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The structure of semisynthetic ergot derivative nicergoline (form 1) was determined from X-ray
single crystal diffraction data. The title alkaloid (10a-methoxy-1,6-dimethylergoline-8B3-methanol-5'-
bromonicotinate, C,4H,¢BrN;O5) crystallizes in the triclinic space group P1, with a = 7.729(7), b =
8.695(4), ¢ = 17.030(8) A, o = 100.90(4), B = 98.67(5), y = 93.04(5)°, Z = 2. A structural compari-
son of nicergoline forms | and Il was made. The quantitative analyses of some model phase mixtures
form I/form Il were carried out using both Rietveld full profile fitting method and linear regression
of the peak intensity—concentration dependence. Results obtained are in good mutual agreement. The
smallest limit of detection of form |1 in binary mixture with form | is about 3% as found from pow-
der diffraction study.

Nicergoline (10a-methoxy-1,6-dimethyl ergoline-83-methanol-5'-bromoni cotinate, Scheme 1)
is a semisynthetic ergot derivative, first described by Arcari et a.. It has a-adrenolytic
and vasodilating effects on the vascular system and stimulates cerebral and peripheral
metabolism?. Two different crystal modifications of nicergoline, called forms | and I
were obtained by Fabregas and Beneyto® by crystallization at different temperatures.
Crystal structure determination of form Il has been reported recently by us®. In the
manner of manufacture of the drug, crystallization of form | can be accompanied by
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X-Ray Structure of Nicergoline 1625

formation of small amount of fort, therefore the structure-study of foinand the
gquantitative analysis of the phase mixture fdffarm Il is reported here.

EXPERIMENTAL

Crystal Preparation

Nicergoline formsl and Il were from Galena Co. (The Czech Republic). Single crystalsvedre
obtained by slow evaporation of saturated solution in ethanol (100 mg/1 ml) at ambient tempe
Crystals were washed with the 2-propanol-n-hexane mixture (12 : 88, v/v) and dried in air.

Crystal Structure Determination

C,4H,6BIN3O5 (M, = 484.1), nicergoline fornh, triclinic system, space groupl, a = 7.729(7),b =
8.695(4),c = 17.030(8) A = 100.90(4) = 98.67(5)y = 93.04(5), V = 1 107(1) R, Z = 2, Dgyc=
1.453 g cm®, y(MoKoa) = 1.87 mm?, F(000) = 494.

Direct methods (program SHELXS86, Rfevaluated only positions of Br atoms and nicotine
fragments of two symmetrically-independent molecules, denadtadd B. Because subsequent Fol
rier series were complicated with pseudosymmetry, direct methods were applied to the differe
observed and calculated (from known fragmefwalues (program DIRDIF, ré). The refinement
confirmed the space groupl. The corresponding bond lengths #rand B molecules were refined
with restraint of their values being equal (program CRYSTALS!)tefhe restrained refinement wa
necessary because of the pseudosymme®y) (nvolving undesirable correlation betwee
parameters. All H-atom positions were calculated assuming ideal geomettly<Q A, U;g, = Ueq
of the attached atom). The correction for absorption did not influence the refinement results.
lute configuration was determined using refinement of Flack’s enantiopole parfadederibed by
equation F(h,x)? = (1 - X) [F(h)]? + x [F(=h)J? to final value ofx = 0.04(2). The parameters for dat
collection and refinement are listed in Table I.

Phase Analysis

X-Ray powder patterns were collected on a Seifert diffractometer XRD 3000 P with Bragg—
tano focusing geometry. Radiation CmKnonochromatized with a graphite monochromator w
used. Measurement was provided in range 5*-286by step scan mode (step width C.@l preset
time 2 s). Four nicergoline model phase mixturéiswere measured (see Table Il) and two methc

ScHEME 1
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were used for quantitative analysis: Rietveld refinement and linear regression of the peak intensity—
concentration dependence. To estimate the limit of detection of form Il in the nicergoline binary mix-
ture, the diffractogram of 1/I1 = 95/5 (wt.%) was subsequently measured.

