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CHAPTER I

C h e m i s t r y o f M o r p h i n a n s

1. I N T R O D U C T I O N

Morphinans are members of a class of compounds possessing the main
structural skeleton of morphine. The numbering system (1-17) and designa-
tion of the rings (A-D) adopted for these compounds are the same as used
for morphine. The close relationship existing between these two classes of
compounds is best seen by comparing their main structural features as given
below.

OH
(1) morphine

Three condensed six-membered rings form the partially hydrogenated
phenanthrene fragment, one of which is aromatic (A) while the two others
(B and C) are alicyclic. As in decaline the fusion of rings B and C can either
be cis or trans depending upon the configuration at C13 and Ci 4 . Carbon 13
is quaternary and together with carbon 9 forms the junction with the hetero-
cyclic ring (D). Although morphinan possesses three asymmetric carbon
atoms, owing to the rigid structure of the molecule only two racemates are
possible.

Morphinan could also be designated as a partially hydrogenated imino-
cthanophenanthrene or 2-aza~5,94etramethylene-6,74)enzo-bicyclo(l,3, 3)-
nonene-(6)(1). This nomenclature, however, will not be used in this survey.
Preference is given to a chemical designation derived from the skeleton
"morphinan "adding the appropriate substituents and adhering to the number-
ing system already mentioned.

Originally, this class of compounds had been named "morphans", but, on
the suggestion of ROBINSON (2)

5 this was modified to "morphinan" since the
name morphan had already been adopted for another class of compounds(3).

The chemistry of morphinan is very closely connected with that of mor-
phine and starts from the elucidation of the structure of morphine by RO-
BINSON*40 and by SCHOPF (5 ) shortly afterwards. These two papers made pos-

3



4 MORPHINANS

sible the systematic study of the structure of the morphine alkaloids. By
subjecting natural products to reactions which were either already well known
or recently developed, many investigations were undertaken to confirm the
morphine structure proposed by ROBINSON, and to find compounds of greater
pharmacological value. The desirable effect of morphine on pain which sets
in rapidly even when the drug is administered in small doses, is accompanied
by a number of clinically undesirable side-effects. These side-effects, such as
respiratory depression(6) and development of tolerance which soon leads to
addiction, limit its application.

The primary aim of the chemists in modifying the morphine molecule was
to obtain analgesics without side-effects, especially without addictive proper-
ties. Although this has not yet been fully achieved, partial successes have
been obtained, e.g. dihydrodesoxymorphinc (desomorphine, Permonid(R)) is
about ten times more active than morphine(7) and methyldihydromorphi-
none (Metopon(R)) is distinctly less addictive than morphine (8~11).

(3) Desomorphine (4) Methyldihydromorphinone

These partial successes gave rise to the hope that the final goal, to obtain
an analgesic without any addictive properties, might still be reached. This
naturally stimulated chemical work in the morphine field and led to the
understanding of numerous correlations between chemical structure and
pharmacological activity (7>12~14). Although we know now of a few excep-
tions, these generalizations may be summarized as follows(15j l6):

(a) Replacement of the phenolic hydroxyl group of morphine by an ether
group diminishes its analgesic effect considerably. On the other hand,
esterification increases the analgesic and addictive properties.

(b) Modification of the alcoholic hydroxyl group (by etherification, replace-
ment by keto group, halogen etc.) increases the analgesic activity and the
toxicity, at the same time diminishing the duration of the effect.

(c) Opening the furan ring reduces the efficacy as well as the toxicity.
(d) Substitution in the aromatic ring (A) lowers the analgesic activity.
(e) Substitution in the alicyclic ring (C) does not basically modify the activity.
(f) The formation of an TV-oxide causes the activity to disappear; on quater-

nization of the tertiary amine a curare-like activity is observed.
(g) Replacing the iV-methyl grouping with iV-alkyl or iV-alkenyl groups leads

to compounds with an antagonistic effect and, most important, the un-
desirable respiratory depression caused by morphine is significantly di-
minished(17). There are well controlled studies showing that nalorphine
retains some morphine-like respiratory depressant effect.
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(h) The tertiary character of the nitrogen is essential for the specific activity
of morphine.

(i) Opening the piperidine ring (morphimetine) destroys the analgesic activ-
ity completely.

2. SYNTHESIS OF ANALGESICS W I T H MORPHINE-LIKE ACTIVITY

(a) Introduction

The elucidation of the structure of morphine and the knowledge of the
relationship between chemical structure and physiological activity in mor-
phine derivatives stimulated investigations directed towards the preparation
of fragments of the complicated morphine molecule. It was hoped to obtain
simpler compounds by total synthesis which would possess similar analgesic
and antitussive properties but would be free of side-effects, especially of ad-
dictive properties. Following fragmentary efforts by various chemists around
the turn of the century and during the next 25 years, synthetic work in the
U.S.A. was supported mainly by the Committee on Drug Addiction of the
National Research Council (USA) under the guidance of SMALL. EDDY et ah
determined the pharmacological properties of these synthetic substances(7).

Other research centres became involved later in these endeavours to "im-
prove" morphine by synthetic studies with morphine fragments.

Table I summarizes these synthetic accomplishments. In most of the
groups 1-13 some analgesic activity was found in a few of the representatives,
but in spite of intensive work on groups which at first seemed very promising,
no useful compounds were discovered. For details we recommend the ex-
cellent surveys of BERGEL and MORRISON (16 ) and BECKETT (18).

On the other hand, work on groups 14 and 15 was very successful. The
first representative of group 14, pethidine(19) (meperidine) proved to be of
great importance and became the model for many other valuable compounds.

Group 15, methadone (Amidon(R) and/or Polamidon(R)) and analogues,
is described in detail in the first volume of the series on Synthetic Analgesics(20).

In this second volume the results of chemical and pharmacological work
with the morphinans 17 as well as the benzomorphans (group 16) shall be
discussed.
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TABLE I

OH

Morphine

1.

2 .

3 .

4 .

5 .

6 .

7 .

P h e n a n t h r e n e s

D i b e n z o - f u r a n s

2 - B e n z y l -

p i p e r i d i n e s

I s o c u m a r a -

n o n e s

D i p h e n y l e t h y l -

a m i n e s

B i s - p h e n y l e t h y l -

a m i n e s

B e n z y l -

i s o q u i n o l i n e s

(7) (12) (21) (22) (23)

(24) (25)

(29) (30) (31) (32) (33)

(35) (36) (37)

(38) (39) (40) (41)

(42) (43) (44) (45)

(35) (46)

(47) (48) (49) (50)

(26) (27) (28)

(34)
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TABLE I— continued

8.

9.

10.

11.

12.

13.

14.

15.

Tetralogies

Phenyl-amino
alkyl-
cyclohexanes

Phenyl-
decahydro-
isoquinolmes

Diphenyl-
alkylamines

Phenyl-alkyl-
amines

Phenoxy-amino-
alkyl-cyclo-
hexanols

Phenyl-
piperidines

Diphenyl-
propylamines

(51) (39) (52) (53)

(35) (54) (27) (55) (56)

(57) (58)

^ CH2"NH2 ^ Y ^ _ N H 2

(54) (54)

C J y i 4 i y j 4 ^ A J

(59) (60) (61)

(34)

(20)
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TABLE 1—continued

16.

17.

Benzomorphans

Morphinans

Q Q r J

C C X T PartllA

(b) Piperidine derivatives

In 1939, stimulated by synthetic work in the field of spasmolytics and the
results of the pharmacological assay of the compounds obtained, Eis-
LEB(62-64) synthesized the ethyl ester of l-methyl-4-phenylpiperidine-4-car-
boxylic acid (pethidine, meperidine, Dolantin(R))(19).

C00C2H5

d fCHs

CH3 C00C2H5

Pethidine
SCHAUMANN(65) showed that this compound was a spasmolytic in which

atropine-like neurotropic and papaverine-like musculo-tropic activity oc-
curred together for the first time. In addition, its analgesic effect far exceeded
that of any of the synthetic compounds then known. The manifold chemical
modifications of the meperidine molecule developed in various centres will
be briefly outlined since this became in many respects the starting point for
research work within the group of morphinans. Experience gained with the
pethidine group led to the discovery of valuable compounds among the mor-
phinans. In other cases, however, the same substituent did not cause analo-
gous changes in the activity.

The central analgesic effect of pethidine is similar to, though weaker than,
that of morphine. The side-effects are the same, though of different magni-
tude (65). This new analgesic produces addiction and checks abstinence symp-
toms after withdrawal of morphine(66). In small and intermediate doses it
produces respiratory depression which can be checked, as with morphine,
by iV-allyl-normorphine or by (~)-3-hydroxy-iV-allyl-morphinan(67'68). The
morphine-like analgesic effect of pethidine led SCHAUMANN(69) to compare
the chemical structure of the two groups of compounds. He concluded that
l-methyl-4-phenyl-piperidine is essential for analgesic activity in both groups.
This conclusion greatly stimulated investigations directed towards the pro-
duction of simpler fragments of the morphine molecule.
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TABLE II

•COOC2H5

OH

CH3

B e m i d o n e ( 4 1 )

OH I I

C0CH2CH3

CH3

Ketobemidone<7 0><7 1>

•2H5

CH 3

H

CH3

Alphaprod ine ( 7 2 > ( 7 3 >

N

I
CH3

T r i m e p e r i d i i i e ( 7 4 > ( 7 5 )

CH2—CH2—^ y ~ - N

Anileridine (76)

N-CH3

j 3 - P e t h i d i n e ( 7 7 >

COOC2H5

I
CH3

E l h o h e p t a z i n e ( 7 8 )

C2H50CO

N

CH 3

P r o d i l i d i n e ( 7 9 >

c i - OH

CHa-CHa-a^-CO-f X)-F CH2-CH2~0-

Haloperidol(8 0 ) Furethidine(8 x>

X^/^/COOCzHs

V

P i r a i n o d i n e < 8 2 )
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I n t h e p h e n y l p i p e r i d i n e ser ies , w h i c h w a s t h e n s t u d i e d o n a l a rge sca le ,

fu r the r ana lges ics w e r e d e v e l o p e d . Besides p e t h i d i n e , w h i c h is still of t h e r a -

p e u t i c i m p o r t a n c e i n sp i te o f c o m p e t i t i o n f r o m n e w e r ana lges ics b e l o n g i n g

t o t h e s a m e o r different g r o u p s , a series of p h e n y l p i p e r i d i n e der iva t ives h a s

b e e n deve loped , t h e m o s t i m p o r t a n t of w h i c h a r e given in T a b l e I I .

3 . S Y N T H E S I S O F T V - M E T H Y L - M O R P H I N A N B Y G R E W E

(a) History

O n c e t h e s t r u c t u r e of m o r p h i n e h a d b e e n e luc ida ted , a t t e m p t s t o syn the -

size i t b e g a n . A s it m a y b e cons ide r ed b o t h a p h e n a n t h r e n e a n d a n i s o q u i n o -

l ine der iva t ive , different possibi l i t ies were ava i lab le . I n t h e ve ry first a t t e m p t s ,

t h e p r i m a r y a i m w a s t o p r o d u c e l a rge f r a g m e n t s of t h e m o r p h i n e mo lecu l e

a n d t h u s o b t a i n i nd i ca t i ons as t o fu r the r s teps t o w a r d s its t o t a l synthes is . I n

a d d i t i o n , i t w a s expec t ed t h a t these inves t iga t ions w o u l d p r o v i d e t h e final

p r o o f of R O B I N S O N ' S f o r m u l a (1) for m o r p h i n e , especial ly for t h e j u n c t i o n of

t h e i m i n o e t h a n e b r i d g e w i t h t h e p h e n a n t h r e n e sys tem. A s t h e d e g r a d a t i o n of

m o r p h i n e a lka lo ids y ie lded m a i n l y der iva t ives of p h e n a n t h r e n e o r pa r t i a l l y

h y d r o g e n a t e d p h e n a n t h r e n e , i t w a s n a t u r a l t h a t m o s t syn the t i c a t t e m p t s w e r e

d i rec ted t o w a r d s t h e p r e p a r a t i o n of pa r t i a l l y h y d r o g e n a t e d p h e n a n t h r e n e s

c a r r y i n g su i t ab le subs t i t uen t s a t t h e c a r b o n a t o m s C 1 3 a n d C 9 wh ich , a c -

c o r d i n g t o R O B I N S O N , f o r m t h e j u n c t i o n w i t h t h e he te rocyc l ic r i ng .

F I E S E R et al.(83~~8S) p r e p a r e d a pa r t i a l ly h y d r o g e n a t e d p h e n a n t h r e n e s u b -

s t i tu ted a t p o s i t i o n 13 a c c o r d i n g t o t h e fo l lowing s c h e m e :

/ \

4 ^
*C00C2H6 " ,j ĈOOC2H5

(5) (6)

By r eac t ing 3 , 4 - d i h y d r o - n a p h t h a l e n e - l - c a r b o x y l i c ac id e thy l es ter (5) w i t h

b u t a d i e n e , t h e y m a d e a h e x a h y d r o p h e n a n t h r e n e - 1 3 - c a r b o x y l i c ac id e thy l

es te r (6) possess ing t h e p h e n a n t h r e n e ske le ton of m o r p h i n e . T h e l o w r e a c -

t ivi ty of t h e ester g r o u p i n g , howeve r , p r e c l u d e d t h e c o m p l e t i o n of th i s syn-

thes is of o n e of t h e k n o w n d e c o m p o s i t i o n p r o d u c t s of morphine< 8 6 » 8 7 >.

F u r t h e r expe r imen t s t o synthes ize s u c h c o m p o u n d s b y m e a n s of a d iene

synthes is f a i l e d ( 8 8 ) .

A n a l t e rna t ive m e t h o d for m a k i n g pa r t i a l l y h y d r o g e n a t e d p h e n a n t h r e n e s

(9) w i t h a subs t i t uen t a t C 1 3 w a s f o u n d b y G H O S H a n d R O B I N S O N ( 8 9 ) .

CH3-CO-CH2

f10

(8)
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A simpler preparation of octahydrophenanthrenes was developed by
BARDHAN and SENGUPTA (90) and BOGERT et al.i91'92} They were able to show
that cyclodehydration of l-phenethyl-l-(or 2)-cyclohexanols produces octa-
hydrophenanthrenes and that the same reaction with l-phenethyl-2-methyl-
l-(or2)-cyclohexanol (10) leads to 13-methyloctahydrophenanthrene (11).

G R E W E ( 9 3 ) f o l l o w e d a s i m i l a r r o u t e t o o b t a i n p a r t i a l l y h y d r o g e n a t e d

p h e n a n t h r e n e s s u b s t i t u t e d a t C 9 .

^ || ^COOR f X *. [ ff p-COOR

(12) (13) (14)

CO ^ Y ^ N - C O O H H3PO4

(15) (16) (17)

By reacting benzylmalonic ester (12) with a-chlorocyclohexanone (13), a
mixture of the malonic ester derivative (14) and a lactone (15) was formed.
Both yielded, on saponification and decarboxylation, the same keto acid (16)
which was cyclized by heating with phosphoric acid to a hexahydro-phenan-
threne-9-carboxylic acid (17).

GREWE ( 9 4 ) converted the keto acid (16) to phenanthrene derivatives sub-
stituted at position (9) and (13) in the following way:

B y r e a c t i n g m e t h y l m a g n e s i u m i o d i d e w i t h t h e k e t o a c i d ( 1 6 ) t h e r e w a s

o b t a i n e d , v i a t h e h y d r o x y a c i d ( 1 8 ) t h e l a c t o n e ( 1 9 ) w h i c h , w h e n h e a t e d w i t h

p h o s p h o r i c a c i d , c y c l i z e d t o y i e l d a m i x t u r e o f t w o s t e r e o - i s o m e r i c a c i d s ( 2 0 ) .

S A . 2



1 2 M O R P H I N A N S

T h e i s o m e r i s m o f t h e t w o a c i d s ( 2 0 ) w a s e s t a b l i s h e d b y t h e f a c t t h a t o n

d e h y d r o g e n a t i o n b o t h a c i d s p r o d u c e d p h e n a n t h r e n e ( 2 1 ) . T h i s 1 3 - m e t h y l -

5 , 6 , 7 , 8 , 9 , 1 0 , 1 3 , 1 4 - o c t a h y d r o p h e n a n t h r e n e - 9 - c a r b o x y l i c a c i d ( 2 0 ) w a s t h e

first p h e n a n t h r e n e d e r i v a t i v e s u b s t i t u t e d a t C a t o m s ( 9 ) a n d ( 1 3 ) t o b e s y n -

t h e s i z e d .

I t w a s t h e n s h o w n t h a t t h e s a m e r e a c t i o n s c o u l d a l s o b e a p p l i e d t o t h e

s y n t h e s i s o f m e t h y l o r a l l y l s u b s t i t u t e d p h e n a n t h r e n e s . 1 - p h e n e t h y l - c y c l o -

h e x a n e d e r i v a t i v e s i n w h i c h t h e m e t h y l g r o u p w a s r e p l a c e d b y a c e t i c a c i d o r

b y a d i m e t h y l a m i n o e t h y l s i d e c h a i n ( 2 2 ) y i e l d e d , i n a s i m i l a r c y c l i z a t i o n r e -

a c t i o n , o c t a h y d r o p h e n a n t h r e n e s ( 2 3 ) ( 9 5 ) s u b s t i t u t e d a t p o s i t i o n ( 8 ) .

•COOH

Lin _ *_

R

( 2 2 ) ( 2 3 )

R = — C H 2 C O O E i , — C H 2 C H 2 N ( C H 3 ) 2

T h e c y c l i z a t i o n o f 2 - a l l y l - l - p h e n e t h y l - c y c l o h e x a n o l ( 2 4 ) g a v e a p h e n a n -

t h r e n e d e r i v a t i v e ( 2 5 ) w i t h a n a n g u l a r a l l y l g r o u p i n g , w h i c h , o n o z o n i z a t i o n

y i e l d e d a s u b s t i t u t e d a c e t a l d e h y d e ( 2 6 ) .

( 2 6 )

A t t e m p t s t o e x t e n d t h i s m e t h o d t o 9 - s u b s t i t u t e d o c t a h y d r o p h e n a n t h r e n e s

f a i l e d ; c y c l i z a t i o n o f t h e c o r r e s p o n d i n g a l l y l h y d r o x y e s t e r s ( 2 7 ) w i t h p h o s -

p h o r i c a c i d p r o d u c e d t w o c a r b o c y l i c a c i d s w h i c h d i d n o t h a v e t h e a n t i c i p a t e d

s t r u c t u r e .

By analogy(96>97) GREWE ( 9 8 ) considers the tetracyclic formulae (28) and
(29) as possible structures for these two saturated acids.

COOH

( 2 8 ) ( 2 9 )

A l t h o u g h i t w a s c l e a r t h a t n e i t h e r o f t h e t w o c o m p o u n d s w a s s u i t a b l e f o r

f u r t h e r s y n t h e t i c w o r k , t h e s t r u c t u r e o f t h e c a r b o t e t r a c y c l i c a c i d ( 2 9 ) w h i c h
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s h o w e d s u r p r i s i n g s i m i l a r i t y t o t h e d e s i r e d h e t e r o c y c l i c r i n g s y s t e m o f m o r -

p h i n e ( 1 ) l e d G R E W E t o s p e c u l a t i o n s ( 1 ) w h i c h d i r e c t e d h i m i n h i s f u r t h e r

w o r k o n t h i s p r o b l e m . H i s i d e a s h a d s o m e p o i n t s i n c o m m o n w i t h t h e h y p o -

t h e s e s p o s t u l a t e d i n 1 9 2 5 b y R O B I N S O N ( 9 9 ~ 1 0 3 ) o n t h e b i o g e n e t i c f o r m a t i o n o f

m o r p h i n e a l k a l o i d s . A c c o r d i n g t o t h i s h y p o t h e s i s a b e n z y l t e t r a h y d r o i s o -

q u i n o l i n e ( e . g . 3 0 ) o f t h e l a u d a n o s i n e t y p e m i g h t b e a p r e c u r s o r o f t h e s e a l -

k a l o i d s i n t h e p l a n t ( e . g . 3 1 ) :

-CH3

0

( 3 0 ) ( 3 1 )

S i m i l a r b i o g e n e t i c c o n s i d e r a t i o n s a n d t h e r e l e v a n t s y n t h e t i c e x p e r i m e n t s

a r e d e s c r i b e d b y S C H 6 P F O 0 4 ~ 1 0 7 ) . T h e v a l i d i t y o f t h e s e b i o g e n e t i c h y p o t h e s e s

w a s n o t p r o v e d u n t i l 1 9 6 0 w h e n B A T T E R S B Y et a l . i l 0 S ~ 1 1 0 ) w e r e a b l e t o

t l e m o n s t r a t e t h e t r a n s f o r m a t i o n o f r a d i o a c t i v e n o r l a u d a n o s o l i n e ( 3 2 ) i n t o

r a d i o a c t i v e m o r p h i n e ( 3 3 ) i n t h e p l a n t Papaver somniferum.

N-CH3

( b ) The synthesis of N-methyl-morphinan

I n a n a l o g y w i t h t h e b i o g e n e t i c a s s u m p t i o n s o f R O B I N S O N a n d S C H O P F ,

C I R E W E c h o s e a s a p o s s i b l e p r e c u r s o r o f t h e m o r p h i n a n s l - b e n z y l - 2 - m e t h y l -

1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 - o c t a h y d r o i s o q u i n o l i n e ( 3 4 ) w h i c h c a r r i e s t h e d e s i r e d p h e n -

c l h y l - c y c l o h e x e n e g r o u p i n g s u i t a b l e f o r t h e f o r m a t i o n o f a p h e n a n t h r e n e .

•N -CH 3

•CH3

CH2

( 3 4 ) ( 3 6 )

U n d e r c o n d i t i o n s r e s u l t i n g i n c y c l i z a t i o n w i t h o t h e r h y d r o g e n a t e d p h e n -

a n t h r e n e s , t h i s c o m p o u n d s h o u l d y i e l d t h e d e s i r e d t e t r a c y c l i c b a s i c m o r -

p h i n e s k e l e t o n ( 3 5 ) w i t h a n a n g u l a r p o i n t o f a t t a c h m e n t o f t h e h e t e r o c y c l i c

r i n g . T h i s c o n s i d e r a t i o n p r o m p t e d G R E W E t o s e l e c t t h i s s y n t h e t i c a p p r o a c h

a n d l e d t o h i s s u c c e s s .
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The intermediate product (34) was prepared by GREWE et al.aAiitli2) via
5,6,7,8-tetrahydroisoquinoline (42) in the following way:

a :

CN

.0 I

COOC2H5 *"o
(37) (38) (39)

CL

.N 00.
CL

(41) (42)

CO C6H5CH2MgCL

(43) (44)

H3PO4

(34)

E t h y l c y c l o h e x a n o n e - c a r b o x y l a t e (37) is r eac t ed wi th c y a n o a c e t i c es ter t o

f o r m t h e di-es ter (38) wh ich is saponif ied t o 2 -ca rboxy-cyc lohexeny l - ( l )

ace t ic ac id (39 ) ; t h e la t te r is cyclized wi th a m m o n i a t o yield 1,3-dihydroxy-

5 ,6 ,7 ,8 - t e t r ahydro i soqu ino l ine (40). 5 ,6 ,7 ,8 - t e t r ahydro i soqu ino l ine (42) is

o b t a i n e d f rom (40) via t h e d i ch lo rode r iva t ive (41). T h e i o d o m e t h y l a t e (43) o f

t h e b a s e (42) reac t s w i t h b e n z y l m a g n e s i u m ch lo r ide t o yield a n u n s t a b l e

h e x a h y d r o base (44) wh ich , o p o n h y d r o g e n a t i o n , gives t h e des i red 1-benzyl-

2 -me thy l - l , 2 ,3 ,4 ,5 ,6 ,7 ,8 -oc t ahydro i soqu ino l ine (34). O n h e a t i n g w i t h c o n -

c e n t r a t e d p h o s p h o r i c ac id th i s yie lded a s t ab le well-crystal l ized b a s e , m . p .

61 ° C , for w h i c h t h e s t ruc tu r e (35) (7V-methyl-morphinan) was a s s u m e d a n d

la t e r p r o v e d b y t h e H O F F M A N N d e g r a d a t i o n :

(35) —

(46)
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The quaternary salt (45) is degraded to the hexahydrophenanthrene deriv-
ative (46). On dehydrogenation with palladium charcoal the side chain is
split off and a good yield of phenanthrene (21) is obtained. This proves that
the D ring of N-methyl-morphinan is attached to C1 3 and completes its
structure determination.

By this elegant synthesis GREWE achieved for the first time the transforma-
tion postulated by ROBINSON and SCHOPF of 1-benzylisoquinoline derivatives
into compounds with the ring system of the morphine alkaloids.

A modification of this synthesis starting with 5-hydroxyisoquinoline was
described some years later by KOELSCH and ALBERTSON (113) who obtained
]V-methyl-morphinan by the following route:

C6H5CH2ligCl

H2/Pd

T h e a s s u m p t i o n t h a t c o m p o u n d s o f a m o r p h i n e - l i k e s t r u c t u r e w o u l d a l s o

h a v e p h a r m a c o l o g i c a l a c t i v i t i e s s i m i l a r t o m o r p h i n e h a d a l r e a d y b e e n p r o v e d

f o r J V - m e t h y l - m o r p h i n a n , t h e s i m p l e s t r e p r e s e n t a t i v e o f t h i s c l a s s a n d w h i c h

w a s s h o w n t o h a v e a n a l g e s i c p r o p e r t i e s o f s i m i l a r s t r e n g t h t o m o r p h i n e ( 1 ) .

T h e d i s c o v e r y o f t h e a n a l g e s i c a c t i v i t y o f i V - m e t h y l - m o r p h i n a n s t i m u l a t e d

p h a r m a c o l o g i c a l a n d t e c h n i c a l i n t e r e s t i n t h i s g r o u p o f c o m p o u n d s . S i n c e N-

m e t h y l - m o r p h i n a n l a c k s a n y f u n c t i o n a l g r o u p o f m o r p h i n e , e x c e p t t h e n i -

t r o g e n g r o u p i n g , i t w a s h o p e d , b y a p p r o p r i a t e s u b s t i t u t i o n o f t h e m o r p h i n a n

m o l e c u l e , t o i n c r e a s e i t s a c t i v i t y a n d t o o b t a i n s o m e d i f f e r e n t i a t i o n i n i t s

p h a r m a c o l o g i c a l p r o p e r t i e s .

I n t e r e s t w a s m a i n l y f o c u s e d o n t h e 3 - h y d r o x y d e r i v a t i v e i n w h i c h t h e

h y d r o x y g r o u p i s i n a n a n a l o g o u s p o s i t i o n t o t h a t i n m o r p h i n e s i n c e E D D Y

et alSli22y h a d a l r e a d y s h o w n t h a t 3 - h y d r o x y - p h e n a n t h r e n e , u n l i k e o t h e r

h y d r o x y - p h e n a n t h r e n e c o m p o u n d s , p o s s e s s e s s o m e a n a l g e s i c a c t i v i t y .
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4. SYNTHESIS OF 3-HYDROXY-7V-METHYL-MORPHINAN

AND ANALOGOUS COMPOUNDS

(a) From 5,6,7,8-tetrahydroisoquinoline

SCHNIDER et al set out to produce derivatives of JV-methyl-morphinan
substituted with a hydroxyl group in the aromatic ring. As a first step they
modified the synthesis of 5,6,7,8-tetrahydroisoquinoline (42) so as to make
it practical for technical appl icat ion ( I 1 4 ) .

(56)

2-Hydroxymethylene-cyclohexanone (52) is aminated to the aminomethy-
lene compound (53) and the latter condensed with malonic ester to yield 4-
carbethoxy-3-hydroxy-5,6,7?8-tetrahydroisoquinoline (54). After decarboxy-
lation the resulting 3-hydroxy-tetrahydroisoquinoline (55) is treated with
POC13 to yield the chloro derivative (56). Tetrahydroisoquinoline (42) is ob-
tained on catalytic removal of chlorine. Independently of SCHNIDER ( 1 1 4 ) ,
SCHLITTLER and M E R I A N ( 1 1 5 ) prepared tetrahydroisoquinoline (42) soon

afterwards in the same way.
SCHNIDER and G R U S S N E R ( 1 1 6 ) achieved the synthesis of 3-4iydroxy-JV~

methyl-morphinan (60) from 5,6,7,8-tetrahydroisoquinoline (42) by the fol-
lowing three methods:

(42) 57)

~CH3 —1~*~ i x i~CH^

OCH3

(58) (59)

(60)
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(1) The bromomethylate (57) prepared from 5,6,7,8-tetrahydroisoquino-
line (42) is transformed by means of /?-methoxybenzylmagnesium chloride
into the hexahydroisoquinoline derivative (53) which is then hydrogenated
to l-/?-methoxy-benzyl-2-methyloctahydroisoquinoline (59). Heating with
phosphoric acid yields a base melting at 251-253 °C which was shown to be
3-hydroxy-iV-methyl-morphinan (60)(117). Thus the cyclization is accom-
panied by splitting off the ether linkage. This method, although giving the de-
sired 3-hydroxy-iV-methyl-morphinan, was unsatisfactory as the yield in the
reaction of tetrahydroisoquinoline bromomethylate (57) with /?-methoxy~
benzylmagnesium chloride was poor. Even the use of excess of the Grignard
reagent at low temperatures(118>119) did not noticeably improve the yield.

(2) As the condensation of the bromomethylate (57) is more easily achiev-
ed with benzylmagnesium chloride than with p-methoxy-benzylmagnesium
chloride, JV-methyl-morphinan (35) was first prepared by the method outlined
by GREWE et aL(ltx>ll2\

(35) (61) (62)

r *VV H3

- * * T $ > J
(63)

The next step, nitration of iV-methyl-morphinan, yielded two isomeric nitro
compounds (61) which were separated by means of their picrates. The amino
derivatives (62) obtained on catalytic hydrogenation were converted by di-
azotization into the corresponding hydroxy derivatives. One of the isomeric
bases obtained was identical with 3-hydroxy-iV-methyl-morphinan (60) syn-
thesized according to method (1). The structure of 2-(or 4)-hydroxy-iV-
methyl-morphinan was proposed for the other and the 2-position of the hy-
droxy group was later proved(120).

(3) The rather cumbersome separation of the nitromorphinans (61) led to
the development of a further modification of the synthesis in which the nitra-
tion was transferred to an earlier stage and performed on l-benzyl-2-methyl-
octahydroisoquinoline (34). Although nitro- and amino-benzyl-octahydro-
isoquinoline could not be cyciized, the treatment of l-/?-hydroxy-benzyl-
2-methyloctahydroisoquinoline (64) with phosphoric acid yielded 3-hydroxy-
JV-methyl-morphinan (60).

(64) (60)
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A n o t h e r w a y o f m a k i n g 3 - h y d r o x y - i V - m e t h y l - m o r p h i n a n f r o m 5 , 6 , 7 , 8 -

t e t r a h y d r o i s o q u i n o l i n e ( 4 2 ) h a s b e e n d e s c r i b e d b y G R E W E et a l . ( 1 2 1 \

CO - CO - Op« -CO
NH2 Br Li

( 4 2 ) (65) (66) (61)

p-CH30-C6H+-CH0

(60)

H e a t i n g 5 ,6 ,7 ,8 - t e t r ahydro i soqu ino l ine (42) w i th s o d i u m a m i d e yie lds t h e

a m i n o der iva t ive (65) w h i c h is t r a n s f o r m e d i n t o l -b rorno-5 ,6 ,7 ,8 - te t rahydro~

i s o q u i n o l i n e (66) . O n t r e a t m e n t w i th bu ty l l i t h i u m t h e l i t h ium der iva t ive

(67) is o b t a i n e d . T h e l a t t e r r eac t s read i ly w i th /> -me thoxybenza ldehyde ( an i s -

a ldehyde ) t o give t h e c a r b i n o l (68). Th i s on t r e a t m e n t w i th h y d r o b r o m i c

ac id is t r a n s f o r m e d i n t o t h e b r o m i d e (69) a n d t h e n r e d u c e d t o c o m p o u n d

(70). W i t h m e t h y l i o d i d e t h e l a t t e r gives t h e q u a t e r n a r y sal t (71) w h i c h is

h y d r o g e n a t e d t o l - / ? -me thoxy-benzy l -2 -me thy loc t ahydro i soqu ino l ine (59).

F u r t h e r t r e a t m e n t w i th h y d r o g e n b r o m i d e causes cyc l iza t ion t o 3 -hydroxy-

iV-me thy l -morph inan (60) wh ich is iden t ica l w i th t h e c o m p o u n d syn thes ized

by S C H N I D E R a n d G R U S S N E R ( 1 1 6 ) .

G R E W E et al.(l21) were ab le t o m a k e l - (3 ,4 -d ime thoxybenzy l ) -2 -me thy l -

1 ,2 ,3 ,4 ,5 ,6 ,7 ,8-oc tahydro isoquinol ine (72) in t h e s a m e w a y f r o m l i t h i u m -

t e t r a h y d r o i s o q u i n o l i n e (67) . Th i s , w h e n cyclized wi th c o n c e n t r a t e d h y d r o -

ch lo r i c ac id , y ie lded smal l quan t i t i e s of a c o m p o u n d ident ica l in i ts phys i ca l

a n d chemica l p r o p e r t i e s wi th JZ- te t rahydrodesoxycode ine (73).

(73)
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In this way GREWE was able to confirm the morphine structure suggested by
ROBINSON.

OCHIAI and IKEHARA (122"~124) elaborated a procedure similar to that of
GREWE. They also found a new method of synthesizing 5,6,7,8-tetrahydroiso-
quinoline directly from isoquinoline and obtained morphinan in the follow-
ing way:

NH2 NH2

(74) (75) (76) (42)
CO, ^ POCL3 r^V^ p-R-C6H4CH2CN

(NaNH2)

CL

(77) (78)

(82) (83)

C h l o r o t e t r a h y d r o i s o q u i n o l i n e (78) is c o n d e n s e d w i t h t h e a p p r o p r i a t e benzy l

cyan ide t o yie ld l - ( a - cyanobenzy l )~ t e t r ahydro i soqu ino l ine (79). T h e l a t t e r is

t r a n s f o r m e d b y a series of u n a m b i g u o u s r eac t i ons t o l - ( a - c a r b a m o y l b e n z y l ) -

2 -me thy l - l , 2 , 3 ,4 ,5 ,6 ,7 ,8 -oc t ahyd ro i soqu ino l i ne (82) w h i c h , o n t r e a t m e n t

wi th p h o s p h o r i c ac id , yields iV-me thy l -morph inan . T h i s p r o c e d u r e is a l so

app l i cab l e t o t h e p r e p a r a t i o n of 3-hydroxy-JV-methyl~morphinan ( R = O H )

(83) a n d d / - t e t r a h y d r o d e s o x y c o d e i n e (73) .

(b) From cyclohexenylethylamine

A s a l r e a d y i n d i c a t e d 3 -hydroxy- iV-me thy l -morph inan possesses ana lges ic

act ivi ty w h i c h is s u p e r i o r t o t h a t o f m o r p h i n e i n i ts in tens i ty a s well a s in i ts

d u r a t i o n ( 1 2 5 ~ 1 2 7 ) . T h e ac t iv i ty is , h o w e v e r , r es t r i c ted t o 3-hydroxy-iV-

m e t h y l m o r p h i n a n , i t s e the r - a n d a c y l a t e d der iva t ives . 2-hydroxy-7V-methyl

a n d 2 ,3-d ihydroxy- iV-methyl der iva t ives a n d 3 - h y d r o x y m o r p h i n a n n o n - s u b -

s t i tu ted o n t h e n i t r o g e n s h o w n o pa in - re l i ev ing p r o p e r t i e s .
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T h e e v e r - i n c r e a s i n g p h a r m a c o l o g i c a l i n t e r e s t i n 3 - h y d r o x y - 7 V ~ m e t h y l m o r -

p h i n a n a n d i t s d e r i v a t i v e s l e d S C H N I D E R a n d H E L L E R B A C H ( 1 2 8 ) t o s e a r c h f o r

a s y n t h e s i s o f t h i s c o m p o u n d w h i c h c o u l d b e a p p l i e d o n a t e c h n i c a l s c a l e a n d

w h i c h , i n a d d i t i o n , w o u l d e n a b l e m o r e e x t e n d e d w o r k w i t h t h i s g r o u p t o b e

c a r r i e d o u t . 1 - s u b s t i t u t e d 3 , 4 - d i h y d r o i s o q u i n o l i n e ( 8 5 ) c a n e a s i l y b e p r e p a r e d

a c c o r d i n g t o t h e r e l i a b l e m e t h o d o f B I S C H L E R - N A P I E R A L S K I ( 1 2 9 ' 1 3 0 ) i n w h i c h

p h e n e t h y l a m i d e s o f t h e g e n e r a l f o r m u l a ( 8 4 ) a r e c y c l i z e d t o 3 , 4 - d i h y d r o i s o -

q u i n o l i n e s b y d e h y d r a t i o n .

I
R

( 8 4 ) ( 8 5 )

I t n o w h a d t o b e d e t e r m i n e d w h e t h e r t h i s m e t h o d o f c y c l o d e h y d r a t i o n

c o u l d a l s o b e a p p l i e d t o t h e c y c l o h e x e n y l e t h y l a m i d e s o f t h e f o r m u l a ( 8 6 ) .

T h i s w o u l d p r o v i d e a s i m p l e m e t h o d f o r t h e s y n t h e s i s o f t h e h e x a h y d r o i s o -

q u i n o l i n e s ( 8 7 ) .

NH » -

C(f
R

( 8 6 ) ( 8 7 )

R

I t w a s first n e c e s s a r y t o p r e p a r e t h e p r e v i o u s l y u n k n o w n / J - c y c l o h e x e n - ( l ) -

y l - e t h y l a m i n e ( 9 4 ) c o r r e s p o n d i n g t o p h e n e t h y l a m i n e ; t h i s w a s a c h i e v e d a s

s h o w n b e l o w :

COOH

S o o n a n e v e n s i m p l e r m e t h o d f o r t h e p r e p a r a t i o n o f ( 9 4 ) w a s f o u n d . B y

c o n d e n s i n g c y c l o h e x a n o n e ( 8 8 ) w i t h c y a n o a c e t i c a c i d ( 9 5 ) c y c l o h e x y l i d e n e -

c y a n o a c e t i c a c i d ( 9 6 ) i s f o r m e d w h i c h , u p o n d i s t i l l a t i o n , d e c a r b o x y l a t e s t o

y i e l d c y c l o h e x e n y l a c e t o n i t r i l e ( 9 7 ) . T h i s c a n b e r e d u c e d t o c y c l o h e x e n y l -

e t h y l a m i n e ( 9 4 ) e i t h e r w i t h l i t h i u m a l u m i n i u m h y d r i d e o r e v e n m o r e e a s i l y

c a t a l y t i c a l l y i n t h e p r e s e n c e o f R a n e y c o b a l t .

COOH -
CN I

/H _» . r ^ V ^ N —>~ r T ^ C N —H
rnoH

(88) (95) (96) (97) (94)
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Shortly afterwards it was discovered that this amine (94) which was easily
obtainable in high yields could be used as starting material for the syntheses
of several morphinans (ROCHE ( 1 2 8 ) , GREWE ( 1 3 1 ) , HENECKA ( 1 3 2 ' 1 3 3 ) , SASA-
MOTO ( 1 3 4 )) . In fact, SCHNIDER and HELLERBACH (128) found that cyclohexe-
nylethylamides (e.g. 99) could easily be cyclized in good yields even when the
reacting alicyclic double bond is not activated by any substituent(135).

CH2COOH

(94) (98)

CH2

(101) (103) (102)

I-CH3

(83)

A m i d e s o f t h e s t r u c t u r e (99) were o b t a i n e d b y h e a t i n g e q u i m o l a r q u a n t i -

t ies of cyc lohexeny le thy lamine (94) wi th s u b s t i t u t e d pheny lace t i c ac ids (98 ) ;

t h e s e were cycl ized b y h e a t i n g w i t h P O C 1 3 t o h e x a h y d r o i s o q u i n o l i n e s (100).

C a t a l y t i c h y d r o g e n a t i o n in t h e p re sence of R a n e y n icke l y ie lded t he oc t a -

h y d r o c o m p o u n d (101). T h i s , o n a d d i t i o n of f o r m a l d e h y d e a n d s u b s e q u e n t

ca ta ly t i c h y d r o g e n a t i o n o r o n h e a t i n g w i th fo rmic ac id gave t h e c o r r e s p o n d -

i n g l - b e n z y l - 2 - m e t h y l - o c t a h y d r o i s o q u i n o l i n e (103). O n h e a t i n g t h e l a t t e r

w i t h p h o s p h o r i c ac id cycl iza t ion t o t h e c o r r e s p o n d i n g subs t i t u t ed N - m e t h y l -

m o r p h i n a n (83) w a s ach ieved .

