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Associated with Narcotic Analgesics 

By PHILIP S. PORTOGHESE 

TERFOCIIEMICAL studies on narcotic anal- subject, but rather, discucsion has hcen re- 
stricted to key derclopments and recent research 
related to the steric aspects of analgetically active 
compounds. 

gesics can be considered a n  outgrowth of 
earlier chemical investigations which were con- 
cerned iprixnarily with the elucidation of struc 
tural moicties necessary for analgesic activity. 
During this period, which spans about 50 years, CoNFIGURAT1oNAL 

considerable attention had been focused on the 
design and synthesis of analgcsics. Thc role of 
steric factors, howcver. was not well understood 
and was largely unexplored. 

The major advances in configurational and 
conformational analysis which occurred approxi- 
mately 1.j years ago set the stage for various 
stereochemical studies on narcotic analgesics 
which were soon to lollow. These studies have 
drawn attention to the importance of steric 
factors in analgesia and have provided greater 
insight into the nature of thc analgesic-receptor 
interaction. 

.l‘his review is organized into three main sec- 
tions: (u j absolute configurational studies, (b) 
conformational factors, and (c) concepts on 
analgesic-receptor interactions. No attempt has 
been made to  gix-e an exhaustive coverage of the 
chemical and pharmacological literature on this 

One of the best approaches to delineating the 
steric requirements for analgesia involves the 
correlation of enantionieric potency with ab- 
solute spatial geometry. In most cases one 
cnantiomcr ~~osscssscs greater analgesic activity 
than its mirror image form. Since the lipid 
solubility and dissociation constant of enanti- 
omeric bases arc identical, differences in dis- 
tribution are minimized and the variation in 
analgesic activity may be ascribed more con- 
fidently to evenls at the receptor level. The 
difference in potency between enantiomorphs 
is very likely due to the asymmclric topography 
of the receptors. In  such a dissytnmetric en- 
vironment, (+)- and (-)-antipodes behave 
differently. Thus. one enantiomer may he 
more potent l y  \Tirtut of its greater affinity and/or 
intrinsic activity ( I ,  2) .  

Inasmuch as optical rotation of structurally 
diverse compounds possessing a common asyin- Received from the Department of Pharmaceutical Chem- 

istry, College of Pharmacy, University of Minnesota. Min- metric center is not necessarily indicative of 
neapolis. 55455. 
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Scheme I and Table 111, 2, are all more active 
and configurationally related to R-alanine. 
Equally significant, however, is the fact that 
the more active enantiomer of IV: Scheme I 
is in the (S)- rather than in the (R)-series. 

