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The alkaloid (--)-pseudokopsinine C=IH2~N202, [a] D 30.4 ° (c 1.51; methanol) was isolated 
from the eplgeal part of Vinca erecta Rgl. et Schmalh., family Apocynaceae [i]. On the 
basis of chemical characteristics and IR, UV, PMR, and mass spectra, structural formula (I) 
and the 2B,3~,lga configuration corresponding to the cis linkage of rings E and G have been 
proposed for it [2]. Thus, pseudokopsinine has been assigned to the group of dlmeric indole 
alkaloids which also includes vindolinlne, C2zH2~N202 -- an alkaloid isolated from various 
species of plants of the family Catharanthus [3]. Although the mass spectrum [4] shows the 
same structure of pseudokopsinine and of 14,15-dihydrovlndolinine (II), the different proper- 
ties of these two compounds led to the conclusion [2] that they are stereoisomers. 

In order to determine the structure and absolute configuration of (--)-pseudokopsinine 
independently and objectively, we have undertaken an x-ray structural investigation of the 
monohydrate of its hydrobromide C2zH2~N202-HBr°H20 (the presence of a molecule of water of 
crystallization was established by us). The preliminary results of this investigation have 
been published previously [5, 6]. 
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EXPERIMENTAL METHOD AND INTERPRETATION OF STRUCTURE 

A Hilger--Watts automatic four-circle diffractometer was used with CuK a radiation 
(graphite monochromator). The parameters of the elementary cell were refined by the method 
of least squares from 14 reflections with @ > 30 °. 
teristlcs are as follows: 

C21H26N202.HBr.H20 

M = 437.4 

dmeas = 1.46 g/cm s 

dcalc = 1.46 g/cm 3 

Space group P2~2~21 

These and other crystallographic charac- 

a = 9.777(6) 

b = 16.056(8) 
@ 

c = 1 2 . 7 1 4 ( 6 )  A 
@ 

V = 1 9 9 6  A 

Z=4. 

The intensities of the reflections (~ scanning by the method of ordinate analysis [7]) 
were measured in the two independent octants hkl and hk~. After taking into account the 
Lorentz and polarization factors, averaging equivalents and rejecting weak reflections with 
IFI 2 ! 3a, we obtained a working group of 2765 reflections. 

A three-dimensional Patterson synthesis showed the position of the Br atom, and the co- 
ordinates of the other atoms were determined by successive approximations of the three- 
dimensional series of electron density in which the molecule of water of crystallization also 
appeared. The structure was refined in the block-diagonal anisotropic approximation to R = 
0.061. The position and thermal parameters obtained are given in Table i. 

In the calculations we used the atomic amplitudes given by Hanson et al. [8]. The cal- 
culations were performed by the Rentgen-70 program [9] and the anisotropic refinement and de- 
termination of the absolute configuration by the UMNKSA program [i0]. 

The absolute configuration was determined by the method of Chekhlov et al. [Ii] in the 
process of refining the structure taking into account the effect of the anomalous scattering 
of x rays, in this case the CuK a radiation by the Br atoms. In addition to other parameters, 
we refined the absolute correction Af", the initial value of which was taken as zero, and the 
final correction proved to be 1.27 ± 0.02, i.e., agreeing well with the theoretical value of 
1.283 [12]. The positive nature of the value found shows that the refined model corresponds 
to the true absolute configuration. 

Structure of (--)-Pseudokopsinine and Its Molecular Geometry. The absolute stereochem- 
istry of the cation of (--)-pseudokopsinine found in a crystal of the monohydrate of its 
hydrobromide is shown in Fig. i, which corresponds to structural formula (I'). It differs 
from structure (I) suggested previously by the fact that the methylene bridge C(19) connects 
the C(2) and C(20) and not the C(6) and C(20) atoms. This apparently insignificant change 
means in actual fact a radical rearrangement of the stereochemistry of the molecule, as can 
be seen well in models. Thus, in structure (I) there are four 6-membered and three 5-mem- 
bered rings, and in structure (I') three 6-membered and four 5-membered rings. 

s 5 

Fig. i. Absolute stereochemistry of 
the cation of (--)-pseudokopsinine and 
number of the atoms. 
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Fig. 2. Lengths of the bonds in the cation (A). 
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Fig. 3. Valence angles in the cation (deg). 

