particularly in the protonated form 
of the isolated molecule. There is no evidence, however, 
that this inversion or the presence of axial conformers is 
related to drug action at the receptor. 

The rotational behavior of the equatorial AT-allyl group 
in naloxone, with the C14-OH in its minimum energy 
conformation, is identical within computational accuracy 
to that calculated for the allyl group in nalorphine. As 
shown in Figure 1 (B and C) the allyl group in naloxone 
retains the two types of low-energy conformers found in 
nalorphine (rj = 180° and 300°, r2 = 120° and 240°) which 
we previously associated with its dual agonist and an-
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tagonist behavior.11 In low-energy regions of axial na
lorphine and naloxone the same statements can be made. 
Thus, the total abolition of agonist activity in naloxone 
cannot be explained by differing accessible allyl confor
mations from those in nalorphine nor by direct interaction 
of the axial Cu-OH with low-energy iV-allyl conformers. 

In previous work we have suggested that agonist/an
tagonist behavior could be regulated by different low-
energy equatorial N-substituent conformers13 and that in 
the oxymorphone series such conformers interact indirectly 
with the Cu-OH group through the receptor.14 Complex 
formation could occur by simultaneous interaction of the 
C14-OH, cationic nitrogen, and certain N-substituents with 
a model anionic receptor site (sulfate or phosphate). The 
ternary complex formed is stable only for a small range 
of N-substituent conformations. These could correspond 
to effective antagonist-receptor interaction and account 
for the relatively strict structural requirements for pure 
antagonism. The role of the C14-OH group in diminishing 
agonism then would be to cause preferential selection of 
only one type of low-energy conformer for receptor 
complex formation from among the several hypothesized 
"agonist" and "antagonist" N-substituent conformations. 

If this hypothesis is correct, any substitution that de
tracts from the strict geometric requirements found for 
(C14-OH)-(anion)-(iV-allyl) antagonist complexing should 
enhance the agonist/antagonist potency ratio. Two such 
alterations, the C14-OCH3 derivative of naloxone and the 
C15-OH analogue, should restore agonism. Removal of the 
C14-OH group altogether to make 2V-allylhydromorphone 
would also produce a mixed agonist/antagonist. The 
ability of the axial Cu-OH group alone to reduce intrinsic 
agonism has been recently demonstrated by the decreased 
agonism of naltrexone relative to its hydromorphone 
analogues in the guinea pig ileum. 

As shown in Figure 1 (D and E) the equatorial iV-di-
methylallyl substitution in nalmexone has low-energy 
conformers similar to naloxone. However, these minima 
are steeper and energy barriers between them higher than 
for the N-substituent of naloxone. This loss of flexibility 
could detract from its ability to bind to the receptor si
multaneously with Ci4-OH in a low-energy "antagonist" 
conformation. Consistently, the data in Table I show that 
nalmexone has a much higher agonist/antagonist potency 
ratio and lower binding affinity to the guinea pig ileum 
than naloxone. In contrast, the axial-equatorial energy 
differences between naloxone and nalmexone are com
parable and provide no particular clue as to why they are 
pharmacologically so different. 

Naltrexone shows very similar N-substituent confor
mational behavior to naloxone for both axial and equatorial 
conformations [Figure 1 (F and G)]. The axial conformers 
of naltrexone are equally accessible as those of oxy
morphone, again ruling out their role as regulators of 
agonist activity. The results firmly suggest that the 
equatorial methylcyclopropyl group confers pure or nearly 
pure antagonism on the molecule by conformationally 
occupying the same space as naloxone's allyl group while 
retaining some of its x-bond character. Thus, one would 
predict that substitution on cyclopropyl ring carbons would 
alter the locations of conformational local minimas and 
reduce the antagonism of naltrexone by reducing overlap 
with the local minima of the allyl group. 