Rietveld method. The shape function of the diffractogram profile was refined with the DBWS-PC
program®. Single crystal structure parameters of forms | and Il were introduced and fixed. The
weight fraction of component in the sample was estimated by x; = (S,V; Z; M)IZi(S V; Z M), where:
i number of phase, S scale factor, V cell volume, Z number of formula unit per cell, M molecular
weight. The Rietveld agreement factor values are given in Table Il. The relatively high value of the
R factor for pure form | is brought about the texture effects of material available (crystals of the thin
slice shape).

Method of linear regression. Integral intensities of the reflections (001), (01-1), (021), (1-21),
(113) for form | and (110), (202), (322) for form Il were measured. These reflections were chosen
since they were strong enough and did not coincide with any other reflection. Considering the same

TaBLE |

Data collection and refinement parameters for nicergoline form |

Crystal dimensions
Diffractometer and radiation used

Scan technique
Temperature

Number and 6 range of reflections for lattice parameter

refinement
Range of h, kand |

Standard reflections monitored in interval; intensity

fluctuation

Total number of reflections measured; 26 range
Number of unique obsrved reflections
Criterion for observed reflections

Function minimized

Weighting scheme

Parameters refined

Vaue of R, wRand S

Ratio of max. LS shift to e.s.d. in the last cycle
Max. and min. heights in final Ap map

Source of atomic scattering factors

Programs used

Computer used

0.8 x 0.35 x 0.03 mm

Enraf—Nonius CAD4, MoKa,
A =0.71073 A

w/20
293K
20; 19 -20°

-8-8,-9 -9 -19 - 19
120 min; —0.9%

6 497; 0 —48°

5 358

I >1.96a(l)

SW (| Fol-|Fcl)?

w = [0%(Fo)]

559

0.070, 0.070 and 2.56
0.08

1.75,-1.23eA™3
(diffuse pesks max. 1.2 A away
from Br atoms)

Internationa Tables for X-Ray
Crystallography (ref.%)

CRYSTALS (ref.”) SDP (ref.19),
SHELXS86 (ref.%), PARST (ref.lY),
DIRDIF (ref.%)

PDP 11/73, PC AT 386
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absorption coefficients for both nicergoline phases, the dependence of peak intensity vs concentration
should be linear. Good linearity was found for form Il, while intensities of form | were strongly
influenced due to texture effects. Hence, the weight fraction of form |1 was determined only and the
content of form | was calculated as a difference to 100% in the studied binary system. Correlation
coefficients of the linear regression for form Il are as follows: reflection (110) 0.987, reflection (202)
0.985 and reflection (322) 0.994. These three dependencies were used for the quantitative phase anaysis.

RESULTS AND DISCUSSION

Crystal Structure of Nicergoline Form |

The final positional and thermal parameters of the non-H atoms of nicergoline form |
are summarized in Table I11. Bond distances and angles are listed in Table IV. Lower
precision of resulted structural parameters is probably caused by the poor quality of the
single crystal available (see Table I). Figure 1 shows the two symmetrically-inde-
pendent nicergoline molecules A and B, Fig. 2 their shape difference, which is evident
in bromonicotinate fragments. Figure 3 shows a very good agreement between cal-
culated and observed powder diffraction patterns of nicergoline phase mixture
I/11 = 50/50.

The basic structure of nicergoline is derived from the tetracyclic ring system desig-
nated as ergoline'®, therefore the corresponding atom numbering system was chosen.
Pyrrole and benzene rings of ergoline moiety are planar. The x? test value is 5.71
(molecule A) and 3.35 (molecule B) for pyrrole ring and 4.71 (molecule A) and 1.98
(molecule B) for phenyl ring, respectively. Dihedral angles of pyrrole and phenyl ring
planes are the same for both molecules (2.75(5)°).