The conformations of the rings can be judged from Table 2, which gives the equations of 
the planar fragments of the rings and the deviations of the individual atoms from these 
planes. The benzene ring A is plane. The pyrroline ring B is a flattened envelope ~E: the 
tetrahedral C(2) atom departs from the plane of the other four atoms of the ring by 0.489 
(in the ideal C5 envelope by 0.75 A [13]). The cyclopentane ring C (atoms 2, 7, 21, 20, and 
19) is a highly distorted ~gT half-chair; the C(19) and C(20) atoms deviate in different 
directions by 0.778 and --0.278 ~, respectively (in the ideal C5 half-chair by ~0.39 A [13]). 
The cyclo~entane ring D (atoms 2, 16, IZ, 20, 19) is a 19E envelope; the C(19) atom deviates 
by 0.906 A, the ideal value being 0.75 A [13]. The cyclohexane ring E (atoms 2, 16, 17, 20, 
21, 7), being included in a norbornane system, has the ='2°B boat configuration which is 
slightly distorted because of condensation with other rings. Inactual fact, the deviations 
of the C(2) and C(20) atoms from the mean plane of the four other atoms of the ring (which, in 

o 

any case, are not completely coplanar) amount to 0.778 and 0.716 A, i.e., they are not the 
same (in the ideal C6 boat, 0.73 ~o[14]). The pyrrolidine ring F is a ~lattened 5E envelope 
(deviation of the C(5) atom 0.486 A instead of the ideal value of 0.75 A [13]). The piper- 
idine ring G, highly distorted by condensation with the norbornane fragment, is a twisted 
boat 2°S~4~ the deviation of the C(20) and C(14) atoms in opposite directions are--0.775 
and 0.706 A, respectively (in the ideal twisted C6 boat, 0.64 A [15]). 
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The linkages of the rings are as follows: B/C -- cis; B/E -- trans; C/F--eis/ C/G -- 
trans; E/F -- cis; E/G -- cls; F/G -- cis. The methoxycarbonyl group occupies the equatorial 
position in ring E at the C(16) atom. 

Rings B, F, and G each have two and C and E each three common sides with neighboring 
rings. Thus, the molecule possesses a rigid three-dimensional structure, and only for the 
peripheral ring G are two conformations possible -- chair or twisted boat -- of which it 
"selects" the second. It is interesting that in another dimerlc indole alkaloid, (--)-kops- 
anone [formula (III)], this ring has the chair conformation, as has also been established by 
x-ray structural investigations with a determination of the absolute configuration [16]. 

The (--)-pseudokopsinine molecule has seven asymmetric centers including the N(4) nitro- 
gen atom, the configuration of which is rigidly fixed by its inclusion in the condensed rings 
G and F [formula (I'), Fig. i]. In the Cahn--Ingold--Prelog nomenclature [17], the configura- 
tion found must be symbolized 2R,4(N)S,7S,16R,19R,20S,21S. 

Recently, the structure (but not the relative and, still less, the absolute stereochem- 
istry) of vlndolinine and some of its derivatives, including 14,15-dihydrovindolinlne, have 
been redetermlned by the ~SC NMR method [18]. This structure (II') also differs from the 
structure (II) proposed previously on the basis of mass spectra [14], Just as our structure of 
(--)-pseudokopsinine (I') differs from its old structure (I). Thus, in spite of the refuta- 
tion of the old formulas, (--)-pseudokopsinine and 14,15-dihydrovindoline have the same skele- 
ton, but their stereochemical interrelationship has not yet been elucidated, since the ab- 
solute configuration of 14,15-dihydrovindolinine is unknown. The solution of this question 
would be of interest, since the structure of a whole group of natural bases was assigned on 
the basis of the old erroneous structures (I) and (II) [19]. 

The bond lengths (Fig. 2) and valence angles (Fig. 3) in the cation and their standard 
deviation~ are given in Table 3. The mean length of the C-C bond in the benzene find is 
1.391(7) A, i.e., close to that found in crystalline benzene (1.398 X) ~20]. The lengths of 
the ordinarYoC-C bonds in the saturated rings vary from 1.531 to 1.589 A, but the mean value 
of 1.544(7) A is close to the standard value of 1.541(3) A [21]. The variations mentioned 
can be explained by some general strain of the condensed polycycllc system also appearing in 
the substantial deviations of the conformations of the rings from the ideal conformations 
that have been mentioned above. 

o 

The lengths of the bonds in the methoxycarbonyl group -- C(spS)--C(sp 2) 1.486(7) A, 
o 2 3 C(sp 2) = O 1.208(6) A, C(sp )-O 1.346(6) ~, and O-C(sp ) 1.460(7) ~-- are close to the usual 

lengths (1.516(5), 1.23(1), 1.36(1), and 1.43(i), respectively [21]). 
@ 

The lengths of the N(1)--C(2) and N(1)--C(13) bonds of 1.473(6) and 1.416(6) A, respective- 
ly, are cl~se to the standard values of ordinary N-C(sp s) and N-C(sp 2) bonds of 1.472(5) and 
1.426(12) A for pyramidal tertiary nitrogen [21]. On the other hand, the lengths of the N-C 
bonds of the other nitrogen atom, N~4), are considerably greater and are close to one another 
[1.516(6), 1.528<7), and 1.544 (6) A] and their mean value of 1.529(6) is close toothe usual 
length of an ~--C(sp s) bond of quaternary (ammonium) tetrahedral nitrogen of 1.549 A [22]. 
Consequently, although the hydrogen atom has not been localized objectively, this difference 
in the lengths of the C--N bonds shows that in the formation of the hydrobromlde, as was to 
be expected, the more basic N(4) atom is protonated, and not N(1), the baslcity of which is 
lowered because of the bond with a benzene atom. 

