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4,6,6a,7,8,12b-Hexahydroindolo[4,3-ab]lphenanthridines (“benzergolines”) was the first structural
class of potent and selective dopamine D, agonists lacking a catechol group. In order to determine
the enantioselectivity of the 7-methyl derivative in the adenylate cyclase assay, its 5,5a-dihydro
precursor was resolved and both enantiomers oxidized to the final products. The biological activity
was found to reside entirely in the (-)-enantiomer, (-)-1 (CY 208-243). An X-ray study of its
(-)-mandelic acid salt revealed a 6aR,12bR absolute configuration, which, in confirmation of the
structure hypothesis, corresponds to that of the ergolines. Unexpectedly, an axial conformation
of the N-methyl group was observed in the crystal structure. In contrast, subsequently analyzed
crystals of the free base of (-)-1 revealed an equatorial conformation of the N-methyl group, which,
we assume, represents the bioactive conformation. Based on the determined absolute configuration,
(-)-1 could be oriented in a previously described “rotamer-based dopamine receptor model”, which
allowed the localization of a “subtype selectivity-inducing site” (aryl binding site at the D, receptor,
steric barrier at the D, receptor), marked by the conformationally fixed “additional” phenyl group
of the benzergoline molecule.

Introduction Chart I. Active Enantiomers of D, Receptor Activating
Drugs (Absolute Configuration Shown
Werecently described trans-hexahydroindolo[4,3-ab]- 8 g )
phenanthridines (“benzergolines”) as anew type of potent H N

and selective dopamine (DA) D, receptor agonists with an
unique structure in which the usual catechol group is

lacking and in which a D, selectivity-inducing phenyl group M HN
isintegrated into a fairly rigid pentacyclic skeleton.! The Nop 2
biologically active (-)-enantiomer of the N-methyl deriv- HO H

ative 4,6,6a,7,8,12b-hexahydro-7-methylindolo[4,3-ab]-

phenanthridine (CY 208-243, (-)-1) has been selected for 3

development and its pharmacology in the CNS?2 and in
the periphery? has already been described in some details.
Here, we report resolution, absolute configuration, and
enantioselectivity of the antipodes of 1. O

The active enantiomers of several structural types of D,
receptor activating drugs have been determined and their
absolute stereochemistry has been elucidated. Among
them are the unselective compounds N-methylergoline,*
2, (4aR,10aR)-N-n-propyl-6-hydroxy-1,2,3,4,4a,5,10,10a- 4
octahydrobenz[g]quinoline® ((4aR,10aR)-N-Pr-6-OH-OB-

GQ), (R,R)-3 (R = n-propyl), and apomorphine,® 4, and

the selective D, agonists (S)-4-(8',4’-dihydroxyphenyl)- O
1,2,3,4-tetrahydroisoquinoline’ ((S)-DPTI), (S)-5,and (R)- Ho H NH
SKF38393,% (R)-6 (Chart I). The benzergolines combine O

the pharmacophore of the ergolines with that of DPTI in HO

an orientation suggested by our previously described 5
“rotamer-based DA receptor model”,5 which considers the

absolute configuration at the asymmetric carbon adjacent

to the basic nitrogen. According to this structure hy-

pothesis, the absolute stereochemistry of the active

enantiomer of 1 should correspond to that of the ergolines.

The D, selectivity and potency in 1, 5, and 6 is induced
and enhanced, respectively, by a critically positioned
“additional” phenyl group,® which appears to bind to a D;
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receptor-specific accessory aryl binding site. The coun-
terpart to this site at the Dy receptor presumably is a steric
barrier, which prevents binding of DA agonists with such
an additional aryl group. Thelocalization of this “subtype
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Figure 1. X-ray structure of (-)-trans-4,6,6a,7,8,12b-hexahydro-7-methylindolo(4,3-ab]phenanthridine (-)-mandelate. Stereoscopic
representation of the molecule. (a) Top view. (b) Frontal view. (c) View along the crystallographic a-axis.

