
ABBREVIATIONS: DA, dopamine; ACh, acetylcholine; 5-OH-AT, 5-hydroxy-2-aminotetralin; 7-OH-AT, 7-hydroxy-2-aminotetralin; 5-OH-DPAT, 5-
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ether; EGTA, ethylene glycol bis(fl-aminoethylether)-N,N,N’ ,N’-tetraacetic acid.
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SUMMARY

A series of phenolic (cis)- and (trans)-1 ,2,3,4,4a,5,1 0,1 Oa-octa-
hydrobenz[gjquinolines were investigated in the D1 and D2 do-
pamine (DA) models, DA-sensitive adenylate cyclase and electn-
cally evoked acetylcholine release, respectively, and were com-
pared with the effects of the corresponding aminotetralins. A
similar structure-activity pattern was found at both DA receptor
subtypes. The change from the bicyclic to the tncyclic DA analogs
resulted in a loss of activity of all �3-rotamenc 8-hydroxy denva-
tives, suggesting the presence of a stenc bamer. Derivatives of
the a-rotameric 6-hydroxy trans series, in contrast to their mac-
tive cis analogs, showed stimulatory effects that increased from
N-methyl to N-n-propyl substitution, indicating an interaction with
an N-alkyl binding site. The inactivity of the corresponding N-n-
butyl derivative (“N-butyl phenomenon”) suggests that the N-
alkyl substituents of this series point toward a “small N-alkyl

binding site,” which can be differentiated from a “large N-alkyl
binding site.” An X-ray of the active (-)-enantiomer of (trans)-6-
hydroxy-N-n-propyloctahydrobenz[gjqumnoline-(R)-mandelate
revealed a 4aR,1 OaR absolute configuration, corresponding to
that of (-)-5-hydroxy-2-(N,N-di-n-propylammno)tetralmn. The hy-
drogen bonding interactions of the axial N�-H proton and the
hydroxy group to mandelate anions in the crystal provide a
model for a possible drug-receptor interaction.

Molecular modeling served to localize the steric barrier and
the boundaries of the small N-alkyl binding site, which together
form an “extended steric barrier.” The results led to the proposal
of a refined version of a rotamer-based general DA receptor
model, which is supplemented by criteria for the orientation of
DA agonists. Its application is demonstrated with apomorphine
and ergoline.

Pharmacological and biochemical evidence suggests the ex-

istence of two distinct DA receptor subtypes, termed D1 and D2

in the central nervous system (1, 2), which appear to be similar

to the DA1 and DA2 receptors of the cardiovascular system (3).

The D1 site has been linked to the activation of adenylate

cyclase, whereas the D2 receptor is either not associated or

negatively coupled with this enzyme (4, 5). Although selective

agonists and antagonists are known for both receptor subtypes

(6), there are relatively few systematic investigations aimed at

a comparison of the structural requirements for agonists at the

two sites (7, 8).

In order to gain some insight into the topography of the two

categories of DA receptors, which could provide a basis for the

design of new selective drugs, we recently studied the effects of

a series of phenolic aminotetralins, the simplest semirigid DA

analogs. The functional in vitro models used represent the two

central DA receptor subtypes (9, 10). Activities and discrimi-

nation at the two receptor sites showed a strong dependence

on the so-called rotamer form, as defined by Cannon (11), i.e.,

on the conformation of DA in these ring systems (cf. Fig. 1).

The results could be interpreted in the sense that the two

subtypes possess similar major binding sites for the meta-

hydroxy and the amino group of DA but differ in secondary

sites for the p-hydroxy group and the N-alkyl substituents. The

amino group of the aminotetralins, protonated under physio-

logical conditions, is freely rotating. The orientation of the

amino proton(s) and the N-alkyl substituents are, thus, not

determined, preventing an exact localization of the binding

sites for the amino group and the N-alkyl substituents. This

should be possible, however, with aminotetralin-derived struc-

tures in which the conformation of the amino group is restricted

by an additional annellated ring.
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Fig. 1. Rotamers of DA and of conformationally constrained bi- and Fig. 2. Compounds structurally related to the octahydrobenz[g]quino-
tricyclic phenolic analogs. lines 3 and 4.

We report the effects of such a series of compounds, phenolic

(cis)- and (trans)-1,2,3,4,4a,5,1O,lOa-octahydrobenz[g]quino-

lines, on DA-sensitive adenylate cyclase and on electrically

stimulated ACh release, the functional in vitro models for the

D1 and D2 DA receptor subtypes, respectively, already used in

the aminotetralin studies. There, highest activity had been

found with derivatives bearing a hydroxy group in position 5

or 7, corresponding to the meta-hydroxy group of DA in its a-

and /3-rotameric conformation, respectively. Therefore, octa-

hydrobenz[g]quinolines with hydroxy groups in the corre-

sponding positions 6 or 8 were investigated (Fig. 1). X-ray

crystallography revealed the solid state conformation and ab-

solute configuration of the most effective enantiomer. The

results will be compared with those of the aminotetralins and

discussed with respect to a refined version of a rotamer-based

DA receptor model proposed earlier (9, 10).

