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Abstract-Twenty-three major components were detected m the methanol extractrves of the heartwood of Euca- 
lyptus slderoxylon The components Identified include resveratrol, resveratrol+glucostde, 3,3’-dr- and 3,3’,4-trr-o- 
methyfeffagic acids and their gfucosldes ‘The J,J’-dr-o-methyIeffaglc acid 4-gfucosrde isolated had properties sig- 
mficantly drfferent from those prevrously reported for thts compound Also present were gallrc acid, catechm, 
effagrc a&, an umdentlfied stlfbene, the effagttannins D-6 and D-f& pofymerlzed feucocyamdm and an olfy 
materral The sapwood contained galhc acid, small amounts of ellagltannms and ellagrc acids and traces of other 
components The heartwood extractives of related eucalypt specres were also examined 

INTRODUCTION 

THE HEARTWOOD of Eucalyptus sideroxylon IS rated as highly durable in soil burial tests 
and is widely used in south-eastern Australia because of these properties. The polyphenols 
of this dense timber with thick cell walls were isolated and identified to enable subsequent 
testing of their contribution to the durability of the wood. 

RESULTS AND DISCUSSION 

Composition of extracts 

The various extractives obtained from the heartwood are given in Table 1. The methanol 
extractives amounted to 13.2% (oven dry basis); the heptane fraction did not contain 
phenolic compounds detectable by chromatography. 

Over 22 individual compounds were detected by paper chromatography of the MeOH 
extract (Table 2). The most prominent components showed an intense blue fluorescence 
in UV, some of which became more intensely blue or blue-white on exposure to NH, 
vapor (the stilbenes S-l, S-3, S-5, S-8, S-13, S-14) whilst others turned yellow (ellagic acid 
S-15, and derivatives S-2, S-4, S-19). The ellagic acid derivative S-l 1 did not change color 
with NH3 vapor. 

Compound S-l (Table 2) was further identified as resveratrol(3,4’,5-trihydroxy stilbene) 
after isolation from the L subfraction of the ether extract (Table 1). Compound S-8 (from 
subfraction G) was identified as resveratrol /I-glucoside. Compound S-3 is probably the 
cis-isomer of resveratrol and S-5 is possibly the c&isomer of S-8. 

Compound S-13 had the chromatographic and spectral properties of a stilbene. It 
appeared very similar to the unidentified stilbene in E. wandoo.’ Several attempts using 
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different techmques were made to Isolate the compound but wlthout success owing to its 

instability particularly m solution. An exammation of a concentrate showed a UV spec- 
trum very similar to that of resveratrol but there were significant spectral differences after 
the addition of sodium ethoxlde and particularly after the addition of sodium acetate- 
boric acid However, the presence of vlcmal hydroxyl groups that were mdlcated from 

these observations could not be confirmed by chromatography on borate-Impregnated 
paper. 

Fraction Sub-fraction Appearance 

Components 
(In approximate 
order of concn) 

Amount 
Heart- SUb- 

wood fraction 

(“,,) (‘:,,) 

Ether soluble Heptane soluble 
Heptane msoluble 
H 0 soluble “F” 
NtHCO, \oluble 
“G” 
NdlC‘(l, <ohbk 

“K” 
Ether soluble “L” 

Ethyl acetate 
soluble 

H,O soluble 

Insoluble 

Red Oil 095 

Pink powder 0 x5 
S-6 s-13. s-14 27 

s-2, s-4, s-14. s-x. s-13 

S-l s-13. s-2, s-4 s-x 

s-3, s-5 

S-l. s-3, s-13, s-5. S-IS 

Amber powder S-IO, S-11. S-15 S-13, 
s-14 s-9. S-16, S-l’ 
s- 17. S-IX. S-l? 

