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STRUCTURE-ACTIVITY 
RELATIONSHIPS OF DOPAMINE 
AGONISTS 

Joseph G. Cannon 
Division of Medicinal Chemistry and Natural Products, College of Pharmacy, 
University of Iowa, Iowa City, Iowa 52242 

INTRODUCTION 
In the several years since Blaschko (1) suggested neurohormonal activity 
for dopamine, several types of chemical compounds have been found to 
possess dopamine-like actions. This review surveys classes of structures in 
which putative dopamine agonism has been reported, and cites struc­
ture-activity correlations. Detailed stereochemical aspects of dopamine ago­
nists have been addressed elsewhere (2). 

A serious problem in dopamine structure-activity studies arises from the 
large variety of animal models and in vivo and in vitro pharmacological 
assays utilized to assess dopaminergic effects. Comparable test data in the 
same animal species using the same biological endpoint and the same crite­
ria for assessment of activity/potency are not available for many agents. 
Thus, it is frequently not possible to make valid comparisons of actions and 
potencies among compounds described in the literature, and a caveat must 
be expressed with respect to the validity of many attempted structure­
activity correlations. 

{3-PHENETHYLAMINES 
Quantum mechanical calculations led to the conclusion (3, 4) that there are 
three favored conformations for the dopamine molecule: trans- (antiperipla­
nar), illustrated by the Newman projection 1, with the plane of the ring 
perpendicular to the plane of the side chain; and two folded (gauche) forms, 
Newman projections 2 and 3. 
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Rotman et a1 (5) proposed that a gauche form of dopamine is permitted, 
if not preferred, in the reuptake process in nervous tissue. However, Granot 
(6) concluded that when dopamine interacts with ATP (a component of 
some dopamine receptors) in aqueous solution, there is a significant prefer­
ence for a trans- conformation of the dopamine molecule. The dopamine­
ATP complex is stabilized, inter alia, by hydrogen bonding between 
catechol hydroxyls and purine nitrogens, and by electrostatic interaction 
between the protonated ammonium group of dopamine and a negative 
phosphate group. 

Cannon (7, 8) defined (1- and ,B-conformers of dopamine (structures 4 and 
5), in which the catechol ring is coplanar with the plane of the ethylamine 
side chain, and proposed that these are significant in agonist-receptor in­
teractions. 

N H 2 4. (1-conformer 

NH2 5. ,8-conformer 
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OH 
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HO"""" 
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H 
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7. 

In the a-conformer (Newman projection 6), the m-OH is projected over the 
ethylamine side chain, whereas in the ,B-conformer (Newman projection 7), 
the m-OH is directed away from the side chain. Other structural features 
of a dopaminergic agonist may modify the ability of the molecule to interact 
with dopamine receptors or with specific populations of dopamine recep­
tors, or these structural features may destroy agonist effects. However, the 
achievement of a conformation that corresponds to or approximates the 
(1- or the ,B-conformation of dopamine seems to be a sine qua non for 
dopamine agonist activity in many types of chemical structures. 

Katz et al (4) concluded that the m-phenolic monoanion of dopamine 
free base is more stable than the p-anion. 2- and 5-Fluorodopamines (struc­
ture 8) are equipotent to dopamine in a dog renal vascular assay, whereas 
the 6-ftuoro isomer is four times less potent than dopamine (9). 

HO 
5 6 

F 8. 

In binding studies on rat striatal tissue, the three monoftuoro-dopamines are 
equipotent to dopamine in displacement of 3H-spiroperidol, but the 2- and 
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106 CANNON 

6-fluoro systems are less potent than the 5-fluoro or dopamine in displace­
ment of 3H-apomorphine (10). Kirk (11) suggested that a role of fluorine 
in these molecules is to change the acidity of the phenolic groups, which 
may modify the character and/or strength of the agonist-receptor interac­
tion. Fluorination of the ring of dopa influences the site of methylation by 
catechol-O-methyltransferase, due to alteration of the acid strength of the 
phenolic OH (12). 

Studies (13-18) of N,N-disubstituted dopamines reveal that the combina­
tions of alkyl groups in 9a-d impart unusually high central and peripheral 
dopamine agonist effects. 

HO 

9a. R = R' = CH3 

9b. R = R' = C2HS 

9c. R = R' = n-C3H7 

9d. R = n-C3H7; R' = n-C.H9 

Remarkably, whereas N,N-di-n-propyldopamine (structure 9c) and N­
n-propyl,N'-n-butyldopamine (structure 9d) are potent dopamine agonists, 
N,N-di-n-butyldopamine is inert (14). It has been suggested (8, 19) that 
enhanced dopaminergic effects frequently conferred by N-n-propyl groups 
are not related merely to the effect of the alkyl chain on solubility or 
partition phenomena, but rather that certain dopamine receptors have a 
positive affinity for the N-n-propyl group. Longer chains (e.g. n-butyl) do 
not fit the receptor subsite; shorter chains fit, but not optimally. 