Materials and Methods

Drugs. Racemic octahydrobenz[g]quinolines were synthesized as

previously described (12). Cis-fused compounds were isolated as by-

products of the ring closure reaction, which mainly yielded the trans-

fused products. Compounds not yet reported were fully characterized

and showed the following melting points (crystallizing solvents):

(trans)-l-n-butyl-l,2,3,4,4a,5,l0,lOa-octahydro-6-hydroxybenz[glquin-

oline hydrochloride, 3O9-3lO� (EtOH); (cis)-l,2,3,4,4a,5,10,lOa-octa-

hydro-6-hydroxybenz[g]quinoline hydrochloride, 291-293’ (MeOH/

Et20);(cis)-l,2,3,4,4a,5,lO,lOa-octahydro-6-hydroxy-1-n-propylbenz[g}
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quinoline hydrochloride, 250-253� (MeOH/Et2O); (cis)-l,2,3,4,4a,5,

lO,lOa-Octahydro-8-hydroxybenz[g]quinoline hydrochloride, 255-256’

(EtOH/CH2C12); (cis)-l-ethyl-l,2,3,4,4a,5,lO,lOa-octahydro-8-hydrox-

ybenz[g]quinoiine hydrochloride 232-236’ (MeOH/Et20); and (cis)-

l,2,3,4,4a,5,lO,lOa-octahydro-8-hydroxy-l-n-propyl-benz[g]quinoline

hydrochloride, 270-272’ (MeOH/Et20).

(-)-(trans)-l,2,3,4,4a,5,l0,lOa-Octahydro-6-hydroxy-l-n -propyl-

benz[g]quinoimne was prepared by resolution of (trans)-l,2,3,4,

4a,5,lO,lOa-octahydro-6-methoxybenz[g]quinoline with (+)-benzoyl-

D-tartaric acid in EtOH, followed by N-alkylation with n-propylbrom-

ide and methyl ether cleavage ([a]D2#{176}= -142.0’; c = 1.0 in EtOH). The

corresponding (+)-enantiomer was obtained analogously, using (-)-

benzoyl-D-tartaric acid as resolving agent ([a]1)2#{176}= +143.0’; c = 1.0 in

EtOH).

The aminotetralins were prepared as already described (9); CV 205-
502 (Fig. 2) was synthesized in our laboratories by R. Nordmann. LY

141865 dihydrochloride was a gift from Eli Lilly and Company (mdi-
anapolis IN).

Crystal structure determination of (-)-(trans)- 1,2,3,4,4a,5,
1O,lOa-octahydro-6-hydroxy- 1-n-propylbenz[g]quinoline-(R)
-(-)-mandelate. The compound crystallized from MeOH as thin,

colorless, orthorhombic needles. Crystal data: C15H23N0 . C5H5O3; for-

mula weight, 397.7; space group, P212121; a = 7.689(6); b - 7.762(3); c

= 35.989(7) A; V = 2147.9 A3; dcai. 1.229 g cm3; z = 4; �s 6.29 cm’.

Intensities were measured on an Enraf-Nonius CAD-4 diffractometer

using monochromated CuK,. radiation to 0 < 60’ . There was no meas-

urable crystal decay and no absorption corrections were applied. Of the

1892 measured reflections, 1334 had I > 2.5 r(I) and were considered

observed.

The structure was solved by direct methods using SHELX-86 (13).

All hydrogen atoms attached to carbon atoms were included in calcu-

lated positions; all other hydrogen atoms were located from a difference

Fourier map and were included in fixed positions. The final R factor

was 0.041. Fractional atomic coordinates and anisotropic temperature

factors of the non-hydrogen atoms have been deposited and are avail-

able on request from the Director of the Cambridge Crystallographic

Data Center, University Chemical Laboratory (Lensfield Road, Cam-

bridge CB2 IEW, England).
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Adenylate cyclase. The retinas were dissected from bovine eyes

obtained from the slaughterhouse within 2 hr of death of the cattle.
They were homogenized for 1 mm at 200 rpm in 25 volumes (w/v) of

cold 2 mM Tris acetate/2 mM EGTA buffer (pH 7.4) using an all-glass

homogenizer with a glass pestle. After filtration through a Nylon net
(pore size, 35 �zm), aliquots of the homogenate were quickly frozen by
immersing the tubes into a mixture of dry ice and acetone. The

homogenate was stored at -70’ until use. The enzyme was found to be

stable for several months when stored in this way.

