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SUMMARY 

The main aim of the investigation as described in the thesis, is the isolation and structure 

elucidation of the toxic principle(s) of the plant 0rnithogalum thyrsoides. Extracts of fresh 0. 

thyrsoides material were evaluated in a bioassay using weaned guinea pigs. The fractionation 

of a toxic extract by chromatographic methods on different adsorbents with a variety of eluants 

was guided by this bioassay and led to the isolation of a single toxic compound for which the 

trivial name prasinoside G is suggested. The structure viz. 3P-0-(P-o-glucopyranosyl )- 16P-[2-0-

(3,4-dimethoxybenzoyl )-P-o-xylopyranosyl-( 1 --3 )-2-0-acetyl-a-L-arabinopyranosyl]- 17 a­

hydroxy-cholest-5-en-22-one is proposed for prasinoside G on the basis of a detailed analysis of 

its high-field 1H and 13C n.m.r. spectra and two of its derivatives as well as a single-crystal X-ray 

crystallographic analysis of a hydrolysis product. Detailed results of these studies are given. 

OPSOMMING 

Die hoofdoel van die ondersoek soos beskryf in die tesis, is die isolasie en struktuuropklaring 

van die toksiese komponent(e) van die plant 0rnithogalum thyrsoides. Ekstrakte van vars 0. 

thyrsoides plantmateriaal is geevalueer in 'n bio-analise met gespeende marmotte. Die 

fraksionering van 'n toksiese ekstrak deur middel van chromatografiese metodes op verskillende 

adsorbente met 'n verskeidenheid van elueermiddels is gerig deur hierdie bio-analise en het gelei 

tot die isolasie van 'n enkele toksiese verbinding waarvoor die triviale naam prasinosied G 

voorgestel word. Die struktuur vir prasinosied G nl. 3P-0-(P-o-glukopiranosiel)-16P-[2-0-(3,4-

dimetoksibensoi"el)-P-o-xilopiranosiel-( 1--3 )-2-0-asetiel-a-L-arabinopiranosiel]-17a-hydroksi­

cholest-5-en-22-oon is gegrond op 'n diepgaande analise van die hoe-veld 1H en 13 C k.m.r. 

spektra van die verbinding en twee van sy derivate asook 'n enkelkristal X-straalkristallografiese 

analise van die hidroliseproduk. Die uitgebreide resultate van hierdie studies word verskaf. 
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Introduction 

1.1 Background 

Ornithogalum thyrsoides Jacq., also known as tjienkerientjee, viooltjie or witviooltjie in 

Afrikaans and as chinkerinchee or Star-of-Bethlehem in English, is a bulbous plant, indigenous 

to South Africa, which belongs to the Liliaceae family. The small, spherical, white bulbs are 

20-40 mm in diameter and are covered by papery scales. Four to five strap-shaped leaves, 

150-450 mm long and 10-40 mm broad, are arranged in a basal rosette. 1
•
2 There is usually only 

one stifily erect and 150-450 mm long, peduncle per plant. Beautiful, star-shaped, white flowers 

with brownish-green centres are grouped at the top of the peduncle. The fruits are three 

chambered and contain many small, black, angular seeds. The plant is endemic to the winter 

rainfall area of the Cape Province but is widely cultivated throughout southern Africa and the 

rest of the world for its longlasting, beautiful, pyramid-shaped flowerheads. In its natural habitat 

0. thyrsoides favours damp places such as vleis or the banks of streams. It will, however, grow 

in the open field if the rainfall is sufficient. 

0. thyrsoides is one of the most poisonous plants in South Africa. 2•
3 The bulbs, leaves and 

flowers are all toxic. Sheep and cattle are usually poisoned when grazing on green plants 

whereas horses are affected when they ingest garden refuse or baled hay contaminated with the 

dried plants. Horses appear particularly susceptible as fatal poisonings occur at levels as little 

as less than 1 gram per kilogram body weight. Ingestion of plant material results within 24 hours 

in the onset of severe diarrhoea which may last up to three weeks. The animal manifests signs 

of severe abdominal pain and death is often preceded by convulsions. Post mortem examination 

reveals signs of an acute gastro-enteritis with marked mucosal inflammation and blood in the 

intestinal lumen. Death usually occurs within 2 to 5 days. In many cases, especially among 

cattle, blindness sets in after about 14 days and is permanent if the animal survives the 

p01sonmg. 
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Chapter 1 2 

Some of the approximately 150 species in the genus 0rnithogalum are known to be poisonous. 

0. eckloni, 0. lacteum, 0. saundersiae, 0. tenellum, 0. calcicola and 0. viride show similar, 

although not always exactly the same, symptoms as 0. thyrsoides. 3 A number of unique 

compounds have been isolated from 0rnithogalum species but the question whether these 

compounds are the toxic principles, remains unanswered in most cases. 

1.2 Metabolites isolated from Ornithogalum species 

The main aim of the investigation as described in the thesis, is the isolation and structure 

elucidation of the toxic principle(s) of the plant 0. thyrsoides. Extracts of fresh 0. thyrsoides 

material were evaluated in a bioassay using weaned guinea pigs. The fractionation of a toxic 

extract by chromatographic methods on different adsorbents with a variety of eluants was guided 

Figure 1 : 

(1) R1 = Ac, R2 = ~OMe 

.. UOMe 

(2) R1 = Ac, R2 = ~OMe 

.. UOMe 

(3) R1 = R2 = R3 = R4 = H 

R30 

R3 = H, R4 = R30-r-....__ .l-9 
R3Q~O~ 

OR3 

R30 

R3 = Ac, R4 = R3Q-r-- 2-o 
R3Q~O~ 

OR3 

Structure of prasinoside G ( 1 ), its peracetate derivative (2), and the hydrolysis 
product (3). 
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Chapter 1 3 

by this bioassay and led to the isolation of a single toxic compound for which the trivial name 

prasinoside G is suggested. The structure ( 1) vi=. 3P-O-(P-o-glucopyranosyl)-16P-[2-0-(3,4-

dimethoxybenzoyl)-P-o-xylopyranosyl-( 1--3)-2-0-acetyl-a-L-arabinopyranosyl]-17a-hydroxy­

cholest-5-en-22-one is proposed for prasinoside G on the basis of a detailed analysis of the high­

field 1H and 13C n.m.r. spectra of (1) and its peracetate derivative (2), and the hydrolysis product 

(3), as well as a single-crystal X-ray crystallographic analysis of (3). 

In the course of this work the structures of the toxic principles of 0. prasinum were determined 

in a parallel investigation using the same 1H and 13C n.m.r. and chemical derivatisation tech­

niques. The structures of six prasinosides vi=. A(4), B(5), C(6), D(7), E(8) and F(9) were 

elucidated.4 

21 

27 
Me 

0 
R1Q 

HO~O\ · OH 
HO~O 

(4) R' = Ac, RZ = R3 = H 

0 

OR2 

(51 R1 = Ac, Ri? = ~ , R3 = H 

..., UOMe 

0 

(61 R1 = Ac, Ri? = ~ , R3 = H 

0 HO 

(71 R1 = Ac, Ri? = ~ ' R3 = HO---r--.__ 2..-o 
~ u HO~Oi 

OH 

0 HO 

(SIR'=Ac,Ri?= ~ , R3= ~~ 
..., UOMe OH 

HO 

(9) 

Figure 2: Structures of the prasinosides isolated from 0. prasinum. 
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Chapter 1 4 

The results show that the prasinosides share a common aglycone, a 3P, 16P, 17a-trihydroxy­

cholest-5-en-22-one, and differ mainly in the nature of the ester formed with either a cinnamoyl 

or a 4-methoxybenzoyl moiety and the C-2 hydroxy group of the terminal D-xylose sugar. The 

location of the glycoside bond between the P-o-xylopyranosyl-( 1--3 )-a-L-arabinopyranosyl 

disaccharide and the C-16 hydroxy group is unusual and a relatively rare occurrence. 

0. thyrsoides has been the subject of only a few investigations and reports on the structure of 

compounds isolated from this species are scarce. However, new cholestane derivatives (10) and 

(11 ), with the A/Bring trans-fused with a 5a hydrogen have been isolated from the bulbs of 0. 

thyrsoides. 5 Two glycoside bonds are present: the C-1 p hydroxy group is linked to an a-L­

rhamnopyranosyl moiety and a 16P hydroxy group, as in the case of the prasinosides, is linked 

to a P-o-glucopyranosyl moiety. 

OH 

R1= HO~OH 0 

HO 
OH 

HO 

R2 = HOMe--T--~ 

~ 
(10) OH 

(11) 24,25-Dihydro 

Figure 3: Structure of the cholestane derivatives isolated from 0. thyrsoides. 

A number of cardenolides have been isolated from 0. nutans,6
•
7 0. boucheanum8 and 0. 

umhellatum. 9 The structures of these cardenolides (12)-(16) (see Figure 4), differ not only in the 

substitution pattern of the aglycone but they also have different glycoside substituents consisting 

of 1-4 carbohydrate moieties for the R I group. These carbohydrate chains are made up of 

combinations of P-o-digitoxose, 3-acetyl-P-o-digitoxose, P-o-xylose, a-L-rhamnose, P-o-apiose, 

6-deoxy-P-o-allose, 2-deoxy-P-o-allose, 6-deoxy-a-L-glucose and P-o-glucose. The structures 

were all solved by means of spectroscopic techniques such as n.m.r. and i.r. spectroscopy, mass 

spectrometry as well as chemical evidence. No X-ray crystallographic analysis was reported for 

any of the compounds. 
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Chapter 1 5 

The aglycone of the cardenolides ( 12)-(16) has a number of interesting features. The presence 

of a 5-methyl substituent and the associated trans fusion of the A/B rings is in contrast to the 

more common 5-hydroxy substituent and the cis fusion of the A/B rings found in most 

cardenolides and bufadienolides. No information is available on the toxicity of these 

Figure 4: 

(12) (13) 

(14) (15) 

(16) 

R1 = glycoside ( 1-4 carbohydrate groups) 
R2 =OH orH 
R3 = OH orH 
R4 = CHO or CH3 

R5 = H, OH or OAc 

Structures of the cardenolides isolated from 0. nut ans, 0. boucheanum and 0. 

umhellatum. 
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Chapter 1 6 

cardenolides but it is important to note that some of the compounds have a I 4P-hydroxy group 

which is essential for biological activity. 10 

The description of the compound isolated from 0. saundersiae 11 as a 22-homo-23-norcholestane 

glycoside ( 17) is misleading as C-23 is not lost and no carbon atom is added to C-22 of the C-17 

side-chain of a progenitor cholestane. The C-5 double bond would also imply a cholestene 

rather than a cholestane structure. 

RO 
H 

(17) (18) 

HO 
R= 

HO 

~~o 
0 

f'IJ Me---r--o---1 
~ 

OH 

Figure 5: Structures of the compounds isolated from 0. saundersiae. 

A more correct description of this compound as a 20(22-+23)abeo-cholestene derivative is in 

keeping with an epoxide rearrangement leading to the formation of a branched aldehyde (see 

Figure 6). 

Oxidation of the C-13 methyl group to an aldehyde and hydroxylation at C-16 and C-20 

introduces the necessary functionality for the formation of the 5- and 6-membered ring hemi­

acetals. The intermediacy of an epoxide intermediate in the biosynthesis of (17) is supported 
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Figure 6: 

21 2~(i}24 
M~··· · ,,,,~Me 

20' l,)11" 23 I 
: OH Me 
A 

.. 

Me 

22 
CHO 

OH 
.. 

Hemiacetal formation by an epoxide rearrangement. 

7 

Me 

by the reported 12 isolation from 0. saundersiae of compound (18), wrongly described as a 16,23-

epoxy-5P-cholestane. In this case no rearrangement of the carbon backbone of the C-17 side­

chain occurs and formation of a six-membered ether ring by the regio- and stereospecific attack 

of the C-16 hydroxy group at the C-23 terminus of the epoxide intermediate is preferred (see 

Figure 6). Compound (18) was isolated in a search for new immunosuppressive agents to 

augment compounds such as prednisolone, cyclosporin A and FK-506. 12 The new 5P-cholestane 

showed potent inhibitory activity on peripheral blood lymphocytes without causing any 

cytotoxicity in the lymphocytes. 12 

A new hemiterpene glycoside, 1-O-P-o-glucopyranoside-1,4-dihydroxy-2-methylbut-2-ene was 

isolated from 0. montanum. 13 
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Structure elucidation 

2.1 Introduction 

The strategy for the structure elucidation of prasinoside G (1 ), the toxic principle of 0. 

thyrsoides, involved the collection of data on its constitution using spectroscopic techniques and 

chemical reactions. 

The molecular formula of prasinoside G was obtained by elemental analysis and confirmed by 

the molecular ion peak in the fast atom bombardment (f. a. b.) mass spectrum. 

