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Abstract-Muellitol has been isolated from the leaves of Eoodiella muelleri and the structure established as 1,3,5-tri- 
(3-methyl-2-butenyl)cyclohexane-r-l-t-2-c-3-~-4-c-5-~-6-hexol. Chemical and spectroscopic examination of the com- 
pound and its derivatives showed it to be conformationally similar to scyllitol. This is the first report of the natural 
occurrence of a triprenylinositol. 

INTRODUCTION 

The only naturally occurring C-alkyl inositols so far 
reported are the C-methyl inositols which are found in 
lower invertebrates and sea weed [l-6]. This paper 
details the characterization of a unique triprenyl inositol 
from the leaves of Eoodiella muelleri (Engle) van der 
Linden (syn. Acronychia muelleri W. D. Francis). The 
plant is a Queensland rain-forest subumberal shrub 
growing to a height of ca 5 m. The compound we wish to 
describeis 1,3,5-tri-(3-methyl-2-butenyl)-cyclohexane-r-l- 
t-2-c-3-t-4-c-5-t-6-hexolS but since it is a derivative of 
scyllitol it has been named ‘Muellitol’ (1). The high state 
of symmetry of the molecule renders it optically inactive. 
The two main derivatives in the proof of its structure are 
hexahydromuellitol [1,3,5-tri(3-methylbutyl)cyclohex- 
ane-r-l-t-2-c-3-t-4-c-5+6-hexol] (2) and isomuellitol 
[1,3,5-trispiro-(5,5-dimethyltetrahydrofuranyl)cyclohex- 

ane-r-2-c-4-c-6-trio11 (3). 
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RESULTS AND DISCUSSION 

The compound 1 was isolated as a precipitate from a 
benzeneextractoftheairdriedleavesofEoodiellamuelleri. 
On purification by reprecipitation from methanolic 
NaOH with CO,, a mp of 127-128” was obtained. The 
MS indicated a Mf at m/e 384 (C,,H,,O,). The main 
features of the IR spectrum were a strong broad band for 
v,_n3345cm-1,v,=,1670cm-1andforthegeminaldi- 
methyl groups a strong doublet at vcn 1390 cm- ’ and 
1375 cm-i. The PMR spectrum included two separate 
peaks at 6 1.71 (9H) and 6 1.81 (9H) for the three sets of 
geminal dimethyl groups, a doublet (J = 8 Hz) at 6 2.69 

1609 



1610 H. FAZLDEEN. M. P. HEGARTY and F. N. LAHEY 

(6H) a pair of coupled doublets (J = 7 Hz) at 6 2.95 (3H) 
and 6 3.69 (3H), a singlet at 6 3.55 (3H) and a triplet 
(J = 8 Hz) at 6 5.46 (3H). The triplet was broad and 
shouldered indicating the weak coupling between the 
vinyl protons and the geminal dimethyls. The UV 
spectrum indicated i,,X 190nm (E 21 150) which is in 
agreement with the presence of more than one tri- 
substituted double bond. Since the Zerewitinoff deter- 
mination of active hydrogen revealed six such atoms per 
molecule and the IR spectrum showed neither a carbonyl 
nor a carboxyl group, these were assigned to alcoholic 
hydroxyl groups. The unsaturation was quantitatively 
determined by the Kuhn-Roth method of ozonolysis and 
the acetone yield indicated 2.9 isopropylidene units per 
molecule, hence three double bonds. 

