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There are now available one or more opiate antago-
nists structurally based on the benzomorphan nu-

cleus which, in those fields where they have been
tried, can relieve pain without producing unusual
or bizarre side reactions or physical dependence.
The question of tolerance to the analgesic effect of
these compounds has not yet been explored.

THE following historical or chronological
account of efforts to obtain a less addict-

ing or nonaddicting analgesic drug during the
past 80 years or thereabouts concludes with
recent observations on opiate antagonists struc¬
turally based on the benzomorphan nucleus.
Although morphine was discovered and

named as the active principle of opium 150
years ago (i), it had to await technological de¬
velopments and the chemists' ingenuity in their
application for the determination of its intimate
structure and configuration. The accepted for¬
mula today is that of Gulland and Robin-
son (#), confirmed eventually by total synthesis
(3). Early chemical manipulations of mor¬

phine were concerned mainly with its physical
properties and tests for its identification. Even
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during the last half of the 19th century, when
derivatives of morphine were first described,
there was much uncertainty about the nature
and purity of the compounds and little evidence
adduced on their pharmacological action.
The introduction of heroin (^, 5) can, I think,

be fairly pinpointed as the first of the claims for
a nonaddictive potent analgesic, and, there¬
fore, the first claim of significant dissociation by
chemical modification of the good and bad fea¬
tures of the morphine pharmacological picture.
In 1898, Dreser (5) and others claimed specific
and unique effects of heroin on the respiratory
mechanism and hence superiority as an anti-
tussive. Other writers, in 1899 and 1900, said
that there was no danger of becoming depend¬
ent on the drug (6, 7), and that, during the
withdrawal treatment of addicts to morphine,
heroin was a safe temporary substitute (8).
Both the early impression and claim of rela¬

tive safety for heroin and the switch within a

few years to a belief of high addictiveness, came
about, I think, through ignorance or disregard
of facts with which we should now be very
familiar.
A repetition of the heroin mistakes, at least

for the same reasons, should not be possible
today. Cross-tolerance and the ability of one

narcotic to substitute for another, preventing
the appearance of abstinence phenomena and
maintaining physical dependence, could not
have been realized. The morphine-dependent
patient showed no withdrawal distress when
heroin was substituted. As the patient enjoyed
symptomatic relief while the heroin was con¬

tinued, there was no reason to discontinue it.
Until the heroin was discontinued there was no

Vol. 78, No. 8, August 1963
692-450.63-3

673



opportunity for the physician to discover that
his patient was in the same state of dependence
as when morphine was being given. Heroin
was introduced also as an oral medicament but
soon after it was injected hypodermically. Un¬
fortunately, the relative effectiveness by the two
routes of administration was not considered and
the subcutaneous doses, as large as those taken
by mouth, were two or three times as much as

was optimal. We are now well aware that ex¬

cess amounts of narcotic beyond symptomatic
need speed the development of physical de¬
pendence, and hence heroin's bad name was

easily acquired.
The heroin experience was discouraging but

chemists nevertheless made other modifications
of morphine during the next 25 years without
notable improvement. The discovery of Pohl
in 1914 (9) was an exception to which great
attention should have been paid. However,
medicine was not ready to realize and build
upon its significance, which is discussed later
in this paper.
In 1929 a really intensive effort was begun to

determine the relationship between the com¬

ponents of the morphine molecule and its useful
properties and disadvantages by additions to
and subtractions from the parent molecule.
This cooperative, chemical-pharmacological-
clinical program continued for 10 years under
the direct supervision of the National Research
Council. Interestingly, though it matters little
now, this program was based upon almost com¬

pletely erroneous hypotheses.
A great deal of abuse of cocaine had existed

in this country but had diminished and largely
disappeared following the synthesis and intro¬
duction of novocain, a much simpler molecule
with similar local anesthetic properties. Al¬
though cocaine was defined legally as addicting,
its acute and chronic intoxications were not at
all like those of morphine and it produced no

physical dependence. Also, although novocain
lacked the ability to produce some of the cen¬