T h e i n t e r m e d i a t e p r o d u c t s of th i s synthes is , w h i c h h a s been in use for

severa l yea r s o n a t echn ica l s c a l e ( 1 3 6 ) , a r e all easily crys ta l l izable s tab le c o m -

p o u n d s a n d a r e o b t a i n e d in very g o o d yields . T h e h e x a h y d r o base (100)

u n d e r g o e s a n in t e re s t ing modi f i ca t ion w h e n be ing dist i l led. I n a n a l o g y wi th

3 ,4 -d ihyd ro i soqu ino l ine it u n d e r g o e s d i s p r o p o r t i o n a t e t o t e t r a - a n d oc t a -

h y d r o i s o q u i n o l i n e der iva t ives . T h i s is , h o w e v e r , o f n o i m p o r t a n c e a s t h e b a s e

itself is n o t i so la t ed d u r i n g t h e t echn ica l p rocess . Af -Methy l -morph inan a n d

i ts der iva t ives s u c h a s 3-hydroxy- , 2 ,3 -d ihydroxy- a n d 3 -me thoxy-4 -hydroxy-
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JV-methyl-morphinan were synthesized by this method. The latter is identical
with ^./-tetrahydrodesoxycodeine<121).

2-Hydroxy-iV-methyl-morphinan was obtained from l-(m-methoxy-benzyl)-
2-methyl-octahydroisoquinoline(120) and proved to be identical with the
substance previously prepared by SCHNIDER and GRUSSNER ( 1 1 6 ) .

SCHNIDER and HELLERBACH (137), by a slight variation of this procedure,
synthesized octahydroisoquinolines via the intermediate cyclohexenylethyl
methylamine.

NH2

( 9 4 )

Jl NH-CHO

(104)

NH—CH3

( 1 0 5 )

R-C6H4CH2COCL
N-CH*

CO

0Q-CH3

(106) (107)

Reaction of cyclohexenylethylamine (94) with methyl formate gives the
formylamino compound (104) which, on reduction with LiAlH4? yields cyclo-
hexenylethylmethylamine (105). With the appropriately substituted phenyl-
acetic acid chloride this amine yields amides of formula (106) which on
cyclization give the benzylidene compounds (107)(138). After hydrogenating
these substances to the known l-benzyl-2-methyloctahydroisoquinolines
(103), the latter can be cyclized to the corresponding iV-methyl-morphinans
(83). Cyclohexenylethylamine (94) and cyclohexenylethylmethylamine (105)
were therefore also used in other classical methods for the synthesis of iso-
quinolines, e.g. by GREWE et a/.(131) in the method according to PICTET and
SPENGLER(139).

Although cyclohexenylethylamine does not react with free phenylacetalde-
hydes, GREWE was able to carry out the desired reaction with cyclohexenyl-
ethylmethylamine (105) by a simplification of the procedure used for cyclo-
hexenylethylamine.

OH

N-CH,

(110)

(103)

^ R

I N-CH3

CH2

( 1 0 5 ) ( 1 0 8 ) ( 1 0 9 )

N-CH3
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With a phenylacetaldehyde of formula (108), the base (105) yields the
enamine (109) which, depending on the cyclization conditions, yields either
one or simultaneously three different amines (103), (110) and (111). The
structure of these amines is elucidated by the fact that (110) and (111) are
transformed by hydrochloric acid into the known l-benzyl-2-methylocta-
hydroisoquinoline (103). A variant of this synthesis was described by HE-
NECKA ( 1 3 2 > 1 3 3 ) who, contrary to GREWE et a/.(131) was able to condense
cyclohexenylethylamine (94) with phenylacetaldehyde by using the bisulfite
compound instead of the free aldehyde. This yields in analogy to GREWE'S
observations the 10-hydroxy derivative (112) which can be cyclizcd after
iV-methylation. HENECKA obtained the same compound on using a glycide
ester instead of phenylacetaldehyde bisulfite for the reaction with cyclo-
hexenylethylamine. 0H

NH

(112)

A further interesting procedure for the synthesis of l-p-methoxy-benzyl-2-
methyl~l,2,3,4,5,6,7,8-octahydroisoquinoline (103), (R = OCH3) was de-
scribed by SUGASAWA and TACHIKAWA ( 1 3 5>1 4 0 ) who obtained /?-cyclohexa-
1,4-dienylethylamine (113) from phenethylamine in very good yield by using
the Birch reduction. They obtained l-p-methoxybenzyl-2-methyloctahydro-
isoquinoline (103) from (113) according to the method described by SCHNIDER
and HELLERBACH (128). / \ / \

(1 T NH2

( 1 1 3 )

W h e n c y c l i z a t i o n o f m o n o - a n d d i m e t h o x y - b e n z y l - i V - m e t h y l o c t a h y d r o i s o -

q u i n o l i n e i s c a r r i e d o u t a c c o r d i n g t o G R E W E ' S m e t h o d , t h e m e t h y l g r o u p s a r e

s p l i t o f f a t t h e s a m e t i m e . W i t h l - ( 3 , 4 - d i m e t h o x y b e n z y l ) - 2 - m e t h y l - o c t a h y -

d r o i s o q u i n o l i n e G R E W E e t a / . c l 2 1 ) , a s w e l l a s S C H N I D E R a n d H E L L E R B A C H ( 1 2 8 ) ,

o b t a i n e d a m i x t u r e o f 2 , 3 - a n d 3 , 4 - d i h y d r o x y - i V - m e t h y l - m o r p h i n a n , t h e l a t t e r

i n v e r y l o w y i e l d . B y a n a n a l o g o u s r e a c t i o n ( 1 2 8 ) , S A S A M O T O ( 1 3 4 ) p r e p a r e d

l - ( 3 , 4 - e t h y l e n e d i o x y b e n z y l ) - 2 - m e t h y l - o c t a h y d r o i s o q u i n o l i n e ( 1 1 4 ) s t a r t i n g

f r o m 3 , 4 - e t h y l e n e d i o x y p h e n y l a c e t i c a c i d a n d c y c l o h e x e n y l e t h y l a m i n e .

I N-CH3

CH2

H3PO4

N r C H 3
30%

( 1 1 5 )

16% \ / u

( 1 1 4 ) ( 1 1 6 )
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O n c y c l i z a t i o n o f ( 1 1 4 ) w i t h p h o s p h o r i c a c i d , t h e 2 , 3 - e t h y l e n e d i o x y c o m -

p o u n d ( 1 1 5 ) w a s o b t a i n e d i n a b o u t 3 0 p e r c e n t a n d 3 , 4 - e t h y l e n e d i o x y - J V -

m e t h y l - m o r p h i n a n ( 1 1 6 ) i n a b o u t 16 p e r c e n t y i e l d . A p p a r e n t l y t h i s k i n d o f

s u b s t i t u t i o n a l l o w s c y c l i z a t i o n t o m o r p h i n a n s w i t h o u t c l e a v a g e o f t h e e t h e r

l i n k a g e s a n d t h e r e f o r e f a v o u r s ortho-cycliz&tion ( 1 6 p e r c e n t ) a s i n d i c a t e d i n

f o r m u l a ( 1 1 6 ) .

A t t e m p t s h a v e a l s o b e e n m a d e t o o b t a i n c y c l o h e x e n y l e t h y l a m i n e , t h e

s t a r t i n g m a t e r i a l f o r t h e m o r p h i n a n s y n t h e s i s , b y o t h e r r o u t e s . G R E W E ( 1 4 1 )

s u c c e e d e d i n s y n t h e s i z i n g i t a c c o r d i n g t o t h e f o l l o w i n g r e a c t i o n s c h e m e :

OH

( 1 1 8 )

tetramine

( 1 1 9 )

W h e n t h e B I R C H r e d u c t i o n o f b e n z y l c y a n i d e i s c a r r i e d o u t w i t h l i t h i u m i n

e t h y l a m i n e ( 1 4 2 ) , s o m e c y c l o h e x y l e t h y l a m i n e i s f o r m e d i n a d d i t i o n t o t h e m a i n

r e a c t i o n p r o d u c t , c y c l o h e x e n y l e t h y l a m i n e .

( c ) From octahydrophenanthrene derivatives

G I N S B U R G a n d P A P P O ( 1 4 3 ) c h o s e a n e w a n d o r i g i n a l w a y , i n d e p e n d e n t o f

o t h e r m e t h o d s , f o r t h e s y n t h e s i s o f m o r p h i n a n s . T h e y b u i l t u p t h e m o r p h i n e

s k e l e t o n s t a r t i n g f r o m t h e o c t a h y d r o p h e n a n t h r e n e d e r i v a t i v e ( 1 2 0 ) .

11)

(2) H2/Pd

( 1 2 0 ) ( 1 2 1 ) ( 1 2 2 )

CH3C00CH2C0CL ^ r ^ / > — N H

C0-CH20Ac~

( 1 2 5 ) ( 1 2 6 ) ( 3 5 )
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Diketo-octahydrophenanthrene (120) was converted to the monoketal
(121) which was transformed by treatment with amyl nitrite followed by
hydrogenation into the 9-amino derivative (122). The latter was reacted with
acetylglycolic acid chloride to yield (123). An attempt to make the diketal of
this compound resulted in an unexpected cyclization to a tetracyclic com-
pound. This compound had the structure (124) since on WOLFF-KISHNER
reduction followed by treatment with LiAlH4 it yielded an amine which,
upon iV-methylation, gave a substance identical with 7V-methyl~morphinan
(35)(26). By utilizing this new method of cyclization, GINSBURG et al. syn-
thesized dihydrothebainone from the appropriate starting materials. This was
transformed into morphine(144>145) via 1-bromocodeinone by the method of
GATES and TSCHUDI ( 1 4 6 ' 1 4 7 ) .

(d) From (i-tetralones

Another synthesis by BARLTROP and SAXTON ( 1 4 8 ) follows the reaction
scheme shown below.

a x

(127) (128)

CH3C0CH2CH2N®lC2H5)3l®

0

( 1 2 9 )

(130) (131)

This synthesis gives, in small yield, a compound to which BARLTROP as-
cribesthe structure of 7-oxo-JV~ethyl-Zl8 (14;-dehydromorphinanbromoethylate
(131). This assumption is based on the similarity of the synthesis to the series of
reactions used for preparing benzomorphan(3) but, owing to lack of evidence,
no rigorous proof exists.

5. O P T I C A L L Y ACTIVE 3 -HYDROXYMORPHINANS

The morphine alkaloids obtained from natural products and their many
transformation products, which have great therapeutic importance as anal-
gesics and antitussives, are optically active and all belong to the (—)-series.
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The only exception is sinomenine (132)(149) which may be designated as the
optical antipode of the yet unknown 7-methoxythebainone. Sinomenine was
isolated from the Japanese plant Sinomenium acutum. It is dextro-rotatory and
has no analgesic properties. In Japan sinomenine is used as an anti-rheuma-
tic drug. By modification of the sinomenine structure some optical antipodes
of morphine alkaloids or their derivatives such as d-tetrahydrodesoxycodeine,
which are not found in nature, have been prepared and examined pharma-
cologically aso-152).

CH3O

OH OCH3

( 1 3 2 )

W i t h 3 - h y d r o x y - J V - m e t h y l - m o r p h i n a n t h e q u e s t i o n a r o s e a s t o w h e t h e r t h e

a n a l g e s i c e f f i c a c y o f t h e r a c e m a t e i s d u e t o o n l y o n e o f t h e e n a n t i o m e r s ,

n a m e l y t h e o n e c o r r e s p o n d i n g i n i t s c o n f i g u r a t i o n t o m o r p h i n e .

C o m p o u n d s w i t h t h e s k e l e t o n o f 3 - h y d r o x y - i V - m e t h y l - m o r p h i n a n ( 6 0 ) h a v e

t h r e e a s y m m e t r i c c a r b o n a t o m s ( C 9 , C 1 3 a n d C 1 4 ) a n d t h e o r e t i c a l l y 8 o p t i c a l

i s o m e r s o r 4 r a c e m a t e s s h o u l d b e p o s s i b l e . S i n c e , h o w e v e r , t h e i m i n o e t h a n e

b r i d g e b e t w e e n t h e c a r b o n a t o m s C 9 a n d C 1 3 c a n o n l y a d o p t t h e cis c o n -

figuration, t h e n u m b e r o f t h e o r e t i c a l l y p o s s i b l e c o m p o u n d s i s r e d u c e d t o

4 o p t i c a l a n t i p o d e s o r 2 r a c e m a t e s ( 1 3 3 + 1 3 4 ) d i f f e r i n g i n t h e c o n f i g u r a t i o n

a t t h e j u n c t i o n o f r i n g s B a n d C . T h e s t e r i c a r r a n g e m e n t i l l u s t r a t e d b y f o r -

m u l a ( 1 3 3 ) c o r r e s p o n d s t o 3 - h y d r o x y - i V - m e t h y l - m o r p h i n a n w h e r e a s f o r -

m u l a ( 1 3 4 ) s h o w s t h e c o n f i g u r a t i o n o f i s o m o r p h i n a n .

( 1 3 3 )

M o r p h i n a n

N~CH3

( a ) Resolution into optical antipodes

T h e r e s o l u t i o n o f t h e r a c e m i c 3 - h y d r o x y - 7 V - m e t h y l - m o r p h i n a n ( 6 0 ) i n t o i t s

o p t i c a l a n t i p o d e s w a s a c h i e v e d w i t h J - t a r t a r i c a c i d ( 1 5 3 ) . I t w a s f o u n d t h a t

t h e t a r t r a t c o f t h e ( - ) - a n t i p o d e i s t h e l e s s s o l u b l e s a l t a n d c r y s t a l l i z e s first.
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This greatly facilitated the isolation of this enantiomer in an optically pure
form.

In order to obtain an absolutely pure (+)-antipode, the resolution had to
be carried out at an earlier stage of the synthesis with l-(p-methoxybenzyl)-
^-methyloctahydroisoquinoline (59) which has only one asymmetric carbon
atom(C1) ( 1 5 4 ) .

CH^O"

( 5 9 )

T h i s s e p a r a t i o n i s a c h i e v e d a l s o w i t h < i - t a r t a r i c a c i d . I n t h i s c a s e , t h e l e s s

s o l u b l e t a r t r a t e i s f o r m e d b y t h e b a s e w h i c h , a f t e r t h e u s u a l c y c l i z a t i o n w i t h

p h o s p h o r i c a c i d , y i e l d s ( + ) - 3 - h y d r o x y - J V - m e t h y l ~ m o r p h i n a n . T h e s e t w o

m e t h o d s o f r e s o l u t i o n m a d e p o s s i b l e t h e p r e p a r a t i o n o f b o t h e n a n t i o m e r s i n

o p t i c a l l y p u r e f o r m . T h i s i s i m p o r t a n t i n v i e w o f t h e i r t h e r a p e u t i c u s e .

T h e a s s u m p t i o n t h a t t h e a n a l g e s i c a c t i v i t y o f t h e r a c e m i c 3 - h y d r o x y -

/ V ~ n i e t h y l - m o r p h i n a n i s t h e p r o p e r t y o f o n l y o n e , t h e ( — ) - a n t i p o d e , w a s

< o n f i r m e d w i t h ( ~ ) ~ 3 - h y d r o x y - i V - m e t h y l m o r p h i n a n t a r t r a t e ( l e v o r p h a n o l ,

! ) r o m o r a n ( R ) - " R o c h e " ) .

T h e f u r t h e r s t u d y o f t h e o p t i c a l l y a c t i v e m o r p h i n a n s r e v e a l e d t h a t m a n y

u p r e s e n t a t i v e s o f t h e ( — ) - s e r i e s a r e s t r o n g a n a l g e s i c s . T h e i r a c t i v i t y c a n b e

i n c r e a s e d o r d e c r e a s e d b y m o d i f y i n g t h e s u b s t i t u e n t o n t h e n i t r o g e n . T h e

i o m p o u n d s o f t h e ( + ) - s e r i e s h a v e , o n t h e o t h e r h a n d , n o a n a l g e s i c p r o p e r -

t i e s ; s o m e o f t h e m p o s s e s s , h o w e v e r , a d i s t i n c t a n t i t u s s i v e a c t i v i t y [ ( + ) - 3 -

i n c t h o x y - i V - m e t h y l m o r p h i n a n h y d r o b r o m i d e , d e x t r o m e t h o r p h a n , R o m i -

l a r ( R ) — " R o c h e " ] o r , i n h i g h e r d o s a g e , a s p e c i f i c a n t i - r h e u m a t i c e f f e c t ( 1 5 5 ) .

L n a d d i t i o n t o y i e l d i n g o p t i c a l l y p u r e ( + ) - 3 - h y d r o x y - N - m e t h y l ~ m o r p h i n a n

the r e s o l u t i o n p r i o r t o t h e final s t e p o f t h e s y n t h e s i s a l s o o f f e r e d t e c h n i c a l

a n d e c o n o m i c a d v a n t a g e s . T h e r e w a s a s i g n i f i c a n t d i f f e r e n c e i n t h e c o m m e r -

n a l d e m a n d f o r t h e p r o d u c t s r e l a t e d t o t h e t w o a n t i p o d e s o f 3 - h y d r o x y - J V -

n i c t h y l - m o r p h i n a n , w h i c h d o e s n o t l e n d i t s e l f t o r a c e m i z a t i o n o w i n g t o t h e

i i p j d i t y o f i t s s k e l e t o n . T h i s p r o m p t e d u s t o i n v e s t i g a t e t h e p o s s i b i l i t y o f

i n c e m i z i n g t h e u n w a n t e d a n t i p o d e a t a n e a r l i e r s t a g e .

A f t e r s o m e a t t e m p t s t o r a c e m i z e w i t h p l a t i n u m c a t a l y s t s ( 1 5 6 ) a t e c h n i c a l l y

s a t i s f a c t o r y s o l u t i o n o f t h i s p r o b l e m w a s e v o l v e d . B y h e a t i n g o p t i c a l l y a c t i v e

l - b e n z y l - 2 - m e t h y l - l , 2 , 3 , 4 , 5 , 6 , 7 , 8 - o c t a h y d r o i s o q u i n o l i n e s e . g . ( 5 9 ) i n t h e p r e -

s e n c e o f a s p e c i a l l y p r e p a r e d p a l l a d i u m - z i n c - i r o n ( 1 5 7 ) o r c o b a l t - c o p p e r ( 1 5 8 )

r a t a l y s t , t h e r a c e m a t e i s o b t a i n e d a n d m a y b e f u r t h e r u s e d i n t h e p r e p a r a t i o n

o f t h e d e s i r e d a n t i p o d e .

F u r t h e r i n v e s t i g a t i o n s w i t h m o r p h i n a n s s h o w e d t h a t t h e p h a r m a c o d y n a -

i n i c p r o p e r t i e s a r e n o t o n l y d e p e n d e n t o n t h e s t e r i c a l c o n f i g u r a t i o n o f t h e

m o l e c u l e b u t m a y a l s o b e m o d i f i e d b y s u i t a b l e s u b s t i t u e n t s o n t h e n i t r o g e n

a t o m . ( ~ ) - 3 - H y d r o x y - J V - a l l y l - m o r p h i n a n ( 1 3 9 ) ( l c v a l l o r p h a n , L o r f a n ( R ) —

SA. 3
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"Roche") showed especially interesting properties. It is a strong antagonist
of the opiates; in low dosage it counteracts the side effects of the central
analgesics and only in higher doses does it diminish the analgesic effect it-
self. Similar observations had already been made with iV-allylnormor-
phine(159,160)#

As attempts to resolve racemic 3-hydroxy-iV-allyl-morphinan into its op-
tical antipodes were unsuccessful, the (—)-enantiomer was obtained from
(—)-3-hydroxy-7V-methyl-morphinan by means of cyanogen bromide de-
composition(153) according to VON BRAUN.

(135) (136)

N-CN

(137) (138) (139)

T h e 3 -hydroxy g r o u p of (—)~3-hydroxy-iVHm£thyl~morphinan is ace ty l a t ed

a n d t h e p r o d u c t (135) t h e n t r a n s f o r m e d wi th c y a n o g e n b r o m i d e i n t o t h e

c y a n i d e (136). T h e l a t t e r is saponif ied t o t h e d e s m e t h y l b a s e (138) w h i c h o n

t r e a t m e n t w i t h a l l y l b r o m i d e gives t h e des i red opt ica l ly ac t ive N-a l ly l c o m -

p o u n d (139) .

T h e t echn ica l synthes is cou ld , h o w e v e r , b e ach ieved b y a s imple r o u t e . T h e

s e p a r a t i o n of t h e a n t i p o d e s was ca r r i ed o u t d u r i n g a n ear l ier s tage by resolu-

t i o n of l - p - h y d r o x y b e n z y H ^ ^ ^ S ^ J ^ - o c t a h y d r o i s o q u i n o l i n e (140) ( 1 6 1 ) >

o b t a i n e d f r o m t h e c o r r e s p o n d i n g m e t h o x y c o m p o u n d (101) by h e a t i n g w i t h

p o t a s s i u m h y d r o x i d e . O n l y t h e t a r t r a t e of t he ( + ) -hydroxy c o m p o u n d crys-

ta l l ized o u t f r o m a m e t h a n o l i c so lu t i on of e q u i m o l a r quan t i t i e s o f rf-tartaric

ac id a n d t h e h y d r o x y b a s e o n coo l ing t o 0 ° C . T h e c o n c e n t r a t e d m o t h e r l i-

q u o r s , o n c rys ta l l i za t ion f r o m wa te r , y ie lded a b o u t a n e q u a l a m o u n t of t h e

t a r t r a t e of t h e ( - ) - h y d r o x y b a s e .

T h e free base s o b t a i n e d f r o m t h e t w o t a r t r a t e s a r e opt ica l ly p u r e . T h e y a r e

su i t ab le s t a r t i ng ma te r i a l s for t h e synthes is of a n y p h a r m a c o l o g i c a l l y in te r -

es t ing m o r p h i n a n s of t h e /a<?t;0-rotatory a n d dextro-rotatory ser ies .
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Starting from the dextro-rotatory antipode, (—)-3-hydroxy-JV-methyl and
JV-allyl-morphinan can be made in a technically simple way as follows:

:H3

(140)

Optically active 3-hydroxymorphinans (144) unsubstituted on the nitro-
en ( 1 6 1 ) may also be obtained by the following procedure:

(140)

The dextro-rotatory hydroxy base (140), for example, is transformed into
the laevo-rot&tory JV-benzyl derivative (142). This is cyclized to (—)-3-hydr-
oxy-N-benzylmorphinan (143) which yields (-)-3-hydroxymorphinan (144)
on removal of the benzyl group by hydrogenolysis. (~)-3-Hydroxymorphi~
nan (144) and its antipode which had been obtained in the same way were
used as starting materials in the synthesis of other members of this class
since any desired substituent on the nitrogen or oxygen atom could easily be
introduced.
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(b) The absolute configuration of the morphinans

The morphinans are similar to morphines in the structure of their basic
skeleton, arrangement and fusion of the rings as well as in the position of
the functional groups. The similarity of the parmacodynamic properties of
(—)-3-hydroxy-iV-methyl-morphinan and morphine suggests that the two
compounds have the same absolute configuration. In this connection, we may
mention the work of BECKETT ( 1 6 2 > 1 6 3 ) on the structural specificity of anal-
gesics; he assumes that the active enantiomers of the most important central
analgesics have the same steric configuration.

In order to prove beyond doubt the steric structure of the morphinans,
their absolute configuration was established in the following way (164):

-N-CH,

H0"^^Q| 1 CH30

(60)

© CH l B

(146)

CH3 I 0

CH3I ^ - - ^ 3

"CH3 —*~ L II
CH30 ̂  " ^ x : ^ 1 CH30

(148) (149)

n ^ L 11 1 — L 1
CH3O ' V > J C H } C H 2 0 H CH30

OH
(150) (151) (152)

HOOC.
HOOC ]

CrO3 ^

CH3O

(153) (154) (155)

By a route described by JEGER et al.il65), by means of which the cis-con-
figuration had been established for rings B and C of morphine, (~-)-3-
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hydroxy-iV-methylmorphinan (60) was subjected to a HOFFMANN degrada-
tion. The vinyl compound (150) was converted into the corresponding glycol
(151) by treatment with osmium tetroxide. The glycol (151) was then trans-
formed into the aldehyde and reduced by the WOLFF-KISHNER method. The
oxidation of the reduction product with chromic acid led to the 10-keto
derivative (154) which was subjected to ozonization. This reaction yielded
(—yds-[2-methyl-2-carboxy-cyclohexyl-( 1 )]-acetic acid (155) which was
identical with the dicarboxylic acid obtained by the decomposition of the-
baine (165) and abietic acid(166).

In this way the relationship of the asymmetric carbon atoms 13 and 14 of
the morphinans to those of morphine (156) was unambiguously estab-
lished and their configuration correlated to glyceraldehyde. According to
S T O R K ( 1 6 7 ' 1 6 8 ) and RAPOPORT et alS169) this proof also established the con-
figuration at the asymmetric carbon atom 9 as shown in formula (133).

The (+)-3-hydroxy-JV-methyl-morphinan (158) belonging to the enantio-
meric series therefore has the same configuration as sinomenine (157)(167*168)

at the carbon atoms 9, 13 and 14.

TN~CH3

0CH3

( 1 5 6 )

M o r p h i n e

( 1 5 7 )

S i n o m e n i n e

•N-CH3

( 1 3 3 )

( — ) - 3 - h y d r o x y - i V -

m e t h y l - m o r p h m a n

( 1 5 8 )

( - h ) - 3 - h y d r o x y - 7 V -

m e t h y l - r n o r p h i n a n

A d i r e c t t r a n s f o r m a t i o n o f s i n o m e n i n e ( 1 5 7 ) i n t o ( + ) ~ 3 - m e t h o x y ~ i V -

m e t h y l - m o r p h i n a n ( 1 5 8 ) a n d o f d i h y d r o t h e b a i n o n e ( 1 6 3 ) i n t o ( ~ ~ ) - 3 - m e t h o x y -

i V - m e t h y l - m o r p h i n a n ( 1 6 7 ) w a s a c h i e v e d b y S A W A e t a l . i l 7 0 ) i n a n o r i g i n a l

a n d e l e g a n t w a y , t h u s p r o v i n g t h e c o r r e c t n e s s o f t h e c o n c l u s i o n s b a s e d o n

a n a l o g i e s a n d o n d e g r a d a t i v e s t u d i e s .

CH3O

OH
OCH3

( 1 5 7 ) ( 1 5 9 )
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CH3O

(160) (161)

S i n o m e n i n e (157) is r e d u c e d b y C L E M M E N S E N ' S m e t h o d t o d - t e t r a h y d r o -

d e s o x y c o d e i n e (159) a n d t h e l a t t e r is c o n v e r t e d t o t h e 4 -pheny le the r de r iva t ive

(160) b y a n U L L M A N N r e a c t i o n ( 1 7 1 ) w i t h b r o m o b e n z e n e in t h e p r e s e n c e o f

c o p p e r . O n t r e a t m e n t w i t h s o d i u m in l iqu id a m m o n i a th i s gives ( + ) - 3 -

m e t h o x y - i V - m e t h y l - m o r p h i n a n (161) in h igh yield. Similar ly (—)-3 -methoxy-

i V - m e t h y l - m o r p h i n a n (166) is o b t a i n e d f r o m d i h y d r o t h e b a i n o n e - z F - e n o l -

e t h e r (162) o r f r o m d i h y d r o t h e b a i n o n e (163) a c c o r d i n g t o t h e fo l lowing r e -

a c t i o n s c h e m e :

CH30

- C I U

CH30'

I-CH3

OCH3

( 1 6 2 ) ( 1 6 4 )

CH3O

C6H50

N-CH3

(163) (165)

CH30

•N-CH3

( 1 6 6 )

6 . I S O M O R P H I N A N S

W h e n c a r r y i n g o u t t h e s y n t h e s i s o f m o r p h i n e , G A T E S , W O O D W A R D et

a l . a i 2 y a l s o m a d e m o r p h i n a n s d i f f e r i n g i n t h e s t e r i c s t r u c t u r e o f t h e m o l e c u l e

f r o m t h e c o m p o u n d s p r e v i o u s l y d e s c r i b e d , i n t h a t t h e r i n g s B a n d C ( C 1 3

a n d C 1 4 ) a r e i n t h e trans p o s i t i o n t o e a c h o t h e r ( 1 3 4 ) .

T h e m e t h o d d i s c o v e r e d b y G A T E S f o r m a k i n g t h i s s e r i e s o f c o m p o u n d s i s
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illustrated in the following scheme which shows the synthesis of both optical
antipodes of 3-hydroxy-iV-methyl-isomorphinan(173).

(170) (171) (172)

RO

N-CH3

(173) (174) (134)

6 - M e t h o x y - l , 2 - n a p h t h o q u i n o n e (167, R = C H 3 ) p r e p a r e d f r o m 2,6-di-

h y d r o x y n a p h t h a l e n e by a t h r e e s tage p roces s , is t r a n s f o r m e d i n t o t h e 4-

c y a n o m e t h y l der iva t ive (169) w h i c h by a D I E L S - A L D E R r eac t ion , yields t h e d i -

k e t o n e (170). By reduc t ive cyc l iza t ion of th i s c o m p o u n d wi th a c o p p e r c a t a -

lyst t h e k e t o - l a c t a m (171) is o b t a i n e d w h i c h is r e d u c e d t o (172) by t h e H U A N G -

M I N L O N m e t h o d . L i A l H 4 r e d u c t i o n fo l lowed b y JV-methylat ion l eads t o t h e

m e t h y l e t h e r (174) o f 3 -hydroxy~iV-methy l -Z l 6 -dehydro i somorphinan . U p o n

h y d r o g e n a t i o n a n d 0 - d e m e t h y l a t i o n t h i s is t r a n s f o r m e d i n t o 3-hydroxy-iV-

m e t h y l i s o m o r p h i n a n (134) w h i c h is t h e n reso lved i n t o its op t i ca l a n t i p o d e s .

( — ) - 3 - H y d r o x y - i V - m e t h y l - i s o m o r p h i n a n ( 1 3 4 , R = H ) possesses 6 t o 8 t i m e s

t h e ana lges i c ac t iv i ty of m o r p h i n e w h e r e a s i ts ( + ) - a n t i p o d e is inac t ive in th i s

respec t .

(—)-3 -Hydroxy-z l 6 -dehydro - iV : -me thy l - i somorph inan(174 ? R = H ) a lso h a s

ana lges ic ac t iv i ty t h o u g h it is s o m e w h a t w e a k e r t h a n t h e h y d r o g e n a t e d

der iva t ive . O n t h e o t h e r h a n d t h e 2 -hydroxy- iV-methy l - i somorph inen , w h i c h

c a n b e p r e p a r e d i n a n a n a l o g o u s w a y , is comple t e ly inac t ive .

7. S T R U C T U R E O F T H E B Y - P R O D U C T S

OF THE MORPHINAN SYNTHESIS

O n cyc l i za t ion of 1 -benzy loc tahydro i soqu ino l ines t h e des i red JV-sub-

s t i t u t ed 3 - h y d r o x y m o r p h i n a n s a r e o b t a i n e d in a b o u t 60 p e r c e n t yield. T h e

m o t h e r l i q u o r s yield b y - p r o d u c t s possess ing t h e s a m e empi r i ca l f o r m u l a a s

t h e c o r r e s p o n d i n g m o r p h i n a n s .
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One by-product (m.p. 209-210 °C) obtained consistently in a yield of 10 to
15 per cent during the preparation of (+)-3-hydroxy-iV~methylmorphinan
is ( + )-6-methyl-10-hydroxy-l,2,3,3a,5,6,6a,7,l lb,l lc-decahydro-4#-dibenzo
[d, g] quinoline (175). Its structure has been determined by HOFFMANN degra-
dation (174). The l-ethyl-6-methoxy~phenanthrene (177) which was obtained
from (175) on decomposition to compound (176) followed by dehydrogena-
tion was identical with the compound obtained by an unambiguous synthesis.
This indicates the formation of these by-products due to a cyclization of
benzyloctahydroisoquinolines as shown in formulae (59-175).

N-CH3

CH2

X X

( 5 9 )

.N-CH3

HO

CH3O CH3O

( 1 7 5 )

C2H5

( 1 7 6 ) ( 1 7 7 )

T h e s t r u c t u r e o f f u r t h e r b y - p r o d u c t s f o r m e d i n t h e s a m e c y c l i z a t i o n r e a c -

t i o n w a s e l u c i d a t e d b y S A W A et a / . ( 1 7 5 ) . T h e y i s o l a t e d b e s i d e s t h e a p o m o r -

p h i n e - l i k e b y - p r o d u c t ( 1 7 5 ) a s t e r e o - i s o m e r i n a b o u t 3 p e r c e n t y i e l d w h i c h

m e l t s a t 2 0 6 ° C . A n o t h e r b y - p r o d u c t f o r m e d i n 3 - 5 p e r c e n t y i e l d a n d m e l t i n g

a t 1 7 3 ° C w a s i d e n t i f i e d b y S A W A ^ / a / . ( 1 7 5 ) a s 3 - h y d r o x y - i V - m e t h y l - i s o m o r -

p h i n a n ( 1 3 4 ) . T h e a p o m o r p h i n e - l i k e s t r u c t u r e o f t h e c o r r e s p o n d i n g J V - b e n z y l

a n d i V - a l l y l c o m p o u n d s i s o l a t e d a s b y - p r o d u c t s a f t e r a n a l o g o u s c y c l i z a t i o n s

o f J V - b e n z y l - o r i V - a l l y l - o c t a h y d r o i s o q u i n o l i n e s w a s a l s o a s c e r t a i n c d ( 1 7 4 ) .

,N~CH3

( 1 8 1 ) ( 1 7 5 )

T h e b y - p r o d u c t ( 1 7 9 ) i n t h e s y n t h e s i s o f ( + ) - 3 - h y d r o x y - i V - b e n z y l m o r -

p h i n a n y i e l d s o n h y d r o g e n o l y s i s t h e s e c o n d a r y b a s e ( 1 8 0 ) . T h i s , o n J V - a l l y l a -
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tion, yields the JV-allyl compound (181) which is identical with the by-product
produced by cyclization of 2-allyl-l-/?-hydroxybenzyl-octahydroisoquinoline.

8. C O M P I L A T I O N O F M O R P H I N A N D E R I V A T I V E S

Even before its structure had been elucidated, attempts to modify the
morphine molecule began. Acylation and alkylation of the hydroxy groups,
oxidation and hydrogenation afforded a valuable insight into its chemical
behaviour. In 1914 VON B R A U N ( 1 7 6 ) found a way of demethylation and sub-
sequent substitution of the morphine alkaloids with any desired radical.
Soon P O H L ( 1 6 0 ) , followed by U N N A ( 1 5 9 ) , demonstrated the interesting stim-
ulating effect on respiration of iV-allylnorcodeine and its antagonistic action
to the specific activity of morphine. This led to the synthesis of further nor-
morphines and norcodeines substituted at the nitrogen atom. CLARK et

a j (177) f o u n ( j that some of the TV-aralkyl compounds exhibited stronger anal-
gesic activity than morphine.

In the morphinan series efforts were made to achieve a similar differentia-
tion of the pharmacological properties.

Upon pharmacological investigation of a large number of substitution
products, it was ascertained that alkylation and acylation of the 3-hydroxy
group did not produce a fundamental change in the activity whereas the
replacement of, for example, N-methyl by the JV-allyl grouping ( 1 5 3 ' 1 6 1 ) led,
as in the morphine series, to a reversal of the activity. iV-alkyl ( 1 1 6 '1 6 1 '1 8 0 )

?

tf-alkenyl-(16l>,^
morphinans were investigated in order to determine which compounds of
this class were the best analgesics or the best antagonists respectively. The
physical data of these compounds are listed in the following tables.

Two routes were followed in the preparation of these substances: either
iV-substitution of optically active l-/?-hydroxybenzyl-octahydroisoquino-
lines (140) followed by cyclization to the corresponding morphinans (183) or
the iV-substitution of racemic or optically active 3-hydroxymorphinans (144).

V
CH2-/~V-0H

(140) (182))

i
vicr ̂  V U H0

(144) (183)

The esters of the 3-hydroxymorphinans were obtained by the reaction of
tertiary bases with acid chlorides or acid anhydrides and the corresponding
ethers by heating with phenyl-trialkyl(or alkenyl)-ammonium hydroxides.



TABLE III. N-METHYL-MORPHINANS

R .

ON

R

H

H

H

H

H

H

H

H

H

H

H

N O 2 ( 2 )

N O 2 ( 2 )

H

N H 2 ( 2 )

H

C H 3 C O N H ( 2 )

H

H

H

H

H

H

H

H

H

N O 2

N O 2

H

H

N H 2

H

C H 3 C O N H

H

B a s e / S a l t s

b a s e

H C 1

H B r

H 2 S O 4

i o d o -

m e t h y l a t e

p i c r a t e

p h o s p h a t e

i f - t a r t r a t e

b a s e

p i c r a t e

H C 1

p i c r a t e

H C 1

b a s e

b a s e

H B r

b a s e

m . p .

6 1 °

2 3 1 - 2 3 3 °

2 0 3 - 2 0 5 °

2 0 5 °

2 5 3 °

( 1 8 6 ° ) 2 0 7 °

2 4 1 - 2 4 3 °

1 1 5 - 1 1 7 °

3 3 - 3 5 °

2 4 8 °

2 6 8 °

2 0 7 - 2 0 9 °

2 6 5 °

1 1 4 - 1 1 5 °

1 3 5 - 1 3 7 °

1 1 3 - 1 1 6 °

1 3 4 - 1 3 5 °

F o r m u l a

C 1 7 H 2 3 N

C 1 7 H 2 3 N • H C 1

C i 7 H 2 3 N • H B r

C 1 7 H 2 3 N • H 2 S O 4

C 1 8 H 2 6 N I

C 1 7 H 2 2 O 2 N 2 • H C 1

C i 7 H 2 4 N 2

C 1 9 H 2 6 O N 2

M D

dn

m
dl*

dl

w

( - ) t

- 5 6 t

dl

dl*

dl

dl*

dl*

dl*

dl*

dl*

R e f .

1 1 1 , 1 1 2 , 1 2 8

1 3 2 , 1 2 2 , 1 2 3 ,

2 4 , 2 6

1 1 1 , 1 1 2 , 2 6

1 8 0

1 1 1 , 1 1 2 , 1 5 5

1 1 1 , 1 1 2

1 2 1 , 1 3 2

1 2 8

1 3 2

1 3 2

1 1 6

1 1 6

1 1 6

1 1 6

1 1 6

1 1 6

1 1 6

S t r o n g a n a l g e s i c a c t i v i t y | s e e p h a r m o c o l o g i c a l p a r t .

W e a k o r n o a n a l g e s i c a c t i v i t y j



TABLE 111—continued

R

H

H
H
H
H
H
H
H

H

H0(2)
HO(2)
HO(2)

H

H
H
H

H
H
H
H

Ri

HO

HO
HO
HO
HO
HO
HO
HO

HO

H
H
H

CH3O

CH3O
CH3O
CH3O

C2H5O
CH3CH2CH2O
CH2=CHCH2O
C6H5CH2O

Base / Salts

base

HBr
HC1
H2SO4
base (iso?)
HBr (iso?)
J-tartrate
bromo-

methylate
chloro-

benzylate
base
HBr
bromo-

methylate
base

HBr
picrate
iodo-

methylate
HBr
HBr
HBr
HBr

m.p.

251-253°

193-195°
176-178°
212-214°
234-237°
240-243°

147°
260-262°

211-212°

93-95°
154-156°
145-148°

81-83°

91-93°
168°

250-251°

212-213°
98°

76-77°
223-224°

Formula

C17H23ON

C17H23ON • HBr
C17H23ON • HC1
C17H23ON • H2S04

C18H26ONBr

C24H30ONCI

C17H23ON
C17H23ON' HBr
C18H26ONBr

Ci8H25ON

C18H25ON • HBr

C19H28ONI

C19H27ON • HBr
C20H29ON • HBr
C20H27ON • HBr
C24H29ON • HBr

MD

dl\
m

d\\
dl*
dl*

dl*

dl*
dl*
dl*

dl\

dl\
dl
dl*

dn
dl*
dl*
dl*

Ref.

116,128,121,
122,123, 124,
133,140,132,
116, 128, 121
116
116
128
128
128
180

180

116
116
180

116, 128,
121, 132
116, 128
121, 132,113
180

180
180
128
128

d

S
3
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R

H
H
H

(CH3)2NCOO(2)

H
(2)—O(CH2)5O(2)

Br(2)
Br(2)
Br(2)
Br(2)
Br(2)
1(2)
1(2)
1(2)
1(2)
1(2)
1(2)
HO(2)

HO(2)
HO(2)
HO(2)

HO(2)

CH3COO

H2N—\~%—COO
(CK3)2—M:OO

H

Cl
H

HO
HO
HO
CH3O
CH3O
HO
HO
HO
HO
CH3O
CH3O
HO

HO
HO
HO

CH3O

Base / Salts

HBr

HC1
bromo-

methylate
bromo-

methylate
HBr
bromo-

methylate
base
HBr
picrate
base
picrate
base
HC1
HBr
picrate
base
picrate
base

salicylate
HBr
iodo-

methylate
base

m.p.

210-212°
198-200°
250-252°

259-261°

254-256°
210°

190°
236-243°

145°
152-5°

238-239°
196°

223-224°
223°

162-168°
178-5°
238°

246-247°;
139°
176-180°
248-250°

242°

187-188°

Formula

C19H25O2N-HBr
C24H28O2N2 • HC1
C2iH31O2N2Br

C21H31O2N2Br

C17H22NC1 • HBr
C4iH6002N2Br2

C17H22ONI
C17H22ONT • HC1
Ci7H22ONI • HBr

C18H24ONI

C17H23O2N

C17H23O2N • HBr
C18H26O2NI

C18H25O2N

MD

dl\

dl*
dl*

dl*

dl*
dl*

dl*
dl*
dl*
dl*
dl
dl*
dl*
dl
dl
dl*
dl
dl*

dl
dl*
dl

dl

Ref.