N.m.r. spectroscopy is one of the most powerfool tools for structural analysis available to the 

organic chemist. The structural assignments of prasinoside Gare based on a detailed study of 

the IH and 13C n.m.r. spectra of the compound and were facilitated by the results obtained from 

a number of n.m.r. techniques. Assignments based on first-order analysis of the spin systems in 

the I H n.m.r. spectra were confirmed by homonuclear I H {' H} decoupling experiments. The 

proton-proton connectivity patterns were determined by two-dimensional ( 1H, 1H) correlation 

spectroscopy using the COSY-45 pulse sequence. 14
•
15

•
16 The 13C n.m.r. data viz. chemical shifts, 

most multiplicities and one-bond (C,H) coupling constants were obtained from proton-decoupled 

and single-frequency nuclear Overhauser enhanced (n.O.e.) spectra. All the multiplicities of the 

different resonances in the 13c n.m.r. spectra were deduced from the proton-decoupled CH, CH 2 , 

and CH3 subspectra obtained using the DEPT pulse sequence. 14
.1

5
,
17 The signals of the proton­

bearing carbon atoms were correlated with specific proton resonances in a two-dimensional (2D) 

13C { 1H} heteronuclear shift correlation experiment (HETCOR) utilizing the one-bond ('3C, IH) 

spin-spin couplings. is.1 9 The long-range (more than one bond) ( 13 C, 1 H) connectivity pattern was 

deduced from the correlation signals observed in 2D 13C { IH} heteronuclear shift correlation 

experiments (COLOC) by using the values for the long-range ('3C, 1 H) coupling constants. 20 The 

relative stereochemistry of individual sugar residues followed from the magnitude of the ('H, 1H) 

coupling constants. Sequence information for the sugar residues and the site of the glycosidic 
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Chapter 2 9 

bonds were deduced from interglycosidic long-range ( 13C, 1H) couplings. 15 

2.2 Structure elucidation of prasinoside G 

Elemental analysis established the molecular formula of prasinoside G as C54H80O21.3H2O in 

agreement with the ion observed at m = 1087 [M+Na]' in the fa.b. mass spectrum. The i.r. 

spectrum showed strong absorptions at 1694, 1720 and 1738 cm-1 assigned to the different 

carbonyl groups. The absorptions at 262 ( E 1.4x 104
) and 292 nm ( E 9.0x 10~ in the u.v. 

spectrum are in agreement with the presence of a 3,4-dioxygenated aromatic ring in 

prasinoside G. 21 

2.2.1 The acetate ester 

The presence ofan O-acetate ester group (vmax 1738 cm-~ in (1) followed from the singlet methyl 

signal at oH 1.644 which showed two- and one-bond ( 13C, 1H) correlations with the signals at Oc 

168.36S and 20.36Q, respectively. 

2.2.2 The aromatic ester 

The presence of an aromatic ring system with three protons was evident from the resonances in 

the 1H n.m.r. spectrum (see Table 1 ). The assignment of the proton resonances and thus the 

substitution pattern of the aromatic ring was established by the magnitude of the coupling 

constants. The resonance at oH 7.448 is assigned to 2-H as it shows a meta coupling (J 2.0 Hz) 

to the resonance at oH 7.583 (6-H) which in turn showed an ortho coupling (J 8.7 Hz) to the 

resonance at oH 7.053 (5-H). The proton chemical shift values indicate that the C-2 and C-6 

protons are deshielded compared to the C-5 proton as a result of the diamagnetic anisotropy of 

a carbonyl group. The 13C chemical shift values for the C-2, C-5 and C-6 proton-bearing carbon 
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Chapter 2 10 

Table 1 : Chemical shifts and coupling constants of the aromatic ester fragment of 
prasinoside G ( 1 ). 

Atom Or /~~m 011 /~~m J/Hz 

C=O 164.34S 

122.34S 

2 112.30D 7.448d 2.0 

3 148.31S 

C(3)-O-Me 55.59Q 3.798s 

4 152.96S 

C(4)-O-Me 55.73Q 3.821s 

5 110.87D 7.053d 8.7 

6 123.5D 7.583dd 2.0; 8.7 

atoms were obtained in a HETCOR experiment and are summarised in Table 1. 

The nature of the different substituents on the aromatic ring was established as follows. The 

presence of a C-1 carbonyl substituent was confirmed by the three-bond ( 13C, 1H) connectivity 

between both the C-2 and C-6 protons and the carbonyl carbon resonance at Oc 164.34S (vmax 

1694 cm·'). The 13C chemical shift value indicates that the carbonyl group forms part of an ester 

moiety. The C-3 and C-4 substituents were identified as methoxy groups by the three-bond 

(
13C,1H) connectivity between the protons of the methoxy groups, OH 3.821 and 3.798, and C-4 

( Oc 152. 96S) and C-3 (Oc 148.31 S), respectively. 

The unambiguous assignment of the resonance at o c 152. 96S to C-4 follows from the three-bond 

(
13C, 1H) correlation with the C-6 proton at o H 7.583 dd. In this regard it is important to note that 

it is not possible to distinguish between two- and three-bond (13C,1 H) correlations in the aromatic 

system. Four-bond correlations are not detected under the parameters of the experiment. Part 

of the long-range 2D ( 13C, 1H) correlation spectrum are shown in Figure 7 with the complete two­

and three-bond ( 13C, 1H) connectivity pattern in Figure 8. 
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Figure 7: 

Figure 8: 

C-5 
C-2 

C-1 
C-6 

C-3 

C-4 

11 

6-H 2-H 5-H 
___ M _______ A..__ ________ Mi....._ __ _ 

110 

120 
0 

0 

140 

00 

160 

ppm 

ppm 7.6 7.4 7.2 7.0 

The aromatic ester area of the long-range 2D (BC, 1H) correlation spectrum of 
prasinoside G (1). 

l-
61.448 H l> 1.sa3 

MeO 

OMe 

Two- and three-bond (BC, 1H) connectivity patten for the aromatic ester moiety 
of prasinoside G (1 ). 
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Chapter 2 12 

2.2.3 The three sugar units 

The presence of three carbohydrate moieties was deduced from the three 13C doublet signals at 

Oc 101.87, 100.87 and 99.62, characteristic of the chemical shift values of the anomeric carbon 

atom found in carbohydrates. The corresponding resonances in the IH n.m.r. spectrum at 0 11 

4.583 (d, J 7.5 Hz), 4,210 ( d, J 7.9 Hz), and 3.980 ( d, J 6. 7 Hz) were identified utilising the one­

bond ( 13C, 1H) coupling constants in a HETCOR experiment. 

The proton-proton connectivity pattern of the sugars was unravelled in a detailed analysis of the 

correlation peaks in a COSY-45 spectrum which yielded the chemical shift values of the protons 

of the different isolated spin systems, which in tum were correlated with the corresponding It 
resonances. The results are summarised in Table 2 and identify the sugars as two pentoses and 

a hexose. The chemical shift values of the C-2 protons of both the pentoses (oH 4.719 and 

4.583), shifted downfield compared to the other IH resonances of the sugars, indicate that the 

hydroxy groups at these positions are involved in ester linkages. 

Table 2 : Chemical shift values and coupling constants of the three carbohydrate moieties found 
in prasinoside G (1) (recorded in DMSO-d6Y 

Atom oc l(!(!m ou l(!(!m J/Hz 

Arabinose 

1 99.62D 3.980d 6.7 HO 

2 70.57D 4.719dd 6.7; 9.0 
R2~0 

3 78.95D 3.61 ()RI 7 
4 66.76D 3.81 

4-OH 4.441d 4.6 

5 65.21 T 3.42 
3.66 

Xitose 

101.87D 4.583d 7.5 

2 73.85D 4.751dd 7.6; 9.1 
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Chapter 2 

Atom 

3 

3-OH 

4 

4-OH 

5 

Glucose 

2 

2-OH 

3 

3-OH 

4 

4-OH 

5 

6 

6-OH 

Oc /ppm 

74.26D 

77.04D 

65.59T 

100.87D 

73.50D 

76.80D 

70.16D 

76.72D 

61.16T 

011 /ppm 

3.42 

5.240d 

3.45 

5.160d 

3.17 
3.82 

4.210d 

2.897dd 

4.82 

3.131 d 

4.82 

3.01 

4.82 

3.02 

3.42 
3.63 

4.374t 

13 

J/Hz 

4.4 

4.6 

7.9 HO 

8.1~9.0 
~o 

OH ~ 
9.0 

5.6 

a 1H Chemical shifts quoted to two decimal places were obtained from the HETCOR and COSY spectra. 

The resonances at oH 4.374 (t, J 5.6 Hz), 4.441 (d, J 4.6 Hz), 4.82 (3 overlapping doublets), 5.240 

(d, J 4.4 Hz) and 5.160 (d, J 4.6 Hz), which disappeared on addition of DP to the sample, form 

part of the proton connectivity pattern of the three sugars and confirm that all three sugars are 

present in the pyranose form. In addition the correlation peaks in the COSY-45 spectrum point 

to the presence of a single hydroxy group ( oH 4.441) in the one pentose sugar whereas two 

hydroxy groups (oH 5.240 and 5.160) are present in the other pentose sugar. The remaining four 

hydroxy groups, including the one which gives rise to the triplet signal at oH 4.374, and thus 

represents a CH2OH group, form part of the hexose sugar. 
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Chapter 2 14 

At this stage the identity of the three sugars remains unknown. The identification of the sugars 

is determined by the magnitude of the vicinal proton-proton coupling constants, which were 

available only for a few resonances as a result of extensive overlap of the different resonances 

as well as the additional complexity introduced by the spin-spin coupling of some of the protons 

with the protons of the hydroxy groups. Although the latter problem could be circumvented by 

the addition of D20 to the sample or recording the 1H n.m.r. spectrum at a higher temperature 

than usual (303K), problems associated with the analysis of the overlapped signals proved 

insurmountable and it was decided to convert prasinoside G to its peracetate derivative (2) by 

acetylation using acetic anhydride and 4-( dimethylamino )pyridine. 

The n.m.r. data of the peracetate derivative (2) established the relative stereochemistry, and thus 

the identity, of only one of the three sugars present in prasinoside G. Starting from the anomeric 

proton signal in the COSY-45 spectrum, the connectivity pattern of the six-spin systems of the 

two pentose sugars and the seven-spin system of a single hexose sugar was identified and the 1H 

resonances correlated with the corresponding signals in the 13C n.m.r. spectrum in a HETCOR 

experiment. Analysis of the identified signals in the one-dimensional 1H n.m.r. spectrum yielded 

the magnitude of the vicinal coupling constants necessary to identify one of the three sugars (see 

Table 3). 

The value of 8-9.5 Hz for the vicinal coupling constants, with the exception of J 5,6 , which are 

2.4 and 4.6 Hz, for the hexose indicates that all the acetate groups are equatorial and identifies 

this sugar as glucose. The identity of the remaining two sugars could not be established as a 

result of extensive overlap of the signals in the 1H n.m.r. spectrum. A change in solvent from 

C~6 to CDC13 merely exacerbated the problem. In order to obtain a simpler 1H n.m.r. spectrum 

it was decided to chemically modify prasinoside G. Base hydrolysis led to the removal of the 

aromatic and acetate ester groups and the product was treated with the enzyme ~-glycosidase in 

order to remove the glucose moiety, which is responsible for most of the analysis problems in 

the 1H n.m.r. spectra. The hydrolysis product (3) was converted to its peracetate derivative (19), 

which was identical with prasinoside A peracetate. 4 
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Table 3: Chemical shifts values and coupling constants of the three carbohydrate moieties 
found in prasinoside G peracetate (2) ( recorded in C6D6)8 

Atom c\. /~~m au /~~m J/Hz 

Arabinose 

1 100.67D 4.325d 5.4 Ad) 

2 71.16D 5.26 5.3 

~oy 3 76.62D 3.80 

4 69.29D 5.19 3.0; 5.6 

5 60.48T 3.96 5.1; 12.3 
3.16 12.3 

Xllose 

1 101. l0D 4.886d 4.6 

~ 2 70.39D 5.44 ~ oy 
3 70.28D 5.52 

4 68.82D 5.000ddd 5.6; 10.6 

5 61.24T 4.14 4.2; 12.3 
3.38 5.6; 12.3 

Glucose 

1 99.82D 4.455d 7.8 Ad) 

2 72.19D 5.25 7.8; 9.4 ~ 3 73.53D 5.40 9.4; 9.4 
oy 

Ok 

4 68.91D 5.23 9.5; 9.5 

5 72.09D 3.31 9.5; 4.6; 2.4 

6 61.97T 4.270 4.6; 12.3 
4.047 2.4; 12.3 

a 
1H Chemical shifts quoted to two decimal places were obtained from the HETCOR and COSY spectra. 

