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The accepted, standard analgesic has 
always been morphine, the medicament 
without which, until recently, no one 
could practice medicine effectively. 
Morphine not only relieves pain of any 
origin, whether due to illness or trau- 
ma, but it may relieve anxiety and the 
effects of mental or physical shock, 
promote sleep, and evoke a general 
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feeling of peace and well-being. Its use 
for any of these benefits, however, de- 
mands that a price be paid. If the dose 
is only a little too great in the circum- 
stances or if the patient is very young 
or debilitated, the breathing may be 
depressed to a degree which is life 
threatening. Frequently nausea, vomit- 
ing, sweating, dizziness, and sluggish- 
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ness occur with routine doses; the 
heart rate is slowed and the blood 
pressure may fall. When the use of 
morphine is repeated, the effects wane 
and the dose must be increased and, 
worst of all, morphine causes addiction 
(drug dependence of the morphine 
type), an accommodation of the cells 
of the body to its presence so that its 
use must be continued or a particular, 
self-limited illness, the withdrawal or 
abstinence syndrome, makes its appear- 
ance. The search for a better analgesic 
then is a search for a better morphine, 
a substance with morphine's beneficial 
properties and with attenuated or no 
harmful side effects including tolerance 
and dependence. 

Morphine, as morphine, has been 
known for less than 200 years, but the 
effects of opium are the effects of mor- 
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phine and the properties of opium were 
known before the earliest medical rec- 
ords. Children were given poppy cap- 
sules to chew in order to keep them 
quiet 3500 years ago. Opium, in one 
form or another, was in every medical 
and first-aid kit for centuries and was 
used as a household and professional 
remedy for mental disorders and for 
aches and pains of every kind and de- 
scription. Some liked the effects apart 
from symptomatic relief, and there 
were opium eaters and opium smokers, 
seekers after pleasure from the poppy 
instead of, or in addition to, the grape. 
This was no great problem; in the state 
of medical ignorance then, opium was 
indeed "a friend in need." But man's 
curiosity is unlimited and about 200 
years ago, maybe earlier, he began to 
wonder why opium did what it did and 
if there were a separable active princi- 
ple. 

In 1803, Derosne (1) by extraction 
of opium with water and precipitation 
of the extract with potassium carbonate, 
obtained a crystalline substance which 
he called the "salt of opium." Shortly 
thereafter, Sertiirner (2), a pharmacist 
of Einbeck in Hanover, described the 
isolation of a pure alkaloidal base which 
he called morphine after Morpheus, 
the god of sleep. He tried this morphine 
in dogs and showed that its effects were 
like those of opium (3). Derosne's 
"salt of opium" is considered to have 
been morphine or narcotine. Sertiirner's 
isolation of morphine was quickly con- 
firmed and effort for some time was 
directed toward the isolation and puri- 
fication of morphine and other opium 
alkaloids-for example, narcotine in 
1817 (4); codeine in 1832 (5); the- 
baine in 1835 (6); and papaverine in 
1848 (7). 

There were many attempts at ele- 
mental analysis of morphine, but such 
analysis was not correctly accomplished 
until 1847 (8). Chemical manipula- 
tions for the purpose of determining 
the structure of morphine (1) were not 
begun until nearly the last quarter of 
the 19th century (9), and the structure 
was not acceptably established until 
1925 by Gulland and Robinson (10). 
Identification of the products of these 
manipulations was poor and pharma- 
cological examination, cursory and 
qualitative at best; the work of Dott 
and Stockman (11) was probably the 
most complete. The effect of acetyla- 
tion was one of the earliest approaches 
to the pharmacological examination of 
morphine and there is presumptive evi- 
dence that diacetylmorphine, heroin 
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(3), was obtained in 1874 (12) (Fig. 
1). 