selectivity-inducing site” in the rotamer-based DA receptor
model cannot be determined with the currently known
enantioselective D; agonists, since the crucial phenyl group
is freely rotating in DPTI, 5 (integrated in a tetrahy-
droisoquinoline), whereas in SKF38393, 6, the dihydrox-
ytetrahydrobenzazepine DA pharmacophore is symmet-
rical. The benzergolines, however, have an asymmetric
DA pharmacophore, in which the additional phenyl group
is conformationally fixed. The elucidated absolute con-
figuration of the active enantiomer of 1 should thus allow
unequivocal orientation of the molecule in the receptor
model, thereby determining the position of this subtype
selectivity-inducing site relative to the “major binding
sites” for the amino and m-hydroxy group of DA.

Chemistry

Separation of the enantiomers of 1 was attempted using
the conventional method of fractional crystallization of
diastereomeric salts. Crystalline salts were readily ob-
tained with several optically active acids, e.g. (-)-diben-
zoyltartaric acid, (+)- and (-)-mandelic acid, and (-)-
tartaric acid. However, no conditions could be found to
induce significant resolution. Therefore, resolution of
precursors of 1 was investigated. The 5,5a-dihydro
derivative of 1, in form of its mandelic acid salts, proved
to be a suitable substrate for an efficient resolution, which
required only a few recrystallizations. The resolved
enantiomers were subsequently oxidized to the optically
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Figure 2. X-raystructure of (-)-trans-4,6,6a,7,8,12b-hexahydro-7-methylindolo[4,3-ab]phenanthridine. Stereoscopic representation
of the molecule. (a) Top view. (b) Frontal view. (c) View along the crystallographic c-axis.

active benzergolines (+)- and (-)-1 as previously described
for the racemate.l

The determination of the absolute configuration of the
enantiomers of 1 was achieved by single-crystal X-ray
analysis of its (-)-antipode in form of its (-)-mandelic acid
salt. For conformational studies, an additional single-
crystal X-ray analysis was performed with the free base
of (-)-1.

Results and Discussion

Absolute Configuration, Solid-State Conforma-
tions, and Molecular Mechanics Calculation of (-)-1.
The X-ray structure of the (-)-mandelic acid salt of (-)-1,
is shown in Figure 1. The asymmetric unit contains two
independent but conformationally similar benzergoline
molecules. The protonated basic nitrogen participates in
a hydrogen bond to a mandelate carboxyl oxygen (N--O
= 2.604 A). The second carboxyl oxygen is linked by
another hydrogen bond to the indole nitrogen of a second
benzergoline molecule (O--N = 2.765 A). The absolute
configuration of (-)-1 in the crystal could be determined

as 6aR,12bR, based on the known R configuration of the
(-)-mandelate anion.

The shape of the benzergoline molecules in the crystal
merits some comments. Rings A, B, and C lay in a plane
with the exception of C(6a), which forms an envelope.1?
A second plane is determined by rings D and E with the
exception of N(7), which forms another envelope. The
angle between these planes was measured as 44.46° and
44.94° for the two benzergoline molecules in the unit cell.
The two hydrogens H(1) and H(12), facing each other on
the indole and phenylen ring, are separated by 2.3 A,
indicating no steric interaction between these rings.
Unexpectedly, the conformation of the N-methyl group
of the piperidine ring was found to be axial. This could
be due to the protonated nitrogen, or to the coexistence
of both configurations at the asymmetric nitrogen, of which
the form with the energetically favored crystal lattice would
first crystallize. The special nature of this observation
was confirmed by examination of the Cambridge X-ray
data file,! which revealed no example of an axial N-methyl
group in protonated a-unsubstituted N-methylpiperidine
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Table I. Biological Activities
adenylate cyclase®

