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The Crystal and Molecular Structure of the Alkaloid Gerrardine
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(Received 16 May 1970)

The structure of one enantiomorph of the alkaloid gerrardine (C11H190,S4N) 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-1,2-dithiolan-3-ypyrrolidine
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 (C;;H;oNO,S,) 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) ¢ =
6:79+ 001 A.
Space group: P2,2,2, (absences 400, 0k0 and 00/ for 4,
k and / odd respectively).

Z=4, 0m=1-49, 9.=1-48 g.cm3,
formula weight =325-5.

Densities were measured in K,Hgl,/H,O and
bromoform/methanol solutions using flotation
methods.

Data were collected using the w scan method on a Hil-
ger & Watts automatic single-crystal diffractometer.
Zr-filtered Mo radiation was used (1=0-70926 A).
Background was measured as a function of 8 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 6 <20° 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 F, column of
Table 2.

Lorentz and polarization corrections were applied
to the measured intensities. Absorption corrections
were obviated by the low uR value of 0-14 which makes
the absorption correction <1% when intensities are
measured at @ 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 >w(|F,|—|F|)?, on an
IBM 360/65 computer. The atomic scattering factors
used were those of Hanson, Herman, Lea & Skillman
(1964).
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rings to 0-37 A. The other dithioanyl ring is essentially
at right angles to this plane.

Average bond lengths are:
S-S =2-07+001,
C-C=1-51+001,
C-0=143+001 A.

These agree satisfactorily with accepted values and no
bond length differs significantly from the mean of the
group into which it falls.

A strong intramolecular O-H- - -N hydrogen bond
of length 2-59 A exists between O(1)-H and the nitro-
gen atom and this is presumably a determining factor
in the mutual orientation of the two rings involved.
This hydrogen bond length is close to the shortest
O-H- - -N bond length of 262 A in guanine. HCI.H,0

S-C =1-83+0-02,
C-N=1-51+0-01,

L.J. ADMIRAAL 567
listed by Pimentel & McClellan (1960) and is shown
by the stippled straight line in Fig. 2.

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

Molecular packing

The molecules are arranged in stacks with stack axes
parallel to b as shown in Fig. 2. Molecules within a
stack are related by twofold screw axes and each stack
is surrounded by six further stacks in a near-hexagonal
arrangement. Intermolecular O-H---O hydrogen
bonds are found between molecules in stacks which
are in planes normal to the @ axis. One such bond is
that which is shown in the lower right hand corner of
Fig. 2 as a three-segment stippled line. The formation

