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The structure of steroidal alkaloid veracintine, monoclinic symmetry, space
group P2,,a = 1.3650 nm, b = 1.3332 nm, ¢ = 1.5298 nm, B = 97.38°, has
been solved by direct methods and refined by the least-squares to an
R =0.077 using 1841 independent observed reflections. Two molecules occur
in the symmetrically independent part of the unit cell which differ in confor-
mation of the pyrrolidine ring. The absolute configuration is (S) at the asym-
metric carbon atom C(20) and (R) at C(25).

CTpyKTypa CTEPOMIHOIrO ajKajoOMia BEpPALMHTHHA (MOHOKIMHHAs KpHC-
TalsIM4ecKasl CHCTEMa, NMPOCTpPaHCTBeHHas rpymna P2,, a=1,3650 M, b=
1,3332 um, ¢ =1,5298 uM, B =97,38°) 6bL1a onpenesieHa NPAMbIMH METOIAMH
M, 3aTeM, YTOYHEHa METOAOM HaMMEHbUIHX KBajpaToB mpH R =0,077 Ha
ocHoBe 1841 He3aBHCHMbIX HaGIOaeMbIX pecekchit. B cHMMeTpHuecKH
HE3aBHCHUMOM YacTH HaXONATCA OBE MOJIEKYJbI, OTIMYaloImuecs KOoHGpopMa-
LHel MHPPOJIMINHOBOTO KOJbLA. AGCOMIOTHAsA KOH(MHIypalus aCHMMETpHYEC-
koro atoma yraepona C(20)—(S), a C(25)—(R).

Alkaloid veracintine, 20-(2-methyl-1-pyrrolin-5-yl)pregn-5-ene-3--ol) (I),
was isolated from the aboveground part of Veratrum album subsp. Lobelianum
[1]. Its structure was proposed on the basis of infrared, mass, and '"H-n.m.r. spectra
[1] and later confirmed by the '*C-n.m.r. spectrometry. Since we Suggested as
necessary to verify our proposal, we performed X-ray structure analysis of
dihydroveracintine (veracintine itself is not stable in X-ray radiation).

Two stereoisomers were obtained by sodium borohydride reduction of the
azomethine double bond of veracintine (Va and Vb, Ref. [2]) differing in
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HO

configuration at C(25); Vb (m.p. 165—168 °C, [a]#'= —40° (c 0.9, EtOH)) was
found to be suitable for X-ray structure analysis. The absolute configuration at
chiral centres and a detailed molecular stereochemistry have been found.

Experimental

The rod-like crystal used in the structure analysis had dimensions 0.5 X 0.1 X 0.075 mm.
The quality of the arbitrarily oriented crystal was controlled with help of Weissenberg
photographs oscillated in a 30° range. The lattice parameters were determined on a Syntex
P2, diffractometer of the setting angles of 15 centred reflections. The monoclinic unit cell of
the following crystallographic parameters was selected with help of an automatic self-index-
ing program

a =1.3650(15) nm V =2.3467(30) nm®

b =1.3332(4) nm C,H,,NO

¢ =1.5298(34) nm M,=371.61

D,=1.09 gcm™ u(CuKa)=0.49 mm-!
B =97.38(7) Z=4

Systematic absences among (0k0) reflections for k=2n+1 and a requirement of the
noncentrosymmetry corresponding to chiral molecules gave the unique space group P2,.

Integral intensities were measured on a four-circle diffractometer using a graphite
monochromator and CuKa radiation. The intensities were collected by a ®—26 scan
technique in a 2@ interval (0°, 114°). The scan speed was changing in the interval
4.88—29.3 (° 20) min~! for the scan range starting at 1 (° 20) below the calculated peak
centre of Ka, and ending at 1 (°2@) above the calculated peak centre of Ka,. The
background was recorded for half the scan period, at the end of each scan. The intensities of
two standard reflections did not change significantly during the experiment. Of the 3371
independent reflections measured, 1841 reflections were regarded as observed if I>1.96
a(I). The intensities of all reflections were corrected for Lorentz and polarization factors.
No absorption and extinction corrections were made.

