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Abstract-Eight triterpenes were isolated from the methanol extracts of Eucalyptus perrinioM cultured a% as their 

methyl esters. The structures were elucidated by spectral data to be okanolic acid. ursolic acid. maslinic acid, 2a- 
hydroxyursolic acid. hederagenin. 23-hydroxyursolk acid, arjunolk acid and asiatic acid. 
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ISTRODUcrIOS 

II is well known that the leaves of EucaJypms globules 
contain an essential oil, called eucalyptus oil, which is used 
for medicinal, industrial, perfumery purposesand recently 
new energy sources. Many studies on clonal propagation 
[I] and secondary metabolitcs. flavonoids [2] and 
steroids 133 of Eucalyprus all and tissue cultures have 
been reported. In order to produce monotcrpenes, apcc- 
ially l.lcineok, by plant all culture, seven s&es of 
Eucalyprw perriniana, E. globulus, E. calophylla, 
E. radiata, E. dilvs. E. citriodora and E. polybractea were 
examined for callus production and their chemical com- 
ponents. Various good growing callus strains have been 
obtained previously, but monoterpene production was 
not successful until now. In this paper we report the 
isolation and identification of major tritcrpenoids from E. 
perriniuna cultured alls. 

RESULTS ASD DISCUSSlO!% 

Static cultured Eucalypfus pewiniana ails were 
harvested after 3 weeks culture and then extracted with 
methanol. The methanol extracts were then partitioned 
betwan ethyl aatatc and water and the ethyl aatate layer 
was evaporated and chromatographed on silica gel to 
yield four fractions (Epe-I. 2, 3 and 4). 

Epe-1 was identified as a mixture of phytostcrols by 

TLC. HPLC and GLC, and the main component (I) of 
Epe- I was colkcted by HPLC. Compound 1 was isolated 
as colourkss flakes. mp 138-138.5’. and had the com- 
position CJPH,oO on the basis of high resolution mass 
spectroscopy and ekmental analysis. The “CNMR 
sptra of I and its acetate (la) agreed with the data of 
sltostcrol and its acetate, respectively [4. SJ. 

Fraction Epe-4 was methylated with diazomethanc in 
ether and the prduct was separated two compounds, Za 
and 3~. by HPLC. Compounds 21 and 3a were isolated as 
colourkss needks, mp 227..237” and 229-231”. respect- 
ively, and had the same ekmental composition. 
- 
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C,, HsoO,, on the basis of high resolution mass spectro- 
scopy. The mass spectra of these two compounds were 
quite similar to each other and the intense fragment ion 
peaksat miz 262 and 203 aredue to retro-Dick-Alder type 
fragmentation of the C ring of a methyl okan- or urs-12- 
en-28+atc which is nor substituted on the C, D and E 
rings 163. 

As thra acetyl signals were observed in ‘HNMR 
spectra of the acetylation products of 2a and 3a (2b and 
3b). it is supposed that thra hydroxyl groups exist on the 
AandBriogsofZIandSr 

As shown in Tabk 1. in the ‘H NMR spectrum of 2a six 
methyl signals were observed as singkts (60.68.0.86.0.90, 
O.W.O.!W. l.O9),and the 18-H signal was observed at 62.84 
(dd, J = 4, 14 Hz). On the other hand six methyl signals 
(four of them singkts and two doublets) were also 
observed. but the 18-H signal was observed at 62.20 (d, J 
= I2 Hz) in the case of compound 3a. From these data it 
is thought that 21 and 3a should possess methyl okan-12- 
en-28-oatc and methyl urs- 1 Z-en-28-oate skektons. 
respectively. 

The signals of the protons attached to the carbons 
bearing an oxygen atom (H-2. H-3 and H-23) oft were 
identical with those in the spectrum of 3a. The coupling 
constant betwan H-2 and H-3 is comparatively large (J 
= IO Hz)so that the IWO hydroxyl groupsshould have the 
23- and 3ficonfigurations. Since other proton signals 
observed at 63.44 and 3.71 in the spectrum of 2a were 
coupkd to each other and other couplings were not 
recognized, thcrc is an hydroxymethyl group attached to 
the quarternary carbon. 