The potency of heroin was soon 
recognized. It underwent more investi- 
gation than any other product of the 
time, and was introduced into clinical 
medicine with claims of superiority to 
morphine in 1898 (13). It was a good 
analgesic though shorter acting than 
morphine. At the doses used in the 
laboratory it appeared to have little 
respiratory depressant effect; therefore, 
it was thought that it would be a safer 
antitussive. It could be substituted for 
morphine in chronic users without caus- 
ing the appearance of withdrawal phe- 
nomena; therefore, it "cured" the addic- 
tion. That Dreser missed the greater 
respiratory effect of heroin is almost 
unbelievable. He seems to have relied 
mainly on change in respiratory rate, 
an unsatisfactory measure of respira- 
tory activity. As to the cure of addic- 
tion, there was not yet appreciation of 
the phenomena of cross-tolerance and 
of maintenance of dependence by a 
substance of similar pharmacological 
profile, but this was soon to come. 
Even in the year (1898) of its intro- 
duction Strube (14) said, with respect 
to his clinical experience, that patients 
took the drug willingly and asked for 
it if it was replaced by something else. 
He was unable to decide whether this 
was a first sign of habituation but ad- 
mitted that the dose had to be increased 
in prolonged administration. 

Early Research: Derivatives 

of Opium Products 

The introduction of heroin, though 
based on faulty observation and inter- 
pretation, and a great disappointment, 
undoubtedly influenced the trend and 
objectives of morphine research and 
may truly be said to mark the begin- 
ning of the search for a better analgesic. 
This search, emphasizing as it has from 
the beginning avoidance of tolerance 
and physical dependence and attenua- 
tion or elimination of disagreeable or 
dangerous side effects, has been beset 
by at least three extraordinary diffi- 
culties that are not yet completely over- 
come. Two of these difficulties concern 
the validity of animal procedures that 
are used for testing analgesia and drug 
dependence. 

The older tests gave good indications 
of the pain-relieving power of sub- 
stances related pharmacologically to 
morphine in other respects. Eventually, 
nalorphine, shown by the older meth- 

ods to be essentially free of positive 
effect, was demonstrated incidentally to 
be analgesic in man. Since the intro- 
duction of nalorphine, new methods for 
measuring analgesia in animals have 
been described (15) which now seem 
to be fully predictive for compounds 
giving rise to the whole range of be- 
havior from "pure" agonist to "pure" 
antagonist. Although one may still get 
a false negative result in the laboratory, 
the chance of doing so has been greatly 
reduced. There have been no false posi- 
tive results, at least qualitatively. 

With certain classes of compounds, 
perhaps largely because of differences 
in the way different species metabolize 
them, there have been differences in 
the apparent physical dependence lia- 
bility in the rhesus monkey and in 
man. For example, many representa- 
tives of the benzomorphan group have 
shown little capacity to support or 
cause physical dependence in monkeys; 
some have been unexpectedly nalor- 
phine-like, that is, antagonistic to nar- 
cotic analgesics. The few that have 
been tested in man have been more 
like morphine, qualitatively and quan- 
titatively. In contrast, for members of 
the pethidine series, dependence lia- 
bility has been generally less in man 
than predicted from results in the mon- 
key (16). Qualitative comparisons, 
however, have been good. Again there 
have been no false positive results. 

The third major difficulty has been 
that of investigators' regarding the 
physical dependence-producing poten- 
tial of strong analgesics to be of utmost 
importance to the extent that they di- 
rected their greatest research effort 
toward eliminating it. Drug abuse pat- 
terns have changed, however. Drugs 
have been abused throughout; even 
cocaine and marihuana, for example, 
which do not cause physical depen- 
dence, have been abused. Gradually it 
has been realized that psychic factors, 
such as "liking" the drug effect, are 
paramount in the continuation of drug 
abuse and more progress in this area 
must be attained if a better analgesic 
is to be developed. 

During the 25 years after the intro- 
duction of heroin, other morphine de- 
rivatives came into medical practice 
and are in use even today without clear 
superiority. These include (Fig. 2): 
dihydrocodeine differing from codeine 
(2) only in saturation of one double 
bond and not very different from it in 
activity; dihydrocodeinone, hydroco- 
done, or Hycodan (6) having, in addi- 
tion, one hydroxyl replaced by oxygen 
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(Fig. 2) and 'an effective dose one-sixth 
that of codeine; and acetyldihydro- 
codeinone or thebacon, a product of 
acetylation of dihydrocodeinone and 
similar to it in activity. All of these 
were analgesics but are now used main- 
ly as antitussives. Also new in this 
period was dihydromorphinone, hydro- 
morphone, or Dilaudid (5) differing 
from morphine as dihydrocodeinone 
differs from codeine, and very similar 
to heroin in its action. 