By catalytic hydrogenation 2 mp 139-140” was 
obtained. This compound showed no unsaturation. A 
M+ at m/e 390 is in agreement with the uptake of three 
moles of hydrogen for a molecular formula of C, 1 H,,O,. 
The IR spectrum revealed a broad strong band at 3380 
cm-’ for the inter-molecular hydrogen-bonded hydroxyl 
groups. The band at vc=c 1670 cm- ’ in the original 
‘spectrum had disappeared. The PMR spectrum indi- 
cated that the equivalent 18 protons of the three sets of 
geminal dimethyl groups were a doublet (J = 6 Hz) 
6 0.92 while the methylene protons were represented as 
a broad multiplet centred at 6 1.45 (12H). The newly 
introduced methine protons were similarly shown as a 
broad multiplet centred at 6 1.78 (3H). Two sets of 
doublets were assigned to the secondary hydroxyl protons 
6 2.94 (3H) (J = 7 Hz) and the carbinol protons 6 3.6 
(3H) (J = 7 Hz). The tertiary hydroxyl protons were 
identified as a singlet at 6 4.13 (3H). In an exchange 
experiment using DC1 in D,O the hydroxyl peaks were 
smeared out and the carbmol doublet collapsed to a 
single peak at 6 3.6. 

On treating 1 with cone HCI for a short time then iso- 
lating the product by diluting and neutralizing the 
solution with Na,CO, a fawn coloured powder was 
collected. The material after crystallization was a white 
finely crystalline substance with mp 201-202”, com- 
pound 3. In the IR spectrum van 3598 cm- ’ appeared 
as a sharp strong absorption. This is either due to free 

, hydroxyls or intramolecular H-bonding. There was an 
absence of vc,c 1670 cm-’ and an appearance of a 
vcoc I 150 cm- ’ and 1135 cm- ’ indicating the forma- 
tion of an ether. 

The PMR spectrum of 3 showed the geminal dimethyl 
protons as a singlet S 1.32 (18H) and the methylenes also 
appeared as a singlet 6 1.98 (12H). The secondary hy- 
droxyl protons were seen as a doublet 6 2.12 (3H) (J = 3.6 
Hz) and the coupled carbinol protons doublet was at 
6 3.55 (3H) (J = 3.6 Hz). There was no resonance corres- 
ponding to the tertiary hydroxyl protons observed in 1 
and 2. When deuterium exchange experiments were 
carried out the doublet at 6 2.12 was smeared out and the 
doublet at 6 3.55 collapsed to a singlet at 6 3.54. The MS 
gave M+ m/e 384 so isomerization took place causing the 
side-chains to cyclize onto the tertiary hydroxyls form- 
ing Spiro-tetrahydrofuran rings (Fig. I). 

The dramatic change in the hydroxyl bands from the 
IR spectra of 1 and 2 to that of 3 indicated a conforma- 
tional change or a change in the bond angles of the ring 
carbons preventing the close packing of several mole- 
cules by strong intermolecular H-bonding. 

Compound 2 was acetylated under relatively mild 
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conditions (Py catalyst) in an attempt to distinguish 
between different orientations of the hydroxyl groups 
[7]. No acetylated product was obtained so a more 
drastic procedure was adopted (ZnCl, catalyst) and this 
produced a hexaacetate (Fig. 2).. 

Compound 3 was subjected to both methods of acetyla- 
tion. In the first a monoacetate was obtained and with 
the second a triacetate was produced. The six hydroxyl 
groups in 2 were obviously all axial and required vigorous 
conditions to achieve acetylation. The monoacetylation 
of 3 could have been achieved in two ways. With the 
formation of the Spiro-tetrahydrofuran rings the three 
remaining secondary hydroxyl groups were drawn further 
apart as indicated by the change in the IR spectrum. 
This meant that the strong intermolecular H-bonding no 
longer existed and free access for acetylation was made. 
Once one group was acetylated then steric hindrance 
would prevent ready acetylation of the other two groups 
(Fig. 3). In the second case all three secondary groups 
were acetylated and the resulting conformation would 
allow the acetate units to be equatorial (Fig. 4). 

The PMR spectrum of the monoacetate of 3 revealed 
some complex changes from the original simple spectrum. 
The geminal dimethyl groups were no longer isochronous. 
They appeared as two separate peaks, one at 6 1.15 and 
the other, a bifurcated peak, at 6 1.29. The splitting of the 
peak at 6 1.29 was caused by the effect of the acetoxy 
groups on the adjacent pairs of geminal dimethyls. The 
proximal methyls (A) experienced a slightly different 
environment from the distal methyls (A’) while the most 
distant geminal dimethyl group (B) was represented by 
the 6 1.15 resonance. The PMR spectrum of the triacetate 
of 3 (Fig. 4) showed a reversion to a simple single geminal 
dimethyl peak 6 1.13. 