The assignments of the “C NMR carbon signals of 2a 
and 3a were performod by reference 10 their multiplicity 
and to the data of methyl maslinatt (61) and methyl 2a- 
hydroxyursolatc (7a) [7], as shown in Tabk 2. The 
hydroxymethyl group signal was assigned to C-23 on the 
basis of the gamma effect from this hydroxyl group which 
was obacrved at C-3, C-5 and C-24.4-7 ppm upfield from 
the unsubstituted compounds. Coruequently the struc- 
tures ofcompounds t and 3a were deduced to be methyl 
2a.3~,23-trihydroxyokan-l2~-28+a~e (methyl arju- 
nolatc) and methyl 2z.3&23-trihydroxyurs-12-en-2&oate 
(methyl a&ate), respectively. Compound 3a was identi- 
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ficd with authentic methyl asiatate by direct comparison 
of their IR spectra. 

Epc-3 was mcthylatcd and four compounds were 
lsolatcd by HPLC. Compounds 41. 6a and 71 were 
isolated as colourkss needles, and compound 5p was 
colourltss prisms. These four compounds have all the 
same composition, C,,H,,O.. on the basks of high 
resolution mass spectroscopy, and relro-Dick-Alder frag- 
mentation peaks at mj; 262 and 203 are observed in all of 
their massspectra. Asm thccascofcompounds hand 31 
it is supposed that compounds rll, scl. 6r and 7a have a 
ring system that is based upon methyl okan- or urs- 12tn- 
28-oatcs unsubstituted on the C. D and E rings, and that 
the raldual two hydroxyl groups exist on the A and B 
rings 163. 

In the ‘H NMR spectra six methyl signals are observed 
as singkts in 4r but IWO methyl groups appear as doublets 
and another four as singkts in 5. Additionally the H-18 
signals are observed as a double doublet in 4r and as a 
doubkt In Sa so that it was determined that 4a IS an 
okanene derivative and Sa is an urscnc derivative. On the 
other hand the proton signals attached to the oxygen 
bearing carbon in 48 and !b are quite sunilar to each 
other. As the H-3 proton signal is observed at 63.62 (48) 
and 3.69 (Sa) as a double doubkt (J = 8.8 Hz) and the H- 
23 proton signals are observed at almost the same 
chemical shifts in the case of compounds 21 and 38, it is 
supposed that the two hydroxyl groups ofcompounds 48 
and Sa exist at the C-3 and C-23 positlons. Consequently 
compounds 4a and Sa are methyl 3BJ3dihydroxyokan- 
12cn-28-oatc (hedaagcnin methyl ester) and methyl 
3&23dihydroxyurs-lZ-en-28-oatc (methyl 23-hydroxy- 
ursolate), respectively. Additionally compound 4a is 
ldcntifial with hakragcnin methyl ester by direct com- 
parison of IR spectra of 4a and an authentic sampk. 

These structures are also supported by the “C NMR 
chemical shifts shown in Tabk L bazause “C chemical 
shifts of the A and B rings of 2a and 3a are in good 
agreement with each other, as are those for the A and B 
rings of C and Sa, the D and E rings of h and C, and the 
D and E rings of 3a and Sa. 

As seven methyl signals are observed as smgkts in 6r 
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and two of them are observed as a doublet in 78 In the 
‘HNMR spectra. it is supposed that 68 and 78 are 
okanenc and ursene type compounds, respectively. The 
signals of protons attached IO an oxygen bearing carbon 
in both compounds are observed at 62.97 (dd. J = 3, 
IO Hz H-3) and 3.67 (ddd. J = 4. IO. IO Hz H-2). and the 
coupling constant of these two signals is 10 Hz so that the 
configuration of the two hydroxyl groups are 22 and 38, 
respectively, as found in compounds h and h. From 
these results it is presumed that 68 and 78 are methyl 
2z,3~dihydroxyokan-IZ~n-28-oatc (methyl mashnate) 
and 2*3/Idihydroxyurs-12cn-28-oate (2z-hydroxy- 
ursolale), respectively. 