Adenylate cyclase activity was routinely assayed by a standard

procedure, which is based on the method described by Kebabian et at.
(14). The compounds were preincubated at 4’ together with the tissue
homogenate in 400 zl of a mixture containing 47.1 �tM Tris acetate,

(pH 7.4), 2 �M MgC12, 0.45 �mM EGTA, 0.1 �M isobutylmethylxanthine,
and 0.15% bovine serum albumin. After 13.5 mm, the temperature of

the mixture was increased to 30’ over 1 mm and the enzyme reaction
was started by adding 100 �tl of 2.5 mM ATP/0.5 mM GTP solution

(pH 7.4) and terminated 3 mm later by heating the mixture at 95% for
3.5 mm. After centrifugation at 10,000 X g for 5 mm, 50 #1 of the

supernatant were removed for cyclic AMP determination by radio-
immunoassay. All determinations were done in triplicate. For the assay,

a multipipetting machine was used, which allowed the simultaneous

determination of adenylate cyclase activity in 24 tubes.

Superfusion experiments. Male rats (Sandoz OFA strain, weigh-

ing approximately 150 g) were used. The animals were pretreated twice
with reserpine (2.5 mg/kg subcutaneously) 18 and 12 hr before sacrifice
and were killed by decapitation, and the brains were rapidly removed
and dissected over a chilled plate.

Tissue cylinders of rat striatum with a diameter of 3 mm were

punched out from frontal sections approximately between the frontal
planes A 9200-7200 (15) and cut into 0.3-mm thick slices (wet weight,
approximately 2 mg/slice), using a Mclllwain tissue chopper. About 25

slices were incubated in 6 ml of Krebs medium containing 0.16 �tM [3H]
choline at room temperature (�22’) for 30 mm. Composition of Krebs

medium was (millimolar): NaC1, 118; KC1, 5; CaCl2, 1.2; MgC12, 2;

NaHCO3, 25; KH2PO4, 2; Na2EDTA, 0.02; and glucose, 11.1. It was

saturated with 95% 02/5% C02; the pH was 7.4. After incubation, the

slices, (two per chamber) were transferred into superfusion chambers

(two per chamber) and superfused with Krebs medium at a rate of 1.2
ml/min at 30”.

Collections of 5-mm fractions (6 ml) of the superfusate began after

60 mm of superfusion. Two-minute periods of electric stimulation
(frequency, 2 Hz; rectangular pulses of 2 msec with 12 mA current

strength) were applied after 75 (51) and 150 (52) mm of superfusion.

Test substances were added 30 mm before 52 and were present in the
medium between 120 and 170 mm of superfusion. At the end of the

experiment, the slices were solubilized in concentrated formic acid and

total tritium was measured in superfusates and solubilized slices. Tnt-
ium outflow was expressed as the fractional rate pen mm (i.e., tnitium

outflow per 5 min/tnitium content at the onset of the 5-mm collection
period).

Stimulation-evoked tnitium overflow was calculated by subtracting

the extrapolated basal outflow from the total outflow during the 2 mm
of stimulation and the following 13 mm; the stimulation-evoked over-
flow was then expressed as a percentage of the tritium content of the

tissue at the onset of stimulation.
Drug effects on the stimulation-evoked overflow are expressed as the

ratios of the overflows evoked by 52 to that by Si (i.e., 52/Si), as

percentage of control. Each value is the mean of two or three inde-

pendent experiments, performed in duplicate.

Results

Solid state conformation and absolute configuration
of (-)-(trans)-1,2,3,4,4a,5,1O,lOa-octahydro-6-hy-
droxy- 1-n-propylbenz[g]quinoline-(R)-(--)-mandelate.
Stereoscopic views of the solid state conformation are shown

in Fig. 3, A and B, and a drawing of the unit cell contents is

given in Fig. 3C. All bond lengths and angles are within the

expected ranges. The N-n-propyl group is equatorial to the

heterocyclic ring; the N�-H proton is axial and forms a hydro-

gen bond to the carbonyl group of the mandelate anion ((N . ...

0 = 2.752 A). The phenolic hydroxy group participates in a

strong hydrogen bond to the other mandelate carboxyl oxygen

(0 . . . . 0 = 2.592 A). These hydrogen-bonding interactions in

the crystal, as shown in Fig. 3B, provide a model for a possible

drug-receptor interaction. In addition, an intramolecular hy-

drogen bond is present between a carbonyl oxygen and the

hydroxy group of the mandelate anion. The absolute configu-

ration of (-)-(trans)-1,2,3,4,4a,5,10,lOa-octahydro-6-hydroxy-

1-n-propylbenz[g]quinoline in the crystal could be determined

as 4aR,lOaR, based on the known R-configuration of the man-

delate anion.