ACH release®

po- maximal po- maximal
tency stimulation,® tency inhibition,

compd pD: % reltoDA pD: % of control

(£)-1 6.1 57 0
(+)-1 0 0
(=)-1 (CY 208-243) 6.9 68 0
reference compounds

6-methylergoline (2) 5.2 24 7.5¢ 30
N-Me-6-OH-OBGQ®/ 6.15 14 7.3 62

(3,R=Me)

apomorphine (4) 6.2 38 7.5 85
DPTIe# (5) 6.0 86 0
SKF38393¢ (6) 6.6 58 0

¢ Mean values of two to six independent experiments performed
in triplicate (SE < 10%). ® Percent of maximal effect of 125 uM DA.
¢ Change of So/S) versuscontrol at 1 uM. ¢ Partial agonist;inhibition
of DA effect: pK;=6.8. ¢ Racemiccompounds. / N-Me-6-OH-OBGQ
= N-methyl-6-hydroxy-1,2,3,4,4a,5,10,10a-octahydrobenzo[g]lquin-
oline. ¢#DPTI = 4-(3',4’-dihydroxyphenyl)-1,2,3 4-tetrahydroisoquin-
oline.

partial structures and only two axial conformations within
a group of 27 protonated a-monosubstituted N-meth-
ylpiperidines.}213 We thus decided to examine the X-ray
structure of the free base of (-)-1 in addition to that of the
mandelic acid salt.

In the crystal structure of the free base of (-)-1 (Figure
2), the indole NH forms a hydrogen bond to the basic
nitrogen of a second benzergoline molecule (N(4)+N(7")
= 3.072 A), which, according to the distances N(4)--H =
0.864 A and H.«N(7’) = 2.212 A, can be considered as not
protonated. In contrast to the crystal structure of the
(-)-mandelic acid salt, this crystal form shows the expected
equatorial conformation of the N-methyl group in accor-
dance with all known X-ray structures of ergot derivatives,
with the angle between the planes of the indole and phenyl
rings being 39.01°. Apart from the inverted configuration
at the asymmetric nitrogen, the overall shape of the
benzergoline molecule is thus similar to the conformation
found in the crystal of its (-)-mandelic acid salt.

Inorder to get additional information about the relevant
conformation of the protonated N-methylbenzergoline
molecule, the heat of formation was calculated using
MOPAC optimization (AM1-Hamiltonian).1* The axial
conformation gave a value of 239.75 kcal/mol, whereas for
the equatorial conformation a slightly lower value of 238.56
kcal/mol was determined. We might thus assume that
the axial conformation found in the salt is indeed a
crystallizing effect and that the relevant bioactive con-
formation of (-)-1, in accordance with the equatorial
conformation found in all N-alkylpiperidine-containing
DA agonists, e.g. octahydrobenzo[g] quinolines, ergolines,
and apomorphine, corresponds to the equatorial form.

Structure-Activity Relationships (SAR). For a
potent, large molecule having an asymmetric center
adjacent toa crucial amino group, one would expect distinct
enantioselectivity. This is indeed the case, since the (+)-
enantiomer of 1 was found to be totally inactive, whereas
the (-)-enantiomer showed a potency superior to the known
unselective DA agonists apomorphine, 6-methylergoline,
and N-Me-6-OH-OBGQ (racemic) and the racemic forms
of the most potent selective D, agonists SKF-38393 and
DPTI (Table I). With an efficacy of 68% relative to DA,
(-)-1 should, however, be considered as a partial agonist
in the adenylate cyclase paradigm.

The benzergoline molecule contains two asymmetric
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centers, both of which are adjacent to crucial function-
alities, namely C(6a), which is « to the essential amino
group, and C(12b), which is a to the D, selectivity-inducing
phenyl group. In (-)-1, the determined R configuration
of C(6a) corresponds to the absolute configuration of the
respective asymmetric center in N-methylergoline, 2,
apomorphine, 4, and in the active enantiomer of N-Pr-
6-OH-OBGQ, 3 (R = n-propyl). The determined R
configuration of C(12b), on the other hand, corresponds
to the absolute configuration of the respective asymmetric
center in the biologically active enantiomer of DPTI, 5,
and SKF38393, 6 (Chart I). Thus, (-)-1 nicely links the
two series of D) agonists with different types of asymmetric
center. The results confirm our original structure hy-
pothesis for the design of the benzergolines,! which relied
on a combination of the ergoline and the DPTT molecule
with the tetrahydroisoquinoline part of DPTI forming rings
D and E of the benzergolines.

