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The biologically active conformation of ergot alkaloids
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Summary. Molecular mechanics and NMR studies of the D ring conformation of ergot alkaloids demonstrate that both D, and D,
forms may exist in solution. The comparison of the geometric parameters defining the spatial relations between the aromatic moieties
and the basic nitrogen of conformationally restricted dopamine analogs, and that of ergolene, shows the D, conformation to be the

bioactive one.
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Ergolene! derivatives including natural and synthetic ergot alka-
loids are partly flexible molecules acting on dopamine, serotonin
and adrenaline receptors'. Conformationally variable are the D
ring (D; and D, half chair conformations, fig. 1), the orientations
of the N6 (axial, equatorial) and C8 substituents (8,«), and the
peptide moiety. We shall mainly discuss the D ring conforma-
tion. Molecular mechanics calculations (QCFF/Pi method)
show that the D, form of 9,10 ergolene with an equatorial N-
methyl has the lowest energy? and this is also true of ergotamine
if the intramolecular hydrogen bond (H-bond) between N20-H
and N6 is not included in the calculation®. However, this H-bond
stabilizes the D, form as revealed by NMR spectra of ergosine in
CDCl,. Characteristic of this form are the downfield position of
the N20-H signal (6 = 9.36 ppm) and the coupling constants
Jowgy = 3.1 Hz, Jpp0=4.1 Hz, J54 = 6.0 Hz®. Similar results
were also obtained with ergotamine’. H-bonding is not possible
with N6 protonated and thus the D; form predominates. In
DMSO-d; solution the H-bond of the ergosine base is disrupted
and this also results in a favoring of the D, form. The coupling
constants (in DMSO-dg) J,.5) = 4 Hz, J 5 o) = 2 Hz are character-
istic of ergosine methanesulfonate and J;, 5 = 5 Hz, J 755 = 12.5
Hz, Jge= 2 Hz of the free base. The details of the NMR
conformational analysis will be published elsewhere.

Obviously the D ring may assume either the D, or the D, confor-
mation depending on medium effects acting via protonation of
N6 and H-bonding. This situation raises the question of which
conformation is preferred by the receptor. In general, the prob-
lem of the bioactive conformation of ligands with several confor-
mations of comparable energy is approached by considering
geometrical parameters of conformationally restricted mole-
cules which are active on the same receptor type. Since the
requirements of the dopamine receptor for the spatial disposi-
tion of the catechol ring and the aliphatic nitrogen with its lone
electron pair (or the N*—H) direction are rather well defined by
a series of (semi) rigid dopamine analogs®, we shall compare the
key parameters of II and IIT with those of ergolene. These pa-
rameters are the distance r between the center of the aromatic
ring and the projection of N on the ring plane, the height h of the
N above the ring plane and the torsional angles 6 and ¢ (fig. 2).
We chose the ergolene ring B to correspond to the catechol one
following the arguments of Nichols® and Bach et al.”. This is also
in agreement with the similarities in the molecular electrostatic
potential above the respective aromatic moieties®. The data
presented in the table (QCFF/Pi calculated®®) show the corre-
spondence between the parameters of the catecholamine analogs
and ergolene in the D, conformation. The difference between the

Geometrical parameters computed by the QCFF/Pi method>> defining
the spatial relations between the aromatic moiety and the N6-lone pair of
some dopaminergic agonists

N-Me, r h o ¢
Apomorphine 504 0.9 A 21° 154°
Octahydrobenzol[f]
quinoline 5.2 0.3 17 131
9, 10-ergolene Dy 4.9 04 10 137
9,10-ergolene D, 4.9 0.4 160 —-168

parameters of D, and D, forms is only in the orientation of the
N*—H bond. Thus the D, conformation appears to be well
suited for interaction with the dopamine receptor. This confor-
mation also corresponds more closely to that of dihydro-
ergotamine in the stable chair form®.
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Figure 1. The molecular structures of I: 8-substituted 9,10-ergolene with
the D ring conformations D, and D,, I1: apomorphine, and III: octahy-
drobenzo [f] quinoline.