Adenylate cyclase. The effects of the octahydrobenz[g]

quinolines together with the effects of some reference com-

pounds are summarized in Table 1. Among the racemic octa-

hydrobenz[glquinolines, only three N-alkyl derivatives of the

6-hydroxy trans series stimulated the adenylate cyclase. Max-

imal stimulation increased from the N-methyl derivative 3b to

the N-ethyl derivative 3c and the N-propyl derivative 3d,

A

B

ii
Fig. 3. X-ray structure of (-Htrans)-1 ,2,3,4,4a,5,1O,lOa-octahydro-6-
hydroxy-1-n-propylbenz[g]quinoline-(R)-(-)-mandelate. Stereoscopic
representation of the molecule. A, Top view; B, frontal view displaying
the two intermolecular hydrogen bonds to the mandelate anions. C,
Stereoscopic view of a unit cell along a.
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TABLE 1

Effects of octahydrobenz[g]quinolines on DA-sensitive adenylate cyclase and on electrically evoked ACh release
Me, methyl; Et, ethyl; Pr, propyl; Bu, butyl.

A
HI

HO

6 H

Compounds Adeny ate Cyclase” ACh release”

. .
No. Position of OH

. .
Ring Junction R Potency

Maximal
Stimulation

Potency
Maximal
Inhibition

P02 % relative to DA pD2 % of control

3a 6-OH trans H 0 0
3b 6-OH trans Me 6.1 5 14 7.30 -62
3c 6-OH trans Et 5.95 40 8.38 -90.5

3d 6-OH trans n-Pr 5.68 43 8.55 -91
(-)-3d 6-OH trans n-Pr 5.90 50 9.1 5 -86
(+)-3d 6-OH trans n-Pr 4.75 24.5 7.63 -82.5
3e 6-OH trans n-Bu 0 0 0 0
3f 6-OH cis H 0 0 0 0
3g 6-OH cis Me 0 0 0 0
3h 6-OH cis Et 0 0 0 0

3i 6-OH cis n-Pr 0 0 0 0
4a 8-OH trans H 0 0 0 0
4d 8-OH trans n-Pr 0 0 0 0
4f 8-OH cis H 0 0 0 0
4i 8-OH cis n-Pr 0 0 0 0
Referencesc

5-OH-AT (la, R - H) 4.45 23 0 0
5-OH-DPAT (Id, R = n-Pr) 5.90 34.5 8.40 -90
7-OH-AT (2a, A = H) 5.05 48.5 6.45 -66
7-OH-DPAT (2d, R = n-Pr) 5.35 29.5 8.31 -83
Cv 205-502 (5) 5.80 34.5 8.65 -90
LY 141865 (6) 0 0 7.33 -81

a Mean basal adenylate cyclase activity was 70.9 ± 1 .9 pmol of cyclic AMP/mg of protein/mm (n = 22), rising to 1 79.5 ± 3.9 pmol of cyclic AMP/mg of protein/mm (n

= 22) in the presence of 1 25 �M DA. The values are based on the means of two or three independent experiments performed in triplicate (SE < 10%).

a The maximal drug effect is expressed as the observed maximal change of S2/S, ratio, as the percentage of the control ratio. Control ratio was 0.78 ± 0.01 3 (n =

90). The ECse values were estimated graphically using four or five drug concentrations separated by 1 log unit. The values are based on the means of two or three
independent experiments performed in duplicate (SE <10%).

C All data concem the racemic compounds.

whereas the potency showed the reverse rank order. Change

from N-propyl to N-butyl substitution in this series (3e) re-

sulted in a complete loss of activity. Among the enantiomers of

the N-propyl derivative 3d, the (-)-form showed higher po-

tency and maximal stimulation. The 6-hydroxy derivatives of

the cis series were all found to be inactive, irrespective of their

N-alkyl substituent. Similarly, none of the 8-hydroxy deriva-

tives showed an activity, regardless of whether the ring fusion

was cis or trans or whether the amine group was unsubstituted

or N-propylated.

The 3-substituted octahydrobenz[g]quinoline CV 205-502, 5

(16) (Fig. 2), tested as a reference compoutid, revealed effects

in the range of the corresponding 3-unsubstituted derivative

3d, as did 5-OH-DPAT, id, the bicyclic aminotetralin analog

of 3d. LY 141865, 6 (17), a heterocyclic analog of 3d with

reported selectivity for the D2 receptor subtype (18), as expected

showed no activity in the D1 receptor model. The bicyclic

analogs of the inactive 8-hydroxy octahydrobenz[g]quinolines,

the 7-hydroxy aminotetralins 2a and 2d, stimulated the aden-

ylate cyclase from bovine retina, as already shown earlier with

an enzyme from rat striatum (9).