Extended Rotamer-Based Dopamine Receptor Mod-
el. Based on earlier ideas about DA receptor interactions
of aminotetralins!>-17 (AT) and octahydrobenzo[flquin-
olines,!8 in combination with new SAR data on octahy-
drobenzo[g]quinolines,® we recently suggested a rotamer-
based DA receptor model,® which is valid for D; as well
asfor Dy agonists. This model relies upon the two rotamer
conformations of DA, represented by a-rotameric (S)-
5-hydroxy-2-aminotetralin and 8-rotameric (R)-7-hy-
droxy-2-aminotetralin, which describe the bioactive con-
formations and minimal pharmacophores of DA in its
N-unsubstituted ((R)-7-OH-AT) and di-N-n-propylated
((S)-5-OH-AT) form, respectively.!” The increase in
affinity/activity of 5-OH-AT upon di-N-n-propyl substi-
tution has been explained by an interaction with “N-alkyl
binding sites”, which are accessible for a-rotameric com-
pounds at both receptor subtypes, for -rotameric com-
pounds, however, only at the D; receptor.!61?” New
potential ligands are oriented in the model, guided by a
set of criteria, along these two AT rotamers toward the
two major binding sites (for amino and m-hydroxy group
of DA). The elucidation of the absolute configuration of
(-)-1 now allows an extension of the model, namely the
localization of a subtype selectivity-inducing element,
which consists of an aryl binding site at the D, receptor
and its counterpart, a steric barrier at the D, receptor.

The construction of the “extended model” is shown in
Figure 3. The two major binding sites for m-hydroxy and
amino groups of DA are defined by S-rotameric (R)-7-
OH-AT representing the bioactive conformation of DA.
Itssuperimposition with a-rotameric (S)-5-OH-AT serves
as a basic framework for the orientation of new structures
(Figure 3a). The existence of a “general steric barrier”
(part of which surrounds the “small N-alkyl binding site”)
is suggested by the inactivity of 8-OH-OBGQ and the
observation that replacement of the n-propyl substituent
in N-Pr-6-OH-OBGQ by n-butyl resultsin a loss in affinity/
activity (Figure 3b).> Ergolines are oriented in the model
in an a-rotamer type fashion along (S)-5-OH-AT (Figure
3c),? based on the corresponding absolute configuration
of the asymmetric carbon adjacent to the basic nitrogen,
the observed increase in potency upon N-n-propyl sub-
stitution (which, at the D; site, is found with a-rotameric
but not with g-rotameric DA pharmacophores!€) and the
observed inactivity of the N-n-butyl derivative indicating
that the N-alkyl substituent points toward the small
N-alkyl binding site.? Since in the benzergoline series,
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Figure 3. Construction of the “extended rotamer-based DA receptor model” and orientations of prototype drugs. (a) Superimposition
of a- and B-rotameric aminotetralins: (S)-5-OH-AT (green), (R)-7-OH-AT (type-colored). (b) “General steric barrier” (red): volume
of active compounds including (4aR,10aR)-N-Pr-6-OH-OBGQ (green) and (R)-7-OH-AT (not shown); volume of inactive compounds
including (4a8S,10aS)-8-OH-OBGQ (orange) and (4aR,10aR)-N-n-Bu-6-OH-OBGQ (not shown). (c) Receptor orientation of ergolines:
N-methylergoline (green), (4aR,10aR)-N-Pr-6-OH-OBGQ (reference compound, type-colored). (d) “D; aryl binding site” coinciding
with “D, steric barrier” (yellow): volume of active compounds = N-methylergoline (not shown); volume of inactive compounds = CY
208-243 (green); (4aR,10aR)-N-Pr-6-OH-OBGQ (reference compound, type-colored). (e) Orientation of (S)-DPTI with respect to the
D, aryl binding site: (S)-DPTI (green), (R)-7-OH-AT (reference compound, type-colored). (f) Orientation of (R)-SKF38393 with
respect to the D, aryl binding site: (R)-SKF38393 (green), (R)-7-OH-AT (reference compound, type-colored). (g) Orientation of
apomorphine with respect to the D; aryl binding site: (R)-apomorphine (green), (R)-7-OH-AT (reference compound, type-colored).
(h) Orthogonal view of the orientation of CY 208-243 (green), (S)-DPTI (violet) and (R)-SKF38393 (blue) with respect to the D, aryl
binding site. Nitrogen lone pairs are marked red.
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Figure 4. “Extended rotamer-based DA receptor model”.
S-Rotameric (R)-7-OH-AT (heavy) and a-rotameric (S)-5-OH-
AT (light) superimposed, are oriented toward the two “major
binding sites” for m-OH and amino group of DA (double circles),
defined by (R)-7-OH-AT, and serve as basic framework for the
orientation of new structures. The nitrogen lone pairs (N*-H
protons) are pointing down toward the amino binding site below
the focal plane; its direction may be determined by using (4aR,-
10aR)-N-Pr-6-OH-OBGQ in place of (S)-5-OH-AT. Accessory
binding sites exist for the p-OH group of DA (circle) and for
N-substituents, namely a “large N-alkyl binding site” (L) and a
“small N-alkyl binding site” (S) with limited space due to a
“general steric barrier”, which partially surrounds it. The
“subtype selectivity-inducing site” (SUB) consists of an aryl
binding site at the D, receptor and a steric barrier at the D,
receptor, respectively.