Geissler (20) cited literature evidence that m-tyramine (structure 100) 
is a dopaminergic agonist. However, both m-tyramine and p-tyramine are 
inert in hyperactivity/stereotypy assays in rodents (2 1) and in stimulation 
of cyclic AMP production (22). 

lOa. R = R' = H 

lOb. R = R' = n-C3H7 

HO 
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HO /C3H1--ft, 
N 

" C H --ft, 3 1 

HO 11. 

C H --ft, 
I 3 7 

N 

HO 

12. 

N,N-Di-n-propyl m-tyramine (structure lOb) is a relatively potent selective 
central and peripheral dopaminergic agonist (20, 23). N,N-Di-n-propyl 
p-tyramine apparently has not been evaluated for dopamine-like effects. A 
unique role has been suggested (7, 8) for the "meta-OH" of dopamine in 
agonist-receptor interactions, and it is unexpected that the "di-meta-OH" 
system (structure 11) is inert in a variety of assays for central dopaminergic 
effects (23). 

A variation (structure 12) of the m-tyramine structure exhibits a variety 
of dopamine agonist effects (23-26). The added .B-phenethylamine moiety 
does not bestow unique potency, activity, nor spectrum of actions, but the 
compound has a longer duration of action in a rodent stereotypy assay (23) 
and in affecting prolactin release from the anterior pituitary (26). 

Introduction of a methyl group into the <1-position of the dopamine side 
chain (structure 13) greatly decreases agonist effects in some assays (22,27) 
and abolishes effects in others (28). This loss of activity was explained (28) 
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108 CANNON 

by the effect of the d.-methyl group in forcing the catechol ring to lie 
perpendicular to the plane of the ethylamine side chain, a deviation of the 
dopamine moiety from either the d.- or the ,a-conformation. 
APORPHINES 
The prototypical dopaminergic agonist aporphine is apomorphine (struc­
ture 14: R = CH3; R' = R" = OH). 

HO 

4 

5 

14. 

I 1 16. 
CH3 

HO 

H 

H 

15. 

I 17. 
CH3 

Dopaminergic potency and activity in N-substituted homologs of apomor­
phine (structure 14) vary with the substituent. the highest in most assays 
residing in n -propyl (29-32). 
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DOPAMINE SAR 109 

Molecular models reveal that the dopamine moiety within the apomor­
phine molecule (structure 14: R = R' = OR; N-C6a-Crring A) is held 
rigidly in the a-conformation, with the catechol ring deviating from co­
planarity with the ethylamine side chain by approximately 30°, as illus­
trated in Newman projection 15. C-8, 9-, 10-, and II-Monohydroxy­
aporphines (structure 14) have been investigated (33, 34) and of these the 
II-hydroxy isomer (structure 14: R' = OR; R" = H), a "meta-OR" system, 
is most potent and active, although less so than apomorphine (33, 35). 
Expansion of the D ring of apomorphine into a seven-membered ring (struc­
ture 16) destroys all dopamine-like effects (36). An x-ray crystallographic 
study (36) revealed that the seven-membered ring distorts the dopamine 
moiety in structure 16 (N-C7a-CS-ring A) away from the a-conformation. 

"Isoapomorphine" (structure 17), which bears the dopamine moiety in 
a ,B-conformation, is inert as a central (33, 37) and peripheral (38) dopamin­
ergic agonist. On the basis of the prominent agonist effects of dopamine 
,B-conformers derived from 2-aminotetralin (structure 19) (vide infra), some 
activity would be predicted for 17. A rationalization (38) for peripheral 
agonist inactivity of isoapomorphine invoked its inability to accomodate to 
the proposed topography of the renal vascular receptor. However, some 
exceptions to the agonist structural parameters implicit for this hypotheti­
cal receptor topography have been cited (39), and no adequate explanation 
for the inactivity of isoapomorphine has been advanced. 

AMINOTETRALINS AND AMINOINDANS 
5,6-Dihydroxy-2-aminotetralin derivatives (structure 18) ("A-5,6-DTN") 
represent a fragment of the apomorphine molecule. 

OH HO 
HO HO 

19. 

