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The structure of one enantiomorph of the alkaloid gerrardine (C11H1902S4N) has been determined 
from diffractometer data. The final R value is 0.066 after full-matrix least-squares refinement excluding 
hydrogen atoms. The molecule is found to be 1-methyl-2,5-bis-(4-hydroxy-l,2-dithiolan-3-yl)pyrrolidine 
and possesses a strong intramolecular O - H . . . N  hydrogen bond. One dithiolan ring is essentially 
planar with the central pyrrolidine ring and the other is at right angles to it. Intermolecular O - H . . .  O 
hydrogen bonds join molecules to form sheets normal to the a axis. 

Introduction 

The alkaloid gerrardine (C11H19NO284) was isolated, 
crystallized and submitted for structure analysis by 
Professor F. L. Warren and Dr W. G. Wright of the 
University of Natal, Pietermaritzburg, who have ex- 
plained its chemical behaviour, mass- and infrared 
spectra in terms of its structure as determined here 
(Wright & Warren, 1967). This is the second alkaloid 
from species of the genus Cassipourea which contains 
four sulphur atoms per molecule. The other is cassi- 
pourine (Cooks, Warren & Williams, 1967; Gafner & 
Admiraal, 1969). Structural similarities were expected 
for these two alkaloids but not found. No information 
on the possible structure of gerrardine was available 
when submitted for analysis other than its elemental 
analysis and formula weight. 

Experimental 

The original structure analysis was carried out on 
visually estimated photographic intensity data. This 
analysis, although basically correct in the structure it 
gave, was considered too inaccurate for publication as 
R was 0.17 and differences of up to 0.2 A were found 
between equivalent bonds. Intensities were thus meas- 
ured diffractometrically when the necessary instrumen- 
tation became available. This redetermination of the 
structure is described here. 

All X-ray measurements were made on a crystal 
which was cut to a cube of 0.5 mm edge from a needle- 
shaped crystal. Preliminary cell constants, which were 
obtained using photographic methods, were refined 
using least-squares procedures on diffractometrically 
measured spot positions (Busing & Levy, 1967). 

The cell data are as follows: 

a = 17.614 + 0.002, b = 12.212 + 0.002, (needle axis) c = 
6.79 + 0.01 A. 

Space group: P212121 (absences h00, 0k0 and 00l for h, 
k and l odd respectively). 

Z = 4 ,  ~Om = 1"49, 0e= 1"48 g.cm -3, 
formula weight = 325.5. 

Densities were measured in KzHgI4/H20 and 
bromoform/methanol solutions using flotation 
methods. 

Data were collected using the co scan method on a Hil- 
ger & Watts automatic single-crystal diffractometer. 
Zr-filtered Mo radiation was used (2=0.70926 A). 
Background was measured as a function of 0 by count- 
ing at closely spaced points next to a central lattice 
row. The results obtained were found to agree satis- 
factorily with measurements made at the positions of 
the systematic absences. The 832 intensities in one 
octant with 0 < 2 0  ° were measured and, of these, 135 
fell below the 'observed' criterion which was taken 
as three times the background count. These reflex- 
ions are marked with asterisks in the Fo column of 
Table 2. 

Lorentz and polarization corrections were applied 
to the measured intensities. Absorption corrections 
were obviated by the low/~R value of 0-14 which makes 
the absorption correction < 1% when intensities are 
measured at 0 angles below 20 °. 

Structure determination and refinement 

The trial structure, excluding hydrogen atoms, was 
built up from four Fourier syntheses, the first of which 
was phased on the positions of the four sulphur atoms 
as established from a Patterson synthesis. 

After preliminary refinement with isotropic temper- 
ature factors (R--0.12), three cycles of full-matrix 
least-squares refinement using anisotropic temperature 
factors and equal weighting resulted in no further 
significant shifts and gave a final R value of 0.066. 
The program used was ORFLS of Busing, Martin & 
Levy (1962), which minimizes Y co(Ifol-lfe[) 2, on an 
IBM 360/65 computer. The atomic scattering factors 
used were those of Hanson, Herman, Lea & Skillman 
(1964). 
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The final atomic parameters and their estimated 
standard deviations are given in Table 1 with the U# 
values from the expression 

exp [ -  2n2(h2a *z U~t + k2b .2 U22 + 12c'2 U33 
+ 2hka*b* U~2 + 2klb*c* U23 + 2hla*c* Ut3)] • 

The inclusion of hydrogen atoms at their expected 
positions gave no significant reduction of R before 
anisotropic refinement and their contribution is thus 
excluded from Table 2 which lists final calculated and 
observed structure factors after anisotropic refinement. 
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Molecular geometry 