Table 2. Calculated and observed structure factors on an absolute scale

L Pu F: L PQ Vc L l'o l’c L Pﬂ !’c L F' Pc L .,n V‘ L Pu " L Pﬂ Vc L Pu Pt L Vu Pc L Po Fc L PO P:
0,0, L 1,2, EI T ) L M AN I I 4 A 8, 10, L 10,3, L no8, L 13, 6, L
e o) o 59 e } o o 39 39 Do 4 s 0 3]s s ¥l ny s 0 12 13 |6 & 3 e
Vo2 o2 1 106 102 S o1 11877 ¥ 1 29 30 L7 8 1 24 2 1B 25 19 a7
6 21 20 ; 31 :sz 6 1 o 2 17 16 “ 8L 2 a4 s 2 1 a2 |27 7 2 12 1
353 50 IR 308 1 9,0, L 3 9
1, L 4« 7 I3 o 6 a S, 5, L O
[RETHRETE O S mom |13 |0 ke DT I IR A I b1
° 2 19 19 |5 s 3 ]o 7 . 1
2 s| e 12 8]0 e 1 % 2 3% W 113 9| o S 55 - 2 om, A o 10
319 2 2 PRI R IS A S S S o PSS S S PSET I 10, 4, L 2 1 e 2o
403 1 1,3 3 EITE Y PR O IO L IS O ROt Rt A O T TR O B TR U
s 20 2a| o n'wii o7 s o "3 38 5o & 2 19 18 119 19 |4 o2 20 14,0, L
6 13 13 T e 1 58 56 S0 ey T, 2 18 19 o 16
7 s 21 27 4 s s 3 - 9, 1, L 1 20 2
2 5 a6 |6 1 s 2 a7 47 5 50 s, 6. L o N T T 12, 1, L
o, 2, 3 51 58 3 16 18 o 1B N 1,0 9L 4 e e o 12 1 2 s
o 310" 101 PRI VI IR R L B DR 18 1 1o 14 e )3 e e
4 220 19 2 22 2 1 19 18 0 44 a4 o 7 2 3 38
1812 7
5 2 2 2,4, L s 15 1 11212 10,5, L 2 7
2o 3t oo Yy ety a e s 3 f3 o2 ae 2o 201 22 2], 322 N oTs e |3 8 8 19, 1, L
3 54 54 Vo 2 « a2 poe otz 37 T e w5 K0 1 8o ‘2
% e e A L5t s o1uom | o4 1t 3 1 1 s o5 o |, a0 L%
s 28 21 | o gt 3 e o a6 et 54 e 88 7,10, L 5 2L 3y 2 12, 2, L zoa A
a s 6 . 2, P . 10
6 3 1 50 o 4 151 1 a2 o 2 5, T, L 6, 8, L ? o s ‘ ‘1 o
2 26 21 |5 a5 |28 el o iz’ 9l o 8l x| 1 B Ity qe g Py
0, 3L . 3 12 10 119 19 10, 6, L 2 1 1 14, 2, L
5 18 16 | 6 ¢ 5 2 7
N ' I e a2 2 2 2 [T T SO ) 2 a2 ) oy e by a2 o 9
2 0 | 5 7 4 2,5, L s w0 11 > A 201 1z e 2oz 8y g a7 |4 gz a2 [ 2o
5000 | ¢ o4 oo T LS S A N S 0 R 8 0, L s 2l s s 2 4 s
4 10 10 132 %2 3, 6, L 5 6 ! L R A AP A I I T 12,3, L 3 17 o
7 2 4 . 2
] 0 Mt HE A4 IO a7, L 5, 8, L 6,9, L poea e 9, 3, L L )S :; 14,3, L
1o R 2 3 s | 0 B | o 2z am o ael s 2330 o 44 s P [ S I i
3 120 20 1 2 [T TS 34 2 116 e "o’ 122 2
o, 4, 2 17 a8 5 8 7 3 28 27 4 16 16 o 4 31210
2 1B n 2 2 2| 2 14 12 2 12 e 2 515
0 129 127 3os “ « 10 s oM 116 16 « 10 10
1o 0| s g9 g 2,6, L s 1515 3o 8 3os ey 3B OB 12 2 2 3o 2
2 a6 46 | g s | o e 7 o 28 oot 6 10, L 5,1, L bR BT TRt 12, 4L
3 38 18 1o 3 N T L s s 3 5y o 1 ? $ o 29 3 14,4, L
4 15 s 16 L 2 17 18 o 3 1 ° ey n 8 Ton 1z ot 10, 8, L 119 1 2
5 ar 1 0 14 14 316 17 T2 25 " 2 10 ’ 18 16 2 17 16 116 16
6 1 4 112 n 419 18 2 n 15 o 23 25 112 x; 2 10 10 F ; o 3 30 1 4 s 301 13 7 s
. 103 3 | o2 e 1 2 . .
o s LI 5 a5 > oa 2 2 15 1 3 o1 6, 11, L [ I B TR T L 14, 5, L
b Se 3 32 31 13 59 e 32 20 o 8 8
v i 10 e a7t s e |3 oo s 0, L an 10,9, L 12, 5,1 R
2 as o 3 4 o " 8, . b ° .
5o | i 1 10 10 3,8 L . ¢ o ° “,,z' "55 53 3 17 115 45 2 22
e 7 . HEE YR o i as | e f 3T e 7,0, L 1 46 47 9, 5, L F
s 13 12 o ey L3 e 1 11 a7 ° 2 I [SETIY B R VIR SR AR 1,0, L 3 12 u 6L
0,6, L 1 2 2 4 16 15 2 10 9 . 2 st 5 316 14 128 30 o'
) 6 2 e 5 5, 1, L 15 e 6 6 L 9