116

180
180

180

180
180

121
121
121
121
121
111
111
121
121
121
121
128, 121

128
128, 121
180

121

£
3



TABLE III— continued

R

CH3O(2)
CH3O(2)

H0(4)

H0(4)
CH3(D
CH3(2)
CH3(2)
H2N(2)
(C2H5)2N-CH2(2)
Br(4)Br(2)
Br(2)Br(4)

Br(2)Br(4)
Br(2)Br(4)
CH3(2)
H
H
H
H
H

H
H
H
H
H

Ri

CH3O
CH3O

CH3O

CH3O
HO
HO
CH3O
HO
HO
HO
HO

HO
CH3O
CH3
HO
HO
HO
HO
HO

HO
HO
HO
HO
HO

Base / Salts

picrate
iodo-

methylate
base

^-tartrate
HCl
HCi
HBr
HBr
HCl
HBr
base

picrate
picrate
HBr
base
fif-tartrate
t/-tartrate
base
phenyl-

butyrate
mandelate
benzoate
cinnamate
gentisinate
salicylate

m.p.

211°
237°

127-130°

110°
276-277°
145-148°
235-238°
242-245°
251-252°
215-217°
210/152
to 153°

193°
190°

217-218°
198-199°
206-208°
183-185°
198-199°
162-164°

190-191°
185°

100-101°
156-159°

220°

Formula

C25H3oN409

Ci8H25NO2

C18H25ON • HCl
C18H25ON • HCl
C19H27ON • HBr
C17H240N2 • HBr
C22H34ON2 • HCl

C17H21NOBr2

Ci7H23ON
C17H23ON • C4H606
C17H23ON • C4H6O6
C17H23ON

WD

dl
dl

dl

( - )

dl*
dl*
dl
dl*
dl
dl

dl
dl
dl*

-56f
-13-8t
+ 34-6*
+ 56-3*
(-)f

(~)f
( - ) t
( - ) t
( - ) t
(+)+

Ref.

121,128
121

121,128,122,
123,124
121
180
180
180
180
180
121
121

121
121
180
153
153
153
153
153

153
153
153
153
153

o
in
m
g
H

O



TABLE III—continued

R

H

H

H

H

H
H
H
H
H
H
H
H
H
H
H

H
H
H
H
H
H
H

Ri

HO

HO

HO

HO

HO
HO
CH3O
CH3O
CH3O
CH3O
CH3O
CH3O
CH3O
CH3O
CH3O

CH3O
CH3O
C2H5O
C2H5O
CH3CH2CH2O
CH3CH2CH2O
CH2=CHCH2O

Base / Salts

d-camphor-
sulfonate

d-camphor-
sulfonate

256-dihy-
droxy-
benzoate

iodo-
methylate

iV-oxide
iV-oxide
base
J-tartrate
HBr
phosphate
base
d-tartrate
HBr
phosphate
phenol-

phtalinate
salicylate
iV-oxideHBr
phosphate
phosphate
i-tartrate
d-tartrate
HBr

m.p.

237-240°

231-232°

221-223°

280-281°

205-208°
220°

109-111°
156-157°
124-126°
199-200°
109-111°
195-196°
124-126°
199-200°
274-276°

97-100°
195°

227-228°
227-228°
95-102°
98-105°

167-168°

Formula

C18H260NI

C17H23O2N
C17H23O2N
C18H25ON
C18H25ON • C4.H6O6
C18H25ON • HBr

C18H25ON
C18H25ON-C4H6O6
C18H25ON • HBr

Ci8H25O2N • HBr
C19H27ON • H3PO4
C19H27ON • H3PO4
C20H29ON • QH6O6
C20H29ON • C4H6O6
C20H28ON-HBr

MD

( - )

(+)

(+)

+ 23-9

+ 23-75*
-25-9*
-49-3t
- l l - 6 t
-26-3f

( - ) t
+ 49-6*
+ 30-6*
+ 25-6*

(+)
(+)

(+)
+ 16-3
-28-16f
+ 28-66*
-9-16*

+ 32-16*
-32-2f

Ref.

153

153

180

180

180
180
153
153
153
153
153
153
153
153
153

180
180
153
153
153
153
153

hi



TABLE HI—continued

R

H
H
H
H
H
H
H
H
H
H
H
H

H

Br(2)
Br(2)
CH3(1)
CH3(1)
CH3(2)
CH3(2)
CH3(2)
CH3(2)

CH2=CH—CH2(2)
CH2=CH—CH2(2)
CH2=CH—CH2(2)

Ri

CH2=CHCH2O
(C2H5)2N • CH2CH2O
CH3COO
CH3COO
CH3CH2COO
CH3CH2COO
CH3(CH2)i4COO
CH3(CH2)i4COO
C6H5COO
C6H5COO
C6H5COO
(CH3)2NCOO

c v ° °
HO
CH3O
HO
HO
HO
HO
CH3O
CH3O
HO
HO
HO

Base / Salts

HBr
base
d-taxtmtQ
HBr
d-tartrate
(i-tartrate
^-tartrate
d-Xaitmte
<f-tartrate
^-tartrate
HBr
base

(f-tartrate

HBr
HBr
HCl
HCl
HCl
HCl
J-tartrate
f̂-tartrate

HCl
citrate
citrate

m.p.

167-168°
bo.o2 173°
115-117°
160-161°
155-156°
106-108°

116°
144-145°
173-174°
224-225°
218-219°

oil

110-111°

185-187°
231-233°
312-313°
312-313°
171-173°

170°
199-200°
166-168°
280-282°
143-145°
143-145°

Formula

C20H28ON-HBr
C23H36ON2
C19H25O2N • C4H6
C19H25O2N • HBr
C20H27O2N • C4H6O6
C20H27O2N • C4H6O6
C33H53O2N • C4H6O6
C33H53O2N • C4H6O6
C24H27O2N • C4H606
C24H27O2N • C4H6O6
C24H27O2N • HBr
C20H28O2N2

C23H26O2N2-C4H6O6

C17H220NBr • HBr
C18H24ONBr • HBr
C18H25ON • HCl
C18H25ON • HCl
C18H25ON • HCl
C18H25ON • HCl
C19H27ON • C4H606
C19H27ON-C4H6O6
C20H27ON • HCl
C20H270N • C6H8O7
C20H27ON • C6H8O7

WD

+ 32-8*
(+)*

-6-5f
+ 18-6*
— 7-17t

+ 25-2*
-4-13

+ 18-0
-21-6
+ 35-5
+ 35-6
+ 43

-19-8f

(+)
+ 13-8
-89f
+ 89-33*
— 20-6*
+ 21-2*
-12-5*

(+)+
-52-51*
— 21-711
+ 21-76

Ref.

153
180
153
153
153
153
153
153
153
153
153
180

180

180
180
180
180
180
180
180
180
180
180
180

g
CO

H



TABLE III— continued

R

CH3(1)
CH3(1)
CH3(1)
CH3(1)
CH3(1)
CH3(1)
H
H
H
H
H
H
H
H
H
H
H

H
H
H
H
H
H

Ri

HO, HO(4)
HO, HO(4)
CH3COO, CH3COO(4)
CH3COO, CH3COO(4)
CH3COO, CH3COO(4)
CH3COO5 CH3COO(4)
HO, CH3(6)
HO, CH3(6)
CH3O
CH3COO
HO, CH3(6)
HO, CH3(6)
CH3O, CH3(6)
CH3O, CH3(6)
HO, CH3(15)
CH30,10-oxo
CH3O, 10-oxo

CH3O, 10-oxo
CH3O, 10-oxo
CH3O,10-hydroxy
CH30,10-hydroxy
CH3O, 10-hydroxy
CH30,10-hydroxy

Base / Salts

HBr
HBr
base
base
HCl
HCl
base
base
base
base
base
base
base
base
HCl
base
iodo-

methylate
oxime
base
base
base
HCl
HCl

m.p.

300-305°
310°

172-174°
168°

300-305°
291-293°
272-275°
234-236°
75-76°

112-113°
226-228°
226-228°

80°
78-80°

177-178°
189-190°
243-245°

265°
188-189°

136°

180-182°
180-181°

Formula

C18H25ON • HCl
C18H23O2N
C19H26O2NI

Ci8H24O2N2
C18H23O2N
C18H25O2N
C18H25O2N
C18H25O2N • HCl
C18H25O2N • HCl

WD

dl, a*
dl, P*
dl, a*
dl,P*
dl, a*
d!,P*
dl,*\
d!,P*
dl9 a
dl, a
— 69, af
+ 71, a
-62-2, af
+ 60-8, a

dl*
-142*

2

( - )
+ 140
- 1 8
+ 18
+ 14
- 1 4

Ref.

133
133
133
133
133
133
133
133
133
133
133
133
133
133
180
295
295

295
295
295
295
295
295

o

w

C/2



TABLE IV. ISOMORPHINANS
1 10

R

H

H

H

C H 3 O

C H 3 O

C H 3 O

C H 3 O

C H 3 O

H O

H O

C H 3 O

C H 3 O

H O

H O

H O

H O

< d 6 - d e h y d r o

z ! 6 - d e h y d r o

z ! 6 - d e h y d r o

6 , 7 - d i m e t h y l - z l 6 - d e h y d r o

6 , 7 - d i m e t h y l - Z i 6 - d e h y d r 0

z ! 6 - d e h y d r o

z ! 6 - d e h y d r o

z ! 6 - d e h y d r o - 1 0 , l 6 - d i o x o

6 , 7 - d i m e t h y l - z l 6 - d e h y d r o - l 0 , 1 6 -

d i o x o

6 , 7 - d i m e t h y l - z l 6 - d e h y d r o

6 , 7 - d i m e t h y l - z J 6 - d e h y d r o

B a s e / S a l t s

p i c r a t e

b a s e

i o d o -

m e t n y i a t e

b a s e
p i c r a t e

i o d o -

m e t h y l a t e

b a s e

p i c r a t e

b a s e

i o d o -

m e t h y l a t e

b a s e

i o d o -

m e t h y l a t e

b a s e

i o d o -

m e t h y l a t e

m . p .

2 1 0 - 2 1 2 °

o i l

2 3 3 - 2 3 6 °

o i l

2 2 4 - 2 2 5 °

1 9 8 - 2 0 0 °

o i l

2 2 2 - 2 2 4 °

2 2 1 - 2 2 3 °

2 2 0 - 2 2 2 °

1 6 7 - 1 7 0 °

1 7 9 - 1 8 1 °

1 8 4 - 1 8 6 °

1 6 4 - 1 6 6 °

2 1 7 - 2 1 9 °

2 1 7 - 2 1 8 °

2 2 4 - 2 2 5 °

F o r m u l a

C 1 7 H 2 3 N

C 1 8 H 2 6 N I

C 1 8 H 2 3 O N

C 2 4 H 2 6 O 8 N 4

C 1 9 H 2 6 O N I

C 2 0 H 2 7 O N

C 2 6 H 3 0 O 8 N 4

C 1 7 H 2 1 O N

C 1 8 H 2 4 O N I

C 1 8 H 1 9 O 3 N

C 2 0 H 2 3 O 3 N

C 1 9 H 2 5 O N

C 2 0 H 2 8 O N I

C 1 7 H 2 3 O N

C 1 8 H 2 6 O N I

W D

dl

dl\

dl

dl

dl

dl

dl

dl

dl

dl

dl

dl

m

dl

dl

R e f .

1 7 2 , 1 1 1 , 1 1 2

1 7 2

1 7 2

1 7 3

1 7 3

1 7 3

1 7 3

1 7 3

1 7 3

1 7 3

1 7 3

1 7 3

1 7 3

1 7 3

1 7 3

1 7 3

t S t i o n g a n a l g e s i c a c t i v i t y \ .
* W e a k o r n o a n a l g e s i c a c t i v i t y ) s s e P h a r m a c o l o g i c a l p a r t .

o
M

on

>

CO



TABLE IV— continued t

R

CH3O

CH3O
CH3O
CH3O

CH3O
CH3O
HO
HO
H
NO2
NO2(2)
NO2(1)
NH2
NH2(2)
NH2(1)
NH2
NH2(2)
NH2(2)
NH2(1)
HO(2)
HO(1)
HO

HO

HO

z!6-dehydro

zJ6-dehydro
J6-dehydro
Zi6-dehydro

zJ6-dehydro
zI6-dehydro
Zl6-dehydro
Zl6-dehydro
16-oxo-
16-oxo-
16-oxo-
16-oxo-
16-oxo-
16-oxo-
16-oxo-

Base / Salts

dibenzoyl-
L(-}-)-tartrate

base
picrate
dibenzoyl-

D(—)-tartrate
base
picrate
base
base

base
base
base
base
base
picrate
picrate
base
base
dibenzoyl-

L(H-)-tartrate
dibenzoyl-

D(—)-tartrate
base

m.p.

175°

61-62°
240*5-242°
174-175°

61*5-63°
239-241°
166-167°
166-167°
117-118°
190/240°
188-189°
227-229°
207-211°
188-190°
229-231°

124-124-5°
125-127°
237-238°
197-200°

181-182-5°
201-202°
156-158°

156-158°

171-172-5°

Formula

C18H23ON-C18H14O8

C18H23ON
C24H26O8N4
C18H23ON • C18H14O8

C18H23ON
C24H26O8N4
C17H21ON
C17H21ON
C17H21ON
Ci7H2OO3N2
C17H20O3N2
C17H20O3N2
C17H22ON2
C17H22ON2
C17H22ON2
C17H24N2
C17H24N2
C23H27O7N5
C23H27O7N5
C27H23ON
C27H23ON
Ci7H23ON • C1SH14O8

C17H23ON-C18H14O8

C17H23ON

MD

-8-8

+ 33-9

+ 6-5

— 34-3

+ 23-4*
— 26-6 f

dl
dl
dl
dl
dl
dl
dl
dl
dl
dl
dl
dl*
dl*

-46-6

+ 47-9

+ 55-5*

Ref.

173

173
173
173

173
173
173
173
173
173
173
173
173
173
173
173
173
173
173
173
173
173

173

173

s
3



TABLE IV— continued

R

HO

HO
HO
HO

HO
CH3O

CH3O

CH3O
CH3O

H
H
HO

HO

HO
HO

JV-desmethyl-zl6-dehydro-10,16-
dioxo

N-desmethyl-6,7-dimetriyl-Zl6-
dehydro-10,16-dioxo

JV-desmethyl-zl 6-dehydro-l 6-oxo
iV-desmethyl-6s7-dimethyl-Zi6-

dehydro-16-oxo
JV-desmethyl-zl 6-dehydro-l 6-oxo
iV-desmethyl-16-oxo
JV-desmethyi-zl6-dehydro-10516-

dioxo
iV-desmethyl-6J7-dimethyl-Zi6-

dehydro-10,16-dioxo
iV-desmethyl-Zi 6-dehydro-l 6-oxo
iV-desmethyl-6J7-dimethyl-zI6-

dehydro-16-oxo

Base / Salts

iodo-
methylate

hydriodide
base
iodo-

methylate
hydriodide

m.p.

255-258°

154-156°
171-173°
255-257°

153-156°
266-267-5°

274-276-5°

196-197°
215-219°

240-242°
208-210°
311-314°

353-356°

266-268°
245-247-5°

Formula

C18H26ONI

C17H23ON.HI
C17H23ON
C18H26ONI

C17H23ON • HI
C17H17O3N

C19H21O3N

C17H19O2N
C19H23O2N

C16H17ON

C16H15O3N

C18H19O3N

C16H17O2N
C18H21O2N

+

+
-53-8t

—

—
dl

dl

dl
dl

dl
dl
dl

dl

dl
dl

Ref.

173

173
173
173

173
173

173

173
173

173
173
173

173

173
173

o
m
g

s
2

8:



TABLE V. N-ALKYL-MORPHINANS

R

H
HO
HO
HO(2)
HO
HO
HO
HO

HO
CH3O
CH3COO
HO
HO
HO
HO
HO
HO
HO

HO
HO

Ri

CH2CH3
CH2CH3
CH2CH3
CH2CH3
CH2CH2N(C2H5)2
CH2COOH
CH2CH2OC6H5
CH2CH2OCH2CH2OH

Oxl2C/Jbj.2Ĉ rl3
CH2CH2CH3
CH2CH2CH3
CH2COCH3
CH2CHOHCH3
CH2CH2COOC2H5
CH2CH2COOC2H5
CH2CH2CH2OH
CH2CH2CH2OH
CH2CH2CH2OC6H5

CH2CH2CH2NHC6H5
CH2(CH2)3CH3

Base / Salts

HBr
HBr
HBr
HBr
base
base
HC1
base

HBr
HBr
HBr
HBr
HBr
d-tartrsite
salicylate
base
d-taitvate
J-camphor-

sulfonate
<i-tartrate
f̂-tartrate

m.p.

244-245°
268-269°
319-320°
278-280°

156°
265-267°
252-253°
bo-col
270-280°
195-196°
278-279°
265-267°
248-249°
210-212°
172-173°
192-193°
174-175°
245-246°
206-207°

142-143°
165-167°

Formula

C18H25N • HBr
C18H25ON • HBr
Ci8H25ON • HBr
C18H25ON • HBr
C22H34ON2
Ci8H23O3N
C24H29O2N * HC1
C2oH2903N

C17H27ON • HBr
C20H29ON • HBr
C2iH29O2N • HBr
C19H25O2N • HBr
C19H27O2N • HBr
C21H29O3N-C4H6O6
C21H29O3N-C7H6O3
C19H27O2N
C19H27O2N • C4H606
C25H31O2N-C10H16O4

C25H32ON2-C4H6O6
C20H29ON • C4H6O6

WD

dl-f
dl*

-41-2f
dl*

-72-5*
-68-8*
— 57-4*

— 44-7*
— 35-10*
-31-6*
-33-2*

( - )*
-28-75*

(- )
- 57-22*

(-)
— 23-lf

— 31-6f
— 30-3 f

Ref.

180
116
180
116
161
161
180
180

161
161
161
161
161
161
161
161
161
180

180
180

f Strong analgesic activity
* Weak or no analgesic activity

S
3

see pharmacological part.



TABLE V— continued

R

HO

HO

HO

HO

HO

CH3O

HO

CH3O

CH3O

HO

Ri

CH3

11
CH2CH—CH3

CH2(CH2)3CH3

CH3

11
CH2CH—C2H5

CH3

CH2CH2CH—C2H5

CH3

CH2CH2CH—CH3

CH3

CH2CH2CHCH3

CH2(CH2)4CH3

CH3

CH2CH2CHC2H5

C2H5

CH2CH2CHC2H5

C2H5

CH2CH2CHC2H5

Base / Salts

HBr

HC1

J-tartrate

J-tartrate

HC1

^-tartrate

HC1

<i-tartrate

<f-tartrate

ei-tartrate

m.p.

178-180°

220-221°

215-217°

120°

171-172°

168-170°

225°

175-177°

165-167°

131°

Formula

C20H29ON • HBr

C21H31ON-HC1

C21H31ON-C4H6O6

C22H330N-C4H606

C21H31ON-HC1

C22H33ON • C4H6O6

C22H23ON • HC1

C23H35ON-C4H6O6

C24H37ON • C4H6O6

C23H35ON • C4H6O6

WD

- 46-67 f

-56-5f

-37-6={=

-32-4f

- 41-831

-28-4*

( - ) t

-27-l t

-31-9*

— 34-7t

Ref.

161

180

180

180

180

180

180

180

180

180

o
ffl
m



TABLE VI. N-ALKENYL- AND JV-ALKYNYL-MORPHINANS

R

HO
HO
HO
HO
HO

HO

CH3O
CH3COO
CH3CH2COO
C6H5COO
(CH3)3CCOO
(CH3)2NCOO

HOv yO

H O / ^ 0
HO
HO
CH3O
HO, CH3(2)

Ri

CH2CH=CH2

CH2CH=CH2
CH2CH=CH2
CH2CH=CH2
CH2CH=CH2

CH2CH=CH2

CH2CH=CH2
CH2CH===CH2
CH2CH=CH2
CH2CH=CH2
CH2CH=CH2
CH2CH=CH2

CH2CH=CH2

CH2CH=CH2

CH2CH=CH2
CH2 CH=CH2
CH2CH==CH2

Base / Salts

HBr
base
fif-tartrate
salicylate
brom-

allylate
iodo-

methylate
HBr
HBr
HBr
HC1
J-tartrate
HBr

base

base
HBr
HBr
HBr

m.p.

234-236°
180-182°
170-172°
170-172°
194-195°

215-216°

227-229°
212-214°
228-229°
149-150°
120-121°
193-194°

145°

180-182°
219-220°
227-229°
234-236°

Formula

C19H25ON • HBr
C19H25ON
C19H25ON-C4H6O6
C19H25ON-C7H6O3
C22H30ONBr

C20H28ONI

C20H27ON • HBr

C22H29O2N-HBr
C26H29O2N • HC1
C24H33O2N-C4H6O6
C22H3OO2N2 • HBr

C19H26O4NP

C19H25ON
C19H25ON • HBr
C20H27ON • HBr
C20H27ON • HBr

MD

dl*
-88
— 39*

-66-8^

- 6 3 *

-50-33*
-43-55*
-40-11
— 47-74
-27-0
-42-8

-31-5*

+ 89
(+)*

+ 50-3*
(-)+

Ref.

128
153, 161
153, 161
180
180

180

161
161
161
161
161
161

180

153, 161
153
161
180

f Strong analgesic activity
* Weak or no analgesic activity

X
z

see pharmacological part.



TABLE VI— continued

R

HO

HO

HO

HO

HO

HO

HO

CH3O

/ \ c o o

R I

Br
11

CH2—C=CH2

CH3

11
CH2—C=CH2

CH3

CH2—C=CH2

CH2CH=CHCH3

CH2CH=CHCH3

CH3

1
CH2CH=C—CH3

CH3

1
CH2CH=C—CH3

CH3

1
CH2CH=C—CH3

CH3

i
i

CH2CH=C—CH3

Base / Salts

HBr

base

HBr

base

HBr

base

HBr

tf-tartrate

^/-tartrate

m.p.

252-253°

154°

249-250°

193-195°

148°

202-204°

140°

161°

203-204°

Formula

C19H24ONBr • HBr

C20H27ON

C20H27ON • HBr

C20H270N

C20H27ON • HBr

C21H29ON

C21H29ON • HBr

C 2 2 H 3 1 ON-QH 6 O 6

C27H32O2N2 • C4H6O6

W D

-45 -9*

( - )

- 4 5 - 5 *

( - )

( - ) *

— 27-3 f

-61-25*

-43 -2*

— 54-7f

Ref.

161

161

161

161

161

180

180

180

180

o
w

00

H

o



TABLE VI—continued

R

HO

HO

HO

HO

HO

HO

HO

HO

HO

CH2OCH3

|
CH2CH=C—CH3

C2H5

i1
CH2CH=C—C2H5

C2H5

CH2CH=C—C2H5

CH3

11
CH2CH=C—C2H5

CH3

1
CH2CH=C—C2H5

C=CH

CH2—CH=C—CH3

/-N-CH2CH=CH-CH2-N-\
1 I 1 /

CH2CH=CH—<f~~\

CH2CH=CH—<(~\

Base / Salts

base

base

HBr

J-tartrate

HBr

/̂-tartrate

HC1

base

HBr

m.p.

162-163°

170-171°

187-188°

170-172°

128-129°

119-120°

280-281°

192°

194-196°

Formula

C22H31O2N

C23H33ON

C23H33ON • HBr

C22H31ON-C4H6O6

C22H31ON • HBr

C22H27ON-C4H6O6

C36H46O2N2 • HC1

C25H29ON

C25H29ON • HBr

WD

-93-2*

— 44-9 f

— 61-8t

— 21-51

- 9 2 *

(-)

-67-7*

Ref.

180

180

180

180

180

180

180

178

178

o



TABLE VI— continued

R

HO
HO
HO
CH3O
CH3O
CH3COO
CH3CH2COO
C6H5COO

HO

HO

HO

Ri

CH2—C^CH
CH2—C=CH
CH2—C=CH
CH2—C^CH
CH2—C=CH
CH2—C=CH
CH2—C=CH
CH2—C=CH

/-N-CH 2-C=C-CH 2-N-\
1 I 1 /
CH2—C=C—</""%

CH2—C=C—/~S

Base / Salts

base
HBr
6f-tartrate
base
salicylate
base
^-tartrate
d-tartrate

HC1

base

salicylate

m.p.

198-200°
160-161°

184°
103-105°
161-162°
bo.o2n0°

103°
105-106°

260-263°

175-176°

218-219°

Formula

C19H23ON
C19H23ON • HBr
C19H23ON • C4H6O6
C2oH25ON
C20H25ON • C7H6O3
C21H25O2N
C22H27O2N • C4H6O6
C26H27O2N • C4H6O6

C36H44O2N2 • HC1

C25H27ON

C25H27ON • C7H6O3

MD

( - )
— 63-0*
— 45-7
-95-27*

(-)
— 84-3*
-32-2*
_ 34.4*

— 4-8*

-116-65

Ref.

161
161
161
161
161
161
161
161

180

178

178

o
wg
H

o

s



TABLE VII. N-ARALKYL-MORPHINANS

R

HO

HO

HO

H

HO

HO

HO

HO

HO

HO

Ri

C H 2 - < ^ >

C H 2 - < Q >

CH2CH2-<^J)>

CH2CH2—<^^>

CH 2CH 2-<^)>

OJbi.2Gfcx2 \ /

Oxl2C/Xl2 \ /

CH2CH2—<^~^>

CH2CH2—<^^>

Base / Salts

HBr

base

HBr

HBr

HBr

base

HBr

<i-tartrate

phosphate

camphor-
sulfonate

m.p.

261-262°

170-171°

273-276°

274-275°

262-264°

243-245°

300-301°

125-126°

190-192°

218-220°

Formula

C23H27ON • HBr

C23H27ON

C23H27ON-HBr

C24H29N • HBr

C24H29ON-HBr

C24H29ON

C24H29ON-HBr

C24H29ON-C4H6O6

WD

dl*

-92-2

-68-15*

dl*

dl\

( - )

— 63-12t

- 42-751

Ref.

128

161

180

178

178

178

178

178

178

178

S
2

f Strong analgesic activity } , , • t
* Weak or no analgesic activity j see Pharmacological part.



TABLE VII— continued

R

HO

CH3O

CH3COO

HO

CH3O

HO

HO

HO

HO

H

HO

H

Ri

CH2CH2-<^J)>

CH2CH2—<(^

CH2CrI2 "\ /

CH2CH2--\^J>

C H 2 C H 2 — / ^ y

C H 2 C H 2 — \ ~ y

cn2CR2-^y

v--ri2v̂ xX2 \ /

OxX2̂ -'-H2 \ y

CH2CH2—/~~\-NO2

CH2CH2—^~V~NO2

CH2CH2—<^~S—NH2

Base / Salts

bromo-
methylate

J-tartrate

HCI

HBr

^-tartrate

HCI

base

base

HCI

HCI

HCI

HCI

m.p.

239-240°

104-105°

186-187°

300-301°

119-122°

263-265°

209-211°

195-196°

235-236°

230-231°

247°

300°

Formula

C25H32ONBr

C25H31ON • C4H6O6

C26H31O2N-HCI

C24H29ON • HBr

C25H31ON • C4H6O6

C24H33ON • HCI

Q14H33ON

C24H35ON

C24H35ON • HCI

C24H28O2N2 • HCI

C24H28O2N2 • HCI

C24H30N2

WD

-42-81*

- 37-4 f

-55-2f

+ 63-2*

+ 62-7*

-59-2f

(- )

( - )

-57-3*

dl\

~ 84-6 f

dl\

Ref.

178

178

178

178

178

178

178

178

178

178

178

178

o



TABLE VII— continued

R

HO

HO

HO

HO

HO

HO

HO

HO

HO

CH3O

CH2CH2-

CH2CH2-

CH2CH2-

CH2CH2-

CH2CH2-

CH2CH2-

CH2CH2—

CH2CH2-

CH2CH2-

CH2CH2-

Ri

< 3 - N H 2

- < ^ - N ( C H 3 ) 2

NH2

1
1

NH2

(

- < 3 - O H

<^~S—OH

- < ( 3 - O C H 3

-\~S—OCH3

-/~%—OCH3

Base / Salts

base

base

base

base

HC1

HC1

base

base

d-taxtmte

HC1

m.p.

196-199°

198-199°

135-137°

194°

287-289°

187-190°

251-252°

156-158°

145-146°

217-219°

Formula

C24H30ON2

C24H30ON2

C26H34ON2

C24H30ON2

C24H30ON2

C24H29O2N

C24H29O2N

C25H31O2N

C26H33O2N

HC1

HC1

HC1

MD

+ 107-6*

-107-6*

— 89t

-84-8f

-60-4f

— 70-6 f

(-)

( - )

-47-9f

-70-7f

Ref.

178

178

178

178

178

178

178

178

178

178

5
3



TABLE VII— continued

R

HO

HO

HO

HO

HO

HO

HO

HO

Ri

OCH3

1
C H 2 C H 2 — ^ y

OCH3

C H 2 C H 2 — \ ~ ~ y

CH 2 CH 2 — \~y~ OCH3

CH2CH2—\^y—CH3

CH2CH2—/~~S—CH3

CH2CH2—/^V-SCH3

CH2CH2—<f~V-OCH3

OCH3

CH2CH2—<(~y—OCH3

OCH3

Base / Salts

base

HC1

HC1

HC1

base

base

base

HC1

m.p,

189-190°

168-170°

238-240°

284-290°

173-174°

163°

192-194°

238-240°

Formula

C25H3iO2N

C25H31O2N-HC1

C25H35O2N • HC1

C25H31ON • HC1

C25H31ON

C25H3iONS

C26H33O3N

C26H33O3N • HC1

MD

( - )

— 69-1 f

— 59-71

— 75-4f

(- )

—1061

(-)

-68-1+

Ref.

178

178

178

178

178

180

178

178

o

w

g

3



TABLE VII— continued ON

R

C H 3 O

H O

H O

H O

H O

C H 3 O

R i

C H 2 C H 2 — / \ — O C H 3

O C H 3

C H 2 C H 2 — / ~ \ — O C H 3

C H 3

L J

C H 2 C H 2 — < ( ^ > - O

C H 2 C H 2 — / ~ V - O

C H 2 C H 2 — < ^ ~ S — O

O *

B a s e / S a l t s

b a s e

H C 1

H C 1

b a s e

H C 1

^ f - t a r t r a t e

m . p .

1 0 3 °

2 4 9 - 2 5 1 °

2 9 0 - 2 9 2 °

1 7 6 - 1 7 8 °

2 9 0 - 2 9 2 °

1 7 1 - 1 7 2 °

F o r m u l a

C 2 7 H 3 5 O 3 N

C 2 6 H 3 3 O 2 N • H C 1

C 2 5 H 2 9 O 3 N - H C 1

C 2 5 H 2 9 O 3 N

C 2 5 H 2 9 O 3 N - H C 1

— 8 5 - 7

- 6 6 - 2 f

- 7 5 - 5 3 f

< - )

+ 7 5 - 3 *

- 4 6 - 2

R e f .

1 7 8

1 7 8

1 7 8

1 7 8

1 7 8

1 7 8

o

1 ^



TABLE VII— continued

R

HO

HO

H

H

HO

HO

HO

HO

HO

Ri

OCH3

CH 2 CH 2 — \J /~ O C H 3

OCH3

OCH3

C H 2 C H 2 — \ ^ y ~ 0 C H 3

OCH3

CH2CO—<f~S

CH2CO—<^~/

CH2CO—\~~\

CH2CH(OH)—^~\

CH2CO—\^y—OCH3

CH2CH(OH>—\~%—OCH3

CH2C0—/~S—SCH3

Base / Salts

base

HCl

HBr

base

HCl

HCl

HCl

HCl

HCl

m.p.

181-183°

240-242°

230-231°

173-175°

278-279°

244-245°

275-280°

234-235°

212-213°

Formula

C27H35O4N

C27H35O4N • HCl

C24H27ON • HBr

C24H2702N

C24H27ON • HCl

C24H29O2N • HCl

C25H31O3N-HC1

C15H29O2NS • HCl

MD

( - )

-61-5*

(- )

- 71-911

— 70-6 f

-81-5f

— 86f

-108-71

Ref.

178

178

180

178

178

180

178

178

178

o
S3m

g
H

K
O

hi
ffl



TABLE Nil—continued

R

HO

HO

CH3O

HO

HO

HO

HO

HO

Ri

C H 2 C O — / ~ V - O

C H 2 C 0 — < ^ V - O

o — '

C H 2 C O — \ J y — °

NO2

CH2CO—<^~V-OCH3

CH2CH—\ y

C2H5

C_/X12CXJH.2 0.0.2 x }

C H 2 C H 2 C H 2 — < ^ ^

C H 2 C H 2 C O — / ~ S

Base / Salts

base

HBr

d-tartrate

HC1

d-tartrate

base

HBr

J-tartrate

m.p.

214-216°

250-251°

188-189°

202°

140-143°

140-142°

132°

128-130°

Formula

C25H27O4N

C25H27O4N-HBr

C26H29O4N-C4H6O6

C25H28O5N2 • HC1

C26H33ON-C4H6O6

C25H31ON

C25H31ON-HBr

C25H29O6N-C4H6O6

WD

<-»

— 77-8 f

— 57-8 f

- 7 4 - 8 *

-40 -9*

( - )

- 4 3 *

— 35-5*

Ref.

178

178

178

178

180

178

178

180

o



TABLE VII— continued

R

HO

HO

HO

HO

HO

Ri

CH2(CH2)2CH2—<(^S

cn2(CH2)2cii2—^y-

CH2(CH2)3CH2-<(^

CH2(CB.2)3CK2-<(^>

cii2cu2—<^2x-\^y

Base / Salts

base

^-tartrate

base

HC1

HC1

m.p.

144-146°

179-180°

171-173°

278-280°

285-287°

Formula

C26H33ON

C26H33ON-C4H6O6

C27H35ON

C27H35ON • HC1

C30H33ON • HC1

MD

(-)

— 33f

-57-4

-85-8*

Ref.

178

178

180

178

180

Strong analgesic activity j , 1 . ,
Weak or no analgesic activity j s e e Pharmacological part

o
ffl
M

CO

H

hi



TABLE VIII. N-HETEROCYCLYLALKYL-MORPHINANS

R

HO

HO

HO

HO

HO

HO

HO

Ri

CH2CH2—<^ N

CH2CH2—/ N

CH2CH2-<^ \

CH2CH2—<^ \

CH2CH2—/ NH

CH2CH2—<^ N—CH3

CH2CH2N O

Base / Salts

HBr

d-tartrate

base

H2S04

H2SO4

H2SO4

base

m.p.

191-193°

146-147°

207-209°

175-177°

168-170°

170-175°

211-213°

Formula

C23H28ON2 • HBr

C23H28ON2 • C4H6O6

C23H28ON2

C23H28ON2 < H2S04

C23H34ON2 • H2SO4

C24H36ON2 • H2SO4

C22H32O2N2

MD

+ 51-94

— 38-4

<- ,

— 58-0

-41-2

<->

Ref.

179

179

179

179

179

179

178

o



TABLE VIII— continued

R

HO

HO

HO

HO

CH3O

CH3O

HO

HO

HO

Ri

CH2CH2N O

<****<?

CH2CH2—!l \

^ \ o /

CH2CH2—1]^ J

CH2CH2—T 1
S"

CH2CH2-4 11

/"TIT /*tTT II j j

Base / Salts

salicylate

base

HC1

HC1

d-iaxtmte

if-tartrate

base

HC1

HC1

m.p.

248-249°

221-222°

155-156°

155-156°

91-92°

110-112°

244-245°

171-173°

171-173°

Formula

C22H32O2N2 • C7H6O3

C22H27O2N

C22H27O2N • H O

C22H27O2N • HC1

C23H29O2N • C4H6O6

C23H29O2N • C4H6O6

C22H27ONS

C22H27ONS • HC1

C22H27ONS • HC1

WD

— 54-3

<->

-64-6

+ 63-8

— 33-3

+ 56-4

( - )

— 65-5

+ 66-9

Ref.

178

180

180

180

180

180

180

180

180

o
M
m
CO

os



as

TABLE VIII—continued

R

CH3O

y \ / c o °

Ri

L-/Xi2Vw'rl2—< >
x s /

CH2CH2—JJ \

Base / Salts

-̂camphor-
sulfonate

tf-tartrate

m.p.

188°

118-119°

Formula

C23H29ONS-C10H1604S

C28H30O2N2S.C4H6O6

+ 58-2

-41-8

Ref.

180

180
S



T A B L E I X . M I S C E L L A N E O U S M O R P H I N A N S

1

R

H
H
H
H
H
HO
HO
HO
HO
HO
HO
H
HO
CH3COO
H
HO
CH3O
HO

H
H
H
H
H
H
H
H
H
H
H
CN
CN
CN
CO—CH3
CO—CH3
CO—CH3
CONH2

CH3

Base / Salts

base
HC1
H2S04
picrate
HBr
HBr
base
HC1
HBr
base
HC1

salicylate

m.p.

bo.o51150

229°
195°
207°

239-241°
276-278°
260-262°

320°
222-224°
278-280°

320°
104°

216-219°
109-110°

138°
262-263°

172°
152-153°

187-189°

Formula

C16H21N
C16H21N-HC1
C16H21N • H2SO4
C16H21N • C6H3O7
C16H21N-HBr
Ci6H21ON • HBr
C16H21ON
C16H21ON • HC1
C16H21ON • HBr
C16H21ON
C16H21ON • HC1
C17H20N2
C17H20ON2
Ci9H22O2N2
C18H23ON
C18H23O2N
C19H25O2N
C17H22O2N2

C17H25ON • C7H6O3

MD

dl
dl
dl
dl
dl
dl

-41-5
(-)
( - )

+ 41-8
(+)
dl
( - )
( - )
dl

-197-5
—187-8

dl

dl

Ref.

111,112
111,112
111, 112
111, 112
111,112
180
153, 161
155
155
180
180
111, 112
111,112
111, 112
180
180
180
180

180

o

m

02
H

2
2



6 4 M O R P H I N A N S

9 . S Y N T H E S I S O F M O R P H I N A N - L I K E C O M P O U N D S

M a n y a t t e m p t s h a v e b e e n m a d e t o m o d i f y t h e m o r p h i n a n m o l e c u l e . T h e

o p e n i n g o f r i n g C w a s e s p e c i a l l y r e w a r d i n g a n d l e d t o a s e r i e s o f c o m p o u n d s

o f t h e b e n z o m o r p h a n s t r u c t u r e ( 1 8 4 ) f o r w h i c h m o r p h i n e - l i k e e f f e c t s w e r e

f o u n d . T h i s c l a s s o f c o m p o u n d s h a s b e e n s t u d i e d i n t e n s i v e l y b y M A Y , E D D Y

et ah T h e i r w o r k w i l l b e d i s c u s s e d i n t h e s e c o n d p a r t o f t h i s v o l u m e .

R

(184)

I n f u r t h e r a t t e m p t s , ( a ) t h e s i z e o f a s i n g l e r i n g , ( b ) t h e p o i n t o f a t t a c h m e n t

o f t h e i m i n o e t h a n e b r i d g e o r ( c ) t h e p o s i t i o n o f t h e n i t r o g e n a t o m i n t h e

m o r p h i n a n m o l e c u l e w e r e m o d i f i e d .

C-nor- and C~homo-N-Methylmorphinans

S U G A S A W A a n d S A I T O < 1 8 1 ' 1 8 2 ) s y n t h e s i z e d c y c l o p e n t e n y l - a n d c y c l o h e p -

t e n y l e t h y l a m i n e a c c o r d i n g t o t h e m e t h o d o f S C H N I D E R a n d H E L L E R B A C H ( 1 2 8 ) .

F r o m t h e s e a m i n e s t h e y o b t a i n e d 3 - h y d r o x y - i V - m e t h y l - C - n o r m o r p h i n a n

( 1 8 7 ) a n d 3 - h y d r o x y - J V - m e t h y l - C - h o m o m o r p h i n a n ( 1 9 0 ) b y H E N E C K A V 1 3 2 )

m e t h o d .

A OH
p~CH30-C6Hr-eH-CH-~CO0CH3 | ^ \ HBr

(185) (186) r j

OCH3

fZj NH2

(187) ( 1 8 8 > ( 1 8 9 )

OCH3

(190)

I n a s i m i l a r w a y , P R O T I V A et al.a83y t r i e d w i t h o u t s u c c e s s t o s y n t h e s i z e t h e

a n a l g e s i c a l l y i n a c t i v e C - n o r d e r i v a t i v e ( 1 8 7 ) . T h e C - h o m o d e r i v a t i v e ( 1 9 0 )

w h i c h o n t h e o t h e r h a n d i s a n a l g e s i c a l l y a c t i v e h a s a l s o b e e n s y n t h e s i z e d b y

H E N E C K A a n d W I R T H ( 1 3 3 ) .



CHEMISTRY OF MORPHINANS 65

1,3,4,9,10,10a-Hexahydro-99 4a-( 2H)-iminoethanophenanthrene (195)

The synthesis of a homoderivative (195) with a seven-membered hetero
ring D was carried out by NEWMAN and MAGERLEIN ( 1 8 4 ) , independently of
the work on morphinans, as shown below.