Comparing nalbuphone [Figure 1 (H and I)] to nal
trexone's conformational behavior, nalbuphone is more 
rigid, decreasing its ability to form complexes with the 
receptor simultaneously with the C14-OH group while in 
its antagonist conformation. In addition to this steric 
restriction, a diminshed it character would further decrease 

its ability to form charge-transfer complexes with a re
ceptor anion. Thus, the agonist conformer would exist to 
a greater extent than in naloxone and naltrexone and 
overall binding would diminish as is observed. 

In equatorial phenethyloxymorphone, it is suggested 
that the conformers with the phenyl ring directly over the 
quaternary amine group are ruled out by steric constraints 
at the receptor site. Such conformers would directly 
interfere with cationic nitrogen-anionic receptor inter
action presumed to be an important part of agonist ac
tivity. Our data suggest that the iV-phenethyl substituent 
may then bind to the receptor in an approximately ex
tended chain conformation [Figure 1 (J and K)] allowing 
the phenyl group adequate flexibility to interact with an 
additional binding site somewhat removed from the anionic 
site of the receptor. Binding to this site could enhance the 
agonist potency as seen in animal studies5 while preserving 
the "oxymorphone-like" drug-receptor interaction. 

Conclusion 

Axial-equatorial energy differences of N-substituents 
in the oxymorphone series show no correlation with opiate 
agonist/antagonist potency ratios. No direct interaction 
of the C14-OH group with low-energy axial or equatorial 
conformations of the N-substituents occurs and, hence, 
cannot explain the effect of C14 substitution on phar
macological activity. A rather speculative but consistent 
explanation of the potency and binding data suggests itself 
if it is assumed that the cationic nitrogen of agonists and 
antagonists interacts with a large anion such as sulfate or 
phosphate to form a drug-receptor complex. The nature 
of this complex could then be affected by both C14 and N 
substitution. The binding of the axial Cu-OH group to 
the receptor could preferentially select the antagonist form 
of the N-substituent to form the most stable ternary re
ceptor complex. With this suggested hypothesis, allyl- and 
methylcyclopropyl N-substituents would be prototypes for 
optimum formation of such ternary complexes since they 
have a comparatively high degree of flexibility and T 
character. Nalmexone and nalbuphone are less flexible 
and have less ir character and thus would form weaker 
ternary complexes reducing the effect of the C14-OH group 
(i.e., creating a less pure antagonist). The lack of an
tagonist activity of methyl and phenethyl N-substituents 
could then be explained by their lack of interaction with 
the receptor anionic site. The iV-phenethyl substituent 
could, however, interact with a more distant binding site, 
enhancing its binding and agonist potency. Further 
characterization of the interaction of different N-sub
stituents with a model anionic site is now in progress. 
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deoxyuridine (4c-e) as well as of two new analogues, 5-
iodo-5'-amino-2',5'-dideoxycytidine and 5-fluoro-5'-
amino-2',5'-dideoxyuridme (4a and 4b). The present 
report describes the synthesis and the biological activities 
of these compounds. 

Chemistry. The synthesis of a variety of 5-halo-5'-
substituted deoxyribopyrimidine nucleoside analogues is 
outlined in Scheme I. Tosylation of 5-halo-2'-deoxy-
ribonucleosides la-e with p-toluenesulfonyl chloride in dry 
pyridine at 3 °C gave the corresponding 5-halo-5'-o-p-
tolylsulfonyl derivatives 2a-e. Compounds 2a-e reacted 
with lithium azide in iV,.ZV-dimethyrformamide at 70-75 
°C for 2 h to afford the 5-halo-5'-azido analogues 3a-e.4,6,u 

Treatment of 3a-e with triphenylphosphine12 in pyridine 
at room temperature, followed by hydrolysis with con
centrated ammonium hydroxide, yielded a series of novel 
S-halo-S'-amino nucleoside analogues 4a-e. The physical 
properties, yields of the last step conversion, and elemental 
analyses are listed in Table I. Compounds 4d and 4e have 
been synthesized previously by treatment of the 5-
mercuriacetate of 5'-amino-2',5'-dideoxyuridine with 
bromine and iodine, respectively.4,13 Although this method 
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