Pohland (8) and Eddy (12) have described 
the synthesis of optically active diastereomcrs of 
methadol (Table I, 1 )  and acetylmethadol (Table 
I, 2). Catalytic hydrogenation of methadone af- 
forded only a-methadol (Table I, a - I ) ,  whereas 
sodium and propanol reduction yielded a mixture 
of diastereomers in which the @isomer (Table I, 
p - I )  predominated. The absolute stereochemistry 
a t  C-6 is now known because the diastereomers 
were derived from enantiomers of methadone, 
whose configuration (3) was subsequently deter- 
mined. The stereochemistry of the C-3 hydroxyl 
group had not been reported, however. The ab- 
solute stereochemistry of the tncthadols is of par- 
ticular interest because of the inversion of configur- 
ational selectivity’ of analgesic receptors which 
occurs on transforming methadone to a-mcthadol 
(Table I). Interestingly, no such inversion 
occurs in the case of Table I, $1. Upon acetyla- 
tion of Table I ,  a-I ,  to form Table I. a-2, the 
potency ratio becomes inverted, so that the 
(6R)-series is once again more active. Porto- 
ghese and Williams (13) have investigated the 
stereochemistry of the methadols and ha\-e 
assigned the configuration at C-3 as designated 
in Scheme 11. These assignments were based 
on the ability of racemic a- and P-methadol 
methiodide (In and Ib: Scheme 11, respectively) 
to undergo stereospecific ring closure to isomeric 
tetrahydrofurans IIa and IIb: Scheme 11. I t  
was found that catalytic hydrogenation of the 
ethylidene compound (111 : Scheme IIj  gave rise 
to IIa: Scheme I1 as the preponderant isomer. 
Molecular models indicated that adsorption 
by the catalyst would occur on the less hindered 
top face of 111: Scheme 11 to afford the cis 
isomer (Ha: Scheme 11). Since ring closure 
occurs with inversion a t  the C-6 centcr of I ,  
the relative stereochemistry of the a- and @-iso- 
mers was deduced. Inasmuch as the configura- 
tion a t  C-6 is known ( 3 ) ,  the absolute stereo- 
chemistry at C-3, therefore. was established. 
Additional proof was ohtaincd from the dissoci- 
ation constants of a- and 6-methadol. The 
a-isomer was found to be a stronger basc. This 
indicated less steric hindrance of the cu-compound 
to intramolecular hydrogen bond formation be- 
~~~ -~ 

1 The term “selectivity” rather than “specificity” is em- 
ployed throughout. The former signifies that pharma- 
cological activity is iound predominantly in one isomer, 
though not exclusively, while the latter implies that activity 
resides in only one isomer. This definition is adapted from 
Eliel, E. L., “Stereochemistry of Carbon Compounds,“ 
McGraw-Hill Book Co. ,  Inc., h-ew York, N. Y . ,  1962, p. 436. 

any meaning other than being an expression of 
differences in the stereoselectivity of analgesic 
receptors for (+)- and (-)-enantiomers. In 
order to correlate molecular spatial geometry 
with analgesic potency, the confignration of the 
enantiomers must be established. Most of the 
methods employed for this purpose have involved 
chemically relating one of the optical antipodes 
to a conipound of known configuration. The 
analgesics which have received greatest atten- 
tion are those which possess an asymmetric 
center in common with methadone and with 
isomethadone. 

Structures Possessing an Asymmetric Cen- 
ter in Common with Methadone.-The first 
reported investigation on the configuration of 
synthetic narcotic analgesirs or the methadone 
type was carried out by Beckett and Casy 
(3) who related the (+)-thiaxnbutenes (I and 
11: Scheme I )  (4) and the (-)-enantiomers of 
methadone (111: Scheme I )  (5-8) and analogous 
structures (I\’ and 1‘: Scheme I )  (8 ,  9) to 
R( -)-alanine by the route outlined in Scheme 
I .  The key reaction in this sequence was 
the transformation of R-alanine to p-amino- 
butyric acid via the Wolf rearrangement. Since 
this reaction was generally known lo proceed 
with retention of configuration, the butyric acid 
intermediate was assumed to be stereochemically 
related to its precursor. Aminobutyric acid 
was then converted in seberal steps to (+)- 
thiambutene (I: Scheme I )  and its diethyl 
homolog (I1 : Scheme I ) .  The configuration 
ol (-)-methadone (111: Scheme I )  was estab- 
lished by converting the (-)-nitrile, which is a 
precursor of 111: Scheme I ,  to l,l-diphenyl-3- 
dimethylaminobutane derived from R-alaninc. 
Since all of these stereochemical interrelation- 
ships were based on the assumption that the 
Wolf rearrangement had proceeded in the usual 
way, the configuration of 111: Sckeme I was 
subscquently confirmed unequivocally by con- 
verting R-alanine to the (-)-nitrile without 
involving the asymmetric center in question 
The (-)-nitrile was also transformed to the 
(-)-carbethoxy analog of methadone (IV: 
Scheme I ) .  The (-)-sulfone analog (V: Scheme 
I )  was hydrolyzed to the same aminobutanol 
derivative which was derived from R-alanine. 

From molecular rotation studies (-)-phena- 
doxone (Table IIT, 2) (10) was also determined 
to be configurationally related to R-( -)-metha- 
done. 

I t  has been pointed out by Beckett and Casy 
(11) that the (+)-enantiomers of I and 11: 
Scheme I and the (-)-enantiomers of 111, V: 
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tween the protonated aniine function and the 
oxygen atom of the hydroxyl group (14). Mo- 
lecular models of a-methadol show that i t  is 
less hindered in the internally bonded form than 
is the p-isomer. Asyninietric induction studies 
utilizing Prelog's rule confirmed the above 
slercochemical assignment. Thus, treatment 
of (3s: 6s)-niethadol benzoylformate meth- 
iodide (IV: Scheme IZ) with methylmagnesium 
iotlidc gave the atrolaetate ester (V: Scheme ZZ) 
which on basic hydrolysis afforded S-atro- 
lactic acid (VI :  .%heme / I )  in 8% optical purity. 
A knowledge of the stercochemistry of the 
methadols made possible the complete config- 
urational assignment of the acetate esters (Table 
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I, 2) and other related compounds. (See also 
Table 111.) 

The configuration of several basic anilide 
analgesics (15, 16), which have an asymmetric 
center in common with methadone, has been 
investigated by Portoghese and co-workers 
(17, 18). The (-)-cnantiomers of these coni- 
pounds were related to R-alanine by the route 
outlined in Scheme IZZ. The (+)-dialnine 
(V: Scheme ZZZ) was converted to the (-)-antip 
odes of I through IV : Scheme ZZI. The stereo- 
chemistry of (+)-V: Scheme TZI, was deter- 
mined by transforrning it to (-)-VI: Scheme 
ZZI, whose configuration was established by syn- 
thesis frotn I<-alanine. Significantly, the more 

TAHLE I ~ YNAIXESIC POTENC~ OR ISOMERIC METHADOLS A N D  ACETYLMETIIADOLS" 
OC-Et HOCH-Et ACOCH-Et 

1 / 
Ph,b-CH2CH-NMeJ + PhrC-CH2CH-NMes - PhsC--CHd21I--r\'Mel 

\ 
Me 

I 
Me 

I 
Me 

Methadone 1 2 
_____ 

~~ 

Lonfiguration E I J ~ ~ ,  mg / ~ g  Isomer EDSO, mg / ~ g  E D ~ ,  m g  / ~ g  * 
2 5 . i  

0 . 8  

3 . 5  
63.7 
21.7 
7.6 

1.8 
4 . 1  
0 . 3  
0 . 4  

" 1)ata ft-om Xrfwrrzr t~  12. Administered suhcntaneously in mice. 
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COO1 I 01 I 
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Me 
I 

K 
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4 I’ll~C-COOEt 
.i l’I1>C--CH(OH)Et 
f l’h?C-CH(OH)Et 
7 PlliC CH(O.Zc)Et 
8 I’hiC--CH(Orlc)Et 
9 Ph2C- CH(OAc)Et 
10 Ph-N-CO-Et 

- - - 

I< ef 

( 3 ,  6-8) 
(10) 
(3, 9)  
( 3 ,  8 )  
(8. 12, 13)  
(13, 13) 

( 1 3 .  81) 
(1.518) 

(8, 12, 13) 
(12, 13) 

I’ Cunfiguratirm of the more active enantiomer. ”The S ennntiorncr is slishtly 1110t-e piiteiit, although this may  not he 
staliblically significant. 
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active ( f  j-enantiomers of the aforemrntioncd 
compounds are related to Salanine (Table 111) 
and hence posscss a configuration opposite 
to that  of the active antipodes of methadone. 
Moreover, the stereosclcclivily of the receptors 
decreases (enantiomeric potency ratio approaches 
unity) as the length of thc aralkyl chain is in- 
creased. This phenomenon is discussed fur- 
ther in  a subsequent section (Table XII). 

Structures Possessing an Asymmetric 
Center in Common with Isomethadone. 
Most  of the  analgesic activity of isornethadone 
has been found to  reside in the  (-)-enantiomer 
(I: Scheme I V )  (19). Thc  ahsolute stereo- 
chcmistry of this compound was elucidated 

by Reckett el al. (20) by  the  pathway outlined 
in Scheme I V .  li( -)-~-Metliyl-8-alanine 
(11: Scheme I V )  was transformed to (+)-111: 
Scheme I V ,  which was also derived from the (-)- 
isornethadone precursor, (+)-IT7 : Scheme I V .  
This establishes the stereochemical relationship 
between I1 : Scheme I V  and (- )-isornethadone 
(I: Scheme I V )  whose configuration is designated 
as S-isomethadone. 

May and Eddy (1 9) have reduced the carbonyl 
group of optically active isornethadone to pro- 
duce isomeric isomethadols. Keductioti with 
lithium aluminum hydride proceeded stereo- 
specifically to  give the a-isomer (Table 11. 
a- I ) .  Treatment with sodium in propanol 
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afforded a mixture of Table 11, a-1 and 8-1, 
with the latter as the predominant isomer. The 
analgesic activity of these optical isomers and 
their stereochemical rclatiunship to (+)- arid 
(-)-isomethadone are shown in Table 11. 
A11 of the enantiomers in the a- and p-series, 
which are related to R-isomethadone, have a 
low order of activity. With isomers derived 
froin S-isomcthadonc, howevcr. Tahle 11, (+)-@-I ,  
is much more potent than Table 11, ( - ) -a - l .  
The reverse is truc for the acetate esters, in that 
Table 11, (+)-a-2, is more active than Table 
11, (-)-/-2, It can be noted that there is an 
inversion in the enantiomeric potency ratio of 
the type seen in the a-methadol compounds 
(Table I) ,  although in this case, a large diminu- 
tion of analgesic potency and of stereoselectivity 
is observed. 

(4-)-Propoxyphcne (I:  Scheme V )  is the only 
one of four optical isomers which has significant 
analgesic activity (21). Sullivan. Beck, and 
Pohlarid (22)  have deterrnined its absolute stereo- 
chemistry as (3S:3R) c'u an elegant series of 
transformations (Scheme I,'). Estahlishment of 
the conliguration a t  C-3 was accomplished by 
converting I to thc Mannich base ( I  I : Scheme 1') 
and then carrying out a Baeyer-Villiger oxida- 
tion to give the (-)-ester (111: Scheme V). 
The identical ester was prepared from R(- ) -  
propanolaminc (117: Scheme V). Since the 
oxidation is known to proceed with retention or 
configuration, the C-3 center was designated as 
being in the R-series. Casy and Mycrs ( 2 3 )  
suhsecpe~itly have confinned this configurational 
assignment by a route which did not involve the 
C-3 asymmetric center. Elucidation of the 
stereochemistry a t  C-2 was carried out by trans- 
forming (+)-propoxyphcne to S(+)- I , 2 d -  
phenylpropane (17111 : Scheme b'). The reac- 
tion sequcnce involved the degradation of 
I : Scheme V. to the methyl ketone (V) which was 
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subsequently converted to VIII  ziiu intermediates 
VI and VII. The assignment of the stereo- 
chemistry at C-3 is based upon the fact that 
the stcric course of hydrogenolysis of a benzylic 
hydroxyl group proceeds with high retention of 
configuration. 

Phenampromide (I : raceinic Scheme V I )  (24), 
a basic anilide analgesic which can be considered 
structurally related to isomethadonc and propoxy- 
phene, has been resolved and the (-)-enantiornu 
found to he four times more active than the 
(+)-isomer. The configuration of I was de- 
termined by Portoghese (25) to be related to 
R-(+)-,~-phcnylalanine (11: Scheme V I ) .  The 
absolute stereochemistry of I1 : Scheme VI 
was established (2%) by studying the steric 
course of the interaction of aniline with S-2- 
tiromopropionate. When the reaction was car- 
ried out in pure or 4 i1.l aniline the (+)-amino 
acid (11: Scheme VI) was produced, whereas 
in a 0.1 :1f aniline solution the (-)-enantiomcr 
(V) was formed. According to the established 
mechanism (27) o f  displacement reactions on 
sodium 2-bromopropionate, the former reac- 
tion should take place with net inversion and the 
latter with net rctcntion of configuration. Since 
the inverted product (11: Scheme V I )  is derived 
from S-2-bromopropionate, I1 : Scheme VI ,  

cs the K-configuration. The 
optically pure amino acid (11: Scheme V I ) ,  
obtained hy deracemization, was transformed to  
the aniide (111) and this was reduced to thc 
diamine (IV). The idcntical diamitie was 
derived from the hydrolysis of (- )-phenam- 
promide (I:  Scheme V I ) .  It should be pointed 
out that the more active cnantiomers, Ii-phen- 
ampromide, S-isomethadone, and (2s: 3R)-pro- 
poxyphene, are all stereochemicallyrelated at their 
common asymmetric ccnter (Table IV) .  This 
may mean that the aforementioned analgesics 
are interacting with common receptors, although 

'rAL3L.E 1\' .-~ONFIGURATIONAI, SRLECTIVITY OF NALGESIC KECEPTOKS 'I'OWAKU COMPOUNDS HAVING AN 
ASYMMETRIC CENTER IN COMMON WITH I S ~ M E T H A D O N E  

Me 
I 

_ _ _ _ ~  --____ ____- _ _ _ _ ~  

I< 
1 PIIAC-CO-E~ 
2 PhrC CH(0H)Et 
3 PhaC-CH(0H)Et 
4 Ph>C--CH(OAc)Et 
.T PhpC-CII(0Ac)Et 
6 Ph-CH~IPh)C--OCO-Et 
7 Pll-N-c0 Et 
~~~ 

" Ci,nfigul-atii,n OF the more active enanliomer. *The (6ll)-isornri has a v e i y  l o w  uidci- or  activity and is only 1.5 times 
moi? potent t h a n  iLs enanliomer. 
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OH 
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OMe 

111 

5 steps. + M e 0  & 7 steps o& 

H H 
1v V 

it is also possible that such stereochemical 
equivalence may be entirely fortuitous. 