146 Chem. zvesti 37 (2) 145—157 (1983)



VERATRUM ALKALOIDS. XXXI

Structure solution

Two molecules of dihydroveracintine, i.e. 56 equally heavy atoms, occur in the symmetri-
cally independent part of the unit cell. The structure solution was relatively difficult. Neither
application of the MULTAN 78 [3] program nor symbolic addition procedure using
calculated cos @ and cos (@, + @,) of structure semiinvariants [4] gave direct structure
solution. Detailed analysis of the E-map evaluated with help of MULTAN 78 enabled us to
localize, in a cluster of maxima, two linked six-membered rings which were overlapped by an
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VERATRUM ALKALOIDS. XXXI

Table 2 (Continued)

Atom By, B2z B33 B2 By B2

€(109) 74( 8) 103(12) 7707 8(17) 43(12) - 1016)
c(110) 75¢ 1) 78(10) 46( 5) 11(15) 28(10) - 8(13)
c(111) 77( 8) 98(12) 737 8(17) 44(12) 58(16)
c(112) 94( 9) 95(13) 75C 1) 23(18) 54(13) 89(16)
c(113) 82( 8) 91(11) 38( 5) - 5(16) 14(11) 33(13)
c(114) 58( 7) 108(12) 45( 6) - 7015) 13(10) 35(14)
c(115) 103(10) 141(16) 91( 9) 38(23) 40(15) 42(21)
c(116) 102( 9) 129(14) 52( 6) 5(19) 21(13) 69(16)
c(117) 85( 8) 96(12) 7T 7) 26(17) 78(12) 52(15)
c(118) 104(10) 139(15) 59( 7) - 42(20) 56(14) - 64017)
c(119) 113(10) 97(12) 55( 6) - 25(18) 52(13) - 6(15)
¢(120) 82( 9) 146(15) 80( 8) 3(19) 82(14) 37(18)
c(121) 130(12) 161(17) 92( 9) - 1(24) 81(17) 81(22)
c(122) 94( 9) 118(14) 69( 7) - 51(19) 43(13) 21(18)
c(123) 96(10) 154(17) 100( 9) - 52(21) 99(16) - 36(21)
c(124) 11(11) 141(17) 138(11) - 75(22) 94(19) 70(24)
c(125) 100(11) 289(26) 119(11) 8(31) 121(19) 90(31)
c(126) 128(13) 206(23) 208(16) - 50(31) 135(24) - 210(36)
N(101) 122( 9) 181('5) 116( 8) - 118(21) 124(14) - 122(21)
o(101) 107C 7) 148(11) 103( 6) - 7014) 110(11) - 52(14)

inversion image of one of them. A fragment consisting of 11 atoms allowed us to evaluate
quasinormalized structure factors and advantage of this partial phase information was taken
in a multisolution procedure. The structure solution was not found in phase sets with high
values of combined FIGURE OF MERIT but in a set with a relatively low PSI ZERO
criterion. The E-map corresponding to this set gave two fragments including 31 atoms from
which 29 were later confirmed as correct. The structure solution was completed with
repeated weighted Fourier syntheses of electron density.

The positional and isotropic temperature parameters of 56 atoms were refined to an
R =15.4 %. A part of the hydrogen atoms were found in the difference Fourier synthesis
and the remaining hydrogen atoms were located by calculation of ideal positions assuming
sp* hybridization and a C—H bond length of 109 pm. The final refinement was performed
by block-diagonal least-square method. The positional parameters of all atoms as well as the
isotropic temperature parameters of hydrogen atoms and anisotropic temperature parame-
ters of remaining atoms were refined. The function minimized was M = = w(|F,| — |F.])?;
a weighting scheme w~! = 0*(F,) + (C|F,|)* was introduced, where o(F,) is taken from
counting statistics and C=0.04. The C value was adjusted to make the = w(|F,| — |F.|)?
summation uniform for different intervals of |F,|. The final R value, where R
= X |AF|/Z |F,|, was 0.077 and the value of weighted R, factor, where R, = [Z w|AF[Y/
/Z w|F,|?]*2, was 0.086 for the observed reflections. Atomic scattering curves were taken for
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neutral atoms [5]. The maximum residual electron density in the final difference Fourier
map was 270 e nm~>. The positions of hydrogen atoms attached to O and N atoms could not
be located. The absolute molecular configuration was determined from the known absolute
configurations at the C(10) and C(13) atoms [6].