the SAR of N-alkyl substitution is similar to that found
with the ergolines (the activity/efficacy is maintained upon
N-ethyl/n-propyl substitution, but lost upon N-n-butyl
substitution) and since the active benzergoline enantiomer
(-)-1 has an absolute configuration identical with that of
the ergolines, a similar receptor orientation is anticipated.
The outlines of the subtype specificity-inducing site in
the receptor model, marked by ring D of the benzergoline,
can thus be defined (Figure 3d). The additional aryl groups
of the selective D, agonists (S)-DPTI and (R)-SKF38393,
which show 8-rotamer type SAR of N-alkyl substitution,”2!
areable to interact with thissite at the D; receptor (Figure
3e,f,h), whereas the second aromatic ring of a-rotameric
apomorphine only touches its borders (Figure 3g), thus
explaining its lack of selectivity. The fit of SKF38393 is
optimal in a chair conformation with equatorial phenyl
group (shown in Figure 3f), the proposed bioactive
conformation.2223 Tt should be noted that the D, aryl
binding site tolerates quite a wide range of orientations
of the aromaticring as is demonstrated with the extremes:
(-)-1 with an angle? between indole and phenyl ring of
48°, and SKF38393 with a corresponding plane angle of
90° (DPTI: 68°). This could indicate that r-stacking as
well as orthogonal interactions between the additional
aromatic ring of D) receptor ligands and the D, aryl binding
site are feasible.

In summary, interpretation of SAR data of several
classes of DA agonists, based on functional in vitro models
representing D-like and Ds-like receptors,? led to the
construction of the rotamer-based DA receptor model
depicted in Figure 4, which is valid for both major families
of dopamine receptor subtypes. Potential DA agonists
are oriented in the model according to the following revised
and extended criteria:
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(I) Rotamer form: molecules containing a 5-OH-AT or
a 7-OH-AT partial structure are fitted onto the corre-
sponding AT, i.e., onto a-rotameric (S)-5-OH-AT and
B-rotameric (R)-7-OH-AT, respectively.

(II) Absolute configuration of asymmetric center « to
the basic nitrogen (8 to phenol or catechol ring): it should
correspond to the absolute configuration of the relevant
aminotetralin of the basic framework (trans-fused ring
systems).