The relationship between configuration and 
analgesic activity of compounds having an asym- 
metric center in common with methadone and 
with isomethadone are summarized in Tables 
I11 and IV, respectively. The data compiled in 
Table I11 show an apparent lack of consistency, 
inasmuch as the more active enantiomers are 
not all configurationally related. The constitu- 
tion of the R group appears to play a key role 
in determining the configurational selectivity 
of analgesic receptors. Such changes in stereo- 
selectivity recently have been interpreted as 
being reflective of differing modes of analgesic- 
receptor interactions (28). (See under Con- 
cepts on  Anulgeszc-Receptor Interactions.) A 
much more consistent correlation is shown in 
Table 1V d ie re  the more active enantiomers, 
with one possible exception (Table I\’, a), arc 
all stereochernically related a t  a common asym- 
metric center. 

Morphine and Related Structures.--The 
absolute configuration of (-)-morphinc 
(I: Scheme VZI) was determined hy Jegrr 
and collaborators (29) who converted thebaine 
(111: Sckeme VII)  to a degradation product 
(VII) of abietic acid (11) of known absolute 
stereochemistry (30). The route which was 
employed is outlined in Scheme VZI. Hydro- 
genation of 111, followed by  exhaustive 
niethylation and degradation, gave the vinyl 
intermediate (IV). This was transformed, in a 
series of reactions, to the tetracyclic ketone (V), 
which was then converted to intermediate (V1). 
Ozonization of V I  afforded the (-)-diacid (VII) 

6 steps 1 
OMe 

VII VI 
Scheme VII  

which was identical to that obtained from 11. 
MacKay and Ilodgkins (31) h a w  cnme to Lhc 
same conclusion by means of X-ray crystallog- 
raphy. 

It has been determined that unnatural (+)- 
morphine is inactive as an analgesic ( 3 2 ) .  Simi- 
larly, the activity of optically active inorphinans 
(I : Scheme VTIZ) and benzomorphans (I1 : 
Scheme 1’111) has been found t u  reside principally 
in the (- )-enantiomers (33) .  This strongly sug- 
gested that the (-)-isomers of these compounds 
are configurationally related to (-)-morphine. 
Chemical evidence in the inorpliitian series for 
such a relationship was obtained by degrada- 
tion of I: Scheme VzlT (R = Me, X = OH), 
to VII: Scheme VIZ via a scheme (34) which is 
similar to the procedure employed in establisli- 
ing the configuration of morphine. Sawa et al. 
(35) h a e  also related sinoinenine (111: Scheme 
VIIZ), which is enantiomeric to (-)-morphine at 
the C-9 and C-13 asymmetric centers, to (+)-:3- 
iiiethoxy-i2i-metliyliiiorphinan (VI : Scheme VII1). 
Clemrnensen reduction of I11 : Scheme 1711, 
afforded IV. This compound was converted to 
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the phenyl ether (V) and subsequently rcduced 
to VI. In accord with the above stereochemical 
assignment, Beckett (36) has reported that 

x' X' 

OMe 

Me0 OH 

I11 

Me 
..N' 

f-l .. 

M a '  

$--@ Me 

+ 

Me0 OH 

c- 

IV 

1 6 
Me0 *Ph 

silica gel which has l m n  prctreated with levor- 
phanol ( I :  Scheme VIII;  R = Me, X = OH) 
has greater adsorptivc capacity for (-)-mor- 
phine than silica gel that has been treated with 
the corresponding (+)-morphinan. 

No direct chemical proof of the absolute con- 
figuration of bcnzomorphan derivatives ( I  I : 
Scheme VUI)  is available. Beckett (36) has fur- 
nished cvidence, from stereoselective adsorption 
studies on silica gel, which suggests that IT: 
Scheme IT11 ( R  = R* = R2 = Me, X = OH), 
is configurationally related to I : Scheme VI I I  
(R = Me, X = OIT), and hence to (-)-morphine 
(I: Scheme VI I ) .  The optical rotatory disper- 
sion (ORD) characteristics of the above com- 
pounds have been studied ( 3 7 ) ,  and it has been 
found that the free bases and salts all exhibit 
Cotton effects of the same sign. This provides 
strong evidence that the C-1 and C-5 centers in 
(-)-IT: Scheme VII I ,  are identical to the C-!l 
and C-13 centers of (-)-morphine. 

Miscellaneous Structures.-lhese com- 
pounds are grouped togcthcr under this 
classification because they have no obvious 
common centers of asymmetry and/or do not 
hear close structural resemblance to  the 
prcviously discussed analgesics. 

The I,~ienetliyltetraliydrorluinoliiies (Scheme 
I X )  represent a relatively new class of  analgesics 
having activity in the range of codeine (38) .  
These compounds have lieen resolved (38, 39) 
___-__ ~ ~ ~ _ _ _ _  

P 
(R) 

x Y Z  
I, H NO, H 

V IV 
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and activity found to reside mainly in one anti- 
pode. The absolute stereochemistry of these 
analgesics has recently been determined by 
Rheiner and Brossi (3!1) (Scheme I X ) .  The 
(-)-enaritiorners, 11 and 1 V  : Scheme IX, and 
the (+)-antipode (111) were all converted to 
the same product (V) by reductive dehalogena- 
tion. Reduction of the (-)-nitro compound (I) 
to the amine followed by deamiriation also af- 
forded 1'. Since IV previously (30) had been 
related to R-(+)-calycotomine (VII) oia 111, 
compounds I through T V  possess the R-configu- 
ration. A11 of the analgesically more active 
enantiomers are in the 12-series. 

The (-)-enantiomer of N,N-dimcthyl-l,2- 
diphenethylamine (I: Scheme X )  has been re- 
ported (41) to be approximately half as active 
as morphine, while the (+)-antipode is virtually 
inactke. Nakazaki et al. (42) have determined 
the stereochemistry of I: Scheme X ,  by the 
procedure shown in Scheme X .  The amide 
(111: Scheme X ) ,  which was derived from the 
precursor (11) of I, was subjected to exhaustive 
ozonolysis. The ozonolysis product ultimately 
was converted to R-aspartic acid (IV). It has 
been noted (32) that there is a stereochemical 
resemblance between 1 and the C-9 asymmetric 
center of (-)-morphine. 

Mazur (43) has resolved the highly potent 
analgesic, phenoproperidine (I : Scheme X I )  
and found the (-)-isomer to be 3 times more 
potent than its enantiomer. This suggests that 
the iV-aralkyl group is contributing to the 
pharmacological effect hy interacting with a dis- 
symmetric portion of the receptor surface. 
The configuration of the (-)-isomer was deter- 
mined by dealkylating with cyanogen bromidc 
to yield the aralkyl bromidc (11: Scheme X I )  and 
then reducing to  the (-)-enantiomer of I -pheny-1- 
propanol (TI1 : Scheme X I ) ,  whose stereochem- 
istry is known to bc in the S-series. 

CONFORMATIONAL FACTORS 

The relationship between conformational pref- 
erence and analgesic activity is difficult t n  assess 
hecause differences in conformation in ciao 
ran bc brought about only by structural varin- 

2 steps 1 
COOH 

H-CrNH, FH* H*YooH COOH 

I 

COOH 
(R) 

IV 
Scheme X 

OH 
I 

+ Ph--CH-CH,CH,N 

I 
OH H 

I v 
Ph- CH- CH,CH,Br + Ph - - -C - - CH,CH, 

II A 
OH 

tion of the molecule. Sincc the physical arid 
chcmical properties of such compounds may be 
different enough so that their distrihution char- 
acteristics are not identical, a lrnnwledge of the 
relative concentrations of analgesics in the blo- 
phase would be needed before differences in 

potency could be attributed to phenomena re- 
lated to drug-receptor complex formation. In 
view of this major drawback, a small difference 
in potency between diastereonieric compounds, 
for example, may be difficult to interpret. In  
spite of the above pitfalls, such correlations ap- 
pear to he of value, ii' not for elucidating the 
optimal conformational requirements for anal- 
gesia, then most certainly [or determining which 
conformational species arc active 

Open-Chain Analgesics.-It has been postu- 
lated (1 1, 44) that  open-chain analgesics such 
as methadone form ring-like conformations, 
thereby approximating the over d l  gcometry 
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111 
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of the piperidine moiety in morphine. Sub- 
sequent investigation led Ueckett (45) to 
conclude that. such a quasi ring conformation 
(I) occurs by virtue of an interaction of the 
basic nitrogen with the carbonyl carbon atom. 
It has recently been reported by Smith (4(i) that 
the NMR spectrum of methadone hydrochloridc 
in chloroform shows magnetically nonequivalent 
N-methyl groups. This has heen interpreted 
as k i n g  causcd by the molecular asyrnmctry 
inherent in the methadone molecule and by intra- 
molecular association between the protonated 
amine function and the carbonyl oxygen (11). 
An infrared study of methadol diastereomers has 
indicated that both the a- and 0-isomers (111) 
are internally hydrogen bonded (13). The 
prc)tonated forms also arc intramolecularly 
hydrogenbonded as represented by IV. The 
a-isomer has been determined to form a stronger 
hydrogen bond than its diastereomer. (See 
under Structures Possessing en Asymmetric L'enter 
in Common with Methadone.) Gero (44) has postu- 
lated that thiambutene exists in a conformation 
(V) which allows iiitrarnolecular association be- 
tween the basic nitrogen and the sullur atom 
in the thiophene ring. 