Red brown gum S- 17 S- 18. S-2.3. S-77 
s-10 S-l 1 s-21 s-20. 
S-I’) 

Tdn powder s-15. S-16. s-73 
-__- 

32 

1 

42 

OY5 

75 
1 15 

Compounds S-2, S-4 and S-10 were readily distinguished from the other purple -blue 
fluorescent components because m NH, vapor they turned a characteristic yellow color, 
very slmllar to the change shown by S- 15. Compounds S-2 and S-4 were extracted from 
the ether extract with sodium bicarbonate They were identified as 3.3’,4-trl-o-methyl- and 

3,3’-o-methyl-ellaglc acids respectively by direct chromatographlc comparison with auth- 
entic samples 

Compounds S-lOand S-l 1 were obtained from the dried ethyl acetate extract by filtermg 
a hot 70% ethanol solution to remove ellaglc acid (S-15) and allowing the filtrate to stand 
at room temperature for several days. The preclpltate contained a mixture of 3,3’-dl-o- 
methylellaglc acid-4’-glucoslde and 3,3’,4-trl-o-methylellaglc acid-4’-glucoslde identlficd by 
chromatography. When a portion of the mixture was dissolved m water and Incubated 

ovcrrrightw~th /Cgi~~cchidaw ;tlTcf then chrtrma~ogr~~ph~~~. i-kcae t\;lo compounds ialcfciislp- 

peared and the preclpltate which had formed contained the aglucones III about equal pro- 
portions The crude preclpttate was also mixed with 0 1 M sodium bicarbonate and the 
msoluble material (S-I 1) removed and Identified by direct comparison with authentic 3.3’- 
4-trl-o-methylellaglc acid-4’-glucoslde S-10 was removed from the sodium bicarbonate 
sofutlon after acidification and Identified as S,.i’-di-o-methylelglc acldLil’-gfucoside 

Attention is drawn to the different properties of the 3,3’-dl-o-methylellaglc acid-4’-gluco- 
side we have Isolated and those reported by earlier workers 2 We found that only on 
repeated crystalltzatlon from 70”;, ethanol could our compound be obtained chromatogra- 

phlcally pure as colorless crystals m.p brown 275” and mfuslble 355’ (lrght brown prisms. 
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m.p. 214-21 5o).2 We were unable to hydrolyse the compound with “4% methanohc H2S04” 
m 6 hr2 and have found that 4% H2S04 in 70% ethanol for 2 hr was necessary. We have 
also been able to isolate the components quantitatively in equimolar proportions whereas 
in the other work no ratio is given. These workers do not report the preparation of an 
acetate but the acetate we obtained gave the correct analysis and had a sharp m.p. Methyl- 
ation of the di-o-meihylellagic glucoside from Termmalia panicdata yielded pale yellow 
prisms of a tri-o-methyl glucoside with m.p. 205-207”. We had considerable difficulty3 in 
purifying this compound to obtam colorless needles m.p. 26&267”. The difficulties in 
obtaining pure compounds of this series and satisfactory analyses have previously been 
observed.4*s The UV, IR and NMR spectral data of our 3,3’-dimethylellagic acid-4’-gluco- 
side are given in a previous paper6 and the data are consistent with other members of this 
series of compounds.6 

TABLE 2 MAJOR COMPONENTS IN THE EXTRACTIVES OF THE HEARTWOOD OF Eucalyptus slderoxylon 

Component 

Color* on chromatogram 
Other1 

SUVt A B C 
Method of 

characterlzatlon Identlty 

S-l 
s-2 
s-3 
s-4 
s-5 
S-6 

pu-bu+w bu pa-bu pa-t 
pu-bu--ty bu pa-t 
pu-bu-+w bu pa-bu pa-t 
pu-bu-+y bu pa-t 
pu-bu+w bu bu pa-t 
m+m bu t-br 

S-l 
S-8 
s-9 
s-10 

pu-bu 
pu-bu-+w bu pa-bu - 

Y 
pu-bu+y 

s-11 w-bu 

s-12 pu-bu 
s-13 pu-bu 
s-14 pu-bu 
s-15 bu-bu-+y 
S-16 Pu 
s-17 dark bu 
S-18 dark bu 
s-19 dark bu 
s-20 dark bu 
s-21 dark bu 
s-22 dark bu 
S-23 br 

bu pa-t 

- - 

bu pa-t 
- - 

bu pa-t 

bu t 
bu t 
bu t 
bu t 
bu t 
bu t 
bu t 

- 

red 

Pu 
t 
t 
t 
t 

R,, UV, GLC 
R,, UV, IR, NMR 
R,, GLC 
R,, UV, IR, NMR 

Rr 
R,, red with vamllm- 

HCI 

R,, GLC 

R,, UV, IR, NMR 

R,, UV, IR, NMR 

R,, UV 

R,, UV, IR, NMR 

RI 
RI 

- 

Red with vandlm-HCI 

Resveratol 
3,3’,4-Trl-o-methylellaglc acid 
crs-Isomer of resveratrol 
3,3’-Dl-o-methylellagic acid 
Possibly cls-Isomer of S-8 
Galhc acid 