In 1929 a most significant change in 
analgesic research came about, the 
beginning of the first systematic study 
of structure-action relationships to dis- 
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sociate, if possible, analgesic effective- 
ness from side-effect and addiction lia- 
bility. 

From 1929 to 1939 this plan was 
directed by the Committee on Drug 
Addiction of the National Research 
Council (NRC) with financial support 
from the Rockefeller Foundation. In 
1939 it was taken over in principle by 
the National Institutes of Health. 
Through the first 10 years the chemical 
studies were conducted at the Univer- 
sity of Virginia and consisted, on the 
one hand, of modification of the mor- 
phine molecule at all accessible points 
and, on the other hand, of syntheses 

from moieties of the morphine mole- 
cule or analogs, such as phenanthrene, 
hydrogenated phenanthrenes, isoquino- 
lines, dibenzofuran, and carbazole (Fig. 
3). More than 150 derivatives of mor- 
phine and more than 300 synthetic 
products were made. Each compound 
was tested uniformly at the University 
of Michigan for toxicity and for anal- 
gesic, respiratory, gastrointestinal, seda- 
tive, and other central nervous system 
effects. More than 20 compounds were 
tested for morphine-like effects and the 
ability to support a morphine addiction 
in man, and some were tested clinically 
for analgesic or antitussive activity. The 
major portion of this work was re- 
viewed in 1938 (17), with a careful 
analysis of trends in structure-action 
relationships. 

The National Research Council 
Committee thought that it had initially 
some basis for an optimistic outlook. 
It drew attention to the diminution of 
cocaine abuse coincident with the in- 
troduction of chemically different syn- 
thetic local anesthetics which were not 
abused. It also noted that codeine (2), 
the phenolic methyl ether of morphine, 
retained a very useful degree of anal- 
gesic and antitussive activity, but had 
a very low abuse potential; indeed, at 
the time it was considered to be essen- 
tially nonaddictive. The investigators 
themselves, while intensely interested in 
structure-action relationships, were less 
confident in the practical aspects of 
their results. After 10 years of intensive 
effort, no significant dissociation of 
strong analgesic effect and dependence- 
producing liability was accomplished; 
there were rewarding results, neverthe- 
less. In addition to a comparison of 
morphine and codeine, several similar 
structures were examined. The effects 
of the simple chemical change, phe- 
nol -> methyl ether, were found to be 
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remarkably uniform. The significance 
of the phenolic and alcoholic hydroxyls 
for intensity of analgesic action was 
established. Removal of the latter, as 
in desomorphine (10), resulted in the 
most rapidly acting, intense, and power- 
ful analgesic known to that time. A 
new alkyl group was introduced at 
carbon-5 of the morphine molecule as 
in metopon (9); this was advantageous 
with respect to analgesic action, and 
there was some lessening of tolerance 
and dependence development. Among 
the synthetic products, some exhibited 
a certain amount of analgesic and other 
morphinelike properties, but these leads 
have not been followed. The work set 
a valuable pattern of systematic study 
and was a stimulus to alkaloid chem- 
istry and to chemists, industrial chem- 

NCH3 

HO OH 

Morphine 1 

"0 

HO 

Levorphanol 15 
I 

t 

ists particularly, in the search for better 
analgesics. Particularly to be noted as 
an indirect result of the NRC program 
are the 14-hydroxy-7,8-dihydro com- 
pounds oxycodone (7) and oxymor- 
phone (8) (Fig. 2), derived from the- 
baine (4). Both have been used suc- 
cessfully and have led to important 
antagonists that we discuss later. 

