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The absolute crystal structures of two related ergot alkaloids dihydro-a-ergokryptine
mesylate (1) monohydrate ethanol solvate and dihydro-B-ergokryptine mesylate (2)
monohydrate methanol solvate have been determined by X-ray diffraction and compared
with the published structures of dihydroergocristine mesylate (3) monohydrate and
dihydroergotamine mesylate (4) monohydrate.
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Ergot alkaloids represent a series of pharmacologically active metabolites of
parasitic fungi of the genus Claviceps which have been known since the
Middle Ages. These alkaloids are used in their natural or chemically modi-
fied forms as important drugs?. Although they are very similar, their bind-
ing to various neuroreceptors is in some cases remarkably different for
individual alkaloids®#, what is also reflected in their different therapeutic
use. Whereas ergotamine and dihydroergotamine are used mainly in the
treatment of migraine®, dihydroergopeptines of the ergotoxine family are
used for the treatment of complex of elderly diseases®®. There is a general
tendency in the medicinal use of ergot alkaloids to switch from the original

+ In this 21st paper on structure and polymorphism of ergot derivatives we report a
comparison of four structurally related dihydroergopeptines. For the preceding paper of the
series see ref.!
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use of the dihydroergotoxine mixture (comprising four alkaloids: dihydro-
ergocristine, dihydro-a-ergokryptine, dihydro-pB-ergokryptine, and dihydro-
ergocornine) to the use of single components in order to achieve
better-defined mode of action. Increased attention dedicated to the treat-
ment of elderly patients, mechanism of action of individual alkaloids and
some of their novel pharmacological activities'®-2, prompted us to study in
detail their conformation and structural parameters.

EXPERIMENTAL

Preparation of Crystals

Dihydro-a-ergokryptine mesylate (1) and dihydro-pB-ergokryptine mesylate (2) are products
of Galena Co. (Czech Republic). Compound 1 (100 mg) was dissolved in ethanol (3 ml) and
pentyl acetate (7 ml) was added with stirring; crystals of 1 ethanol solvate monohydrate
were obtained by partial evaporation of ethanol within one week. Compound 2 (100 mg)
was dissolved in the mixture of methanol (1.25 ml) and water (50 pl) at 50 °C and ethyl ace-
tate (15 ml) was added to this solution with stirring; the mother liquor was allowed to cool
in room temperature; crystals of 2 methanol solvate monohydrate were formed overnight.
Since both 1 and 2 prone to desolvation, the single crystals were adjusted in capillaries with
small amount of mother liquor.

Crystal Structure Determination

Data collection and refinement parameters are listed in Table I, final positional and thermal
parameters are deposed in CSD. International tables for X-ray crystallography® and follow-
ing programs were used for calculations: SDP (ref.}%), CRYSTALS (ref.!®), PARST (ref.15),
SHELXS86 (ref.1”), XPMA, ZORTEP (ref.'®). For the peptide-like numbering of atoms, see
Fig. 1.

Crystal data for 1 ethanol solvate monohydrate: M, = 731.86, space group P2,2,2, (No. 19), a =
11.756(1), b = 15.573(1), ¢ = 21.009(4) A, V = 3 846.3(8) A3, A = 1.54184 A, D, = 1.274 g cm™3,
Z = 4, F(000) = 1 584, colourless blocks, crystal fragment of dimensions 0.56 x 0.56 x 0.75 mm,
M(CuKa) = 12.54 cm™. The structure was solved by direct methods and anisotropically re-
fined by full-matrix least-squares. Hydrogen atoms were located (not refined) from a differ-
ence map and from expected geometry. Absolute configuration was proved with a value of
the Flack’s enantiopole parameter'® of 0.04(2).

Crystal data for 2 methanol solvate monohydrate: M, = 722.872, space group P2,2,2; (No. 19),
a = 11.730(5), b = 15.490(1), ¢ = 20.520(2) A, V = 3 728(2) A3, D, = 1.2878 g cm™, Z = 4,
F(000) = 1548, p(MoKa) = 12.837 cm™t. The structure was solved by direct methods and
anisotropically refined by full-matrix least-squares. The two valine methyl groups were
found dislocated in three positions of 2/3 occupancy level. Hydrogen atoms were localized
from Ap map and the expected geometry. The positions of the H-atoms were refined, except
for H151, H152, H153, H221, H271, H272, H273, H281, H282, H283, H321, H322, H323,
H501, H502, H503, H901, H902, H903, that were linked to the attached atoms. The value of
0.00(2) was evaluated for the Flack’s enantiopole parameter!®. The presence of solvent mole-
cules was revealed from the Ap map, only methanol hydrogen was not localized.
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RESULTS AND DISCUSSION

Dihydro-a-ergokryptine and dihydro-B-ergokryptine mesylates crystallize
from either pure ethanol or methanol or from their mixtures with various
aliphatic esters with one molecule of water and one molecule of alcohol.
However, these solvates are very unstable and even a decrease in the alco-
hol content in the mother liquor causes decomposition of crystals. Hence,
they were adjusted in capillaries for the diffraction studies. A comparison of
structural parameters of 1 and 2 indicates that compounds are roughly