The refined positional parameters of the heavy atoms are given in Table 1, the
corresponding coefficients of anisotropic thermal parameters are in Table 2. The observed
and calculated structure factors are available from the authors.

All calculations were carried out on a Siemens 4004/150 computer at the Institute of
Computing Technique of the Komensky University in Bratislava using NRC and MUL-
TAN 78 program systems [3, 7].

Discussion

Two symmetrically independent molecules of dihydroveracintine form dimers in
the crystal through two intermolecular hydrogen bonds O(1) ... N(101) and
O(101) ... N(1). The O ... N distances are 299(2) and 285(2) pm, respectively.
Dimers are bonded to each other through the van der Waals interactions. Both
molecules, II and III, and atomic numbering are shown in Figs. 1 and 2. The

c21)
Ba_ du cun ci)

Fig. 1. Perspective projection of dihydroveracintine (molecule II') and the atomic numbering scheme.

Cl121)
Q

cln cm2)

cl102) C01)c("9)

C(126)

Fig. 2. Perspective projection of dihydroveracintine (molecule IIT) and the atomic numbering scheme.
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Fig. 3. Perspective projection of the dihydroveracintine dimer showing the hydrogen-bonding system.
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numbering for molecule III is a standard one except by adding a number 100.
Perspective drawing of the dimer can be seen in Fig. 3.

Bond distances and angles in Table 3 are consistent with the data for
5-pregnene skeleton [6], although the accuracy of the parameters is relatively low
due to a small number of the measured intensities per one refined parameter.

The stereochemistry of the 5-pregnene skeleton is a standard one with a C/B
and C/D trans-fusion. The O(1) and C(20) substituents are equatorial. The
absolute configuration at C(20) is (S) as it was predicted [2], while the absolute
configuration at C(25) is (R). Both A and C rings have a chair conformation. The
B ring shows some conformational flexibility in the 5-ene steroids [6]. Conforma-
tion of the B ring in dihydroveracintine may be described in the most proper way as
the 883, 9a half-chair deformed towards the 9a sofa, with the asymmetry
parameters [6] AC,(6) and AC,(5-6) equal to 15.40° and 6.15° for molecule II and
14.50° and 8.92° for molecule III. Conformation of both D rings may be described
as an intermediate conformation between 13, 14a half-chair and 138 envelope.
Since this geometric description has no essential physical meaning with respect to
pseudorotation, the pseudorotation A and @m.. parameters were calculated using
a procedure of Altona et al. [8] (relation 3). These parameters were calculated for
all five combinations of torsion angles and the phase shifts were evaluated for @,
[C(17)—C(13)—C(14)—C(15)] and the inconsistency between separate calcula-
tions was characterized by standard deviation o,-,. Both D rings possess nearly
identical conformations with @m.. equal to 49.2(4)° and 47.4(5)° and A equal to
21.4(8)° and 21.6(1.2)".

Table 3 '

Bond distances, bond angles, and torsion angles with standard deviation in parentheses

