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SUMMARY 

In a study of toxic polyhydroxylated andromedane diterpenoids, several novel 
derivatives of grayanotoxin III are described. Their spectral and physical characteristics 
are compared to ericaceous natural products_ Separations on almmm e ‘urn oxide and 
silica gel indicated that the absorption a5ity of hydroxy groups on the perhydro- 
aznlene carbon skeleton was in the order L4&OH > 313-OH > 6fl-OH > 2~-OH. 
Partition chromatography using ethylene glycol as stationary phase exhibited migra- 
tion largely in accordance with the Reversed Traube’s rule. This chromatographic- 
spectroscopic combination procedure is suitable for the micro-screening of these 
toxins. 

INTRODUCTION 

The grayanotoxins and related diterpenes have a rigid tetracyclic carbon 
skeleton variously known as andromedane, grayanane, perhydroazulene‘and A-nor- 
B-home-ent-kaurane’“. These phytotoxins were discovered in genera of the plant 
family Ericaceae as agents responsible for livestock poisoning’. Grayanotoxin III, 
formerly known as andromedol, and its 14&xcetate, grayanotoxin I, are the most 
well-known of these compounds, and have a unique range of pharmacological ac- 
tivities. They are hypotensive4, and cause respiratory depression4, exitato_ry activity in 
muscle spindle adherents’, and a spasmodic paralysis response of Artemia sditzd. Of 
particular significance is the resemblance of effect of grayanotoxins to ciguato.xin and 
batrachotoxin in increasing the permeabiity of membranes to sodium, in 2 manner 
opposed by tetrodotoxin ‘s8. The possibility of using grayanotoxins as neurophar- 
macological tools is given added impetus by the recent total synthesis of 
grayauotoxiu I19. 
--. . . 
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The grayanotoxius are structurally interesting natural products which are 
polar, neutral, saturated and polyhydrozqlated, yet non-sacchari<e. No detailed ac- 
count of the spectral data of a range of these compounds has appeared in the 
literature, while previous chromatographic separations have not been ext&sivelo-lz. 
We describe in this communication a comparison of spectroscopic and physical 
characteristics of grayanotoxins I and III, isolated from Rhodudendrun maxhun, to 
11 derivatives of grayanotoxin III, eight of which were novel. In a thin-layer chroma- 
tographic (TLC) pro& of these compounds, and three donated ericaceous toxins, the 
relative potencies of hydroxy binding sites on the andromedane skeleton are discussed. 

EXPERIMENTAL 

All melting points are uncorrected. Specific rotations were measured at 25” on 
a Perk&Elmer 141 polarimeter. IR spectra were measured on a Beckman IR-33 
instrument, using KBr discs- Mass spectra (MS) were recorded at 70 eV on a 
DuPont 21-492 mass spectrometer with inlet temperatures between 100” and 250”. 
The mass spectra of compouuds II-XII (Table I) were similar to grayanotoxin III 
(Table I, compound I) below the fragment ion m/e 298. The 60-MHz NMR spectra 
were recorded on a Jeol C-60H instrument, using TMS as internal standard, and 
C,D,N as solvent, unless otherwise stated_ Chemical shifts are reported as parts per 
million on the 6 scale (s = singlet; d = doublet; t = triplet; m = multiplet; br = 
broad). 

TABLE I 

STRUCTURES OF GRAYANOTOXINS 

OR, R, 

No. COlIIpOURd 

AND THEIR DERIVATIVES 

% Rs 

Grayanotoxin IJI (GIII) H OH H HH 
Grayanotoxiu I (GIII M-acetate) H OCOCHS H HH 
GIII 6-acetate CocH3 OH H HH 
GIII 6,Wdiacetate (Rhodojaponin IV) COCH3 OCOCHS H H H 
GIII 3,6,14_triacetate COCHs OCOCH, CH,OC HH 
GIII 6propionate COCH$ZHs OH a HH 
GIQ 3$-dipropionate COCH,cH, OH CH&HzOC H H 
GILT 6propionate M-acetate CocH,cH, OCOCHi H HH 
GIII dbutymte CO(CH&CE& OH H HH 
CIII 3,6-dibutymte CO(CH&CH~ OH CH,(CH&OC H H 
GIII dbutyrate 1Cacetate CO(CH&CH3 OCOCH, H HH 
GIii G-isobutyrate COCH(CH& OH H HH 
GIII 6benznate COW% OH H H H 

~Rhdojaponin I con& OCOCH~ H 
Rbodojaponin VI H OH 

H B*PQw 
a-OH H 

Lyoniol A COCH, H Bepoxy OH 
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Authenticated d&d RhododbaroOn llfaximm roots (6 kg) were powdered in a 
Wiley mi& and e xtracted with acetone three times. The acetone extract (336 g) was 
dissolved in methanol-water (1 :l), and washed with hexane to remove waxes and 
sterols. The methanolic residue was exhaustively extracted with warm water at 60”, 
and cbromatographed batchwise on neutral alumina (Activity l) using the solvent 
system- chloroform-isopropanoLwater+&her ( 15 : 12 : 150). The crude grayanotoxin 
mixture was subjected to preparative-layer chromatography (PLC) on silica gel. G 
(400 pm) using a combination of systems A-C (Table II), and recrystallization from 
methanol. Spectral data from the isolated grayanotoxin Ill (450 mg) and grayanotoxin 
I (250 mg) was compared to that of reference samples of the compounds and to 
previously published data=. 