Catechm 

Resveratrol b-glucoslde 

3,3’-Dl-o-methylellaglc acid- 
4’-glucoslde 

3,3’,4-Trl-o-methylellaglc acid- 
4’-glucoslde 

Stdbene 

Ellaglc acid 

Ellagltannm$ 
Ellagltannm 
Possibly ellagltanmn 
Possibly ellagltanmn 
Possibly ellagltanmn 
Possibly ellagltanmn 
Contams polymerized leucocyamdm 

* Bu = blue, br = brown, m = mauve, pa = pale, pl = pmk, pu = purple, r = red, t = tan, w = white, y = 
yellow 

t SUV = short wave length, UV, change m SUV after exposure to NH, vapor 
$ After spraying with (A) FeCl,-K,Fe(CN),, (B) pNA3, (C) NSSC3 
p S- 17 and S-18 are chemically ldentlcal to Eucalyptus ellagltannms D-6 and D-l 3 ‘.s and to Quercus alba ellagl- 

tannins H-l and H-39 respectively 

’ RAO, L R and SUBBA RAO, G S R (1962) Tetrahedron 18, 357 
3 HILLIS, W E and YAZAKI, Y (1974) Phytochemtstry 12, 2969 
4 CAIN, B F (1963) New Zealand J Scr 6, 264 
5 BRIGGS, L H, CAMBIE, R C, LOWRY, J B and SEELYE, P N (1961) J Chem Sot 642 
b HILLIS. W E and YAZAKI, Y (1974)‘Phytochemrstry 12, 2963 
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Compounds S-17 and S-18 m the ethyl acetate extract and the water soluble residue 
were chromatographlcally Identical with authentic ellagltannms D-6 and D-13 respectively 

from E. delegatensls,’ 8 which in turn are ldentlcal with ellagltannms H-l and H-3 m 

Quercus alha.’ 
Compound S-23 gave a flavan reaction with the vamllm-hydrochloric reagent and is 

probably the polymerized leucocyamdm which gave rise to cyamdm when the MeOH 
extract was heated for 30 mm at 100” with butanolPHCl and chromatographed m Forestal 

solvent. 
The sapwood contamed 3.7% (oven dry basis) of MeOH-soluble extractlves Chroma- 

tographic examination for polyphenols revealed appreciable amounts of gallic acid, poly- 
merized material which was chromatographlcally irresolvable and contamed leucoantho- 
cyanms, small amounts of ellagltannins and ellaglc acid and very famt traces of materials 

which could be stllbenes or methylellaglc acids 

Taxonomzc aspects 

In view of the value of stllbenes in heartwood extractives as taxonomlc markers for the 

Blakely subsection Longlores’ a chromatographic examination was also made of heart- 
wood extracts of u-onbarks and other species grouped with E slderosylon.‘03” All 

extracts were found to contam ellaglc acid, small and variable amounts of galhc acid and 
in almost all cases the ellagltannins D-6 and D-13. The composition of E. pamculata Sm 
extractives closely resembled that of E. srderoxylon and the timbers have slmllar durablhty, 
density and other properties. 

Other species probably containing small amounts of resveratrol and its glucoside were 
E. decortlcans Malden, E. prumosa Schau, and E. melanophlola F. Muell. This group of 
species differs from the others m that the extractlves contam a higher proportion of 3,3’-di-o- 
and 3,3’,4-tn-o-methylellaglc acids and their glucosldes Mono-o-methylellagic acid and its 
rhamnoside appeared to be present also m E prumosa and E. melanophlola and tetra-o- 
methylellaglc acid m the former. E crebra F. Muell appeared to contain traces of resvera- 
trol but no methylellaglc acid derivatives. 