The geometry of 2-aminotetralin ring systems was established by x-ray 
crystallographic studies (40). The a-conformation of dopamine within 18 
bears the catechol ring very nearly coplanar with the plane of the ethyla­
mine side chain. 6,7-Dihydroxy-2-aminotetralin (structure 19) ("A-6,7-
DTN") represents a fragment of isoapomorphine 17, and contains a 
dopamine ,8-conformer. Derivatives of both 18 and 19 (where R and R' are 
combinations of hydrogen, methyl, ethyl, n-propyl, and 2-propyl) display 
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110 CANNON 

prominent central and peripheral dopaminergic agonist effects (41-43), but 
the two isomeric systems show different spectra of activities. Attempts to 
establish general correlations between the pattern of dihydroxylation (5,6-
or 6,7-) or the nature of the N-alkyl substituent(s) of dihydroxy-2-aminotet­
ralins and the spectrum of dopaminergic agonist effects, or to predict the 
type(s) and/or biological sites of activity of the isomeric dihydroxy 2-
aminotetralins have not been successful. 

In monophenolic 2-aminotetralins, the most prominent central dopamin­
ergic agonist effects and highest potency reside in the 5-hydroxy isomer, a 
"meta-OH" system (44-47). This reflects a structural consistency with the 
relatively high potency/activity of II-hydroxyaporphine and certain 
m-tyramine derivatives, Those 5-hydroxy-2-aminotetralins bearing at least 
one n-propyl group on the nitrogen have the highest activity and potency, 
and the di-n-propyl homolog is the most potent and active (19, 46). 

N,N - Diethyl- and di-n -propyl-5-hydroxy- 6 - methyl-2 - aminotetralin 
(structure 20) display a variety of central and peripheral dopaminergic 
effects, qualitatively different from those reported for 5-hydroxy-2-
aminotetralins (48, 49). 

HO 

OH OH 
20. 

/R 
N HO 

'R' 
R 

/C3Hi,", 220. CH3 

\\N \\\ ..... C H-ft. 22b. H 3 1 "... R" 
22c. ... , I CH3 R 

21. 

N 
/R 
'R' 

R' R" 
H H (trans) 

CH3 H (cis) 

CH3 H 

The primary amine and the N,N-dimethyl homolog of 20 demonstrate no 
receptor agonist activities. It is likely that the active members of the series 
20 undergo metabolic activation (49), perhaps by hydroxylation of the 
6-methyl group. This series may represent a novel type of dopaminergic 
prodrug. 

Resorcinol-derived 2-aminotetralins (structure 21), which have the 
"meta-OH" pattern of both the (1- and the {3- dopamine conformations, are 
less potent and less active than their catechol-derived isomers 18 and 19 
(101) but, unlike the {3-phenethylamine resorcinol derivative 11, they are 
not dopaminergically inert. 

A
nn

u.
 R

ev
. P

ha
rm

ac
ol

. T
ox

ic
ol

. 1
98

3.
23

:1
03

-1
29

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

nn
ua

lr
ev

ie
w

s.
or

g
by

 C
en

tr
al

 C
ol

le
ge

 o
n 

12
/1

2/
11

. F
or

 p
er

so
na

l u
se

 o
nl

y.



DOPAMINE SAR 111 

The two stereoisomeric I-methyl-2-aminotetralin derivatives 22a(trans) 

and 22b (cis) are equipotent at central dopamine receptors, and both com­
pounds are less potent than the non-C-methylated system (structure 22: R 
= R' = R" = H) (50). The equipotency of the cis- and trans- isomers 22 
a, 22b is surprising, in view of the inactivity of the 1, I-dimethyl derivative 
22c and the marked difference in potency between cis- and trans- isomers 
in the octahydrobenzo(f)quinoline series 42 (vide infra). 

4,5-Dimethoxy-2-dimethylaminoindan 23b is approximately four times 
as potent an emetic as apomorphine in the pigeon, but in the dog emesis 
model it is 0.008 times as potent as apomorphine (41). 

HO 
HO 

N 
R 

/ 

'R' 

23a. R = R' = H 

23b. R = R' = CH3 

23c. R = R' = C2HS 

23d. R = R' = n-C3H7 

24. R, R' = combinations of H, 

CH3, C2Hs, n-C3H7 

Compound 23b resembles apomorphine and the analogous 2-aminotetralin 
18 (R = R' = CH3) in a rat circling assay, although the indan derivative 
is less potent (51). The primary amine 23 a is inert in these assays. Homologs 
23c and 23d (N,N-diethyl- and di-n-propyl) are approximately equipotent 
to apomorphine in blocking response to stimulation of the cat cardioacceler­
ator nerve, an index of peripheral presynaptic dopaminergic effect (52), but 
the other members of series 23 are inert. Compounds 23c and 23d are 
potent emetics in the dog. None of the compounds of series 23 are effective 
in binding studies on calf caudate homogenates (52). No members of a series 
of indan hydroxyl group positional isomers (structure 24) show any dopa­
mine-like activity in the dog emesis assay or in the cat cardioaccelerator 
nerve, nor are they effective in binding studies (52). The inactivity of the 
indan series 24 contrasts with the high potency/activity described for the 
structurally analogous 6,7-dihydroxy-2-aminotetralins (structure 19), but is 
consistent with the inactivity of isoapomorphine (structure 17). 