ACh release. The effects ofthe octahydrobenz[g]quinolines

in the superfusion experiments (Table 1) showed extensive

parallelism with the effects in the cyclase assay, except that

the potency of the active derivatives ranked, as expected in the

nanomolar range, whereas in the D1 model they were in the

micromolar range. Among the racemic octahydrobenz[g]quin-

olines, only the three N-alkyl derivatives ofthe 6-hydroxy trans

series, which were already found to stimulate the adenylate

cyclase, also showed agonist activities at the striatal D2 receptor

modulating ACh release. Potency increased with increasing size

of the N-alkyl substituent from N-methyl to N-propyl, whereas

a further extension by one carbon atom also resulted in an

inactive compound in this model (3e). The superior activity of

the (-)-enantiomer of the N-propyl derivative 3d over its (+)-

form was also found in the release assay. Similarly, neither the

cis-derivatives of the 6-hydroxy series nor the 8-hydroxy deny-

atiyes of the cis and trans series revealed any effects, irrespec-

tive of their N-substitution.

The reference compounds CV 205-502, 5, and 5-OH-DPAT,

id, showed potencies and maximal effects similar to their

closest analog, the N-propyloctahydrobenz[g]quinoline 3d,
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again a parallelism with the situation at the D1 receptor.

Compared with these most active compounds, the D2-selective

DA agonist LY 141865, 6, proved to be an order of magnitude

less potent. The 7-hydroxy aminotetralins 2d and 2a, in con-

trast to their tnicyclic analogs ofthe 8-hydroxybenz[g]quinoline

series, are able to stimulate the D2 receptor as previously shown

(10).

Discussion

Structure-activity relationships. A transition from the
bicylic aminotetralins to the tnicyclic octahydrobenz[g]quino-

lines represents an increase in the size of the molecule combined

with an added conformational constraint on the amino group.

Both factors could influence activity as well as subtype selec-

tivity. The nearly identical structure-activity pattern found

with the monohydroxyoctahydrobenz[gjquinolines in the D1

and D2 model, however, implies that, like the aminotetralins,

none of these tnicyclic compounds are able to discriminate

between the two DA receptor subtypes. In contrast, angularly

annellated 8,9-dihydroxyoctahyd.robenz[fjquinolines 7 appear

to be selective DA2 agonists (19). The 3-substituent of CV 205-

502, 5, has no influence on subtype preference, as revealed by

a comparison with the “naked analog” 3d. D2 selectivity is

obtained, however, by replacement of the phenol ring in 3d by

a pyrazole, ring as demonstrated with LY 141865, 6.

Although incorporation of the amino group into a linearly

annellated third ring had no influence on subtype selectivity,

it led to a dramatic differentiation between the activity of a-

and f3-rotamenic compounds. In the aminotetralin series, both

conformers are effective DA agonists; however, in the octahy-

drobenz[g]quinoline series, the activity is only preserved in a-

rotameric 6-hydroxy trans-derivatives and is lost in all f3-

rotamenic 8-hydroxy compounds. Cannon et al. (19, 20) found

a similar discrimination between the corresponding 6,7- and

7,8-dihydroxy analogs. How can we explain the inactivity of

the �9-rotameric linear tricycles? A steric hindrance by the N-

alkyl group can be ruled out, because the effects are independ-

ent of N-substitution. An unfavorable orientation of the nitro-

gen lone pair (or N�-H), as suggested for Cannon’s dihydroxy

analogs by Nichols (21), seems rather unlikely, because such

an axial N�-H proton appears to be very effective in the case

of the corresponding a-rotameric compounds 3b-3d. An Un-

favorably directed N�-H proton, however, might explain the

inactivity of the cis-denivatives 3f-3i. The biologically active

$-rotamenic aminotetralins differ structurally from their mac-

tive tricyclic analogs by the fixed peripheral carbon atoms of

the N-containing ring. We favor the idea that they prevent a

receptor docking by interacting with a “stenic barrier.” Mc-

Dermed (22) proposed another “steric barrier,” which is sup-

posed to repulse the unsubstituted phenyl ring of isoapomor-

phine. Our results suggest, however, that the inactivity of

isoapomorphine is due to its inactive partial structure, 8-hy-

droxyoctahydrobenz[g]quinoline 4a.
In both receptor models, the (-)-enantiomer of the octahy-

drobenz[g]quinoline 3d proved to be the more active form. Its

determined 4aR,lOaR absolute configuration corresponds to the

2S absolute configuration of the active (-)-enantiomer of 5-

OH-AT and 5-OH-DPAT at both DA receptor subtypes (9,10).

Because (-)-5-OH-DPAT is a partial structure of (.-)-3d, a

similar receptor orientation of the two compounds may be

assumed.

From the structure-activity relationships concerning N-sub-

stitution, we expect information about one of the N-alkyl

binding sites postulated by us on the basis of the aminotetralin

studies. The inactivity of the N-unsubstituted (trans)-6-hy-

droxy derivative 3a parallels the low activity of the correspond-
ing aminotetralin la. N-Methyl substitution renders the tn-

cyclic compound active (3b), but maximal effects are reached

with N-ethyl or N-n-propyl substitution (3c, 3d) emphasizing

the crucial of N-alkyl substituents in the a-rotamenic series.