The signals in the 1H n.m.r. spectrum of (19) were well resolved and no problems were 

experienced with the analysis. Starting once again from the anomeric proton signal in the 

COS Y-45 spectrum, the connectivity pattern of the six-spin system of the two pentose sugars 
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Figure 9: 

RO 
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RO~O 
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(19) R = Ac 

Peracetylated product (19) of the hydrolysis compound (3). 

16 

was identified and the 1H resonances correlated with the corresponding signals in the 13C n.m.r. 

spectrum in a HETCOR experiment. 

The chemical shifts and coupling constants for the two sugar moieties present in (19) are listed 

in Table 4. The complete assignment for (19) is listed in Appendix A It is observed that the 

vicinal couplings for one of the pentoses are all greater than 7 Hz which identifies this sugar as 

xylose. For the other pentose all the vicinal couplings are large except the one with the C-4 

proton: the pentose whose 4-OH is axial is arabinose. 

The three sugar units present in prasinoside G are thus glucose, arabinose and xylose. On 

biosynthetic grounds it seems safe to assume that it is D-glucose that is present but the absolute 

configuration of the arabinose and xylose moieties cannot be proven by n.m.r. spectroscopy. The 

value of Ju for all these sugars indicated that they are P-o-glucose, and either a-L- or P-o­

arabinose and xylose. In the event the absolute configuration of the arabinose and xylose sugars 

was determined in a single-crystal X-ray crystallographic analysis of the hydrolysis product (3) 

of prasinoside G (see Chapter 3). 

It was clear that the chemical shifts of the CH-OAc resonances in both (2) and (19) are normally 

found at OH >4.8 whereas CH2 -OAc resonances appear at OH ~4.0. Observation of the C-5 
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Table 4 : Chemical shift values and coupling constants of the two carbohydrate moieties of the 
peracetylated product (19) (recorded in CDC13) 

Atom o,. /~~m Ou /~~m J/Hz 

Arabinose 

100.00D 4.200d 6.3 Al;Q 

2 71.16D 4.900dd 8.5; 6.4 

~oy 3 75.54D 3.75ldd 8.5; 3.5 

4 69.41D 5. l00ddd 4.0; 3.5; 2.1 

5 62.79T 3.920dd 12.3; 4.0 
3.481dd 12.3; 2.1 

Xllose 

1 100.27D 4.574d 5.5 

~oy 2 69.81D 4.798dd 7.4; 5.6 

3 70.22D 5.032dd 7.4; 7.4 

4 68.37D 4.855ddd 7.2; 7.2; 4.5 

5 61.24T 4.102dd 4.5; 12.1 
3.343dd 7.1; 12.1 

proton resonances of the three sugars indicated that C-5 is engaged in an ether linkage i.e. that 

the sugars are in the pyranose form. Similarly, the chemical shift value of the C-3 proton of 

arabinose at <\13.751 in (19) indicates that the C-3 oxygen atom is involved in an ether linkage. 

Earlier information on the presence of an ester group at C-2 of both the pentoses in conjunction 

with the results on the peracetate derivative (2), which shows that two acetate groups are present 

in the xylose moiety and four acetate groups in the glucose moiety, implies that either xylose or 

glucose is the terminal unit in a proposed disaccharide chain linked to the aglycone. 

Furthermore it is deduced that either glucose or xylose is linked via a glycosidic bond to the 

aglycone. The arabinose moiety must be Jinked to the aglycone via a glycosidic linkage or an 

ether bridge involving its C-3 oxygen atom. 
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2.2.4 The aglycone 

Attention now turns to the aglycone unit of prasinoside G (1 ). With the knowledge of the 

different moieties located on the aglycone to hand and with the knowledge of the molecular 

formula of C54H800 21 for prasinoside G, simple arithmatic establishes the molecular formula of 

C27H420 4 for the aglycone unit (Figure I 0). 

R1Q 

Figure 10: Part of the long range ( uc, 1H) connectivity pattern as deduced from 2D 13C{ 1H} 
heteronuclear shift correlation experiment of the aglycone of prasinoside G. 

The 1H and 13C n.m.r. spectra of prasinoside G pointed to the presence of a number of structural 

features in the aglycone. The presence of five methyl groups was evident from the signals at o c 

12.75Q, 19.05Q, 1 l.34Q, 22.03Q and 22.45Q, which correlated with the signals at oH 0.693s, 

0. 931 s, 1.026d (J 7.3 Hz), 0. 753d (J 6.5 Hz) and 0. 761 (J 6.5 Hz), respectively. The presence 

ofa trisubstituted double bond was inferred from the signals at Oc 140.84S and 121.99D, and the 

corresponding sit:,>nal at oH 5.273. The signal at Oc 217.86S indicates that one of the four oxygen 

atoms forms part of a carbonyl group (v max 1720 cm-\ The other three oxygen atoms are located 

at sp3 hybridised carbon atoms on the basis of the chemical shifts values for the signals at Oc 

69.37D (C-3), 86.41D (C-16) and 84.61S (C-17). Furthermore the presence of a singlet signal 

at oH 4.185, which disappears on addition of 0 20 to the sample, is assigned to the proton of a 

tertiary hydroxy t:,JToup which must be located on the quaternary carbon atom ( o c 84.61 S, C-17). 
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The remaining two oxygen atoms are each involved in a glycoside linkage with the different 

sugar units. 

The signals at Oc 12.75Q and 19.05Q were assigned to the methyl groups, C-18 and C-19 on the 

basis of available data on steroids. 22 These two methyl groups were used as starting points in 

the assignment of the 13C resonances and thus the structure elucidation of the aglycone by using 

the two- and three-bond (1 3C, 1H) connectivities. The long-range (13 C,1 H) correlations were 

determined in a number of 2D 13C { 1H} or 1 H {13 C} heteronuclear chemical shift correlation 

experiments. These results, part of which are shown in Figure 10, in conjunction with the 

proton-proton connectivity pattern established in COSY-45 experiments, and keeping in mind 

that the chemical shifts of the proton-bearing carbon atoms were correlated with specific proton 

resonances, established the structure of the aglycone. The assignments are summarized in Table 

5. The structure of the aglycone was confirmed in a similar analysis of prasinoside A peracetate 

(19) and subsequently by a single-crystal X-ray analysis of the hydrolysis product (3). 

Table 5 : Chemical shifts values and coupling constants of the aglycone of prasinoside G ( 1) 
(recorded in DMSO-d6Y 

Atom Oc /ppm 

1 36.85T 

2 31.82T 

3 69.37D 

4 38.66T 

5 140.42S 

6 121.15D 

7 31.42T 

8 31.35D 

9 49.46D 

Ou /ppm 

1.46 
1.79 

1.75 
0.94 

3.37 

2.10 
2.33 

5.273m 

1.86 

1.43 

0.80 

J/Hz 
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Atom Or /~~m 011 /~~m J/Hz 

10 36.18S 

11 20.12T 1.45 

12 31.86T 1.44 
1.63 

13 45.67S 

14 47.69D 1.54 

15 34.31 T 0.94 
1.75 

16 86.410 3.55 

17 84.61 S 

18 12.75Q 0.693s 

19 19.05Q 0.931s 

20 45.240 2.797q 7.3 

21 l 1.34Q 1.026d 7.3 

22 217.86S 

23 38.27T 2.12 
2.51 

24 29.30T 1.19 

25 26.900 1.32 

26 22.03Qb 0.753d 6.5 

27 22.45Qb 0.76 ld 6.5 

a 
1H Chemical shifts quoted to two decimal places were obtained from the HETCOR and COSY spectra. 

b May be interchanged. 

2.2.5 Structure of prasinoside G 

A number of problems remain to be solved in order to arrive at the final structure for prasinoside 

G and are summarised as follows: 1. the location of the mono- and disaccharide units on the 

aglycone, 2. the identity and sequence information for the sugar moieties of the disaccharide 
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unit, 3. the absolute configuration of the sugar moieties, and 4. the location of the acetate and 

3,4-dimethoxybenzoate ester groups at C-2 of either the arabinose or xylose moiety. 

The location and identity of the monosaccharide unit was established by base hydrolysis of 

prasinoside G (1) and treatment of the product with the enzyme P-glucosidase. Hydrolysis of 

the glucosidic bond leads to the loss of the glucose unit and the formation of the hydrolysis 

product (3) which retains the two pentose sugars arabinose and xylose. In this process an 

additional hydroxy group is generated and its location at C-3 of the aglycone is based on the 

downfield shift of the C-3 proton from <\1 3.37 to OH 4.57 on acetylation of (3) to give 

prasinoside A peracetate (19). It therefore follows that the disaccharide unit is constituted by 

an arabinose and a xylose unit and furthermore that the C-16 oxygen atom is involved in the 

glycosidic linkage with this disaccharide. 

Sequence information for the sugar moieties was obtained from interglycosidic long-range 

(1 3C, 1H) couplings (see Figures 11 and 12). The three-bond (1 3C,1 H) correlation observed 

between the anomeric proton of arabinose at OH 3. 980d and the C-16 resonance at Oc 86.41 D 

confirmed the location of the disaccharide unit and the necessary sequence information: the 

xylose unit must be involved in a glycosidic linkage with the arabinose C-3 oxygen atom. This 

was confirmed by the three-bond ( uc, 1H) correlation observed between the anomeric proton of 

xylose at OH 4.583d and C-3 of arabinose at Oc 78.950. 

The location of the acetate ester moiety at C-2 of the arabinose unit was deduced from the three­

bond (1 3C, 1H) correlation between the C-2 proton of arabinose (OH 4.719dd) and the acetate 

carbonyl carbon atom (Oc 168.36S). It therefore follows that the 3,4-dimethoxybenzoate ester 

is located at C-3 of the xylose unit. 

The final problem, the absolute configuration of the arabinose and xylose units, was solved by 

X-ray crystallography of the hydrolysis product (3), which established the absolute configuration 

of the disaccharide unit as a P-o-xylopyranosyl-(1--3 )-a-L-arabinopyranosyl unit and the C-16P 

glycosidic linkage, inferred from the ( 1H, 1H) coupling constants of 7. 9 and 5.2 Hz for the C-16 

proton in prasinoside A peracetate (19). 
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Figure 11 : Part of the two-dimensional long-range 1H { 13C} heteronuclear correlation 
spectrum. 
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Figure 12 : Key three-bond {13C, 1H) connectivities found in the two-dimensional long-range 

1H { 13C} heteronuclear correlation experiment. 

On the basis of the evidence presented as outlined above the 3P-O-(P-D-glucopyranosyl)-16P-[2-

0-(3,4-dimethoxybenzoyl)-P-D-xylopyranosyl-(1-3)-2-0-acetyl-a-L-arabinopyranosyl]-17a­

hydroxy-cholest-5-en-22-one structure is proposed for prasinoside G. 
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Crystallographic 
studies 

3.1 Introduction 

Aqueous base hydrolysis of prasinoside G resulted in cleavage of the acetate and 3,4-

dimethoxybenzoate ester groups. Enzymatic hydrolysis of the 3P-O-(P-o-glycopyranosyl) moiety 

using P-glucosidase gave the hydrolysed product (3) which was recrystallised from acetonitrile­

methanol as described in Chapter 4 - Experimental. 

A carefully selected, colourless needle-shaped crystal of diffraction quality was mounted on a 

glass fibre. Accurate cell parameters were determined by least-squares calculations from the 

setting cycles of 25 carefully selected reflections with 8° ~ 0 ~ 13°. All diffraction 

measurements were done on an Enraf Nonius CAD4 diffractometer using MoKa-radiation, at 

room temperature. There were no significantly strong reflections with 0 > 14 °, which is 

indicative of the relatively poor diffraction quality of the crystal. A number of attempts to obtain 

better crystals for the crystallographic study were unsuccessful. The data collection and crystal 

structure solution and refinement parameters are listed in Table 6. 