TABLE |
Data collection and refinement parameters

Parameters 1 2

Crystal dimensions, mm 0.56 x 0.56 x 0.75 0.25 x 0.25 x 0.44
Diffractometer and radiation used, A Enraf-Nonius CAD4, CuKa, A - 1.54184
Scan technique w/20

Temperature 293 K

No. and 6 range of reflections for lattice 20; 38-40
parameter refinement, °

Range of h, k, and | 0-14,0-18, -25-25 0-12,0-16,-21-21

Standard reflections monitored 60; 3.27 60; 1.7
in the interval, min; intensity
fluctuation, %

Total number of refections measured; 6 919; 4-140 4 994; 4-110
20 range, °

No. of observed reflections 6 099 4561
Criterion for observed reflections 1 21960(1)

Function minimized w(|F| - |F])?

Weighting scheme Chebychev polynomial (ref.%?)
Parameters refined 462 578

Value of R, wR, and S i)g?g; 0.0749, and 28;12; 0.0421, and
Ratio of the maximum least-squares 0.077 0.004

shift to e.s.d. in the Ist cycle

Maximum and minimum heights 0.68, -0.87 0.29, -0.42

in final Ap map, e A3
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isostructural. The absolute configuration was resolved as: C4 (R), C6 (R), C8
(R), C17 (R), C19 (S), C24 (S), C25 (S) for both compounds (Figs 1 and 2). In
addition, the S-configuration of the C29 atom confirms the presence of
L-isoleucine in 2.

Fic. 1

ORTEP view of dihydro-a-ergokryptine cation, showing the numbering scheme. Thermal
ellipsoids are drawn at 50% probability

C32

FiG. 2

ORTEP view of dihydro-p-ergokryptine cation, showing the numbering scheme. Thermal
ellipsoids are drawn at 50% probability
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As expected, the ergoline rings A, B and the cyclole ring E are nearly pla-
nar. Conformations of the flexible rings and their comparison with that
published in dihydroergocristine mesylate (3) monohydrate?® and
dihydroergotamine mesylate (4) monohydrate?! are shown in Table II. If
there was no “pure” conformation observed, two assignments are used in
sequence respecting the “closer” one. Protonization of the N2 atom does
not affect a regular chair conformation of the ring D. However, we have in-
spected parameters, that have been reported as crucial ones for ergot alka-
loid activity on 5-HT,, receptors?1-23 (Table IIl). Surprisingly, the values of
h (distance of N2 from the plane defined by the ring A) obtained for 1
ethanole solvate monohydrate and 2 methanole solvate monohydrate spe-
cies significantly differ from known structures of ergot alkaloids. It is worth
to mention that such values were observed only in N-methylbenz-
ergolinium mandelate?* (5, (-)-trans-4,6,6a,7,8,12b-hexahydro-7-methyl-
indolo[4,3-ab]phenanthridinium (-)-maleate) and nicergoline?®26 (6a, 6b,
(10a-methoxy-1,6-dimethylergolin-8f3-yl)methyl 5-bromonicotinoate) (Table I1I),
which is also used for the treatment of some elderly diseases. Generally, the
DH-ergopeptines are represented with remarkably higher h values in com-
parison with natural ergopeptines. Hence, the different therapeutic activity
of the DH-ergopeptines may be related with that parameter not only at
5-HT,,, but also at some other receptors, e.g. GABA, (ref.?").

Close examination of “puckering parameters” reveals, that not the qual-
ity of conformation (shifted E;-*Hj), but the value of the amplitude parame-
ter of the ring C is responsible for such a deviation. The present structures
extend current set of ergot alkaloid structures consisting of ergoline skele-
ton, where variability of the ring C is remarkably higher than that observed

TABLE 1l
Conformations of the various rings33 in 1 ethanol solvate monohydrate, 2 methanol solvate
monohydrate, 3 monohydrate, and 4 monohydrate.

Compound c? D F¢ G
4 4 6 ac 4
1 Es—"Ha c, E E-*T,
4 4 6-_6 4
2 Es-"Hj C, E-"Hg Tg
4 6 4c_4
3 E, c, E E-*T,
4 6 4
4 = C, E Ty

2 Ring C: C2,C3,C4,C8,C9,C14. b Ring D: N2,C4,C8,C7,C6,C5. ¢ Ring F: N4,C19,C20,N5,C24,C25.
4Ring G: N5,C21,C22,C23,C24.
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for the ring D. Both leucine and isoleucine in the tripeptide moieties ex-
hibit usual gauche | conformation [Leu: Y3(N4-C19-C20-N5) = -9.1(6)°,
X311 (N4-C19-C29-C30) = -173.2(4)°, X3°1(C19-C29-C30-C31) = 55.1(6)°,
X322(C19-C29-C30-C32) = 178.8(4)°%; lle: Wy(N4-C19-C20-N5) = -3.3(4)°,
X31(N4-C19-C29-C30) = -149.0(3)°, X3'?(N4-C19-C29-C30) = 84.0(4)°,
X3°1(C19-C29-C31-C32) = 171.7(3)°].