o 9 2 1w fs o6 7 317 AU EECTIRET EPAE->S-P I 12, 6, ° 3
Lo o» |3 s s « 1T e »oron Do gz | e e ar s e e |3 o o |2 4 6o 8 "
2 18 20| 4 89 ER L 4,0, L E A A B S 15, 0, L
H1s s s ]o s 3, 9, 50y 83, L Teo'
N PO S T DT B RV Ir e TN R R B T
s a5 1,8, 1 2 717 17 PN 6, 0, L o 39 se 1o ) Tt |0 O u 3 s
o1 L o 8 w0 3 a2 2 2 16 a7 ° |0 a a0 f2 o2 2|0 3 2|y o9 oa2 12, 7, L
R R BT 6 6 37 36D 1o 2| 2 o 2 3% s |y on onlroe oo 0
2 2 2| 2 20 22 4 8 8 T 2 a3 3 3% [ 4 20 |3 o33 3 |2 06 1o o gttt
3 n w3 oo 2 9L o 1o 19 [ B SO IR A B IF e i LA AC R
<1 a1 |+ B oo 3 3 10, L F doe N s 87 2 2 2
5 a2 12325 [ 9 s 46 6 4, L T L n, 2, L 12, 8, L .
1,9, L 2 2 22 12 22 5 0oL 6 5t e L o 3 o s e |O T e s LA
o8, L o s a3 T8 10 2 00 20 WOL, o 19 a1 16 ar |y e 4 LB o2 152 1,2, L
o 7' s |1 19 20 4 uoon 3 50 4 o, 6,1, L 13 e > o1 | : 2 21 20 L2
o1y e | 287 o o 3 | 2 s s |3 w6 ar |3 h T3 ou o on 13,0, L o s
20 2|3 8 2, 10, L noa, L 15 18 5215 29 3 |s 13 o LINECI L O O B S
2 Bonle o ° ° £ e 2 3 3| a4 e 4 P o oL 2 16 16 2 10 8
non 1 a4 19 9 s @ 3 3 4 |5 . g o 0¥ e m oL 3 uoon
1, %0, L 2 2 18 2 1 e [ 6 B 4 a2 8 5, L HER I K a |« &8 e RO
o 1 & |3 1 1 s 9 1 7, L i [
% e s, 0 5, 1L 6 3¢ 4 o' [ L ORI O B, 1L I
P R T ENRUY o aa |, 8 12 3 |2 o2 3 10 10 [o »5 2
3 e 2 309 10 0 s 1038 24 1 51 so 6 2, L 2 7 3 e s 9, 9, L 4 21 19 1% ¥
PP 1oz 2w el o o2 O xn 2l 2 2l 8 1o 12 12 G B
Lo, L 2 15 1 3 46 a7 3 3% 3 153 se | g 32 3 s 12|, o o s 110 8
0, 10, L o 30 29 411 16 M H 2 10 1|5 13 [T noa 4 16 s I
o 15 1 1o 3,0, L s 8 8 s g o 318 19 8, 6, L o 13 1
IS 2 s 4 1 48 53 6 10 8 & 9 10 ¢ uon o 11 12 D,2,L
2 4 s 2 59 59 5 e e IR 19, 0, L o o2 | Pt 15,5, L
3 4 2,0, L 3ou 41, S, 2, L 6 7 7 T, 4L PR B 2 1 1 17 50
6 . O A 3o 1 o 19" a (Xl 0 49 51 13 35 R 14 2 14 14 1 on
° 7 o w2 12 19 3 2 a6 a1 PR 6
0, 11, L Ve w3 | s 2 130 28 1059 se 6 3t 2 25 25 be 12 10}y 3k 35 3 o8& o7 ot
2 1 4 6 4 2 61 83 2 3 o s 0 2 1o 1% 4 s 4 8 [ 16, 04
2 unoon 3 3 1 30 6 3y 2% o2 10300 38 39 8 7L S ety b
i &8 s 3, L 4 36 a7 s 9 s 2 03 e | 3 A 19 SRR ? ol e D, L pooee 4
1, 0,L s 10 9 o 1 1 s 20 20 s 4 s 3 0n 32 s 10 119 17 o 1 :! x'; 0 e 2 16 16
1 87 s | 6 w0 14T 49 6 8 7 6 10 11 ¢oa 5 PRI B - LT
2 1« 2 65 6 . s 10 9 T L 3 e s 3 2 a2 16, 1, L
. . 3 11 12 22, L o 25 M 1 17 17 4 9 7 3 ae 6 14 12
3 2 2,1, L T o 6 6 6, 4, L 139 el 9 9 27 119 a7
a B 1 o 10 1 56 58 o HM 2 1 15 3 22 22 1, 6, L " e 7
s 8 1|1 32 2|5 2 2 2 15 s 1 SR Bl e e 8 8 L P VI IR O S B A
6 e 212 » » |6 B own 5o 19 | 2 Xoo¥ o e Joore e ls 7 5 Ly o222 16,2, L
31 e PR 3 2 B 2 O I R mon e 2 2
Lt 4+ 20 2 3 2L s o 12 | e 3o 2 o O R N
s 9 s 23 24 0 181 184 6 10 M 5 ‘ 1. S o 1 3 10 10 10, 2, L 38 7 L 8
4 A 1 Q 3 5 22 20 LEBR g o 3 L3
[ I FE RN I S o 6 o 39 e e o1 T s se mn 3.5 L 16, 3, L
339 39 20t > 10 n o 36" 3 Bt L 6,3, [ PSR 2 2 [0 4 2o °o 2 2
4 a6 a9 8 90 | + 3 : 119 16 AT o w0l s [0 T g g [ 9 e [ s o
s 35 3% | 1 107 106 s s 2 e I TRt 1os 2w s 4 1212 2o
hed > 8 L 9 2 3 1 e 3 5.
6 7 6 39 6 4 s 3 39 40 0 20 2 LA B