3.2 Structure determination and refinement 

The structure was first determined in part by applying the automatic centrosymmetric direct 

methods routine in the SHELX-86 crystallographic programme system. 23 The positions of some 

of the non-hydrogen atoms in the asymmetric unit were revealed by the highest peak intensities 

obtained on the first E-map. It was found that there were two independent molecules in the unit 

cell showing only minor conformational differences. These two molecules were arbitrarily 

labelled 3a and 3b. Approximately 30% of the atomic positions of the two molecules in the unit 

cell could be determined. 
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Table 6 : Crystallographic data acquisition and refinement details of (3) 

Empirical formula 
Molecular weight 
Crystal dimension, mm 
Space group 
Cell dimensions: 

z 

a, A 
b, A 
c, A 
a, o 

Y, o 

Volume A3 , 
D(calc ), g·cm- 3 

µ, cm- 1 

Radiation {A, A) 
T, °C 
F(000) 
Scan type (w:20) 
Scan Range ( 0 °) 
Zone collected: 

h 
k 
I 

Max. scan speed (deg.min- 1
) 

Max. scan time, sec. 
Scan angle (w + 0.34 tan 0)° 
Aperture size (mm) 
Reflections collected 
Decay,% 
EA C correction factor: 

Maximum 
Minimum 
Average 

Unique reflections used (>2 o(I)) 

Rini 

Parameters refined 
Max. positional shift/esd 
Residual electron density ( eA 3): 

Maximum 
Minimum 

Uiso(H), A2 
R 

R\\ 

C31H60012 

695.87 
0. I 5 x 0. 18 x 0 .40 
Pl (no. I) 

6.383(1) 
13.841(2) 
22.569(2) 
93.35( I) 
98.13(1) 
103.31(1) 
2 
1912( I) 
1.21 
0.54 
Mo Ka, 0.7107 
22(1) 
756.0 
3:2 
3~0~30 

0,+8 
-19, 19 
-31, 3 I 
5.49 
60 
0.47 
l.30x4.00 
11098 
2 

1.00 
0.98 
0.99 
5835 
0.01 
873 
0.90 

0.45 
-0.40 
0.101(5) 
0.088 
0.059 

24 
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Refinement of the trial structure, followed by difference Fourier analyses, yielded only a few 

additional peaks that were deemed acceptable. It was then decided to incorporate the expected 

progesterone aglycone nucleus with 28 non-hydrogen atoms placed, as a correctly oriented but 

wrongly positioned group in the Multan80 programme 24 in the non-centric space group Pl. This 

phase determination yielded the position of both molecules in the unit cell in a non­

centrosymmetric arrangement, and a total of 61 of the 98 non-hydrogen atoms in the unit cell 

could be placed. This solution was then refined for a number of cycles, followed by difference 

Fourier syntheses, to eventually yield all 98 atomic positions for the non-hydrogen atoms. The 

SHEJX-76 programme was used for these calculations. 25 

All the non-hydrogen atoms except C(24 ), C(25), C(26) and C(27) (in 3a and 3b) were refined 

isotropically until their positions were stabilised, after which they were refined anisotropically. 

For both molecules, 3a and 3b, anisotropic refinement of atoms C(24) to C(27) yielded 

physically unrealistic anisotropic parameters, and these atoms were thus refined isotropically. 

The C(24)-C(25), C(25)-C(26), and C(25)-C(27) bond distances, for both molecules 3a and 3b, 

were constrained to 1.540( I) A during the refinement. The hydrogen atoms were placed in 

theoretical positions with a common isotropic thermal parameter that was also refined. The 

hydrogen atoms were included in the refinement and constrained to their associated heavy 

atoms, using the SHE1X-76 programme, with C-H standard bond distances of 1.08 A and H-C-R 

C(25A) 

0(12A) 

r-, ocs 
JC(7A) 

) C(6A) 
O(SA) 

Figure 13 : Crystal structure of molecule 3a, excluding hydrogen atoms. 
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C(21 B) 

C(2B) 

0(1B) C(4B) C(6B) 

r 
0C(22B) 

0(4B) 0(6B) 

C(27B) 

C(26B) 

0(9B) 

Figure 14 : Crystal structure of molecule 3b, excluding hydrogen atoms. 

C(36B) 
C(37B) 

26 

(R = H, C or 0) angles of 109.5° or 120.0° for sp3 and sp2 carbon atoms, respectively. Almost 

48% of the 11098 reflections measured were designated as weak (I< 2o(I)) which is indicative 

of the poor diffraction quality of this crystal. Convergence was reached at Rw 0.059 using 

blocked matrix least-squares methods. Perspective views of the two molecules are shown in 

Figures 13 and 14. The physical constants of the two molecules are tabulated in Appendix B. 

3.3 The structure 

The structure found for compound (3) is a steroid glycoside and consists of a cholest-5-ene 

aglycone with hydroxy groups at C(3), C(l6) and C(l 7), and a C-22 carbonyl group. The C(16) 

oxygen atom, 0(2) is part of the glycoside bond formed with the P-o-xylopyranosyl-( 1---3 )-a-L­

arabinopyranosyl moiety. The arabinose moiety lies essentially in the steroidal plane with the 

xylose at an angle of 80. 9° in 3a and 80.6° in 3b to the arabinose. 

It was thought that a hydrogen bond between the hydrogen of the 0(3) hydroxy group (HO(3)) 

and 0( 4) would stabilise the first part of the side-chain through the formation of a six-membered 

ring but there are no structural features which constrain the pendant part of the side-chain. This 
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Figure 15: The complete unit cell of compound (3). 
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lability of the C(24)-C(27) atoms explains the difficulty experienced with the refinement of these 

atoms. It was found that the distance between HO(3) and 0(4) was 2.03 A when the angle 

HO(3)-O(3)-C(l 7) was fixed at 109.0°. If the lone-pair electrons on the oxygen 0(3) in actual 

fact take up more room than the bonding pair, then this angle is expected to be significantly less 

than 109.0°. When the angle was decreased to 95° the HO(3) .. ·O(4) distance was 1.90 A. This 

indicated that a hydrogen bond does indeed stabilise the first part of the side-chain. The six­

membered ring formed has an approximate twist-boat conformation. No clear evidence of 

intermolecular hydrogen bonds could be observed. 

The two molecules are packed in the unit cell with a pseudo two-fold rotation axis. 

Discrepancies can, however, be seen in the side-chain at C(24) to C(27) but the remainder of the 

molecule, with its rigid ring structures, transforms very well with this rotation axis. A 

perspective view of the complete unit cell is shown in Figure 15. 

3.4 Conformation of rings 

The internal torsion angles of the two molecules are listed in Table 7. Structures with the 

general connectivity as shown in Figure 16 and with R ~ 0.06, were retrieved from the 

Cambridge Crystallographic Database. 26 A total of 122 hits were found for structure A and I 0 

hits for structure 8. The torsion angles of these molecules were calculated and averaged, and 

these values are also given in Table 7. Although there are some torsion angles of compound (3) 

that differ slightly from the averaged values, the correlation is very good. The general 

conformation of 3a and 3b is the same as the averaged values. The only differences noted are 

attributed to the different side-chain groups attached to the general structures. 

0 

A B 

Figure 16 : Structures searched for in the Cambridge Crystallographic Database 
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Table 7: Internal torsion angles of the rings in molecules 3a and 3b 

Atoms in torsion angle Angle in Angle in Average angle 
molecule 3a (0

) molecule 3b (0
) from database{°) 

Ring A 

C( 1 )-C( 1 0)-C(5)-C( 4) -51 (1) -49( 1) -48. 1 (2) 

C( 1 0)-C(5)-C( 4)-C(3) 53(1) 51(1) 52.7 (1) 

C( 5 )-C( 4 )-C( 3 )-C( 2) -56(1) -55( 1) -56.5(2) 

C(4 )-C(3 )-C(2)-C(1) 57(1) 58(1) -58.8(2) 

C(3 )-C( 2 )-C( 1)-C(10) -58( 1) -58( 1) -57.3( 1) 

C(2)-C( 1 )-C( 1 0)-C(5) 55{1) 52(1) 50.0(1) 

Ring B 

C(5)-C( 10)-C(9)-C(8) -41 ( I) -41 (1) -44.8(3) 

C( 10)-C(9)-C( 8)-C(7) 59(1) 60(1) 60.6( 1) 

C(9)-C( 8)-C(7)-C( 6) -46( 1) -47(1) -43.1 (2) 

C( 8 )-C( 7)-C(6 )-C( 5) 17(1) 17(1) 13.5(2) 

C(7)-C(6 )-C(5)-C( 10) 1(1) 2(1) 1.6(1) 

C( 6 )-C( 5}-C( 1 0}-C~9) 10( 1) 9(11 14.1(3} 

RingC 

C( 8)-C(9)-C( 11 )-C( 12) 57(1) 56( 1) 51.1(2) 

C(9)-C(1 l)-C(12)-C(l3) -60( 1) -58( 1) -55.2(1) 

C( 11 )-C( 12)-C( 13 )-C( 14) 59( 1) 56(1) 56.8(1) 

C( 12 )-C( 13 )-C( 14)-C( 8) -61 ( 1) -59( 1) -60.7( I) 

C( 13 )-C( 14 )-C( 8)-C(9) 59(1) 58( 1) 57.4(1) 

C( 14 )-C( 8)-C(9)-C( 11) -53( 1) -53( 12 -50.2{2) 

Ring D 

C( 13 )-C( 1 7)-C( 16 )-C( 15) 11 (1) 9(1) 16.8(3) 

C( 17)-C( 16 )-C( 15)-C( 14) 19( 1) 19( 1) 11.3(3) 

C( 16 )-C( 15 )-C( 14 )-C( 13) -43( 1) -41 (1) -36.3(3) 

C( 15)-C( 14)-C( 13)-C( 17) 49(1) 47(1) 46.5(1) 

C( 14 )-C( 13 )-C( 17)-C( 16) -36( 1) -34( 1) -38.1(2) 
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Atoms in torsion angle Angle in Angle in Average angle 
molecule 3a !°} molecule 3b !0

} from database !0
} 

Arabinose 

0( 5 )-C( 2 8)-C( 29 )-C(30) 61(1) 60(1) 53.0 

C(28)-C(29)-C(30)-C(31) -57( 1) -56( 1) -54.1 

C(29)-C(30)-C(31 )-C(32) 53(1) 53(1) 56.9 

C(30)-C(31 )-C(32)-O(5) -55( 1) -54(1) -59.3 

C(3 l )-C(32)-O(5)-C(28) 63(1) 63(1) 62.0 

C(32)-O~5)-C~28}-C~29) -67~1) -65(1 1 -58.3 

X~lose 

0( 9)-C( 33 )-C( 34 )-C(35) 52(1) 52(1) 55.2 

C(33)-C(34 )-C(35)-C(36) -54(1) -55( 1) -54.4 

C(34 )-C(35)-C(36)-C(37) 61(1) 61(1) 54.4 

C(35)-C(36)-C(37)-O(9) -68(1) -68(1) -55.8 

C(36)-C(37)-O(9)-C(33) 67(1) 67( 1) 59.1 

C(37)-O(9)-C(33 )-C(34) -59(1) -59( 1) -58.1 

The puckering constants of the rings (Table 8) were calculated by the method described by 

Cremer and Pop le. 27 The conformation of the rings can be described by the nomenclature of 

Table 8 : Puckering constants of the rings for molecule 3a and 3b 

Q Cl> 9 
Ring 

3a 3b 3a 3b 3a 3b 

Ring A 0.56 0.55 107.1 108.3 174.3 172.2 

Ring B 0.46 0.44 335.4 337.2 129.4 128.8 

Ring C 0.60 0.55 214.8 244.7 4.0 3.1 

RingD 0.45 0.40 336.9 335.4 

Arabinose 0.58 0.58 62.6 61.0 5.3 5.4 

Xylose 0.62 0.62 270.3 270.6 9.5 9.8 
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Boeyens.28 Ring A of the aglycone is almost exclusively in the "inverted" chair conformation 

C4Cci, ring B is very close to a half chair conformation c8Hc9, while ring C is in a chair confor­

mation c8Cc 12. The two carbohydrate rings are both present as chair conformations with 

arabinose described by a 05Cc30 and xylose by a 09Cc35 chair conformation. Ring D is in an 

envelope conformation with C( 15) standing up from the molecular plane. 
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Experimental 

4.1 General 

Melting points (mp) were determined on a Kofler hot-stage apparatus and are uncorrected. 

Ultraviolet absorptions were measured for solutions in methanol on a Unicam SP8-l 00 

spectrophotometer. Infrared spectra (ca 50mg/cm3
) were recorded in CHCl 3 with a Bomem 

FT-IR spectrophotometer. F.a.b. mass spectra were recorded on a VG 7070-E spectrometer 

operating in the positive ion-mode using a glycerol matrix for the samples and xenon as the 

bombardment gas. 

Nuclear magnetic resonance spectra were measured for deuteriated solvents as indicated on 

Bruker AC-300 (7.0 T) and AMXR-500 ( 11. 7 T) spectrometers. All chemical shifts are reported 

as o-values downfield from (CH3) 4Si and the J values are given in Hertz. The abbreviations s 

= singlet, d = doublet, t = triplet and m = multiplet are used in connection with 1H n.m.r. data. 

In the case of 13C n.m.r. data, capital letters are used to refer to the patterns resulting from 

directly-bonded (C,H) couplings [1J(CH)]. 

The assignments of the signals in the 1H nmr spectra of the different compounds are based on 

first-order analysis of the spin systems and were confirmed by 1H { 1H} decoupling experiments. 