(1) Reformatsky
(2) ~H20

(3) OH©

( 1 9 1 )

(1) NH20H
12) H2

:H?fCH2-0C2H5

( 1 9 3 )

HOOC,\ (D H2
CH (2) PCl5_ _ _ _ _

•CH 2 jCH 2 -OC 2H 5

( 1 9 2 )

( 1 9 4 )

HBr

( 1 9 5 )

1,2,3,9,10,1 Oa-Hexahydro- 6-hydroxy-11-methyl-1, 4a- (4H) -iminoethano-

phenanthrene (202, R=OH)

S t a r t i n g f r o m t h e s u b s t i t u t e d 2 - ( 2 - d i m e t h y l a m i n o e t h y l ) - 2 - p h e n y l - c y c l o -

h e x a n o n e ( 1 9 6 ) M A Y a n d M U R P H Y ( 1 8 5 ~ 1 8 7 ) p r e p a r e d t h e a b o v e c o m p o u n d

( 2 0 2 ) a s s h o w n o n t h e flowsheet:

(200) (201)



66 MORPHINANS

-N.-CH3

(202)

The substance (202, R=OH) showed only weak analgesic activity.
Compounds of the morphinan type in which the position of the nitrogen

atom is modified are designated, as proposed by SUGIMOTO ( 1 8 8 '1 8 9 ) , as "aza-
des-7V-morphinans".

(203)

des-A -̂morphinan

A few syntheses of such compounds are outlined below:

N'MethyI-15-aza-des-N-morphinan (208, R=H) (7V-methyl-4b,9-imino-
ethano-4b, 5,6,7,8,8a, 9,10-octahydrophenanthrene) was prepared by OCHIAI
and HARASAWA ( 1 9 0 ) according to the following reaction scheme.

(2) HCHO/HCOOH

( 2 0 5 ) ( 2 0 6 )

C D '=

CH3

CH3

(207)

I n t h e s a m e w a y H A R A S A W A ( 1 9 1 ) w a s ab l e t o p r e p a r e 3 -hydroxy- (208 ,

R = O H ) a n d 2 ,3-d imethoxy- iV-methyl -15-aza-des- iV-morphinan . H e a l s o

ach ieved t h e r e s o l u t i o n of iV-methyl -15-aza-des- iV-morphinan a n d o f t h e 3 -

h y d r o x y de r iva t ive (208). N o n e of t he se c o m p o u n d s s h o w e d a n y ana lges i c

act ivi ty .

3~Hydroxy-N-methyl-16-aza-de$-N-morphinan (214) ( iV-methyl -4b ,9-meth-

a n o i m i n o m e t h a n o - 4 b ? 5 , 6 , 7 , 8 , 8 a , 9 , 1 0 - o c t a h y d r o p h e n a n t h r e n e ) a n d t h e c o r r e -

s p o n d i n g d e s o x y c o m p o u n d desc r ibed b y S U G I M O T O a n d O H S H I R O ( 1 8 9 > 1 9 2 )

a l so s h o w n o ana lges i c act ivi ty .



C H E M I S T R Y O F M O R P H I N A N S 6 7

CH3O CH3Ov

a
(209)

C H 2 - C 0 0 R
p—CH3O—C6H4CH2CL

COOR

( 2 1 0 ) ( 2 1 1 )

HCONHCH3

.N-CH3

( 2 1 2 ) ( 2 1 3 )

HBr

N-CH3
HO N-CH3

( 2 1 4 )

I n a d d i t i o n t o t h e s e 1 5 - a n d 1 6 - a z a i s o m e r s o f i V - m e t h y l - m o r p h i n a n o t h e r

c o m p o u n d s h a v e b e e n s y n t h e s i z e d i n w h i c h t h e n i t r o g e n a t o m i s p r e s e n t i n

t h e C r i n g . S U G I M O T O et a l . i l 9 3 ) o b t a i n e d N-methyl~6-aza-des~N-morphinan

( 2 - m e t h y l - 5 , 1 0 b - t r i m e t h y l e n e - l ? 2 ? 3 ? 4 ? 4 a ? 5 ? 6 , 1 0 b - o c t a h y d r o b e n z o [ h ] i s o q u i n o «

l i n e ) a n d S U G I M O T O a n d O H S H I R O ( 1 9 4 ) i t s 3 - h y d r o x y d e r i v a t i v e ( 2 2 0 ) b y t h e

f o l l o w i n g r o u t e .

CO
(42)

(1) ~H20

(2) H2/Pd

CH 2 -

p-CH30-C6H^CH2MgCL

( 2 1 5 )

0CH3 CH2

CO
(217)

OCH3

co?
(218)

( 2 1 6 )

OCH3

1© 1© H2/Pt

CH3O

( 2 1 9 )

HBr

HO

I
CH3 CH3

(220)

N o ana lges ic eifect w a s f o u n d , t h o u g h c o m p o u n d (220) possesses w e a k

an t i tuss ive p r o p e r t i e s ( 1 9 5 ) .

I n c o n n e c t i o n w i t h t h e co r r e l a t i ons b e t w e e n p h a r m a c o l o g i c a l act ivi ty a n d

chemica l s t r u c t u r e , t h e synthes is of 3-hydroxy~N-rn6thyl-7-aza-des-N-rnor-



68 MORPHINANS

phinan (225) (
tahydrobenzo[f]isoquinoline) was of particular interest. In this compound the
distances between the functional groups (—N—CH 3 and HO—) and the

I
quaternary C-atom are the same as in 3-hydroxy-7V-methylmorphinan (60).
SUGIMOTO and K U G I T A ( 1 9 6 ' 1 9 7 ) prepared this compound in the following

0

(221)

-QO^-pQ (1) CH3I

(2) H2 /Pt

CH

0CH3

(222)

CH2

H
OCH3

(223)

N-CH3
CH3O

N-CH3

HO
j\RH3

(224) (225)

T h e p r o d u c t (225), h o w e v e r , s h o w e d on ly w e a k ana lges ic a c t i v i t y ( 1 9 8 ) .

A fu r the r i s o m e r , N-methy!-8~aza~des-N-morphinan (233, R=H) (4 -methy l -

5 , 1 0 b - t r i m e t h y l e n e - l , 2 , 3 , 4 , 4 a , 5 , 6 , 1 0 b - o c t a h y d r o b e n z o [ / ] q u i n o l i n e ) w a s syn -

thes ized b y S U G I M O T O et a / . ( 1 9 9 ) b y t h e fo l lowing r o u t e :

COOR

COOR (1) ~C0

(2) H2*"

(226) (227)
COCOOR

(228)

ROOC

(232) (233)

O H S H I R O ( 2 0 0 ) showed that the compound (233, R = H) prepared as shown

above has the same steric structure as morphine (B/C cis, C/D trans). Similarly
O H S H I R O ( 2 0 1 ) prepared S-hydroxy-N-methyl-S-aza-des-N-morphinan (233,
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R=OH) which has an analgesic activity of the order of magnitude of codeine
and also exhibits an antitussive effect.

Up to now the highest analgesic activity among these morphinan analogues
was found in 3-hydroxy-9-aza-des~N~morphinan (237) (6-hydroxy-4a,10-tri-
methylene-l,253?4,4a,9310,10a-octahydrophenanthridine) which was synthe-
sized by SUGIMOTO and KUGITA ( 2 O 2 ' 2 O 3 ) as shown below.

CH3O

( 2 3 5 ) ( 2 3 6 ) ( 2 3 7 )

T h e h y d r o x y d e r i v a t i v e h a s a n a n a l g e s i c a c t i v i t y o f t h e s a m e o r d e r o f

m a g n i t u d e a s m o r p h i n e , b u t w i t h a c o n s i d e r a b l y h i g h e r t o x i c i t y .

( 2 4 1 )

CH2CH2 ~ - / ~ V - 0 C H 3

d o N a s a /

(242)

(CH 3 ) 2 S0*

•-O-•OCH 3CH2CH2-

8 LiAlH^

(243)

•0CH3

CH3O

HBr

W-CH3 HO ,N~-CH3

( 2 4 4 ) ( 2 4 5 )

C o m p o u n d s i n w h i c h t h e p o i n t s o f a t t a c h m e n t o f t h e h e t e r o r i n g , i t s s i z e

a n d t h e p o s i t i o n o f t h e n i t r o g e n a t o m i n t h e m o r p h i n a n s k e l e t o n a r e m o d i -

fied, h a v e b e e n s y n t h e s i z e d b y K U G I T A ( 2 0 4 ) .
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3-Hydroxy-N-methyl-4b,8a»ethanoirninomethano-4b, 5,6, 7 , 8 , 8 a , 9 , 1 0 - o c t a -

hydrophenanthrene (245) h a s n o a n a l g e s i c a c t i v i t y ; n o r w a s a n y a n a l g e s i c

a c t i v i t y f o u n d i n 3-hydroxy~N-methyl-4b,8a-methanoiminomethano-4b,5,6,7?~

8,8a,9J0-octahydrophenanthrene (251), a l s o s y n t h e s i z e d b y K U G I T A ( 2 0 5 ) .

CH2CH2
/ I \=/

00C2H5 ^ N /

OH
(239) (246) (247)

CH 2 CH 2 - / y—OCH3 CH2CH2—^^>—OCH3 CH2CH2 —<^V)—0CH3

H C H , LiAlH, K

(248) (249) (250)

3 [MNCH3

(251)



CHAPTER II

P h a r m a c o l o g y o f M o r p h i n a n s

1. TOXICITY AND ANALGESIC ACTION OF MORPHINANS

(a) Introduction

Side by side with the chemical work on the new synthetic analgesics their
pharmacological evaluation was also carried out. The ever present stimulus
to the recurring search for new synthetic analgesics has been the hope that
new active compounds might be found free of the undesirable side effects of
morphine itself. A further element in this continued search has been the un-
tiring efforts of several research groups, particularly those of EDDY and SCHAU-
MANN. The results of their research, contained in many publications, estab-
lishing the relationship between chemical constitution and pharmacodyna-
mic action gave new impetus to synthetic work directed towards new anal-
gesics. We are also indebted to them for a number of comprehensive reports
and two excellent monogaphs on Opium alkaloids, especially on morphine-
like synthetic compounds (207""208)

? in which the complete literature on this
subject has been collected.

As morphine is always taken as the standard preparation in investigations
of new analgesics a few of the pharmacodynamic properties of this natural
product may be recalled here. Its outstanding action on the central nervous
system is that of raising the pain threshold. This action of therapeutic doses
in man (10-20 mg s.c.) is accompanied by a sedative and euphoric action.
With increasing dosage a state of somnolence approaching narcosis is
reached which with a further increase in the dose can develop into deep coma.

A further effect of morphine is the depression of the respiratory centre
which can appear even with therapeutic doses; breathing is slowed down and
deepened, finally with reduction of the minute volume. A depression of the
cough reflex parallels the analgesic action and respiratory paralysis.

With continued use of morphine the sensitivity of the organism to this
substance diminishes. First there develops habituation which necessitates a
continual increase of the dosage to maintain the full analgesic effect. This
tolerance can lead to the most dreaded side effect of morphine, namely, ad-
diction. This has really been thes main stimulus for research in the field of
synthetic analgesics. To eliminate this side effect was the main objective of

71
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work on the modification of the natural product and the later total syntheses
of new analgesics.

The withdrawal of morphine from addicts leads to abstinence phenomena
which are manifested in both physical and mental changes. The resulting
symptoms can only be relieved by giving morphine or morphine-like anal-
gesics.

A similar symptom complex can also be produced to some extent in ani-
mals. Among others, SEEVERS ( 2 0 9~2 1 2 ) and co-workers, using monkeys,
E D D Y ( 2 1 3 ) , PIERCE and PLANT ( 2 1 4 ) and others using morphine-addicted dogs
and rats ( 2 1 5 j 2 1 6 ) could observe symptoms of abstinence or habituation.

Apart from the tests on monkeys, pharmacological experiments are un-
reliable and inadequate for judging on the socialogically important problem
of addiction produced by analgesics(217). For this reason, this test for addic-
tion-producing properties is carried out in man using the so-called "Lexing-
ton Test" as developed by ISBELL and his colleagues in Lexington(218 '218a '12).
It is based on the fact that the abstinence symptoms brought in morphine
addicts(9j219) by withdrawal of morphine can be abolished by giving another
habit-forming analgesics. This systematic examination of the addiction-
producing properties of derivatives of the opiates and of new synthetic anal-
gesics is only carried out in Lexington. Based on their findings, the World
Health Organisation takes its decisions as to which new preparations have to
be placed under narcotic control.

(b) Methods of testing(220)

Analgesia

All compounds contained in the following table were tested in mice and a
number of them also in rats and rabbits. The tests in the mouse was partly
carried out by the "hot-plate" method(221). Using this method the ED5 0

values by subcutaneous and oral administration were calculated for all ac-
tive compounds with the help of "probit analysis". In another section of the
tests on mice, the method of heat-stimulation of the mouse tail (222) was used.
By subcutaneous administration and using groups of 10 animals per dose,
the mean prolongation of the reaction time by 50 per cent was measured
(MED50).

With rats the reaction to irradiation of the shaved skin of the back was
used(223~226). For each subcutaneous dose groups of 5 animals were used
and the dose necessary for an average increase in the reaction time by 50 per
cent estimated.

With rabbits electric stimulation of the tooth pulp was used(227~228), the
analgesic being given intravenously to groups of at least 3 animals. The dose
necessary to increase the threshold voltage for stimulation by 50 per cent is
termed the MED5 0 .
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Toxicity

The lethal doses in mice (LD50) were determined by subcutaneous and oral
routes by Dr. Eddy in Bethesda, Maryland, USA, and by the intravenous
route in the Medical Research Department of Hoffmann-La Roche, Basle,
Switzerland. Values were calculated by the probit method.

(c) Results

The pharmacological properties of the analgesically active morphinans can
perhaps best be illustrated by the example of Levorphanol. The differences
in the action between the individual compounds are mostly of a quantitative
character.

Levorphanol [(—)-3-Hydroxy~iV-methyl~morphinan]

Analgesic action

In both animal (127 '229>230) and clmical(231 '232) experiments it can be
shown with the help of the WOLFF-HARDY-GOODELL method that only the
laevorotatory optical isomer of 3-hydroxy-iV-methyl-morphinan (levorpha-
nol) (133) possesses analgesic action whereas the dextro-rotatory isomer
(dextrorphan) possesses none. The intensity of the effect of equal doses de-
pends only very slightly on the mode of administration.

In contrast to morphine which exerts its analgesic action orally only in
relatively high doses, levorphanol is active in man, both orally and paren-
terally, in doses of the order of 1-2 mg.

Comparative tests showed that 2 mg of levorphanol were equal in anal-
gesic activity to(233~"235):

10 mg morphine
50 (75) mg pethidine (Dolantin(R))
10 mg oxycodone (Eukodal(R))
7-5 mg ketobemidone (Cliradon(R)) and
2 mg dihydromorphinone (Dilaudid(R)).

Duration of analgesic action

In clinical tests the activity of therapeutic doses of Levorphanol (2 mg/kg)
lasted for 4 ( 2 3 6 ) to 15<237) hr.

Toxicity

The general action of 3-hydroxy-iV-methyl-morphinan is — as is true for
morphine — fundamentally different from one animal species to another. Ac-
cordingly the cause of death can yary from one species to another: respira-
tory paralysis or generalized convulsions.
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The lethal doses found by FROMHERZ (292 ) are as follows:

Species
Route

Mouse i. v.
Rat s.c.
Rabbit i.v.

Morphine
HC1

mg/kg

225
300
135

rac. 3-Hydroxy-JV-
methyl-morphinan

hydrobromide

mg/kg

33
108
18-5

(-)-3-Hydroxy-AT~
methyl-morphinan

tartrate
mg/kg

45
135
22-5

(+>3-Hydroxy-7V-
methyl-morphinan

tartrate

mg/kg

75
500
22-5

Respiratory Depression. Even with therapeutic doses of Levorphanol there
is a slight depression of respiration which, under certain circumstances., can
even be made use of therapeutically(235). With higher doses (5-10 mg) the
respiratory depression increases(238).

Habituation. Prolonged administration of Levorphanol brings about a
slight habituation which necessitates an increase of the doses (239 '240).

Addiction. Although abstinence symptoms can scarcely be observed even
after its administration for several months (241 '235), Levorphanol does possess
addictive properties as could be shown by ISBELL in the "Lexington-
Test" (242 '243) .

The other side effects of Levorphanol are also similar to those of morphine
as described by EDDY, HALBACH and BRAENDEN (244) . The side-effects of the
morphinans are generally weaker than those of morphine even though the
analgesic effects are stronger.

The analgesic action of morphinans

The following tables lists the toxicity and analgesic action of a represen-
tative selection of morphinans. The preparations were investigated mainly
in the form of their water-soluble salts but the values given are calculated in
terms of the bases. Many of these figures are unpublished. Other fuller de-
tails can, in some cases, be found in the given original literature. In general
it can be said that various investigators, using different methods, have, on
the whole, found similar results for the same compounds. Even when using
different animal species the activities were not fundamentally different.

TV- Methyl-morph inans

Compounds with the nitrogen atom unsubstituted (RX=H) are inactive.
While compounds without substitution at the 3-position (R=H) are active
the degree and length of activity are generally increased by introduction of a
hydroxy group (R=OH). Displacement of the hydroxy group to the 2- or
4-position brings about loss of activity. The introduction of further sub-
stituents in the 1- or 2-positions reduces the activity. Methylation of the
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hydroxy group in the 3-position (R=-OCH3) causes some reduction of ac-
tivity while with higher alkyl or alkenyl groups (R=OC 2H 5 , OC3H7 ,
OCH2—CH= CH2 etc.) the compounds are inactive. Acylation of the hy-
droxy at position 3 scarcely alters the intensity of the analgesic action, but
its duration is shortened. Morphinans are generally as active when given
orally as when given parenterally. It has been found for all morphinans so
far investigated that after resolution into their optical isomers only the
laevorotatory isomers, corresponding to the natural product morphine, are
active while the antipodes are inactive.

(~-)-3-Hydroxy-iV-methyl-morphinan (Dromoran(R), Levorphanol) select-
ed on the grounds of its favourable toxicity and activity data in animal
experiments has proved of clinical value.

N-A Ikyl-morphinans

An increase in the number of carbons in the iV-alkyl group (e.g.
R1 = C2H5 j n—C3H7) leads first to preparations with reduced analgesic ac-
tion while a further lengthening of the chain (R-=C4H9, C 5 H U , C6H13)
again produces more active compounds. Branching of the chain does not
bring about any definite change. The introduction of O~ or iV-functions into
the alkyl chain Rx leads invariably to a reduction or loss of analgesic ac-
tivity.

N-Alkenyl- and N-alkynyl-rnorphinans

The short, straight-chain TV-alkenyl and JV-alkynyl morphinans (Rt =—CH2

—CH~CH 2 or CH2—Cs=CH) show no analgesic action. They possess, on
the contrary, an antagonistic activity (see section 2). This property is con-
fined to representatives of the ( — )-series.

Compounds with longer alkenyl chains only show this action to a small
extent while an analgesic action is again evident (e.g. Rx=—CH2—CH
— C(CH3)2. The introduction of O- and iV-functions leads to a loss of both
activities.

N-Aralkyl-morphin ans

This class of compounds includes representatives with very high activity
displayed by members with two or three carbon atoms between the nitrogen
of the ring system and the aryl group. iV-Benzyl derivatives as well as mor-
phinans with longer aralkyl groups are inactive. The introduction of an O-
function next to the aryl ring scarcely affects the activity (e.g. Rx =
—CH2COC6H5). Substitution of the aralkyl group by the corresponding
cyclo-alkyl group (e.g. K1=—CH2CH2C6HU) leads to loss of analgesic ac-
tivity. Of the changes in analgesic activity caused by substitution in the aryl
ring, an increase is only observed with nitro- or amino groups in the p-posi-
tion.

SA, 6



76 MORPHINANS

TABLE X. MORPHIN, CODEIN,

R Salt / Base

Morphm
Codein
H
HO
HO
HO
CH3COO
CH2=CH—CH2O
CH2=CH—CH2O
CH3CH2CH2O
HO

CH3
CH3
CH3
CH3
CH3
CH3
CH3
CH3
H

( i )

CH3

CH3

CH3

CH3

CH3

HC1
H3PO4
H3PO4
HBr
tartrate
tartrate
tartrate
HBr
HBr
HBr
HBr

HC1

HC1

HBr

citrate

tartrate
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DL5O1

s,c.

VIouse

i.v.
mg/kg

370
200

>300

225
70
20-8
33-0
33-0
42-3
32-0
32*5
19-7
26-9
45-0

38-4

29-2

50

28

28

ED50

(1 X SE limits)
Mouse s.c.

mg/kg

0-7
0-48

44-3

MED50

Mouse s.c.
mg/kg

10
25
13-7
1-7
0«95

50
1-0

30
8-5

>10
130

>30

8-0

>50

10-12

2-0

MED50

Rat s.c.
mg/kg

5
75
20-0

1-07
60-5

MED50

Rabbit i.v.
mg/kg

2-5
10
3-0
1-0
0-5

MED50

(1 X SE limits)
Mouse orally

mg/kg

ca. 25
45

2-0
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TABLE XI. N-ALKYL-MORPHINANS

( - )
(-)
( - )
( - )
( - )
( - )
( - )

( - )

( - )
( - )
( - )

( - )
( - )
( - )
( - )
( - )
( - )
( - )
(±)
(- )
( - )
<-)

(-)

R

HO
HO
HO
HO
HO
HO
HO

HO

HO
CH3O
CH3O

CH3O
HO
HO
HO
HO
HO
HO
HO
CH3O
HO
HO

HO

™CH2~-CH3
—CH2—CH2—CH3
—CH2(CH2)2—CH3
-CH2(CH2)3~-CH3
—CH2(CH2)4—CH3
-CH2~-CH(CH3)2
—CH2CH2CH(C2H5)2

CH3

i
C_xH2V/H2C/H—O2H5

CH3

• C/H2 OJol"~~Cv2-ti5
—CH2CH2CH(CH3)2

—CH2CH2CH(C2H5)2

CH3

1
—CH2CH2CH—C2H5

—CH2CH2CH(CH3)2
—CH2CH2—N(C2H5)2
—CH2CH2COOC2H5
—CH2CH2CH2OH
—CH2CH2OCH2CH2OH
—COCH3
—COCH3
—COCH3
—CH2CH2CH2NHC6H5
—CH2CH2CH2OC6H5

—CH2COCH3

Salt/Base

HBr
HBr
tartrate
HCl
HC1
HBr
tartrate

tartrate

tartrate
tarlrate
tartrate

tartrate

HCl
HCl
tartrate
HCl
HCl

tartrate
camphor-
sulfonate
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(EXCEPT .AT-METHYL)

DL50 Mouse

s.c. i.v.
mg/kg

187 27-0
38
26-7
26-9
26-2
48-0
40-3

13-1

35
13-7
28

27-0

42-5
39-0
72
50
62-8

>1000p.o.
2000 p.o.

>1000p.o.
357 p.o.

40

55-2

ED50

(1 X SE limits)
Mouse s.c.

mg/kg

9-5

1-12
0-36
0-53

2-60

1-28

8-39
8-96

5-2
0-50

MED50

Mouse s.c.
mg/kg

15-4
inactive

4.9
0-30
0-67
5-0
4-8

1-4

>50
21

inactive

10
1-28

inactive
>25
>25
inactive
inactive
inactive
inactive

4
5

inactive

MED50

Rat s.c.
mg/kg

20-0

MED50

Rabbit i.v.
mg/kg

3-85

inactive

MED50

(1 X SE limits)
Mouse orally

mg/kg

19-8

32-8
12-3
17«6

24-8

75-1

14-2
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TABLE XII. N-ALKENYL- AND

i i
 T

 i i
 i 

T

( - )

( - )

( - )

( - )

( - )

( - )

(->

R

HO
HO
CH3O
(CH3)2NCOO
HO,

O=P—O—
H O /

HO
HO
HO
CH3O
HO
CH3O
HO

HO

HO

r y e ™

HO

HO

HO

HO

—CH2CH=CH2

—CH2—CH — CH2

-CH 2-CH=CH 2

CH3

11
——C~̂T~T ("* f̂T T
—CH2—CH- CH-™CH3
—CH2—C^CH
—CH2—C==CH
—CH2—CH=C(CH3)2
—CH2—CH-C(CH3)2
—CH2—CH=C(C2H5)2/ C H 3

—CH2—CH^ C

—CH2CH=C(C2H5)2

/ C H 3

—CH2 CH=C

^CH-j
CH3

11

/CH2OCH3

—CH2—CH=C

—N—CH2CH=CH—CH2—N—
1 1
1 1

—N—CH2—C=C—CH2—N—
1 1

Salt/Base

HBr
tartrate
HBr
HBr

base

HBr
HBr
tartrate
HBr
base
tartrate
HBr

tartrate

HBr

tartrate

tartrate

HC1

HC1

HC1
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N-ALKYNYL-MORPHINANS
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DL50 Mouse

s.c. i.v.

mg/kg

40-5
26
24-4
71

150

30-7
50-7
48-3

110
29
20
28-4

19*2

284

40

31-6

35

70

35

ED50
(1 X SE limits)

Mouse s.c.
mg/kg

1-5

2-87

2-12

2-87

3-09

11-2

MED50

Mouse s.c.
mg/kg

30
inactive
inactive

>30

ca. 50

inactive
9'5

>30
inactive

2-1
inactive

7>3

3«0

7-3

3-5

6-8

24-0

inactive

inactive

MED50

Rat s.c.
mg/kg

MED50

Rabbit i.v.
mg/kg

MED50
(1 XSE limits)
Mouse orally

mg/kg

55-0

inactive

28-6

60-1

63-7

inactiv
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TABLE XIII.

( - )

( - )

(±)

(-)

(+)

( - )

(+)

(-)

( - )

( - )

( - )

(+)

( - )

( - )

( - )

( - )

R

HO

HO

H

HO

HO

CH3O

CH3O

CH3COO

HO

HO

HO

H

HO

HO

HO

HO

Ri

C H 2 - < 3

CH2CH2—<^_^>

CH2CH2™-<^ >̂

CH2CH2-^__)>

CH2CH2—<^ ^

C H 2 C H 2 ^ J ) >

CH2CH2—<^ ^>

C H 2 C H 2 — / y

C H 2 C O — / S

CH2CH—^ %

OH

CH2CO—<^~\

CH2CH2O—/_%
V /

CH2CH2CH2—/ S

CH2CH2CO—<^"^>

CH2(CH2)2CH2—<^ ^>

Salt/Base

HBr

HC1

HBr

HBr

HBr

tartrate

tartrate

HC1

HC1

HC1

HC1

HBr

HC1

HBr

tartrate

tartrate
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iV-ARALKYL~MORPHINANS
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DL50

s.c.

Mouse

i.v.

mg/kg

400

750

600

500

600

388

615

400

400

204

600

ca.400

>400

>400

800

31-7

28-3

32-4

129-5

16-5

240

20-6

31-7

18-2

2-7

114

31-9

58-8

20

358p.o.

ED50
(1 X SE limits)

Mouse s.c.
mg/kg

100

2-36

38-7

0-113

100

0-69

100

0-09

0-49

0-094

0-145

100

10-3

20-8

3-57

MED50

Mouse s.c.

mg/kg

50

45

28-0

0-12

inactive

10

inactive

0-14

0-68

0-091

0-136

inactive

27-4

38-6

11

5-4

MED50

Rat s.c.
mg/kg

40-3

8-6

50-0

0-16

inactive

1-6

inactive

0-2

0-18

0-27

inactive

100-0

50-0

MED50

Rabbit i.v.
mg/kg

1-8

0-02

0-26

0-04

0-20

0-044

0-064

3-5

2-2

MED50
(1 X SE limits)
Mouse orally

mg/kg

1-22

7-12

4.4

4-0

inactive

31-2
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TABLE XIII—

R

HO

HO

HO

HO

HO

CH3O

HO

HO

HO

HO

HO

HO

HO

HO

HO

HO

Ri

CH2—CH

C2H5

CH2CH0H—< V - OCH3

/OCH3

CH2CH2

CH2CH2—

CH3

NH2

CH2CH2

Salt/Base

tartrate

base

HCI

tartrate

HCI

HCI

HCI

HCI

HCI

HCI

HCI

base

base

HCI

base

HCI
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continued

DL50]

s.c.

Mouse

i.v.

mg/kg

>400

>750

>400

679

>600

613

>600

>600

>800

>800

>400

207

665

160

75

15-6

22-7

22-4

31-9

45-3

22-7

62«6

3M

22-8

32-0

11-7
70p.o.

20-0

41-2

40-0

8-3

ED50
(1 X SE limits)

Mouse s.c.

mg/kg

14-7

51-9

0-09

0-16

1-17

3-55

0-16

1-04

0-23

2-1

1-00

0-018

100

0-49

0-69

0-04

MED50

Mouse s.c.
mg/kg

35-7

29-0

0-27

0-36

1-82

90

0-45

0-92

0-64

7-5

4-2

0-05

inactive

M0

1-25

0-083

MED50

Rat s.c.
mg/kg

50-0

10-0

0-3

0-36

1-82

18-3

0-91

2-7

0-64

8-2

0-10

inactive

2-5

2-5

2.5

MED50

Rabbit i.v.
mg/kg

5-0

0-05

0-1

0-64

2-7

0-14

0-67

0-32

1-0

1-83

0-025

5-0

0-60

0-75

0-044

MED50
(1XSE limits)
Mouse orally

mg/kg

53-6

inactive

1-64

3-15

5-54

13-47

8-8

20-2

19-3

169

14-61

2-51
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TABLE XITI-
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continued

DL50

s.c.

Mouse

i.v.

mg/kg

>600

400

600

600

600

400

600

600

800

400

>600

>600

40-7

22-7

425 p.o.

500p.o.

920p.o.

1000p.o.

32-3

25-6

1000 p.o.

22-9

36-5

41-0

ED50
(1 X SE limits)

Mouse s.c.

mg/kg

0-13

0-034

73-2

0-045

0-82

92-5

100

128-5

0-065

100

1-68

0-26

MED50

Mouse s.c.
mg/kg

0-21

0-14

3-64

0-12

1-4

inactive

45-5

50-0

9-2

0-18

100 (tox.)

3-65

0-25

MED50

Rat s.c.

mg/kg

0-80

0-27

10-0

0-21

2-5

inactive

inactive

0-25

100-0(tox.)

10-0

0-50

MEDso

Rabbit i.v.

mg/kg

0-20

0-046

1-82

0-05

0-30

3-0

0-05

1-46

0-08

MED50
(1 X SE limits)
Mouse orally

mg/kg

1-23

2-37

1-09

2-85

3-33

5-42
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TABLE XIII-

R Salt/Base

C H 3 O

H O

H O

H O

CH

CH2CH=CH~»

OCH3

OCH3

t a r t r a t e

H B r

base

H C 1

TABLE XIV.

R~

R R i Sal t /Base

H O

H O

H O

H O

H O

N

C H 2 C H 2 — < ^ N H

C H 2 C H 2 — / N — C H 3

C H 2 C H 2

t a r t r a t e

H 2 S O 4

H 2 S O 4

H 2 S O 4

H C 1
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continued

DLSo Mouse

s.c. i.v.

mg/kg

>600

>600

>600

ca. 400

25-8

55-0

34-0

>5000p.o.

ED50
(1 X SE limits)

Mouse s.c.
mg/kg

10-2

>50

>100

>100

MED50

Mouse s.c.
mg/kg

3-7

8-2

inactive

inactive

MED50

Rat s.c.
mg/kg

50

inactive

inactive

MED50

Rabbit i.v.
mg/kg

1-6

MED50
(1 x SE limits)
Mouse orally

mg/kg

JV-HETEROCYCLYLALKYL-MORPHINANS

DLgo

s.c.

Mouse

i.v.

mg/kg

347

26

>600

181

226

24-3

60

13-1

15-6

25«3

ED50
(1 X SE limits)

Mouse s.c.

mg/kg

0-063

>100

>150

0-19

001

MED50

Mouse s.c.
mg/kg

0-14

inactive

50-0

0-47

0-023

MED50

Rat s.c.
mg/kg

0-35

inactive

50

0-007

MEDS0

Rabbit i.v.
mg/kg

0-07

20

0-23

0-004

MED50
(t X SE limits)
Mouse orally

mg/kg

3-68

12-42

0-73
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TABLE XIV-

R Salt/Base

HO

CH3O

HO

CH5O

COO

CH 2 CH 2

CH 2 CH

HC1

Camphor-
sulfonate

tartrate

HC1

saljcylate

tartrate

TABLE XV.

( + )
( - )
( - )
( ± )
( - )

( - )

( - )

( - )

R

CH3O, 10-hydroxy
CH3O, 10-oxo
CH3O, 10-hydroxy
HO
HO

HO

HO

HO

CH 3

CH 3

CH 3

16 N—CH 3

CH2—CH=CH2

CH 2—CH=-CH 2

CH2CH2—<f~~S

N-oxide

Salt/Base

HC1
base
HC1
HC1
bromo-

allylate
iodomethy-

late

bromo-
methylate
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continued

DL50 Mouse

s.c. i.v.

mg/kg

>600

20

100

35

35

650 p.o.

40

ED50
(1 X SE limits)
Mouse s.c.

mg/kg

> 100-0

0-019

70-1

MED50

Mouse s.c.

mg/kg

inactive

inactive

006

0-025

inactive

inactive

MED50

Rat s. c.
mg/kg

0-014

MED50

Rabbit i.v.
mg/kg

0009

MED50
(1 X SE limits)
Mouse orally

mg/kg

MISCELLANEOUS MORPHINANS

DL50 Mouse

s.c. i.v.

mg/kg

600

50
50
50
71
5

14

4.9

100

ED50
(1 x SE limits)

Mouse s.c.

mg/kg

1-52

MED50

Mouse s.c.
mg/kg

50
50
50

100
10

inactive

5-0

inactive

MED50

Rat s.c.

mg/kg

MED50

Rabbit i.v.

mg/kg

1-0

MED50
(1 X SE limits)
Mouse orally

mg/kg

SA. 7
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N-Heterocyclylalkyl morphinans

Very active compounds are also found in this class. Again the hetero
group must be of an aromatic nature and be joined to the nitrogen of the
ring system by a two carbon chain.

Miscellaneous morphinans
The introduction of an oxygen function at position 10, quaternizing of

active morphinans or the formation of their TV-oxides lead to a loss of ac-
tivity.

2. M O R P H I N A N S W I T H A N T I - M O R P H I N E ACTIVITY

(a) Introduction

The use of morphine and similarly acting synthetic analgesics is limited by
their side effects. In addition to the already mentioned addictive properties
and respiratory depression there are other undesirable symptoms such as
nausea, vomiting, obstipation and impairment of diuresis etc.

As early as 1915 P O H L ( 1 6 0 ) found that N-allyl-norcodcinc was capable of
inhibiting the respiratory depression brought about by morphine; this was
later confirmed by HART < 2 4 5 ) . He could also show that JV-allyl-nor-morphine
possesses similar properties(17)246). According to U N N A ( 1 5 9 ) previous ad-
ministration of the antagonist may prevent respiratory depression by the
analgesic.

The above work was followed by many investigations in animals and in
man which widened our knowledge of the antagonistic action of JV-allyl~nor-
morphine (Nalorphine, Nalline(R), Lethidrone(R)) and of its useful applica-
tions.

It was obvious to search also in the morphinan series for compounds with
morphine-antagonistic properties. The pharmacological invcstigation(247) of
( — )-3-hydroxy-JV-allyl-morphinan tartrate( 15 3 ** 61} (Levallorphan, Lorfan(R))
did indeed show that this compound, which is only a weak analgesic in high
doses, possesses antagonistic properties*67'247'248* in very low doses.

This antagonism is not solely directed specifically against respiratory de-
pression but also affects in higher doses the analgesic action of morphine,
codeine(249) and similar analgesics. Nevertheless, there are quantitative dif-
ferences which allow the use of appropriate doses to maintain analgesia, while
avoiding respiratory depression. This relationship was also found in animal
experiments using other morphinans of similar structure (e.g. (—)-3-hydroxy-
N-propargyl (25°-252\ ( - ) - 3 - a ^ ^
and (~)-3-hydroxy-iV-methallyl-morphinan(180)). This antagonistic action of
these compounds is confined to the laevorotatory morphinan derivatives
sterically related to morphine(253), whereas (+ )-3-hydroxy-N~alryl~morphi-
nan has neither analgesic nor morphine-antagonistic properties.
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(b) Pharmacology

Respiratory depression

Of the greatest practical importance is the stimulating action of morphine
antagonists in respiratory depression. FROMHERZ, PELLMONT and BESEN-
D O R F ( 6 7 ' 2 4 7 ' 2 4 8 ) showed that with conscious rabbits the respiratory depres-
sion caused by 15 mg/kg i.v. morphine was abolished by 0-1 mg/kg i.v. Le-
vallorphan (Fig. 1); this was also observed by BENSON et al.(253) on anaes-
thetized rabbits.

(1) Morphine (2) Levallorphan
15mg/kg 0-1 mg/kg

FIG. 1. Conscious rabbits; breathing: nasal cannula; at (1)—morphine 15 mg/kg
i.v.; at (2)—Levallorphan 0-1 mg/kg i.v.

In clinical tr ials ( 2 5 0 '2 5 4~2 6 l '2 6 1 a-2 6 l 8 ) the amount of Levallorphan re-
quired to abolish respiratory depression is dependent on the dosage of the
particular analgesic used. With 10 mg of morphine, 2 mg of Dromoran and
75-100 mg of Pethidinc, which are equally analgesic active at these doses,
only 0*2-0-25 mg of Levallorphan were necessary to prevent the depressive
effect on respiration. According to SWERDLOW ( 2 6 2 ) and to ZINDLER and
G A N Z ( 2 6 3 ) much higher doses of the antagonist than would ever be used
therapeutically were devoid of any significant undesirable side-effects.

Analgesia

As already mentioned, the morphine antagonistic action of Levallorphan
also effects the analgesic action. In the rat, using the radiant heat method of
ERCOLI and LEWIS (226), Levallorphan abolished the analgesic action of a
five-fold dose of Levorphanol and reduced that of a twenty-fold dose(247).

Antagonism to other effects of narcotics

Other side-effects of the narcotics are also antagonized by Levallorphan
and by a few closely related compounds. In experiments with dogs and on
men, HART and BECKER showed that Levallorphan was able to abolish the
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stimulating effect of morphine on the intestinal tone(264). SCHAUMANN (265)

observed that intestinal peristalsis could also be inhibited. Paralysis of the
stretch reflex brought about by opium alkaloids and synthetic morphine-like
analgesics was completely or at least partially abolished and the raised fluid
pressure due to morphine was lowered(266). Diuresis(267~270), nausea and
vomiting(271>272) were equally favourably affected by Levallorphan. Central
stimulation272) and increased motility produced by strong analgesics in
certain animal species was abolished(253). KJELLGREN ( 2 7 3 ) showed that con-
traction of the sphincter of Oddi produced by morphine or pethidine(274 '275)

was prevented by Levallorphan and the rise in biliary pressure reduced and
shortened. The antagonism of Levallorphan is not restricted to the opium
alkaloids. In animal experiments the hypotensive, the respiratory depressant
and the hyper-glycaemic actions of 1-2 mg/kg Cannabis indica i.v. was un-
mistakably antagonized(276). A competitive antagonism with Levallor-
phan^7 7) is also observed against cytotoxic action.

Besides the description of this antagonistic action of Levallorphan there
are to be found in the literature reports on other properties of this interest-
ing compound. SCHULTZE-GORLITZ (278), for example, experienced in trials on
himself an acti on of Levallorphan resembling that of Mescaline c r lysergic acid
diethyl amide; its possible use in psychotherapy is discussed by WIESER ( 2 7 9 ) .

Addiction

Neither (—)-3-hydroxy-iV-allyl-morphinan nor its methyl ether causes ad-
diction, nor are they metabolized in the animal to compounds with such
properties. Accordingly, the narcotic antagonists are, by a decision of the
World Health Organisation (WHO), not subjected to narcotic control(280).
Their antagonistic action against the main side-effect of the narcotics, ad-
diction, is, however, not so marked as that on respiratory depression.

A certain hope for a favourable effect on addiction(281) is to be found in one
property of the narcotic antagonists(282) which is already used clinically(283),
i.e. for the diagnosis of addiction, as in the so-called "allyl-test"(284 '285).
According to observations by EDDY, FRASER and ISBELL the administration
of a subcutaneous injection of a narcotic antagonist to an addict leads with-
in a few minutes to an acute abstinence syndrome which is very similar to
that brought about by a sudden withdrawal of the narcotic(286). Experiments
aimed at preventing tolerance and physical dependence ever to arise have
been made by combining the narcotic with its antagonist when being given
to non-addicted patients(287).

Mode of action

The antagonistic action of Levallorphan is thus directed against the specific
properties of morphine and morphine-like analgesics while unspecific proper-
ties like convulsions<67) and toxicity(247) are not affected. The mode of action
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of the narcotic antagonists has not yet been fully elucidated. Most authors
explain it as a displacement process in the central nervous SyStem (252 '258j288)

at the receptors concerned. According to SCHWAB et alS2S1) there are
also indications pointing at still other mechanisms besides competitive
inhibition.