tral effects of cocaine, the decrease in cocaine
abuse stemmed much more from its decreased
availability than from the production of a pow-
erful local anesthetic with less central action.
Nevertheless, it was said that since cocaine
abuse had been ameliorated by the chemical
success exemplified by novocain, possibly the

addiction liability and analgesic action of mor¬

phine might be separated by chemical modifica¬
tion.
Almost 150 modifications of the morphine

molecule were prepared and studied in the Re¬
search Council's cooperative program. Much
was learned about quantitative modification of
morphine-like effects by chemical change (10),
but throughout almost complete parallelism be¬
tween analgesic potency and addiction liability
persisted.
One approach to partial success in the origi¬

nal objective was the discovery of a new type of
chemical change, the introduction of a new

substituent at a new position in the morphine
molecule. The best example was metopon
(methyldihydromorphinone). It was more

potent than morphine as an analgesic (about
three times), more potent orally especially, and
much more potent than morphine by this route
relative to parenteral effectiveness. Extensive
clinical trials indicated a lower incidence of
side effects (11). But these effects were not
controlled by crossover or even parallel obser¬
vations with equally effective morphine doses,
and the lower incidence of side effects was not
confirmed in such controlled studies (personal
communication, R. W. Houde, 1957). Toler¬
ance and physical dependence developed less
rapidly with metopon than with morphine and
tolerance was lost more rapidly, but at best the
difference was not great (12).
The next major step in the history of analge-

sics was an accidental discovery. German
chemists, seeking a synthetic atropine, made a

phenylpiperidine which was spasmolytic under
some circumstances but strikingly morphine-
like in many ways and effectively analgesic
(13). The compound, of course, was pethidine
(meperidine, Demerol, Dolantin, and many
other names). Pethidine was marketed and its
popularity grew rapidy. It was a synthetic,
which could be used at first without the re-

strictions applied to morphine and morphine-
related analgesics. It would relieve pain in
many cases as effectively as morphine, if its
dose was large enough. Unfortunately, how¬
ever, tests revealed that pethidine would also
produce morphine-like subjective effects, that
it would substitute for morphine, though never

quite completely, in an established morphine
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addiction, and that its continued administra¬
tion would produce a primary physical
dependence.

Despite the evidence, the producer was loathe
to admit pethidine's addicting qualities until
cases of addiction in clinical use were reported.
The compound was brought under narcotics
control quite promptly in Germany but only sev¬

eral years later in this country, and to this day
impressions of its greater safety persist.
Actually, the compound, relative to its analgesic
potency, is no safer than morphine.
Thousands of phenylpiperidines related to

pethidine have been made, with degrees of anal¬
gesic potency ranging from none to thousands
of times greater than that of morphine. Anal¬
ysis and comparison of the members of this
large group is now underway and again will
show the relation of analgesic potency to chemi¬
cal modification, but again dissociation of anal¬
gesic action and disadvantageous properties is
conspicuously lacking.
One example of dissociation, in the wrong

direction one might say, is the compound
known as diphenoxylate. It consists of the
pethidine structure with a rather massive sub-
stituent attached to the nitrogen of the mole¬
cule. It has no analgesic action, but possesses
the ability of morphine to control intestinal
activity and is being used as an antidiarrheic.
Diphenoxylate is almost insoluble but when
absorption into the organism can be obtained it
can support more or less a morphine addiction.
In other words, analgesic effectiveness has been
lost but addiction liability and some other
morphine-like properties have in some degree
been retained (14).
German chemists made another important

discovery, which came to our attention in 1946
(15), when they were carrying out a planned
research program on potential analgesics. The
study resulted in the synthesis of methadone
and its derivatives. This group of compounds
was reviewed recently by Dr. Janssen of Bel-
gium (16).
Methadone duplicated the effects of morphine

in practically all respects qualitatively and in
many respects quantitatively, but important
time differences occurred in its action in man.