In some cases the proton-proton connectivity patterns were determined by two-dimensional ( 'H, 
1H) correlation spectroscopy using the COSY-45 pulse sequence. The 13C chemical shifts were 

obtained from proton-decoupled spectra. The multiplicities of the different 1t resonances were 

deduced from the proton-decoupled CH, CH 2 and CH3 subspectra obtained using the DEPT pulse 

sequence. The signals of the proton-bearing carbon-atoms were correlated with specific proton 

resonances in two-dimensional (20) 13C{1H} heteronuclear shift correlation experiments 

(HETCOR) utilising the one-bond (13C, 1H) spin-spin couplings. The long-range (13C,1H) 

connectivities were determined in 20 13C{1H} or 1H{ 13C} heteronuclear shift correlation 
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experiments utilising the two- and three-bond ( 13C, 1H) spin-spin couplings. Standard Bruker 

pulse programs were used in these experiments. 

The course of reactions was fo11owed by thin-layer chromatography (tic) which was performed 

on glass plates coated with silica gel 60A K6F. Column chromatography was performed with 

Merck silica gel 60 (70-230 mesh) and RP8 reversed phase silica gel. Eluant volumes are v/v. 

4.2 Toxicological trials 

The purified toxin was not tested in sheep. In per os dosing of more than 25 mg/kg to weaned 

guinea pigs, the animals died acutely within 6 hours showing severe morbidity and cyanosis. At 

less than 10 mg/kg the first signs of intoxication was diarrhoea which developed after about 16 

to 30 hours and seems to be the cause of death. Blindness was never detected in guinea pigs. 

4.3 Isolation of prasinoside G 

Fresh plant material (30 kg) was collected at the Roodeplaat Research Institute of the 

Department of Agriculture outside Pretoria and macerated in 1 kg batches in a Waring blender 

with ethyl acetate (2x 1 dm3
). The combined solvents were evaporated and the residue 

partitioned between methanol-water (20:1, 5.0 dm) and n-hexane (3x2 dm). The toxic material 

(75 g) obtained from the aqueous methanol fraction was subjected to extensive column 

chromatography on silica gel using chloroform-methanol (9: 1) as eluant to give a toxic fraction 

(28.9 g) which was again fractionated by column chromatography on silica gel using chloroform­

methanol (9: 1) as eluant. The fractionation process was monitored by thin layer chromatography 

on silica gel and by bioassay dosing fractions to weaned guinea pigs. After this procedure the 

toxic material ( 10. 9 g) was fractionated by column chromatography on reversed-phase silica gel 

(RP8) using methanol-water (9: 1 ), followed by column chromatography of the toxic fraction 

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2022.

 
 
 



Chapter 4 34 

(3.5 g) on silica gel using chloroform-acetone-diethyl ether-water (20:20:20: 1) as eluant. The 

final purification of the toxic principle (844 mg) was carried out by preparative layer 

chromatography on silica gel using chloroform-acetone-diethyl ether-water (60:30: 10:2) to 

develop the plates and subsequent crystallisation from methanol. This yielded prasinoside G ( 1) 

(320 mg), m.p. 166-168°C, Amax 262 and 292 nm (E I.4x104 and 9.0xl04
), vmax 1694, 1721 and 

1738 cm-1 (Found: C, 57.69; H, 7.97%; [M+Nar 1087. C 54H80O21 .3H2O requires; C, 57.84; H, 

7.91 %; M, 1065). 

4.4 Acetylation of prasinoside G 

A solution of prasinoside G (1) ( 40 mg) in a mixture of pyridine (2 cm3
) and acetic acid 

anhydride (2 cm3
) and 4-dimethylaminopyridine (10 mg) was stirred overnight at room 

temperature. The reaction mixture was then poured onto ice and stirred for a further 3 hours. 

The aqueous solution was extracted three times with chloroform (3 x 10 cm3
), the chloroform 

fractions were combined, dried (Na2SO4), filtered and evaporated under reduced pressure. 

Purification of the product was done by column chromatography on silica gel using 

chloroform:methanol (95:5) as eluant to give the peracetate derivative (2) (30 mg, 59%, [M+H] 

1359). 

4.5 Enzymatic hydrolysis of prasinoside G 

A solution ofprasinoside G (1) (50 mg) and KOH (200 mg) in aqueous methanol (1:1, 10 cm 3
) 

was refluxed for 12 h. The methanol was removed under reduced pressure, the residue dissolved 

in water (10 cm3
) and the solution refluxed for and additional 4 h. The solution was neutralised 

to pH 7 with 0.1 N HCl and extracted with chloroform (4x 10 cm3
). The combined organic 

extracts were dried (MgSO4), filtered and the chloroform removed under reduced pressure. The 

product was purified by column chromatography on silica gel using chloroform:methanol (9: 1) 

as eluant to give the hydrolysed product ( 19 mg). 
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A solution of this hydrolysed product (19 mg) in ethanol (0.5 cm 3) was added to a solution of P­
glucosidase (33 mg) in a sodium acetate buffer solution (pH 5.0, 20 cm3

). The mixture was 

incubated at 37°C for 30 h. The product was extracted with ethyl acetate (3 x 50 cm3
). The 

organic fractions were combined, dried (MgSO4) and the solvent removed under reduced 

pressure to afford the crude product (3) (15.8 mg) which was crystallised from acetonitrile­

methanol. (Found: C, 63.64; H, 8. 78%; [M+Hr 697 . C37H60O 12 requires; C, 63. 77; H, 8.69%; 

M, 696). 

4.6 Acetylation of the hydrolysis product (3) 

A sample of the hydrolysis product (3) (90 mg) was acetylated using the procedure as described 

in 4.4. The product was purified by column chromatography on silica gel using chloroform­

methanol (95:5) as eluant and recrystallised from chloroform-methanol to give prasinoside A 

peracetate (19) (100 mg), m.p. 198-200°C. (Found: C, 61.66; H, 7.86%; [M+H] + 949. C 4J-l 7:P 18 

requires; C, 62.01; H, 7.65%; M949). 
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Appendix A 
Table A.1 : Chemical shift values and coupling constants of prasinoside G (1) (recorded in 

OMSO-~t 

Atom or /l?l?m 011 /l?l?m J/Hz 

Agl~cone 

36.85T 1.46 
1.79 

2 31.82T 1.75 
0.94 

3 69.37D 3.37 

4 38.66T 2.10 
2.33 

5 140.42S 

6 121.15D 5.30 

7 31.42T 1.86 

8 31.350 1.43 

9 49.460 0.80 

10 36.18S 

11 20.12T 1.45 

12 31.86T 1.44 
1.63 

13 45.67S 

14 47.69D 1.54 

15 34.31 T 0.94 
1.75 

16 86.41D 3.55 

17 84.61 S 

18 12.75Q 0.693 

19 19.05Q 0.931 

a 
1H Chemical shifts quoted to two decimal places were obtained from the COSY and HETCOR spectra. 
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Atom Oc /ppm 0 11 /ppm J!Hz 

20 45.240 2.78 

21 11.34Q 1.026 7.3 

22 217.86S 

23 38.27T 2.12 
2.51 

24 29.30T 1.19 

25 26.900 1.32 

26 22.03Q 0.753 6.5 

27 22.45Q 0.761 6.5 

Arabinose 

99.620 3.980 6.7 

2 70.570 4.719 6.7~ 9.0 

3 78.950 3.61 

4 66.760 3.81 

4-OH 4.441 4.6 

5 65.21 T 3.42 
3.66 

Xylose 

101.870 4.583 7.5 

2 73.850 4.751 9.1~7.6 

3 74.260 3.42 

3-OH 5.240 4.4 

4 77.040 3.45 

4-OH 5.160 4.6 

5 65.59T 3.17 
3.82 

Glucose 

100.870 4.210 7.9 

2 73.500 2.897 8.1 
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Atom Or /ppm 011 /ppm J/Hz 

2-OH 4.82 

3 76.80D 3.131 9.0 

3-OH 4.82 

4 70.16D 3.012 8.7; 8.7; 4.8 

4-OH 4.82 

5 76.72D 3.02 

6 61.16T 3.42 
3.63 

6-OH 4.374 5.6 

Acetate ester 

C=O 168.36S 

CHj 20.36Q 1.644 

Aromatic ester 

C=O 164.34S 

1 122.34S 

2 112.30D 7.448 2.0 

3 152.96S 

C(3)-O-Me 55.73Q 3.821 

4 148.31S 

C(4)-O-Me 55.59Q 3.798 

5 110.87D 7.053 8.7 

6 123.5D 7.583 2.0; 8.7 
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Table A.2: Chemical shifts values and coupling constants of the peracetate derivative (2) 

(recorded in C6D6)3 

Atom or /l!l!m c\1 / I! I! m J!Hz 

Agll:cone 

37.33T 0.91 
1.62 

2 32.37T 1.89 

3 76.69D 3.79 

4 39.25T 2.41 

5 140.84S 

6 121.99D 5.41 

7 29.98T 1.62 
1.91 

8 32.13Dc 1.48 

9 50.00D 0.98 

IO 36.94S 

11 30.14T 1.30 
1.42 

12 32.69T 2.13 

13 46.52S 

14 48.35D 1.96 

15 34.53T 1.49 
2.32 

16 91.67D 4.09 

17 85.56S 

18 13.72Q 0.942 

19 19.38Q 0.900 

20 46.42D 3.100 7.4 

21 l l.81Q 1.185 7.4 

a 
1H Chemical shifts quoted to two decimal places were obtained from the COSY and HETCOR spectra. 
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Atom Oc /ppm Ou /ppm J/Hz 

22 218.54S 

23 39.51T 2.46 

24 32.80T 1.48 

25 27.85D 1.45 

26 22.38Q 0.859 6.2 

27 22.80Q 0.838 6.2 

Arabinose 

100.67D 4.325 5.4 

2 71.16D 5.26 4.3 

3 76.62D 3.80 

4 69.29D 5.19 3.0; 5.6 

5 60.48T 3.96 5.1;12.3 
3.16 

Xylose 

1 101.10D 4.886 4.6 

2 70.39D 5.44 

3 70.28D 5.52 

4 68.82D 5.00 5.6; 10.6 

5 61.24T 4.14 4.2; 12.3 
3.38 5.6; 12.3 

Glucose 

99.82D 4.455 7.8 

2 72.19D 5.25 7.6; 9.9 

3 73.53D 5.40 9.4 

4 68.91D 5.23 9.5; 4.7 

5 72.09D 3.31 

6 61.97T 4.270 4.6; 12.3 
4.047 2.4 ; 12.3 
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Atom oc /ppm ou /ppm J/Hz 

Aromatic ester 

C=O 164.93S 

122.31S 

2 113.36D 7.741 2.1 

3 149.84S 

C(3)-O-Me 55.99Q 3.502 

4 154.52S 

C(4)-O-Me 55.38Q 3.308 

5 110.93D 6.514 8.5 

6 124.30D 7.876 8.5 
2.1 
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Table A.3: Chemical shifts values and coupling constants of the hydrolysis product (3) 

(recorded in DMSO-d6 )3 

Atom or f(?(?m 011 lf?f?m J/Hz 

Aglrcone 

36.91 T 1.73 
1.77 

2 31.39T 1.63 

3 69.97D 3.23 

4 42.19T 2.12 

5 141.12S 

6 120.39D 5.236 4.6 

7 31.42T 1.84 

8 31.39D 1.44 

9 49.46D 0.80 

10 36.01 S 

11 20.16T 1.47 

12 31.90T 1.51 
1.65 

13 45.52S 

14 47.80D 1.53 

15 34.97T 1.23 
2.06 

16 87.36D 3.66 

17 85. l 3S 

18 13.07Q 0.786 

19 19.09Q 0.927 

20 44.87D 3.09 

21 l l .67Q 1.096 8.086 

22 218.54S 

a 
1H Chemical shifts quoted to two decimal places were obtained from the COSY and HETCOR spectra. 
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Atom Oc/ppm Ou /ppm J/Hz 

23 38.37T 3.72 

24 31.61 T 1.31 

25 27.01D 1.45 

26 22.22Q 0.838 6.528 

27 22.69Q 0.838 6.528 

Arabinose 

1 103.46D 3.861 9.191 

2 69.80D 3.45 

3 81.59D 3.40 

4 66.80D 3.71 

5 65.36T 3.34 
3.60 

Xylose 

1 104.91D 4.32 6.571 

2 73.35D 3.06 

3 76.09D 3.08 

4 69.37D 3.26 

5 65.68T 3.00 
3.68 
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Table A.4: Chemical shift values and coupling constants of prasinoside A peracetate (19) 