Results

A large number of the iV-alkenyl and alkynyl morphinans listed in Table XII
pages 80-81 have been tested thoroughly for their antagonistic properties
towards narcotics(289). Activity was only found in a small number of the
analogues of Levallorphan, as, for example, (•— )-3-hydroxy-iV-propargyl
morphinan. Its antagonistic action is generally less than that of Levallorphan.
It could for example abolish respiratory depression in rats caused by codeine
but the required dose was twice as large as that of Levallorphan(29O). Its
analgesic action is of the same order as that of Nalorphine which latter it also
resembles closely in its side-effects(291). ( —)-3-Hydroxy-JV-(3,3-dimethyl-
allyl)-morphinan also possesses interesting properties in that it has about the
same analgesic action as morphine but also its characteristic side effects
(nausea, vomiting etc.); the respiratory depressing effect, however, is less
than that of morphine(291).

Toxicity

The general picture of morphine toxicity(267) varies according to the ani-
mal species and this has also been found to be qualitatively true for Levor-
phanol. As Levallorphan is closely related structurally to Levorphanol it was
to be expected that their toxic effects in different animal species would be

TABLE XVI

Species

Mouse
Mouse
Mouse
Rat
Rat
Rat
Guinea pig
Rabbit
Rabbit
Rabbit
Cat

Cat
Dog
Dog

Route

i.v.
s.c.
p.o.
i.v.
s.c.
p.o.
s.c.
i.v.
s.c.
p.o.
i.v.

(anaesthetized)
p.o.
s.c.
p.o.

Levallorphan
mg/kg

42
240
350
40

870
850
140
17

>200
50
10

50
25
50

Levorphanol
mg/kg

50
225

—
160
—.

190
22

ca. 200

10
—
—
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similar. Toxicological investigations by FROMHERZ ( 2 9 2 ) confirmed this as
shown in Table XVI.

In the mouse Levallorphan when injected intravenously in sublethal doses
causes laboured breathing and convulsions. The typical Straub tail pheno-
menon, characteristic of morphine preparations, is unmistakably apparent
with toxic doses only. In rats, on the other hand, the reaction is mainly one
of depression as with Levorphanol; the same is true for Guinea pigs. Rabbits
after toxic doses of Levallorphan collapse with opisthotonus and trismus;
respiration is not slowed. With lethal subcutaneous doses the animals die
after flaccid paralysis, and with intravenous doses in convulsions. Cats react
to high oral doses with clonic convulsions, while dogs lie down quietly, the
respiration being hardly affected.

(c) Clinical use

The following indications for the clinical use of Levallorphan are based on
its properties discussed above:
— abolition of the respiratory depression caused by analgesics, also in cases

of overdosage and poisoning with narcotics (282 '288 '293~296)

— as a diagnostic in narcotic addiction (allyl test) (284~285)

— in child birth :(297"~300) for the abolition or reduction of the respiratory
depression of the mother caused by morphine-like analgesics and also for
the abolishing asphyxia of the new-born child as Levallorphan passes the
placental barrier and has a similar action on the foetus.

— in anaesthesia(301~311) for the reduction and abolition of respiratory de-
pression caused by the use of morphine-like analgesics.
In view of these properties the narcotic antagonists are used clinically in

anaesthesia where protection against respiratory depression usually lasts
from l i to 3 hr(312>.

3. A N T I - T U S S I V E ACTION OF MORPHINANS

(a) Introduction

As mentioned already only the laevo-rotatory isomers in the morphinan
series, corresponding in their optical configuration to morphine, possess an
analgesic action. Dextro-rotatory morphinans which are structurally related
to the natural product Sinomenine have no analgesic properties; this was also
established for the dextro-rotatory isomer of morphine prepared from Sino-
menine(313,314)#

The importance of morphine is not dependent only on its use as an anal-
gesic. Its methyl ether, codeine, present in opium only in small amounts, is
prepared, like many other derivatives, from morphine and is of great im-
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portance as a cough remedy and analgesic. This compound may cause ad-
diction though not to the same extent as morphine. BENSON, STEFKO and
RANDALL ( 3 1 5 ) have examined racemic 3-hydroxy-7V-methyl-morphinan
(Racemorphan) and its two optical isomers (Levorphanol and Dextrorphan)
for their anti-tussive properties. They did, in fact, find the desired action with
Racemorphan as well as with its two optical isomers and established that in
Racemorphan and Levorphanol, which are active analgesics, it was accom-
panied by morphine-like side effects.

Surprising, however, was the finding that the dextro-rotatory isomer, (+) -
3-hydroxy-JV-methyl-morphinan, although analgesically inactive, possessed
anti-tussive properties and was free from the side-effects of the laevorotatory
isomer. It was soon shown that in this series not only was there a separation
from the analgesic effect but also from the addictive properties.

This was even more marked with ( + )-3-methoxy-7V-methyl-morphinan
(Dextromethorphan) which by analogy with codeine could be expected to
show an increase of the anti-tussive action over that of Dextrorphan; this
was demonstrated by RANDALL et ^/.(315). This compound is also free from
the side-effects which are still present in its analgesic antipode [( —)-3-
methoxy-iV-methyl-morphinan, Levomethorphan] as well as in the corre-
sponding racemate (3-methoxy-JV-methyl-morphinan, Racemethorphan).

(b) Pharmacological study of Dextromethorphans

Of the ^fex/ro-rotatory morphinans ( + )-3-methoxy-iV-methyl-morphinan
(Dextromethorphan), which has been introduced into therapy as a cough
suppressing agent (Romilar(R)) has obviously been most thoroughly investi-
gated both pharmacologically and clinically. The pharmacological studies
carried out by PELLMONT and BACHTOLD ( 3 1 6 ) and RANDALL, STEFKO and

B E N S O N ( 3 1 5 > 3 1 7 ' 3 1 8 ) led to the following results:

Toxicity

Its toxicity was compared with that of codeine(315 '316), the tests being
carried out in several animal species and by different routes of administra-
tion (Table XVII). The toxicity picture was mainly one of convulsions.
Respiratory depression only appeared at lethal doses.

Anti-tussive activity

The effect of Dextromethorphan on the experimental cough was tested by
four different methods:

Cough produced by soap powder(3i9\ This method is based on the ob-
servation that when soap powder is blown into the trachea of a cat anaes-
thetized with Numal(R) coughing is induced. The degree of reduction in inten-
sity and number of coughs after administration of the preparation was deter-
mined. In this test, Dextromethorphan possessed equal efficacy with co-
deine(316>.
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TABLE XVII

Species

Mouse

Rat

Rabbit

Dog

Route

i.v.
s.c.
p.o.

s.c.
p.o.

i.v.

i.v.
s.c.

DL50
Dextromethorphan

mg/kg

37
275
165

740
350

19

>10
>20

DLso
Codeine
mg/kg

80
370
250

700

48

Cough produced by ammoniai32O\ This method is a modification of the
above test in which coughing is produced by inhalation of dilute ammonia
(1:4). With ammonia stimulation the threshold dose is somewhat higher than
in the soap powder test, the value for Dextromethorphan being 2 mg/kg and
that for codeine 3-5 mg/kg? both given intravenously. In this test Dextro-
methorphan is thus somewhat more active than codeine(316).

Cough produced by nerve stimulation. This method described by DOMEN-
JOZ(32i) | s b a s e ( j o n the electrical stimulation of the intact superior laryngeal
nerve of the anaesthetized cat. Dextromethorphan and codeine are equally
active, the effective dosage being 2 mg/kg i.v. for botb (316 ) .

Cough experiments with the conscious dog. Tests were carried out according
to the method of STEFKO and BENSON (318)

? based on the production of
coughing by electrical stimulation of conscious animals which previously had
had electrodes inserted into the submucosa of the trachea. A marked in-
hibition of coughing was obtained with 2 mg/kg Dextromethorphan s.c.

Thus, using four different test methods and two different animal species in
the conscious and anaesthetized state, when giving Dextromethorphan by
intravenous and subcutaneous administration, a marked antitussive action
equal in effect to that of codeine can be obtained(316).

Test for analgesic action

PELLMONT and BACHTOLD examined Dextromethorphan for analgesic ac-
tion using the radiant heat method of HARDY, WOLFF and GOODELL<223) and
as modified by ERCOLI and LEWIS (226). In both rats and dogs no analgesic ac-
tion could be found (315 '317).
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Action on the respiratory tract

With certain animals (rabbits) an increase of respiratory volume could be
determined while with others (cats) there was a decrease. The bronchi were
not constricted by Dextromethorphan*315>316), and it had no effect on ex-
pectoration(322). The compound had no respiratory depressing proper-
ties(315).

Effect on diuresis

In morphine-like compounds the inhibition of diuresis more or less paral-
lels the analgesic action. Dextromethorphan has no effect on diuresis when
tested in doses of 35 mg/kg s.c.(316).

Mode of action of cough inhibition caused by Dextromethorphan

PELLMONT and BACHTOLD (316 ) assumed that the point of attack of Dex-
tromethorphan, as with codeine, would be a central one. At some not exactly
determined spot the cough reflex path is interrupted.

The same authors have also examined Dextromethorphan for its action on
circulation, on the small intestine of the rabbit, for inhibition of inflamma-
tion and for its effect on permeability.

Morphinans with anti-tussive activity

Of the many (+)-morphinans tested parmacologically for their anti-tussive
properties, none possesses a singificantly stronger action than Dextro-
methorphan. From these experiments the following conclusions as to the re-
lationship between chemical constitution and anti-tussive activity of the
morphinans could be drawn(323).

(a) With higher alkyl ethers the activity diminishes in the following order:

—CH2—CH=CH2 > —C2H5 > CH2CH2N(C2H5)

> —CH2CH2CH3

(b) The anti-tussive activity of TV-aralkyl derivatives of (+)-morphinans
does not parallel the analgesic action of the corresponding ( —)~isomers. The
(+)-isomers of the strongly analgesic (—)N~[2-(2-furyl)-ethyl]- and iV-[2-
(2-thienyl)-ethyl]-3-hydroxymorphinans, which are 60 and 45 times more
strongly analgesic than (—)-3-hydroxy-JV-methyl morphinan, proved to be 3
to 5 times less effective as cough inhibitors than Dextromethorphan. This was
equally true for their methyl ethers.

(c) Substitution at position 2 and formation of an JV-oxide reduced the
anti-tussive property.
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(c) Clinical use

After ISBELL and FRASER ( 2 4 2 > 3 2 4 ) had established that Dextromethorphan
did not possess any addictive properties, CASS et al.i325~327\ CAPELLO and
Di PASQUALE (328), encouraged by the favourable results of the animal tests
submitted this compound to clinical trials. These showed that 10-15 mg
Dextromethorphan had the same activity as 15 mg codeine and was better
tolerated(3 2 9), there being no symptoms of narcotic or euphoric action( 3 3 °'3 3 *),
no habituation or addiction(332~334).

Dextromethorphan neither reduced(331) nor promoted(322) expectoration.
In view of these properties Dextromethorphan is used in medicine as an

addiction-free, codeine-like cough remedy. It is particularly recommended
for use in paediatrics(331) in different forms of bronchitis and persistent
cough (331>335 '336) in the therapy of different forms of phthisis(332>333 '337).
It is also successfully applied in aerosols(337>338).

According to GRAFE< 3 3 9 ) Dextromethorphan is also valuable in pleuritic
puncture, pneumothorax, thoracoscopy and bronchoscopy. GUIDI and GAR-
DINO40) describe its use in geriatrics.

4. A N T I - R H E U M A T I C ACTION OF MORPHINANS

The alkaloid Sinomenine, isolated from the roots of Sinomenium acuturn, a
climbing plant from the forests of Southern Japan, is the only compound
found in nature which belongs to the series enantiomorphic to morphine.
According to the literature Sinomenine has a therapeutic action in rheuma-
tism(149) and is used in Japanese medicine(341). The pharmacological proper-
ties of this compound and clinical results in the treatment of rheumatism
have been described by SHIGERU TAKAORI (342 ) who also discusses a possible
mode of action.

The scanty indications on the use of Sinomenine in rheumatism therapy led
JURGENS and BACHTOLD ( 3 4 3 ) to test, in the egg-white(344) and the SEIFTER (345)

"rheumatism tests", (+ )-3-hydroxy-Af-methyl-morphinan (Dextrorphan)
which, in the morphinan series, corresponds sterically to the natural product
Sinomenine. It was shown that Dextrorphan is strongly active in both tests;
for example even j ~ of the lethal dose caused a definite reduction of
phenol red excretion which is about twice that obtained with 10 mg/kg of
cortisone given orally.

In the clinical trials which followed, however, Dextrorphan was found to
be inactive in chronic arthritis. On the other hand certain favourable effects
were found in degenerative arthroses, tendinoses, spondylitis and sclero-
dcrma(155).
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5. METABOLISM OF MORPHINANS

(a) Analytical methods

The interest awakened in the different morphinans was not confined to
their pharmacodynamic properties but extended to their metabolism, their
distribution in the living organism and to their metabolites. In order to be
able to answer the questions which arose, analytical methods had first to be
worked out for characterizing the compounds of the morphinan type itself
and for the small amounts of metabolites isolated from biological material.

Of further interest was the analytical differentiation between, on the one
hand, racemic and laevo-xot&toxy morphinans (e.g. Racemorphan, Levor-
phanol) whose application is subjected to the laws governing the use of
narcotics and, on the other hand, the dextrorotatory isomers (e.g. Dextro-
methorphan) which are free from this control.

To deal with these problems a whole series of analytical methods was
worked out. Most of these methods were similar to those already in use for
the morphine alkaloids and the morphine-like analgesics.

Of the many methods proposed a few purely physical, like the estimation
of ultraviolet(346) and infrared(347) spectra and the X-ray methods (348 '349)

are worthy of special mention. Others depend upon precipitation and crys-
tallization procedures'350~355> or consists in the colorimetric estimation of
the basic compounds(356).

As the therapeutic doses of ( —)-3-hydroxy-iV-methyl-morphinan tartrate
(Levorphanol, Dromoran(R)), owing to its strong analgesic action, are very
small (1*5-2 mg), the amounts of administered product or of metabolites to
be expected in biological material are minute and demand very sensitive
methods for their detection. KAISER and J O R I ( 3 5 7 > 3 5 8 ) were the first to re-
commend paper chromatography for this purpose and developed an appro-
priate working technique which was soon improved by JATZKEWITZ ( 3 5 9 ' 3 6 0 ) ,
CURRY and POWELL(361>,BROSSI,HAFLIGER and SCHNIDER ( 3 6 2 )

; ,VIDIC ( 3 6 3 ' 3 6 4 ) ,

WAGNER ( 3 6 5 ) and BONNICHSEN et alP66) by varying the developing solvent,
the detecting reagents and by the use of specially pretreated papers. An inter-
esting development in paper chromatographic analysis is described by FI -
SCHER and OTTERBECK ( 3 6 7 ) ; with it they were able to separate a mixture of
19 morphine derivatives and synthetic analgesics.

In addition to the appropriate paper chromatographic methods other ways
were found for estimating very small quantities of morphinans. WILL-
NER ( 3 6 8 ) , for example, specially recommended paper electrophoresis when
the results from chromatography are doubtful. The method was particularly
suited for the separation of basic compounds.

A further possibility of identification is by microscopic characterization of
isolated crystalline compounds are described by BRANDSTATTER-KUNERT,
KOFLER and KOSTENZER (369 ) .
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In order to distinguish between the three forms of 3-hydroxy-7V-methyl-
morphinan: Racemorphan, Dextrorphan, Levorphanol, CLARKE < 3 7 0 ' 3 7 1 ) de-
veloped an elegant microchemical method. This was also applicable to the
identification of their methyl ethers: Racemethorphan, Levomethorphan and
Dextromethorphan = Romilar(R). Using the technique of the hanging micro-
drop and with a special reagent for each group of morphinans, the dextro-
and laevo-iot&toxy isomers were found to give amorphous precipitates while
those formed from the racemates were crystalline. With the help of this
method which can be used for quantities as small as 0-2 /ig an analytical dif-
ferentiation between the addictive forms of 3-hydroxy- and 3-methoxy-JV-
methyl-morphinans and the dextro-rotatory isomers is possible.

(b) Results

With the help of these methods metabolic products, mainly of the mor-
phinans prepared on a technical scale, were investigated analytically.

BROSSI, HAFLIGER and SCHNIDER ( 3 6 2 ) showed that the morphinans were

excreted by the organism partly unchanged and partly with elimination of
substituent groups, while leaving the morphinan skeleton intact. On ad-
ministering (+)~3~methoxy~JV-methyl-morphinan (Dextromethorphan) to
dogs, these authors found in the urine, besides a small amount of starting
material, 11-15 per cent of its metabolic products. The following three dif-
ferent metabolites of dextromethorphan could be identified:

— 0-8-3-7 per cent (+)-3-methoxy-morphinan formed by iV~demethylation
— 1-8-4*2 per cent (+)-3-hydroxy-iV-methyl-morphinan formed by splitting

off of the methoxy group, and finally
— 1-7-3-0 per cent (+)-3-hydroxy-morphinan formed by simultaneous split-

ting off the ether and by iV-demethylation.

On the other hand it is remarkable that these authors could not identify
similar decomposition products after administration of (™)-3-hydroxy-iV-
methyl-morphinan (Levorphanol) and (—)-3-hydroxy-JV-allyl-morphinan
(Levallorphan).

WOODS, MELLET and ANDERSEN ( 3 7 2 ) shortly afterwards showed by using
iV-C14-methyl-labelled levorphanol, that this compound was also demethy-
lated in the body, proof of this being the formation of C14O2 as a result of
biological breakdown; this agrees with the results of similar experiments
using morphine(373>374). According to ADLER et a/.(375~378) codeine is also
broken down partly to an iV-demethylated and partly to an O-demethylated
compound (morphine) but is also excreted as free or bound codeine. Similar
results were observed with pethidine: it was found by PLOTNIKOFF et
a / (379-38D a n d BURNS et al.i382) to be demethylated at the nitrogen atom.

The biological breakdown of the morphinans is not confined to the N-
methyl compounds. MANNERING and SCHANKER ( 3 8 3 ' 3 8 4 ) who studied the

metabolism of (—)-3-hydroxy-iV-allyl-morphinan (Levallorphan., Lorfan<R))
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identified (—)-3-hydroxy-morphinan, indicating partial deallylation. In ex-
periments with rats they obtained, in quantities greater than the iV-deallylated
compound, a substance of unknown structure containing an additional oxy-
gen atom. A comparison with the oxidation product of morphine(385) and
with the oxidation and photo-oxidation products of ( + )-3-methoxy-iV-
methyl morphinan(206), both of which have been oxidized in the 10~position5

led to the conclusion that the new oxygen atom was attached at another than at
10 position(383). The same authors isolated from the urine of rabbits a further
metabolite of unknown structure.

In order to clear up the kinetics of enzymatic O- and JV-demethylation of
morphinans and morphine derivatives TAKEMORI and MANNERING ( 3 8 6 ) ex-
amined the liver microsomes of mice treated with these compounds and have
drawn attention to certain connections between chemical constitution and the
demethylation reaction.

The demethylation found in the living organism could also be reproduced
in vitro. AXELROD< 3 8 7 > 3 8 8 ) showed that the liver is the only organ whose
microsomal fraction is capable of carrying out an JV-demethylation of narco-
tics. His results were shortly afterwards confirmed and extended by several
research workers, among them MANNERING et a/.(389'390) and HERKEN et
alP9l\
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I n t r o d u c t i o n

SINCE 1925, when the fundamental molecular structure of morphine (1) be-
came known with reasonable certainty(1) various portions of the molecule
have been fashioned by synthesis. A significant contribution in this respect,
(—)-3-hydroxy-JV-methyl-morphinan (Levorphanol, 2) resulted from one of
the earliest attempts at the total synthesis of morphine itself. Levorphanol,
a member of the morphinan (3) family, (Part IIA) although lacking the oxygen
bridge, the alcoholic hydroxyl and the alicyclic double bond of morphine is
nevertheless three to four times more potent than morphine with no greater,
perhaps less, harmful side effects at optimal doses(2). This favourable, if un-
expected, result provided optimism that the molecule might be still further
simplified without undue loss of analgesic activity and with, perhaps, re-
duction of deleterious effects — in short, with some dissociation of beneficial
and harmful actions.

However, when the present study was projected in 1951, it was the consen-
sus that several structural features of morphine and the morphinans should

NCH3

3-Hydroxy- iV-methylmorphinan

(3)

M o r p h i n a n 6 ,7 -Benzomorphan

b e e m b o d i e d i n a n y m o d i f i c a t i o n s o f t h e s e m o l e c u l e s o b t a i n e d b y s y n t h e s i s .

T h e y a r e , ( a ) t h e b e n z e n e n u c l e u s ; ( b ) t h e q u a t e r n a r y c a r b o n ( C - 1 3 o f c o m -

p o u n d 3 ) a t t a c h e d t o t h i s n u c l e u s ; a n d ( c ) t h e t e r t i a r y n i t r o g e n t w o m e t h y -

l e n e g r o u p s r e m o v e d f r o m t h e q u a t e r n a r y c a r b o n . T h e v i e w w a s a l s o h e l d t h a t

t h e t e r t i a r y n i t r o g e n s h o u l d b e i n s i x - m e m b e r e d r i n g f o r m a t i o n a n d m e t h y l -

s u B s t i t u t e d a s i n 1 a n d 2 i n w h i c h c a s e t h e p h e n o l i c h y d r o x y l l o c a t e d meta

t o t h e q u a t e r n a r y c a r b o n a t t a c h m e n t s h o u l d i n d e e d b e a d v a n t a g e o u s . ( 3 )
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116 INTRODUCTION

Finally, optical resolution of any racemate necessarily obtained in ordinary
chemical syntheses could be expected to give one analgesically active, one
relatively inactive antipode — in effect, a two-fold enhancement of activity.
These structural considerations are depicted in formula 5 and have served as
a guide in the syntheses herein described.

T w o m a i n l i n e s o f a p p r o a c h h a v e b e e n f o l l o w e d i n v a r i a t i o n s f r o m 3 -

h y d r o x y - N - m e t h y l m o r p h i n a n ( 2 ) w h i c h , l i k e m o r p h i n e , i s i n e s s e n c e a

5 , 6 , 7 , 8 , 9 , 1 0 , 1 3 , 1 4 - o c t a h y d r o p h e n a n t h r e n e c o n t a i n i n g a n i m i n o e t h a n o s y s t e m

c z s - f u s e d t o t h e 1 3 a n d 9 - p o s i t i o n s . T h e first o f t h e s e a p p r o a c h e s i n v o l v e d a

m o l e c u l e t h a t w o u l d r e s u l t f r o m e l i m i n a t i o n o f t h e 9 , 1 0 - b r i d g e c a r b o n s a n d

r e l o c a t i o n o f n i t r o g e n c l o s u r e f r o m p o s i t i o n 9 t o 8 . S u c h a c h a n g e p r o d u c e s

p h e n y l c y c l o h e x a n e d e r i v a t i v e s ( 6 ) o r p h e n y l m o r p h a n s ( 4 ) . I n t h e s e c o n d l i n e

o f a t t a c k , a s e r i e s o f c o m p o u n d s h a s e v o l v e d t h e s i m p l e s t o f w h i c h w o u l d

r e s u l t f r o m e x c i s i o n o f c a r b o n s 6 , 7 a n d 8 o f r i n g C o f ( 2 ) w i t h r e t e n t i o n o f

c a r b o n 5 o f ( 2 ) t o p r e s e r v e t h e q u a t e r n a r y c h a r a c t e r o f c a r b o n 1 3 . T h e r e -

s u l t a n t e n t i t y ( 7 ) i s a h y d r o n a p h t h a l e n e s t i l l c o n t a i n i n g t h e c f e - f u s e d i m i n o -

e t h a n o s y s t e m t y p i c a l o f m o r p h i n e a n d 3 - h y d r o x y - i V - m e t h y l - m o r p h i n a n . T h i s

e n t i t y a n d i t s m a n y d e r i v a t i v e s a r e c a l l e d b r i e f l y 6 , 7 - b e n z o m o r p h a n s ( s e e

f o r m u l a 4 ) . I t s h o u l d b e n o t e d t h a t t h e n u m b e r i n g o f t h e p o s i t i o n s i n t h i s

s e r i e s i s d i f f e r e n t f r o m t h a t o f m o r p h i n e a n d m o r p h i n a n .

NCH3

HO

( 6 )

HO

( 7 )

F I G . 1



CHAPTER III

Chemis try o f 6 ? 7 - B e n z o m o r p h a n s

1. 5 - A L K Y L - 2 ( ] V ) - M E T H Y L - 6 , 7 - B E N Z O M O R P H A N S

(ONLY HYDROGEN AT POSITION 9)

The simplest (model) compound of the benzomorphan series, 2,5-dimethyl-
6,7-benzomorphan, (9) was synthesized in three different ways. In the first
and longest method,(5) hydratroponitrile (8) was the starting substance from
which both the hydroaromatic and heterocyclic rings of (9) needed to be
constructed. Ten relatively straightforward steps were required as shown in
Fig. 2. The overall yield was about 5 per cent. The second route, with a start-

PhCHtCH3)CN

< 8 > CN

/ CQ2M
P h ~ C - C H 2 C H 2 N M e ?

CH3

( 1 3 )
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ing compound 3,4-dihydro-l~methyl-2(lif) naphthalenone (13) already con-
taining the tetrahydronaphthalene skeleton of (9) initially gave lower yields(5)

than the longer method. However, significant improvement of the shorter
sequence was subsequently achievedf (see also ref. 19). This method of syn-
thesis was first reported by BARLTROP(6) who suggested the name 6,7-benz-
morphan (later changed to benzomorphan by the editors of the Journal of
Organic Chemistry) for a class of compounds corresponding to (4). BARLTROP
used 2-chloro-N,iV-diethylethylamine rather than the JV^-dimethyl deriva-
tive in the alkylation of (13) and did not take his synthesis beyond the stage
represented by the quaternary compound (12).

CH3 v®
I © X I

p-R1C6H»CH2MgCl ff

R

(14)

0 1

0-2

0-3

1
)

R = M e

R = E t

R - P r

1 3

(17)

0-4 R = M e , J

0-5 R = M e , *

0-6 R = M e , 1

Ĉ6H,CH2C1

t i -=H 0-7

L!=OMe 0-8

t1==OH

H2Cx

r
k

R - E t ,

R = E t ,

CH3

/ © C l 0

Ri
(18)

R x = O M e

Ri = OH

0-9

0-10

(19)

R = P r

R = P r

NCh3

F I G . 3

F i n a l l y , ( 9 , 1 9 . 4 ) h a s b e e n o b t a i n e d f r o m l ? 4 - d i m e t h y l p y r i d i n i u m i o d i d e

( 1 4 . 1 ) a s s h o w n i n F i g . 3 . I n t h i s i n s t a n c e ( 1 4 . 1 ) a n d b e n z y l m a g n e s i u m c h l o -

r i d e w e r e b r o u g h t t o r e a c t i o n ( s e q u e n c e I ) i n e t h e r t o g i v e t h e r a t h e r u n s t a b l e

d i h y d r o c o m p o u n d ( 1 5 . 4 ) . T h i s w a s r e d u c e d w i t h p a l l a d i u m - b a r i u m s u l -

p h a t e - c a t a l y z e d h y d r o g e n ( 7 ) o r p r e f e r a b l y w i t h s o d i u m b o r o h y d r i d e t o t h e

t e t r a h y d r o d e r i v a t i v e ( 1 6 . 4 ) w h i c h c o u l d b e c y c l i z e d w i t h e i t h e r 4 8 p e r c e n t

h y d r o b r o m i c a c i d o r 8 5 p e r c e n t p h o s p h o r i c a c i d . T h i s s e q u e n c e o f r e a c t i o n s

w i l l b e r e c o g n i z e d a s a n a p p l i c a t i o n o f t h e G r e w e m o r p h i n a n s y n t h e s i s

( P a r t A ) . T h e f a c t t h a t ( 9 , 1 9 . 4 ) c o u l d b e p r e p a r e d b y t h e t h r e e m e t h o d s d e -

s c r i b e d a b o v e i s c o n s i d e r e d t o b e a m p l e p r o o f o f i t s s t r u c t u r e .

T h e 2 ' - h y d r o x y r e l a t i v e ( 1 0 ) ( 7 ) o f ( 9 ) w a s first o b t a i n e d v i a n i t r a t i o n o f ( 9 ) ,

h y d r o g e n a t i o n o f t h e r e s u l t a n t 2 ' - n i t r o c o m p o u n d a n d d i a z o t i z a t i o n o f t h e

t E . M . F R Y ( u n p u b l i s h e d ) .
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2'-amino derivative. In addition, (10) or (19.6) has been totally synthesized
from 3,4-dihydro-7-methoxy-l-methyl-2(l/J) naphthalenone (11)(8) in the
same manner as described for (9) from (13) (Fig. 2) and from ^-picoline
methiodide or methobromide (14.1) and /?-methoxybenzylmagnesium chlo-
ride (sequence I, Fig.3) (7). | Alternatively(9>1 *>, (14.1) was reduced (se-
quence II) to 1,4-dimethyl-1,2,5,6,-tetrahydropyridine (17.1) which was quater-
nized to (18.5) with />-methoxybenzyl chloride. Treatment of (18.5) with
ethereal phenyllithium caused rearrangement of the j^-methoxybenzyl radical
from nitrogen to adjacent carbon of the pyridine moiety (STEVENS rearrange-
ment) (9) giving 2-/?-methoxybenzyl-l,4-dimethyl-l,2,5,6,-tetrahydropyridine
(16.5) identical with that encountered in sequence I. Cyclization of (16.5) af-
forded (19.6), Odemethylation occurring simultaneously with ring closure.
By sequence II, 5-ethyl- (19.8)(1O), and 5-propyl- (19.10)(11) 2'~hydroxy-2-
methyl~6,7-benzomorphans have been synthesized from (14.2) and (14.3) in
overall yields of 20-30 per cent.

2. a- AND /?-5,9-DlALKYL-2(iVr)-METHYL-6,7-BENZOMORPHANS

In comparing some of the more intimate structural features of 2'-hydroxy-
2,5-dimethyl-6,7~benzomorphan (10, 19.6) with 3-hydroxy-iV-methylmor-
phinan (2), one observes that stereochemically, (10) mimics (2) at asymmetric
carbons 5 and 1 (13 and 9 in compound 2). The introduction of a methyl
group at position 9 of compound 10 would provide a third asymmetric centre
and would afford the molecule, 2'-hydroxy-2,5,9-trimethyl-6,7-benzomor-
phan (20) in which there is complete stereochemical approximation of (2).

NCH3 NCH3

( 1 0 , 1 9 . 6 ) (2) (20)

A t t e m p t s t o synthes ize such a c o m p o u n d w i t h o u t t h e p h e n o l i c h y d r o x y l ,

2 , 5 , 9 - t r i m e t h y l - 6 , 7 - b e n z o m o r p h a n , (23) f r o m t h e m e t h y l k e t o n e (22) b y t h e

m e t h o d o u t l i n e d in F i g . 2 w e r e f ru i t l e s s ( 1 2 ) .

NCH3

t E . M . F R Y , J . H . A G E R and E . L . M A Y (unpublished).
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It was found possible to obtain (23) and the 2'~hydroxy relative (20, 29.3)
from 1,3,4-trimethylpyridinium bromide or iodide (24) again by application
of the G R E W E morphinan synthesis (sequence I) or by the method based on
the STEVENS rearrangement (sequence II , Fig. 4) as described previously for

CH3 x e
.N

I

CH3

(24)

£-RC6H*CH2MgCl

p~RC6H*CH2Cl

CH3

(27) (28)

29.1 - 29 3 29.2

R

0 1 R = H

CH3

0-2 R = O C H 3

(31)

F I G . 4

CH3

0-3 R = O H

(30)

5 ( m o n o ) - a l k y l a n a l o g u e s . T h e y i e l d o f ( 2 9 . 1 ) ( 1 3 ) w a s a b o u t t h e s a m e a s t h a t

o f ( 2 9 . 3 ) < 1 3 ' 1 4 ) [ 2 0 p e r c e n t b a s e d o n ( 2 4 ) ] i n s e q u e n c e I . I n s e q u e n c e I I , h o w -

e v e r , t h e o v e r a l l y i e l d o f (29*1) w a s m a r k e d l y l o w e r ( o n l y 6-5 p e r c e n t ) , t h e

d i f f e r e n c e b e i n g i n t h e r e a r r a n g e m e n t s t e p ( 2 8 - 2 6 ) ( 9 ) . A s d e s c r i b e d b e f o r e

i n t h e 5 ( m o n o ) - a l k y l s e r i e s ( F i g . 2 ) , c o m p o u n d ( 2 9 . 1 ) c o u l d b e c o n v e r t e d i n

t h r e e s t e p s t o ( 2 9 . 3 ) . N u c l e a r m a g n e t i c r e s o n a n c e s p e c t r a s e r v e d t o e s t a b l i s h

t h e p o s i t i o n o f t h e d o u b l e b o n d i n t h e b o r o h y d r i d e r e d u c t i o n p r o d u c t s ( 2 7 )

a n d ( 1 7 ) ( 9 ) .
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For confirmation of the fundamental skeleton of (29), 2,5,9-trimethyl-6,7-
benzomorphan (29.1) was degraded(13) to 1,2-dimethylnaphthalene (31.1)
(indistinguishable from authentic material) by exhaustive methylation and
palladium-charcoal aromatization of the resulting methine (30.1) or its di-
hydro derivative. Similarly (29.2), prepared from (29.3) by methylation with
ethereal diazomethane, gave 7-methoxy-1,2-dimethylnaphthalene (31.2)(14).

Utilizing the two methods outlined in Fig. 4, the following 3,4-dialkyH-
methylpyridinium bromides and/or iodides (32) have been converted (cf.
Fig. 5) to 5,9-dialkyl-2'-hydroxy-6,7-benzomorphans: 3,4-dimethyl;(9'14) 3,4-

(34) (35)

0-1 ,R«Ri ""Me
02 R»R-j-El
0 3 Ra Ri"Pr

i 0 *
0 5
0-6

R«
R-
R*

Me,

Pr ,

R-i-Me
R,»Me

FIG. 5

diethyl; (9>15) 3,4-dipropyl; (11) 3-ethyl-4-methyl; (16) 3-methyl-4-ethyl;(16) 3-
methyl-4-propyl.f The predominant product (65-75 per cent yields and ar-
bitrarily designated a) obtained in the acid cyclization of (33) has been shown
(vide infra) to conform to the structure and stereochemistry represented by
(34). In all instances but one (cyclization of (33.6) | ) a small yield (5-8 per
cent) of an isomeric product was isolated. The latter (designated /?) proved
to be diastereoisomeric (at C-9) with the a-isomers by degradation of two
representatives (35.1 and 35.2) to 1,2-dimethyl- and l,2-diethyl-7-methoxy-
naphthalenes (36.1 and 36.2) respectively (14>16), identical with those ob-
tained from the corresponding (34.1) and (34.2).

t J .H.AOER (unpublished).
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That the stereochemistry of the predominant (a) products and the lesser
diastereomers ((3) is accurately represented by (34) and (35) respectively, in
addition to having been predicted by theory(13), has been demonstrated by
methiodide reaction-rate data(17). Quaternization of the a-compounds with
methyl iodide occurred from five to ten times as rapidly as the /?-counter-
parts. This could only mean that in the a compounds the 9-alkyl substituent
is oriented away from the nitrogen (axial for the hydroaromatic ring) of the
iminoethano system (34) geometrically constrained to a c/^diaxiaty-fusion as
in morphine (1) and the morphinans (2). The slower-reacting /? compounds
must therefore be assigned structure (35) in which the 9-alkyl substituent,
equatorially oriented for the hydroaromatic ring, is close enough to the
nitrogen to cause steric hindrance. It was noted in the rate studies0 7) that, as
the size of Ra increased in the /? series, reaction with methyl iodide became
slower. This, then, related the a compounds (34) with their c/>-juxtaposed
(for the hydroaromatic ring) 5,9-dialkyl groups, to morphine and the mor-
phinans whose cw-fusion of rings B and C is a certainty (see Part IIA).

Further confirmation of these configurational assignments was observed
in nuclear magnetic resonance spectra of the 5,9-dimethyl compounds (34.1
and 35.1)(17). Thus the 9-methyl frequencies (doublet) of the a-isomer are at
higher field (about 25 c/s) than those of the /3-isomer attributable to aromatic
ring current effects. This is possible in structure (34.1), not (35.1).

As will be shown in the pharmacological discussion, the scarce /f-isomers
are from five to seventy times more potent as analgesic agents than their a
counterparts. The /? bases are also lower melting and more soluble in acetone
than the oc bases. In three of the five pairs of diastereoisorners isolated, there
were distinct infrared spectral differences, particularly in the 6-6*5 JU region.
A comparison of some of these properties which were most helpful in sepa-
ration procedures is given in Table XVIII.

3. a- AND^-9-HYDROXY-2(7V)-METHYL-6,7-BENZOMORPHANS

The substitution of a hydroxyl group at position 14 of morphine-like
structures generally has an enhancing effect on analgesic activity. For ex-
ample, 14-hydroxydihydrocodeinone (oxycodone) (37.1) and 14~hydroxy-
dihydromorphinone, (oxymorphone) (37.2) are from two to four times as
potent as dihydrocodeinone (hydrocodone) (38.1) and dihydromorphinone
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TABLE XVIII. COMPARISON OF MELTING POINT AND INFRARED SPECTRAL DATA
OF «- AND /?-5,9-DIALKYL-2/-HYDROXY-2-METHYL-6,7~BENZOMORPHANS

2'-Hydroxy-2-methyl-
6,7-benzomorphan

1. a-5,9-Dimethyl
2. /5-5,9-Dimcthyl
3. a-5-Methyl-9-ethyl
4. j9-5-Methyl-9-ethyl
5. <x-5-Ethyl-9-methyl
6. jS-5-Ethyl-9-methyl
7. <x-5,9-Diethyl
8. ̂ -5,9-Diethyl
9. a-5,9-Dipropyl

10. ̂ -5,9-Dipropyl

Melting point
°C

233-236
217-218
219-223
186-188
249-254
189-193
248-249
214-215
209-211
197-198

ANujo1 (u\
Amax \f*J

6*15, 6-33
6-35,6-33
616, 6-33
6-16, 6-33
616, 6-31
619
6-15, 6-31
6-20
615,6-31
6-19

(hydromorphone) (38.2) respectively<18). A similar modification of the basic
benzomorphan structures (9), (10) and derivatives is represented by (39).

Appropriate starting materials for the synthesis of compounds of structure
(39) were 2,5-dimethyl-9-oxo~6,7~benzomorphan methobromide (40.1)(5) and
the 2'-methoxy relative (40.2)(8). When each (Fig. 6) was brought to reaction

01 R=H, R!==Me
0-2R=MeO, Ri=Me
0-3 R=MeO, R!=Et
04 R=H, Ri=Me, R2=H
0-5 R=H, R1=R2=Me
0-6 R-=MeO, R!=Me, R2=H
0-7 R=MeO, R1=R2=Me

08 R=H0, Rx==Me, R2=H
0-9 R=H0, R!=R2=Me

0-10 R=MeO, Rj-Et, R2 = H
0-11 R=-MeO, Ri-Et, R2=Me
0-12 R=H0, R!=Et, R2=H
0-13 R=HO, Rj=Et, R2=Me
044 R-MeO, R^Me, R2=E

FIG. 6

with ethereal methylmagnesium iodide, 9-methyl carbinols of the structure
and configuration shown in (42.5)(19) and (42,7)(20) were obtained in 75 per
cent yield after pyrolytic extrusion of methyl bromide or iodide from the

SA. 9
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intermediates (41.5) and (41.7) respectively. On the other hand, addition of
methylmagnesium iodide or methyl-lithium to the bases (44.1) and (44.2) oc-
curred in the reverse manner to give the methyl carbinols (45.5)(19) and
(45-7)(2O). The assignment of an equatorial (for the hydroaromatic ring)
conformation to the 9-hydroxyl substituent of (42.5) and (42.7) (designated
oc for convenience) and an axial arrangement for (45.5) and (45.7) (called /?-
isomers) was based principally on infrared spectral measurements. With the
a-isomers was noted a maximum at 3450 cm""1 indicative of strong OH—N
bonding, to be expected when the hydroxyl is oriented toward the nitrogen
of the cis9 diaxial fused iminoethano system as in (42.5) and (42.7). The /J~
isomers, however, gave spectra clearly indicating OH—n bonding, compat-
ible with structures (45.5) and (45.7). Furthermore, double Hofmann de-
gradation (followed by hydrogenation)(21) of (42.5)(19) and (42.7)(20) pro-
duced nitrogen-free products of the structures (43.5) and (43.7) respectively
(cw?-fusion of hydrofurano and hydroaromatic rings) as determined by spec-
tral data and an alternative, relatively unambiguous synthesis(22) of (43.5).
Compounds (45.5) and (45.7) gave nitrogen-free products having spectral
characteristics which are accomodated by structures (46.5) and (46.7) {trans-
fusion of the two hydrogenated rings.) Thus structures (42) conform to the
oxymorphone (37.2)(23) and oxycodone (37.1) stereochemistry*23'24*.