4,5-Dihydroxy- and 5,6-dihydroxy-2-aminoindan molecules hold the 
dopamine moiety rigidly in a steric disposition approaching the trans­
conformation, and the benzene ring approaches coplanarity with the ethyla­
mine side chain. However, in the indan system, the torsion angle T2 (struc-
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112 CANNON 

ture 25: N-CI-�-C3) is 140-1500 (illustrated in Newman projection 26). 
rather than 1800 as in apomorphine 15 and the 2-aminotetralins. 

N/ 
2 \ 25. 

26. 

Thus, the isomeric 2-aminoindans 23 and 24 approximate, respectively, the 
a.- and ,a-conformations of dopamine. These analogies may be invoked to 
explain the prominent dopamine-like effects of derivatives of 23, but they 
do not explain the inactivity of the series 24. 

2-Di-n-propyl-4-hydroxyindan (structure 27) is much more potent and 
active in a series of CNS dopamine assays than the isomeric 5-hydroxyindan 
(structure 28) (53), which further illustrates the pharmacological impor­
tance of the "meta-OH" in the a.-conformer of dopamine. 

HO HO 
,..C3 H7-n. 

"C3 H7-n "-
N C3 H 7-"" 

" 28. C3 H7-.,.. 
27. 

N /
C3 H7-.,.. 

" 

C3H,-n. C3 H7-.,.. 
N/ 

"- 30. 29. C3H7-ft 
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DOPAMINE SAR 113 

Some non-hydroxylated 2-aminotetralin and 2-aminoindan systems, espe­
cially those bearing the N,N-di-n-propyl group (structures 29 and 30), 
exhibit prominent dopamine-like effects (47, 54). It is uncertain whether 
these compounds are themselves direct agonists, or whether they are 
metabolically activated (by benzene ring hydroxylation?). The positive 
effect of n-propyl groups on dopamine-like activity is again noted: the 
primary amino- and N,N-dimethyl homologs of29 are inert (54). While the 
inclusion of a catechol group in an appropriate steric disposition generally 
provides maximal dopaminergic effect, it is possible to design nonphenolic 
dopamine-active molecules. It is not possible, however, to correlate sites or 
spectrum of dopaminergic effects with presence or absence of phenolic OH 
groups. ,8-Phenethylamine, the non-oxygenated congener of dopamine, 
does not seem to possess any dopamine-like activity (55). 

ERGOT ALKALOID DERIVATIVES AND FRAGMENTS 
Central dopaminergic agonist properties of semisynthetic ergoline deriva­
tives lergotrile (structure 31), pergolide (structure 32), bromocriptine 
(structure 33), and lisuride (structure 34) are established (5�), and CNS 

13 

H \ 31. R = CH3; R' = CI; R" = CH2CN 
32. R = n-C3H7; R' = H; R" = CHrS-CH3 
33. R = CH3; R' = Br' R" = "-

C=O 
I NH 

-R 

34. R = CH3; R' = H; R" = H; 

C-8 = 

A
nn

u.
 R

ev
. P

ha
rm

ac
ol

. T
ox

ic
ol

. 1
98

3.
23

:1
03

-1
29

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

nn
ua

lr
ev

ie
w

s.
or

g
by

 C
en

tr
al

 C
ol

le
ge

 o
n 

12
/1

2/
11

. F
or

 p
er

so
na

l u
se

 o
nl

y.



114 CANNON 

dopaminergic activity in man has been described for some of these (61-63). 
Some studies suggest that ergot alkaloids have the properties of mixed 
"agonist-antagonist" with respect to certain presynaptic and postsynaptic 
dopamine receptors (64). A new chemical class, cis- and trans-D-heteroer­
golines, was designed, in which the 1T-electron center present in the a9-
ergolines (such as bromocriptine, structure 33) has been replaced by the 
unoccupied p orbitals of oxygen. (-)-trans-6-Ethyl-9-oxaergoline (structure 
34a), which has the same absolute configuration as the natural ergolines, 
is said to possess potent dopamine agonist properties (103), whereas the 
(+)-enantiomer shows greatly diminished activity. 