Both C ergoline rings (C5,C10,C11,C16,C3,C4) and (C105,C110,C111,C116,C103,C104)
have an 1E shape with C5 and C105 atoms displaced by 0.68(1) A and 0.67(1) A,
respectively, from the mean plane of remaining five atoms. Puckering parameters

TaBLE I
Results of Rietveld refinement (in %)

Mixture No.  Phasel Phase I R WR Rg' Rg"
1 2 10 131 16.6 34.0 236
2 80 20 132 16.7 25.6 15.1
3 50 50 14.1 17.9 26.4 12.9
4 30 70 134 175 33.6 11.1
Pure | 100 - 16.9 22.3 38.0 -
Pure | - 100 12.8 165 - 122
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TaBLE Il
Final positional and therma parameters of non-H atoms for nicergoline form |. The atoms of the B
molecule have the same index + 100

Atom X y z Ugy, A?
Br2g® 0.1469(3) 0.1840(2) 0.7216(1) 0.0545(7)
Br129 0.4844(3) 0.1072(3) 0.0838(1) 0.0699(8)
020 0.047(1) -0.1715(8) 1.0127(5) 0.047(4)
022 0.107(1) -0.280(1) 0.8899(6) 0.070(5)
030 0.0120(8) ~0.3725(8) 1.2855(4) 0.035(3)
0120 0.662(1) 0.4443(9) ~0.2016(5) 0.048(4)
0122 0.555(1) 0.561(1) ~0.0917(6) 0.060(5)
0130 0.4745(8) 0.6602(8) ~0.4730(4) 0.031(3)
N1 -0.304(1) -0.8893(9) 1.3212(6) 0.043(5)
NG -0.275(1) -0.3194(9) 1.1732(5) 0.037(4)
N25 0.028(2) 0.264(1) 0.9490(7) 0.063(7)
N101 0.217(1) 1.181(1) ~0.5115(6) 0.049(5)
N106 0.261(1) 0.6150(9) ~0.3590(5) 0.029(4)
N125 0.584(2) 0.007(1) ~0.1507(7) 0.061(6)
c2 ~0.401(1) -0.759(1) 1.3175(9) 0.037(6)
c3 -0.308(1) -0.647(1) 1.2895(7) 0.036(5)
ca -0.352(1) ~0.497(1) 1.2641(6) 0.035(5)
cs -0.252(1) ~0.474(1) 1.1935(6) 0.039(5)
c7 -0.201(1) -0.302(1) 1.1008(6) 0.035(5)
c8 ~0.003(1) -0.320(1) 1.1138(6) 0.041(5)
c9 0.028(2) ~0.472(1) 1.1422(7) 0.046(6)
C10 ~0.051(1) ~0.4919(9) 1.2140(5) 0.029(4)
ci1 ~0.026(1) ~0.654(1) 1.2333(7) 0.039(5)
c12 0.113(1) -0.748(1) 1.2199(7) 0.046(6)
c13 0.117(2) -0.896(1) 1.2428(8) 0.051(7)
c14 -0.013(1) ~0.963(1) 1.2765(8) 0.050(6)
c15 -0.154(1) ~0.866(1) 1.2913(7) 0.041(5)
C16 -0.157(2) -0.717() 1.2712(6) 0.036(4)
c17 -0.355(2) -1.024(1) 1.3549(7) 0.052(6)
c18 ~0.470(1) -0.292(2) 1.159(1) 0.047(7)
c19 0.063(2) -0.320(1) 1.0383(6) 0.047(6)
c21 0.077(2) -0.169(1) 0.9389(6) 0.048(6)
c23 0.066(2) ~0.009(1) 0.9171(6) 0.035(6)
c24 0.033(2) 0.124(1) 0.9713(7) 0.054(7)
c26 0.068(2) 0.273(2) 0.8754(8) 0.065(9)
c27 0.112(2) 0.151(1) 0.8204(6) 0.051(7)
c28 0.106(2) 0.009(1) 0.8433(7) 0.036(6)
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TaBLE Il
(Continued)
Atom X y z Ugy, A?
C31 0.192(1) -0.361(2) 1.3227(7) 0.058(6)
C102 0.102(1) 1.051(2) -0.5105(8) 0.047(6)
C103 0.197(1) 0.944(1) -0.4751(7) 0.041(5)
C104 0.149(1) 0.793(1) -0.4503(6) 0.038(5)
C105 0.293(1) 0.768(1) -0.3809(6) 0.031(4)
C107 0.378(1) 0.603(1) -0.2845(6) 0.024(5)
C108 0.569(1) 0.603(1) -0.3012(6) 0.042(5)
C109 0.605(1) 0.754(1) -0.3306(5) 0.019(5)
C110 0.484(1) 0.7806(9) -0.4010(5) 0.028(4)
Cl11 0.518(1) 0.944(1) -0.4179(6) 0.039(4)
C112 0.680(1) 1.034(1) -0.4028(7) 0.046(6)
C113 0.694(1) 1.181(1) -0.4269(8) 0.048(6)
Cl14 0.550(1) 1.242(1) -0.4636(7) 0.044(6)
C115 0.378(1) 1.153(1) -0.4811(8) 0.052(6)
C116 0.371(1) 1.006(1) -0.4577(6) 0.035(5)
C117 0.167(2) 1.317(2) -0.5443(8) 0.058(6)
C118 0.068(1) 0.590(1) -0.3490(9) 0.047(7)
C119 0.690(1) 0.590(1) -0.2283(7) 0.049(6)
C121 0.593(2) 0.446(1) -0.1350(6) 0.047(5)
C123 0.577(2) 0.287(1) -0.1115(7) 0.050(6)
C124 0.597(2) 0.152(1) -0.1676(9) 0.059(8)
C126 0.557(2) 0.001(1) -0.0753(6) 0.044(7)
C127 0.535(2) 0.129(1) -0.0174(5) 0.026(5)
C128 0.539(2) 0.275(1) -0.0363(7) 0.046(7)
C131 0.623(2) 0.655(2) -0.5170(8) 0.058(7)