This same stereochemical pattern of addition was followed by platinum-
oxide-catalyzed hydrogen. Thus (40.1) and (40.2) yielded through (41.4) and
(41.6), (42.4)(19) and (42.6)(25) respectively, while (44.1) and (44.2) gave
(45.4)(19) and (45.6)(25). Furthermore, changing Rx to ethyl made no dif-
ference in the stereochemistry of the products (although the additions were
markedly slower due to steric effects) and (40.3) led ultimately to (42.10) and
(42.11), whereas (44.3) yielded (45.10) and (45.11)(26). Finally, neither ethyl-
nor propylmagnesium iodide or bromide could be induced to add to the
carbonyl group of (40.2) although a small yield of hydrogenation product
(42.6) could be isolated in each instance(26). However, the less hindered car-
bonyl group of (44.2) received ethylmagnesium bromide to give the /?~car-
binol(45.14)(26).

The direction of addition to the carbonyl function of the above 9-oxo-
benzomorphans appears, therefore, to depend principally upon the electrical
environment of the neighbouring nitrogen. When the nitrogen is cationic (40),
carbinols are formed with hydroxyl oriented toward it. With negative nitro-
gen (44) the additions are reversed in stereochemistry. Within the narrow
limits of the study, increased steric hindrance has retarded or voided reac-
tion, but has not essentially altered stereochemistry.

Phenolic compounds (42.8, 42.9, 42.12,42.13, 45.8, 45.9, 45.12 and 45.13)
were obtained by treatment of the corresponding methyl ethers with boiling
48 per cent hydrobromic acid (20-25 '26) . There was no inversion of the hy-
droxyl or skeletal rearrangement as shown by diazomethane conversion of
the phenols to the original methyl ethers.
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Stereoselectivity of addition of platinum-oxide-catalyzed hydrogen has
been observed also with 2'-methoxy-2,5-dimethyl-9-methylene-6,7-benzo-
morphan (47) obtained from the methyl carbinol (42.7) and thionyl chloride.

(42.7)

As the free base or hydrochloride salt in alcohol, this 9-methylene compound
received hydrogen from the top side of the molecule giving a-2'-methoxy-
2,5,9-trimethyl-6,7-benzomorphan (49) in good yield. In the presence of ex-
cess hydrochloric or perchloric acid (presumably to keep the nitrogen posi-
tive), on the other hand, the direction of addition was reversed and /S-2'-
methoxy-2,5,9-trimethyl-6,7-benzomorphan (48) was obtained in 70 per cent
yield. O-Demethylation of (49) and (48) to (34.1) and (35.1) respectively
proved their identity(27).

4. iV-SUBSTITUTED (OTHER THAN METHYL)-6,7-BENZOMORPHANS

As implied earlier, it had been the feeling that substitution of any group
for the JV-methyl of morphine and similar entities would have a detrimental
effect on analgesic activity. However, in 1956 it was reported that replace-
ment of methyl by phenethyl in the morphine molecule resulted in an eight-
fold increase in potency(28). A short time later this and similar modifications
were reported for the morphinans(29*30) and 4-phenylpiperidines(31'32). In
many instances the increase in potency was dramatic. Consequently a fairly
representative group of TV-substituted 6,7-benzomorphans have been syn-
thesized. The most interesting of this group have proved to be ]V~phenethyl
derivatives initially synthesized from parent iV-methyl compounds as shown
in Fig. 7 for a-2;-hydroxy-5,9-dimethyl-2-phenethyl-6,7-benzomorphan (phen-
azocine) (54.3)(33). In this route, a-2'-acetoxy or methoxy-2,5,9-trimethyl-
6,7-benzomorphan (50.1) or (50.2) was converted to the secondary amine
(51.3) or (51.2) in two steps (cyanogen bromide followed by acid hydro-
lysis) (33»34). Phenylacetylation of (51) with phenylacetyl chloride in the pre-
sence of aqueous methanolic potassium carbonate produced the amide (53)
which can be reduced to the (54.2) or (54.3) with ethereal lithium aluminum
hydride. Conversion of (54.2) to (54.3) was affected with boiling 48 per cent
hydrobromic acid(33).
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Similarly, the following 6,7-benzomorphans have been prepared: 5-methyl-
2-phenethyl(34); 2'-hydroxy-5-methyl-2-phenethyl(8); 5-ethyl-2'-hydroxy~2-
phenethyl(10); a-2'?9-dihydroxy-5,9-dimethyl-2-phenethyl(20); a-5,9~diethyl-
2'-hydroxy~2-phenethyl(15); a-2-ethyl-2'4iydroxy-5>dimethyl(35); a-2'~hy-
droxy-5,9~dimethyl-2-propyl(35); a-2~butyl-2'-hydroxy-5,9-dimethyl(35); and

0
H

0 1 R«MeCO

0 2 «MeO

0 3 =H0

0 * - H
CH3

( 5 4 )

F I G . 7

a - 2 - a m y l - 2 ' - h y d r o x y - 5 , 9 ~ d i m e t h y l ( 3 5 ) . A l t e r n a t i v e l y , 2 ' - h y d r o x y - 5 - r n e t h y l -

2 - p h e n e t h y l - 6 , 7 - b e n z o m o r p h a n ( 8 ' f ) , 5 » e t h y l - 2 / - h y d r o x y - 2 - p h e n e t h y l - 6 , 7 - b c n -

z o m o r p h a n ( 1 0 ) a n d ( 5 4 . 3 ) ( 3 4 ' f ) h a v e b e e n p r e p a r e d f r o m a p p r o p r i a t e 1 -

p h e n e t h y l p y r i d i n i u m b r o m i d e s o r i o d i d e s b y t h e g e n e r a l m e t h o d s o u t l i n e d

i n F i g . 3 , 4 a n d 5 . F i n a l l y , 5 , 9 - d i m e t h y l - 2 - ( 3 - p h e n y l - 3 - o x o p r o p y l ) - 6 , 7 - b e n z o -

m o r p h a n ( 5 2 . 4 ) a n d t h e 2 ' - h y d r o x y c o n g e n e r ( 5 2 . 3 ) w e r e o b t a i n e d f r o m ( 5 1 . 4 )

a n d ( 5 1 . 3 ) r e s p e c t i v e l y , v i a t h e M a n n i c h r e a c t i o n u s i n g f o r m a l d e h y d e a n d

a c e t o p h e n o n e ( 3 6 ) . M a n y o t h e r i V - s u b s t i t u t e d 6 , 7 - b e n z o m o r p h a n s h a v e b e e n

s y n t h e s i z e d i n o t h e r l a b o r a t o r i e s . T h e y a r e t a b u l a t e d i n t h e p h a r m a c o l o g i c a l

s e c t i o n .

5 . O P T I C A L L Y A C T I V E 5 , 9 - D I A L K Y L - 6 , 7 - B E N Z O M O R P H A N S - ~

A B S O L U T E C O N F I G U R A T I O N

I t h a s b e e n s t a t e d i n P a r t I I A ( p . 2 6 ) a n d i n S e c t i o n 2 o f P a r t I I B ( p . 1 1 9 ) t h a t

3 - h y d r o x y - i V - m e t h y l m o r p h i n a n h a s t h r e e a s y m m e t r i c c a r b o n a t o m s ( a t 9 , 1 3

a n d 1 4 ) . H o w e v e r , s i n c e t h e i m i n o e t h a n o s y s t e m i s g e o m e t r i c a l l y c o n s t r a i n e d

t o a c w - f u s i o n , o n l y t w o ( r a c e m i c ) d i a s t e r e o i s o m e r s a r e p o s s i b l e . O f t h e s e ,

( ± ) - 3 - h y d r o x y - i V - m e t h y l - m o r p h i n a n h a s b e e n s h o w n t o c o n f o r m t o s t r u c t u r e

( 2 ) , ( c / s - f u s i o n o f r i n g s B a n d C ) , w h i l e t h e s e c o n d r a c e m a t e m a y b e r e p r e -

s e n t e d b y s t e r e o s t r u c t u r e ( 5 5 ) , ( ± ) - 3 - h y d r o x y - i V - m e t h y l i s o m o r p h i n a n , w i t h

a trans-fusion o f r i n g s B a n d C ( 3 7 ) . S i m i l a r c o n s i d e r a t i o n s a p p l y t o t h e 5 , 9 - d i -

f E . L . M A Y a n d J . H . A G r a ( u n p u b l i s h e d ) .
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alkyl-6,7-benzomorphans in which it has been shown that the 5,9-dialkyl
groups (attached to ring B) may be in either cis (predominant, a-isomers,
(56)) or trans- (lesser, /Wsomers, (57)) juxtaposition for the hydroaromatic
ring B. Thus (56) corresponds to (2) and (57) to (55). It is also well known

NCH3

( P a r t I I A ) t h a t n e a r l y a l l o f t h e a n a l g e s i c a c t i v i t y o f ( 2 ) a n d ( 5 5 ) i s d u e i n e a c h

i n s t a n c e t o t h e A z e t w - a n t i p o d e w h i c h i n t h e c a s e o f ( 2 ) c o n f o r m s t o t h e

a b s o l u t e c o n f i g u r a t i o n o f (laevo) m o r p h i n e a t t h e t h r e e c o m m o n a s y m m e t r i c

c e n t r e s ( s e e P a r t I I A , p . 2 6 ) , O p t i c a l r e s o l u t i o n o f t h e a - a n d / ? - 2 ' - h y d r o x y -

2 , 5 , 9 - t r i m e t h y l - 6 , 7 - b e n z o m o r p h a n s ( 5 6 , 5 7 ) , t h e 5 , 9 - d i m e t h y l g r o u p s r e -

p r e s e n t i n g v e s t i g e s o f r i n g C o f t h e m o r p h i n a n s , h a s r e v e a l e d a n a n a l o g o u s

r e l a t i o n s h i p . T h e dextro i s o m e r s o f ( 5 6 ) a n d ( 5 7 ) w e r e n o t o n l y s u b s t a n t i a l l y

i n a c t i v e b u t w e r e a l s o m o r e t o x i c t h a n t h e / a m > - c o u n t e r p a r t s .

R e s o l u t i o n w a s e f f e c t e d w i t h ( + ) - 3 - b r o m o - 8 - c a m p h o r s u l f o n i c a c i d ( 3 3 ) ;

t h e r e s u l t a n t d i a s t e r e o i s o m e r i c s a l t s c o u l d b e e a s i l y s e p a r a t e d i n a q u e o u s

m e d i u m . T h e a n t i p o d e s o f t h e a - s e r i e s ( 5 6 ) w e r e t h e n c o n v e r t e d t o t h e N-

p h e n e t h y l d e r i v a t i v e s ( 5 8 . 3 ) ( 3 3 ) a s o u t l i n e d i n F i g . 7 f o r t h e r a c e m a t e s . I n

0-1 R = M e O , R i = M e
0-2 R = M e O , R 1 = C H 2 C H 2 P h
0-3 R = H O , R i = C H 2 C H 2 P h

a d d i t i o n , a n t i p o d e s c o r r e s p o n d i n g t o ( 5 8 . 1 ) a n d ( 5 8 . 2 ) h a v e b e e n p r e p a r e d

a n d c h a r a c t e r i z e d , f

I n v i e w o f t h e f a c t t h a t t h e a n a l g e s i c a c t i v i t y o f ( 5 6 ) d o e s r e s i d e i n t h e laevo-

i s o m e r , a n d a s i t h a s b e e n s h o w n b y t h e m e t h o d o f s t e r e o s e l e c t i v e a d s o r -

t E . L . M A Y (unpubl i shed) .
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bents(38) that ((-)-56) is configurationally related to (-)-3-hydroxy-iV-
methyl-morphinan (Levorphanol) and morphine, the ( + )-isomer to ( + )-3-
hydroxy-TV-methyl-morphinan (Dextrorphan), the (56) antipodes and related
compounds may be represented by stereostructures (59) and (60).

(60) (+)

Similarly ((-)-57) and ((+)-57) can probably be represented by (61) and (62).

(61) ( - )

6. M I S C E L L A N E O U S 6 , 7 - B E N Z O M O R P H A N S

(a) 8-Acetoxy and 8-hydroxy-2>5-dimethyl-6J-benzomorphans

In initial attempts to convert 2,5-dimethyl-8~oxo-6,7-benzomorphan (63)
to 2,5-dimethyl-6,7-benzomorphan (9) (Fig. 2), platinum-oxide catalyzed
hydrogen was used. Instead of complete hydrogenolysis, there was absorp-
tion of only one molar equivalent of hydrogen and carbinol (64) was ob-
tained(5). The stereochemistry of (64) at carbon 8 has not been determined
but reasoning by analogy from the 9-oxo series(19'25), the hydroxyl is pre-
sumed to be quasi-equatorially oriented (toward nitrogen). Acetic anhydride
and (64) produced 8-acetoxy-2,5-dimethyl-6,7-benzomorphan (65)(5).

(b) 9-Carbethoxy-2-methyl-6J-benzomorphan and derivatives

If one replaces the 5-methyl substituent of 2,5-dimethyl-6,7-benzomorphan
(9) with carbethoxy, a structure (68) is obtained which is in essence a hybrid of
this benzomorphan and the well-known analgesic meperidine (4-carbethoxy-
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l-methyl-4-phenylpiperidine) (71). Compound (71) was synthesized from
phenylacetonitrile by a method closely approximating that used for (9)
(Fig.2) as outlined in Fig.8 (39) . The reactions were all relatively straight-

NMe2

\
II NMi

\__y C N

NCH3

COOH COOEt

( 6 7 ) ( 6 8 )

^ ^ COOEt

( 7 1 ) M e p e r i d i n e

CH2NMe2

( 7 2 )

F I G . 8

f o r w a r d a n d g o o d y i e l d s w e r e o b t a i n e d . W O L F F - K I S H N E R c o n d i t i o n s ( H U A N G -

M I N L O N m o d i f i c a t i o n ) f o r c y a n o k e t o n e ( 6 6 ) e f f e c t e d b o t h h y d r o g e n o l y s i s o f

t h e o x o g r o u p a n d h y d r o l y s i s o f t h e c y a n o g r o u p . T h e r e s u l t a n t ( 6 7 ) c o u l d

b e e s t e r i f i e d d i r e c t l y w i t h e t h a n o l i c h y d r o g e n c h l o r i d e o r i n d i r e c t l y v i a t h e

a c i d c h l o r i d e ( 7 0 ) . T h e l a t t e r w i t h d i m e t h y l a m i n e y i e l d e d a m i d e ( 6 9 ) w h i c h

w a s r e d u c e d w i t h l i t h i u m a l u m i n u m h y d r i d e t o t h e a m i n o m e t h y l c o m p o u n d

( 7 2 ) .

( c ) Open nitrogen compounds

I n t h e c o u r s e o f d e g r a d a t i v e i n v e s t i g a t i o n s o n t h e 6 , 7 - b e n z o m o r p h a n s f o r

c o n f i r m a t i o n o f s t r u c t u r e , i n t e r m e d i a t e s w e r e o b t a i n e d i n w h i c h t h e h e t e r o -

c y c l i c r i n g i s c l e a v e d b e t w e e n c a r b o n 1 a n d n i t r o g e n . T h e s e i n t e r m e d i a t e s ,
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tetrahydronaphthalenes, were prepared by the general scheme shown below
(see references 5, 10, 11, 13, 14, 15 and 16) in Fig. 9.

As would be expected the Hofmann elimination reaction of methiodides
(73) occurs with ease as does the hydrogenation of (74). In one instance a
phenolic compound (75.6) was prepared by treatment of (75.5) with boiling
48 per cent hydrobromic acid(14).

e
N(CH3)2 Ie

0-1 R=R2=H, Rr=Me
0-2 R=H, RJL=R2=Me
0-3 R=MeO, R!=El, R2=
0-4 R=MeO, Ri=Pr, R2=-
0-5 R=MeO, R t=R2^Me

(75)

06 R=HO, R1=R2=Me
07 R=MeO, Ri=Me, R2=Et
0-8 R=MeO, R^Et , R2==Me
09 R=MeO, R1=R2=Pr

FIG. 9

TABLE XIX. 1. 5-ALKYL (OR CARBOXYL)-2(7V)-METHYL»6,7~BENZOMORPHANS

No
and Ref.

9(5)

10(8.9)
19.8(1O)

19.10(11)

68<39>
69(39)
72(39)

R

H
HO
HO
HO
H
H
H

Ri

Me
Me
Et
Pr
CO2Et
CONMe2
CH2NMe2

Salt

HC1
HC1
HC1
HC1
HC1
HC1
Di-HBr

ED50t

subcut.

22-1
10-4
2*3
2-1

10-1
18-3

None
to 100

oral

42-1
—
11-2
14-8
43-8
33-8
—

subcut.

148
175
171
130
141
(1)
(2)

% Base

84-6
85-6
86-4
87-0
82-8
84-0
60-1

t nig/kg of substance as supplied, salt or base. See text for method of calculation. Same
for Tables XX-XXIX.

(1) None died at 100 mg/kg.
(2) None died at 400 mg/kg.
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TABLE XX. 2. 5,9-DIALKYL-2(A0-METHYL-6,7-BENZOMORPHANS (a) CX-SERIES

-NCH3

1 3 1

29.1 < 9 >

2 9 . 4 *

2 9 . 3 ( 1 1 >

29 .2< 1 4 >

50.1< 1 7 >
3 4 , 5 ( 1 1 , 1 6 )

3 4 . 4 ( 1 1 . 1 6 )

34 .2< 1 5 >

3 4 . 7 *

3 4 . 6 ( 1 1 >

3 4 . 3 < X 1 )

T>
XV

H

H

H O

M e O

A c O

H O

H O

H O

A c O

H O

H O

M e

E t

M e

M e

M e

E t

M e

E t

E t

P r

P r

T?

M e

E t

M e

M e

M e

M e

E t

E t

E t

M e

P r

S a l t

H C l

H C l

H C l

H B r

H C l

H C l

H C l

H C l

H C l

H B r

H C l

E D 5 O f

s u b c u t .

2 7 - 3

5-0

3*0

9-8

1-17

4 . 9

1-5

4 - 2

3-0

2 - 9

7 1 - 2

o r a l

,

3 6 - 7

2 3 - 9

2 1 - 7

3-3

3 1 - 7

1 4 - 8

I

2 8 - 9

7 2 - 1

—

L D 5 O t

s u b c u t .

1 5 5

8 3

1 7 5
—

( 1 )
3 0 9

1 3 4

4 2 3

2 5 2

( 2 )

( 3 )

% B a s e

8 5 - 5

8 7 - 0

8 0 - 9

7 5 - 2

8 7 - 2

8 7 - 0

8 7 - 0

8 7 - 7

8 9 - 2

7 6 - 2

8 8 - 3

t S e e T a b l e X I X .

* A . E . J A C O B S O N a n d E . L . M A Y , J.Med. Chem., 7 , 4 0 9 ( 1 9 6 4 ) .

( 1 ) T e n o f 2 0 d i e d a t 2 0 0 ; t h r e e o f 9 d i e d a t 3 0 0 m g / k g ; L D 5 0 > 3 0 0 .

( 2 ) O n e o f 1 0 d i e d a t 2 0 0 , t h r e e o f 9 d i e d a t 3 0 0 m g / k g ; L D 5 0 > 3 0 0 .

( 3 ) O n e o f 1 0 d i e d a t 4 0 0 m g / k g .

T A B L E X X I . 2 . 5 , 9 - D I A L K Y L - 2 ( J V ) - M E T H Y L - 6 , 7 - B E N Z O M O R P H A N S (b) ^ - S E R I E S

-NCH3

N o . a n d R e f .

35 .6< 4 0 >

3 5 . 7 *

3 5 4 ( 1 1 , 1 6 )

35*.2<15>

35 .3< 1 1 >

R

H

H

H O

H O

H O

H O

H O

K .

M e

E t

M e

E t

M e

E t

P r

M e

E t

M e

M e

E t

E t

P r

S a l t

H B r

H B r

H C l

H C l

H C l

H C l

H C l

E D 5 O f

s u b c u t .

8-9

4 - 2

0 - 4 4

0 - 0 7

0 4 7

0 - 2 8

0 - 8 7

o r a l

3 7 - 1

3 8 - 6

8-2

1-1

1 7 - 2

6-5

s u b c u t .

1 7 8

( 1 )

6 7

6 0 - 1 5

8 5 - 0

1 1 6

6 2

% B a s e

7 2 - 7

8 7 - 0

8 0 - 9

8 7 - 0

8 7 - 0

8 7 - 5

8 8 - 8

t S e e T a b l e X I X .

* A . E . J A C O B S O N a n d E . L . M A Y , J.Med. Chem., 7 , 4 0 9 ( 1 9 6 4 ) .

( 1 ) T e n o f 1 0 d i e d a t 8 0 m g / k g , o n e o f 1 0 a t 6 0 m g / k g , a n d s i x o f 1 0 a t 1 2 0 m g / k g ;

L D 5 0 ca, 8 0 m g / k g .
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TABLE XXII. 3. 9-HYDROXY~2(A0-METHYL-6,7-BENZOMORPHANS (a) -̂SERIES

No. and Ref.

42.4(19)

42.5d9)
42.8(19)

42.9d9)
42.6a9)

42.7d9)
42.12(26)

42.10(26)

42.13(26)
42.HC26)

R

H
H
HO
HO
MeO
MeO
HO
MeO
HO
MeO

Ri

Me
Me
Me
Me
Me
Me
Et
Et
Et
Et

R2

H
Me
H
Me
H
Me
H
H
Me
Me

Salt

HBr
HBr
HBr
HBr
HBr
HCl
HCl
HCl
Base
HCl

ED5ot

subcut.

63-8
43-7
79-9
6-9

>100-0*
19-7
I

67-4
6-7

13-8

oral

13-5

55-3
43-0

LDsot
subcut.

(1)
0)

(2)
373
(3)
(4)
(5)

% Base

73-2
74-1
74-3
75-3
75-4
82-7
84-5
82-7

100-0
83-6

t See Table XIX.
* Five of 10 show some effect at 100 mg/kg but no effect at lower doses.
(1) Two of 10 died at 400 mg/kg.
(2) None died at 200 mg/kg.
(3) Three of 10 died at 400, none at 200 mg/kg.
(4) Eight of 10 died at 400, none at 200 mg/kg; LD50 ca. 400 mg/kg.
(5) None of 10 died at 300 mg/kg.

TABLE XXIII. 3. 9-HYDROXY-2(A0-METHYL-6 J-BENZOMORPHANS (b) /5-SERIES

NCH3

N o . a n d R e f .

4 5 . 5 ( 1 9 )

4 5 . 8 ( 1 9 >
4 5 . 6 d 9 )

45 /7< 1 9 >

4 5 . 1 2 ( 2 6 )

4 5 . 1 3 < 2 6 >
4 5 . 1 4 ( 2 6 )

R

H

H O

M e O

H O

M e O

H O

H O

M e O

R i

M e

M e

M e

M e

M e

E t

E t

M e

M e

H

H

M e

M e

H

M e

E t

S a l t

H C l

H B r

H B r

H B r

H B r

H C l

H B r

H C l

E D 5 0 f

s u b c u t .

1 1 2 1

4 7 - 3

6-0

1 2 0

1 2 - 2

1-7

8-4

o r a l

i i 
i 

i 
M

I

s u b c u t .

( 1 )

( 2 )

5 5

6 3

( 3 )

7 4

( 4 )

% B a s e

8 3 - 6

7 4 - 3

7 5 - 4

7 6 - 3

7 5 - 8

8 7 - 1

7 4 - 5

8 8 - 2

f S e e T a b l e X I X .

* O n l y f o u r o f 1 0 a f f e c t e d a t 1 0 0 m g / k g ; n o ef fec t a t l o w e r d o s e s .

( 1 ) O n e o f 1 0 d i e d a t 2 0 0 m g / k g .

( 2 ) F o u r o f 1 0 d i e d a t 1 0 0 m g / k g .

( 3 ) T h r e e o f 10 d i e d a t 4 0 0 , n o n e a t 2 0 0 m g / k g .

( 4 ) T h r e e o f 1 6 d i e d a t 5 0 m g / k g w h i l e t e s t i n g f o r a n a l g e s i a .
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TABLE XXIV. 9-ACETQXY-2(7V>METHYL~6,7-BENZOMORPHANS ISERIES

No. and Ref.

42.22<19)

42.15(19)
42-16(19>
42.17<26>
42.21(26)

42.19(26>
42.18<26)

42.20<26>

R

H
AcO
AcO
MeO
AcO
HO
MeO
AcO

Ri

Me
Me
Me
Et
Et
Et
Et
Et

R2

H
H
Me
H
H
Me
Me
Me

Salt

HBr
HBr
HBr
HCl
HCl
HCl
HCl
HCl

ED5Ot

sub;ut.

29-0
0-5
1-1

22-6
2-2
1-13

14-8
1-15

oral

40-5
22-5

106
I*

72-3

LD50f
subcut.

367
(1)

197
262
(2)
(3)
(3)

% Base

76-2
79-7
80-4
89-0
90-0
89-3
89-5
90-4

t See Table XIX.
* Only four of 10 affected at 100.
(1) One of 10 died at 200 mg/kg.
(2) Five of 10 died at 400, one of 10 at 200 mg/kg; LD50 ca. 400 mg/kg.
(3) Three of 10 died at 400 mg/kg, none at lower doses; LD50 > 400 mg/kg.



TABLE XXV. 4. JV-SUBSTITUTED (OTHER THAN METHYL)-6,7-BENZOMORPHANS

(a) 5-ALKYL AND OC-5,9-DIALKYL-2(A )̂-ALKYL OR ARALKYL-6,7-BENZOMORPHANS

No. and Ref.

54.6(34)
54-7<8>
54.8(io)
54.3(33)
54.2(33)
54.1(41>
54.4(15)
54.5<*>
52.4O6)
52.3<36>
52.5<41>
52.6(41>

52.7(41)

52.8(41)

52.9(41)

R

H
HO
HO
HO
MeO
AcO
HO
HO
H
HO
MeO
HO

HO

HO

HO

Ri

Me
Me
Et
Me
Me
Me
Et
Pr
Me
Me
Me
Me

Me

Me

Me

R2

H
H
H
Me
Me
Me
Et
Me
Me
Me
Me
Me

Me

Me

Me

R3

CH2CH2P1i
CH2CH2P2i
CH2CH2Ph
CH2CH2Ph
CH2CH2Ph
CH2CH2Ph
CH2CH2Pli
CH2CH2Ph
CH2CH2COPI1
CH2CH2COPh
CH2COPh
CH2CH2CH2Ph

CH2CH2<^^>-NH2

CH2CR2\~%-0MQ

CH2CH2 /~\-OH

Salt

HC1
HBr
HC1
HBr
HBr
HBr
HBr
HC1
HC1
Base
HC1
Base

Base

HBr

HBr

ED50f

subcut.

35-9
0-48
0-16
0-25
6-5
049
2-1
0-92
8-7
2-3

42-9
13-6

0-11

0-32

0-2 (rat)

oral

_
7-9
6-0
6-4

10-6
6-1
I

38-1
1

30-2
—

83-9

10-7

18-9

—

LD50f
subeut.

>400
55
88

332
—
169
292
(1)
(2)
83

(3)

125

(4)

—

% Base

88-9
79-2
88-4
79-9
80-5
81-3
81-2
90-3
91-2

100-0
89-8

100-0

100-0

81-3

81-2

w
m
%
N
O

O



TABLE XXV— continued

N o . a n d Ref.

5 2 . 1 0 ( 4 1 )

52.11(35,41)

29.3c 7 ' 1 3 )

52.12<35>

5 2 . 1 3 ( 3 5 )

52.14<35>

5 2 . 1 5 ( 3 5 )

52.16 (41>

52.17 ( 4 1>

f t

52.19<42>

52.20<42>
52.21<42>

R

H O

H O
H O
H O
H O
H O
H O

O . N - 0 - C O O

0 / C 0 °

H O

H O

H O

H O
H O

M e

M e
M e
M e
M e
M e
M e

M e

M e

M e
M e

M e

M e
E t

M e

CD
 

C
D

 
C

D
 

C
D

 
C

D
 

C
D

M e

M e

M e
M e

M e

M e
M e

C H 2 C H 2 n

H
M e
E t
P r
B u
A m

C H 2 C H 2 P h

C H 2 C H 2 P h *

C H 2 C H = C H 2

C H 2 C H = C H 2

C H 2 C H = C M e 2

C H 2 C H = C M e 2

Sal t

B a s e

H C 1
H C 1
H B r
H C 1
H B r
H C 1

H C 1

B a s e

H C 1
A l i o b r o m i d e

B a s e

B a s e
B a s e

E D f 5 0

subcu t .

0-055

I
3-0
I
I
I

2-2

0 4 1

0-17

I

I

23.1

I

15,9

o r a l

5-8

23-9

88-7

14-6

13-5

—

—

L D 5 O t
subcu t .

88

84
175
(5)
137
341
(6)

—

393

O)

(8)

(9)
(10)

% B a s e

100-0

85-7
80-8
75-2
87-7
7 7 4
88-7

92-8

100-0

87-7
77,6

100-0

100-0

100-0

f See Table XIX.
* Laevo isomer
t t Supplied by C.H.BOEHRINGER.
(*) J.H. AGER, (unpublished).
(1) None of 10 died at 400 mg/kg.
(2) One of 10 died at 400 mg/kg.
(3) None of 10 died at 400 mg/kg.
(4) Three of 10 died at 450 mg/kg.

(5) Two of 10 died at 100 mg/kg during analgesic testing.
(6) Ten of 10 died at 400, none of 10 at 200 mg/kg; LD50 = 400 mg/kg

or less.
(7) Four of 8 died at 50 mg/kg; LD50 = ca. 50 mg/kg.
(8) One of 10 died at 300 mg/kg.
(9) Eight of 10 died at 400 mg/kg; LD50 = ca. 400 mg/kg,

(10) Two of 10 died at 300 mg/kg.

o
a
w

g
H

W
w
%
N
O

hi
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TABLE XXVI. (b) «-9-HYDROXY-2(A0-PHENETHYL-6,7-BENZOMORPHANS

No. and Ref.

54.9(19,25)
5410(19,25)
54.Hd9.20)

R

HO
MeO
HO

Ri

H
H
Me

Salt

HO
HBr
HBr

ED50f

subcut.

0-62
22-2
7-5

oral

31-3

I

LD50t
subcut.

0)
(2)
209

% Base

84-5
80-7
80-6

t See Table XIX.
(1) Four of 10 died at 100, two of 10 at 60 mg/kg.
(2) Two of 10 died at 400 mg/kg.

TABLE XXVII. 5. OPTICALLY ACTIVE 5,9-DIMETHYL-6 J-BENZOMORPHANS (a) (X-SERIES

"Mr» nnri T?«=»f

59(33)
60(33)

59.1*
60.1*
54.12<33>
54.13<33>
54.14*
54.15*

61d7)
62(17>

laevo
dextro
laevo
dextro
laevo
dextro
laevo
dextro

laevo
dextro

HO
HO
MeO
MeO
HO
HO
MeO
MeO

—

Me
Me
Me
Me
CH2CH2Ph
CH2CH2Ph
CH2CH2Ph
CH2CH2Ph

HBr
HBr
HBr
HBr
HBr
HBr
HBr
HBr

(b) -̂SERIES

_
—

~r ~N
V-CH3/

CH3

HBr
HBr

EDsot

subcut.

1-69
I

8-7
I

o-u
6-6
1-83

I

CH3
>

0-39
15-75

oral

14-1

17-9
—
3-9

12-9
—
—

6-6

LD50t,
subcut.

0)
(2)
175
176
147
201
(3)

118

% Base

74-1
74-1
75-2
75-2
79-9
79-9
80-5
80-5

f See Table XIX.
* Unpublished data.
(1) None died at 400 mg/kg.
(2) Convulsant at 20 mg/kg; all recovered.
(3) Three of 10 died at 500 mg/kg.
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TABLE XXVIII. 6. MISCELLANEOUS DERIVATIVES (a) 2,5-DIMETHYL-637~BENZCMORPHANS
WITH SUBSTITUTIONS AT CARBON-8

NCH3

No. and Ref.

63(5>
64(5)
65<5>

R

= 0
OH
OAc

Salt

HCl
HCl
HCl

EDS0

subcut.

I
29-3
32-2

oral

29-3

LD50
subcut.

690
323
289

TABLE XXIX. (b) 1-(2-DIMETHYLAMINOETHYL)-1,2,3,4-TETRAHYDRONAPHTHALENES

No. and Ref.

75.1<5>
75.2<13>
75.8<16>
75.4m>
75.5<14>
75,6(14>
75.7(16)

75*.9(11>

R

H
H
MeO
MeO
MeO
HO
MeO
MeO

Ri

Me
Me
Et
Pr
Me
Me
Me
Pr

R2

H
Me
Me
H
Me
Me
Et
Pr

Salt

HCl
HCl
HCl
HCl
HBr
HCl
HCl
HCl

ED5Ot

subcut.

24-9
41-1

I
I

27-1
I

25-7
I

oral

I 
- 

1 
i 

I 
1 

i 
!

LD50f
subcut.

362
411

0)
649

>600
(3)
(4)

t See Table XIX.
(1) One of 10 died at 200 mg/kg.
(2) One of 5 died at 600 mg/kg.
(3) Ten of 10 died at 400, none at 300 mg/kg; LD50 ==• ca. 400 mg/kg.
(4) None died at 200 mg/kg.



CHAPTER IV

P h a r m a c o l o g y o f t h e 6 , 7 - B e n z o m o r p h a n s

1. A N A L G E S I C AND TOXIC EFFECTS IN ANIMALS

The same techniques have been employed! for the study of all compounds
for analgesia and toxicity. For the former the hot plate method, as modified
and developed by EDDY and LEIMBACH (43), has been used with calculation of
ED50 's by probit analysis. All compounds were tested by subcutaneous ad-
ministration in mice and most of the more active ones by oral administration
as well. The solubility of the benzomorphans is low generally and in many
instances a substance was dissolved in a small amount of propylene glycol
with subsequent dilution to make the propylene glycol concentration not
more than 25 per cent. If the material was supplied as a base, solution was
effected by the addition first of the approximately calculated amount of N
HC1. The final concentration of active ingredient was always such that the
dose administered was 0*01 mg/g mouse weight. So far as quantity of material
available permitted, toxicity for mice by subcutaneous administration, 10 or
20 animals per dose, was determined and an LD5 0 calculated by probit
analysis. In the tables all doses are in mg/kg of compound as supplied, but,
since the nature of a compound as base or salt and the per cent of base are
also given, the data may be recalculated in terms of base. Unless otherwise
indicated all compounds tested were the racemates.

Identification of compounds is by formula number and their arrangement
in Tables XIX-XXIX parallels the description of chemical preparation al-
ready given. However, it seems more appropriate to discuss structure activity
relationships by pairs of compounds differing from each other in one respect
only, considering in succession the results of changes made at positions 2', 5,
9 and 2 of the benzomorphan molecule. To accomplish this some rearrange-
ment of the data have been made. The effect of isomeric configuration and
activity by oral vs. subcutaneous administration will also be described.

(a) Effect of the substituent at 2r in the unsaturated ring of 6 J-benzomorphans
(see Table XXX)

In the main the changes in analgesic activity parallel those seen with similar
modifications of the substituent at the corresponding position 3 in the mor-

f Except for a few compounds made in other laboratories and not seen by us.

138
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phine and morphinan series — increase in activity by the introduction of a
phenolic hydroxyl, reduction of activity by the change from OH to OCH3 ,
and restoration of analgesic effect by acetylation, generally beyond that of
the compound with a free hydroxyl. There are some exceptions. In the group,
(42.4, 42.8, 42.6), the change from H to OH at 2' did not increase analgesic
activity, but the further change to OCH3 reduced it. In the group, (75.2,
75.6, 75.5), in which the nitrogen ring was not closed, the compound with
the free hydroxyl was the least active and the methoxyl derivative was most
active with respect to analgesia.

Three other compounds should be mentioned here, (52.22) which has
methoxy methoxy, (52.16) which has /Miitrobenzoyl, and (52.17) which has
nicotinyl at position 2'. Each is an active analgesic but a little less so than the
analog with a free hydroxyl at position 2'.

Toxicity figures are scattered for this group but no consistent trend is ap-
parent which might be related to the substituent at position 2'.

(b) Compounds with substituents at positions 2 and 5 but H only at 9 of

6,7-benzomorphans

There are seven related compounds in this category (Table XVIII) falling
into two groups, — one with H only, the other with OH at 2'. In neither
group was CH3 at 5 optimal for analgesic effectiveness. For the substituents
tested the decreasing order of analgesic potency was COOC2H5 > CON(CH3)2

>CH 3 >CH 2 N(CH 3 ) 2 with H at 2'; C3H7 and C2H5 approximately equal
> C H 3 with OH at 2'.

(c) The effect of a substituent at position 9 of 6,7-benzomorphans

The appropriate compounds have been rearranged into groups (Table XXI)
with the basic structure within each group the same and modifications only
in the substituent at position 9. The nature of the added radical or radicals
is important but also important are their orientation and the presence or
absence of the hydroxyl at 2'. With one exception, (35.6), less analgesic action
was demonstrated with OH, CH3 or OCOCH3 at 9 if there was no hydroxyl
at 2', the reduction in activity being greatest with OH. On the other hand
with CH3 or C2H5 at 9 analgesic activity was increased if there was a free
OH at 2', but dihydroxy compounds with the second OH at 9 again were less
effective than compound No. 10 which was 2'-OH with H at 9. Compounds
with alkyl substituents at 9 oriented away from nitrogen (a) were less effec-
tive generally than those in which the same substituent was oriented toward
the iV-ring (/?). (35.5) falls just short of being the most potent analgesic which
has been synthesized to date in the benzomorphan series. It is 30 times more
effective than morphine and to our knowledge, the most active analgesic
known of morphine-like structure with methyl on nitrogen.

SA. 10
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In the four comparisons available OH or CH3 at 9 in a-position relative to
N seemed to reduce toxicity; the effect of other alkyl groups at 9 was not
consistent.

(d) The effect of modifying the substituent at 2', N-alkyl or N-ar alkyl

derivatives of 6,7-benzomorphan

It was long the consensus that N—CH3 was the optimal grouping for
analgesic activity in morphine and related compounds. No doubt this came
about because JV-ethylnormorphine was a poorer analgesic than morphine
and iV-allyl- and iV-propylnormorphine were not only practically devoid of
analgesic action in animals but exhibited antagonistic properties towards
analgesic and other morphine-like effects. However, WINTER and his as-
sociates(44), explored extensively the effect of various subslituents on the
nitrogen of morphine with respect to analgesic and antagonistic effects. They
found, as had others, that JV-cthylnormorphine had only one-tenth the
analgesic effectiveness of morphine; that JV-allyl- and iV-propylnormorphine
had little or no analgesic effect and were antagonistic, that iV-butylnormor-
phine was weak in both analgesic and antagonistic properties, but curiously,
JV-amylnormorphine was almost as good an analgesic as morphine itself. A
little later EDDY et a/.(45) reported that JV-cthyl-3-hydroxymorphinan had
very much less analgesic action than the JV-methyl analog (Levorphanol) and
the antagonistic potency of Af-allyl~3~hydroxymorphinan (Levallorphan) is
now well known. We have shown recently)* that JV-amyl~3-hydroxy~morphi-
nan has an ED5 0 for analgesic action in mice practically identical with that
for levorphanol. It is interesting, therefore, that in the benzomorphan series
also (Table XVI) the sequence for changes in the alkyl substituent on nitrogen
is the same — disappearance of effect with 2,3 or 4-carbon straight chain alkyl
groups and reappearance of good analgesic effect when the substituent is anyl.
The further parallelism of appearance of antagonistic properties with 3-
carbon alkyl groups has also been demonstrated. (See below.)

In their survey of the effect of substitution on nitrogen in the morphine
series, WINTER et <z/.(44) also reported on the effect of the addition of various
aralkyls. iV-Phenacyl-, JV-phenoxyethyl-, JV-benzyl- and JV-cyclohexylethyl-
normorphine had less analgesic effect but 7V-phenethytnormorphine was six
times more potent than morphine itself. Again, as reported by EDDY et a/.(45)

a parallelism in the analgesic activity of derivatives of this type carried over
to the morphinan series. Scanning Table XXXII shows that in the benzo-
morphan series also a compound with an aralkyl on nitrogen may be a better
analgesic than if the nitrogen substituent is alkyl (CH3 or C 5 H U ) . (54.3)
(phenethyl on N), (52.7) (^-aminophenethyl on N) and (52.8) (/?-methoxy-
phenethyl on N) are seven to twenty times more potent as analgesics than
(29.3) (CH3 on N) and (52.10) (thienylethyl on N) is the most potent anal-

t Unpublished results.
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gesic in the benzomorphan series which has been made. The JV-thienylethyl
derivative was one of the most potent in the morphinan series. (52.3) (3-oxo-
3-phenylpropyl on N) was scarcely more effective and (52.6) (phenylpropyl
on N) was definitely less effective than (29.3), which carries the parallelism
with the morphinans a little further (see 45).

When phenethyl was substituted on nitrogen in place of methyl with the
structure of the benzomorphan modified in other respects, analgesic activity
was greater in the phenethyl derivative in 10 of the 12 comparisons (Table XVI),
the range of increased activity spreading from 1-5 to 128 times. One excep-
tion was (52.4) in which there was no hydroxyl at the 2' position, of itself an
adverse structural feature. The other exception was (54.11) in which a second
OH was introduced in cw-position at carbon 9, further indicating probably
the undesirability of an hydroxyl in that position.

In the series, (52.11-52.15), toxicity decreased with the length of the alkyl
chain on N. Compounds with aralkyl on N were not consistently more or
less toxic than those with alkyl on N. In JV-phenethyl compounds, for ex-
ample, a configuration which was almost always accompanied by increased
analgesic activity, toxicity was sometimes greater, sometimes less than with
the corresponding ]V-alkyl derivative.