N-n-Propyl groups frequently enhance dopamine agonist effects in the 
ergoline derivatives. Bach et al (65) studied fragments and congeners of 
fragments (structures 35-41) of potent ergoline-derived dopaminergic ago­
nists. 

/C3 H 7-"" 
N, 

Ca H7-"" 
36. 
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DOPAMINE SAR 115 

-R 

39. 

-C H -fI, 3 7 

CH20H 
41 .  

The simple pyrrole-3-ethylamine (structure 35) is  inert because, i t  was 
suggested (65), of its rapid inactivation by monoamine oxidase. Of the other 
compounds, 36-41, only the linear tricyclic pyrazoles, 39 and 40, (R = 

n-propyl) are comparable in potency to pergolide 32. It was concluded (65) 
that the benzene ring of ergoline is not essential for dopaminergic activity, 
and that the 3-pyrrole ethylamine moiety of the ergolines is the dopamine­
active portion of the class, despite the inactivity of 35. 

Based on the premise that the pharmacophore of the ergolines is a 4-(2-
aminoethyl) indole system, Cannon et al (66, 67) investigated a series 
42a-c. 
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116 CANNON 

/R 
CH -CH -N 2 2 '-

'/'" 

I 
H 

' R' 

420. R = R' = CH3 

42b. R = R' = C2HS 

42c. R = R' = n-C3H7 

I 
R' 44. 

43. 

The N,N-dimethyl homolog 42a is inert in the cat cardioaccelerator nerve 
assay, but the diethyl- and di-n-propyl systems 42b and 42c are active, the 
potency of the latter homolog approaching that of lergotrile 31. Both 42b 
and 42c exhibit a lag period of 25-30 minutes after intravenous administra­
tion before maximal pharmacological response is noted, and this suggests 
metabolic activation of the molecules. In an in vitro assessment of the 
response of the isolated right atrium of the cat to electrical stimulation, 
compounds 42a-c were inactive. Binding studies (calf caudate tissue) 
showed only very weak binding abilities for 42b and c, and almost none for 
420. A portion of the dopaminergic effect of lergotrile 31 is produced by 
a C-13 hydroxy metabolite (68), and it is possible that an analogous meta­
bolic hydroxylation occurs to 42b and 42c. However, metabolic activation 
is not a prerequisite for agonist activity in all of the ergoline derivatives and 
fragments. 

Nedelec et al (69) prepared 43 and 44 as simple 3-5 seco ergoline deriva­
tives. Significant doparoinergic effect in 43 and 44 occurs only in compounds 
in which R' = H. When R is methyl, ethyl, or n -propyl in 43 and 44, potent 
in vivo dopaminergic agonist effects are observed. There is no clear phar-
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macological difference between the saturated series 43 and the unsaturated 
series 44. None of the active compounds of either series has more than a 
weak affinity for dopamine receptors in binding studies, and all are inactive 
in inhibition of prolactin secretion in vitro. The activities observed for both 
the saturated and the unsaturated compounds were ascribed to formation 
of active metabolites. 

Molecular models reveal that the pyrrole nitrogen of the ergoline deriva­
tives 31-43 and of the 4-substituted indoles 42-44 is at the same position 
on the benzene ring with respect to the ethylamine side chain of the 
,B-phenethylamine moiety as is the "meta-OH" in the a.-conformer of dopa­
mine. Although the ring nitrogen of indole is a much weaker acid than a 
phenolic group, it has been proposed (67) that a receptor subunit might not 
discriminate between a phenolic OH and an indole ring N-H, and that the 
indole N-H and the "meta"-OH of dopamine are bioisosteric. Reasonable 
conformations can be shown for the ergolines 31-34a. for the partial ergo­
line structures 35-41, and for the 4-substituted indoles 42-44 in which the 
compounds coincide with a hypothetical template for the a.-conformer of 
dopamine, such that the basic (amino) nitrogen interacts with a complimen­
tary anionic receptor subsite coincident with interaction of the indole N-H 
with the receptor subsite that is complimentary to the "meta"-OH of dopa­
mine. The distance between the amino nitrogen and the indole ring nitrogen 
in reasonable conformations of each compound is approximately 6.5 J.., 
which closely approximates the m-OH-to-amino nitrogen distance in the 
a.-conformer of dopamine. 

BENZOQUINOLINE DERIVATIVES 
The octahydrobenzo(f)quinolines 45 and 46 represent a structural bridge 
between the 2-aminotetralins and the ergolines. 

HO 
HO HO 

HO 
- R 

45. 