Because in the (trans)-octahydrobenz[g]quinolines the crucial

direction of the N�-H is fixed, a conformational change due to

a stenic interaction of the N-alkyl group can be excluded. This

strongly supports the idea that the N-alkyl substituents bind

to an accessory site, which leads to an increase in affinity’ and

activity. The optimal tnicyclic compounds 3c and 3d are as

active as 5-OH-DPAT, suggesting that in the a-notamenic

(trans)-octahydrobenz[g]quinolines the N-alkyl substituent is

favorably oriented in order to reach this binding site. The

reverse rank order of potency of these derivatives in the D3 as

compared with the D2 model confirms our previous observations

(10) that secondary binding sites differ slightly at the two DA

receptor subtypes.

In important studies with monohydroxyoctahydrobenz[fJ

quinolines 7, Wikstroem et al. (23, 24) recently showed that

replacing a N-propyl substituent with N-butyl has different

effects depending on the rotamer form; in the fl-notamenic 9-

hydroxy trans series the replacement caused a loss of dopami-

nergic activity, whereas in the a-rotamenic 7-hydroxy trans

series the same variation resulted in an increase in potency.

These findings led to the suggestion that, at the receptor, the

N-substituent of the two conformer series point in different

directions and that the space available in one direction does

not allow substituents larger than n-propyl. Because these

results are based on DA turnover rates and behavioral data

measuring presynaptic D2 and unspecified postsynaptic effects,

no conclusion can be drawn with respect to the situation at the

D1 receptor. In our active (trans)-6-hyd.roxy-octahydrobenz[g]

quinoline series, a change from N-n-propyl to N-n-butyl sub-

stitution also resulted in a complete loss of activity, an effect

we like to call “N-butyl phenomenon.” Together with the

increase in activity following N-ethyl or N-propyl substitution,

it suggests that, in these a-rotamenic derivatives as well as in

Wikstroem’s fl-rotamenic (trans)-octahydrobenz[fjquinolines,

the N-alkyl substituent is directed toward an accessory site

with limited space, a “small N-alkyl binding site.” It contrasts

with a “large N-alkyl binding site” capable of accommodating

the N-n-butyl group of the (trans)-7-hydroxyoctahydrobenz[f]

quinolines as well as the N-n-pentyl or functionalized N-alkyl

substituent of 5-hydroxyaminotetralins (25, 26). The two dif-

ferent N-alkyl binding sites explain the high dopaminergic

activity of N-n-butyl-N-n-propyl-5-hydroxyaminotetralin, as

compared with the corresponding inactive N,N-di-n-butyl de-

nivative (25). The observation of a N-butyl phenomenon in

both our models indicates that a small N-alkyl binding site

exists at both DA receptor subtypes.

General rotamer-based DA receptor model. Many DA
models make use of artificial receptor boundaries to explain

structure-activity relationships (e.g., 22, 27-30). We have used

1 Using I”H]DA binding, an increase in affinity with increasing size of the N-

alkyl group was noted which paralleled the increase in activity. The difference in
affinity between 3a and 3d was found to be more than two orders of magnitude.
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C

molecular modeling techniques (31) to localize anticipated re-

ceptor boundaries, namely the small N-alkyl binding site and

the suggested steric barrier. The superimposition of the a- and

$-rotameric aminotetralins (2S)-5-OH-AT and (2R)-7-OH-AT,

proposed earlier (9, 10), served as a basic framework for orient-

ing the tricyclic structures at the receptor. The four enantiom-

eric active structures chosen (Fig. 4A) were superimposed to

form the “receptor-excluded volume” depicted in Fig. 4B. A

frontal view ofthe superimposition shows that all N�-H protons

are pointing down (Fig. 4C, arrow), localizing the amino binding

site below the plane of the aromatic ring. A similar orientation

of the N�-H proton of (-)-3d has been found in its crystal

structure (Fig. 3B). The n-butyl-6-hydroxyoctahydrobenz[g]

quinoline 3e and the 8-hydroxyoctahydrobenz[g]quinoline 4a

served as relevant inactive structures2 (Fig. 5A) for the con-

struction of the “receptor-essential volume” shown in Fig. SB.

It marks the boundary ofthe small N-alkyl binding site (volume

a) and the steric barrier (volume b), which prevents a receptor

interaction of the fl-rotameric octahydro-benz[g]quinolines 4.

The two partial receptor boundaries can be regarded as com-

prising part of an “extended steric barrier.”

These results, integrated into our earlier rotamer-based DA

receptor model (10), yield the refined version shown in Fig. 6.

The small N-alkyl binding site (S) is localized relative to the

two major binding sites of the DA receptor, which are defined

2 The relevant inactive structures are anticipated to be inactive due to steric

interactions.