(e) Configurational and optical isomerism in the benzomorphan series

The compounds having the alkyl group at position 9 oriented away from
the nitrogen have been termed arbitrarily alpha, a, while those with the alkyl
at 9 toward nitrogen are called beta /?. Compare Tables XX and XXI for the
a- and ^-compounds with an alkyl group only at position 9, and Tables XXII
and XXIII for a and /? compounds in which there is also an hydroxyl at 9. In
the former, with one exception, analgesic effectiveness is greater, in two in-
stances very much greater for the /? compounds. In the latter, however, the
beta compounds were in only three cases more analgesic; in four others, the
beta compounds were the less effective. In other words, the adverse effect of
OH at 9 would seem to be generally more pronounced with an associated
alkyl group cis to the plane of the molecule.

The few compounds which have been resolved into their laevo- and dextro-
components are listed in Table XXVII. Analgesic effect resides predominant-
ly in the laevo-isomor. The dextro-isomer of phenazocine, (54.13), and the
dextro-isomsr of the j8-JV-methyl analogue of phenazocine, (62), are the only
dextro-isomQvs which appear to possess significant analgesic activity. There
is no indication that toxicity would be favorably influenced by resolution and
use of the more active laevo-component.

Toxicity of the /S-compounds was the same (two comparisons) or greater
(six comparisons) than that of the a-isomers. However, analgesic activity was
increased more than toxicity in the /3-series, so that even in those pairs in
which the toxicity of the isomers was the same, the ratio of analgesic to toxic
properties was significantly greater for the /?-scrics.
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(f) Parenteral vs. oral effectiveness

Oral analgesic effectiveness was determined for about half of the com-
pounds listed in Tables XIX-XXIX. With only two exceptions the oral
dose was approximately two or more times the parenteral. When the sub-
cutaneous ED5 0 was small (less than 1-0 mg/kg) the oral ED5 0 was 8-100
(average 41) times greater. When the subcutaneous ED5 0 was 2-0 mg/kg or
more the oral ED5 0 was only exceptionally 8 or more times larger. There is,
however, no indication of a structural relationship to this difference in ratios.
The two exceptions in which the oral dose was not greater than the paren-
teral, were (42.7) (Table XXII and (65) (Table XXVIII). The pair are not close-
ly related.

2. STUDIES OF PHYSICAL DEPENDENCE CAPACITY

AND CHRONIC ADMINISTRATION IN MONKEYS

Unfortunately, limited supply of materials has permitted trial in the mon-
key of only about a third of the benzomorphans and for the same reason
selection for such trial has not been wholly systematic. Data are available,
however, on enough compounds to warrant some discussion.f

The technique for determination of physical dependence capacity in the
monkey has been described in detail(46). The primary and principal objective
is to ascertain whether or not a test drug is capable of suppression of all ab-
stinence signs in the morphine-dependent monkey. This is based on the prin-
ciple, demonstrated in animal and man, that any chemical substance capable
of complete suppression of all of the specific signs of morphine abstinence is
capable of creating physical dependence during chronic administration. Ab-
stinence suppression ability is termed physical dependence capacity (PDC).
It is characterized as High, when the experimental drug produces complete
suppression of all abstinence signs with doses which reveal no other overt
pharmacological effect; Intermediate, when complete suppression of all ab-
stinence signs is obtainable, but only with doses which elicit other pharma-
cological actions, manifested by such signs as stupor, ataxia, tremor, etc.;
Low, when some suppression of abstinence signs is induced, but attempts to
produce more or complete suppression with larger doses is prevented by the
intervention of toxic effects, such as coma, convulsions, etc.; None, when the
drug fails to produce any specific suppression of the morphine abstinence
signs. Non-specific depressants may obscure individual signs.

t We are indebted to Drs. Maurice H.Seevers and Gerald A.Deneau of the Department
of Pharmacology of The University of Michigan, Ann Arbor, Mich., U.S.A. for permission
to quote results obtained in the monkey, most of which have been reported in Addenda to
the Minutes of the Committee on Drug Addiction and Narcotics of the National Academy
of Sciences— National Research Council, U.S.A., for the years 1958-1962.
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Monkeys develop tolerance and physical dependence during chronic ad-
ministration of morphine in a manner comparable to the development of
these phenomena in man and the abrupt withdrawal of morphine or the
administration of nalorphine to the monkey after physical dependence has
developed results in characteristic symptomatology comparable to the ab-
stinence syndrome in man.

For testing physical dependence capacity monkeys are maintained in a
state of physical dependence by the subcutaneous administration of 3 mg/kg
of morphine sulfate every 6 hr without interruption. The stabilization period
is a minimum of 60 days. For testing, regular morphine injections are with-
held for 12-14 hr until abstinence signs of intermediate intensity are present.
If left untreated the abstinence signs increase progressively over the next
several hours, but the administration of morphine or any drug with mor-
phine-like physical dependence capacity results in a partial or complete sup-
pression of the signs of abstinence. A pre-selected quantity of the test drug,
based generally on its analgesic potency, and 3 mg/kg of morphine sulfate
are administered subcutaneously, each drug to two monkeys. The intensity
of the abstinence signs is graded prior to and at intervals after administration
until the monkeys have returned to the pre-injection level of excitability.
Farther testing is done with all drugs which are shown to have high or inter-
mediate physical dependence capacity to extend the series of animals to
confirm the estimate of physical dependence capacity and to determine the
potency of the test drug relative to morphine. Physical dependence capacity
and abstinence suppression potency are not synonymous and may not even
parallel each other relative to morphine.

In the quantitative potency study five single-dose suppression treatments
are each administered to five monkeys on a double blind basis in a Latin
square pattern at weekly intervals. These are X (the dose of the test drug
which in the initial test is approximately equipotent to 3 mg/kg of morphine),
\X, 2X, and two controls, 3 mg/kg of morphine sulfate and a placebo (a
saline injection). The results are plotted and from the peaks of the average
time-effect curves which are obtained for each treatment a dose-effect curve is
established. The potency of the test agent relative to morphine, (morphine
equivalence; i.e. dose equivalent to 3 mg/kg of morphine in abstinence sup-
pressant potency) is determined from this curve.

The observations on administration of benzomorphans to morphine-de-
pendent monkeys are summarized in Tables XXX, XXXI and XXXII, and the
results in the monkeys are compared with analgesic activity in Table XXXIII.

It is immediately apparent that the benzomorphans as a class have low
physical dependence capacity, especially so relative to their analgesic effec-
tiveness. The standard abstinence suppressing dose of morphine is only a
little above its analgesic ED 5 0 , 3-0 vs. 2-1 mg/kg. On the other hand, 19 of
the benzomorphans had an ED5 0 for analgesia less than that for morphine,
but only one had a morphine equivalence dose less than 3-0 mg; only three
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were rated high and only three others intermediate in PDC. There is a rough
parallelism between analgesic activity and PDC in this group, but there are
some notable exceptions. Most of the compounds which were weaker than
morphine with respect to analgesia are in the group which had no physical
dependence capacity, but in this same group there are three which had a
greater analgesic effect than morphine. Also in the group rated low in PDC
seven were more effective than morphine as analgesics and among these is the
most potent analgesic yet encountered in the benzomorphan series.

The overall addictiveness of (54.3) (phenazocine) will be discussed later
since it is one benzomorphan which has been studied extensively in man and
is presently marketed. It and its faevo-isomer9 (54.12), were rated high in PDC
but whereas their ED50 's were 0*25 and 0-11 mg/kg their morphine equi-
valent doses for abstinence suppression were 17-0 and 9-0 mg/kg respectively.
Phenazocine was also administered chronically to monkeys. Animals which
had not previously received drug were given phenazocine subcutaneously
every 6 hr without interruption, 2 mg/kg the first week, 4 mg/kg the second
week, 8 mg/kg the third week and 16 mg/kg the fourth and fifth weeks. The
animals were challenged with nalorphine, 2 mg/kg on the 28th day and ab-
ruptly withdrawn on the 35th day. The degree of abstinence precipitated by
nalorphine and observed on withdrawal was of only intermediate intensity,
definitely less than would be expected with similar administration and in-
crease in dosage of morphine.

3. E F F E C T S IN MAN, I N C L U D I N G STUDIES OF TOLERANCE

AND PHYSICAL DEPENDENCE

Initial studies of analgesic potency of (54.3) ( + 2/-hydroxy-5,9»dimethyl-
2-phenethyl-6,7-benzomorphan, phenazocine f, Prinadol*, Narphen*) in-
dicated an increase in effect over morphine in animals of nearly 10-fold. On
the other hand, the compound proved to be a poor suppressant of morphine
abstinence phenomena in the monkey, 17*0 mg/kg of the former being re-
quired to equal the effect of 3-0 mg/kg of the latter. Since low abstinence
suppressant potency was believed to be indicative of reduced ability to pro-
duce physical dependence, these initial results suggested a significant separa-
tion of analgesic and addictive properties and encouraged three develop-
ments — a broad pharmacological examination to determine safety and the
ability of the agent to produce various aspects of the morphine picture, the
initiation of clinical trials, and investigation of the compound at the Addic-
tion Research Center for a delineation of its morphine-like subjective, phys-

f Generic and proposed International Nonproprietary Name.
* Trade name, Smith, Kline & French, Philadelphia, Pa., U.S.A.
* Trade name, Smith & Nephew, London, England.
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ical dependence and tolerance developing properties in man. MAY and EDDY
said in 1959, "Initial clinical experiments with this racemate, (54.3), show
it to be a promising agent for the relief of both acute and chronic pain" (47) .

ECKENHOFF (48) published the first report giving details of the use of the
drug in patients, 150 in the immediate post-operative period. The indication
was post-operative restlessness in 91 and acute post-operative pain in 59 pa-
tients. The doses used were 0*5, 1-0 and 1-5 rng, a few initially intravenously,
but most intramuscularly. They were 95 per cent effective against post-
anesthetic restlessness with 68 per cent of the patients going back to sleep.
The degree of effect ranged from 50 per cent for the 0*5 mg dose to 89 per
cent for the 1-5 mg dose for acute post-operative pain with 37-5 per cent of
the patients falling asleep. None of the patients experienced nausea or vomit-
ing which could be attributed to the drug. While some evidence of an effect
upon respiration and circulation was seen, this was less than had been en-
countered with either morphine or pethidine under comparable conditions.
ECKENHOFF also described the use of phenazocine in 10 cases of chronic pain
and gave detailed case histories for four of them. In the cases cited, 1*5 to
3*0 mg of phenazocine intramuscularly gave better relief than previously used
narcotics, pethidine 75-100 mg morphine 10 mg and dextromoramide. One
patient withdrawn after three weeks showed no withdrawal signs. A second
patient challenged with 5-0 mg of nalorphine after 37 days of phenazocine
(2-5 mg every 4 hr during the day and 3-0 mg at night) responded in 30 min
with profuse sweating, restlessness, nausea and mental confusion. A third
patient, who was given 5-0 mg, of nalorphine after five weeks of phenazocine,
noted only sleepiness. The phenazocine at a dose of 1-0 mg had given com-
plete relief of 5-6 hr duration.

Shortly after ECKENHOFF'S report three others on the clinical trial of
phenazocine appeared (WALLENSTEIN et «/.(49); SADOVE and SCHIFFRIN (50 );
and DEKORNFELD and LASAGNA (51 )). The first was a cross-over double blind
comparison of graded doses of phenazocine and morphine in patients with
chronic pain due to advanced cancer. Each patient received 8 and 16 mg of
morphine sulphate and either 1 and 2, 2 and 4, or 3 and 6 mg of phenazocine.
In terms of peak and total analgesic effect phenazocine proved to be roughly
three or four times as potent as morphine. The incidence of side effects of
both drugs in these doses was small in these patients, with phenazocine
showing a slight though not significant advantage. In a later report, these
authors (HOUDE et a/.(52)) estimated the potency of phenazocine as 4*3 times
that of morphine for peak and 3-3 times that of morphine for total analgesic
effect. They said also that intramuscular doses were more than five times as
effective as oral.

SADOVE and SCHIFFRIN (50) reported on 21 patients, selected from the re-
covery room population, who had pain severe enough to justify the use of a
narcotic analgesic. They were followed for 120 min after intramuscular in-
jection of the phenazocine dose of 2-0 mg. Satisfactory analgesia was attained
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in 17 patients, 81 per cent. Some respiratory depression was seen. Averaging
the lowest minute volume observed for each patient after drug administra-
tion, the figure was 6-01 L, 62-7 per cent of the initial value.

DEKORNFELD and LASAGNA (51) observed their patients during the first
48 hr after surgery and alternated doses of 10 mg of morphine with doses of
0-5, (17 pt) 2-0 (19 pt) and 3-0 mg (22 pt) of phenazocine. The results were
definitely inferior to those with morphine when 0-5 or 2-0 mg of phenazocine
were employed. At the 3-0 mg level, however, the efficacy of phenazocine was
essentially indistinguishable from that of the standard dose of morphine. It
produced less sedation apparently, since patients had to be awakened for
interview as to pain present at 42-4 per cent of observation times, whereas
those receiving morphine had to be awakened 55-6 per cent of the time.
Nausea and vomiting were observed twice after the 3-0 mg dose of phen-
azocine.

Meanwhile, WENDEL, SHEMANO and Ross ( 5 3 '5 4 ) and TEDESCHI, TEDESCHI

and FELLOWS ( 5 5 ) explored extensively the morphine-like pharmacological
properties of phenazocine and a number of other investigations broadened
our knowledge of its clinical pharmacology with particular attention to its
respiratory effect. WENDEL, SHEMANO and Ross said that phenazocine pos-
sessed, "besides analgesia, other activities specific for narcotics: respiratory
depression, hypotension, colon spasm and constipation, excitation and my-
driasis in cats, induction of tolerance, addiction liability and euphoria, and
antagonism by iV-allylnormorphine. In equivalent doses phenazocine was
about half as depressant to respiration and blood pressure (anesthetized dog),
two-thirds as spasmogenic on the colon (dog), and about one-third as con-
stipating (rat). Furthermore, in a cross-over study none of 12 dogs vomited
after phenazocine, while 40-75 per cent had emesis after equivalent morphine
doses. The same analgesic doses of both drugs protected dogs from i.v. apo-
morphine- and intragastric copper sulphate-induced vomiting. In rats phen-
azocine caused similar but somewhat slower analgesic tolerance than mor-
phine."

TEDESCHI, TEDESCHI and FELLOWS ( 5 6 ) compared someneuropharmacologic

properties of phenazocine and morphine in mice, rats, dogs and monkeys as
related to analgesia. In the rat phenazocine was approximately 25 times as
potent as morphine by the tail withdrawal procedure. Orally phenazocine
was only twice as potent as morphine as an analgesic. Other procedures re-
vealed other quantitative separations in activity. Phenazocine was 12 times
as potent as morphine in producing catalepsy, 10 times as potent in depress-
ing spontaneous motor activity and 7 times as potent in blocking the con-
ditioned escape response. Both phenazocine and morphine were effective
anti-tussives in the dog and approximately equal in this respect. Nalorphine
antagonized the catalepsy-producing effects of phenazocine and morphine.
The overt effects produced by both drugs in the mouse, rat, rabbit and dog
were quite similar, essentially signs of central nervous system depression. In
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the monkey, however, morphine also depressed, but phenazocine intraven-
ously produced no effect or signs of central nervous system stimulation.

ORAHOVATSJ repeated nmch of the above pharmacological study of phen-
azocine with generally confirmatory results. His conclusions were as fol-
lows : Administered subcutaneously it was 8 times more potent than mor-
phine as an analgesic in rats, 6-7 times more potent in dogs. It had poor
oral activity; its ratio of subcutaneous to oral activity was about 1:20 to
1:30. The side reactions, such as general sedation and depression, hypnosis,
hind-leg weakness, miosis, lowering of body temperature, were considerably
milder and less frequent than those of morphine in equipotent doses. Re-
gardless of the route of administration or the dose, phenazocine did not in-
duce emesis or signs of nausea. The cardiovascular effects, lowering of blood
pressure and slowing of the heart in dogs, were similar to those of morphine,
but only very mild and transitory depression of respiration was produced
(cats). Short-term chronic tests in rats indicated that tolerance to the anal-
gesic effect developed slowly and to a mild degree. Nalorphine readily re-
versed both the analgesic and side-effects of phenazocine.

CARTER and DAVID ( 5 7 ) demonstrated tolerance and cross tolerance in rats
of about equal degree for the analgesic effect of phenazocine, morphine and
pethidine. In a later report(58) the same authors said that tolerance to an
analgesic effect in rats developed most rapidly and to greatest degree with
morphine, less with pethidine and racemoramide, and least with phenazo-
cine. Pre-injection of phenothiazines before the analgesic drugs significantly
decreased the rate of development of tolerance and hastened recovery during
withdrawal. This change was least apparent with phenazocine.

Respiratory depression is an outstanding disadvantage with morphine so
that its possibility becomes a major consideration with any new analgesic.
Some of the experimental results indicated that relative to analgesic potency
phenazocine was less likely than morphine to depress respiration and con-
sequently a number of investigators have carried out carefully controlled and
instrumental studies on this point employing in the main normal volunteers
and making comparisons with morphine or pethidine.

BELLVILLE et al.i59) employed a modification of the re-breathing method of
ECKENHOFF, HELRICH and HEGE ( 6 0 ) in nine normal subjects, obtaining the

alveolar ventilation-/?c02 response curve automatically. They compared 5
and 10 mg of morphine with graded doses of phenazocine, 1-5 and 3-0 mg or
1*0 and 2-0 mg or in one case 0*75 and 1*5 mg. They estimated phenazocine to
be 6*4 times as potent as morphine in the production of respiratory de-
pression. Since they had found the new drug to be three to four times as
potent as morphine as an analgesic this was a result not favorable to phen-
azocine.

GREISHEIMER et alS61) compared phenazocine, pethidine and placebo (nor-
mal saline) in 16 normal subjects under conditions of normal and re-breathing

f Personal communication.
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for effects on alveolar ventilation and carbon dioxide tension. Each subject
was his own control. The doses were 2-0 mg per 70 kg weight for phenazocine
and 80 mg per 70 kg for pethidine injected slowly into a continuous 5 per
cent dextrose infusion. Alveolar carbon dioxide tension during normal
breathing was elevated after both drugs and alveolar ventilation during re-
breathing as well as during normal breathing was decreased. The percentage
changes were for phenazocine and pethidine, respectively. —35-8 and —28-4
during normal breathing and —55*6 and —42-0 during re-breathing, not
significantly different for the former, just significantly greater for phenazo-
cine for the latter.

BERKOWITZ, RODMAN and CLOSE ( 6 2 ) also studied the respiratory effect of
phenazocine employing young and elderly normals and elderly patients with
cardiovascular, pulmonary or hepatic diseases. The criteria of ventilatory
activity used were respiratory rate and minute volume breathing air and in
response to 4 and 6 per cent CO2 , the arterial blood pCo2> pH and oxygen
saturation. In groups of five normal subjects each, a dose of 4 mg of phen-
azocine was compared with 15 mg of morphine and 1*5 mg of oxymorphone.
There was no cross-over. The authors concluded that phenazocine depressed
respiration more than either of the other narcotics. The effect of phenazocine
was more marked in the elderly.

PAPADOPOULOS and KEATS (63) also compared phenazocine and morphine
in the same five normal adult males, employing doses of 2-5 and 10 mg per
70 kg weight, respectively. They measured respiratory rate and minute vol-
ume, alveolar pCOl and responses to 2, 4 and 6 per cent CO2 . They con-
structed stimulus-response curves for both drugs at 60 and 180 min after
administration. The depressant effect 1 hr after phenazocine was less than after
morphine but was still present at 3 hr, whereas the effect of morphine had
begun to wane. The difference at 1 hr was probably not clinically significant.

To conclude these accounts of the respiratory depressant effect of phen-
azocine, it may be noted that M C E W A N ( 6 4 ) , using the drug for supplementa-
tion of nitrous oxide-oxygen anesthesia found it necessary to administer
Levallorphan in 10 of 51 patients because of the occurrence of undue de-
pression of respiration. In another series of 43 patients he was partially
successful in avoiding respiratory depression by giving Levallorphan before
the first dose of phenazocine.

After experiments on dogs in which phenazocine and pethidine produced
comparable respiratory depression but the former less, indeed little, effect on
the circulation, STEPHEN and MACMILLAN (65) gave phenazocine intravenous-
ly to 124 surgical patients, prior to induction of anesthesia, to reinforce
sedation and analgesia during regional and spinal anesthesia and as an ad-
junct to nitrous oxide-oxygen anesthesia. Usually intermittent doses of 0*25
to 1-0 mg were given, but in 10 cases a continuous infusion of 1*0 mg per
100 ml of 5 per cent dextrose solution was used. The authors stressed that
phenazocine was a potential respiratory depressant, a potentiality which was
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enhanced and became of real significance when the drug was used in associa-
tion with a short-acting barbiturate. STEPHEN and MACMILLAN emphasized
the sparing effect of phenazocine with respect to the circulation as compared
with pethidine. During their clinical use of the drug the blood pressure was
remarkably stable and it was their belief that phenazocine had no depressant
effect on myocardial function.

Recently CILIBERTI, SHROFF and EDDY ( 6 6 ) completed a study of phenazo-
cine, 2 mg per 60 kg body weight, as pre-anesthetic medication in comparison
with morphine, pethidine and a placebo on a double-blind basis on the sur-
gical services of two large hospitals. There were 245-250 patients in each drug
group. The resident anesthetists conducted the study and rated phenazocine
nearly as effective as morphine or pethidine. It produced fewer side effects
and notably no more effect on circulation than placebo, whereas there were
hypotensive episodes after morphine (2) and after pethidine (7).

Two additional pieces of evidence on the clinical pharmacology of phen-
azocine are noteworthy and there are a number of additional reports on its
clinical effectiveness. LUSTGARTEN et alS61) tested phenazocine against mor-
phine for anti-diuretic effect in normal individuals and in mothers with con-
gestive heart failure. An undisturbed water or mercurial diuresis for each
patient constituted the control. Morphine or phenazocine was then given on
different days to these same subjects after diuresis was established. Fractional
urinary volumes and electrolyte excretions were measured in each run. Both
morphine and phenazocine produced an inhibition of both types of diuresis.
It was postulated that phenazocine, like morphine, inhibited diuresis by in-
creasing the output of antidiuretic hormone.

WALLENSTEIN et <z/.(68) reported a comparison of morphine and phen-
azocine with respect to subjective effects and performance in six normal sub-
jects. The doses were 5 and 10 mg for morphine and 1 and 2 mg or 1-5 and
3 mg for phenazocine, administered intramuscularly, double blind in random
order. Subjective side effects occurred much more frequently with both drugs
than had been the case previously in patients with pain. Some types of per-
formance were depressed by both drugs and phenazocine was three to seven
times more potent than morphine in this depression.

In 1960 PREVOZNIK and ECKENHOFF (69) published a follow-up of the lat-
ter's first report, dealing with the use of phenazocine in 778 surgical patients.
The drug was used for premedication in 60. The dose was 1-5 or 2-0 mg intra-
muscularly. Fifty-two patients appeared calm and relaxed prior to induction
and nausea occurred in only 2. In 323 patients phenazocine was used as an
adjunct to anesthesia in 0-5 mg doses injected intermittently into the five per
cent dextrose infusion. In all but 15 patients the effect sought by the an-
esthetist was attained — supplementation of general anesthesia with ni-
trous oxide and thiopental, decrease of the thiopental requirement, or
diminution of respiratory effort when controlled respiratory techniques
were being employed. A fall in blood pressure occurred three times but
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only from a hypertensive to the normal range. Respiratory rate slowed in
eight patients but the slowing was not appreciable and respiratory assistance
was not required. In the recovery room phenazocine in doses of 0*5-1 *5mg
was administered 162 times for post-operative restlessness and 165 times for
post-operative pain with good to complete relief in 87 per cent for the former
and 80 per cent for the latter. Six patients became nauseated and six retched.
For two months phenazocine was the sole narcotic used on one surgical
service. Sixty-eight patients received one or more doses per day, ranging
from 1*0 to 6-0 mg with good to complete relief in more than 95 per cent.
Nausea or vomiting was reported for only 3 patients. The authors said
in conclusion, "Evidence of circulatory and respiratory depression was ob-
served, but the incidence of such reactions has been small. The drug was used
in hypotensive states without further lowering of blood pressure." Two cases
of prolonged administration were mentioned. In one 3*0 mg doses were given
two or three times a day for 8 weeks with no untoward effects when the drug
was abruptly withdrawn. In the other the dose was 4-0 mg two or three times
daily for eight weeks without signs of dependence or tolerance.

LEAR et aLao), like the preceding authors, used phenazocine for premedi-
cation, for supplementation and for immediate post-operative pain. They
compared it with dextromoramide and pethidine. For premedication 102
patients received dextromoramide 1'25-5-0 mg. Phenazocine was adminis-
tered to 104 patients in doses of 0-5-2-0 mg. An additional comparison was
with a group of 150 patients who had received pethidine 25-100 mg. Both
phenazocine and dextromoramide produced a lesser degree of adequate
sedation, 55-0 and 49-5 per cent, respectively, than pethidine or morphine,
65-5 and 69-5 per cent. Neither of the new analgesics caused nausea, vomiting
or disorientation; each, as well as pethidine, produced some hypotension,
8 per cent in each study group. Phenazocine and dextromoramide were em-
ployed as adjuncts to nitrous oxide anesthesia in a combined series of
380 cases. After induction the drugs were injected intravenously and repeated
as necessary; detromoramide 0-5-1-0 mg, maximum 7-5 mg; phenazocine
0-2-0-4 mg, maximum 7-0 mg. Clinical management of the patients was
similar so that anesthetist was unable to distinguish between the drugs when
given as unknowns. In the immediate post-operative period in the recovery
room 150 patients received dextromoramide intramuscularly 1-25-5-0 mg,
215 patients received phenazocine 0-5-2-0 mg and 160 patients received
pethidine 25-100 mg. Phenazocine and dextromoramide were most rapid
in onset of pain relief; phenazocine longest and dextromoramide shortest in
duration of action. There was least evidence of hypotension and least nausea
with phenazocine, most with pethidine.

SADOVE et al.ai) and CORBIT and FIRST ( 7 2 ) have reported on the use of
phenazocine in labour. The former gave the drug intravenously in doses of
1 -0-4-0 mg to 202 patients. A good or excellent result was obtained in
80 per cent. There was delay in cry or respiration in 22-205 infants, only in
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seven at all related to phenazocine. The average Apgar rating was 8-9. All
depressed infants recovered uneventfully. Using a double blind technique
CORBIT and FIRST compared pethidine 80 mg with phenazocine 2-0 mg ad-
ministered intramuscularly. Both drugs produced adequate sage analgesia;
there was no statistical difference in their efficacy. The Apgar scores for in-
fants in the two drug groups were almost identical.

In this connection, SNYDER (73 ) found that phenazocine, like other narcotic
analgesics given to pregnant rabbits at term, depressed fetal respiration and
interfered with the labour mechanism to an extent that increased fetal mor-
tality. Reporting on fetal mortality in at least 200 births per drug, he found
the percentage results to be — non-injected controls 6, phenazocine 0*4 mg/kg
20, morphine 13-0 mg/kg 35, methadone 6-0 mg/kg 19? and pethidine
40-0 mg/kg 18. With any of these drugs the depression of fetal respiration
could be removed and per cent fetal mortality decreased by the administra-
tion of nalorphinef.

YOUNG, BROWN and SMITH ( 7 4 ) undertook the trial of phenazocine as pre-
medication for surgery in children and reported 318 cases. It was always
given with scopolamine and the dose was 0-015 mg per pound weight for
tonsilectomies and 0-02 mg per pound for other cases. Sedation was good but
not profound, satisfactory in 80 per cent. The excellent analgesia permitted
surgery in a lighter plane of anesthesia. The possibility of respiratory de-
pression was the principal difficulty, largely avoided, however, by careful
attention to the plane of anesthesia.

The Medical Division of Smith, Kline and French Laboratories f reported
on the oral use of phenazocine for acute and chronic pain in 980 patients.
Moderate to complete relief was obtained without concomitant medication
in 85-2 per cent. The dose varied from 2-0 to 10*0 mg. In more than 75 per
cent relief was of 4 hr or more duration. Sedation, in addition to pain relief
was noted in small numbers only 7 per cent at the 2-0 mg dose, 18 per cent at
10 mg. Side-effects, most frequently nausea and/or vomiting and dizziness,
increased with increase in dose, 5 per cent at the lowest 2-0 mg, 30 per cent
at the highest 10-0 mg dose.

COCHIN f and the authors of this report mainly through the clinical facil-
ities of the National Institutes of Health, have assisted in the handling of many
pain problems, through the use of oral phenazocine. These were cases of
chronic, moderate or moderately severe pain in ambulatory or semi-ambula-
tory patients, getting inadequate relief on other medication or relief at the
cost of excessive side effects. The dose most often employed has been 2*0 or
2-5 mg and most have been relieved with negligible incidence of side effects.
As in the previous series higher doses have been given at the cost of more
side effects. It is our conclusion that most or many ambulatory patients with
acute or chronic pain can get relief of good duration with a 2-0 or 2-5 mg
dose of phenazocine and practically no side effects. If these dose levels fail

t Personal communication.



152 BENZOMORPHANS

other measures for relief should be employed and not an increase in the
phenazocine dose.

In support of this conclusion DAVID and PORTER ( 7 5 ) reported the use of
phenazocine orally for extended periods in doses of 2-5-10 mg. They said
that the drug provided effective analgesia with a duration of effect of about
4 hr in dosages of 2-5-5-0 mg three or four times a day. The incidence of
side effects was very low. On the other hand, LASAGNA and DEKORNFELD|
gave phenazocine orally to post-partum patients with very poor results. The
dose was 5 mg in 30 patients and 10 mg in 28 patients. There was no dif-
ference in the relief afforded by these two doses and this was only a little
better than was seen with a placebo. However, side effects were more fre-
quent with the larger dose; one vomited, two complained of dizziness and
eleven of sleepiness. This discordant result may very probably be related to
the type of pain for which relief was sought.

One additional note about the clinical use of phenazocine has come to our
attention. KURLAND and GRUENWALD ( 7 6 ) administered the drug orally or
subcutaneously for periods of 2-100 days to 14 female patients with de-
pression as part of their symptomatology, residing on the chronic wards of a
psychiatric hospital. No significant improvement could be found in any
patient even with the maximum dosage utilized, 20-30 mg/day. The greater
the degree of depressive effect in the patient, the worse they seemed to be-
come on this medication. In a few patients there appeared to be a transient
diminution of their tension. Nausea and vomiting were seen in six patients
and a rash in one.

The crucial question in the clinical use of phenazocine is its likelihood to
produce tolerance and physical dependence. Mention has been made of the
work in monkeys which indicated a separation of analgesic and physical de-
pendence properties; and some evidence of a slower development of tolerance
with phenazocine has been alluded to. Using their established techniques of
single dose administration for morphine-like effects in post-addicts, 24-hr
substitution in stabilized morphine addicts and direct addiction experiments,
FRASER and ISBELL (77) studied extensively in their post-addict population the
addiction and abuse liability of phenazocine. They found that in single doses
subcutaneously or intravenously it produced pupillary constriction and other
morphine-like effects; 4-0 mg subcutaneously was approximately equivalent
to 13-0 mg of morphine in the production of subjective effects. Phenazocine
was completely adequate as a substitute for morphine in stabilized morphine
addicts and was more potent, 1 mg being equivalent to 8*15 mg of morphine.
Phenazocine produced physical dependence resembling that caused by mor-
phine in direct addiction experiments but this appeared to be milder and to
develop more slowly. Notably in these direct addiction attempts the dose of
phenazocine could not be increased as rapidly nor proportionately to the
same extent as could be done with morphine.

f Personal communication.
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Other benzomorphans which have been tested for analgesic effectiveness in
man are (~)-2'-hydroxy-2,5,9-trimethyl-6,7-benzomorphan (59), (±)-5,9-
diethyl-2'-hydroxy-2-methyl-6,7-benzomorphan (34.2), (±)-2'-methoxy-5,9-
dimethyl-2-phenethyl-6,7-benzomorphan (54.2) and some of the specific
antagonists (see the section on antagonists for the latter). The first of these
(59) had an ED5 0 for analgesic effect in mice of 1-7 mg/kg subcutaneously,
in the morphine range, probably slightly more potent. In the monkey physical
dependence capacity was very low up to 50 mg/kg subcutaneously and the
compound produced no significant toxic effects on chronic administration to
rats (BYWATER|).

LASAGNAf administered this compound subcutaneously to patients with
post-operative pain in doses of 3-15 mg and compared the results with those
of 10 mg of morphine on the basis of the effect of first doses per individual
and of total effect. He concluded that a dose of 15 mg was as good as or perhaps
somewhat better than 10 mg of morphine in pain relieving power. No unto-
ward effects of any consequence were seen.

FRASER and his associates(78) studied the addictiveness in man of (~)-2'-
hydroxy~2,5,9-trimethyl-6,7-benzomorphan (59), concluding that it was
somewhat less than that of morphine. An unusual variation in the effects of
this drug was noted. On one cross-over double blind experiment single doses
of 20 mg of (59) were compared with 20 mg of morphine sulphate in drug-
free postaddicts. A typical and very similar morphine-like pattern of effects
was demonstrated in this test for both drugs. This was confirmed in a second
experiment in which 12 and 24 mg of (59) were compared with 15 and 30 mg
of morphine. All of these doses were given subcutaneously and indicated
that, in single doses to post-addicts, (59) was at least as potent as morphine.
In the next experiment, however, its potency was much less. It was substituted
for morphine for 24 hr in subjects stabilized on morphine, 240 mg per day.
The doses of (59) were 110 mg (2 subjects), 160 mg (3 subjects) and 360 mg
(5 subjects) in place of the usual 180 mg of morphine for the same period.
As a substitute (59) was not much better than a placebo. FRASER et al. es-
timated its potency in this respect as only one-eighth that of morphine. This
low potency as a substitute in contrast to approximate equivalence to mor-
phine as an analgesic in animals and man and in the production of morphine-
like subjective effects suggested a partial dissociation of morphine-like anal-
gesic and physical dependence properties, so that a direct experimental ad-
diction experiment was undertaken. This was a cross-over experiment with
five subjects. In one part the subjects received morphine sulphate in increas-
ing dosage, easily reaching 240 mg per day in 18 days and being maintained
at that level through the 25th day. In the other part the same subjects re-
ceived the benzomorphan (59) but it was possible to increase the dose only
to 180 mg per day in 18 days (toxic effects occurred with higher doses) which
was maintained through the 25th day. During the experimental addiction

t Personal communication.
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all subjects consistently identified both drugs as "dope" and potency ratings
were similar. Positive responses to the question, "Would you like to take
this drug every day?" were the same, 32 per cent for both drugs, but negative
responses were only 14 per cent for morphine and 55 per cent for the ex-
perimental drug. Also only 1 per cent of the time was morphine said to make
the subject feel bad while the response on this point was 26 per cent feel bad
with the benzomorphan. When the drugs were abruptly withdrawn the in-
tensity of abstinence signs was less in peak on the second day and in total
with (59) than with morphine. Relatively peak scores were 23-5 and 34-8 and
total scores 147-9 and 209-1.

FRASER et al point out that heretofore single dose substitution and direct
addiction procedures have shown reasonably good agreement as tests to
determine the degree of addiction liability. However, in the present case,
although (59) was as potent as or slightly more potent than morphine in single
doses in post-addicts, it was only about one-eighth as potent as morphine in
suppressing signs of abstinence in patients dependent on morphine. Never-
theless the degree of abstinence observed following abrupt withdrawal of
(59) in a direct addiction attempt was greater than would be predicted from
the substitution test. These results suggest the advisability of experimental
direct addiction evaluation when the previous results with a compound
are not consistent. The results with (59) also confirm what was shown
with phenazocine that the tests with benzomorphans in monkeys cannot
serve to predict addiction liability in man, except that within the group
itself relative potency of members of the group in the monkey parallel
generally relative potency of those members for analgesia in animals and
for effects in man.

LASAGNA and DEKORNFELD f have tested (34.2) as well as (59) for analgesic
effectiveness against post-operative pain in man and (54,2) administered oral-
ly against post-partum pain. The former was only half as effective as mor-
phine as an analgesic by the hot-plate method in mice and had no physical
dependence capacity (abstinence suppressant potency) in monkeys up to
60 mg/kg subcutaneously. Administered daily to monkeys in doses increasing
from 5 to 30 mg per kg subcutaneously in 31 days its physical dependence
properties were very low. According to LASAGNA and DEKORNFELD (34.2) at
a dose of 10 mg alternating with 10 mg of morphine has a similar onset and
duration of action, but an inferior peak analgesic effect. At a 20 mg dose
alternating with 10 mg of morphine subcutaneously in 20 post-operative
patients (34.2) was definitely superior in peak analgesic effect through 4 hr
of observation. The morphine equivalent analgesic dose would, therefore, lie
between 10 and 20 mg, a good carryover from the laboratory observation.
The only untoward reaction was a vomiting episode in one patient receiving
the 20 mg dose, but such an episode occurred also in one patient who re-
ceived 10 mg of morphine,

t Personal communication.
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In post-partum patients 20 mg of (54.2) was administered orally and
compared with 600 mg of aspirin and a placebo. Both (54.2) and aspirin were
superior to the placebo and the former was better than aspirin in bringing
about pain relief especially at 3 and 4 hr after administration. Unfortunately,
the incidence of side ejfFects with (54.2) was high. Of 34 patients who received
this compound 14 complained of one or more side effects (dizziness, nausea,
vomiting, anorexia, pruritus, sleepiness, lightheadedness and hypotension),
whereas aspirin and the palcebo were virtually free of side effects. These
patients were ambulatory or semiambulatory which may have increased the
incidence of untoward reactions. The solubility of (54.2) was too low to per-
mit its trial other than orally. Its ED5 0 for analgesic effect in mice was 10 mg
per kg subcutaneously and it had no physical dependence capacity in mon-
keys up to 60 mg/kg.



CHAPTER V

O p i a t e A n t a g o n i s t s i n t h e B e n z o m o r p h a n Ser ies

THE structural relationship of benzomorphans to morphine and morphinan
derivatives led naturally to 7V~ailyl and related substitutions in various benzo-
morphan structures. GORDON et aha9y described the synthesis of 2-allyl-2'-
hydroxy-5,9-dimethyl-6,7~benzoniorphan (SKF 10, 047, nalorphine analog)
and of 2-allyl-2'-methoxy~5?9-dimethyl~6,7~benzomorphan. ARCHER and his
associates(42) prepared and studied some 25 compounds of this sort, a series
in which the substituent at 2 of benzomorphan was modified in a manner
more or less comparable to previous work on morphine and morphinans. A
few of these compounds were examined in our laboratory. The pharmacology
of some of them was described by ARCHER et aLi42) and by HARRIS and
PIERSON (80 ) . The Sterling-Winthrop Laboratories have kindly supplied us
with dataf on the whole series. (See Tables XXXIV and XXXY). Some of
these compounds too have been tested in monkeys for antagonistic (Nalor-
phine-like) action and/or physical dependence capacity and some are under
investigation in man for analgesic effect, side action liability and morphine-
like properties in post-addicts.

This group of "antagonists" had little demonstrable analgesic action in
animals, but they did have the property of antagonizing, reducing or abolish-
ing the analgesic effect of other powerful analgesics. All have been tested on
this point against one or all of the trio; pethidine, morphine and phenazocine.
In Tables XXXIV and XXXV, the compounds have been arranged in the
order of their chemical relationships and their antagonistic potency varies
widely, from materially less to several times greater than that of nalorphine.
The rank order (figures in parentheses, Table XXXV) of their antagonistic
action, however, against the analgesic effect of pethidine, morphine or
phenazocine is much the same, suggesting a common mechanism of action.
So far as they have been tested the secompounds, like Nalorphine or Levallor-
phan, have the ability to reverse in similar degree the respiratory and beha-
vioral effects of the morphine-like analgesics.

In the section on the chemistry of the benzomorphans, it was pointed out
that the 5,9-disubstituted derivatives could exist in trans-(pc-) or cis-(fi-) form.
Generally a marked difference in the analgesic activity in animals of the two
forms was demonstrated. Win 20,228 and Win 20,740 as shown in the tables
have the cc-configuration. ARCHER and his associates prepared the corres-

| Including some unpublished.
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ponding /3-compounds. Win 20,228 and Win 20,740 differed widely in antag-
onistic potency, their /9-isomers did also. However, the difference between
the a- and /S-forms of the two compounds, respectively, was small and prob-
ably hardly significant. The AD5 0 against the analgesic effect of pethidine
was 3-9 for a-Win 20,228 and 3-3 mg/kg for ^-Win 20,228. Similarly, the
AD 5 0 was 0-019 for oc-Win 20,740 and 0-011 mg/kg for ^-Win 20,740. This is
a most interesting variation in structure action relationships.