-R 

46. 
a.R = H  

b. R = CH3 

c. R = C2HS 

d. R = n-C3H7 
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R 

470. R = OH; R' = H 

47b. R = H; R' = OR 

47c. R = R' = R 

The ring systems 45 and 46 can exist as trans- (illustrated) or cis- fused 
B/C ring isomers. Activity in the series 45 resides almost exclusively in the 
trans- (70, 71), in which the dopamine moiety is held rigidly in the Gt-con­
formation. Derivatives of trans- 45 where R = ethyl or n-propyl are more 
potent than apomorphine in a variety of central and peripheral dopaminer­
gic assays in several animal species (71, 72). In most tests, the N-n-propyl 
homolog exhibits higher potency than the N-ethy1. The cis- 45 system is 
flexible, and the cis- molecules lack the ability to maintain the dopamine 
moiety in a conformation conducive to dopaminergic agonist effects (71). 

The B/C trans- system 46 represents a rigidly held ,B-conformer, and the 
flexible cis- 46 molecule lacks the ability to maintain the dopamine moiety 
in a ,B-conformation. In trans- 46 (illustrated) where R = methyl, ethyl, or 
n-propyl, extremely potent effects on the cat cardioaccelerator nerve are 
noted (39), and these compounds have moderate ability to inhibit striatal 
dopa accumulation (D. B. Rusterholz, J. P. Long, unpublished data). All 
of the cis- and trans- B/C ring fused derivatives of 46 are inert in the dog 
renal vascular assay, and all are inert in modification of cerebral mecha­
nisms involved in motor control (39). This is a different spectrum of effects 
from that described for the analogous 2-aminotetralin derivatives 19. Of the 
cis- and trans- noncatechol systems (structure 47), only the trans-fused 
B/C ring molecule bearing the "meta-OH", 470, an a.-conformation, 
showed dopamine-like effects, albeit of low potency (70). 

The linear octahydrobenzo(g)quinoline 48 is an apomorphine molecule 
lacking the nonoxygenated benzene ring and, like apomorphine, it bears the 
dopamine moiety in an Gt-conformation when (as illustrated) the stereo­
chemistry of B/C ring fusion is trans. 
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48. 

a.R=H 

b. R = CH3 

c. R = C2H5 

d. R = n-C3H7 
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H 

49. 

The secondary amine 48a exhibits low potency and activity. However, the 
tertiary amines 48b--d are somewhat more potent than apomorphine in 
inhibition of striatal dopa accumulation in the rat (74), and they also 
produce stereotypy in mice; the N-ethyl- and n-propyl homologs 48c and 
48d are at least equipotent to apomorphine, and the N-methyl 48b is less 
potent. The N-methyl- and n-propyl homologs 48b and 48d induce a 
circling response in unilaterally lesioned rats, but the N-ethyl homolog 
48c produces no rotational response at doses ten times those required for 
good response to 48d or to apomorphine. Costall et al (75, 76) have sug­
gested that gross, centrally mediated rotational effects produced by dopam­
inergic drugs may result from more than one physiological mechanism, 
involving more than one population of dopamine receptors, having different 
agonist structural requirements. The rotational inactivity of the N-ethyl 
homolog 48c is difficult to rationalize on chemical structural bases. Only 
the n -propyl derivative 48d exhibits a marked dopamine-like effect in the 
dog renal blood Bow assay (74), having a potency ratio to dopamine of 0.2. 
This value is a tenfold increase in potency over that reported (16) for 
N,N-di-n -propyldopamine 9c. 

All of the ,B-conformer homologs, trans- 49a-d, like isoapomorphine, 
are inert in central and peripheral assays in which A-6,7-DTN 19 is active 
(39). 

BENZAZEPINES 

The benzazepine derivative 50 (R = R' = H) dilates the renal vascular bed 
of the dog. It is a partial agonist in the striatal adenylate cyclase assay, and 
it is an agonist in the rat rotation model (77, 78). 
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R 
H O  

HO 
-H 

HO 

HO 
51. 