One difference, which has been put to practical
use, is the time course of the abstinence syn¬

drome which followed abrupt withdrawal of
methadone from an addicted person and the
effect of methadone on the course of the absti¬
nence phenomena after substitution in persons
addicted to other narcotics. The methadone
abstinence symptoms are not apparent until
about 48 hours after the last dose of the drug,
never reach more than low intensity, and are

prolonged up to about 2 weeks. Similarly, if
methadone is substituted for another narcotic
when physical dependence has developed, the
subsequent withdrawal sequence is slow in onset,
attenuated in intensity, and prolonged. This
change can be attained by substitution of one or
two 20-mg. doses of methadone orally per day.
Such substitution constitutes in most instances
a satisfactory management of the withdrawal
phase of addiction.
The production of methadone, even more

morphine-like in its effects than pethidine, was
an added stimulus to the chemist to manipulate
the molecule, as he was manipulating and modi¬
fying the pethidine molecule. It stimulated
also much speculation on structure-action rela¬
tionships and the postulation of an essential
molecular form to fit a receptor site for the
production of morphine-like analgesia (17).
There followed an increased awareness of dif¬

ferences in analgesic activity demonstrated
when the racemic synthetic analgesic was re-

solved into its optical antipodes, such action
occurring largely, often solely, with one isomer
only. But again in the methadone as in the
pethidine series the many chemical modifica¬
tions did not result in useful dissociation of
analgesic action and addiction liability.
The resolution and study of the isomers of

active racemates had, however, one interesting
byproduct, apparent dissociation of antitussive
action. Cough-suppressant action of useful de¬
gree was demonstrated in animals and man with
the isomer which had no analgesic effect and no

ability to substitute for morphine or to produce
primary physical dependence. Dextromethor-
phan is a good example (18-20).
Meanwhile another German chemist, work¬

ing on the synthesis of morphine, carried his
work up to a morphinan structure (21), and this
in turn was developed to the clinically useful
product, levorphanol, by Schnider and Grussner
(22). Although 3-hydroxy-N-methylmorpIu-
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nan (levorphanol, Dromoran) represented an

incomplete morphine synthesis, it demonstrated
that some features of the morphine structure
could be omitted without impairment of the
characteristic morj>hine effects. Again the
chemists modified the levorphanol molecule
as had been done previously with the morphine
molecule, and again, unfortunately, essential
parallelism between analgesic action and physi¬
cal dependence properties was demonstrated
(23).
One interesting development, however, shown

first in the morphine series and repeated for
morphinan derivatives, was the disproof of the
long-held belief that a methyl group on nitro¬
gen was the optimal structure for analgesic
action (24, 25). Of particular note were the
observations that analgesic action in members of
both series, which diminished when the group
on nitrogen was changed from methyl to ethyl
to propyl, was restored to or surpassed that of
the parent N-methyl compound when the sub-
stituent was amyl or hexyl. Also the substitu¬
tion of methyl by some aralkyl groups,
particularly phenethyl, greatly enhanced anal¬
gesic effect. N-substitution in potent analgesics
is discussed later in this paper.

Profiting by the demonstration that the com¬

plete morphine molecule was not necessary for
morphine-like analgesic action, Dr. May, in
1952, began the synthesis of a new series. He
made first phenylmorphans and then benzomor-
phans, both only partial morphine structures.
One of the phenylmorphans in its racemic form
showed an analgesic effect in animal experi¬
ments almost as great as that of morphine, but
greater interest developed in the benzomorphan
series and more than 100 modifications have now
been made (26).
A number of parallels between the effect of

modifications in the benzomorphan series and
the effect of similar modifications of morphine
or morphinan derivatives have been established.
For example, substitution of phenethyl for
methyl on nitrogen again increased analgesic
potency. The racemate, 2'-hydroxy-5,9-di-
methyl-2-phenethyl-6,7-benzomorphan, phen-
azocine, has 10 times the analgesic potency of
morphine in laboratory animals and 3 to 7 times
its potency in man.