E. drepanophylla F Muell ex Benth, E fibrosa F. Muell subsp.fihrosa, E. stderophloza, 
E.jensenzz Maiden contained 3,3’-dl-o- and 3,3’,4-tn-o-methylellaglc acids and their gluco- 

sides and small amounts of 3-mono-o-methylellaglc acid. E cznlleni~ contamed larger 
amounts of 3-mono-o- and m addltlon 3,3’,3,4’-tetra-o-methylellaglc acid The composltlon 
of the extractives of E. leucoxylon F Muell showed most resemblance to this species. 

The use of stllbenes as taxonomlc markers for the group of eucalypts known as lron- 
barks may have some value However, as it has been found that E. slderoxylon variants 
containing stilbenes m the leaves are common,” it would be necessary to examme samples 
from different areas before conclusions could be made. Also the suggestions that there may 
be some relatlonshlp between eucalypt Ironbarks and eucalypt boxes 1s supported by the 
presence of the 3,3’,4-trl-o-methylellaglc acid-4’-glucoslde In both groups ’ 3 

’ SEIKEL, M K and HILLIS. W E (1970) Phyroch&rsr~ 1’ 9, I I 15 
a HILLIS, W E (1969) Appm 23, 89 
’ HART, J H and HILLIS, W E (1972) Phytopathology 62, 620 

” BLAKFLY, W F (1965) A KL’_v to fltr Eucalypts, 3rd Edn, Corn Australia, For Timber Bureau Canberra 
‘* PRYOR, L D and JOHNSON, L A S (1971) A Classrfmrort of thr Eucalypts. Australian NatIonal Umverslty 

Press 
‘* HILLIS, W E and Isor. K (1965) Phytochern~w-y 4, 541 
I3 HILLIS, W E and YALAKI. Y 11974) P/II tochwrrtry (m press) 
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EXPERIMENTAL 

The general methods used have been previously reported ’ The UV absorptron spectra of different components 
were determined m EtOH soln before and after the addmon of dilute aqu soluttons of NaOH or NaOAc. 

Plant maternal andfiactronatlon The log of red tronbark (Eucalyptus slderoxylon A Cunn ex Woolls) collected 
at Rushworth, Vtctorra, Australia, had a drameter inside bark of 38 cm with a sapwood thickness of about 2 5 cm 
Fresh sapweod and heartwood were converted to thm longttudmal shavmgs, extracted with MeOH (at 22-24”) 
for 3 days, the extract concn under vacuum at less than 40”, finally freeze-dried and stored at - lo” The extracted 
sapwood was cream colored, the extracted heartwood was brown-red The heartwood MeOH extract was redrs- 
solved ma minimum amount of MeOH, allowed to stand for 2 weeks and compound S-15 separated by centrtfu- 
gatton The clear liquor was slowly added to constantly stirred H,O to produce a suspension which was extracted 
wtth Et,0 m a hqutd-hqurdextractor for 24 hr The dried Et,0 extract was redissolved m MeOH and washed 
5-6 times with heptane The aqu material that had been extracted with Et,0 was partly concentrated m sacuo 
and extracted with EtOAc (‘SIX 4-m extracttonsj m a irqutd-itqutd extractor The msoiubie matertai which 
appeared m the aqu layer was separated All fractions were vacuum- or freeze-dried 

A red 011 extracted with heptane from the Et,0 extract was not examined further The Et,0 soluble fraction 
was redissolved m Et,GMeOH (9 l), and extracted (each 4 times) m turn with H,O saturated with NaHCO, 
or wrth Na,CO, The aqu extracts were washed wtth Et,0 to remove entrained material and the washmgs 
returned to the main solution The Na,CO, or NaHCO, extracts were neutralized, extracted with EtOAc, and 
the extracted components, which were recovered m 92% yield, were tdenttfied chromatographtcally The EtOAc 
soluble material from the ortgmal methanol extract was refluxed with 25 ttmes Its weight of 70% EtOH for 10 
mm, filtered whrle hot, and the filtrate allowed to stand 20 weeks 