Totally Synthetic Analgesics 

The next milestone in analgesic re- 
search was the synthesis of pethidine 
[meperidine, Demerol (11)] and the 
serendipitous discovery of its morphine- 
like properties. In the late 1930's a 
German chemist-pharmacologisr team 
(18) were looking for a spasmolytic 

NCH3 

-- 

HO 

5-(m-Hydroxyphenyl)- 
2-methylmorphan 16 

3H3 

HI 

6,7-Benzomorphans 
Fig. 6. Derivation of phenyl- and 6,7-benzomorphans. 
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substitute for atropine. Pethidine was 
not a success for this purpose, but 
routine pharmacological screening, like 
that done at the University of Michigan 
in the NRC program, revealed that it 
was analgesic and had other morphine- 
like properties in spite of its seeming 
chemical dissimilarity. Schaumann in 
1940 (19) drew attention to the phenyl- 
piperidine moiety in morphine and 
later (20) stressed other features which 
morphine and pethidine had in com- 
mon-a benzene nucleus, a quaternary 
carbon attached, and a tertiary amino 
group two aliphatic carbons removed 
(Fig. 4). Pethidine supported and pro- 
duced primarily a drug dependence of 
morphine type and had a "liking" score, 
relative to its analgesic potency, at 
least as great as that of morphine (21). 
It was the first wholly synthetic anal- 
gesic which could replace morphine in 
many clinical situations. Like heroin, 
it was introduced into medical practice 
with claims of nonaddictiveness and 
greater safety. That it was morphine- 
like in dependence liability was recog- 
nized very early in Germany and 
proved conclusively at the Addiction 
Research Center at Lexington (21). 
Yet, this was admitted reluctantly and 
the initial impression of relative safety, 
still prevalent to some extent, has 
played a significant role in the abuse 
of the drug by medical and paramedical 
personnel. Introduced in the United 
States in 1941, pethidine was brought 
under narcotics control by special con- 
gressional action in 1947, and is now 
generally admitted to need the same 
precautions as morphine in its clinical 
use. 

Thousands of phenyl-piperidines, re- 
lated to pethidine, have been synthe- 
sized in the last 30 plus years, some 
with tremendously increased analgesic 
potency. A few have been used clini- 
cally (alphaprodine or Nisentil, and 
anileridine are examples) and some 
have been developed for other pur- 
poses, for example, neuroleptics and 
antidiarrheal drugs. But again, signifi- 
cant dissociation of analgesia and de- 
pendence liability has not been at- 
tained (22). 

Recognition of the chemical features 
common to morphine and pethidine 
initiated a systematic program of syn- 
thesis and a whole new class of anal- 
gesic agents, methadone (12) and its 
congeners (22, 23) was developed. The 
line of reasoning from pethidine to the 
methadone structure was never clearly 
revealed, but both do contain several 
features in common with morphine and 

SCIENCE, VOL. 181 



with each other as noted by Schau- 
mann (20). Methadone duplicated 
qualitatively the pharmacological pro- 
file of morphine but there were some 
differences in the time-courses of ac- 
tion. It was as effective as morphine 
as an analgesic, more so and longer 
acting when administered orally. Its 
repeated administration caused the de- 
velopment of tolerance and dependence 
of the morphine type, and it substituted 
very adequately for morphine or other 
narcotics. Compared with morphine or 
heroin, the methadone abstinence syn- 
drome was slower in onset, longer 
in duration, and much less intense. It 
is the drug of choice to ameliorate the 
distress of withdrawal of other nar- 
cotics, and, because of its prolonged 
oral effect, for maintenance of de- 
pendence of morphine type when such 
is judged advisable (24). 

A great many methadone derivatives 
have also been made with wide varia- 
tion in analgesic potency and duration 
of action, but with ability to produce 
dependence of morphine type approxi- 
mately parallel to pain relief. Two ex- 
amples are dextropropoxyphene (13) 
and dextromoramide (14). The former, 
a mild analgesic of considerable popu- 
larity, substitutes poorly in dependence 
of morphine type but has been abused 
to a small extent by drug-dependent 
persons and others. Dextromoramide 
is a very effective analgesic, as effective 
orally as parenterally, but with a cor- 
respondingly high abuse potential (22). 

Notable in the chemistry and phar- 
macology of the methadone series are 
the synthesis and analgesic evaluation 
of all possible methadols and iso- 
methadols and their O-acetylated ana- 
logs (25), 24 structural and configura- 
tional variations as illustrated in Fig. 
5. If the sometimes pronounced varia- 
tions in analgesic effect and duration 
of action in this series could be corre- 
lated with physical or chemical proper- 
ties, or both, our understanding of 
structure-action relationships might be 
considerably advanced. One member 
of the series, ca--acetylmethadol, that 
is as effective and twice as long-acting 
as methadone, is being studied for 
practical use in methadone maintenance 
programs (26). 