According to established practice the more in¬

teresting benzomorphans were submitted to a

monkey screening program at the University
of Michigan for testing physical dependence
capacity, and some were tested in man. The
monkey experiments test the ability of a com¬

pound to suppress the morphine abstinence syn¬
drome and are considered to indicate at least
qualitatively the ability of the compound to
produce physical dependence. The predictive-
ness of the test had been good for many com¬

pounds of several chemical types.
With the benzomorphans, however, even

those with high analgesic potency, very low ef¬
fectiveness was seen regarding the suppression
of the signs of morphine withdrawal. With
phenazocine, for example, analgesic effective¬
ness was reported as 10 times and abstinence
suppressant potency as less than one-fifth that
of morphine. This was encouraging and
seemed to represent a major dissociation of anal¬
gesic and physical dependence properties, if the
difference carried over to man, or unless there
was a much greater species difference in sensi¬
tivity to the benzomorphans than had been seen
in any other group of compounds.
The carryover to man was not as good as

hoped for, and consequently the difference des¬
cribed above was in part at least the result of
species difference. Again taking phenazocine
as the example, as has been said, its analgesic
potency in man is three to seven times that of
morphine, depending upon the situation in
which it is employed. Fraser and Isbell (27)
reported that phenazocine was 3.2 times more

potent than morphine in the production of mor¬
phine-like subjective effects in postaddicts and
eight times more potent than morphine in sup¬
pression of the abstinence syndrome during 24-
hour substitution in morphine addicts. In di¬
rect addiction experiments the daily dose of
phenazocine could not be increased as rapidly
as was done commonly with morphine (slower
rate of development of tolerance). Following
abrupt withdrawal of phenazocine in such ex¬

periments definite morphine-like abstinence
phenomena appeared, which tended to be less
severe than abstinence following withdrawal of
equivalent amounts of morphine.
Another illustration of the effect of a benzo¬

morphan in man was even more interesting.
The morphine analog in the benzomorphan se-
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ries, (-) 2'-hydroxy-2,5, 9-trimethyl-6,7-benzo-
morphan, had an analgesic potency in the mor¬

phine range slightly more effective in animals
and slightly less effective in man. Its physical
dependence capacity in monkeys was quite low,
since it produced almost no suppression of the
morphine abstinence syndrome up to 10 to 15
times the suppressant dose of morphine,
amounts which caused the appearance of signs
of toxicity.
In postaddicts this benzomorphan was the

equivalent of morphine in the production of
morphine-like subjective effects. In 24-hour
substitution experiments, even an amount of
the benzomorphan twice that of the dose of
morphine on which the subjects were stabilized
had little effect. It was estimated that in
these experiments this benzomorphan was only
one-eighth as effective as morphine. In direct
addiction attempts, the subjects (former opiate
addicts) did not regard the drug as being as
desirable as morphine, and on withdrawal the
abstinence syndrome was definitely less intense
than after withdrawal of morphine in other
trials in the same subjects.
From the above observations, it seems that

in the benzomorphan series some dissociation
of morphine-like properties in the direction of
less addictiveness is beginning to appear.
To go back now to the neglected work of

Pohl in 1914. Pohl succeeded in substituting
an allyl group for methyl on the nitrogen mak¬
ing N-allylnorcodeine, and he claimed that it
antagonized the respiratory depressant effect
of morphine. This was the most important lead
to dissociation of analgesia and addictiveness
that we have to date. Almost 30 years later,
Merck chemists (28) made the morphine analog,
N-allylnormorphine (nalorphine), which could
antagonize most of the morphine-like effects
whether produced by morphine or another mor¬
phine-like analgesic.
Nalorphine on chronic administration does

not produce physical dependence (29). Given
to an animal or a man, after the development
of physical dependence on another opiate, nalor¬
phine promptly precipitates a typical abstinence
syndrome. This has been used to advantage
in tests for the development of physical depend¬
ence under clinical conditions, and it is the
basis of the Nalline test to detect the use of

opiate drugs. Nalorphine does not show sig¬
nificant analgesic action in animal tests.
The structural relationship between morphine

and morphinan led naturally to the preparation
of the N-allylmorphinan analog (levallorphan)
which proved to have specific antagonistic prop¬
erties several times greater than those of nalor¬
phine. In both series, compounds with a wide
variety of substituents on nitrogen have been
prepared and a wide range in antagonistic
properties with these variations has been demon¬
strated. Generally, but not always, there has
been no analgesic effect demonstrable in
animals.
In 1952 Fromherz and Pellmont (30) re¬

ported that levallorphan in a ratio of 1:100
abolished the respiratory depressant effect of
morphine and morphine-like drugs in rabbits,
but that even when the ratio was 1:20 analgesic
effect was not abolished. This suggested to us