Although the chemical shifts of the acetate protons 
[S] in the mono- and triacetates of 3 do not clearly 
indicate if they are axial or equatorial these groups must 
be considered to have the same orientation as the 
chemical shifts appear at 6 2.15 and 6 2.13 respectively. 
The acetate protons of the hexaacetate of 2 resonate as 
two environmentally different groups at 6 2.03 and 6 2.08. 

These chemical shifts are sufficiently close to show 
that all three compounds have the same conformation 
and, as 2 and its hexaacetate must have axial hydroxyl 
and acetoxy groups respectively, then the two deriva- 
tives of 3 would be expected to have axial acetates. 
However if the chemical shifts of the ring hydrogens are 
considered then the difference is clear. The hexaacetate 
of 2 shows a PMR chemical shift for such protons at 
6 6.4 while the PMR of the monoacetate and triacetate 
of 3 show chemical shifts at 6 5.09 and 6 5.3 respectively. 

This clearly shows that the protons under consideration 
are equatorial in the first example and axial in the other 
two cases. The conformation of the monoacetate and the 
triacetate of 3 are as shown in Figs. 3(b) and 4. 

The conformation of 1 is therefore the same as 2 which 
contains six axial hydroxyl groups. This unique con- 
formation of the all trans hydroxyl groups is similar to 
that present in scyllitol, but favouring the axial orienta- 
tion due to the large hydrocarbon side-chains. This 
conformation ideally lends itself to orthophosphate and 
tridentate borate ester formations. The preparation 
and properties of these compounds will be reported in 
a subsequent paper. 

EXPERIMENTAL 

The IR spectra were taken as KBr discs and in Ccl,. T& 
PMR spectra were taken in CDCI, with TMS as internal stand- 
ard and Ccl,. All mps were determined on a Mettler F.P.I. and 
Hitachi recorder attachment. Microanalyses were carried out 
by the University of Queensland, Chemistry Department 
Microanalytical service. 

Isolation of compound (1). Most of the muellitol used in this 
investigation was isolated from a large sample of leaves of 
Euodiella muelleri (Engle) van der Linden collected and identi- 
fied by Mr. V. K. Moriarty, then field botanist, C.S.I.R.O., Divi- 
sion of Applied Chemistry. A voucher specimen (SN 8694, May 
1969) is lodged in the Herbarium Australiensis, Canberra. 
Air dried leaves of E. muelleri (4 kg) were extracted with petrol, 
dried and extracted with C,H, (81.) in a large Soxhlet. The 
petrol solution was concentrated and stored in the refrigerator 
but no crystalline material was obtained from it. The C,H, 
extract was passed through an alumina column (10 x 40 cm) 
and the alumina was washed with warm C,H,. 

The total vol. of C,H, soln including the washings, which 
was free from themajority offats and waxes, was then concentra- 
ted to ca 1.51. below 40” and stored in the refrigerator for 
several days. The concentrate was then filtered and the solid was 
washed with chilled C,H,. This gave a pale green crystalline 
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solid (70 g) which was impure 1. The concentrated mother liquor 
contains the lignan (+ )-asarinin which was isolated and struc- 
turally identified by Sutherland and Davenport [9]. 

The substance was taken up in 420ml MeOH. H,O was 
added dropwise to the boiling soln which was set up with a reflux 
condenser. 50 g NaOH was then added and allowed to dissolve. 
Additional H,O (IOOOml) was allowed to run in slowly. 1 
began to precipitate and on the addition of CO, more compound 
pptd. The filtered product was first vacuum dried at room 
temp. and then crystallized from hot C,H, as plates, mp 
127-128” (64% 1.6%). 