The discovery of the complete struc- 
ture of morphine (10) led inevitably 
to attempts to synthesize the molecule. 
Initially successful only to the produc- 
tion of a basic skeleton [see Grewe, 
27)], the total synthesis was completed 
in 1956 by Gates and Tschudi (28); 
Grewe's work, continued by Schnider 
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and his associates (29) yielded a most 
important discovery. The complete 
morphine structure was not essential 
for strong analgesic action and other 
morphine-like effects. N-Methylmorphi- 
nan (27) was analgesic, and (-)-3- 
hydroxy-N-methylmorphinan (levor- 
phanol, 15) was an effective therapeutic 
agent, three or four times more potent 
than morphine (21, 29). But once 
again analgesic potency and depen- 
dence liability appeared together and 
continued to do so in the many mor- 
phinan derivatives produced subse- 
quently. 

The activity exhibited by levorphanol 
prompted the synthesis (from 1953) 
of two even simpler modifications, 
phenylmorphans and 6,7-benzomor- 
phans (Fig. 6). The former (30) was 
a very simple structure indeed, but it 
retained the alleged chemical essen- 
tials-the benzene nucleus, the quater- 
nary carbon, and the tertiary nitrogen 
two methylene groups removed from 
the quaternary carbon. 5-m-Hydroxy- 
phenyl-2-methylmorphan (16) (30) 
was equivalent to morphine in analgesic 
activity in animals. In spite of this, 
attention was diverted to the benzo- 
morphans and this group has been 
studied extensively (31), particularly 
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because for the first time, in animals 
at least, some dissociation of analgesia 
and dependence was evident. 

Levorphanol has one ring less than 
morphine, and benzomorphan (Fig. 6) 
has one ring less than levorphanol, 
bearing hydrogen only or an alkyl 
group at carbon 9 and an alkyl group 
at carbon 5. The first of the benzo- 
morphans to be brought to general at- 
tention was phenazocine (17) (31), 
which had a phenethyl group on nitro- 
gen and methyl groups at carbons 5 
and 9. It was an effective analgesic, 
especially orally, with definitely less 
dependence capacity in monkeys and 
somewhat less dependence liability in 
man (16). Its greatest usefulness 
should be orally for chronic pain but 
it was introduced on the American 
market only in a form for parenteral 
administration. 

The attachment of phenethyl onto 
nitrogen was an outgrowth of another 
series of experiments. Methyl on nitro- 
gen of morphine for a long time was 
considered optimal for analgesic action 
because its elimination or substitution 
by ethyl reduced activity. A systematic 
study of the role of the tertiary amine 
in morphine action (32), however, 
showed that although activity was re- 
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duced by N-ethyl substitution, it began 
to be restored and increased even be- 

yond that of morphine as the N-alkyl 
group increased in length or size from 

N-propyl to N-amyl to N-hexyl to N- 

phenethyl, and to N-phenacyl. Studies 
of the benzomorphan series showed ad- 

ditionally that analgesic action was 
exhibited even with hydrogen (33) in- 
stead of alkyl groups on carbons 5 and 

9, and some interesting differences were 
revealed in some of the optical isomers 
that we will describe later. 

We have described modifications of 

27 R=CH2CH=CH2 

28 R=CH2-< 

morphine and the synthesis of related, 
less complex structures. In contrast, 
Bentley and his co-workers (34) rea- 
soned that bases of more rigid and 

complex construction might afford se- 

lectivity for the biologic receptor and 
thus a separation of pharmacological 
actions. They prepared a large group 
of compounds from thebaine (4) with 
an etheno (18) or ethano (19) bridge 
from carbon 6 to carbon 14 and with 
variations at carbon 7. A most active 

compound of this series, M-99 (20) 
was, on a dosage basis, at least 2000 

Table 1. Pharmacologic properties of I- and d-benzomorphans com- 
pared with morphine (1) and codeine (2). R and R1 may be methyl 
(Me), ethyl (Et), or propyl (Pr) groups, or hydrogen (H); the 50- 
percent effective dose (ED,o) is expressed as milligrams per kilogram 
of body weight; PDC is physical dependence capacity. 