(I111) Influence of N-ethyl/ N-n-propyl substitution: no
change or increase in activity at the D; receptor (as
compared to the corresponding NH/N-Me derivative) is
suggesting an a-rotamer type orientation, a decrease in
activity a §-rotamer type orientation.?

(1V) Influence of N-n-butyl substitution: preservation
of, or increase in, activity indicates an orientation of the
N-alkyl substituent toward the “large N-alkyl binding site”,
loss of activity indicates an orientation toward the small
N-alkyl binding site.

(V) General steric barrier: it should neither be touched
nor penetrated.

(VI) Subtype selectivity-inducing site: an increase in
D, activity and selectivity upon introduction of an
additional aryl group in the molecule may indicate an
interaction with this site. The absolute configuration of
a (3',4’-di-OH) benzylic asymmetric center bearing this
aryl group should correspond to that found in (-)-1, (S)-
DPTI, and (R)-SKF38393.

The model is in agreement with the SAR’s of all currently
known DA agonists.?’ It should be of use, in a qualitative
sense, for the design of new subtype-selective ligands and
for the prediction of the absolute configuration of its
biologically active enantiomers.

The concept of the postulated two major binding sites
has recently been supported by site-directed mutagenesis
studies in the case of the human D, receptor? which, as
all currently known DA receptor subtypes, belongs to the
superfamily of G protein-coupled receptors characterized
by seven membrane-spanning domains. These investi-
gations revealed a conserved aspartic acid residue in
transmembrane domain three as binding partner of the
amino group of DA, and two conserved serine residues in
transmembrane domain five as binding partners of the
catechol group. One of these serine residues, which is
believed to form a hydrogen bond to the m-hydroxy group
of DA, has a much greater impact on affinity than the
other, believed to form a hydrogen bond to the p-hydroxy
group of DA. In all cloned catecholaminergic G protein-
coupled receptors (including the D, receptor®), two serines
have been found conserved in transmembrane domain five,
apart from the aspartic acid in transmembrane domain
three. In all cases examined by site-directed mutagenesis
theresults implicated that these serine residues represent
the binding partners of the catechol group.28-3¢ A similar
situation can also be expected for the D, receptor. The
recent suggestion’! of a charged residue in the D, receptor
as a joint binding partner of the 8-OH group (corresponding
tothe m-OH group of DA) and the additional phenyl group
of benzazepine D; agonists seems thus highly unlikely.

Experimental Section

Chemistry. Melting points were determined on a Biichi SMP-
20 instrument and are not corrected. 'H NMR spectra were
measured on a Bruker Spectrospin 360 MHz (WH-360) instru-
ment or 90 MHz (HX-90) spectrometer using Me,Si as aninternal
standard. IR and mass spectra of the new compounds were
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consistent with the proposed structures, and elemental analyses
were within 0.4% of theoretical values. All reactions were
followed by TLC carried out on Merck F254 silica plates.
Solutions were dried over Na,SO, and concentrated with a Biichi
rotary evaporator at low pressure (water aspirator).

Resolution of (5a$*,6aR*12bR*)-4,5,5a,6,6a,7,8,12b-Oc-
tahydro-7-methylindolo[4,3-ab]phenanthridine. A mixture
of the racemic compound! (50 g, 0.18 mol) and (+)-mandelic acid
(27.5 g, 0.18 mol) was dissolved at 70 °C in EtOH (500 mL) and
the solution allowed to stand overnight at room temperature.
The resulting crystals were collected by filtration, washed (50%
Et,0/EtOH, followed by Et;0), and dried. The crystallisate thus
obtained was dissolved in EtOH (400 mL) and left to stand
overnight. A second crop of crystalline material was obtained,
which was filtered, washed as described above, and dried: 29.1
g mp 183-185 °C. Anal. (CszoNz'CsHsOa) C, H, N. The
colorless diastereomeric salt was converted by extraction with 1
N aqueous K,CO3/CH,Cl; into the free base, which was recrys-
tallized from 250 mL of hot EtOH to give 12.5 g of the (+)-
enantiomer of the title compound: mp 184-186 °C; [a]*p =
+378.4° (¢ = 1, DMF).