To ascertain that 1 was a true extractant and not an artifact 
of the NaOH treatment, a sample of the pale green crude pro- 
duct was treated with decolourizing charcoal in C,H, and 
crystallized x 3. The final product was needles mp 127”. The 
analytical figures were identical with those obtained for the 
material isolated by the previously described method. (Found: 
C, 65.74: H, 9.43; dzlH,kO, requires: C, 65.59; H, 9.44%). 

Preoaration ofC2). 1 was hvdroaenated in EtOH in the pres- 
ence df Pd/C anh‘tie product crystallized from C,H, and ccl, 
with mp 140”. (Found: C, 64.70; H, 10.88; C H 0 requires: 21 ,42 6 
C, 64.58: H, 10.84%). Acetylation of 2 by heatmg at loo” for 
1 hr with Ac,O/ZnCI, gave the hexaacetate, mp 23c231.5”. 
(Found: C, 61.43; H, 8.46; C,3H,,0,, reqmres: C, 61.66, H, 
8.47 “/,). Acetyl estimation (methanolic NaOH) = 40.7 % which, 
when-ising $lW 642.76, gives acetyl units per molecule = 6.2. 

Premzration of (3). 1 p, 1 was treated with 25 ml cone *Cl, 
150 mi water ad&ed andheated for 15 min at 100”. After neutral- 
izing with solid Na,CO,, the product was crystallized from 
petrol (bp 40-6O”)-EtOAc with mp 201.4”. (Found: C. 65.59; 
H, 9.43: H,,H,,O, requires: C, 65.59; H, 9.44%). 3 was acetyl- 
ated with Ac,O/Py at 100” for 1 hr to yield the monoacetate 
mp 210” from EtOH. (Found: C, 64.67; H, 9.02; Cz3H,,0, 
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requires: C, 64.76; H, 8.98%). Acetyl estimation (methanolic 
NaOH) = 8.6 % using MW 426.53, the acetyl units per molecule 
= 0.85. Significant absorptions in the IR spectrum taken as a 
KBr &sc, were v&a 3625 cm- ’ which was strong and considered 
to be free while v, y 3565 cm- 1 of medium intensity was bonded. 
The carbonyl frequency was a strong absorption at 1730 cm ‘. 
The 6, -CH, for the gem-dimethyl groups showed a doublet 
at 1390 cm -’ and 1370cm-‘. The C-H vibration at 124Ocm-’ 
appeared much stronger than the 1465cm-’ band and this 
may be interpreted as containing the extra methyl of the acetate 
group. The PMR spectral data showed the geminal dimethyl 
groups as a single peak at 6 1.15 (6H) and a bifurcated peak at 
1.28-1.31 ppm (12H). The methylene protons appeared as a 
broad multiplet between 6 1.90 and 6 2.13 (12H). The secondary 
hydroxyl protons were a doublet at S 2.02 and 6 2.09 (2H) (J = 
4 Hz) but hldden under the methylene band. The methyl protons 
of the acetate unit showed as a singlet at 6 2.15 (3H). The carbinol 
protons were a doublet at 6 3.65 and 6 3.72 (J = 4 Hz) (2H) 
while the single proton attached to the carbon carrying the 
acetate group was a singlet at 6 5.09. The spectrum was run 
again in Ccl, with TMS an internal reference. AU the peak posi- 
tlons were slightly altered but the change was sufficient to show 
clearly the secondary hydroxyl protons as a doublet at 6 2.2& 
2.27 (J = 4 Hz) and the carbinol protons at 6 3.52-3.58 (J = 
4 Hz). All systems appeared to move upfield a small amount 
while the hydroxyl groups moved downfield 

3 was acetvlated with Ac,O/ZnCl, for 1 hr at loo” to yield 

510.6 gives 2.6 acetyl units per molecule. The IR spectral data 
revealed an absence of any hydroxyl frequency but the carbonyl 
band was present at 1746cm-‘. The strong broad band at 1230 
cm-’ indicated the presence of an ester. The PMR spectrum 
showed the acetate protons at 6 2.15 as a singlet but super- 
imposed on the multiplet of the methylene protons The three 
carbocyclic protons were a singlet at 6 5.3. 
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