Antagonistic 
potency com- 

Compound R R Enantiomer EDo, PDC pared with 
JNo. that of 

nalorphine 

32 Me Me (-) 0.6 No 1/50-1/30 
(+) Inactive No No 

33 Et Et (-) 1.2 No 1/10 
(+) 7.5 Intermediate No 

33 a Pr Me (-) 0.8 No 1/5 
(+) 12.3 High No 

Et H (-) 0.6 No 1/40-1/20 
(+) 21.8 Low No 

Me H (-) 1.8 No 1/50 
(+) 22.9 Very low No 

1 (-) 1.2 High No 
2 (-) 7.5 Intermediate No 
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times more powerful as an analgesic 
than morphine and in dependence 
capacity in monkeys. It has proved 
useful for incapacitating large animals 
such as elephants because of the very 
small size of the effective dose which 
can be applied with a dart propelled 
by a crossbow or similar device. Po- 
tency based on dosage is not of itself 
an advantage in clinical medicine and, 
though members of this series have 
been tried in man, none has yet found 
favor as a practical medicament. 

Narcotic Antagonists 

Many years ago Pohl (35) made the 
astonishing observation that N-allyl- 
norcodeine (21), codeine (2) with an 
allyl group replacing methyl on nitro- 
gen, was antagonistic to the respiratory 
depressant effect of morphine. Almost 
30 years later, the phenolic analog, 
N-allylnormorphine (nalorphine, Nal- 
line) (22) was made and specific an- 
tagonistic action confirmed (36). In 
the search for a better analgesic, this 
was another milestone that was brought 
into particular prominence when it was 
demonstrated in the early 1950's that 
nalorphine was not only a potent, spe- 
cific antagonist to essentially all mor- 
phine-like effects but also by itself was 
an analgesic equal to morphine on a 
milligram dose basis. It also produced 
morphine-like and, too often, bizarre, 
disturbing, psychotomimetic side effects. 
As an antagonist, it appeared both 
theoretically and in initial tests in man 
unlikely to produce drug dependence. 
More thorough study demonstrated 
that nalorphine could produce some 
degree of physical dependence of an 
unusual character, drug dependence of 
specific opiate antagonist type (37), but 
it did not cause drug-seeking behavior 
and there was no evidence of abuse 
potential. From the practical stand- 
point, then, if it were not for the 
aforementioned side effects, separation 
of analgesia and dependence liability 
had been accomplished. The important 
point, however, was the presence of 

agonist (morphine-like) and antagonist 
(nalorphine-like) properties, perhaps 
simultaneously operative, in the same 
compound and, according to subse- 
quent observations, in almost all so- 
called morphine-like compounds. This 
was brought out most clearly in a num- 
ber of very potent antagonists such as 

cyclazocine, cyclorphan, and levallor- 

phan, and most interestingly in some 
N-methyl-benzomorphan isomers. 
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Cyclazocine (23), an N-cyclopropyl- 
methyl benzomorphan (38) and cyclor- 
phan, N-cyclopropylmethylmorphinan 
(24), (39) were many times more 
potent as antagonists than nalor- 
phine and both were about 40 
times more potent as analgesics than 
morphine. Both produced psychoto- 
mimetic effects to such an extent at or 
near the analgesic dose as to preclude 
their use as analgesics in man. Leval- 
lorphan, N-allyl-3-hydroxymorphinan 
(25), the morphinan analog (29) of 
nalorphine, was several times more ef- 
fective than nalorphine as an antago- 
nist and in the same range as morphine 
as an analgesic with a very flat dose- 
response curve. 

The direct respiratory depressant ef- 
fect of these antagonists alone is mini- 
mal; they never produce apnea. Ad- 
ministered repeatedly to man, toler- 
ance to the psychotomimetic effects de- 
velops rapidly but antagonism to the 
euphoric and dependence-producing ef- 
fects of morphine, heroin, and related 
substances persists so that administra- 
tion of any of these narcotics, in a 
single dose or in repeated doses, to an 
individual tolerant to cyclazocine, for 
example, has no acute effect nor does 
physical dependence of the morphine 
type develop. Hence, stabilization on 
cyclazocine is being used clinically in 
order to deter relapse to abuse of 
heroin (40). 