Cyclic Analgesics. Cyclic analgesics are 
restricted to far fewer possible conformations 
than arc open-chain compounds. Moreover, 

in compounds containhig the piperidine ring, 
the position of equilibria between flip con- 
foriiiational species can be estimated by assum- 
ing that the nonbonded intcractions arc 
similar to those in cyclohexane. 

Among the simplest diastereoiiieric phenyl- 
piperidine analgesics of known stereochemistry 
(47-49) are a- and p-prodine (I and 11: Scheme 
X I I ,  respectively) (50, 51). p-Prodine is 
approxiniately li times more potent than the 
a-isomer. A similar relationship holds Tor Ihc 
iV-phenethyl analogs ( 5 2 ) .  Estimates of the 
relative amounts of conformational isomers 
(I arid 11 : Scheme X I I )  in solritiun can be oh- 
tained i f  it is assumed that the nonbonded inter- 
actions in the solvated free base and cyclohexane 
are similar. This is a valid assumption in view 
of the rcccnt report ( 5 3 )  that hydrogen-solvated 
electron pair and hydrogen-hydrogen inter- 
actions differ by only a small factor. It is 
also reasonably assumed that the iV-inethyl 
group exists primarily in the equatorial oricnta- 
tion (54) in both flip conformations. The free 
energy differences between axial- and equatorial- 
phenyl species have bcen calculated from average 
values2 obtained from the literature (55). It 
should be emphasized that the AF values are 
approximations, and that small diferences 
( A A F )  between diastereomers cannot meaning- 
fully lie assessed by this method. The A F  
for the conformational equilibrium of the a-isomer 
(I: Scheme X I I )  has been calculated to be 
$2.4 Kcal./mole, while that of the 8-compound 
has been estimated to be +O. t j  Kcal./mole. 
This means that the equilibrium for a-prodine is 
about !M% in the dircction of Te: Scheme X I I .  
and that the 0-isomer contains approximately 
75yo of I I e :  Scheme X I I .  

Beckett and Casy (1 I) have postulated that 
11: Scheme X l l ,  is more active than I :  Scheme 
X I I  by virtue of its greater ability to adopt 
the axial conformation (Ila : Scheme X I I )  which 
would be similar to the orientation o f  the phenyl- 
piperidine moiety in morphine (I : Si-heme WI). 
Ziering and co-workers (51) have noted, how- 
ever, that there is little relationship between 
stereochemistry and analgesic activity, since 
other 3-substitutrd compounds in the prodinc 
series (Table V) do not display parallel activity. 
The a- and ,R-isomrrs o f  the 3-cthyl compound 
have ahout equal activity, and in the 3-ally1 
arialog the a- is 1uoi-v active than thc p-isomer. 
The conformational equilibria of the ethyl and 
ally1 compounds should be coniparable to that 

2 The average values employed for A.F/interaction (in 
Kcal./mole) are as follows: OCO-Et:H, 0.4; Ph:H, 1.4; 
Me: H and Me: solvated !\, 0 . Y ;  Me: Me, 3.7; Me: OCO-Et, 
2.2. 
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Ph A F  

Et-COA 

Ie  
M e  
Ia 

4 - Et- C O - 0  M $LN/Me + 0.6 

IIU 
Et - C M  

IIe 
Scheme X I I  

T A B L E  V.-ANALGESIC ACTIVITY OF ISOMERIC 
PKODINES AND RELATED COMPOUNDS" 

Me 
~~ 

Relative 
Isomerb K ActivityC 

a Me 1 .0 
P Me 7.0 
a Et  1.1 
p Et 1.25 
a Allyl 11.0 
P Allyl 3.0 

Data from Reference 51. a = tvans Ph:R; @ = 
cis Ph: R. Activity relative to meperidine. 

of the 3 methyl diastereomers ( I  and 11: Scheme 
X I I ) ,  inasmuch as the steric bulk (55)  of these 
groups do not differ substantially. It seems that 
studies on the distribution and metabolism of 
these compounds arc warranted in order to 
determine whether the difierences in the a / p  
potency ratio are reffective primarily of events 
at the receptor level or rather due mainly to 
concentration differences in the brain. I f  it  is 
found that differences in activity are related to 
drug-receptor phenomena, this could also mean 
that the 3-substituent, rather than the orienta- 
tion of the phenyl group, exerts a primary in- 
fluence on drug-receptor association. In any 
case, i t  is apparent that an answer to the ques- 
tion of the importancc of conformational fac- 
tors remains highly speculative and awaits ex- 
perimental clarification. 

Nazarov and co-workers (56) have prepared 
three of the four possible racemates of 1,2,5- 
triniethyl-4-phenyl-4-propionoxypiperidine. The 

complete stereochemical assignment of these 
diastereomeric racemates has been reported 
(57) to be as illustrated in Scheme XI I I .  [In 
Schemes XI I I  and X I  V ,  A F  values (Kcal./mole) 
are approximations only. See Footnote 2 for 
information on the calculation of these values.] 
The y-isomer (111: Scheme X I I I ) ,  which is 
known as promedol, exceeds the potency of 
morphine by about threefold, while the 0-race- 
mate (11) is about twice as effective as promedol. 
The most active compound is thc a-isomer (I) 
which has twice the potency of the 8-compound. 
Calculation of the free energy differences be- 
tween conformational isomers gives an approxi- 
mation of the positions of the equilibria. Thus, 
with the a-, 0-, and y-isomers, the values are 
-2.1, -0.3, and >+7 Kcal./mole, respectively. 
This indicates that Ia and ILL: Scheme X I I I  
arc present to the extent of about 9T and 62%, 
respectively, while 1110. is virtually absent. 
It appears therefore that I and I1 : Scheme X I I I  
are exerting their action in both flip conforma- 
tions and that promedol is acting in the equa- 
torial conformation (IIIe: Scheme XIII) .  The 
positions of the conformational equilibria cor- 
relate with the relative analgesic potency of the 
diastereomers in that increasing axial character 
parallels analgesic activity. This is consistent 
with the ideas expressed by Beckett and Casy 
(11) in connection wilh the prodines ( I  and 11: 
Scheme X I I ) ,  although alternate possibilities 
for the above correlation, which have already 
been discussed in relation to the prodines, also 
should be considered. 

The three theoretically possible diastereomers 
of 1,3,5-trimethyl-4-propionoxy-4-phenylpiper- 
idine (Scheme X I V )  have been prepared by 
Sorokin (58). The y-racemate (111: Scheme 
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X I V )  has activity comparable to  promedol (111: for the prodines (Sclzeme X I I )  and promedols 
Sclzvme X I T I ) ,  whcrcas the a- and @-isomers are (Scheme XIII) .  Thus, the inactive @-isomer 
inactive. Conformational analysis indicates no has a calculated A F  of - 3.7 Kcal./mole, which 
parallelism between potency and the relative means that approximately IfR”j, is present as the 
amounts of axial-phcnyl species in equilibrium axial-phenyl conformation (IIn: Scheme X I V ) ,  
with the equatorial form, as has been observed The a-diastereorner, which is also inactive, 
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has a value of +4.7 Kcal./mole, which suggests 
that virtiially all of it exists as Ie. On the other 
hand, the highly potent y-racemate has a con- 
formational free energy difference (+1 G a l . /  
mole), which is between the values calculated 
for I and 11: Scheme X I V ,  corresponding to 
about 15% of IIIa. The preceding analysis 
suggests that the inactivity of the 01- and 8- 
diastereomers (I and 11) is related to the 3,6- 
diequatorial methyl groups which are present 
in the more stablc conformations (Ie and Ha). 
‘Lhe active y-diastereomer (111) is incapable of 
disposing both the 3- and 5-methyl groups in a 
similar orientation when in a chair conformation. 
If the inactivity of I and I1 are reflective of 
phenomena a t  the receptor level, this may be 
caused by steric hindrance of the 3,5-diequatorial 
methyl groups to analgesic-receptor association 

Although it cannot be stated unequivocally that 
variation in potency among diastereoineric struc- 
tures is a direct consequence of the analgesic- 
receptor interaction, it has been suggested by 
conformational analysis of flexible phenylpiper- 
idine diastcreomers (Schemes XII-XI V )  that 
both equatorial- and axial-phenyl conformations 
have the ability to produce high analgesic ac- 
tivity when other groups on the piperidine ring 
do not prevent drug-receptor association. Mole- 
cules having structural features which prevent 
conformational inversion can furnish further 
insight into the nature of the pharmacophoric 
species. I t  is well known, for cxamplc, that mor- 
phine (I: Scheme V I I ) ,  morphinans (I:  Scheme 
V I I I ) ,  and benzornorphans (I1 : Scheme V I I I )  
are all conformationally homogeneous by 
virtue of the methylenc bridge which connects 
the axial aromatic group to the piperidine ring. 
The equatorial counterpart to the above com- 
pounds is found in the azabicyclononane deriva- 
tive (VI) (GO). The trimethylene bridge pre- 
vents conformational inversion and therefore 
precludes the presence of an axial aromatic 
ring. This compound has activity comparable 
to thc phenolic benzomorphan structure (I1 : 
Scheme VII I ;  R = R1 = R2 = Me, X ~7 OH). 
In a recent study, Smissman and Steinman (61) 
have prepared two isomeric decahydroquinoline 
analogs (VII and VIII) of the prodine type anal- 
gesics. The trans ring juncture in these struc- 
tures prevents inversion of the piperidine moiety 
and, thereby, ensures conformational homo- 
geneity. Since both the equatorial (VII) and 
axial (VIII) isomers were equally potent, it  
was concluded that no definite conformational 
requirements of the aromatic ring are necessary 
lor analgesic activity. l‘his is inconsistent with 

(59). 