Below we give the nature of the variation of the valence angles: 

Ring Range of measurements Mean valence angle 
of valence angles, deg 

A(benzene) 117.3 (3)--122.0 (3) 119.8 (3) 
B(5-rnembered) 99.1 (2)--i11.2(2) 105.8(2) 
C(6-mernbered) 99..5 (2)- 114.,5 (2) 106,8 (2) 
D(6-membered) 108.6(2)--113.1 (2) 110.9(2) 
E(5-membered) 101.4 (2)--!08~4 (2) 105,8(_2) 
F(5-membered) 92,8 (2)--105.1 (2) 98.5 (2) 
G(6-rnembered) 92.3 (2)-- 106.2 (2) 100.2 (2) 

As the result of strains, the individual angles in the saturated rings differ substan- 
tially from the ideal tetrahedral value, but their average value in the whole ring is close 
to it. The deformations of some angles at the quaternary carbon atoms present in some rings 
are particularly great [at C(2), for example, 99.5 °, at C(7), 99.1 and 123.5@; at C(20) 
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Fig. 4. Projection of the structure on the yz plane. The 
hydrogen bonds are shown by broken lines. 

94.3 °] and so are they at "bridge" tertiary atoms [at C(16) 99.5°; at C(19) 92.3°; at C(20) 
94.3°]. The mean valence angle in the benzene ring A is practically ideal, and the sum of 
the angles at the trigonally hybridized (sp 2) atoms is close to 360°: C(8) 359.6°; C(13) 
359.5°; C(22) 359.1 ° . The angle at the ester oxygen C(22)0(25)C(23) is i17.0(2) °, i.e., the 
usual. 

Packing in the Crystal. The structure (Fig. 4) has four symmetrically independent 
hydrogen atoms capable of participating in hydrogen bonds. The hydrogen atoms in the mole- 
cule of water of crystallization form H bonds with two Br- anions having lengths of 3.42 and 
3.50 A (the sum of the van der Waals radii of Br and O is 3.35 ~, and therefore these are 
weak bonds). As a result of rotation about the 2z axis, infinite ...Br--..H-O-H..- helices 
are formed parallel to [i00], the Br-O-Br' angle being 119.2 ° , i.e., fairly close to the 
tetrahedral value. 

Below we give the angles at the H bonds: 

o 

Length of the hydrogen bonds, A 
HO (w)--H...  Br 3,42 (1) 
HO ( w ) - - H . .  Br' 3,50 (1) 

+ 
N (4)--H...Br 3,20(I) 

N (I)--H. . .O (2¥) 2,99 (2) 

Angles at the hydrogen bonds, deg 
Br. . .O. . .Br '  119,2(I) 
O. . .Br . . .O" 1 i 1,7 (I) 
O (v¢)... Br. . .N (4) 142.8 (1) 
O'(w)... Br... N (4) 65.8 (1) 
Br . . .N- -C  (3) 110.4(I) 
B r . . . N -  C (5) 117,0(!) 
Br. . .N--C (21) 101.2 (I) 
c (~')= o (~4')...N (I) 14o.5 (2) 
O (24")...N (1)--C (2) 127.8(2) 
0 (24")...N (1)--C (18) |01 ;.7 (2) 

182 



O 

The N(1)-H..-O(24) H-bonds with a length of 2.99 A join the cations into infinite hel- 
ices about the 2~ axis parallel to [001] (the sum of the van der Waals radii of N a~d 0 is 
2.90 A, i.e., these bonds are also weak). Finally, H bonds of the quateronary type N(4)-H... 
Br- connect the two series of helices" the length of these bonds is 3.20 A at a sum of the 

@. 

Br and N radii of 3.45 A; i.e., they are very strong bonds. 

The substances were made available by V. M. Malikov, the single crystals studied were 
obtained by G. N. Zakharova, and A. N. Chekhlov advised the use of the program of anisotropic 
refinement with the determination of the absolute configuration. 

SUMMARY 

By a complete x-ray structural investigation, the structural formula of (--)-pseudokops- 
inine has been refined and its absolute configuration has been determined. 
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