(recorded in CDC13)3 

Atom Or 122m 011 121.!m J/Hz 

Agl~cone 

36.91T 1.84 
1.06 

2 32.26T 1.665 
1.77 

3 73.90D 4.57 

4 38.11 T 2.30 

5 139.67S 

6 122.27D 5.328 

7 27.76T 1.84 
1.55 

8 31.80D 1.50 

9 49.42D 1.03 

10 36.54S 

11 20.49T 

12 31.80T 1.95 
1.60 

13 46.14S 

14 47.92D 1.70 

15 33.85T 2.196ddd 13.0; 7.9;6.8 
l.295ddd 13.0; 13.0; 5.2 

16 88.57D 3.874dd 7.9; 5.2 

17 85.23S 

18 13.36Q 0.802s 

19 19.28Q 0.987s 

20 45.91D 3.033d 7.4 

21 11.56Q 1.175d 7.4 

a 
1H Chemical shifts quoted to two decimal places were obtained from the COSY and HETCOR spectra. 
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Atom Oc /ppm Ou /ppm J/Hz 

22 218.83S 

23 39.21T 2.633 17.5; 9.5; 6.4 
2.350 17.5; 9.5; 5.6 

24 32.26T 1.665 13.0; 10.8; 6.9 
1.77 

25 27.670 

26 22.59Q 0.884 6.6 

27 22.29Q 0.884 6.6 

Arabinose 

1 100.000 4.200 6.3 

2 71.160 4.900 8.5; 6.4 

3 75.540 3.751 8.5; 3.5 

4 69.410 5.100 4.0; 3.5; 2.1 

5 62.79T 3.920 12.3; 4.0 
3.481 12.3; 2.1 

Xylose 

100.270 4.574 5.5 

2 69.810 4.798 7.4; 5.6 

3 70.220 5.032 7.4; 7.4 

4 68.370 4.855 7.2; 7.2; 4.5 

5 61.24T 4.102 4.5; 12.1 
3.343 7.1; 12.1 
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Table B.1 : Fractional atomic coordinates (x 104

) and equivalent thermal factors (x 103 A2
) 

for molecule 3a 

Atom x/a ~/b z/c uf!;J 
C(IA) 7407(1) 8240( 1) 2786(1) 83(4) 

C(2A) 7555(18) 8687(8) 2164(4) 80(3) 

C(3A) 6169(16) 9474(7) 2132(3) 61(3) 

O(lA) 6391(10) 9880(5) 1572(2) 71(2) 

C(4A) 6940(14) 10261(6) 2659(3) 52(2) 

C(5A) 6924(13) 9808(6) 3260(3) 39(2) 

C(6A) 5921(15) 10117(6) 3662(3) 55(2) 

C(7A) 5870(16) 9727(7) 4267(4) 61(3) 

C(8A) 7630(14) 9159(6) 4441(3) 43(2) 

C(9A) 7667(15) 8447(6) 3903(3) 47(2) 

C(l0A) 8160(15) 8996(7) 3322(3) 51(2) 

C(l9A) 10651(16) 9471( 10) 3368(5) 99(4) 

C(l IA) 9249(18) 7771(8) 4091(4) 80(3) 

C(12A) 8656(18) 7176(7) 4621(3) 70(3) 

C(13A) 8738(14) 7932(6) 5165(3) 42(2) 

C(14A) 7114( 13) 8558(6) 4974(3) 36(2) 

C( 15A) 6926( 14) 9123(6) 5561(3) 43(2) 

C(16A) 6790(14) 8301(6) 5995(3) 48(2) 

O(2A) 8025(8) 8725(4) 6590(2) 42(1) 

C(17A) 7706(15) 7451(6) 5699(3) 48(2) 

C( 18A) 11057(13) 8573(8) 5389(4) 65(3) 

O(3A) 5861(10) 6703(4) 5461 (2) 63(2) 

C(20A) 9267(16) 7049(7) 6172(3) 58(3) 

C(21A) 10044(21) 6175(7) 5887(4) 91(4) 

C(22A) 8153(20) 6652(7) 6688(4) 64(3) 

O(4A) 6163(13) 6364(6) 6645(3) 94(2) 

C(23A) 9750(19) 6626(8) 7256(4) 88(4) 

C(24A) 8706(24) 5952(12) 7716(7) 166(7)* 

• isotropic temperature factor; U = 2 ~. ~. U .. a~ a~ (a .• a.) 
eq 3 L....t1. L....tJ J.J i J J. J 
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Atom x/a y/b z/c ur0 

C(25A) 10364(26) 5659(13) 8193(8) 233(10)* 

C(26A) 11460(34) 6668(14) 8558(10) 351(14)* 

C(27A) 8827(37) 5327(20) 8650(11) 487(23)* 

C(28A) 6606(14) 8906(7) 6982(3) 45(2) 

C(29A) 7957(13) 9383(6) 7584(3) 40(2) 

O(6A) 9149(9) 8723(4) 7837(2) 53(2) 

C(30A) 6321(12) 9574(6) 7994(3) 39(2) 

O(7A) 7513(9) 10060(4) 8557(2) 45(1) 

C(31A) 4888(13) 10211(7) 7718(3) 45(2) 

O(8A) 6133(9) 11201(4) 7687(2) 50(2) 

C(32A) 3845(13) 9729(7) 7088(3) 52(2) 

O(5A) 5438(9) 9579(4) 6739(2) 48(1) 

C(33A) 7820(13) 9471(6) 9024(3) 42(2) 

C(34A) 10181(13) 9915(6) 9348(3) 45(2) 

O(I0A) 11597(9) 9606(4) 8976(2) 56(2) 

C(35A) 10591(13) 9514(6) 9981(3) 41(2) 

O(1 lA) 12769(9) 9976(4) 10252(2) 54(2) 

C(36A) 8852(13) 9716(7) 10329(3) 45(2) 

O(12A) 9169(10) 9405(5) 10905(2) 62(2) 

C(37A) 6611 ( 13) 9137(7) 9967(3) 52(2) 

O(9A) 6293(8) 9609(4) 9414(2) 48(2) 

H(lA) 8395(1) 7702(1) 2822(1) 101(5)* 

H(lB) 5727(1) 7870(1) 2793(1) 101(5)* 

H(2A) 6922( 18) 8106(8) 1799(4) 101(5)* 

H(2B) 9231(18) 9039(8) 2137(4) 101(5)* 

H(3) 4474(16) 9155(7) 2154(3) 101(5)* 

HO(l) 5654(10) 10452(5) 1392(2) 101(5)* 

H(4A) 8581(14) 10667(6) 2633(3) 101(5)* 

H(4B) 5876(14) 10767(6) 2634(3) 101(5)* 

H(6) 5085(15) 10696(6) 3558(3) 101(5)* 

H(7A) 6086(16) 10346(7) 4602(4) 101(5)* 

H(7B) 4297(16) 9223(7) 4260(4) 101(5)* 

H(8) 9196(14) 9682(6) 4566(3) 101(5)* 

H(9) 6046( 15) 7974(6) 3770(3) 101(5)* 

H(l9A) 11324( 16) 9883(10) 3801(5) 101(5)* 
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Atom x/a y/b z/c uw 
H(19B) 11186(16) 9918(10) 3016(5) 101(5)* 

H(19C) 11200(16) 8790(10) 3341(5) 101(5)* 

H(l lA) 10880( 18) 8237(8) 42 I 8(4) 101(5)* 

H(l 1B) 9206(18) 7252(8) 3711(4) 101(5)* 

H(l2A) 7032(18) 6700(7) 4502(3) 101(5)* 

H( 12B) 9802(18) 6725(7) 4734(3) 101(5)* 

H(l4) 5516(13) 8118(6) 4774(3) 101(5)* 

H(l5A) 8342(14) 9731(6) 5707(3) 101(5)* 

H(l5B) 5477(14) 9407(6) 5516(3) 101(5)* 

H(l6) 5141(14) 7985(6) 6065(3) 101(5)* 

H(l8A) 11454(13) 9086(8) 5057(4) 101(5)* 

H(l8B) 11900(13) 7985(8) 5350(4) 101(5)* 

H(18C) 11554(13) 8965(8) 5833(4) 101(5)* 

HO(3) 4712(10) 5985(4) 5417(2) 101(5)* 

H(20) 10625(16) 7678(7) 6333(3) 101(5)* 

H(21A) 10968(21) 6469(7) 5544(4) 101(5)* 

H(21B) 8502(21) 5694(7) 5676(4) 101(5)* 

H(21C) 10949(21) 5753(7) 6166(4) 101(5)* 

H(23A) 11091(19) 6355(8) 7126(4) 101(5)* 

H(23B) 10352(19) 7376(8) 7471(4) 101(5)* 

H(24A) 7671(24) 5278(12) 7470(7) 101(5)* 

H(24B) 7731(24) 6344(12) 7946(7) 101(5)* 

H(25) 11387(26) 5210( 13) 8035(8) 101(5)* 

H(26A) 12572(34) 7334(14) 8462(10) 101(5)* 

H(26B) 12037(34) 6464(14) 8996(10) 101(5)* 

H(26C) 9861(34) 6806(14) 8555(10) 101(5)* 

H(27A) 8392(37) 4618(20) 8382(11) 101(5)* 

H(27B) 7367(37) 5520(20) 8756(11) 101(5)* 

H(27C) 9872(37) 5277(20) 9062( 11) 101(5)* 

H(28) 5490(14) 8215(7) 7041(3) 101(5)* 

H(29) 9110(13) 10070(6) 7538(3) 101(5)* 

HO(6) 10612(9) 8450(4) 7868(2) 101(5)* 

H(30) 5285(12) 8856(6) 8043(3) 101(5)* 

H(31) 3675(13) 10270(7) 7998(3) 101(5)* 

HO(8) 6614(9) 11603(4) 7313(2) 101(5)* 
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Atom x/a y/b z/c ur0 

H(32A) 2927(13) 10210(7) 6869(3) 101(5)* 

H(32B) 2760(13) 9018(7) 7124(3) 101(5)* 

H(33) 7568(13) 8685(6) 8891(3) 101(5)* 

H(34) 10475(13) 10717(6) 9414(3) 101(5)* 

HO( 10) 11413(9) 9579(4) 8492(2) 101(5)* 

H(35) 9723(13) 8827(6) 9716(3) 101(5)* 

HO(ll) 12181(9) 10529(4) 10003(2) 101(5)* 

H(36) 8913(13) 10503(7) 10382(3) 101(5)* 

HO(l2) 10657( 10) 9154(5) 10981(2) 101(5)* 

H(37A) 5320(13) 9175(7) 10223(3) 101(5)* 

H(37B) 6621(13) 8366(7) 9864(3) 101 (5)* 
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Table 8.2 : Anisotropic thermal factors (x 103 A2
) for molecule 3a 

Atom U{ll} U{22} U{33} U{23} U{l3} U{12} 

C(lA) 156(12) 86(8) 32(5) 10(5) 30(6) 73(8) 

C(2A) 131(11) 97(9) 37(5) 24(5) 24(6) 65(8) 

C(3A) 78(8) 87(8) 25(4) 13(5) 14(4) 30(6) 

O(lA) 98(5) 105(6) 34(3) 35(3) 27(3) 57(4) 

C(4A) 58(6) 61(6) 39(5) 9(4) 10(4) 19(5) 

C(5A) 50(5) 33(5) 31(4) 9(3) -1(4) 7(4) 

C(6A) 89(8) 55(6) 32(4) 16(4) 18(5) 35(6) 

C(7A) 82(7) 78(7) 47(5) 16(5) 24(5) 54(6) 

C(8A) 63(6) 36(5) 25(4) 10(3) -3(4) 9(4) 

C(9A) 78(7) 46(5) 27(4) 13(4) 18(4) 28(5) 

C(l0A) 69(7) 63(6) 33(4) 24(4) 13(4) 30(5) 

C(19A) 81(9) 167(13) 65(7) 74(8) 22(6) 42(9) 

C(llA) 142(11) 88(8) 40(5) 13(5) 42(6) 71(8) 

C(12A) 137(10) 71(7) 31(4) 25(4) 31(5) 67(7) 

C(13A) 65(6) 48(5) 21(4) 15(3) 10(4) 25(5) 

C(14A) 45(5) 43(5) 25(4) 4(3) 8(3) 20(4) 

C(l5A) 64(6) 46(5) 23(4) 5(4) -1(4) 25(5) 

C(16A) 53(6) 62(6) 22(4) -10(4) -11(4) 16(5) 

O(2A) 44(3) 57(4) 19(2) -4(2) -3(2) 10(3) 

C(l7A) 76(7) 38(5) 26(4) 0(4) -4(4) 16(5) 

C(l8A) 40(6) 96(8) 63(6) 38(6) 3(5) 20(6) 

O(3A) 79(5) 49(4) 41(3) 4(3) -4(3) -18(3) 

C(20A) 88(8) 68(7) 35(5) 25(5) 20(5) 45(6) 

C(21A) 168(13) 80(8) 52(6) 27(6) 32(7) 70(9) 

C(22A) 126(10) 36(6) 32(5) 6(4) 12(6) 25(6) 