VI Et-CO-6 

VII 

Et-CO-O s \ M e  

Ph 

VIII 

Beckett’s hypothesis (11) which states that anal- 
gesics containing an axially oriented aromatic 
ring should be more potent than those possessing 
the equatorial conformation. The perhydro- 
acridine analog (IX) was also prepared (62) 
and found to be inactive. This has bccn at- 
tributed to steric hindrance of the carhocyclic 
moieties attached to both sides of the piperidine 
ring, and is consistent with the results obtained 
from conformational analysis of I and 11: 
Scheme X I V .  

Ph @-Me 
Et-CO-0 

IX 
The tropane analog (X) of mcpcridine was 

prepared by Bell and Archer (63) and found to 
be slightly more potent than ineperidine (XI). 
Although inversion of the piperidine moiety 
cannot occur because of the rcstriction imposed 
by the ethylene bridge, spectral evidence (63, 
04) suggests that there is a substantial amount 
of the boat conformation ( X h )  present. This is 
to be expected in view of the severe diaxial 
interactions between the phenyl group and the 

Ph 
a X 

EtOOC 

b 
ethylene bridge when in the chair conformation 
( X a ) .  llncquivocal cvidence dcnionstrating that 
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a boat conformation is active has been provided 
by Portoghese and co-workers (65). who h a w  
synthesized and tested bicpcloheptane analogs 
(XI1 and XITI) of meperidine. In these di- 
astereoniers, the piperidine ring is rigidly held 
in a boat conformation by the C-7 methylene 
group. The endo-phenyl compound (XII), which 
is about f j  times more potent than the corre- 
sponding exo-isomer (XIII), is aboiit twice as 
active as meperidine (XI). The difference in 
activity between isomers may be due in part to 
distribution since XI11 is a stronger base than 
XI1 and hence would not he expected to reach 
the site of action in the same concentration as its 
isomer. 
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ph&-Me 
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XI11 

From all the available data it appears that the 
conformational requirements for most of the 
4phenylpiperidine type analgrws are minimal. 
It is rather paradoxical that in certain cases high 
optical selectivity of the analgesic receptors is 
observed, whereas a variety of compounds in 
different conformations are capable of producing 
analgesia This paradox can be resolved if i t  is 
assumed that differing modes of analgesic-receptor 
binding (28) occur. (See under Concepts on 
,1 nalgesic-Receptor Interactions ) 

In the preceding discussion the possibility was 
considered that disposition of groups other than 
thc aromatic ring could also influence analgesic 

activity. Thus, the activity of prodine-type 
diastereomers (Schemes XII-XI V )  could depend 
in part on the orientation of alkyl groups attached 
to the piperidine ring. In order to limit the 
number of variables, it  would be informative to  
examine the effect of a configurational change 
at a single asymmetric center in analgesics whosc 
geometry is largely restricted to a single con- 
formation. Inasmuch as such compounds are 
epimeric rather than enantiomeric, it should be 
mentioned that the observed differences in ac- 
tivity between epiiners cannot unequivocally be 
attributed to events a t  the receptor level when 
differences in potency are small. Much of the 
work on compounds which fall into this category 
has been carried out by May and co-workers 
(W-70), who ha\-e prepared a variety of epimeric 
bcnzomorphans. The conclusions derived from 
these correlations cannot be extrapolated to the 
prodines, however, because the modes of inter- 
action of the benzomorphans and the former com- 
pounds are most probably different. (See under 
Concepts on Analgesic-Receptor Interacfions.) 
The data presented in Table V I  show that com- 
pounds in the @-series are consistently more 
potent than the corresponding a-isomers. Fur- 
thermore, i t  appears that when R = I<’ = propyl, 
the a-compound shows a large decrease in potency 
while the B-epimer exhibits a relatively small 
decrcase. It can be seen from the three-di- 
mensional reprcscn tation (XIV) of these isomers 

X J Y  
that the a-scries possesses an equatorial C-9 
alkyl group, whereas the isomeric 8-series has 

TABLE VI.- A ~ A L G E S I C  Ac7-1vrru OF ISOMERIC RENZOMORPHASS 

HO HO 
&hies p-Scries 

~~~~ ~~~ 
~~~ 

a~Series EDso R R’ @-Series EClnnU Ref. 
3 . 0  Me Me 0.44 (66) 
4 .9  Et Me 0.07 (6668) 
1 .5  Me Et 0.47 (66, 68) 
4 . 2  Et Et 0.28 (66, 67, 69) 
2 . 9  Pr Me 0.12 (66, 70)  

71.2 Pr Pr 0.87 (66, 70)  
____ ~~ 

mg.1 Kg. subcutaneously in mice. 
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gesic activity. With the advent of the metha- 
doncs (Table X, series 1 and 2) (77), Schaumann 
(78) modified and generalized his hypothesis by 
suggesting the structural requirements to be an 
aromatic ring attached to a quaternary carbon 
atom two carbons removed from a tertiary amine 
function. The requirements for analgesic ac- 
tivity, however, were once again outmoded with 
the appearance of the thiambutenes (Table X, 
series 5) (4, 79). Gero (44) attempted to ration- 
alize the activity of the. thiambutenes and meth- 
adones by postulating that these open-chain 
analgesics formed pseudo-ring conformations. 

Beckett and Casy (11) sought to elucidate the 
receptor requirements for analgesic activity 
through stereochemical studies of the meth- 
adones and thiambutenes. The fact that the 
more active enantiomers of some of these struc- 
tures were found to bc configurationally d a t e d ,  
supported the idea that “fit” a t  an analgesic 
receptor is important for activity. A receptor 
surface was formulated whose dimensions were 
complementary to certain elements of the phenyl- 
piperidine moiety in morphine. Hence, it was 
postulated that an analgesic receptor possessed a 
flat surface, a cavity, and an anionic site which 
were envisaged to accommodate an aromatic 
ring, a hydrocarbon moiety, and a protonated 
basic nitrogen, respectively. These features 
were depicted as being in a particular sequence, 
the active enantiomers being capable of three- 
point contact while the inactive or less active 
enantiomers were capable of presenting only two 
of the three essential groups for orientation at the 
receptor surface. According to this concept, 
specific orientations of the various pharmaco- 
phoric groups in an analgesic molecule are re- 
quired in order that they may conform to the 
above receptor dimensions. I1 was suggested 
that meperidine and the prodines (Schtme X I I )  
were able to associate with this receptor with 
greater facility when in the axial-phenyl confor- 
mation and that the methadones interact by 
assuming a cyclic conformation. Subsequent 
studies on the dissociation constants of metha- 
done-type compounds led Beckett (45) to con- 
clude that methadone and related compounds 
form ringlike conformations by virtue of an 
interaction of the basic nitrogen with the car- 
bony1 carbon atom. I t  was concluded (80) from 
correlations of analgesic activity with the widths 
of the basic groups, that the anionic site has a 
width of 7.5 -8.5 A.3 

3 This is based on the assumption that the distribution 
and metabolism of the methadones containing different 
basic groups are approximately the same. If this is indeed 
found to be the case by determininy the concentration OF 
these compounds in the brain, then their correlation would 
receive inuch stronger support. 

xv 
this group oriented in the axial conformation. 
’I’his supgeits that when the C-!) suhstituent is 
111 the ccpatorial conforniaLion and beyond a 
certain size, it may adversely affect dtug-re- 
ceptor association. An equatorial C-9 group 
would be expected to  have little effect on analgesic 
activity if association with a receptor involved 
contact only with the C-3,4 hydrocarbon moiety 
and aromatic ring. Since this is not the case, it  
appears as if other portions of the molecule are 
also involved in the receptor interaction. A 
somewhat related situation exists in certain 
highly potent analgesics derived from Diels- 
illder adducts of thebaine (XV) (71, 72). The 
-CRR‘OH group, which is on the top face of the 
molecule, can enhance analgesic activity by a 
factor of up to 7800 times the potency of mor- 
phine. Moreover, it  has been reported that 
when the carbinol group is asynimetric (XV; 
R = Me, R’ = Pr, X = OMe), the activity of 
one of the isomers is about 90 times that of mor- 
phine and approximately 130 times more potent 
than its epinier. This remarkable difference in 
potency is probably related, in some way, to the 
ability of CRR’OH in onc of thc epimers to 
enhance receptor binding when in a preferred 
conformation. 