TABLE IL 

hRF VALUES OF GRAYANOTOXIN DITERPENES rX VARIOUS SOLVENT SYSTEMS 
For solvent systems A-G, see text. For compounds, see Table I. 

.~ 
Compud Silira gel G Akuninkm oxide G Kieselguhr G 

A B C D A B C D E F G 

I 30 3 48 8 41 57 5 2 10 6 
11 41 6 56 22 55 

; 
66 19 5 24 18 

IlI 39 5 56 19 50 4 64 11 4 24 19 
IV 59 18 67 39 66 21 75 39 24 59 56 

V 2 35 :: 49 75 39 60 66 VI 6 24 57 6 2: 14 10 :: !z: 
VII 65 17 71 41 68 9 75 24 54 SO 82 
VIII 65 25 70 46 
IX 53 7 62 25 

: 25 77 41 43 72 72 
6 73 16 18 53 42 

zl 75 69 27 37 82 7.5 51 60 76 73 33 24 79 82 . 65 51 87 62 91 SO 93 81 
XII 54 9 62 27 62 7 75 18 19 53 41 
XIII 86 76 84 77 82 79 88 88 99 99 99 
XIV 66 39 70 s4 7.5 45 77 66 65 83 83 
XV 32 2 49 11 29 1 46 3 2 7 3 
XVI 45 14 59 31 62 17 70 33 12 40 36 

Gr~ywzotoxin III (GIZZ). M-p., 266-268”; [ab, -7.7 (c 0_26,methanol).IR, 
Vmar. 3390-3460, 1040 (OH) cm- I. MS, M+ ~,,H3.rosl m/e 370 missing; diagnostic 
fragment ions at m/e 352 (M - lS), 334 (M - 36), 316 (M - 54); 298 (M - 72), 
273,258,205,171,148,119,109,93,69,55,43 (base peak) and 41. NMR, 6 1.12 (CH,- 
19, s); 1.51 (CH,-18, s); 1.65 (CH,-17, s) 1.84 (CH,-20, s); 3.10 (C-l, H, d; J = 8 Hz); 
3.89 (C-3, H, m); 4.52 (C-6, H, d; J = 7 Hz); 5.00 (C-14, H, s) and 4.71(2 OH); 5.08 
(OH) and 6.0-6.5 (3 OH) (deuterium exchange) ppm. 

GITZY~O~O~~~ I (GIII 14-tzcetate). M-p., 259-262”;. [a&,, ---11.0 (C 0:51, 
methanol). IR, r,,,_ 3590,3550, 3420, 1040 (OH); 1735, 1235 (acetate); 1370 (gem 
dimethyl) cm-‘. MS, Mf C,H,O,, m/e 412 missing, diagnostic fragment ions at m/e 
394 (M -. 18). 376 (M - 36)), 358 (M - 54), 334 (M - 60 - IS), 316 (M - 60 - 36) 
and29S(M - 60 - 54). NMR; 6 1.17 (CH,-19, s); 1.45 (CH,-18, s); 1.57 (C&-17, s); 
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to be drawn about the potency of adsorption sites by considering isomeric pairs of 
compounds, and small structural changes from one compound to another. The 
migration ofGTII in a-dsorption systems may be regarded as being determined by the 
3&, 5@-, 6@-, l&c-, 14#L aud 16a-OH groups. In systems A-D GIII 14acetate 
migrates further than GIII Qacetate, implying that the 14&OH has more a5ity for 
the adsorbent than the 6fl-OH. A possible explanation may be made by considering 
the three-dimensional structure of GIII lg**O. The 14&OH and 16~~OH are non- 
adjacent and are located on the same~ side of the molecule, and would be expected to 
mutually reinforce adsorption. In contrast, while the 6&O& and 5&OH are. aIso 
orientated similarly, they are adjacent groups. Hence, it is feasible that intra= 
molecular hydrogen bonding could reduce the tintribution of the 6/l-OH in the ad- 
sorption process. This also accounts for the observation that GUI 3-benzoate is less 
polar than GIII 6-beuzoate, since the 3#i-OH is not influenced by any oxygen func- 
tiouality. However, the 14&OH has more adsorption affinity thau the 3/LOH, because 
GUI 6-butyrate M-acetate migrates further than its isomer GIII 3&-dipropionate. 
While the acetylation of the 6#&OH in GDI 6-acetate results in separation from GIII 
in all solvent systems, on silica gel rhodojaponin VI is virtually inseparable from 
GIII, indicating that the 2a-OH has a very weak effect on adsorption. Hence, the 
order of adsorption afhuity of hyclroxy groups 011 the perhydroazulene skeleton is 
14&OH > 3&OH > 6/3-OH > 2cr-OH. 

Other influences of structural variation on migration are evident in adsorption 
systems. Increases in hR, values occurs witb increase of esterification and in higher 
representatives of homologous series. The inclusion of au epoxide group and the 
introduction of aromaticity results in decreased polarity. Chain branching in GHI 6- 
isobutyrate involving an increase in electron density relative to the straight-chain 
isomer GIII 6-butyrate is reflected in a slight polarity increase in the latter compound. 

Extensive work over the last decade by Japanese workers has shown the co- 
existence of complex mixtures of ericaceous diterpenes in several species2’, and the 
results in Tables II and III would compliment the necessary spectroscopic work to 
characterize a particular compound. Work by our group and others’ indicate the 
interaction of grayanotoxius with tetrodotoxiu in more than one physiological system. 
Accordingly, a portion of the great interest aczorded tetrodotoxin in recent years may 
well be extended towards the isolation and synthesis of grayanotoxin-type diterpenes. 
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