Bond distances/pa

c( 1)-c( 2) 154(2) c( 9)-c(10) 160(2) c( 20)-c( 21) 150(2)
c( 1)-c(10) 155(2) c( 9)-c(11) 155(2) c( 20)-c( 22) 154(2)
c( 2)-c( 3) 148(2) c(10)-c(19) 153(2) c( 22)-c( g3) 153(2)
c( 3)=c( 4) 148(2) c(11)=c(12) 159(2) c( 22)-N( 1) 156(2)
c( 3)-0( 1) 146(2) c(12)-c(13) 157(2) c( 23)-Cc( 24) 154(2)
c( 4)=c( 5) 152(2) C(13)-C(14) 154(2) c( 24)-C( 25) 150(2)
c( 5)-C( 6) 128(2) c(13)-C(17) 155(2) c( 25)-Cc( 26) 152(2)
c( 5)-c(10) 151(2) c(13)-c(18) 153(2) c( 25)-N( 1) 145(2)
c(e6)-c( T 156(2) c(14)-c(15) 158(2) c(101)-C(102) 159(2)
c( M=¢( 8) 148(2) €(15)-C(16) 160(2) c(101)-c(110) 154(2)
c( 8)-c( 9) 157(2) c(16)-c(17) 157(2) €(102)-C(103) 154(2)
c( 8)-C(14) 150(2) c(17)=c(20) 155(2) c(103)-c(104) 151(2)

152 Chem. zvesti 37 (2) 145—157 (1983)
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Table 3 (Continued)

Bond distances/pa

c(103)-0(101) 146(2) C(110)-C(119) 160(2) c(117)-c(120) 160(2)
C(104)-c(105) 152(2) c(111)-c(112) 160(2) c(120)-c(121) 157(2)
€(105)-C(106) 134(2) c(112)-c(113) 155(2) €(120)-C(122) 157(2)
c(105)-C(110) 148(2) c(113)-c(114) 156(2) c(122)-c(123) 156(2)
c(106)-c(107) 149(2) c(113)=c(117) 157(2) c(122)-N(101) 150(2)
c(107)-c(108) 155(2) c(113)-c(118) 150(2) c(123)-c(124) 153(2)
c(108)-C(109) 152(2) C(114)-C(115) 155(2) c(124)-c(125) 166(3)
c(108)-C(114) 155(2) c(115)-C(116) 157(2) c(125)-Cc(126) 148(3)
C(109)~Cc(110) 160(2) c(116)-C(117) 155(2) c(125)-N(101) 149(2)
Cc(109)=Cc(111) 152(2)
Bond anglCl/o