CONCEPTS ON ANALGESIC-RECEPTOR 
INTERACTIONS 

Since isolation and visualization of narcotic 
analgesic rrecptors presently is not possiblc, the 
medicinal chemist is naturally dependent CJII the 
rclationship between molecular structure and 
analgesic activity in order to obtain some in- 
sight into the nature and dimensions of such 
receptors. 

The process of determining the pharmacophoric 
groups necessary for analgesic action evolved 
slowly and can be traced back to Whalen (73), 
who in 1902, proposed that the properties of 
morphine (I: Scheme V l I )  were due to the phen- 
anthrene skeleton. This idea prevailed (74) 
until 1939, when Bisleb and Schaurnann (75)  
discovered that rrieperidine (XI) possessed sub- 
stantial analgesic activity. The structural rela- 
tionship between morphine and meperidine was 
realiLed and it was postulated (76) that the 4- 
phenylpiperidine moiety was necessary for anal- 
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TABLE YII  -SOME POTENT ANALGESICS OF DIVERSE 
CONST~I u IIOY 

Compd Activitya 

10 
182) 

88 1 

N-methyl group in mel’eridine by the cinnamyl 
substituent enhances activity by thirty to forty- 
fold while an identical change in morphine causes 
a loss of potency (see Table ITII). Along these 
same lines, it  is well known that replacement of 
the N-methyl in morphine by an ally1 group 
results in a compound which has low activity in 
rodents and morphine antagonist properties. 
Significantly, similar replacement in meperidine 
(Table VIII) or in methadone-type analgesics 
(Table X) results neither in a drastic diminution 
of potency nor in a compound which has antago- 
nistic properties (87). 

Quite recently, Port.oghese (28) has intro- 
duced a new concept on the mode of interaction 
of narcotic analgesics with receptors in order to 
explain all of the above phcnomcna. It has been 
postulated that complex formation of different 
narcotic analgesics with receptors may, in many 
cases, involve differing modes of interaction rather 
than a single type of drug-receptor interaction 
involving binding to the same sites on the re- 
ceptors. The possibility of induced fit as a 
factor contributing to receptor binding of diverse 
analgesics was also recognized (2, 28). Within 
the framework of this concept the possible modcs 
of interaction were outlined as follows. 

Case 1.-Interaction of different analgesics 
with a single species of receptors; ( a )  identical 
interaction; ( b )  differing interaction. 

Case 2.-Interaction of different analgesics 
with two or more species of receptors coninion 
to the differcnt analgesics; (u) identical 
partitioning on the receptors by different 
analgesics, ( b )  dissimilar partitioning on the 
receptors by different analgesics. 

Case 3.-Interaction of different analgesics 
with two or more species of receptors not 
common to the different analgesics. 

Different molecules may interact with identical 
sites [Case l (a) ]  or with different sites [Case I @ ) ]  
on the same receptor species. Case l ( b )  is sche- 
matically illustrated in Fig. 1. Thc molccule out- 
lined by the solid line depicts onc position of 
binding, while the dashed line denotes a second 
position. It is assumed that the steric environ- 
ment presented to different molecules in different 
binding positions are not identical. 

The second cdsc is sym\dized by the following 
equations: 

0 
I1 

Ph--CH,-N--C--Et 
I 

0 I 

CH,CH,-Ph 
0 
II 

Ph-N-C-Et 
I 

0 
CH,CH:I’h 

Me OEt 

2 . 3  
( 8 3 )  

5 
I I ( 8 5 )  Ph?C--COO--CH--CHsNMet 

~~ 

Relative tn meperidine. ‘I Kefet-ences in parentheses. 

As more compounds were synthesized and 
found to possess analgesic activity, it  soon be- 
came evident that the requirements which were 
summarized by Braenden, Eddy, and Halbach 
(60) in 1955 were once again violated (81). It is 
now known, for example, that there may be as 
many as five atoms between the aromatic ring 
and basic nitrogen and still have compounds 
which are a t  least as potent as meperidine. Some 
structurally diverse analgesics, to list only a few, 
are compiled in Table VII. Other radical de- 
partures recently have been reported (86). It is 
apparent that this presents quite a perplexing 
problem. Can all of these structures fit a re- 
ceptor surface having dimensions which have been 
postulated (1 1) to be complementary to portions 
of the morphine molecule while still maintaining 
high activity? It seems quite probable that this 
is not the Case. Other aspccts of the relationship 
between structure and analgesic activity which 
are not adequately explained by the Beckett 
hypothcsis are found in Table 111, where i t  can 
be seen that there is no consistent correlation 
between the configuration of the more active 
enantiomers and analgesic activity. It is ob- 
vious that the constitution of thc R moicty has 
an important bearing on thc configurational 
selectivity of the receptors. Still another puz- 
zling phenomenon was the ability oE identical 
N-substituents to cither enhance or diminish 
analgesic activity when attached to different 
analge~iophores,~ For example, replacing the 

4 Analgesiophore is defined as the analgesic molecule less 
the substituent 011 the basic nit(-own. 

Different analgesics (A and B) and species of 
receptors (a  and 0) co~~inion to A and B may in- 
teract so that the ratios, (Aa):  (AP) and ( B a ) :  
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TABLE YIIL-RELATIVE ASALGESIC ACTIVITY OF STRUCTURES CONTAINING THE PHENYLPIPERIDINE 
XOIETY~ 

1,R' = COzEt 4 
2,K' = OCOEt 
3,K' = OCOMe 

5 6 

- ~ -  Relative Activityb - -Relative, Activityh-- 
< ~____ 1C.d.p- , -2.c.i- 73clfp 4Q 51.1 6 f . k  

Me 1 . 0  1 . 0  7.4 26 1.0 2.4 1 .0  2 0.7 
Et  . . .  0 . 5  . . I  . . .  . . .  . . .  <0.1 0.1 0 

Ally1 . . .  0 . x p  . . .  . . .  . . .  . . .  <0.1 0 . . .  
n-Bu . . .  1 . 5  . . .  . . .  . . .  . . .  <0.1 . . .  0 

CsHaCH? <0.3 <0.5  1 . 5  1.4 1 . 0  1.1 <0.1 0 . . .  

CsH5(CHzh 2 .3  2 . 6  25 110 12 60 6 -10 -10 

CGHL(CHY)O 23 20 162 572 62 265 . . .  . . .  0.15 

R H.P.' R.H.'" H.P.L R.Km H.P.' R . K m  1L.H.' H.P.' H.P.' 

n-Pr . . .  1.51 . . .  . . .  . . .  . . .  0 . . .  0 

n-Amy1 . . .  1.51 . . .  . . .  . . .  , . _  0 . 7  -2 -1 

. . .  . . .  . . .  . . .  0.15 0.32 3 .8  . . .  . . .  

2 . 7  . . .  66 69 ti6 72 . . .  . . .  . . .  
27 18 318 ti37 90 142 . . .  . . .  . . .  

~~ 

C ~ & ( C H S ) ~  1 . 6  2 . 8  -54 108 32 39 . . .  -0.3 . . .  
CGHsCH=CHCH, 32 40 261 1100 82 376 <0.1 0 . .  

ti1 39 650 785 ... 189 . . .  . .  . . .  

a Adapted from Refeveme 28. Analgesic activity relative to meperidine; a value of 10 signifies the compound is 10 times 
Thorpe, R. II., and Walton, E. ,  f. Chem. Soc., 1948, 559. eElpern, 

Elpern, B., Wetterau, W., Carbateas, P., and 
* Winter, C. A., Orahovats, P. D., and Lehman, E. G.. Arch. Intern. Pharmacodyn., 

' Eddy, N .  B., Besendorf, 
Ager, J. H., and 
'' Administered 

mure potent than the reference compound. 
B., Gardner, L. N., and Grumbach, L., J .  Am. Chem. Soc., 79, 1951(1957). 
Grumbach, L., ibid., 80, 4916(1958). 
110, 186(1957). 
H., and Pellmont, B., Bull. Navrofics ,  U. A'. Drpt. Social Affairs, 10, 23(1958). 
May, E. L., J .  Org. Chem.,  25, 984(1960). 
intraperitoneally. 

Keference PO. 