568

of such bonds on crystallization is the more probable
cause of the insolubility of crystals in the chloroform
in which they grew from gerrardine generated from
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 participating 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 symmetry
parent related Symmetry Interatomic
molecule molecule operator distance
S(1) C(1) I 3-58 A
S(1) S(1) I 398
S(2) c(n II 376
S(2) C(10) III 392
S(2) C(1) v 3:96
S(3) C(5) 11 374
S(4) C(5) A% 3-80
S4) C(10) VI 3-88
S@) C(2) VII 391
sS4 C(5) I 3-98
C(1) Cc(1) VIII 3-88
C(2) C(6) IX 3-75
C(2) 0(2) IX 392
C(4) 0(2) X 342
C(5) C(10) I 372
C(5) 0(2) X 3-89
C(6) o) v 372
C(9) o(1) v 3-4]
C(11) 0Q2) X 3-59
0o(1) 0(2) IX 275
Symmetry
operator Translation elements

I i—x -y  3+z

II -x  y—% i-z

11 34x -y 1-z

Iv X y 1+z

\'% X— -y 1-z

VI —x—% —y z—%

VII x— -y -z

VI —x y—3% —z—%

X X y z—1

X —x 3+y 31—z

STRUCTURE OF THE ALKALOID GERRARDINE

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