& At position 29.

defined by Cremer and Pople!® are Q = 0.49(1) A, ¢ = -169(2)°, 6 = 126(1)° for mole-
cule Aand Q = 0.49(1) A, ¢ = —-166(2)°, 8 = 129(2)° for molecule B. Both D ergoline
rings (N6,C7,C8,C9,C10,C5) and (N106,C107,C108,C109,C110,C105) have 'C, con-
formations with Q = 0.58(1) A, @ = —46(1)°, 8 = 6(1)° for molecule A (N6 displaced by
0.68(1) A and C9 by —0.62(1) A) and Q = 0.60(1) A, @ = 13(1)°, 8 = 7(1)° for molecule
B (N106 displaced by 0.72(1) A and C109 by —-0.61(1) A). The chair conformation of

molecule B has a small distorsion towards an 1E form.
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TABLE IV
Bond distances (A) and angles (°) for nicergoline form |
A molecule B molecule

Atoms Distances Atoms Distances
Br29-C27 1.815(11) Br129-C127 1.865(10)
029-C19 1.441(13) 0120-C119 1.443(14)
020-C21 1.316(14) 0120-C121 1.323(15)
022-C21 1.209(14) 0122-C121 1.209(14)
030-C10 1.445(9) 0130-C110 1.444(9)

030-C31 1.431(11) 0130-C131 1.461(15)
N1-C2 1.402(14) N101-C102 1.403(14)
N1-C15 1.354(14) N101-C115 1.333(13)
N1-C17 1.457(15) N101-C117 1.446(15)
N6-C5 1.465(13) N106-C105 1.467(13)
N6-C7 1.466(14) N106-C107 1.468(12)
N6-C18 1.529(12) N106-C118 1.535(13)
N25-C24 1.345(16) N125-C124 1.343(16)
N25-C26 1.350(19) N125-C126 1.343(17)
Cc2-C3 1.372(17) C102-C103 1.380(15)
C3-C4 1.493(15) C103-C104 1.501(14)
C3-C16 1.391(14) C103-C116 1.392(12)
C4-C5 1.557(16) C104-C105 1.552(13)
C5-C10 1.561(12) C105-C110 1.562(12)
C7-C8 1.532(13) C107-C108 1.544(12)
C8-C9 1.509(16) C108-C109 1.514(15)
C8-C19 1.457(16) C108-C119 1.464(14)
C9-C10 1.483(16) C109-C110 1.471(11)
C10-C11 1.526(13) C110-C111 1.520(12)
C11-C12 1.402(14) C111-C112 1.407(13)
C11-C16 1.420(15) C111-C116 1.417(13)
C12-C13 1.410(16) C112-C113 1.413(16)
C13-C14 1.382(18) C113-C114 1.377(15)
C14-C15 1.440(14) C114-C115 1.462(13)
C15-C16 1.399(14) C115-C116 1.404(15)
C21-C23 1.508(14) C121-C123 1.510(15)
C23-C24 1.399(15) C123-C124 1.403(16)
C23-C28 1.372(17) C123-C128 1.376(19)
C26-C27 1.372(17) C126-C127 1.379(14)
C27-C28 1.368(16) C127-C128 1.363(15)
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TaBLE IV
(Continued
A molecule B molecule