I' Analgesic activity relative to morphine in the same sense as in Foottrole a. 
Refeuenre 33, p. 157. 

Hot plate method using mice. Rat tail radiant heat method. 

Fig. 1.-A schematic rc- 
presentation of Case l ( b )  . 
The protoriated amine ni- 
trogen is represented by 
CB, the square denotes an 
A'-substituent, and the 
rectanglc depicts another 
portion 01 the molecule. 
The different positions of 
molecular binding are rep- 
resented by the hcavy and 
dashrd lines. 

(ED), are similar [Case 2(a ) ]  or different [Case 
2(b ) ] .  

'The third possibility is illustrated by thc equa- 
tions below. In this case a and 0 are not com- 
mon to  4 and H. If different receptor species 

A + a + p s (Aa)  
B + a + P (BP) 

have dissimilar steric requirements in Cases 2(b) 
and 3, then this would be manifested by a differ- 

encc in the stereoselectivity of the receptors for 
analgesics A and B. 

Combinations of the above cases may also 
exist, thus creating a much more complex situa- 
tion. It is probable that  Cases 1 and 2 may be 
the most prevalent types of interaction. 

This concept is capable of explaining the lack 
o f  correlation between configuration and anal- 
gesic activity (Table 111). If, for example, 
methadone (Table 111, 1)  and u-methadol (Table 
111, 5) are interacting with different patterns of 
sites on a single species of receptors [Case l ( b ) ]  
then the steric requirements for the analgesic 
molecules may not be identical. The fact that  
the more active enantioiners of the above com- 
pounds possess the opposite configuration sup- 
ports the contention that  a t  least a portion of 
these analgesic molecules are in different physico- 
chemical environments on the receptors, Figure 
2 illustrates schematically how K-methadone and 
(3s: RS)-methadol, with opposite configuration 
a t  C-6, may interact with analgesic receptors. 
Dipoles conceivably can be sites which are hy- 
drogen bonding donors (X) or acceptors (Y).  
Interaction of methadone with an analgesic 
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v 

Q 
W v 

Fig. 2.-One possible mechanism whereby differ 
ent polar groupc. in analgesic molecules may cause 
inversion in the  configurational selectivity of anal- 
gesic receptors. Hydrogen bonding proton donor 
and acceptor dipoles are noted by X in square 
and Y in triangle, respcctivrly. The anionic site is 
represented by t2. Top : (3s 6s) methadol ; bottom: 
R-methadone. 

receptor may involve hydrogcn bonding of the 
ketonic carbonyl group by X, whereas with 
a-methadol, OH. . .I.’ could occur. According to  
thc abovc interpretation, alteration of a polar 
group in an analgesic molecule may afford a 
compound which can interact with dipolar sites 
and hydrophobic areas that  differ from those 
involved in the binding of thc unaltcred structure. 
An alternate explanation can be found in Case 
2(b) .  In this rasc, methadonc and a-methadol 
would interact in different ratios with two or more 
species of receptors having dissimilar steric re- 
quirements. This too could bring about an in- 
version in configurational selectivity if the steric 
requirements of the different receptor species 
common to both analgesics are dissimilar. 

The well-known ability of the basic group to 
influence analgesic activity has been utilized as n 
means of detecting similarities or differences in 
the mode of binding to  receptors (28, 88). If the 
mode of interaction between various analgesics 
and receptors is similar [Cases l ( a )  and 2(a)] ,  
then the N-substituent should be positioned in 

a similar physicochemical environment on the 
rcccptors and, therefore, contrihutc to the anal- 
gesic effect quantitatively in the same way. 
Thus, if identical changes of the A-substituent in 
two or more series of compounds produce parallel 
changes in potency, the mode of binding of the 
difTerent analgesiophores should be similar. 
Conversely, dissimilar modes of interaction [Cases 
I@),  2 ( b ) ,  and 31 should produce nonparallel 
changes in potency. This is exemplified in Table 
VIII where parallel relationships can be seen 
between the meperidines (series 1) and the 
acyloxy analogs (series 2 and 3). Parallelism is 
also exhibited among the compounds in the 
morphine (series 4), morphinan (series 5), and 
benzomorphan (series 6) series. Comparison of 
the former (series 1, 2, and 3) with the latter 
(series 4, 5, and ti), however, shows that  there 
is no parallelism. The correlations in Table VIII  
indicate that the analgesiophores in series 1,2,  and 
3 are binding to  receptors by similar modes and 
that an analogous situation exists among the latter 
series. On the othcr hand, lack of parallelism 
between the phenylpiperidines and structures re- 
lated to  morphine suggested that  the binding mode 
of identically substituted compounds in the formcr 
series is different from those in the latter. 

If identically N-substituted compounds in two 
different series are interacting with receptors in a 
similar manner, then the quantitative contribu- 
tion t o  the analgesic effect by  various substituents 
should producc, under steady-state conditions, 
proportionate variations of activity in both series. 
Such a proportionality is reflective of a linear free 
energy relationship. The slope of such a regres- 
?ion should be near unity, since identical basic 
groupi are expected to  contribute to the pharma- 

L o g  ED5,, (pM/Kpl  

s e r o e s  2 

Fig. 3 -A plot of t h e  log ED5,, of Wsubstituted 
normcperidincs (series 1) vs. the log EDSo of identi- 
cally substituted reversed esters (series 2 ) .  
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TAELE IX.-REGRESSION ANALYSIS OF THE LOGARITHM O F  THE ANALGESIC ACTIVITY I N  VARIOUS N-SUB- 
STITU TED PHENYLPIPERIDINE SERIES” % 1.K‘ -CO,Et 

2 ,  R‘ = OCO- Et 
3,R’=OCO--Me 

I 
K 

r)ata 
Coi-islalionh Slope‘ S.E. S.1). Y d  n‘ Source’ 

1 21s. 2; 1 .20  0.09 0.16 0.99 5 U 

1 . o s  0.13 0.25 0.96 6 h 

1 VS. 3 i  0.93 0.24 0.37 0.90 4 Q 

0.87 0.21 0.42 0.87 6 h 

3 vs. ‘‘k 1 .09 0.20 0 .2 ;  0.96 4 Q 

1.06 0.19 0.25 0.94 5 h 
___ 

“ Adapted fi-om Reference 28. ‘’ Series 1 ,  2 ,  and 3 were plotted as the logarithm of the activity (pm./Kg.). Values were 
calculated by the method of least squares. Represents the linear correlation coefficient; when Y = 1 there is a perfect 
correlation; if I = 0 there is no correlation. All data weie ohtained 
from Reference 90: mice were the test animals. Eddy’s data. ’’ Janssen’sdata. ’ K=$CH=CHCIlp; +(CIl?)r; $ ( C H Z ) ~ ;  
$(CHz)r; $CH2 II=~+CH(OCO~t)CHzCHz; +CH=SHCH?; d(CH2)3; +CH=CH(CHz)?; CHa. K=$(CHz)a; + ( C H z ) n ;  
+(CH,)a; &H;! . K=+CH(OAc)CH2CH*; +CH=CHCHz; $(CHdz; $(CHi)y; $CH=CH(CH2)?; CHa- R=+(CH?)a: 
+(CH>)?; $(CHz)r; +CHz . R=$CH-CHCHn; +(CH?)a; +(CHz)z; +CH=CH(CHz)z; CH3. 

‘ Denotes the uUmber of points in the regression. 

TABLE X ,-RELATIVE ANALGESIC ACTIVITY“ OR STRUCTURES RELATED TO METIIADONEC 

C(C4H3S)z C,H,K’COEt 
I 
I 
I 

CH2 

CHNRR’ 

Me 

R3 R2 II 
I 

I I  

I 

CH 

CHNRR’ 

Me 

( C~HS).ICCH~CHNRR‘ 

1, R2 = H; 
- I  ‘> K 2  = Me; R3 = COEt 4, R 2  = Mc; R3 = COzEt 

R3 = COEt 3, RZ = Me; R3 = S02Et 

~ 

R K’ ld 2d 3 d  4d 5 c  G J  

Me Benzyl 0, Oh . . .  . .  . . .  < O .  1 1.4% 
Me Me 1.2Q, 2.5QSh 7.8,Q 5.6Qth 6 S.3,Q 0.55’’ 5 0 

Et Et 0 . 3 , ~  0 .  82h 8.1 . .  . . .  5 0 
n-Pr n-Pr <0 .33 ,  <O. 25” . . .  . .  . . .  <o. 1 . . .  
Allyl Allyl 0 . 5 j  . . .  . .  . . .  0 . 7  . . .  

C4Hs 4 .0 ,  1.9OIh 4 , k  5 .  7f1zk . . 3 . 5  0 

CsHm 2 .6 ,Q  2 . 5 ~ 3 ~  20, 5.4g7h 6 0.2h 5.5 0 
C4HsO 7.0,  8.5Q,* i9,a 4.58,h . . <o:ih 1 u 

Analgesic activity relative to meperidine: a value of 10 signifies the compound is 10 times more potent than the reference 
Adapted from Refmew 28. 