Fig. 4. Superimposition of active structures generating a receptor
excluded volume. A shows the active structures used to construct
a receptor excluded Van den Waals volume; (R)-7-OH-AT, (S)-5-
OH-AT, (4aR,1 0aR�trans)-n-propyl-6-hydroxyoctahydrobenz[g]
quinoline (-)-3d, and (4aS,1 ObSHtrans)-N-n-butyl-
1 ,2,3,4,4a,5,6,1 Ob-octahydro-7-hydroxybenz[f]quinoline. The
structures were computer modeled starting from presently de-
scnbed ((-)-3d) or published (32, 33) X-ray coordinates. The
aminotetralins were superimposed by a fit of the oxygen, nitrogen,
N�-H proton, and one aromatic carbon. The tncyclic compounds
were fitted to the aminotetralin with the corresponding rotamer
form and the corresponding absolute configuration. B shows the
resulting superimposition and the receptor excluded volume gen-
erated therefrom. C represents a frontal view of the supenmposi-
tion. The arrow marks the N�-H protons pointing down. All mod-
eling was performed using Sybyl software (Tnpos) on a Evans and
Sutherland PS 350.
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Pig. I, flotemer�besed generel DA reoeptor model The two mejor bkiding
sites for the mete�hydroxy end emino group of DA ere thapleyed se
hetohe� ofrole�, the emino binding site being situeted below the foeel
pIene� The two erninotetreline, �v�rotemono(RS)+OH�AT end #{231}i�rotemeno
(2R)�7�OH�AT, supenmposed (10), serve es e besie fremework for on
enting new etruoturee et the model reoeptor. One of their Nt-H protons
Is pointing down towerd the sm�no binding site. Open symbols indict�te
eooessory binding estee, the open oimle the b)nding site for the p1iydroxy
group of DA the ov�I� the lerge (�) end smell (S) N�sIkyI binding site
The line eround the smell N�sIKyl binding site end Ita oonfinu�tion repre�
sent the clisolosed extended steno berner. An s#{248}ditionslseoondsry
binthng site (not shown) exists for the erometso ring. All festures of the
model we oommon to � end D� receptors
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4 H, Mt*rkstein tsnpHhl�sh�d resnIt�

Pig, I, In�a1iv� �trurnur� w�d (ho derivd � b�rrier�. The (ffw�N�
� 3e �nd the 8�hydroxy�
� 4� w�r� u�d to Io�I�io the bound�iiea of
the §m�1I N��IkyI binding � �nd 1h� witioip�t�d �t�rio b&r�r, r�p�o�
tsv�Iy A �how� tt�ir oomput�r�modeI�d stn�iotur�, b��d on X?r�y
ooordin�tes� both moI�cuI� w�r� fitted to the rolevwit �mino1�tr�Iin
They form a V�n der WMIS volum@ of sn�etsve htruotur�8 (not shown). H
§how� the �uponmpo�tion of the �ctiv� w�d in�oIive §truotur� in th�
r�I�v�nt r�oeptor onent�tiori, together w;th the reo�ptor ��ent�l voIum�
(difter�no� of voIume� of �oflv� w�d sn�otiv� struotur�). It repr�entb
the r�oeptor boundary around th� §m�II N�IkyI binding �it� (�) w�d the
stenobwrter(b), whiohprevents e reoeptor intereotion ofthe cl�rotemerso
octehydroben�(�)quinoIinee

by the superlmpo�ition of the two emlnotetre1in�, h �s �ur-
rouniled by pert of the oxtended eterIt� berr�er, Tho houndenio�

ofthe lerge N�e1ky1 bin4ing SIte (14 �ennot ho aetermined dtw
to leek of relevent enelog�, Noverthete�, tho n�hutyt group of
WIkstroem’� t,�rotemeri� o�tehydrobenz[fJquino1ine dorIve�
ttve (FIg, #{246}B)yen be u�ed to ident�f� (te epproxlmeto position

PotenUel egonists yen be oriented itt our model DA receptor
by epplying the following �rlterie,

(I) Rot4mer form, Mo1et�u1es contelning it �OH�AT or e 7�

OH�AT pert�tt1 strtwture ero fitted In the mo4el, �wtor4ing to
their rotemer form, to t�rotemerk� (2S)�OH�AT or M�rote�
merle (2R)�7�OH�AT�

(H) Absolute �onfigureLion of nsymmotri� renter �v to besi�
nitrogen � 141 eromeLk� ring), In it �orre’t orlentetion it should
correspond to the ebsolute �onfiguretion of the retevent nmi�
notetrelin of the b�sIe fremowork (runM4usod ring systoms),

(III) Influenee of N�n�propyl substitutk�n, Inereese ln twtlv�
Ity (�ompered with the corresponding NH�derIvet�ve) indk�etes
en �rotemerlc orient.�tion; no t�henge or e detreese in iwtivlty
Indketes �t �rotemeric orientation,