c( 2)=c( 1)=c(10) 116.3(1.2) c(102)-c(101)-C(110) 112.4(1.0)
c( 1)-c( 2)-c( 3) 110.1(1.3) €(101)=C(102)-C(103) 107.0(1.0)
c( 2)-c( 3)-c( 4) 110.3(1.2) €(102)-C(103)-C(104) 111.6(1.1)
c( 2)=c( 3)-0( 1) 111.8(1.1) C(102)=C(103)-0(101) 105.5(1.1)
c( 4)=c( 3)-0( 1) 108.8(1.1) C(104)-C(103)-0(101) 112.8(1.1)
c( 3)-c( 4)-c( 5) 110.7(1.1) €(103)-C(104)-C(105) 110.8(1.0)
c( 4)=Cc( 5)-Cc( 6) 121.5(1.2) C(104)-C(105)-C(106) 118.7(1.1)
c( 4)-c( 5)-c(10) 115.2(1.0) C(104)-C(105)-C(110) 118.3(1.0)
c( 6)=-Cc( 5)=c(10) 123.3(1.2) €(106)-C(105)-C(110) 123.0(1.1)
c( 5)=Cc( 6)-Cc( 7) 124.7(1.3) C(105)-Cc(106)-C(107) 125.3(1.2)
c( 6)=C( 7)-c( 8) 113.9(1.1) €(106)-C(107)-C(108) 113.1(1.0)
c( 7)-c( 8)-C( 9) 110.2(1.0) C(107)-C(108)-C(109) 110.8(1.0)
c( 7)-C( 8)=C(14) 112.1(1.0) €(107)=C(108)-C(114) 108.8(1.0)
c( 9)-c( 8)-C(14) 105.2(1.0) €(109)-C(108)-C(114) 110.0(1.0)
c( 8)-c( 9)-c(10) 110.1(1.0) €(108)-C(109)-C(110) 110.6(1.0)
c( 8)-c( 9)=c(11) 112.0(1.0) c(108)-Cc(109)-C(111) 112.6(1.0)
c(10)-Cc( 9)-C(11) 110.9(1.0) C(110)-C(109)=C(111) 113.1(1.0)
c( 1)=c(10)-c( 5) 109.0(1.1) C(101)-C(110)=-C(105) 111.8(1.0)
c( 1)-c(10)-Cc( 9) 106.3(1.0) €(101)=-C(110)-C(109) 107.1(0.9)
2( 1)-c(10)-Cc(19) 106.7(1.1) €(101)-C(110)=-C(119) 108.6(1.0)
c( 5)=c(10)-C( 9) 110.6(1.0) €(105)=C(110)-C(109) 110.7(1.0)
c( 5)=c(10)-C(19) 110.1(1.1) c(105)-c(110)-Cc(119) 108.4(1.0)
c( 9)=Cc(10)-c(19) 113.8(1.0) €(109)-c(110)-C(119) 110.3(0.9)
c( 9)=C(11)-c(12) 111.2(1.1) c(109)~Cc(111)=C(112) 111.6(1.0)
C(11)=c(12)-C(13) 110.6(1.0) C(111)=C(112)-C(113) 109.0(1.0)
C(12)-C(13)-C(14) 105.6(1.0) C(112)-C(113)-C(114) 108.3(0.9)
€(12)-c(13)-C(17) 114.4(1.0) c(112)=C(113)-Cc(117) 115.6(1,0)
c(12)-c(13)-c(18) 111.4(1.0) C(112)-C(113)=-C(118) 111.0(1.0)
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Bond angles/°
c(14)-c(13)=c(17) 102.3(1.0) Cc(114)-C(113)-C(117) 97.2(0.9)
C(14)-C(13)-C(18) 113.6(1.0) c(114)-C(113)-G(118) 113.0(1.0)
c(17)-c(13)=c(18) 109.4(1.0) c(117)-C(113)-C(118) 111.1(1.0)
c( 8)-Cc(14)-C(13) 118.5(1.0) c(108)-C(114)-C(113) 113.9(0.9)
c( 8)-C(14)-C(15) 116.3(1.1) €(108)-C(114)-C(115) 121.0(1.0)
c(13)-c(14)-C(15) 102.3(1.0) €(113)-C(114)-C(115) 105.9(1.0)
c(14)-Cc(15)=C(16) 103.0(1.1) C(114)-C(115)-C(116) 103.1(1.1)
c(15)-c(16)-c(17) 106.6(1.1) c(115)-Cc(116)=-C(117) 105.6(1.0)
c(13)-c(17)-Cc(16) 101.9(0.9) c(113)-C(117)-C(116) 105.8(1.0)
€(13)=c(17)-C(20) 120.1(1.0) c(113)-c(117)-Cc(120) 116.2(1.0)
C(16)-C(17)-C(20) 112.4(1.0) c(116)-C(117)=Cc(120) 110.9(1.0)
c(17)-C(20)-C(21) 112.5(1.0) c(117)=C(120)-Cc(121) 109.7(1.1)
c(17)=C(20)-c(22) 110.0(1.0) C(117)=C(120)-C(122) 106.7(1.0)
c(21)-C(20)-C(22) 113.6(1.1) c(121)-C(120)-C(122) 111.8(1.1)
c(20)-c(22)-c(23) 115.1(1.1) c(120)-c(122)-c(123) 111.6(1.1)
c(20)~c(22)-N( 1) 111.8(1.0) €(120)-C(122)-N(101) 113.6(1.1)
c(23)-c(22)-K( 1) 104.9(1.0) C(123)-C(122)-N(101) 106.1(1.1)
c(22)-c(23)-C(24) 105.2(1.1) C(122)-C(123)-C(124) 101.3(1.2)
C(23)-C(24)-C(25) 101.3(1.2) c(123)-C(124)-C(125) 108.8(1.3)
C(24)-C(25)-C(26) 114.5(1.3) c(124)~C(125)-C(126) 107.9(1.4)
C(24)=C(25)-N( 1) 109.1(1.2) C(124)-C(125)-N(101) 101.2(1.2)
c(26)-C(25)-N( 1) 109.2(1.2) €(126)-C(125)-N(101) 114.1(1.5)
C(22)-N( 1)-c(25) 105.8(1.0) c(122)-N(101)-C(125) 109.7(1.2)
Torsion angles/°
c(10)-c( 1)-c( 2)-c( 3) - 51(2) C(110)-C(101)-C(102)-C(103) - 57(2)
c( 2)=c( 1)-c(10)=C( 5) 43(2) €(102)-Cc(101)=C(110)=C(105) 49(2)
c( 2)=c( 1)-c(10)-C( 9) 162(1) €(102)-C(101)-C(110)-C(109) 170(1)
c( 2)-c( 1)-Cc(10)-C(19) - 75(2) €(102)-C(101)-C(110)-C(119) - T1(1)
c( 1)=c( 2)=C( 3)=C( 4) 58(2) €(101)-Cc(102)=-C(103)-C(104) 61(2)
c( 1)=c( 2)-c( 3)=0( 1) 179(1) €(101)=-C(102)-C(103)-0(101) - 176(1)
Cc( 2)=c( 3)-c( 4)-C( 5) - 62(2) C(102)-C(103)-C(104)~C(105) - 56(2)
0( 1)=Cc( 3)-C( 4)-C( 5) 175(1) 0(101)-C(103)-C(104)-C(105) = 175(1)
c( 3)-Cc( 4)-C( 5)-C( 6) - 126(2) €(103)-C(104)=C(105)-C(106) - 134(1)
c( 3)-c( 4)-c( 5)-c(10) 57(2) €(103)-C(104)-C(105)=C(110) 48(2)
c( 4)=C( 5)=Cc( 6)-C( 7) - 180(1) C(104)-C(105)-C(106)-C(107) = 177(1)
c(10)-c( 5)=c( 6)-C( 7) - 3(2) C(110)-C(105)=C(106)-C(107) 1(2)
C( 4)=C( 5)=Cc(10)~C( 1) - 46(2) C(104)-C(105)-C(110)-C(101) - 44(2)
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Teble 3 (Continued)