Compound 50 does not affect prolactin levels nor dopamine turnover, nor 
is it an emetic in the dog. It does not induce stereotypy in normal rats (78). 
The unusual dopaminergic profile for 50 may reflect its agonist specificity 
for D-l receptors (56). Analysis of molecular models indicates that the 
dopamine moiety of 50 (N-Cl-Cz-ring A) deviates significantly from either 
an (1- or a ,B-conformation. However, in the chair form of the azepine ring 
with benzene ring B attached by an equatorial bond, the ,8-phenethylamine 
system (structure 51: N-Cl-Cz-ring B) can assume the antiperiplanar dispo­
sition (T2' N-CI-�-Cl' = 180°) with the plane of ring B coplanar with the 
plane of the ethylamine side chain, N-Ct-C2• Whether ring B in 50 is indeed 
a portion of the dopamine-active portion of the molecule has not been 
established. Kaiser et al (102) found that dopaminergic activity in 50 (R = 
R' = H) resides almost exclusively in the R enantiomer (� is asymmetric). 
These workers suggested that the 1-phenyl substituent interacts with a 
chirally defined accessory site on the receptor. Erhardt (79) noted that, 
while there are examples of nonoxygenated 2-aminotetralins that show 
some central dopaminergic activity, literature precedent mandates an intact 
catechol group as a requisite for renal vascular dopamine agonist activity. 
It is possible that the benzazepines represent an exception to the proposed 
requirement of an (1- or a ,8-conformation for dopamine agonism. 

When the benzazepine bears a chlorine at position 6 (50: R = Cl), the 
effect in the dog renal vascular assay is increased; potency/activity in the 
rat rotational model is retained; and the stimulation of rat adenylate cyclase 
is greatly increased (80). The 4'-hydroxy-6-chloro analog (50: R = CI; R' 
= 4'-0H) has greatly increased renal vasodilator activity and a powerful 
effect as a stimulant of adenylate cyclase. However, this compound does not 
penetrate the blood-brain barrier. When the chlorine atom is removed (50: 
R = H; R' = 4'-0H), the renal vasodilator activity is lost (80). It was 
speculated (80) that the chlorine atom "enhances binding at the receptor 
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in a conformation which induces maximum activation of the renal recep­
tor." Moreover, the 4'-OH enhances the polarity of the molecule, which 
decreases entry into lipophilic compartments, and thus produces higher 
concentrations in the kidney. This rationalization does not explain the lack 
of renal vascular effect of the 4'-OH deschloro derivative (50: R = H; R' 
= 4'-OH). 

In an extended series of 6-chloro-l-phenylazepines (SO: R = el) (81), the 
most potent compounds in the dog renal vascular assay contain a hydroxyl 
group in the 3' or 4' positions, or are substituted at the 3' position with 
chlorine, methyl, or trifluoromethyl. The compounds with the most promi­
nent central effects are the most lipophilic ones; are substituted in the 
3'-position; and bear an N-methyl or allyl group. The high potency of 
N-allyl derivatives is noteworthy in that N-allylnorapomorphine is compa­
rable to apomorphine in emetic potency in the dog, but is less potent than 
apomorphine in production of stereotypy in mice and pecking in pigeons 
(82). The literature does not reveal sufficient examples of N-allyl dopamin­
ergic agonists to permit conclusions about consistent effects (if any) of allyl 
groups on dopamine-like activity. 

MISCELLANEOUS STRUCTURES 
Nomifensine 52a produces dopamine-like stereotypy in the rat, which was 
stated to be related to dopamine-releasing properties of the drug (83). More 
recent studies (84) suggest that nomifensine blocks dopamine uptake into 
striatal synaptosomes, and that it also inhibits release of dopamine, due to 
agonist (sic) effect on presynaptic dopamine receptors. 

R OH 

52a. R = R' = H 

52b. R = OH; R' = H 

52c. R = R' = OH 

53. 
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Nomifensine 52a and the 4'-hydroxy congener 52b have no effect on rat 
striatal dopamine-sensitive adenylate cyclase (85, 86). However, the cate­
chol system 52c (which has been proposed but not established to be a 
metabolite of nomifensine) is described as a potent agonist in stimulation 
of adenylate cyclase of rat striatum (86). The catechol derivative produces 
powerful dopamine-like effects upon injection into the nucleus accumbens 
of the mouse (87). Analysis of molecular models shows that the dopamine 
moiety in 52c (NrC3-C4-ring C) can assume the (t- or ,B-conformation. 

3-PPP 53 was compared with apomorphine and with TL-99 (structure 
19: R = R' = CH3) for dopaminergic actions (88-90). 3-PPP is a more 
selective dopaminergic autoreceptor agonist than TL-99 (89). Molecular 
models reveal that in a stable conformation for 53 (piperidine ring in a chair 
form; benzene ring attached to C3 by an equatorial bond), the ,B-phenethyla­
mine system (N-�-C3"benzene ring) assumes a trans- (antiperiplanar) con­
formation, and there seems to be no steric impediment to the 3'-OH to 
assume either the (t- or the ,B-conformation. However, no proposal has been 
advanced to designate the preferred conformer in interaction of 3-PPP with 
receptor(s). Movement of the 3'-hydroxy group of 3-PPP to the 2'- or the 
4'-position results in loss of dopaminergic activity (91). Remarkably, the 
3',4' -dihydroxy derivative is less potent than the 3'-monohydroxy. Replace­
ment of the piperidine ring in 53 by pyridine 54a, pyrrolidine 54b, azepine 
54c, or quinuclidine 54d results in loss of biological activity. 