This analysis indicated that the alkaloid is 1-methyl- 
2,5-bis-(4-hydroxy- 1,2-dithiolan-3-yl)pyrrolidine. In 
contrast to cassipourine, in which the four sulphur 
atoms are contained in a 1,2,5,6-tetrathiacyclo-octane 
ring, the sulphur atoms in gerrardine are in pairs in 
two dithioanyl rings. These dithioanyl rings are trans 
to one another. Atomic nomenclature, bond lengths 
and angles and deviations from the best plane con- 
taining the pyrrolidine ring and the S(3), S(4) dithioanyl 
ring are given in Fig. 1. The equation to this plane is: 

- 0.5101x + 0.8486y- 0.1403z=2.9445 

with respect to the crystallographic axes. The devia- 
tions from this plane indicate coplanarity of these two 

1.5,5(2)@ @ 
1"42(2) 1.6l(2) 1-52(2) , , ~  

1"82(2) P50(2} ~J" I-B4(2) t.82{2) 

1"44~ 

(a) 

(b) 

Fig. 1. (a) Bond |engths in A and their standard deviations wi th  
reference to the last significant figure. Deviat ions f rom the 
plane through the central and r ight-hand side rings are 
given in the circles in A.  (b) A tomic  nomenclature,  bond 
angles and their standard deviations in degrees. 
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rings to 0.37 ~ .  The other dithioanyl ring is essentially listed by Pimentel & McClellan (1960) and is shown 
at right angles to this plane, by the stippled straight line in Fig. 2. 

Average bond lengths are: 
S-S = 2 . 0 7 + 0 . 0 1 ,  S-C = 1 . 8 3 + 0 . 0 2 ,  
C - C = 1 . 5 1 + 0 . 0 1 ,  C - N = I . 5 1 _ + 0 . 0 1 ,  
C - O  = 1.43 + 0.01 /~ .  

Bond angles are all as expected and no influence of  
the hydrogen bond is seen. 

Molecular packing 

These agree satisfactorily with accepted values and no The molecules are arranged in stacks with stack axes 
bond length differs significantly from the mean of  the parallel to b as shown in Fig. 2. Molecules within a 
group into which it falls, stack are related by twofold screw axes and each stack 

A strong intramolecular O - H .  • • N hydrogen bond is surrounded by six further stacks in a near-hexagonal 
o f  length 2 .59 /~  exists between O(1)-H and the nitro- arrangement. Intermolecular O - H . . . O  hydrogen 
gen atom and this is presumably a determining factor bonds are found between molecules in stacks which 
in the mutual orientation of  the two rings involved, are in planes normal to the a axis. One such bond is 
This hydrogen bond length is close to the shortest that which is shown in the lower right hand corner of 
O - H .  • • N bond length of  2.62 ,~ in guanine. HC1. H20 Fig. 2 as a three-segment stippled line. The formation 

Table 2. Calculated and observed structure factors  on an absolute scale 
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of such bonds on crystallization is the more  probable  
cause of  the insolubili ty of  crystals in the chloroform 
irt which they grew from gerrardine generated f rom 
its salt. This is in contrast to the proposal of  Wright  
& Warren  (1967) that this is due to zwitterion forma- 
tion. No hydrogen bonds exist between planes of 
stacks. 

All intermolecular  approaches of  less than 4 A are 
listed in  Table 3. None of  these, excluding the 
O ( 1 ) . - . H - O ( 2 )  hydrogen bond, is shorter than  the 
expected van der Waals  separation. The only atoms 
not  part icipating in such approaches are C(3), C(7), 
C(8) and N which are all sited towards the centre of 
the molecule and are thus shielded. 

Table 3. Intermolecular contacts shorter than 4 A 
Atom in 

Atom in 
parent 

molecule 
S(1) 
S(1) 
S(2) 
S(2) 
S(2) 
S(3) 
S(4) 
S(4) 
S(4) 
S(4) 
C(1) 
C(2) 
C(2) 
C(4) 
c(5) 
c(5) 
c(6) 
c(9) 
C(ll) 
O(1) 

Symmetry 
operator 

I 
II 
III 
IV 
V 
VI 
VII 
VIII 
IX 
X 

symmetry 
related Symmetry Interatomic 

molecule operator distance 
C(1) I 3.58/~ 
S(1) I 3.98 
C(11) II 3"76 
C(10) III 3.92 
C(1) IV 3.96 
C(5) II 3.74 
C(5) V 3.80 
C(10) VI 3.88 
C(2) VII 3-91 
C(5) II 3-98 
C(11) VIII 3.88 
C(6) IX 3"75 
O(2) IX 3.92 
0(2) X 3.42 
C(10) III 3.72 
0(2) X 3.89 
O(1) IV 3.72 
O(1) IV 3.41 
0(2) X 3"59 
0(2) IX 2"75 

Translation elements 
½-x  - y  ½+z 

- x  y -½ ½-z 
½+x ½-y  1 - z  

x y l + z  
x--½ ½--y 1 --z 

--x--½ --y z--½ 
x--½ ½--y --z 

--x y--½ --z--½ 
x y z--1 

--x ½+y ½--z 

I I 

o 

- $ U I . P I 4 I . I R  

 -o.kl 

Fig. 2. Projection of the structure down [010]. 
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