Torsion -nglol/o

c( 4)-c( 5)=c(10)-C( 9)
c( 4)-c( 5)=Cc(10)-C(19)
c( 6)-c( 5)-c(10)-C( 1)
c( 6)-c( 5)=c(10)-C( 9)
c( 6)=C( 5)=C(10)-C(19)
c( 5)-C( 6)-c( 7)=C( 8)
c( 6)-C( T)-Cc( 8)-C( 9)
c( 6)=Cc( 7)-C( 8)-C(14)
€(23)-c(22)-N( 1)-C(25)
€(22)-C(23)-C(24)-C(25)
€(23)-C(24)-C(25)-C(26)
c(23)-C(24)-C(25)-N( 1)
C(24)-c(25)-KR( 1)-C(22)
c(26)-c(25)=-N( 1)-C(22)
c(18)=c(13)-c(14)-C( 8)
c(18)-c(13)-C(14)-C(15)
c(12)-c(13)-c(17)-C(16)
c(12)-c(13)-C(17)-C(20)
c(14)-c(13)-c(17)=C(16)
C(14)-C(13)-C(17)-C(20)
c(18)=c(13)-c(17)-c(16)
c(18)-c(13)-Cc(17)-C(20)
C(13)-C(14)=C(15)-C(16)
Cc( 8)-c(14)-c(15)-C(16)
c(14)-c(15)-Cc(16)-C(17)
c(15)-c(16)-Cc(17)-Cc(13)
C(15)=C(16)=C(17)-C(20)
c(13)=c(17)=Cc(20)-C(21)
€(13)-C(17)=C(20)-C(22)
c(16)=C(17)-Cc(20)-C(21)
C(16)=C(17)=C(20)-C(22)
C(17)=C(20)~C(22)-C(23)
€(17)-C(20)-C(22)-N( 1)
Cc(21)=Cc(20)-C(22)=C(23)
c(21)-c(20)-c(22)-N( 1)
C(20)-C(22)-C(23)-C(24)
N( 1)-C(22)-C(23)-C(24)
C(20)-c(22)-N( 1)-C(25)
c( 7)-Cc( 8)-C( 9)-C(10)