f'Il0H 

Y R 54. 
I 

H� dRX» 
The inactivity of the saturated ring analogs 54b-d is explained by the 
inability of the ring system (b-d) to attain or to maintain the ,B-phenethyla­
mine moiety in the antiperiplanar conformation. In the case of the pyridine 
ring 54a, it may be that the lowering of the base strength of the ring 
nitrogen (in pyridine, as compared with piperidine) is detrimental to in­
teraction with receptor subsite(s). The completely aromatic congeners of 
the highly potent and active 2-amino-5,6-dihydroxytetralins (structure 18) 
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are inert in production of stereotypy in mice, pecking in pigeons, and emesis 
in dogs, and they exhibit only very low potency in the pigeon emesis model 
(92). An obvious difference between 2-aminonaphthalene and 2-aminotetra­
lin is the decidedly lower base strength of the aromatic amine. 

The trans- cyclobutane derivatives 55a-b are more potent than their 
cis- isomers in binding studies on rat corpus striatum membrane tissue (93), 
but the potency is much lower than that of dopamine. 

HO 

550. R = R' = H 

55b. R = R' = CH3 

OH 57. 

OH 
OH 

I 

The cyclobutane ring is not planar, but rather it exists in a puckered 
conformation. Conformational analysis of 55 reveals that the torsion angle 
1"2, N-Ct-Cz-Cl" lies within the limits 110-160° (shown in the Newman 
projection 56 as approximately 160°). Thus, the overall shape of the mole­
cule permits an approximation of either the (1- (illustrated in 56) or the 
,8-conformer of dopamine. The low potency of the trans- system 55 may be 
a reflection of less-than-optimal correspondence of the dopamine moiety 
with the geometry of the dopamine receptors. The cis- isomer of 55 presents 
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the dopamine moiety in an approximate gauche (see structure 2 or 3) 
arrangement. 

The dopaminergic inactivity of a trans- cyclopropane derivative (struc­
ture 57) (94, 95) is rationalized on stereochemical grounds. As was 
proposed previously for the C1-methyldopamine molecule 13, it has been 
suggested (95) that the molecular structure of 57 is such that the catechol 
ring is held perpendicular to the plane of the ethylamine side chain of the 
dopamine moiety, which is detrimental to receptor interactions. 

DPI 58 has been described as a dopaminergic agonist in the brain of the 

snail, Helix aspersa (96) and in the cat caudate nucleus (97). 

H 
1+ 

Hi }NH{J 

HO / 
58. 

H 

However, this compound is inactive in an adenylate cyclase assay, in the 
renal vascular assay in the dog, and in binding studies (98), and its status 
as an agonist seems unclear. Molecular models suggest that the ring nitro­
gen-protonated canonical form shown in 58 may fit a dopamine C1- or 
�-conformer template. However, the positive charge of guanidinium cation 
is highly dispersed over the three nitrogens and the included carbon atom, 
and if this delocalization occurs in 59, a structural similarity between DPI 
and dopamine becomes less apparent; the catechol ring-to-cation distance 
in the two molecules will be different. 

The exo-azabicyclooctane derivative 59 maintains the dopamine moiety 
(N-Ct-C2-catechol ring) in the trans- disposition, and the catechol ring 
seems able to assume either the tt- or the ,8-conformation. This compound 
is inert in several assays for dopamine-like effect, possibly a result of steric 
interference to receptor interaction caused by the bulky bicyclic ring (99). 
The molecule 59 is typical of a number of compounds in which extraneous 
structural features predominate over the desirable steric disposition of the 
dopamine portion, and nullify dopaminergic actions. The achievement of 
conformational integrity of dopamine structure by incorporating it into a 
complex molecule frequently is at the expense of biological activity. 

It has been suggested (100) that attempts to define the preferred rotam­
eric conformation for dopamine agonist action in a single definitive form 
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may be an "illusory quest." Biochemical studies may indicate a preferred 
(1.- or ,B-rotameric conformation, dependent upon the dopamine agonist 
used and the biochemical index of agonist action, but the preference may 
change within a chemical series, depending upon the degree of N-alkylation. 

Thus, while analysis of rotameric variations of dopamine is a useful 
strategy in drug design, it must be recognized that structure-activity rela­
tionships of dopamine agonists are exquisitely subtle, and are not yet under­
stood. 
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