O(4A) 99(6) 109(7) 62(5) 29(4) 24(5) -14(5) 

C(23A) 148(12) 89(9) 43(6) 29(6) 25(7) 49(8) 

C(28A) 54(6) 61 (6) 23(4) 2(4) 10(4) 18(5) 

C(29A) 43(5) 51(5) 26(4) -1 ( 4) 6(4) 11(4) 

O(6A) 59(4) 78(5) 33(3) 8(3) 5(3) 39(4) 

C(30A) 38(5) 47(5) 26(4) -4(3) 7(3) 1(4) 

O(7A) 58(4) 60(4) 14(2) 5(2) 2(2) 11(3) 

C(31A) 38(5) 71(6) 27(4) -5(4) 6(4) 15(5) 

O(8A) 52(4) 66(4) 35(3) 8(3) 9(3) 16(3) 
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Atom U(tl) U(22) U(33) U(23) U(13) U(12) 

C(32A) 43(6) 80(7) 37(5) -2(5) 1(4) 26(5) 

O(5A) 56(4) 68(4) 24(3) 3(3) 4(3) 25(3) 

C(33A) 56(6) 58(6) 19(4) 6(4) 7(4) 27(5) 

C(34A) 42(5) 59(6) 32(4) 3(4) 8(4) 9(4) 

O(JOA) 51(4) 95(5) 23(3) 4(3) 15(3) 19(3) 

C(35A) 44(5) 59(6) 20(4) 3(4) 0(3) 16(4) 

O(1 lA) 38(4) 80(5) 46(3) 10(3) 2(3) 17(3) 

C(36A) 43(5) 68(6) 32(4) 9(4) 14(4) 23(5) 

O(12A) 59(4) 115(6) 28(3) 28(3) 12(3) 46(4) 

C(37A) 50(6) 93(7) 27(4) 24(4) 16(4) 38(5) 

O(9A) 36(3) 83(5) 27(3) 8(3) 2(2) 20(3) 
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Table B.3: Fractional atomic coordinates (x 104
) and equivalent thermal factors (x 103 A 2) 

for molecule 3b 

Atom x/a rib z/c v~ 
C(1B) 2050(16) 3826(7) 6448(4) 77(3) 

C(2B) 2296(17) 3347(8) 7062(4) 85(3) 

C(3B) 204(15) 2604(7) 7104(3) 54(2) 

O(1B) 568(10) 2166(5) 7659(2) 70(2) 

C(4B) -376(14) 1793(7) 6580(3) 53(2) 

C(5B) -482(14) 2234(6) 5976(3) 41(2) 

C(6B) -2200( 15) 1935(6) 5573(3) 54(2) 

C(7B) -2493(14) 2336(7) 4955(3) 60(2) 

C(8B) -320(13) 2891(6) 4799(3) 40(2) 

C(9B) 964(14) 3599(6) 5329(3) 49(2) 

C(I0B) 1470(15) 3051(7) 5905(3) 52(2) 

C(l9B) 3393(17) 2605(10) 5867(5) 99(4) 

C(l 1B) 2976( 16) 4259(8) 5148(4) 80(3) 

C(l2B) 2505(15) 4851(6) 4615(3) 65(2) 

C(l3B) 1271(14) 4129(6) 4067(3) 42(2) 

C( 14B) -783(12) 3493(6) 4263(3) 35(2) 

C( 15B) -2129(14) 2943(6) 3675(3) 47(2) 

C(l6B) -1858(13) 3757(6) 3236(3) 42(2) 

O(3B) -627( 11) 5368(4) 3776(2) 63(2) 

C(l 7B) 197(14) 4572(6) 3526(3) 44(2) 

O(2B) -1673(9) 3321(4) 2646(2) 43(1) 

C(l8B) 2753(15) 3481 (8) 3847(4) 66(3) 

C(20B) 1693( 14) 5010(7) 3060(3) 53(2) 

C(21B) 3561(20) 5862(8) 3337(4) 110( 4) 

C(22B) 452(20) 5402(7) 2547(4) 68(3) 

O(4B) -1205(14) 5683(6) 2587(3) 90(3) 

C(23B) 1490(18) 5440( 8) 1978(4) 90(3) 

C(24B) 658(22) 6117(11) 1534(6) 137(6)* 

C(25B) 1959(26) 6254(12) 1007(7) 183(7)* 

• isotropic temperature factor ; U = 2 """ . """ . U. . a~ a~ ( a .. a . ) 
eq 3 ~ J. ~ J J. J J. J J. J 
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Atom x/a rib z/c vrJj 
C(26B) 1262(33) 5247(14) 618(10) 400(17)* 

C(27B) 1056(36) 6939(15) 577(10) 376(16)* 

C(28B) -3640(14) 3156(6) 2261(3) 44(2) 

C(29B) -3396(13) 2674(6) 1640(3) 40(2) 

O(6A) -1783(9) 3327(4) 1398(2) 52(2) 

C(30B) -5593( 13) 2473(6) 1241 (3) 40(2) 

O(7B) -5466(9) 1984(4) 672(2) 44(1) 

C(31B) -7390(13) 1831(7) 1528(3) 46(2) 

O(8B) -7090(9) 867(4) 1550(2) 48(2) 

C(32B) -7343(13) 2302(7) 2154(3) 54(2) 

O(5B) -5262(9) 2469(4) 2496(2) 49(2) 

C(33B) -5005( 12) 2587(6) 207(3) 37(2) 

C(34B) -3469(13) 2154(6) -116(3) 43(2) 

0( 10B) -1370(9) 2442(4) 259(2) 53(2) 

C(35B) -3280(12) 2531(6) -734(3) 36(2) 

O(11B) -1878(9) 2067(4) -1017(2) 51(2) 

C(36B) -5574(13) 2320(7) -1083(3) 49(2) 

0( 12B) -5477(9) 2646(5) -1671(2) 60(2) 

C(37B) -6835( 13) 2895(7) -733(3) 52(2) 

O(9B) -7066(8) 2439(4) -178(2) 46(1) 

H(lA) 3575(16) 4339(7) 6415(4) 101(5)* 

H(lB) 782(16) 4226(7) 6442(4) 101(5)* 

H(2A) 2658( 17) 3924(8) 7431(4) 101(5)* 

H(2B) 3605(17) 2970(8) 7081(4) 101(5)* 

H(3) -1138(15) 2960(7) 7092(3) 101(5)* 

HO(l) -240(10) 1461 ( 5) 7798(2) 101(5)* 

H(4A) -1946(14) 1307(7) 6601(3) 101(5)* 

H(4B) 850(14) 1367(7) 6614(3) 101(5)* 

H(6) -3512(15) 1356(6) 5676(3) 101(5)* 

H(7A) -3549(14) 2842(7) 4964(3) 101(5)* 

H(7B) -3235( 14) 1720(7) 4618(3) 101 (5)* 

H(8) 616(13) 2369(6) 4683(3) 101(5)* 

H(9) -48(14) 4074(6) 5462(3) 101(5)* 

H(19A) 4562(17) 3260( 10) 5781 (5) 101(5)* 

H(19B) 2793(17) 2120(10) 5456(5) 101(5)* 
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Atom x/a y/b z/c uro 
H(l 9C) 4170(17) 2214(10) 6199(5) 101(5)* 

H(l lA) 3828(16) 4776(8) 5530(4) 101(5)* 

H(l 1B) 4010(16) 3789(8) 5025(4) 101(5)* 

H(12A) 1508(15) 5342(6) 4734(3) 101(5)* 

H(l2B) 4013(15) 5286(6) 4507(3) 101(5)* 

H(14) -1751(12) 3920(6) 4470(3) 101(5)* 

H(15A) -1486(14) 2329(6) 3530(3) 101(5)* 

H(l5B) -3820(14) 2670(6) 3720(3) 101(5)* 

H(l6) -3243(13) 4085(6) 3166(3) 101(5)* 

HO(3) -40(9) 3442(4) 2540(2) 101(5)* 

H( 18A) 3427(15) 3262(8) 4270(4) 101(5)* 

H(l 8B) 4061(15) 3872(8) 3630(4) 101(5)* 

H(l8C) 1831(15) 2825(8) 3560(4) 101(5)* 

H(20) 2290(14) 4389(7) 2901(3) 101(5)* 

H(21A) 4647(20) 5616(8) 3674(4) 101(5)* 

H(21B) 2644(20) 6305(8) 3553(4) 101(5)* 

H(21C) 4500(20) 6306(8) 3044(4) 101(5)* 

H(23A) 3236(18) 5704(8) 2101(4) 101(5)* 

H(23B) 1105(18) 4693(8) 1757(4) 101(5)* 

H(24A) -1041(22) 5798(11) 1357(6) 101(5)* 

H(24B) 834(22) 6842(11) 1768(6) 101(5)* 

H(25) 3691(26) 6520(12) 1159(7) 101(5)* 

H(26A) 866(33) 4442(14) 564(10) 101(5)* 

H(26B) 2099(33) 5534(14) 258(10) 101(5)* 

H(26C) -220(33) 5501(14) 605(10) 101(5)* 

H(27A) 2181(36) 7512(15) 888( 10) 101(5)* 

H(27B) -596(36) 6973(15) 612(10) 101(5)* 

H(27C) 1353(36) 7055(15) 125( 10) 101(5)* 

H(28) -4097(14) 3856(6) 2217(3) 101(5)* 

H(29) -2898(13) 1983(6) 1680(3) 101(5)* 

HO(6) -234(9) 3440(4) 1239(2) 101(5)* 

H(30) -5996( 13) 3181(6) 1179(3) 101(5)* 

H(3 l) -8958(13) 1793(7) 1262(3) 101(5)* 

HO(8) -7679(9) 98(4) 1365(2) 101(5)* 

H(32A) -8494(13) 1807(7) 2374(3) 101(5)* 
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Atom x/a y/b z/c veg 
H(32B) -7796(13) 3005(7) 2122(3) 101(5)* 

H(33) -4343(12) 3373(6) 342(3) 101(5)* 

H(34) -4081 ( 13) 1355(6) -189(3) 101(5)* 

HO(l0) -76(9) 2358(4) 15(2) 101(5)* 

H(35) -2575(12) 3324(6) -708(3) 101(5)* 

HO(l l) -727(9) 1738(4) -1213(2) 101(5)* 

H(36) -6359( 13) 1534(7) -1131(3) 101(5)* 

HO(l2) -5530(9) 2521(5) -2151(2) 101(5)* 

H(37A) -8425(13) 2843(7) -989(3) 101(5)* 

H(37B) -5967(13) 3669(7) -639(3) 101(5)* 
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Table 8.4: Anisotropic thermal factors (x 103 A2
) for molecule 3b 

Atom U{l l} U{22} U{33} U{23} U{l3} U{l2} 

C(IB) 94(9) 76(8) 35(5) 20(5) -12(5) -19(6) 

C(2B) 123(10) 79(8) 25(4) 18(5) -13(5) -22(7) 

C(3B) 65(7) 62(6) 32(4) 18(4) 6(4) 11(5) 

O(1B) 64(5) 98(5) 40(4) 33(4) 2(3) 1(4) 

C(4B) 54(6) 65(6) 40(5) 13(4) 7(4) 11(5) 

C(5B) 57(6) 42(5) 32(4) 14(4) 15(4) 18(4) 

C(6B) 61(6) 57(6) 35(5) 8(4) 3(4) -1(5) 

C(7B) 54(6) 77(7) 36(5) 16(5) 3(4) -7(5) 

C(8B) 59(6) 42(5) 21(4) 2(3) 7(4) 16(4) 

C(9B) 48(6) 56(6) 31(4) 1(4) 0(4) -6(5) 

C( 10B) 52(6) 70(7) 35(5) 19(4) 8(4) 14(5) 

C(l 9B) 68(8) 174(13) 76(8) 79(8) 28(6) 44(8) 

C( 11B) 90(8) 82(8) 36(5) 16(5) -26(5) -23(6) 

C(12B) 76(7) 60(6) 31(4) 9(4) -11(4) -30(5) 

C(l3B) 55(6) 41(5) 27(4) 10(4) 3(4) 5(4) 

C(14B) 36(5) 41(5) 25(4) 2(3) 5(3) 5(4) 

C(15B) 63(6) 54(6) 20(4) 12(4) 8(4) 4(5) 

C(l6B) 54(6) 44(5) 27(4) 2(4) 13(4) 4(4) 

O(3B) 112(6) 43(4) 37(3) -5(3) 11(3) 27(4) 

C(l 7B) 68(6) 41(5) 24(4) 0(4) 10(4) 15(5) 

O(2B) 42(3) 68(4) 18(2) -4(2) 5(2) 12(3) 

C(l8B) 68(7) 105(9) 43(5) 29(5) 26(5) 38(6) 