163(2)
T1(2)
137(2)
20(2)
106(2)
14(2)
42(2)
158(1)
2(2)
34(2)
160(1)
37(2)
24(2)
150(1)
61(2)
69(1)
158(1)
717(2)
44(1)
169(1)
76(1)
49(2)
33(1)
164(1)
6(1)
23(1)
153(1)
62(2)
171(1)
179(1)
51(2)
170(1)
T71(1)
63(2)
56(1)
144(1)
21(2)
124(1)
59(1)

C(104)-C(105)-C(110)-C(109)
C(104)=C(105)-C(110)-C(119)
€(106)-C(105)-C(110)-C(101)
€(106)=C(105)=C(110)-C(109)
€(106)-C(105)-C(110)~C(119)
€(105)-C(106)-C(107)-C(108)
C(106)-C(107)-C(108)-C(109)
C(106)-C(107)-C(108)-C(114)
c(123)-c(122)-N(101)=C(125)
c(122)-C(123)-C(124)=C(125)
C(123)-C(124)-C(125)-C(126)
C(123)-C(124)-C(125)=N(101)
C(124)-C(125)=N(101)=C(122)
€(126)-C(125)-N(101)-C(122)
€(118)-C(113)-C(114)-C(108)
C(118)-C(113)-C(114)-C(115)
C(112)-C(113)=-C(117)-C(116)
C(112)=C(113)-C(117)-C(120)
C(114)-C(113)-C(117)-C(116)
Cc(114)=Cc(113)-C(117)-C(120)
Cc(118)=C{113)=-C(117)-C(116)
C(118)-C(113)-C(117)-C(120)
C(113)=C(114)=C(115)-C(116)
C(108)-C(114)=C(115)=C(116)
c(114)-C(115)-C(116)-C(117)
C(115)-C(116)=C(117)-C(113)
C(115)-C(116)-C(117)=C(120)
C(113)-C(117)-C(120)=C(121)
€(113)=Cc(117)-C(120)-C(122)
C(116)=C(117)-C(120)=C(121)
€(116)-C(117)=C(120)=C(122)
C(117)=C(120)-C(122)-C(123)
C(117)-C(120)-C(122)=N(101)
C(121)-C(120)=C(122)-C(123)
c(121)=c(120)-c(122)-N(101)
€(120)-C(122)-C(123)-C(124)
N(101)=C(122)=C(123)-C(124)
€(120)=C(122)=N(101)=C(125)
C(107)-C(108)-C(109)-C(110)

163(1)
75(1)
138(1)
18(2)
103(1)
9(2)
39(2)
160(1)
35(2)
24(2)
124(2)
4(2)
19(2)
97(2)
65(1)
70(1)
156(1)
80(1)
42(1)
166(1)
76(1)
47(2)
33(1)
165(1)
6(1)
24(1)
150(1)
65(2)
174(1)
174(1)

53(1)

173(1)
68(2)
68(2)
52(2)

159(1)
35(2)

158(1)
59(2)
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Table 3 (Continued)

Torsion lnslu/’