The presence of analgesic activity in 
compounds which may also produce 
some degree of specific antagonistic 
action is the best lead to date in the 
search for a better analgesic and has 
stimulated much research along sev- 
eral lines. Of particular importance is 
the investigation of the optimum ratio 
of agonist-antagonist activity that would 
make a compound useful as an anal- 
gesic and give it better and more pro- 
longed antagonistic action for more ef- 
fective deterrence of dependence. 
Pentazocine (38) is a product of the 
first part of this investigation. It has 
3,3-dimethylallyl as the substituent on 
nitrogen of a benzomorphan (26) and 
has been marketed as Talwin. It is a 
weak antagonist, with only about one- 
fiftieth the activity of nalorphine, and 
a good analgesic, 30 or 40 milligrams 
of pentazocine being equivalent to 10 
mg of morphine; it has a relatively low 
frequency of disturbing side effects. 
Tolerance to it can develop and it can 
cause some physical dependence with 
an abstinence syndrome partly like that 
of morphine, partly like that of nalor- 
phine. Animals and man show some 
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drug seeking behavior and a few cases 
of abuse have been reported mostly 
with persons who abused other drugs 
previously. 

Naloxone (41), the N-allyl deriva- 
tive (27) of oxymorphone, is a product 
of the second line of research men- 
tioned in this area. It seems to possess 
no agonist property. It is short acting 
and poorly effective orally. Its analogs 
with cyclopropylmethyl (28) or cyclo- 
butylmethyl on the nitrogen of 
oxymorphone are longer acting and 
better candidates for development as 
deterrents to relapse to heroin abuse 
(42). The ratio of effectiveness of 
naloxone by parenteral as opposed 
to oral administration has suggested a 
special application of this product as a 
general deterrent to drug dependence 
of morphine type. A very small amount 
of naloxone added to an oral dose 
of a narcotic, in the ratio of 
1: 20 of the usual dose of methadone, 
for example, would not at all antago- 
nize or interfere with the desired effect 
of methadone. If the attempt were 
made to take a large dose or multiple 
doses over a short period of time, the 
increase in the naloxone would antago- 
nize the methadone effect. If the at- 
tempt were made to divert the oral 
mixture to parenteral administration, 
the 100 times greater effectiveness of 
the naloxone would manifest itself, no 
narcotic effect would be experienced 
in the naive individual, and abstinence 
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phenomena would be precipitated in a 
heroin-dependent person (43). 

Another curious aspect of the agonist- 
antagonist combination of pharmaco- 
logical properties was encountered in 
the evaluation of the optical isomers 
of some benzomorphans (Table 1). The 
relatively inactive (for analgesia) dex- 
tro isomers supported a dependence of 
the morphine type in the monkey. 
More surprisingly, the analgesically ac- 
tive levo isomers were antagonistic in 
that they increased the severity of the 
symptoms of withdrawal and precipi- 
tated abstinence signs in the nonwith- 
drawn, dependent animal (44, 45). 
This difference for the benzomorphan 
isomers has not yet been demonstrated 
in man. 

Miscellaneous Synthetic Compounds 

To complete this survey of the search 
for a better analgesic, we will mention 
briefly a number of compounds that 
have resulted from other attempts to 
elaborate (or alter) Schaumann's con- 
cept of the essential features of a 
morphine-like analgesic. These include 
the thiambutenes, the profadols (Fig. 
7), the benzimidazoles (28a), the pro- 
pionanilides (30) and propiram, the 
tetrahydroisoquinolines (29) and other 
miscellaneous compounds, discovered 
usually in other research efforts (44). 
Many such compounds are interesting 

but their practical importance 
has been discounted or not yet 
proven. The thiambutenes are 
remotely related to methadone 

H2CH3 (12). Profadol is interesting 
because the antagonistic com- 
ponent in one of its optical 
isomers was apparent in both 
animals and man. Propiram, 
N- propionyl- N -;(2 - pyridyl)- 1 - 
(1 -piperidino-2-aminopropane, 

ol (B). as the levo isomer showed 

CH3O 

c NCH3 
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similar effects (46). In the propionani- 
lides, tertiary nitrogen has replaced the 
quaternary carbon (22). The benzi- 
midazoles are powerful analgesics 
unsuitable for clinical use because 
they cause severe respiratory depres- 
sion. The tetrahydroisoquinolines were 
based on the reported codeine-like 
activity of certain 1-substituted iso- 
quinolines (44). 