Data were obtained from Janssen, P. A. J., “Synthetic Analgesics.” Part  I, Pergamon Press, Inc.. New York, N. Y. ,  1960. ’ With the exception of the methyl benzyl analog, the above 
The authors thank Dr. W. Wright, Jr., Lederle Laboratories, Pearl River, N. Y., 

’ Calculated from Reference 15. 

compound. 

Table V, p. 68. 
compounds were inactive a t  25 mg.,’Kg. 
for providing this information. 
1 Animal species not revealed. Administered intraperitoneally. 

* Unless otherwise specified compounds were administer-ed subcutaneously to rats. 

‘ Values were calculated hum Xeference 4. 

Average value. I’ Mice were employed as test animals. 

cological effect by the same mechanism. The 
above quantitative relationship is, of course, 
dependent on the assumption that identical 
changes in substituents on two different anal- 
grsiophores will affect the distribution of the 
compounds in a similar fashion. This assump- 
tion is quite reasonable in view of the successful 
application of substituent constants for predicting 
drug availability a t  the site of action (89). When 
the mode of binding is not similar, a nonparallel 
relationship should be obtained which may be 
characterized by point scattering and the absence 
of a regression. 

It is important to point out that a regression 
cannot be properly constructed unless the phar- 
macological data have well-defined confidence 
limits and are derived from a single source. The 
analgesic data of Janssen and Eddy (90) appeared 
to fulfill these requirenients. The regressions 
obtained from these data are shown graphically 
(Fig. 3) and in Table IX. The high correlation 
coefficients ( r )  corroborate the postulate that 
parallelism in activity is indicative of similar 
modes of binding and that this concept (28, 87) is 
of utility in distinguishing between similar [Cases 
l ( a )  and Z(a)]  and different modes [Cases 1011, 
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2(bj, or 31 of drug-receptor interactions. Al- 
though series 3, 4, and 5 (Table VIII) also display 
parallelism, these data cannot be quantitated 
because the activities were obtained from different 
literature sources. 

It was discussed earlier that inversion of con- 
figurational selectivity is indicative of differences 
in the mode of intcraction between analgesic 
molecules and receptors. Further support for 
this proposal was obtained by qnalitatil ‘e  1- y as- 
sessing whether parallelism exists between differ- 
ent series of open-chain compounds (Table X) 
whose AT-suljstituen ts were varied in the same 
way. Because these data were obtained from a 
varicty of sources, only substantial changes in 
potency were interpreted as being meaningful. 

Qualitative inspection suggests that series I ,  2, 
:;, and 5 exhibit a roughly parallel variation of 
analgesic activity. This has been interpreted as 
being reflective of similar modes of interaction 
with receptors [Cases l(aj  or 2 ( a ) ]  and is consist- 
ent with the fact that, among the series containing 
an asymmetric center (series 2 , 3 ,  and 5) the more 
active enantiomers are configurationally related 
to I<-alanine (Table 111). Since series 4 and G 
(Table X) show little correlation with series 2, 3, 
and 5,  the mode of interaction of compounds in 
the former series is probably different from those 
in thc latter. Significantly, the more active 
enantiomers (series 4 and 6) possess the S-con- 
figuration. In  the above case, dissimilar binding 
modcs are characterized by both inversion in the 
stereoselectivity of the receptors and by non- 
parallel variations in activity. It is important to 
realize that an identical stereochemical relation- 
ship between more active enantiomcrs docs not 
necessarily imply that analgesic molecules are 
interacting with receptors in a similar fashion, 
since this may be coincidental. A more rigorous 
procedure would, in addition, involve the cor- 
relative procedures discussed above. For ex- 
ample, the more active enantiomers of the car- 
bethoxy analog of methadone (series 4; R = R’= 
Me) and the basic anilide compounds (series 6; 
R = Me, R* = benzyl) possess identical configura- 
tion but variation of the N-substituent does not 
appear to affect analgesic activity in the same 
way. This is suggestive of different binding 
modes despite the fact that the more active 
optical isomers have the same configuration. 

Similar analysis on phenolic and nonphenolic 
rnorphinans (I : Scheme V I I I )  and benzomorphans 
(11: Scheme VI I I )  has also been carried out by the 
substituent variation method (28). The phcnolic 
cornpounds show an enhancement of activity on 
replacing an Wniethyl with a phenethyl group, 
while the nonphenolic structures exhibit a de- 

‘FABLE xI.-PYRROLIDINE ANALGESICS“ 

I< Activity” 
M(! 0 .8  

0 . 4  
(1.4 

1 . 3  

Ph-CH( 0H)CHzCHz 0 . 8  

a Refwenre 92. ’ Relative lo codeine (hasejbase), 30 
niiii. after i.p. injection. 

crease in activity when an identical change is 
made (81). This suggests that the phenolic and 
nonphenolir compounds arc binding to analgesic 
receptors by different modes. Lack of correla- 
tion with othcr scrics is also seen among the 
tetrahydroisioquinoline analgesics (Scheme I X ) ,  
where i t  has bcen reported (91) that replacement 
of the Nmethyl group by a variety of substit- 
uents causes a loss of activity. The pyrrolidine 
analgesics (Table XI) exhibit a pattern of activi- 
ties on substituent variation, which is unlike its 
close relative, the prodines (92). Nonparallelism 
is also found in the highly potcnt bcnzimidazolc 
analgesics (XVI j (93) where variation of the basic 

I 
CHZCHzNK 

XVI 

group causes changcs in activity unlikc thosc secn 
in other types of analgesic compounds. 411 of the 
above phenomena can be rationalized in terms of 
differing inodes of drug reccptor binding. T h e w  
possibilities include Cases 1 ( b ) ,  2 (b) ,  and 3,  which 
were described earlier 

I t  has also been mentioned (28) that differing 
modes of interaction were likewise possible among 
compounds in a single series. In such a case, the 
binding mode of an analgesiophore would be 
modified when the basic group is changed. One 
criterion for detecting transitions in the mode of  
binding is a large change in enantiomcric potency 
ratio. It has been shown (18) recently that as the 
number of methylenes in the A’-aralkyl group or 
the basic anilide analgesics (Table XIT) is in- 
creased from one to  three, the cnantiomeric 
potency ratio approaches unity. These marked 
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responding tvans isomer shows high physical 
dependence capacity (70). 

CONCLUDING REMARKS 
Modification of the pain threshold by strong 

malgesics is a coniplex phenomenon which is not 
well understood. The large variety of struc- 
turally unrelated cornpounds which possess mor- 
phine-like activity attests to the complexity of 
this phenomenon. The structural diversity of 
compounds having high analgesic potency may be 
due to a combination of factors. Induced fit 
(2, 2X, 94, 96) and differing modes of analgesic- 
receptor association (2, 28) have been discussed as 
possible contributing causes for the apparent over- 
all lack o l  consistency in the relationship between 
structure and activity. For this reason the 
topographical characteristics of analgesic recep 
tors remain obscure. The problem of delineating 
the geometry of analgesic receptors and ideally, 
elucidating the chemical components which con- 
prise such entities, will challenge the best efforts 
of the medicinal chemist for years to come. 
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TABLE XII.-RELATIONSHIP OF LENGTH OF THE 
N-ARALKYL GROUP ON CONFIGURATIONAL SELEC- 

OC-Et Me 
TIVITY OF ANALGESIC RECEPTORS“ 

I I 
Ph--S-CHzCH-N-R 

I 
Me 

Cun 
R Enantiomei figuration 

Ph-CH2 if) ( S )  4 3 d  

( S) 1 6  

(-1 (K) Inactive at 60 

(R)  Inactive at 50 
Ph-CHzCII! (+) (S) 3 . 6 d  

( - )  (R)  11.7 
8.9 

(s) 11.9 
Ph-CH,CH,CH, (+) 

(-1 ( R )  
-~ - 

a Adapted from Reference 18. Optical rotation of the 
free base. The subcutaneons dose which elevates the 
rat  tail radiant heat response time by lOtly, in 507“ of the 
animals. Refeiwzce 16. 

changes in potency ratio, which were observed on 
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in the stereoselectivity of the receptors which is 
attributed to differing modes of analgesic-recep- 
tor binding [possibilities are Cases 1 ( b ) ,  2 ( b ) ,  or 31. 
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meperidine antagonist but does not antagonize 
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2 or :3) may be involved in analgesic action. 

I t  is conceivable that the great variability in the 
physical dependence associated with various 
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that analgesic activity can be separated from 
physical dependence by merely altering the .?,% 
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Moreover, the stereochemistry of the 5,g-dialkyl 
substituents appears to affect, in certain cases, this 
separation. For example, the cis 5-propyl-9- 
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67:FCHzCH=CMez 

XVII, R = Me 
XVlII ,R=Et  
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