the possibility that a ratio of nalorphine (or
levallorphan) to morphine might be found
which could be administered clinically as a

mixture with a resulting decrease in respiratory
and other side effects without interfering with
the pain relief. We therefore arranged for
clinical testing of this hypothesis.
Lasagna and Beecher, in 1954, conducted such

a study in patients with postoperative pain,
using mixtures of morphine-nalorphine, 5:1
and 3:1, and controlled their observation by ad¬
ministration of morphine alone and nalorphine
alone (31). They found that 10 mg. of mor¬

phine plus 2 mg. of nalorphine produced anal¬
gesia and side effects indistinguishable from
those achieved with 10 mg. of morphine alone.
A combination of 15 mg. of morphine with 5
mg. of nalorphine produced respiratory depres¬
sion and subjective side effects similar to those
with 15 mg. of morphine.
Although our objective was not attained at

these ratios, a surprising result was seen. Ten
mg. of nalorphine alone produced as much
analgesia as 10 mg. of morphine. These
were crossover observations on the same pa¬
tients who received alternating doses of the
two drugs on a double-blind randomized basis.
Unfortunately, side effects with nalorphine
were as frequent as with morphine and they
often were most unpleasant to the patient. In
1956 Keats and Telford confirmed the analgesic
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effect of nalorphine in man as well as the inci¬
dence and unpleasantness of the side ef¬
fects (32).

Modification of antagonistic potency by
changing the nitrogen substituent had begun
(24) j and in some instances the compounds
which were poor antagonists showed some anal¬
gesic action in the laboratory. The work of
Lasagna and Beecher and of Keats and Telford
had showed that the results of testing opiate
antagonists for analgesic action in animals
could be false negatives. Therefore, we

thought there might be found among the opiate
antagonists one with a combination of antago¬
nistic and analgesic properties which would
give adequate clinical analgesia without exces¬

sive and disturbing side effects.
A search for a compound with a suitable com¬

bination of antagonistic and analgesic proper¬
ties has been underway for a number of years.
An added incentive was the previous observation
that nalorphine did not produce physical de¬
pendence, and the compound we sought hope¬
fully would retain sufficient antagonistic po¬
tency to be similarly unable to produce physical
dependence. The search was carried out by Dr.
Keats and associates under the sponsorship of
the Committee on Drug Addiction and Nar¬
cotics of the National Academy of Sciences-
National Research Council.

Initially, three compounds in the morphine
series and three in the morphinan series were

tested (33). One compound of the morphinan
series, with the substituent on nitrogen, 3,3-
dimethylallyl, had little antagonistic action,
was as good an analgesic as morphine with a

similar incidence of side effects, and as might
be expected from its low antagonistic action,
produced morphine-like effects in postaddicts at
the Addiction Research Center. The other five
compounds were effective antagonists, varying
in potency, and produced some degree of anal¬
gesia in man. The most effective, with propar-
gyl as the substituent on nitrogen, was like lev¬
allorphan as an antagonist, like morphine as

an analgesic, and like nalorphine with respect
to side effects.
This was the situation when Dr. May devel¬

oped his promising benzomorphan, phenazo¬
cine, described above. The suspicion or sug¬
gestion of some dissociation of morphine-like

properties in the benzomorphan series, as well
as structural relationships, excited the curiosity
of some chemists to make the N-allyl benzo¬
morphan analog of nalorphine and levallor¬
phan and later to make a series of compounds
with different substituents on nitrogen. All of
these (some 25 compounds now) were assessed
in the laboratory for antagonistic as well as an¬

algesic properties, and with some compounds
examination today includes extensive clinical
testing.
The preparation of the N-allyl analog, de¬

scribed by Gordon and associates (34), proved
it to be like nalorphine in most respects. It
showed no analgesic action in the laboratory,
was not as effective an analgesic as morphine or

nalorphine in man, 15 mg. was less effective
against postoperative pain than 10 mg. of mor¬
phine, and it produced in some patients the dis¬
turbing psychic reactions which had been seen