Characterlzatron of compounds S-l, S-3, S-5, S-S, S-13 The L subfraction of the Et,0 extract (Table 1) was 
crystallized from 70% EtOH Further recrystalhzatron ytelded a product whrch by m p and m m p (262-264”) 
was identical with authentic resveratrol The fractton containing a concentrate of S-l was stlylated with hexa- 
methyfdrsriazane-trrmethyfchiorosrfane-No-brs (trtmethyfstfyf) acetamtde m pyridme (2 i. 1 1Uj and exammed by 
GLC usmg SE-30 (3 0%) and Aprezon L (3.8%) columns (programming from 200” to 240” at lo/mm) The presence 
of resveratrol was confirmed by co-inJectton of an authentic stlylated sample The fraction also gave a smaller 
peak which was probably that of the crs-isomer of resveratrol (probably compound S-3) Compound S-8 (from 
subfractton G) corresponded wtth authentic resveratrol /?-glucostde by GLC (programming from 24(X300” at 
lo/mm) Compound S-5 IS possibly the crs-isomer of S-8 I4 When chromatograms of heartwood polyphenols of 
E slderoxylon and E wandoo were compared, S-13 had R, values very srmtlar to those of the umdentrfied sttlbene 
m E. wandoo ’ The followmg comparative R, values were obtained PC using n-BuOH-EtOH-H,O (4 1 5) 
resveratrol glucosrde 0 52, resveratrol 0 82, oxyresveratrol 071, S-13 0 61, TLC on sthca gel usmg CHCls- 
EtOAc-HCOOH (5 4 l), resveratrol 0 52, oxyresveratrolO45, S-13 0 38 S-13 was chromatographtcally dtfferent 
from rhapontm and 1s dtsstmtlar to other known sttlbenes and IS so unstable as to disappear from aqueous solu- 
tions overnight 

Characterzzatlon of compounds S-10, S-11 and S-15 These compounds were obtained from the dried EtOAc 
extract by refluxmg with 25 times its weight of 70% EtOH for 10 mm, filtering hot to remove ellagtc acid (S-15) 
and allowmg the filtrate to stand at room temp for several days The crude ppt (50 mg), dramed from the stored 
filtrate, contamed S-10 and S-l 1, and was mixed with 0 1 M NaHCO, (25 ml) and filtered to remove the msoluble 
trt-o-methyfeffagtc actd gfucostde (S-il) ‘The fiRrate was extracted m a ftqurd-itqurd extractor with EtGAc to 
completely remove the trt-o-methylellagrc acid glucostde which stall remamed The extracted layers were actdtfied 
wtth 5 N HCI, cooled to 0” for 15 mm and the msolubles separated, washed with H,O, drssolved m hot 70% EtOH 
(10 ml) and stood overnight to yield chromatographrcally pure colorless crystals (25 mg) whtch turned brown 
at 275” and did not melt at 355” (lrt ’ light brown prrsms m p 214215”) Anal Found C, 53 2, H, 4 0, -OMe, 
11 9. Calc for C22H20013 C, 53 6, H, 4 0, -OMe, 12 6% The crystals (10 mg), were hydrolysed with 4% H,S04 
m 70% EtOH (10 ml) under reflux (2 hr), cooled, added Hz0 (7 ml), concn to half vol and the ppt (6 7 mg) rdentt- 
fied by TLC (EtOAc-CHCl,-HCOOH, 2 10 i), m p and m m p (340-341”) and IR m KBr as 3,3’-dr-o-methylel- 
lagtc acid The wt of ppt was 6 7 mg and consequently the ratto of aglycone to sugar IS 1 1 The aqueous filtrate 
was passed through an Amberhte IR 48 (-OH) column, evaporated m ~acuo at 45”, compared on PC wtth auth- 
entic sugars using BAW, 6% HOAc, and EtOAc-pyrtdtne-H,O (25 5 4) after spraying with AgNO, in alkali 
The sugar was tdentrfied as glucose The glucostde was acetylated with Ac,O and pyrtdme and recrystallized 
as colorless needles from 70% EtOH m p 251-252” Anal Found C, 54 7, H, 4 1, -OMe, 7 9, -COMe, 30 0, 
talc for C,2H,,0,, C, 54 7, H, 4 3, -0Me. 8 8, -COMe. 30 6% Compound S-10 was 3,3’-dt-o-methylellagtc 
acrd-4’-glucostde By chromatographtc and spectral comparison with authentic material S-l 1 was 3,3’,4-trt-o- 
methylellagrc acid-4’-glucostde 
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