The filtrate from the original crystallization containing the
(-)-enantiomer of the title compound was treated with 1 N
aqueous K,COj; to liberate the free base, extracted with CH.Cl,,
and evaporated. The residue, together with 19.8 g (0.13 mol) of
(-)-mandelic acid, was dissolved at 60 °C in 500 mL of EtOH,
and the solution was allowed to stand overnight at room
temperature. The crystalline product thus obtained was filtered
off, washed as described for the (+)-mandelate salt, and dried:
mp 183-185 °C. Anal. (C9HyNx»CsHgOs) C, H N. After
conventional conversion into the free base, the (-)-enantiomer
was recrystallized from 250 mL of hot EtOH to yield 13.3 g of
colorless crystals: mp 184-186 °C; [«]%*p = -381.0° (¢ = 0.7,
DMF).

The optical purity of the enantiomers was determined by NMR
in CDCl; using tris[3-(2,2,2-trifluoro-1-hydroxyethylidene)-d-
camphorato]europium as a shift reagent. Based on completely
separated signals of the 8-CH; group of both enantiomers, the
optical purity of the (-)- as well as of the (+)-antipode was found
to be 299%.

(-)-trans-4,6,6a,7,8,12b-Hexahydro-7-methylindolo[4,3-ab]-
phenanthridine ((-)-1). A stirred solution of the (+)-enanti-
omer of the octahydro derivative described above (6 g, 21.7 mmol)
in CH,Cl; (500 mL) was treated portionwise with activated MnQ,
(60g, 690 mmol). Stirring was continued (at room temperature)
until no more starting material could be detected by TLC. The
reaction mixture was filtered (Celite), the filtrate evaporated,
and the residue crystallized from 50% CH.Cl,/MeOH to give 3.3
g (55%) of the title compound: mp 212-215 °C; [a]%p —610.7°
(c = 0.8, DMF). Anal. (C;sH;sNy) C, H, N.

(+)-trans-4,6,6a,7,8,12b-Hexahydro-7-methylindolo[4,3-
ab)phenanthridine ((+)-1). The title compound was prepared
from the (-)-enantiomer of the octahydro derivative described
above following the same procedure as for (-)-1: mp 212-215 °C;
[a]®p = +611.2° (¢ = 0.8, DMF). Anal. (C;3HisNy) C, H, N.

Crystallography. Single-Crystal X-ray Analysis of (-)-
trans-4,6,6a,7,8,12b-Hexahydro-7-methylindolo[4,3-ab]-
phenanthridine (-)-Mandelate. The compound crystallized
from EtOH as thin, colorless prisms. Crystal data: C,sH;sNo-
CsHgOs; formula weight = 426.5; space group P2;; unit cell
parameters a = 8.040(5), b = 22.946(6), and ¢ = 12.431(2) A; 8
=100.89(4)°; V = 2252 A3; d,.1. = 1.258 g/cm3; Z = 4. Intensities
were measured on an Enraf-Nonius CAD-4 diffractometer using
monochromated Cu Ka radiation to § < 60°. There was no
measurable crystal decay, and no absorption corrections were
applied. Of the 3251 measured independent reflections, 2973
had F > 4¢(F) and were considered significant.

The structure was solved by direct methods using SHELX-
8632 and refined by blocked full matrix least squares using
SHELX-76. Allhydrogen atoms (except the hydroxyl hydrogen,
H(29), in the second mandelic acid molecule) were located in a
difference Fourier map after anisotropic refinement of the non-
hydrogen atoms. Hydrogens were included riding (except for
H(29), whose positional parameters were refined) on the non-H
atom, with an isotropic temperature factor refined. H(29') was
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not included in the final refinement. The final R was 0.0407
(2973 significant reflexions, 633 parameters).