with nalorphine.
Four other members of this group are under

study. One of these corresponds in structure
so far as the antagonistic group is concerned
to the morphinan derivative mentioned which
was almost completely morphine-like. The
others represent variations of the N-substituent
or minor variations in another part of the mole¬
cule or both. The antagonistic potency of these
compounds varies from a tenth the potency of
nalorphine to twice the potency of levallorphan.
All of them are analgesics in man, again with
a varying effectiveness.
Two of these compounds are specially in¬

teresting. Both are products of the Sterling-
Winthrop Research Institute. One may be
identified conveniently as Win 20,228 (35,36
and personal communications from A. L. Keats
and H. F. Fraser, 1963). It has no analgesic
effect in animals, but is effective against post¬
operative pain in man at a dose of 30 to 40 mg.
as compared with 10 mg. of morphine. Win
20,228 has not produced the bizarre psychic re¬

actions which were troublesome with nalor¬
phine. Side effects similar to those seen fre¬
quently after morphine were seen with the 40
mg. dose. Win 20,264, similar to Win 20,228
except for substitution of an ethyl for a methyl
group at one position in the molecule, was quite
similar to Win 20,228 in its action in man.
Win 20,228 has been studied at the Addiction
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Research Center. Its subjective effects in post-
addicts were different from those of morphine.
It had little effect on the morphine abstinence
syndrome, and subjects on chronic administra-
tion disliked it to the extent that seven of eight
subjects voluntarily discontinued the medica-
tion. Fraser and Rosenberg concluded that this
compound has no significant degree of mor-
phine-like addictiveness (personal communica-
tion, 1963).
Win 20,740, the most potent as an antagonist

of the compounds studied in this series, is note-
worthy for its other effects. It is remarkably
effective as an analgesic in man. The dose
equivalent to 10 mg. of morphine is only one-
fourth to one-half milligram. At such doses
its side effects are minor and not nalorphine-
like. Unpleasant reactions may occur occasion-
ally when the dose is increased to 2.0 mg., but
the dose of morphine could not be safely in-
creased as much in a nontolerant patient. The
effects in postaddicts of Win 20,740 are not too
different from those of Win 20,228.
Win 20,740 is the only really potent antag-

onist which has shown strong analgesia in man,
at least 20 times that of morphine, without
nalorphine-like side effects at the effective anal-
gesic dose. The nearest approach to Win
20,740 in potency was the compound mentioned
above, N-propargylmorphinan, which was
levallorphan-like in antagonistic action, mor-
phine-like in analgesic potency, but nalorphine-
like in subjective effects to such an extent as to
make it quite impractical as a clinical analgesic.

These antagonists in general are not entirely
devoid of respiratory depressant effect
although in suitable dose ratio the more potent
will antagonize the respiratory depressant effect
of morphine and other opiates. This defect in
the clinical usefulness of morphine-like anal-
gesics has not been corrected, but for practical
purposes, definite, almost complete dissociation
of analgesic and physical dependence properties
has been achieved.
The group with whom I was then associated

began the study of the relationship of chemical
structure to analgesic action and addiction
liability more than 30 years ago. It has been a
long and frustrating search and those engaged
in it have been characterized frequently as dedi-
cated individuals who would not give up.

There are still many questions to be answered,
but I think it is fair to say that at last there is
progress.
Assuming, however, that one of the antago-

nists proves to be a sufficiently powerful anal-
gesic without undue side effects and without
physical dependence properties, it will be the
long-sought objective of many investigators and
a boon to the clinician and his patient, but it
will not solve the addiction problem overnight.
We shall still have the opium-producing

countries with economic needs to oppose any
effort to bring about cessation of poppy cultiva-
tion. We shall still have the established ma-
chinery for illicit production and distribution
of heroin which all of the efforts toward nar-
cotics control have not suppressed. We shall
still have the social and psychological forces
that encourage potential addicts to dose them-
selves with drugs.
The chemopharmacological success which we

postulate-anticipate, I am tempted to say-
will help medicine and will-supply a sound basis
for strengthening control of addicting mor-
phine-like agents of natural or synthetic origin.
On both counts, these discoveries will contribute
to the management of the addiction problem,
though they are not the solution.
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