Present Status 

Where are we then in our search for 
a better analgesic, an understanding 
of structure-action relationships, and 
the mechanism of analgesic action? 
Not at the end of the road or the 
attainment of these goals, certainly. 
Schaumann's concept (19) of the im- 
portance of a 4-phenylpiperidine frag- 
ment of morphine, broadened (20) to 
an aromatic ring attached to a quater- 
nary carbon separated from a tertiary 
nitrogen by two saturated carbon atoms, 
as basic for strong analgesic action still 
holds in a practical sense, in spite of 
exceptions. Recently, Jacobson et al. 
(44) stated that if the tertiary nitrogen 
was in six-membered ring formation a 
phenolic hydroxyl meta to the quater- 
nary carbon enhanced pharmacological 
activity and that in the benzomorphans 
a change of the quaternary carbon to 
tertiary reduced analgesic activity only 
slightly (44, 47). 

Since 1954 considerable attention has 
been paid to the topology and absolute 
stereochemistry of analgesic molecules 
and their fit on a biologic receptor. 
Gero (48) tried to equate the thiam- 
butene and methadone structures to the 
classical analgesics by postulating a 
pseudopiperidine ring formation. Beck- 
ett and Casy (49) suggested specific 
orientation of the various pharma- 
cophoric groups to fit a hypothetical 
analgesic receptor, having a flat sur- 
face, a cavity and an anionic site ac- 
commodating an aromatic ring, a hy- 
drocarbon moiety and a protonated 
nitrogen, respectively. These are in- 
teresting postulates but none of them 
account adequately for the high anal- 
gesic potency of outstanding exceptions 
such as fentanyl, benzimidazoles, and 
tetrahydroisoquinolines. Nor is there 
consistent correlation between the con- 
figuration of the more active enanti- 
omers and analgesic activity. Porto- 
ghese (50) has introduced a new con- 
cept of different modes of interaction 
with the receptor site, and others (51) 

are employing quantum chemical cal- 
culations to define the molecular mecha- 
nism of drug action and its relation to 
drug molecular structure and possible 
receptor site interaction. Finally, Pert 
and Snyder (52) claim to have demon- 
strated specific binding of narcotic 
analgesics and naloxone "to an opiate 
receptor of mammalian brain and 
guinea pig intestine" and interference 
with binding of the naloxone by prior 
treatment of the tissue with other nar- 
cotics. These studies may ultimately 
provide for a more intelligent scientific 
design of new analgesics and antago- 
nists. Along with the research into the 
pharmacokinetic properties and enzyme 
interactions of new compounds, these 
studies should also lead to a better 
understanding of the mechanisms of 
analgesia, tolerance, and dependence. 

Meanwhile we continue to make 
some progress by synthesis planned 
from rather superficial structure-action 
rationale, however pedestrian this may 
seem. Thus have emerged during the 
last 30 years a fair number of totally 
synthetic analgesic and antitussive 
agents-pethidine, methadone, levor- 
phanol, dextrometharphan, phenazo- 
cine, propoxyphene, pentazocine (to 
name a few) that have: proved to be 
useful substitutes for the narcotic prod- 
ucts of opium. Among these, pentazo- 
cine, for moderate to severe pain, and 
propoxyphene, used extensively in mild 
pain, are deemed of sufficiently low 
abuse potential that they are not con- 
trolled as narcotics. In addition, orally 
effective, long-acting maintenance drugs 
(methadone, l-a-acetylmethadol) have 
been developed; they are being used 
beneficially, it is the consensus, in some 
70,000 addicts in the United States and 
Canada. Finally, safe narcotic antago- 
nists have been developed and these 
may prove effective in the deterrence 
of narcotic abuse in one of the most 
recent modalities of treatment under 
study. 
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