Single-Crystal X-ray Analysis of (-)-trans-4,6,6a,7,8,12b-
Hexahydro-7-methylindolo[4,3-ab]phenanthridine ((-)-1).
The compound crystallized from MeOH as colorless polyhedra.
Crystal data: C,oH;sNy; formula weight = 274.3; space group
P3y; unit cell parameters a = 12.287(3), b = 12.287(2),and ¢ =
8.486(2) A, V = 1109 A3 d . = 1.232 g/cm3; Z = 3. Intensities
were measured on an Enraf-Nonius CAD-4 diffractometer using
monochromated Cu Ka radiation to § < 70°. There was no
measurable crystal decay, and no absorption corrections were
applied. Of the 1378 measured independent reflections, 1343
had F > 44(F) and were considered significant.

The structure was solved by direct methods using SHELX-86
and refined by full matrix least squares. All hydrogen atoms
were located in a difference Fourier map after anisotropic
refinement of the non-hydrogen atoms and included in the final
refinement with 3 positional and 1 isotropic thermal parameter.
The final R factor was 0.029 (1343 significant reflexions, 261
parameters).

Molecular Modeling. Modeling was performed using SYBYL
software (Tripos, version 5.4) on an Evans and Sutherland PS
390. All compounds were modeled from presently described or
published?7»3¢-% X .ray coordinates except SKF 38393, which gave
a better fit when modeled from a conformation of the benzazepine
core with C,symmetry (chair conformation with equatorial phenyl
group, suggested as bioactive conformation;?2?3 strain energy 10.3
kcal/mol) as compared to the modeled conformation, starting
from the X-ray structure with C, symmetry?® (twist conformation
with equatorial phenyl group; strain energy 9.7 kcal/mol). The
target compound (green for active, orange for inactive compounds,
type-colored for reference compounds) was fitted to the relevant
aminotetralin rotamer according to the rules previously pub-
lished? (in place of the a-rotameric AT, (4aR,10aR)-N-Pr-6-OH-
OBGQ was used in a second phase to define the direction of the
lone pair of the basic nitrogen). Least squares fits (compounds
with 5-OH-AT or 7-OH-AT partial structure) involved the oxygen
of the m-hydroxy group, the orthogonal axis through the center
of the phenolic/catecholic ring, the basic nitrogen atom, and with
the exception of the AT’s, the lone pair of the basic nitrogen.
Manual fits were performed between N-methylergoline, (S)-
DPTI, and (R)-SKF38393 and the reference compound involving
the oxygen of the m-hydroxy group (DPTI, 8-OH in SKF38393),
the basic nitrogen with the corresponding lone pair and the
coplanarity of phenol/catechol/indole rings. In the case of the
ergoline molecule, the indole NH was positioned between m- and
p-OH group of the corresponding aminotetraline. (6aR,12bR)-
N-Methylbenzergoline was fitted to N-methylergoline using the
least squares fit procedure (indole N instead of meta O). In the
case of DPTI, deviation from coplanarity had to be accepted at
the expense of the superposition of the lone pair of the basic
nitrogen. Steric barriers (receptor essential volumes) were
constructed as the difference of the “volume of inactive com-
pounds” (van der Waals volume generated by superposition of
inactive structures) and the “volume of active compounds”
(receptor excluded van der Waals volume generated by super-
position of the active structures) as described in Figure 3.5%

Pharmacology. The in vitro assays DA sensitive adenylate
cyclase (bovine retina) and electrically evoked AChrelease ACH
(rat striatal slices) were performed as previously described.?

Reference Compounds. Apomorphine (4) was obtained from
Sandoz. (-)-(5R,10R)-6-Methylergoline (2) and N-methyl-1,2,3,4,-
4a,5,10,10a-octahydro-6-hydroxybenzo[g] quinoline (3, R = Me)
were prepared as previously described by us.!®* SKF38393 (6)
was synthesized according to the literature.®® 4-(3’,4-Dihydrox-
yphenyl)-1,2,3,4-tetrahydroisoquinoline = DPTI (5) was the
generous gift of Dr. D. E. Nichols, Purdue University, West
Lafayette, IN.
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