(IV) Influenve of N�n�hutyl subst�tutlon, Preservetlon or
inttreese in ettivity (tompered with the corresponding N�propyl
compound) indi�etes en orientation of the N�elkyI substituent
towerd the 1er�e N�elkyl binding site end loss of n�tivity en
orientation towerd the smell N�elky1 binding site,

(V) Extended sLer�t� herrier, It should not he tou�hed or

penetreted,
The triterie ere velid for D, es well its for D4 egonists he�euse

the underlying strtwture�twtivity reletionships ere relevent et
both receptor subtypes, Its pr�wti�el eppiketion is demon-
streted with the two PA e�onists epomorphine end ergoline,
�v?Rotemerkt epomorphine is fitted to (2S)�#{241}�OH-AT �ts pertiet

strtwture with the �orrespondin� ebsolute �onfiguretion (Fig,
7M� N?n�huty1 substitutlon leeds to e de�reese in twtlvity (34),
indi�eting thet the N�elky1 substituent points towerd the smell
N�elkyl binding site, The orientation of the ergoline moleeule

is more �omplex1 because �r�terIon I cennot he epplied An it�

rotemeric orientation is suggested by the Ini�reese �n e�t1vity
following N�propyl substitution (7) It �s elso ttompet�h1e with

the stero�hemistry �riter1on II, the toss of eetivity following N�

hutyletion1 end the extended steri� herrier, However, in such
en orientetion, the ecidie indole proton �ennot form e hydrogen
bond to the DA meUi�hydroxy binding site, Thet this hydrogen
bonding is e prerequisite for e receptor e�tivetion Is suggested
h� the inet�tivity of ()�methyleted phenolk� DA egonists end

N,�methy1eted ergolines, Yet, e slightly turned ‘ques��rote�

meric orientation,” es shown in Fig, 711, should elso setisfy this

requirement, In sut�h en orlentetion, the $�substituent of the
ergolines, like the 3�substltuent of CV 20�02. 5 is situeted

in the eree of the lerge N�elkyl binding site, Ergolines tend to
be metebolhtelly hydroxyleted in position 13, whk�h results in
en in�reese in dopeminergit� e�tivity (37), It �en be explelned
by e i�henge from the “quesi’t�-rotemerl�” to the more effittient

t1�rotemerk� orientetion, bet�euse by the 13-hydroxyletion the
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A

B

0

0

Fig. 7. Orientation of apomorphine and ergoline in the DA receptor
model. A, Apomorphine. The molecule contains 5-OH-AT as partial
structure and is, thus, fitted to the a-rotamenc (2S)-5-OH-AT with
corresponding absolute configuration. The a-rotamenc orientation is
confirmed by the increase in activity following N-propyl substitution. The
NN�-H proton is pointing down toward the amino binding site, the N-
alkyl group is directed toward the small N-alkyl binding site (S), explaining
the inactivity of its N-butyl derivative (34). The extended stenc barrier is
not touched. For comparison, (2R)-7-OH-AT is displayed marking the
receptor orientation of DA. B, Ergoline. The molecule does not contain a
5- or 7-OH-AT partial structure to facilitate a receptor orientation. An a-

rotameric fitting to (2S)-5-OH-AT is indicated by the described increase
in activity following N-propyl substitution (7). The SR absolute configu-
ration of the ergoline corresponds thereby to that of the aminotetralin. In
order to bring the indole proton of the ergoline within hydrogen bonding
range of the major binding site for the meta-hydroxy group of DA, the
molecule is turned clockwise by about 15#{176}around an axis through N6
perpendicular to the plane of the aromatic ring. It, thus, achieves the
quasi-a-rotameric orientation shown. The N-alkyl group is oriented to-
wards the small N-alkyl binding site, which is consistent with the loss of
activity following N-butyl substitution. The 8-substituent is directed to-
ward the large N-alkyl binding site; the orientation is compatible with the
extended steric bamer. For comparison, (2S)-5-OH-AT is displayed,
indicating the original a-rotameric orientation. Both structures were
computer modeled starting from published X-ray coordinates (35, 36);
supenmpositions were performed as described in the legend to Fig. 4.

ergoline molecule has acquired a f3-rotamenic (2R)-7-OH-AT

partial structure.

Our DA receptor model, like the one originally proposed by

McDermed (22) and most others subsequently described (e.g.,

Refs. 24, 27, 28, and 30), postulates two major binding sites for

the meta-hydroxy and amino group of DA. An exception is the

model of Grol et at. (29) with different amino binding sites for
a- and fl-rotamenic compounds. We believe that the evidence

for a small N-alkyl binding site shown with a-rotameric octah-

ydrobenz[g]quinolines and �3-rotameric octahydrobenz[f]quin-

olines (23) speaks against the suggestion of Grol et al.
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