c( 7)-c( 8)=C( 9)-C(11) - 177(1) €(107)-C(108)=C(109)=C(111) - 173(1)
c(14)-c( 8)-C( 9)-C(10) - 180(1) C(114)-C(108)-C(109)-C(110) 179(1)
c(14)-c( 8)=c( 9)-C(11) - 56(2) C(114)-C(108)-C(109)-C(111) - 53(2)
c( 7)-c( 8)-c(14)~C(13) - 178(1) €(107)-C(108)-C(114)-C(113) 17701)
c( 1)-C( 8)-C(14)-C(15) - 56(2) C(107)-C(108)-C(114)-C(115) - 55(2)
c( 9)-C( 8)-C(14)-C(13) 62(2) €(109)-C(108)-C(114)-C(113) 55(2)
c( 9)-C( 8)-C(14)-C(15) - 176(1) €(109)-C(108)-C(114)-C(115) - 177(1)
C( 8)~C( 9)=c(10)-C( 1) - 166(1) €(108)=C(109)-C(110)-C(101) - 170(1)
c( B8)=c( 9)-C(10)-C( 5) - 48(2) €(108)~C(109)-C(110)-C(105) - 48(2)
C( 8)=C( 9)=C(10)-C(19) 77(2) €(108)-C(109)-C(110)-C(119) 72(1)
c(11)-c( 9)=c(10)=C( 1) 70(1) c(111)-c(109)-c(110)-C(101) 63(1)
c(11)=c( 9)-c(10)-C( 5) - 172(1) C(111)-C(109)-C(110)=C(105) = 175(1)
c(11)=c( 9)=€(10)-C(19) - 47(2) C(111)=Cc(109)=C(110)=C(119) - 55(1)
c( 8)=C( 9)=c(11)-C(12) 57(2) €(108)=C(109)=C(111)=C(112) 56(2)
c(10)=c( 9)=c(11)-C(12) - 180(1) C(110)=C(109)=C(111)=C(112) - 178(1)
c( 9)-c(11)=C(12)-C(13) - 56(2) €(109)-C(111)~C(112)=-C(113) - 58(1)
c(11)-c(12)-C(13)-Cc(14) 54(1) c(111)=c(112)-Cc(113)-C(114) 57(1)
c(11)=-c(12)-c(13)-Cc(17) 165(1) C(111)=Cc(112)=-C(113)=C(117) 165(1)
c(1n)=c(12)-c(13)-c(18) - 7T0(1) C(111)=Cc(112)-C(113)-C(118) - 67(1)
C(12)-C(13)-C(14)-C( 8) - 62(2) €(112)-C(113)-C(114)-C(108) - 58(1)
Cc(12)-Cc(13)=C(14)~C(15) 169(1) C(112)=C(113)-C(114)-C(115) 166(1)
c(17)=c(13)-C(14)-C( 8) 178(1) C(117)-C(113)-C(114)-C(108) - 178(1)
c(17)-c(13)-C(14)-C(15) 49(2) C(117)=C(113)-C(114)-C(115) 46(1)

Conformations of the pyrrolidine rings are in both molecules different. In the
molecule II, the phase shift A is 42.5(1.3)°, but —97.5(2.0)° in the molecule ITI
(related to the angle C(22)—C(23)—C(24)—C(25)). The maximum torsion an-
gles, @rmax, are equal within standard deviation: 37.8(5)°and 36.9(8)°, respectively.
Conformation of the E ring in II is close to the C(24) envelope conformation with
an asymmetry parameter AC,(24) = 3.2°. The C(26) atom is in a pseudoequatorial
position with respect to the five-membered ring, while C(20) has no outstanding
ax-eq character. The E ring in III possesses an approximate C(22) envelope
conformation with the asymmetry parameter AC,(22)=3.6°. The C(20) atom is
a pseudoequatorial and the C(26) atom is a pseudoaxial substituent.

156 Chem. zvesti 37 (2) 145—157 (1983)



VERATRUM ALKALOIDS. XXXI

References

1. Tomko, J., Brazdov4, V., and Voticky, Z., Tetrahedron Lett. 1971, 3041.
2. Vassova, A., Voticky, Z., Tomko, J., and Ahond, A., Collect. Czech. Chem. Commun. 41, 2964
(1976).

3. Main, P., Program MULTAN 78. University of York, England, 1978.

. Hauptman, H. A., Crystal Structure Determination. The Role of the Cosine Semiinvariants, pp. 207
and 327. Plenum Press, New York, 1972.

. International Tables for X-ray Crystallography, Vol. IV. Kynoch Press, Birmingham, 1974.

Duax, W. L., Weeks, C. M., and Rohrer, D. C., Topics in Stereochemistry 9, 271 (1976).

Ahmed, F. R., Crystallographic Computing, pp. 55—57. Munksgaard, Copenhagen, 1970.

. Altona, C., Geise, H. J., and Romers, C., Tetrahedron 24, 13 (1968).

»H

® N AW

Translated by F. Hanic

Chem. zvesti 37 (2) 145—157 (1983) 157