Atoms Angles Atoms Angles
C21-020-C19 116.0(11) C1210120-C119 118.9(12)
C31-030-C10 119.8(11) C1310130-C110 118.2(11)
C15-N1-C2 108.5(12) C115N101-C102 108.0(12)
C17-N1-C2 124.8(14) C117N101-C102 125.2(14)
C17-N1-C15 126.7(13) C11MN101-C115 126.7(14)
C7-N6-C5 112.4(11) C107N106-C105 111.0(11)
C18-N6-C5 110.2(11) C118N106-C105 109.9(11)
C18-N6-C7 108.3(11) C118N106-C107 110.7(11)
C26-N25-C24 117.6(14) C126N125-C124 115.8(14)
C3-C2-N1 109.7(14) C103C102-N101 108.8(13)
C4-C3-C2 133.7(14) C104C103-C102 134.4(14)
C16-C3-C2 104.9(12) C116C103-C102 106.4(12)
C16-C3-C4 120.4(12) C116C103-C104 119.1(12)
C5-C4-C3 109.5(12) C105C104-C103 108.8(11)
C4-C5-N6 111.2(11) C104C105-N106 111.0(11)
C10-C5-N6 108.3(11) C116C105-N106 108.6(11)
C10-C5-C4 112.4(10) C116C105-C104 113.8(10)
C8-C7-N6 110.5(10) C108C107N106 108.9(10)
C9-C8-C7 109.0(12) C109C108-C107 106.3(12)
C19-C8-C7 109.4(11) C119C108-C107 110.5(11)
C19-C8-C9 110.7(12) C119C108-C109 113.1(12)
C10-C9-C8 115.1(12) C116C109-C108 116.7(11)
C5-C10-030 105.5(10) C105C110-0130 103.0(10)
C9-C10-030 113.9(11) C109C110-0130 114.2(10)
C9-C10-C5 107.6(10) C109C110-C105 107.8(10)
C11-C10-030 109.7(9) C1141C110-0130 111.8(9)

C11-C10-C5 108.9(11) C111C110-C105 107.3(11)
C11-C10-C9 111.0(11) C11i1C110-C109 112.1(10)
C12-C11-C10 128.2(12) C112C111-C110 126.9(12)
C16-C11-C10 115.9(12) C1168C111-C110 115.6(12)
C16-C11-C12 115.9(12) C1168C111-C112 117.4(12)
C13-C12-C11 120.6(14) C113C111-C111 120.6(14)
C14-C13-C12 124.8(14) C114C113-C112 121.8(14)
C15-C14-C13 114.5(13) C115C114-C113 119.7(13)
C14-C15-N1 132.4(13) C114C115-N101 134.3(13)
C16-C15-N1 106.3(13) C116C115-N101 108.8(13)
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TABLE IV
(Continued)
A molecule B molecule

Atoms Angles Atoms Angles

C16-C15-C14 121.3(14) C116-C115-C114 116.7(13)
C11-C16-C3 126.6(12) C111-C116-C103 128.1(12)
C15-C16-C3 110.6(13) C115-C116-C103 108.0(13)
C15-C16-C11 122.7(13) C115-C116-C111 123.8(13)
C8-C19-020 112.1(11) C108-C119-0120 113.8(12)
022-C21-020 126.2(13) 0122-C121-0120 125.4(13)
C23-C21-020 113.5(11) C123-C121-0120 114.1(12)
C23-C21-022 120.3(12) C123-C121-0122 120.3(12)
C24-C23-C21 123.0(11) C124-C123-C121 119.2(12)
C28-C23-C21 118.2(12) C128-C123-C121 120.7(12)
C28-C23-C24 118.5(13) C128-C123-C124 120.1(13)
C23-C24-N25 120.5(13) C123-C124-N125 122.3(14)
C27-C26-N25 125.8(14) C127-C126-N125 124.7(13)
C26-C27-Br29 119.1(11) C126-C127-Br129 121.6(10)
C28-C27-Br29 125.7(10) C128-C127-Br129 119.1(10)
C28-C27-C26 114.7(12) C128-C127-C126 119.2(11)
C27-C28-C23 122.7(12) C127-C128-C123 117.7(13)