LASAGNA and BEECHER (84) in 1954 and KEATS and TELFORD ( 85 ) in 1956

showed that Nalorphine, in spite of its specific opiate antagonistic action,
could effect relief of post-operative pain was well as morphine on a mg for
mg basis. Unfortunately the relief was accompanied by bizarre subjective
reactions, very disturbing to the patient. However, the wide range of antag-
onistic potency, seen first with morphine and morphinan derivatives and
now also in the benzomorphan series, suggested that among the antagonists
there might be an effective analgesic which produced little or none of the dis-
turbing Nalorphine-like side effects. To this end a number of the benzomor-
phans with specific antagonistic properties arc under clinical investigation:
2-allyl-2/-hydroxy-5,9-dimethyl-6,7-bcnzomorphan (SKF 10,047); 2-allyl-5-
ethyl-2'-hydroxy-9-mcthyl-6,7-benzomorphan (Win 19,362); 2#-hydroxy-5,9-
dimethyl-2-(3,3-dimethylallyl)-6,7-bcnzomorphan (Win 20,228); 5-ethyl-2'-
hydroxy-9-methyl-2~(3,3-dimethylalhyl)-6,7 benzomorphan (Win 20,264);
and 2-cyclopropylmethyl-2'-hydroxy-5,9-dimethyl-6,7-benzomorphan (Win
20,740).

SKF 10,047 could be used clinically as an opiate antagonist, having a
potency equal to ( 7 9 ) or greater than(42) that of nalorphine. Mixtures of it
with phenazocine in various ratios have been studied for analgesic activity
and physical dependence capacity(79). A 1:1 mixture produced no analgesia
in animals and precipitated abstinence phenomena in morphine-dependent
monkeys. With a ratio of nine parts of phenazocine to one of the antagonist,
the analgesic effect in animals was as good as with phenazocine alone but
there was again precipitation of abstinence signs in addicted monkeys, as
seen with nalorphine, instead of suppression. Mixtures of 25:1 and 50:1
acted similarly; with a 100:1 mixture there was neither precipitation nor
suppression of abstinence signs up to 16 mg/kg. SNYDER| has reported
to us that, whereas phenazocine alone has a morphine-like effect on the
labor mechanism in pregnant rabbits at term and increases fetal mortality
to about 20 per cent, phenazocine plus SKF 10,047 in a 50:1 ratio appeared
to have no effect on the labor mechanism and fetal mortality was in the nor-
mal range, about five per cent.

The retention of analgesic effectiveness in man comparable to that of
phenazocine alone was demonstrated by KEATS f in post-operative patients
for the 9 :1 mixture but the same mixture did not abate the development of
physical dependence in man (FRASEjtf).

f Personal communication.
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SKF 10,047 alone had an analgesic effect against post-operative pain in
man somewhat less than that of morphine or Nalorphine. Fifteen milligrams
of it was not as effective as 10 mg of morphine. Higher doses were not tried
because Nalorphine-like disturbing subjective effects were seen in some pa-
tients (KEATS f).

Win 19,362 was about three times as potent as Nalorphine as an antagonist
and about twice as potent as morphine as an analgesic in post-operative pain.
However, this compound, in doses of 5 and 10 mg, produced severe side
effects, including psychic reactions such as had been seen with nalorphine,
precluding its further clinical trial(42).

Win 20,228 and Win 20,264 differ from each other only in the substituent
at position 5, methyl in the former, ethyl in the latter. Both are weak opiate
antagonists and both are analgesics in post-operative pain in man, in the
dosage range of 20-40 mg. Potency estimates by different observers are
fairly consistent; equivalence to 10 mg of morphine is not less than 20 mg,
probably more nearly 30 mg per 70 kg body weight. Nalorphine-line sub-
jective effects have not been seen with Win 20,228; such side-effects as were
seen were like those occurring commonly with morphine and were not more
severe than with morphine <42'86>.

Win 20,228 at a dose of 20 mg produced some respiratory depression which
was comparable in degree to that of 10 mg of morphine and which was not
antagonized by nalorphine. Increasing the dose did not result in apnoea
(KEATS f). In contrast to morphine Win 20,228 in doses greater than 2 mg/kg
intravenously produced tachycardia and hypertension.

Because of its analgesic effectiveness and the absence of nalorphine-like
subjective effects Win 20,228 was tested at the Addiction Research Center,
Lexington, Ky. (FRASER and ROSENBERG (87)). The subjective effects following
single doses up to 50 mg in post-addicts differed qualitatively from those of
morphine. Also in 24-hr substitution for morphine in individuals stabilized
on 240 mg of the latter per day, Win 20,228 even in larger doses (360 mg per
day) was disliked by the subjects and had little effect on the morphine ab-
stinence syndrome. In an attempt at direct addiction, only one of three sub-
jects would continue the administration of Win 20,228 for the planned
25 days, attaining a dose of 385 mg per day. There was marked irritation at the
site of injection. Abrupt withdrawal of the drug resulted in mild abstinence
signs, in marked contrast to the result of a similar schedule of morphine
administration in the same individual. FRASER and ROSENBERG concluded
that Win 20,228 had no significant degree of morphine-like addictiveness.

Win 20,740 is a most interesting compound. It was the most potent antag-
onist tried in the benzomorphan series, showed some analgesic effect in
animals and was a very potent analgesic in man at doses which produced no
Nalorphine-like subjective effects. The latter have occurred occasionally when
the dose was increased several-fold.

t Personal communication.
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LASAGNA, DEKORNFELD and PEARSON f estimated the dose of Win 20,740
equivalent to 10 mg of morphine against postoperative pain as close to
0*25 mg. They said it was also effective by mouth; 0-25 mg was equivalent to
the usual dose of Darvon compound (dextropropoxyphene 65 mg plus an
APC mixture) against post-partum pain. Win 20,740 has produced symptoms
of drunkenness, confusion and unpleasant subjective effects, but in only one
person who received a dose of less than 1*0 mg parenterally or by mouth.

Preliminary results at the Addiction Research Center with Win 20,740
(FRASER and ROSENBERG f) showed that single doses, orally, subcutaneously
or intravenously produced occasionally effects identified as opiate-like. The
doses used were 1-0 mg orally, 0*4 and 0*8 mg subcutaneously and 0-1 to
0-6 mg intravenously. Comparison was with 10 and 20 mg of morphine sub-
cutaneously. Substituted for morphine in individuals stabilized on 240 mg of
morphine per day, Win 20,240, like Nalorphine or Levallorphan and com-
parable to them in potency, precipitated rather than suppressed abstinence
phenomena. Administered chronically for 25 days Win 20,740 induced initial-
ly some dysphoria to which tolerance developed and was seldom identified
as an opiate. When the drug was abruptly withdrawn a very mild atypical
abstinence syndrome developed, whereas the same patients showed moderate
to severe abstinence phenomena after a comparable direct addiction to mor-
phine.



CHAPTER VI

S u m m a r y

LAEVO-3-hydroxy-iV-methyl-morphinan, a structure lacking the characteristic
oxygen bridge and 6-carbon substituent of the morphine molecule, proved
to be a more effective analgesic than morphine, but not qualitatively or es-
sentially different. Obviously the complete morphine structure was not ob-
ligatory for a high degree of activity and investigation of further simplifica-
tion was in order. The benzomorphans resulted, a step further from mor-
phine in their structure through scission of ring C and retention of only an
alkyl residue to preserve the quaternary carbon in the same relation to nitro-
gen as in morphine or morphinan.

The series of benzomorphans has been extended to well over 100 with
particular attention to the substituent at 2',2,5 or 9. Where the chemical
changes parallel those previously described in the morphine and/or mor-
phinan series, relationships have been discussed. The following generaliza-
tions are believed to be justified:

1. The structure-activity relationships for changes at T or 2 for the most
part run parallel in the morphine, morphinan and benzomorphan series.

2. Introduction of an hydroxyl at position 9 (corresponding to carbon-14
of morphine or morphinan) decreases generally analgesic action, whereas
similar substitution in morphine or morphinan increased it notably.

3. In all three series analgesic properties are exhibited predominantly by
the laevo-isom&x. In the stereoisomeric pairs of benzomorphans with respect
to the substituent at 9, significantly greater activity and a better toxicity-
analgesic action ratio are seen generally with the p-(cis~) form.

4. Physical dependence capacity of benzomorphans in the monkey is
generally low, especially relative to analgesic potency, but this characteristic
has not carried over well to man. In one instance, however, a benzomorphan
[(—)-2'-hydroxy-2,5,9-trimethyl-6,7-benzomorphan] has been in man as ef-
fective as morphine in the production of morphine-like subjective reactions
but has been only one-eighth as effective in suppression of morphine ab-
stinence phenomena (substitution in morphine-dependent individuals) and
has apparently produced less physical dependence during chronic adminis-
tration.
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5. Suitable substitution on nitrogen of benzomorphan, as in the morphine
or morphinan series, can enhance analgesic effectiveness or result in the ap-
pearance of antagonistic properties. Some at least of the antagonists in the
benzomorphan series are analgesics in man against various types of pain and
may exhibit such favorable action without marked respiratory depression or
bizarre, disturbing side effects.

6. The benzomorphans as a class are morphine-like but there are quanti-
tative differences which suggest that some dissociation between useful and
undesirable properties is being attained.



TABLE XXX. THE EFFECT OF THE SUBSTITUENT AT POSITION 2' OF 6,7-BENZOMORPHANS ON
to

No.

9
10
29.1
29.3
29.2
50.1
35.6
35.1
29.4
34.2
34.7
35.7
35.2
42.4
42.8
42.6
45.5
45.9
45.7
42.14
42.15
54.6
54.7
52.4

See Table

XIX
XIX
XX"
XX
XX
XX
XXI
XXI
XX
XX
XX
XXI
XXI
XXII
XXII
XXII
XXIII
XXIII
XXIII
XXIV
XXIV
XXV
XXV
XXV

Substituent at 2'

H
OH
H
OH
OCH3
OCOCH3
H
OH
H
OH
OCOCH3
H
OH
H
OH
OCH3
H
OH
OCH3
H
OCOCH3
H
OH
TJ

Other substituents

2,5-Dimethyl-
2,5-Dimethyl-
a-2,5,9-Trimethyl
<x-2,5,9-Trimethyl
a-25559-Trimethyl
a-2,5,9-Trimethyl
-̂2,5,9-Trimethyl

£-2,5>Trirnethyl
a-5,9-Diethyl-2-methyl
ct-559-Diethyi-2-methyl
a-5,9-Diethyl-2-methyl
£-559«Dielhyi-2-methyl
j8-5,9-Diethyl-2-methyl
ot-9-Hydroxy-2,5-dimethyl
«-9-Hydroxy-235-dimethyl
a-9-Hydroxy-2,5-dimethyl
j?-9-Hydroxy-2,5>trimethyl
£-9-Hydroxy-2s5,9-trimethyl
£-9-Hydroxy-2,559-trimethyl
a-9-Acetoxy-2,5-dimethyl
<x-9-Aeetoxy-2,5-dimethyl
5-Methyl-2-phenethyl
5-Methyl-2-phenethyl
5,9-Dimethyl-2-(3-oxo-3-phenylpropyl)

ED5Of

22-1
104
27-3
3-0
9-8
1-17
8-9
0-44
5-0
4-2
3-0
4-2
0-28

63-8
79-9

> 100-0
1124

6-0
I

29-0
0-51

35-9
0-48
8-7

LD50t

148
175
155
175

ca. 200
178
67
83

423
252

ca. 80
ca. 110
>400

>200

55
63

367
>200
>400

55
>400

Observations on monkeys

Morphine

PDC

none

low
low
intermed.

low
none
none
none

none

high

none

Equiv.

24-0
none

>12-0

>18-0

48-0

Dose range

2-60 (1)

3-24 (2)
2-5-10 (3)
1-12 (4)

0-5-18 (5)
1-16 (6)
2-60 (7)
2-32 (8)

0-5-12 (9)

0-5-72 (10)

1-16 (6)

w
ffl
%
N
O

O
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No.

52.3
42.9
42.7
42.12
42.10
42.13
42.11
45.8
45.6
42.19
42.18
42.20
42.17
42.21
54.3
54.2
52.22
54.1

52.16
54.9
54.10
59
59.1
54.12

See Table

XXV
XXII
XXII
XXII
XXII
XXII
XXII
XXIII
XXIII
XXIV
XXIV
XXIV
XXIV
XXIV
XXV
XXV

XXV

XXV
XXVI
XXVI
XXVII
XXVII
XXVII

Substituent at 2'

OH
OH
OCH3
OH
OCH3
OH
OCH3
OH
OCH3
OH
OCH3
OCOCH3
OCH3
OCOCH3
OH
OCH3
OCH2OCH3
OCOCH3

OCO-<^>-NO2

OH
OCH3
OH
OCH3
OH

Other substituents

539-Dimethyl-2-(3-oxo-3-phenyipropyl)
a-9-Hydroxy-2,559-trimethyl
<v-9-Hydroxy-2,539-trimethyl
a-5-Ethyl-9-hydroxy-2-methyl
a-5-Ethyl-9-hydroxy-2-rnethyl
a-5-Ethyl-9-hydroxy-259-dimethyl
a-5-Ethyl-9-hydroxy-2,9-dimetfiyl
0-9-Hydroxy-2,5-dimethyl
£-9-Hydroxy-2,5-dimethyl
&-9-Acetoxy-5-ethyl-2,9-dimethyl
a-9-Aeetoxy-5-ethyl-2?9-dimethyl
a-9-Acetoxy-5-ethyl-2,9-dimethyl
a-9-Acetoxy-5-ethyl-2-methyl
a-2/,9-Diacetoxy-5-ethyl-2-methyl
5,9-Dimethyl-2-phenethyl
5,9-Dimethyl-2-phenethyl
5,9-Dimethyl-2-phenethyl
5,9-Dimeihyl-2-phenethyl

5,9-Dimethyl-2-phenethyl
a-9-Hydroxy-5-methyl-2-phenethyl
a-9-Hydroxy-5-methyl-2-phenethyl
(-)-2,5,9-Trimethyl
(-)-235,9-Trimethyl
(—)-5,9-Dimethyl-2-phenethyl

ED50t

2-3
6*9

19-7
I

67-4
6-7

13-8
I

47-3
1-13

14-8
1-15

22-6
2-2
0-25
6-5
3-3
0-19

0-41
0-62

22-2
1-69
8-7
011

LD50t

83

373
>400

ca.400
>300

>200
ca. 100
ca. 400
>400
>400

197
262
332

169

ca. 100
>400
>400

175
147

Observations 011 monkeys

Morphine

PDC

none

very low

high
very low

low

low

very low

high

Equiv.

none

17-0
none

none

none

none

9-0

Dose range

1-2(11)

2-5-25 (12)

1-18 (13)
3-60 (13)

0-5-32 (14)

0-5-32 (13)

1-50 (15)

2-8 (13)
as



TABLE XXX—continued

No.

54.14

52.17

75.2

75.6

75.5

See Table

XXVII

XXV

XXIX

XXIX

XXIX

Substituent at 2'

OCH3

o c o < 3

H

OH

OCH3

Other substituents

(—)-5,9-Dimethyl-2-phenethyl

(—)-5,9-Dimethyl-2-phenethyl

l52-Dimethyl-l-(2-d%nethylammoethyl)-
1,2,3,4-tetrahydronaphthaiene

l,2-Dimethyl-l-(2-dimethylaminoethyl)-
1,2,3,4-tetrahydronaphthalene

ls2-Dimethyl-l-(2-dimethylaminoethyl)-
1,2,3,4-tetrahydronaphthalene

ED50f

1-83

047

41-1

I

27-1

LD50t

>500

411

>600

649

Observations on monkeys

Morphine

PDC

none

low

low

Equiv.

> 100-0

Dose range

2-60 (13)

2-100

> 100-0

t See Table XIX.
PDC = Physical dependence capacity. See text for interpretation of grades.
Morphine equiv. = Dose which equals 3 mg/kg of morphine sulfate in ability to suppress morphine abstinence syndrome. See text for cal-

culation.
I = Inactive; no analgesic effect seen with doses used, usually up to 100 mg/kg.
(1) 60 mg/kg—Exacerbation of abstinence signs; no suppression at lower doses.
(2) 6 mg/kg—Ataxia, increasing in severity with higher doses;

24 mg/kg—Disorientation and hallucinations.
(3) 10 mg/kg—Tremor, muscular rigidity and ataxia.
(4) 4 mg/kg—Ataxia, increasing in severity with higher doses.
(5) 12 mg/kg—Tremor and ataxia.
(6) 16 mg/kg—Convulsion.
(7) 60 mg/kg—Convulsion; some sedation but no suppression with lower doses.
(8) 32 mg/kg—Severe dyspnoea.

w
M
%
N
O
O

>



TABLE XXX— continued

(9) 4 mg/kg—Mydriasis, widened palpebial fissures, severe intention tremor and ataxia; some decreased apprehension but no suppression
of other signs.

8 mg/kg—Similar symptoms in non-addicted monkeys, not antagonized by nalorphine.
(10) 72 mg/kg— Some sedation, convulsion.
(11) 2 mg/kg—Disoriented, unable to move limbs.

1 mg/kg—Ptosis, relaxation of facial muscles, fixed staring pose, ataxia, excitability in non-addicted monkeys, not antagonized by
nalorphine,

(12) 15 mg/kg—Exacerbation of abstinence signs.
25 mg/kg— Severe muscular twitching.

(13) —No signs of toxicity reported.
(14) 16 mg/kg—Tremor, plus disorientation at 32 mg/kg.
(15) 30 mg/kg—Ataxia, increasing in severity with higher doses.

ON



TABLE XXXI. THE EFFECT OF THE SUBSTITUENT AT POSITION 9 OF 6,7-BENZOMORPHANS

No.

9
29.1
35.6
42.4
42.14
42.5
45.5
10
29.3
35.1
34.4
35.4
42.8
45.8
42.9
45.9
19.8
34.5
35.5

34.2
35.2
42.12
45.12

See Table

XIX
XX
XXI
XXII
XXIV
XXII
XXIII
XIX
XX
XXI
XX
XXI
XXII
XXIII
XXII
XXII
XIX
XX
XXI

XX
XXI
XXII
XXIII

Substituent at 9

H;H
H; oc-CH3
H;£-CH3
H; cc-OH
H; a-OCOCH3
a-CH3;OH
0-CH3; OH
H;H
H; oc-CH3
H; £-CH3
H; a-C2H5
H; £-C2H5
H; oc-OH
H; ]8-OH
a-CH3;OH
£-CH3;OH
H;H
H; <x-CH3
H; p-CH3

H; a-C2H5
H; |5-C2H5
H; a-OH
H; p-OK

Other substituents

2,5-Dimethyl
2,5-Dimethyl
2,5-Dimethyl
2,5-Dimethyl
2,5-Dimethyl
2,5-Dimethyl
2,5-Dimethyl
2/-Hydroxy-2,5-dimethyl
2/-Hydroxy-2,5-dimethyl
2/-Hydroxy-2,5-dimethyl
2/-Hydroxy-2,5-dimethyl
2/-Hydroxy-2,5-dimethyl
2'-Hydroxy-2,5-dimethyl
2/-Hydroxy-2,5-dimethyl
2/-Hydroxy-255-dimethyl
2'-Hydroxy-2J5-dimethyl
5-Ethyl-2/-hydroxy-2-methyl
5-Ethyl-2/-hydroxy-2-methyl
5-Ethyl-2'-hydroxy-2-methyl

5-Ethyl-2/-hydroxy-2-methyl
5-Ethyl-2'-hydroxy-2-methyl
S-Ethyl '̂-hydroxy^-methyl
5-Ethyl-2/-hydroxy-2-methyl

ED5Of

22-1
27*3
8-9

63-8
29-0
43-7

1124
10-4
3-0
0-44
1-50
0*47

79*9
I

6*9
6-0
2-3
4-9
0-07

4-2
0-28
I

12-2

LD50f

148
155
178

>400
367

>400
—
175
175
67

134
85
—

>200
—
55

171
309
60

423
ca. 110
>400
>400

Observations on monkeys

Morphine

PBC

none
low
low
none

low
low

inter-
mediate

none
none

equiv.

24-0
>I8-0

none
none

60

Dose range

2-60 (1)
3-24(2)
0-5-18 (3)
1-12(4)

2-32 (5)
2-40(6)
0-5-12 (7)

2-60(8)
0-5-12 (9)

N
O



TABLE XXXI— continued

No.

42.19
19.10
34.3
35.3

See Table

XXIV
XIX
XX
XXI

Substituent at 9

<x-CH3;OCOCH3
H;H
H; a-C3H7
H; £-C3H7

Other substituents

5-Ethyl-2/-hydroxy-2-methyl
2/-Hydroxy-2-rnethyl-5-propyl
2/-Hydroxy-2-methyl-5-propyl
2/-Hydroxy-2-methyl-5-propyl

ED50f

1-13
2-1

71-2
0-87

LD50f

ca. 400
130

>400
62

Observations on monkeys

Morphine

PDC

low
none

equiv.

none

Dose range

2-64 (10)
3-48 (11)

f For explanation of these and other data see Tables XIX and XX.

(1) 60 mg/kg—Exacerbation of abstinence signs, no suppression at lower doses.
(2) 6 rng/kg—Ataxia; 24 rng/kg ataxia, disorientation, hallucinations.
(3) 12 mg/kg—Tremor and ataxia.
(4) 4 mg/kg—Ataxia, barbiturare-like sedation.
(5) —No signs of toxicity reported.
(6) 40 mg/kg—Muscular weakness, salivation, dyspnoea.
(7) 8 mg/kg—Ataxia, tremor.

12 mg/kg—Coma, respiratory arrest.
(8) 60 mg/kg—Convulsion; some sedation but no suppression at lower doses.
(9) 4 mg/kg— Mydriasis, widened palpebiai fissures, severe intention tremor and ataxia; apprehension decreased but no suppression of other

signs.
(10) 64 mg/kg—Convulsion.
(11) 12 mg/kg—Exacerbation of abstinence signs;

48 mg/kg—Ataxia, tremor, disorientation.

CO



TABLE XXXII. THE EFFECT OF MODIFYING THE SUBSTITUENT AT 2; AT-ALKYL OR ARALKYL 6,7-BENZOMORPHANS
ON

No,

9

54.6

29.1

52.4

10

54.7

19.8

54.8

52.11
29.3
52.12
52.13
52.14
52.15
52.18

See Table

XIX

XXV

XX

XXV

XIX

XXV

XXIX

XXV

XXV
XXV
XXV
XXV
XXV
XXV
XXV

Substituent at 2

CH3

CH2CH2<^j)>

CH3

CH2CH2CO<^>

CH3

CH2CH2<^_S

CH3

CH2CH2<f~\

H
CH3
C2H5
C3H7
C4H9

CH2CH=CH2
(CH2CH=CH2)2Br©

Other substituents*

5-Methyl

5-Methyl

5,9-Dimethyl

5,9-Dimethyl

2/-Hydroxy-5-methyl

2'-Hydroxy-5-methyl

5-Ethyl-2'-hydroxy

S-Ethyl '̂-hydroxy

2/-Hydroxy-5,9-dimethyl
2/-Hydroxy-5,9-dimethyl
2/-Hydroxy-5,9-dimet1iyl
2/-Hydroxy-5,9-dimethyl
2/-Hydroxy-5,9-dimethyl
2/-Hydroxy-559-dimethyl
2'-Hydroxy-559-dimethyl
2/-Hydroxy-5,9-dimethyl

EDsot

22-1

35-9

27-3

8-7

10-4

0-48

2-3

0-16

I
3-0
I
I
I

2-2
I
I

LD50f

148

>400

155

>400

175

55

171

88

84
175

>100

341
ca.400

—
ca. 50

Observations on monkeys

Morphine

PDC

—

—

—

none

none

low

inter-
mediate

low
—
—
—

low
—

none

equiv.

none

16-0

24-0

Dose range

6-60 (1)

1-16(2)

2-32 (3)

0-5-16 (4)

3-24(5)

0-5-16 (2)

z
N
O

o

>



TABLE XXXII— continued

No.

52.20

52.19

54.3

52.3

52.6

52.7

52.9

52.8

52.10

See Table

XXV

XXV

XXV

XXV

XXV

XXV

XXV

XXV

XXV

Substituent at 2

CH2CH=C(CH3)2

CH2CH

C H 2 C H 2 < 3

CH2CH2CO<Q>

CH2CH2CH2<^>

C H 2 C H 2 O ^

CH2CH2<(3OH

CH2CH2<Q>OCH3

C H 2 C H J il

Other substituents*

2/-Hydroxy-559-dimethyl

2/-Hydroxy-5,9-dimethyl

2'-Hydroxy-5,9-dimethyl

2/-Hydroxy-5,9-dimethyl

2/-Hydroxy-5J9-dimethyl

2/-Hydroxy-5,9-dimethyl

2/-Hydroxy-5,9-dimethyl

2/-Hydroxy-539-dimethyl

2/-Hydroxy-5,9-dimethyl

ED5Of

I

23-1

0-25

2-3

13-6

0-11

(13)

0-32

0-055

LD5Of

ca. 400

>300

332

83

—

125

—

>450

SB

Observations on monkeys

Morphine

PDC

none

none

high

none

none

inter-
mediate

low

low

equiv.

17-0

0-5

Dose range

2-30 (6)

0-01-0-1 (7)

1-18 (8)

1-2 (9)

2-30 (10)

0-5-3-0 (8)

0-1-24 (11)

0-25-2 (12)



TABLE XXXII— continued

No.

29.2

54.2

50.1

54.1

34.5
52.21
34.2

54.4

34.6

54.5

42.8

54.9

42.6

See Table

XX

XXV

XX

XXV

XX
XXV
XX

XXV

XX

XXV

XXII

XXVI

XXII

Substituent at 2

CH3

CH2CH2<^J>

CH3

CH2CH2<(Jj)>

CH3
CH2CH=C(CH3)2
CH3

CH2CH2/~~%

CH3

CH2CH2<^]^

CH3

CH 2CH 2<^>

CH3

Other substituents*

2/-Methoxy-5J9-dimethyl

2/-Methoxy-5,9-dimethyl

2/-Acetoxy-5,9-dimethyl

2/-Acetoxy-5,9-dimethyl

5-Ethyl-2'-hydroxy-9-methyl
5-Ethyl-2Miydroxy-9-methyl
5,9-Diethyl-2'-hydroxy

5,9-Diethyl-2'-hydroxy

2/-Hydroxy-9-methyl-5-propyl

2/-Hydroxy-9-methyl-5-propyl

«-2/,9-Dihydroxy-5-methyl

a-2/
J9-Diriydroxy-5-metriyl

a-9-Hydroxy-2/-methoxy-5-methyl

ED50f

9-8

6-5

I'll

0-19

4-9
15-9
4-2

24

2-9

0-92

79-9

0-62

> 100-0

LD50f

—

—

ca. 200

169

309
>300

423

292

>300

>400

—

ca. 100

>200

Observations on monkeys

Morphine

PDC

low

very low

inter-
mediate

low

low
none
none

—

—

—

—

—

Qquiv.

>12-0

Dose range

2-5-10(13)

3-60 (8)

1-12 (14)

0-5-32 (15)

2-40 (16)
0-5-16 (2)
2-60 (17)

w
w
%
N
O
&
O
&
hi
HI
>



TABLE XXXII— continued

No.

54.10

42.9

54.11

See Table

XXVI

XXII

XXVI

Substituent at 2

CH2CH2<^J>

CH3

CH2CH2<^~^>

Other substituents*

i
a-9-Hydroxy-2/-methoxy-5-methyl

<x-2̂ 9-Dirrvdroxy-5,9-dimethyl !
!

a-2/
y9-Dihydroxy-5,9-dimethyl

ED50t

22-2

6-9

7-5

! LD5o+

: >400

209

Observations on monkeys

Morphine

PDC equiv. Dose range

i
i

t For explanation of these and other data see Table XIX and XX.

(1) 60 mg/kg—Exacerbation of abstinence signs, no suppression at
lower doses.

(2) 16 mg/kg—Convulsion.
(3) 32 mg/kg—Convulsion.
(4) 16 mg/kg—Strong excitation accompanying suppression of ab-

stinence signs; convulsion.
(5) 6 mg/kg—Ataxia, increasing in severity with higher doses.

24 mg/kg—Disorientation, hallucinations.
(6) 20 mg/kg—Sedation; sedation in normal monkeys also, not an-

tagonized by nalorphine.
30 mg/kg—Convulsion.
2 mg/kg—Did not precipitate abstinence signs in non-withdrawn

monkeys.
(7) — Levallorphan-like.
(8) —No signs of toxicity reported.

(9) 2 mg/kg—Disoriented, unable to move limb.
1 mg/kg—Ptosis, relaxation of facial muscles, fixed staring

pose, ataxia, excitability in non-addicted monkeys, not
antagonized by nalorphine.

(10) 30 mg/kg—Hyperirritable, exaggeration of abstinence signs, con-
vulsion.

(11) 24 mg/kg—Convulsion.
(12) 2 mg/kg—Increased motor activity.
(13) 10 mg/kg—Tremor, muscular rigidity and ataxia.
(14) 4 mg/kg—Ataxia, increasing in severity with higher doses.
(15) 16 mg/kg—Tremor, plus disorientation at 32 mg/kg.
(16) 40 mg/kg— Muscular weakness, salivation, dyspnoea.
(17) 60 mg/kg—Convulsion; some sedation but no suppression with

lower doses.

* All 5,9-dialkyl compounds belong to the a series.

in



TABLE XXXIII. COMPARISON OF ANALGESIC EFFECTIVENESS AND PHYSICAL DEPENDENCE CAPACITY OF 6,7-BENZOMORPHANS

Mr*
lNU.

10
29.3
29.2
50.1
59f
35.1
34.2
34.7
35.2
34.5
19.8
42.15
42.16
42.7
52.15
52.18

52.20

52.19

54.7
54.3
54.2

Substituents at

2'

OH
OH
OCH3
OCOCH3
OH
OH
OH
OCOCH3
OH
OH
OH
OCOCH3
OCOCH3
OCH3
OH
OH
OH
OH

OH

OH
OH
OCH3

2

CH3

CH3

CH3

CH3

CH3

CH3

CH3

CH3

CH3

CH3
CH3

CH3
CH3

CH3

C 5 H U
CH2CH=CH2

fiTT pjT pTT
V_/il2\_/JjL L/U2CH2CH=C(CH3)2

/ C H 2

CH2CH

CH2CH2Ph
CH2CH2Ph
CH2CH2Ph

5

CH3

CH3

CH3

CH3
CH3

CH3

C2H5

C2H5

C2H5
C2H5

C2H5
CH3

CH3

CH3

CH3
CH3

C2H5

CH3

CH3

CH3

CH3

CH3

9

H
a-CH3
a-CH3

a-CH3
a-CH3

j?-CH3

ot-C2H5

<x-C2H5

a-CH3
5

H
a-OCOCH3

a-OCOCH3;CH3

a-OH; CH3

a-CH3
a-CH3

a-CH3

a-CH3

«-CH3

H
a-CH3

a-CH3

Analgesic
ED50

10-4
3-0
9-8
1-17
1-69
0-44
4-2
3-0
0-28
4.9
2-3
0-51
1-07

19-7
2-2
I
I
I

23-1

0-48
0-25
6 ,

PDC

none
low
low

intermediate
very low
low
none
none
none
low
low
high
low
very low
low
none
none
none

none

none
high
very low

Morphine
equiv.

24-0
none

>12-0
none

>18-0

none
none

48-0
none
none
none
antag.
antag.
antag.

antag.

17-0
none

Min.
toxic
dose

>60-0
6-0

10-0
4-0

30-0
12-0
60-0
32-0
4-0

40-0
32-0
72-0
24-0
25-0
16-0

16-0
>18-0
>60-0

w
w
N
O



TABLE XXXIII— continued

t Laeoo-homer of 29.3.
* Laevo-isomer of 54.2.
* Laevo-isomer of 54.3.

JNO.

54.1
54.14*
54.12*
52.6
52.16
52.7
52.8

52.10

52,17#

52.3
54.8
54.13*
60.0**
34.3
35.5
34.4
71
29.4

Substituents at

2'

OCOCH3

OCH3
OH
OH
OCOC6H4-/?-NO2
OH
OH

OH

OH
OH
OH
OH
OH
OH
OH
H
H
Morphine

2

CH2CH,Ph
CH2CH2Ph
CH2CH2Ph
CH2CH2CH2Ph
CH2CH2Ph
CH2CH2C6H4-p-NH2
CH2CH2C6H4-i7-OCH3

C H 2 C H J li

CH2CH2Ph

CH2CH2COPh
CH2CH2Ph
CTUCH2Ph
CH3
CH3
CH3
CH3
CH3
CH3

5

CH3

CH3
CH3
CH3
CH3
CH3
CH3

CH3

CH3

CH3

C2H5
CH3
CH3
C3H7
C2H5
C2H5
COOC2H5
C2H5

9

«-CH3

a-CH3
a-CH3
*-CH3
a-CH3
a-CH3
«-CH3

<x-CH3

o-CH3

a-CH3

H
a-CH3
oc-CH3
a-C3H7
j?-CH3
a-CH3
H
(X-C2H5

Analgesic
ED50

0-19
1-83
0-11

13-6
0-41
041
0-32

0*055

0-17

2-3
0-16
6-6
I

71-2
0-07
1-50

10-1
5-00
2-1

low
none
high
none
low

intermediate
low

low

low

none
intermediate

none
very low
none

none

high

Morphine
equiv.

none

9-0

none
0-5

none

none

> 100-0

16-0

none

3-0

Min.

toxic
dose

16-0
>60-0
>8-0
30-0

>32-0
3-0

24-0

2-0

> 100-0

>2-0
16-0
20-0
10-0
48-0

48-0

# Leauo-Isomer.
* Dextro-isomer of 54.3.

** DejtmMsomer of 29.3.



TABLE XXXIV. OPIATE ANTAGONISTS IN THE BENZOMORPHAN SERIES

Compound f
Structure

R2

Analges ic activity
S - W

m g / k g s c .
N I H

Toxici ty, L D 5 0 m g / k g ± S.E. *

intraven. subcut.

N a l o r p h i n e
Win-19,631
SKF-10 ,047
SKF-9 ,418
Win-19,362
N I H - 7 , 5 4 9
Win-19,797
Win-20,228
Win-20,228-2
Win-20,228-3
Win-20,264

Win-20,548(cw)
Win-21,021
Win-20,992
Win-21,489
Win-21,490
Win-21,287

F R - 7 9

O H
O H
O C H 3

O H
O H
O H
O H

C H 3

C H 3

C H 3

C 2 H 5

C H 3

C H 3

C H 3

C H 2 C H = C H 2

C H 2 C H = C H 2

C H 2 C H = C H 2

C H 2 C = C H
C H 2 C H = = C ( C H 3 ) 2

( + ) i somer of 20,228
(—) i somer of 20,228

C H 2 C H = C ( C H 3 ) 2

C H 2 C H = C H C 1
C H 2 C H = C C 1 2

C H 2 C H = C C 1 2

C H C ( C H 3 ) = = C H 2

C H 2 C ( C 1 ) = C H 2

O H

O H
O H
O H
O H
O H
O H

O H

C 2 H 5

C H 3

C H 3

C 2 H 5

C H 3

C H 3

C H 3

C H 3

1-120

1-60

1-120
1-120

1-60

1-120
1-120
1-240 ( in t raper . )
1-120 ( in t raper . )
1-120 ( in t raper . )
1-120

ca.75

1-100

ca. 100
I

1-50

15-9
(12-2-20-7)

1-50

226 ± 16

33 ± 2-3

32 + 2-0

41 ± 7-0
21 + 1-4

16 ± 1-3
16 ± 1-3
35 ± 2-0
62 ± 4-0
40 ± 2-0
31 ± 3-0
55 ± 8*0
41 ± 2-0

474 ± 98

325 ± 59

174 ± 20

N
O

ca. 150



TABLE XXXIV— continued

Compound t

Win-23,629

Win-20,740

Win-20,836

Win-20,722

WIn-23,201

Win-23,654

Structure

Ri

OH

OH

OCH3

OH

OH

OH

R2

CH3

CH3

CH3

CH3

CH3

C2H5

R3

Cxi2CH2—\^ /

v_Jti2 v_/-ti—wxi.2

CH2CH

CH2CH

COCH

CH2CH2

\

CH2CH

-'TJX̂x2

TTT

H2

•̂TT

Analgesic activity
S-W

22%-60; toxic at 120

25%-120

19%-60; toxic at 120

1-120

1-120

1-120

mg/kg sc.
NIH

23-1
(16-7-31-9)

Toxicity, LD50 mg/kg ± S.E. *

intraven.

7 ± 0 4

32 ± 3-0

14 ± 0-8

24 ± 1-2

subcut.

310 ± 35

ca. 222



TABLE XXXIV— continued

Compoundf

Win-23,030

Win-23,538

Win-23,100

Win-23,111

Win-24,042

Win-24,194

Structure

Ri

OH

OCH3

OH

OH

OH

OCOCH3

R2

CH3

CH3

C2H5

CH3

CH3

CH3

Rs

CH2CH CH2

/ C H 2 \
CH2CH CH2

/ - / 2 \
CH2CH CH2

CH2CH

CJbi2C3 I 2

/ C H 2 C H a x

CH2CH CH2

CH2CH CH2

Analgesic activity
S-W

64%-120

27%-60

Active only at toxic
dose

1-120

1-120

mg/kg sc.
NTH

Toxicity, LD50 mg/kg ± S.E.*

intraven.

20 ± 1-4

16 ± 0-9

15 ± 1-3

20 ± 1-8

subcut.

ca. 160

w
m
%
ts
o
o

ffl



TABLE XXXIV— continued

t The prefix Win indicates that the compound was prepared at Sterling-Winthrop Research Institute, Rensselaer, N. Y.
SKF-10,047 and SKF-9,418 were prepared at Smith, Kline and French Laboratories, Philadelphia, Pa.
FR-79 was prepared at C.H.Boehringer Sohn, Ingelheim, Germany.
We are indebted to each of these laboratories for data on the compounds.
S-W = Data on analgesic testing at the SterMng-Whithrop Research Institute. A modified D'Amour-Smith radiant heat method was used with

the rat as the experimental animal. I = Inactive at dose indicated; a percentage represents that degree of increase in reaction time (normal in the
2 to 4 second range).

N.LH. = Data from our laboratory at the National Institutes of Health. The hot plate method of EDDY and LEIMBACH(43) was used with the
mouse as the experimental animal. I = Inactive at dose indicated. A specific figure is the ED50 calculated by probit analysis with 1 X SE limit
in para theses.

* Toxicity data are those of the Sterling-Winthrop Research Institute.



TABLE XXXV. OPIATE ANTAGONISTS IN THE BENZOMORPHAN SERIES

Compound

Nalorphine

Levallorphan
Win-19,631
SKF-10,047
Win-19,362
NIH-7,549
Win-19,797
Win-20,228

Win-20,264
Win-20,548
Win-21,021
Win-20,992
Win-21,489
Win-21,490
Win-21,287
FR-79

Win-23,629
Win-20,740
Win-20,836
Win-20,722
Win-23,201
Win-23,654

AD50 (mg/kg sc) for antagonism of analgesic effect f

vs. Phenazocine

0-098

0-046

0-030
0-44

6-3

11-0
0-033

(6)

(4)

(2)

(12)

(13)
(3)

vs. Morphine

0-13

0-058

0-044
0-027

9-0

11-6
0-048

< I (20-80 sc; 0-156-820 p.o.) >

0-028
0-19

0-20
0-048

(1)
(7)

(8)
(5)

0-19
5-8

(6)

(5)

(2)

(14)

(15)
(4)

(7)
(13)

Shortened duration
of analgesic
effect

0-029
0-46

0-26
0-046

(18)

(i)
(9)

(8)
(3)

vs. Pethidine

0-13

0-052
0-047

0-049
0-019
0-078
3-9

10-9
0-018
5*1

0-094
4-2

17-0

0-019
0-146

26-0 i.p.
0-092
0-024

(10)

(6)
(4)

(5)

(7)
(16)

(19)
(1)

(18)

(9)
(17)
(21)

(2)
(11)
(22)
(8)
(3)

Antagonistic effect in monkeys

Abstinence signs precipitated in morphine addicted
monkeys by 0-0125 mg/kg sc and above(81).

3-5 times more potent than nalorphine.

Equivalent to levallorphan(82).

Neither nalorphine-like antagonism nor morphine-
like sedation at doses of 2-30 mg/kg sc no physical
dependence capacity(82).

Not definitely nalorphine-like nor morphine-like(83).

None to 6-0 mg/kg sc. No physical dependence
capacity*8 2).

Equivalent to nalorphine(82).

ww
%
N
O

o



TABLE XXXV— continued

Compound

Win-23,030
Win-23,538

Win-23,100
Win-23,111
Win-24,142
Win-24,194

AD50 (mg/kg sc) for antagonism of analgesic effect f

vs. Phenazocine

0-40 (9)
5-2 (slight) (11)

1-0

29-0

(10)

(14)

vs. Morphine

0-60
0-625-40
(slight)

0-63
0-5

18-0

(11)
(17)

(12)
00)
(16)

vs. Pethidine

0-37
1-25

0-45
0-28

14-5

(13)
(15)

(14)
(12)
(20)

Antagonistic effect in monkeys

t AD50 = The amount required to reduce the effect of a standard dose of analgesic by 50 per cent. The standard doses of the three analgesics
were: Phenazocine • HBr 0-5 mg/kg; morphine • H2SO4.15 mg/kg; and pethidine • HCL 60 mg/kg sc. The method of measuring analgesic activity
was the same as described under S-W in footnote, Table XXXIV. The tests were performed at the Sterling-Winthrop Laboratories. The figure
in parentheses is the rank order of antagonistic action.
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