C(20B) 61(6) 57(6) 30(4) 15(4) 3(4) -8(5) 

C(21B) 159( 13) 99(10) 37(6) 21(6) 11(7) -38(9) 

C(22B) 109(10) 53(7) 25(4) 10(4) -7(5) -3(6) 

O(4B) 131(8) 99(6) 55(4) 26(4) 6(5) 61(6) 

C(23B) 111(10) 101(9) 43(6) 34(6) 2(6) -2(8) 

C(28B) 55(6) 58(6) 22(4) -6(4) 7(4) 21(5) 

C(29B) 38(5) 57(6) 24(4) -1(4) 1(3) 13(4) 

O(6A) 46(4) 68(4) 35(3) 5(3) 15(3) -4(3) 

C(30B) 47(5) 57(6) 20(3) 3(4) 5(3) 21(5) 

O(7B) 67(4) 48(4) 16(2) 2(2) 8(2) 15(3) 

C(31 B) 35(5) 69(6) 34(4) 5(4) 2(4) 12(5) 

O(8B) 51(4) 47(4) 45(3) 8(3) 6(3) 12(3) 
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Atom U(ll) U(22) U(33) U(23) U(l3) U(l2) 

C(32B) 45(6) 85(7) 29(4) -1(4) 8(4) 10(5) 

O(5B) 53(4) 75(4) 19(3) 7(3) 6(3) 14(3) 

C(33B) 36(5) 50(5) 19(3) 1(3) 2(3) -3(4) 

C(34B) 43(5) 65(6) 20(4) 7(4) 1(3) 14(4) 

O(l0B) 35(3) 97(5) 29(3) 2(3) 0(2) 23(3) 

C(35B) 34(5) 46(5) 27(4) 1(3) 1(3) 8(4) 

O(11B) 38(4) 82(5) 36(3) 0(3) 9(3) 18(3) 

C(36B) 47(6) 78(7) 21(4) 9(4) 1(4) 11(5) 

O(12B) 53(4) 107(5) 22(3) 24(3) 7(3) 16(4) 

C(37B) 41(5) 91(7) 27(4) 17(4) 7(4) 18(5) 

O(9B) 37(3) 76(4) 29(3) 15(3) 12(3) 15(3) 
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Table 8.5: Bond lengths (A) and valence angles ( 0
) for molecule 3a and 3b 

Bond lengths 

C(] )-C(2) 

C(2)-C(3) 

C(3)-C(4) 

C(3)-O(l) 

C( 4)-C(5) 

C(5)-C(6) 

C(5)-C(l0) 

C(6)-C(7) 

C(7)-C(8) 

C(8)-C(9) 

C(8)-C(l4) 

C(9)-C(l0) 

C(9)-C(l l) 

C(lO)-C(l) 

C( 10)-C(l 9) 

C(] 1 )-C(l2) 

C(l 2 )-C(l 3) 

C( 13 )-C(l 4) 

C(l 3 )-C(l 7) 

C( 13 )-C(l 8) 

C( 14 )-C(l 5) 

C( 15)-C( 16) 

C( 16)-C( 17) 

C(l6)-O(2) 

C( 17)-0(3) 

C( l 7)-C(20) 

C(20)-C(21) 

C(20)-C(22) 

C(22)-O(4) 

C(22 )-C(23) 

C(23 )-C(24) 

C(24 )-C(25) 

C(25)-C(26) 

3a 3b 

1.575(9) 

1.55(2) 

1.510( 11) 

1 .425(10) 

1.528(11) 

1.288(13) 

1.518(14) 

1.500(12) 

1.534(14) 

1.525(11) 

1 .533(10) 

1.587(11) 

1.56(2) 

1.497(8) 

1 .561(13) 

1.533(13) 

1.553(11) 

1.530(13) 

1.564(11) 

1.538( 11) 

1.534(10) 

1. 539( 11) 

1.583(13) 

1.472(8) 

1 .394(9) 

1.572(13) 

1.55(2) 

1.512(13) 

1.23(2) 

1.529(14) 

1.55(2) 

1.54(2) 

1.54(2) 

1.574(12) 

1.505(13) 

1.525( 11) 

1.436(10) 

1.526(11) 

1.291(11) 

1.511(12) 

1.532(12) 

1.523(12) 

1.509(10) 

1.542(10) 

1.575(12) 

1.517(13) 

1.524(12) 

1.51(2) 

1.527(13) 

1.540(10) 

1.539(11) 

1.543(11) 

1.554(14) 

1.527(9) 

1.539(11) 

1.553(10) 

1 .462(9) 

1.445(11) 

1.572(12) 

1.503(12) 

1.510( 13) 

1 .22(2) 

1.52(2) 

1.54(2) 

1.54(2) 

1.54(2) 
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3a 3b 

C(25)-C(27) 1.54(3) 1.54(3) 

O(2)-C(28) 1.404(10) 1.385(9) 

C(28)-C(29) 1.526(9) 1.559(11) 

C(28)-O(5) 1.411(11) 1.420( 10) 

C(29)-O(6) 1.414(11) 1.402(9) 

C(29)-C(30) 1.545( 12) 1.514( 10) 

C(30)-C(3 l) 1.509(13) 1.529(11) 

C(30)-O(7) 1.428(8) 1.437(9) 

C(31 )-0(8) 1.428(10) 1.394(11) 

C(31 )-C(32) 1.525(10) 1. 515( 11) 

C(32)-O(5) 1.415(11) 1.400(9) 

O(7)-C(33) 1.389(9) 1.402(9) 

C(33)-C(34) 1.546(10) 1.507(12) 

C(33)-O(9) 1.438(10) 1.435(8) 

C(34 )-C(35) 1.573(11) 1.528( 10) 

C(34 )-0(10) 1.433(11) 1.437(9) 

C(35)-O( 11) 1.422(9) 1.414( 10) 

C(35)-C(36) 1.513(12) 1.517(10) 

C(36)-O( 12) 1.397(9) 1.432(9) 

C(36)-C(37) 1.556(10) 1.519(13) 

C{37}-O{9} 1.454{10} 1.445{9} 

Angles 

C(l )-C(2)-C(3) 106.9(7) 109.3(7) 

C(l )-C(l0)-C(5) 109.7(6) 110.2(7) 

C( 1 )-C( 1 0)-C(9) 108.1(6) 107.8(8) 

C( 1)-C(10)-C( 19) 109.8(7) 108.3(7) 

C(2 )-C( 1 )-C( 10) 114.5(5) 112.6(8) 

C(2)-C(3)-C(4) 111.2(7) 110.9(7) 

C(2 )-C( 3 )-0( 1) 105.3(8) 106.5(6) 

C(3)-C( 4)-C(5) 112.0(7) 11 1 .6(7) 

0( 1 )-C(3)-C( 4) 1 12.2(7) 109.6(7) 

C( 4 )-C(5)-C(6) 120.6(8) 120.2(7) 

C(4 )-C( 5 )-C( 10) 114.0(7) 115.7(6) 

C(5)-C(6)-C(7) 123.8(9) 124.5(8) 

C( 5 )-C( 10)-C( 19) 109.2(8) 109.1 (8) 
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3a 3b 

C( 5 )-C(l 0 )-C( 9) 109.4(7) 110.8(6) 

C(6)-C(7)-C(8) 113.5(8) 111.4(7) 

C( 6)-C(5)-C(l 0) 125.4(8) 124.1(8) 

C(7)-C(8)-C(9) 108.5(6) 109.9(6) 

C(7)-C(8)-C( 14) 110.2(7) 108.3(7) 

C( 8)-C( 14 )-C( 15) 118.2(7) 119.1(6) 

C( 8)-C(9)-C( 11) 109.5(6) 110.1(7) 

C( 8)-C( 14 )-C( 13) 114.0(7) 114.4(6) 

C( 8)-C(9)-C( 10) 113.3(7) 112.7(7) 

C(9)-C( 10)-C( 19) 110.6(7) 110.6(8) 

C(9)-C(l 1 )-C(l 2) 113.2(9) 114.4(8) 

C(9)-C(8)-C( 14) 109.2(6) 109.1(6) 

C( 1 0)-C(9)-C( 11) 113.3(8) 113.6(7) 

C(l l)-C(l2)-C(l3) 107.9(7) 109.6(7) 

C( 12)-C( 13)-C( 17) 114.2(6) 117.8(7) 

C( 12)-C( 13)-C( 14) 107.4(6) 106.8(6) 

C( 12)-C( 13 )-C( 18) 112.3(8) 110.5(7) 

C( 13 )-C( 1 7)-C( 16) 104.1 (7) 106.1(6) 

C( 13 )-C( 14 )-C( 15) 104.4( 6) 103.9(6) 

C( 13)-C(l 7)-O(3) 108.3(6) 106.1(6) 

C( 13 )-C( 17)-C(20) 116.1 (8) 117.1 (7) 

C( 14 )-C( 13 )-C( 17) 99.2(7) 99.6(6) 

C( 14)-C( 15)-C( 16) 101.6(6) 102.7(6) 

C( 14 )-C( 13 )-C( 1 8) 112.7(7) 112.2(7) 

C( 15)-C( 16)-0(2) 109.5(6) 109.7(6) 

C( 15)-C( 16)-C( 17) 106.6(6) 105.9(6) 

C( 16 )-C( 17)-C(20) 111.8(6) 113.4(6) 

C( l 6)-O(2)-C(28) 110.4(6) 110.4(6) 

C( 16)-C( 17)-0(3) 104.8(7) 105.3(7) 

O(2)-C( 16)-C( 17) 113.1(7) 113.3(6) 

O(3)-C( 17)-C(20) 110.9(7) 108.0(7) 

C( l 7)-C(20)-C(22) 112.0(9) 112.2(8) 

C(17)-C(20)-C(21) 111.4(7) 112.8(7) 

C( 17)-C( 13 )-C( 18) 110.5(6) 109.5(7) 

C(20)-C(22)-C(23) 113.3(9) 113.8(10) 
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3a 3b 

C(20)-C(22)-O( 4) 122.8(8) 123.1(9) 

C(2 l )-C(20)-C(22) 106.3(8) 106.3(8) 

0( 4 )-C(22 )-C(23) 123.9(9) 123.1(9) 

C(22)-C(23)-C(24) 113.4(9) 113.1(11) 

C(23 )-C(24 )-C(25) 114.4( 12) 111.8(13) 

C(24 )-C(25)-C(26) 102.(2) 105.6(13) 

C(24 )-C(25)-C(27) 98.(2) 109.(2) 

C(26 )-C(25 )-C(2 7) 93.(2) 101.3(14) 

O(2)-C(28)-C(29) 108.7(6) 109.1(7) 

O(2)-C(28)-O(5) 108.9(6) 109.4(6) 

C(2 8 )-C(29 )-0( 6) 109. 7(7) 109.2(6) 

C(28)-O(5)-C(32) 111.8(6) 113.4(6) 

C(28)-C(29)-C(30) 106.4(6) 107.5(7) 

C(29)-C(30)-O(7) 108.7(6) 109.3(7) 

C(29)-C(28)-O( 5) 108.6(7) 107.6(6) 

O(6)-C(29)-C(30) 110.0(6) 111.6(6) 

C(29)-C(30)-C(31) 111.9(6) 111.7(6) 

C(30)-C(31 )-0(8) 110.8(6) 110.0(7) 

C(30)-O(7)-C(33) 117.8(6) 117.2(6) 

O(7)-C(30)-C(31) 109.5(6) 109.7(6) 

C(30)-C(31 )-C(32) 107.9(7) 109.0(6) 

O(8)-C(3 l )-C(32) 110.1(6) 110.6(7) 

C(31 )-C(32)-O(5) 111.4(6) 111.1(7) 

O(7)-C(33 )-0(9) 105.6(7) 104.1(5) 

O(7)-C(33 )-C(34) 105.4(6) 105.9(7) 

C( 3 3 )-0( 9 )-C( 3 7) 112.1(6) 111.6(5) 

C(33 )-C(34 )-0( 10) 106.8(6) 106.6(5) 

C(33 )-C(34 )-C(35) 111.5(6) 113.0(7) 

0( 1 0)-C(34 )-C(35) 108.8(7) 109.3(6) 

C(34)-C(35)-O(11) 107.9(6) 109.7(7) 

C(34 )-C(33 )-0(9) 110.1(5) 109.6(5) 

C(34 )-C(35)-C(36) 107.5(7) 107.0(6) 

0( 11 )-C(35)-C(36) 115.0(6) 113.3(6) 

C(35)-C(36)-O( 12) 110.3(7) 109.1(6) 

C(3 5 )-C(36 )-C( 3 7) 107.1(6) 106.6(6) 
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0( 12)-C(36)-C(37) 

C(36)-C(37)-O(9) 

3a 

111.1(6) 

107.0(6) 

3b 

111.1(8) 

107.1(7) 
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