The hydrogen bond network is virtually the same for 1 ethanol solvate
monohydrate and 2 methanol solvate monohydrate (Fig. 3; Table V).
There is an “obligatory” O5-H501---O1 intramolecular hydrogen bond?°-30,
The mesylate anion is bound to the ergopeptine moiety through the
N2-H621---06 link, water molecule through the O100-H1001:--O82 contact
and ethanol-methanol solvent with the N1-H611.--O91. The distortion of
the N1-H611:--091 angle in 1 ethanol solvate monohydrate is probably due
to inaccurate H611 position. The bridge to another ergopeptine molecule is
then formed with the O100-H1002---0O4 (-x +1/2, -y +1, z — 1/2) bond.

TasLE I
Parameters of 5-HT,, pharmacophore model

Compound d, A? h, AP
1 Ethanol solvate monohydrate 5.23 0.96
2 Methanol solvate monohydrate 5.22 0.98
3 Monohydrate 5.25 0.74
4 Monohydrate 5.24 0.70
5° 5.20, 5.18 0.93, 1.05
6¢ 5.21 0.83
6° 5.21 0.81
7" Acetone solvate 5.17 0.72
8% Monohydrate 5.22 0.50
9"Methanol solvate 5.23 0.57
10' 5.19 0.19

@ Distance between the center of the ring A and the N2 atom. b Distance of the N2 atom
from the plane defined by the ring A. © Two independent molecules in the structure of 5.
4 Nicergoline, low-melting orthorhombic form I1. ¢ Nicergoline, high-melting triclinic form I.
f Ergocristine (7) acetone solvate®°. ¢ Ergogaline (8) monohydrate®!. " Ergotamine tartrate (9)
methanole solvate®*. ' Bromocriptine mesylate®® (10).
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Surprisingly, in contrast to both 3 monohydrate and 4 monohydrate hy-
drogen networks, no N1-H611---O3' contact was found. Steric proximity of
an alcohol and the alkyl chains of leucine or isoleucine in the structures of
1 ethanol solvate monohydrate and 2 methanol solvate monohydrate indi-
cates that alcohols fill the free space occupied by more steric demanding
benzyl group in the structures of 3 monohydrate and 4 monohydrate. This
fact seems likely to explain the differences in solvation between
dihydroergokryptine mesylates monohydrates alcohol solvates and 3 and 4
monohydrates.

In contrast to natural ergopeptines, where the overall conformation brings
the side chain of the third amino acid moiety (Leu, lle, Phe, see Fig. 1) to
close proximity of lysergic acid moiety (see, e.g., data for ergogaline3l), such
direct contact is absent in dihydroergopeptines. Since this part of molecule

1, R! = CH(CHg),, R? = CH,CH(CHg),

2, R = CH(CHa),, R? = L CH,CHs
H CHs

3, R = CH(CHg)z, R? = CH,CgHs

4, Rl = CHj3, R? = CH,CgHs

Br
N
, N
H CHs
HN
6
R? H
02
CO—NHj; N
N H
- (@) H” “R3 o
X@
HN
7, RY = CH(CH3),, R = CH,CgHs 9, R! = H, R?= CHg, R® = CH,CgHs, X = L-tartrate
8, Rl = CH(CHa),, R? = CHZ—‘C_’—CHZCH3 10, R! = Br, R? = CH(CHy3),, R® = CH,CH(CHsa),,

H //CH3 X = mesylate
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TABLE IV
Hydrogen bonds in 1 ethanol solvate monohydrate and 2 methanol solvate monohydrate

DA, A D-HIA, °
D-HIA Symmetry code
1 2 1 2

O5-H501MMD1 X, ¥, Z 2.829(3)  2.845(3) 146 167(4)
N1-H611[MD91 X, ¥, Z 3.037(7)  2.937(7) 1272 159(5)
N2-H621[MD81 XY,z 2.812(4)  2.866(4) 169 175(3)
N3-H631MMD100 X, Y, z 2.958(4)  2.901(4) 174 161(3)
0100-H10010MD82 X,V z 2.865(5)  2.862(4) 164 177(6)
0100-H1002MD4  —x+1/2, -y+1, z-1/2 2.862(5)  2.812(5) 173 168(4)

2 Slightly shifted hydrogen position.
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Fic. 3
Packing scheme of dihydro-B-ergokryptine mesylate (2) monohydrate ethanol solvate;
dashed lines indicate hydrogen bonds (a view in 0 - x direction)

Collect. Czech. Chem. Commun. (Vol. 65) (2000)



Ergot Derivatives 1337

is considered to be responsible for binding to the receptor, the differences
in the steric hindrance seem likely to contribute to the difference between
the pharmacological effect of ergopeptines and dihydroergopeptines. How-
ever, a comparison of molecular shape of 1, 2, 3, and 4 reveals, that their
inter-individual differences are rather subtle, and thus they cannot satisfac-
torily explain the differences in pharmacological activity within this series.

This research was supported by the Ministry of Education, Youth and Sports of the Czech Republic
(research project No. CEZ: MSM 223100002) and by the Grant Agency of the Czech Republic (grants
No. 203/00/D095 and No. 203/99/0067).
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