Fie. 1

N25

cae4

Two symmetrically-independent nicergoline | molecules A and B (on the opposite page)
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The intermolecular contacts are caused by van der Waals forces only. The closest
distance of 3.45(1) A was found between C109 and N125 of the neighbouring molecule
at x, y + 1, z. The following absolute configurations of chiral centres are C5(R),
C105(R), C8(R), C108(R), C10(S) and C110(S). They are the same as those found for
form I1. This paper corrects the work reported by Foresti et al.'®, where the absolute
configurations of nicergoline and related ergoline compounds are incorrect.

Further comparison of both nicergoline forms shows that bromonicotinic acid substi-
tuent possesses three different conformation due to rotation around the C19-020 bond
(Table V). The corresponding torsion angles in molecules A and B of form | differ by
59 and 120° from that found in form Il. It seems likely that solvatation of nicergoline

TABLEV
Comparison of selected torsion angles (°) for nicergoline forms | and 11

Fragment Form I Form | (A) Form | (B)?
C5-N6-C7-C8 -64.0(5) -61(1) -66(1)
N6-C7-C8-C19 -176.8(4) 174(2) 180(2)
C7-C8-C19-020 62.7(5) 64(1) 64(2)
C8-C19-020-C21 132.0(5) -169(1) -108(1)
C19-020-C21-C23 ~170.8(4) -177(2) -178(1)
020-C21-C23-C24 -9.9(7) 2(2) -13(2)
C19-020-C21-022 6.6(8) 5(2) -3(2)

8 The atoms of the B molecule have the same index + 100.
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molecule at N6 and O22 is in favour of opposite arrangement of these atoms in polar
protic solvents thus contributing to the preference of the crystallization of form I.
Changes in the total molecule energy (in vacuo) versus value of torsion angle C8-C19-
020-C21 were studied with the molecular mechanic calculation (MM+ method) and
with the semi-empirical quantum mechanic method INDO (as implemented in program
HYPERCHEM, ref.1%). However, these calculations were not able to predict the opti-
mal value of the torsion angle C8-C19-020-C21. During rotation around the C19-

Fic. 2
The shape difference of A (dotted) and B nicergoline | molecules
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Fic. 3

X-Ray powder diagrams: a calculated patterns for nicergoline phase |; b calculated patterns for
nicergoline phase Il; ¢ observed patterns for nicergoline phase mixture /11 = 50/50; d calculated pat-
terns for nicergoline phase mixture 1/11=50/50
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X-Ray Structure of Nicergoline 1635

020 bond, the energetic barrier arose at torsion angle C8—-C19-020-C21 = —40° as corre-
sponds to the contact of 022 with hydrogen H-C7.

Quantitative Analysis of Nicergoline Phase Mixture: Form I/Form 11

The results of quantitative phase analysis obtained by both Rietveld and linear re-
gression methods are compared in Table VI. No significant difference has been found,
results obtained are in good agreement. Thus the linear regression method seems to be
quite sufficient for the routine phase analysis of mixtures of nicergoline polymorphic
forms. Further, the smallest detectable amount about 3% of form Il in binary mixture
form 1/form 1l was estimated as follows from Fig. 4.

TaBLE VI
Comparison of quantitative phase analysis results (in wt.%)

Mixture No. Known content Fou_nd from Difference Found f_rom Difference
of form Il Rietveld regression
1 10 13 3 10 0
2 20 24 4 17 3
3 50 53 3 53 3
4 70 72 2 69 1
P E
MQUJLMJWMW M
- A um*’w\w/\mﬂwv
Y vl AV m e
;;_Jl b M VM At
g 110) 202)“ A (322)]
2 S S M NUW WMty
5.0 110 170 230 26,° 350
Fic. 4

Diffractograms of the nicergoline model phase mixtures I/I1 with Miller indices of selected reflec-
tions of phase Il used for quantitative analysis: a I/Il = 30/70; b I/1l = 50/50; c I/1l = 80/20; d I/l
= 90/10; e /1l = 95/5
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