Figure 2. Geometrical parameters defining the spatial relations between
the aromatic moiety and the N6-lone pair of some dopaminergic agonists.
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The present conclusion opposes the one advanced by Pieri et al.?,
whose argument is based on the H-bond stabilization of the D,
conformation. This implies that the ergot alkaloids interact in
the nonprotonated form with the receptor, which would only be
possible if the binding site definitely had non-polar properties.
Quantum mechanical calculations on carboxylic acid-amine sys-
tems show, however, that a neighboring charge or dipole suffices
to shift the bridging proton towards the amine!®!,

Another argument against the D, form being the biologically
active one can be drawn from the general conclusion that the DA
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receptor agonists must be rather flat'?. The bulky peptide moiety
bent towards N6 and the H-bond, if it persists, would sterically
and electronically interfere with the interaction of N6 with the
putative anionogenic group of the receptor. Thus we believe that
the D, form of ergot alkaloids with its appropriate geometric
parameters, relative flatness and greater flexibility is more suited
for interaction with DA receptors.

The steric requirements of serotonin receptors are less well de-
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as a rather rigid serotonin ligand, it is again the D, form that
may be the one most likely to suit the serotonin receptor.
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Correction

P. Baumann, A. N. Tchernitchin, G. Grunert and P. Ball: Effects
of various doses of catecholestrogens on uterine eosinophilia in
the immature rat, Experientia 42 (1986) 165-167. We regret that

there was an error in the labeling of the figure; the final line
should read: Hormone — C — Estradiol-178 — 4-OH-estradiol —
2-OH-estradiol.

Instructions to Authors

Experientia is a monthly journal for life sciences devoted to publishing
articles which are interdisciplinary in character and which are of general
scientific interest. Considered for publication will be hitherto unpub-
lished papers that fall within one of three categories:

Reviews (one-man and multi-author reviews)
Mini-reviews (1-2 printed pages)
Short Communications (1-2 printed pages)

Papers reporting on work that is preliminary in nature, or wherein
animal experiments have been conducted without the appropriate anes-
thesia, will not be accepted.

Manuscripts (including all tables and figures) must be submitted in trip-
licate and must be in English. Title pages should bear the author’s name
and address (placed directly below the title), a brief abstract (of approx-
imately 50 words for short communications) mentioning new results
only, and a listing of key words. Footnotes must be avoided. Tables, and
then figures, are to follow the body of the text and should be marked
with self-explanatory captions and be identified with the author’s name.
All data should be expressed in units conforming to the Systéme Inter-
national (SI). Drawings are to be on heavy bond paper and marked
clearly in black. Photographs should be supplied as glossy positive
prints. Please note that we use two different systems for citing refer-
ences. 1. For Review Articles, references should be arranged alphabeti-
cally and be numbered. Within the text, literature should be referred to
by number and, where indicated, by author. The references should con-
tain full journal article titles and the first as well as the last page of the
article cited. 2. For Short Communications and Mini-reviews, an abbre-
viated bibliography is requested and references should be listed chrono-
logically. Please consult a current issue of Experientia or inquire at the
editorial office for details on form.

Authors are requested to specify under which section heading they
would wish their communication to appear:

1. Anatomy, Physiology

2. Biochemistry and Biophysics
Metabolism
Neurobiology
Pharmacology

3. Endocrinology

4. Cellular Biology
Molecular Biology
Immunology

5. Genetics, Developmental Biology

6. Ethology, Ecology
Natural Product Chemistry

All incoming manuscripts are acknowledged immediately. Authors will
be notified of the editorial board’s publishing decision once their ma-
nuscripts have been evaluated by a minimum of two field experts. Fifty
reprints of papers accepted for publication will be sent to authors free
of charge; additional reprints may be ordered.

Manuscripts and all communications to the editors should be addressed
to:

Experientia

Birkhéduser Verlag

P.O. Box 133

CH—4010 Basel/Switzerland
Tel. 061 73 53 00