Compounds & and 9a were isolated from Epc-2 as 
colourkss necdks, mp 20&203” and mp I1 l- 114”. rc- 
spcctively. by HPLC after mcthylation. In the mass 
spectra of & and 9a characteristic retro-Dick-Alder 
fragment peaks at m;; 262 and 203 are observed. By means 
of direct comparison with authentic sampks by TLC, 
HPLC, IR and mass spectrometry, it was concluded that 
compounds 8a and 91 are methyl 3fi-hydroxyokan-12- 
en-28-oate (methyl olcanolate) and methyl 3/?-hydroxyurs- 
12cn-28-oa1e (methyl ursolate). respectively. 

When tritcrpcnc constituents of cultured alls were 
compared with the original E. perriniuno kavcs extract by 
TLC and HPLC after methylation, compounds 21 and 38 
were the main components of cultured alls. By contrast 
compounds 21. 38. 48 and Sa. all 23-hydroxymcthyl 
triterpenes. could not be detected, but the 23-methyl 
triterpenes &, 9a. 6a and 78 were detected in the orIginal 
leaves. From these results it is apparent that E. pprriniuno 
cultured alls possess a greater 23-hydroxybtlon capacity 
than the original plants and this hydroxlation ablhty in E. 
perriniuna cultured cells is now under invcstigatlon. 

EXPERI.MCMAL 

Mps wcrc detcrmmal on a Yana@moto mrro mcltmg pomr 
apparatus and were ur~orr. The ’ H N MR spectra were rccordcd 
at 90 MHz and 300 MHz_ and the “C NMR spectra were 
recorded at 25 MHz and 68 Mltr wcth TMS as an mternal 
standard. HS (70 eV and 20 eV) were taken with a &red inkt. 
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Tritcrpcaoib from Euaiyptus pminidm 719 

xilim gel column chromatography (CH#&), and the tiyhtion 

productx tb (41 mg) and 3b (4Omg) were obtained. Methyl 

trioatylxrjuaolatc (2b). rmorphcux solid; ‘H NMR (90 MHz. 

CDCl,) 60.72 (3H. s), 0.89 (3H. sh 0.92 (3H. 3). 1.a (3H. I), 1.10 
(3H. I). 1.97 (3H. s), 2.00 (3H. sb 2.07 (3H. I), 3.55 (IH. d. J 

- I2 HzL 3.60 (3H. s), 3.84 (IH. d. I - I2 Hz), 5.2 (3H. m). 

Methyl tnscctylaua~te (U). amorpboux xolid; ‘HNMR 

(90 MHz. CDCl,): 60.75 (3H. s), 0.88 (3H. s). 1.07 (3H. 3). 1.09 

(3H. s), I.% (3H, J), 2.00 (3H. J), LO7 (3H. J), 3.54 (IH. d. J 
= 12 HI.), 3.58 (3H. s), 3.84 (1H. d. I - I2 Hz), 5.2 (3H. m) 

Compounds 4a, Sa, Q Md 7r/rom Epr-3. Epc-3 (341 mg) wax 

treatal wlthCH,N, in Et,Oandchromatographaionaxilicapl 
column (CHzCIa-MeOH. lOO:l) followed by HPLC (90% 

MeOH). After rccryxtallization from MeOH, compounds 4r 

(16 mg). Sa (84 me). 6a (6 mg) and 7a (I8 mg) were obtained. 

Hedrrogenin nwhyl ear (4). Colourkss &la; mp 

219 222”: EIMS m/r (rel. int.): 486[M] * (OX 468 (2). 426 (2). 262 

(IO01 249 (7). 223 (123 203 (97). 189 (IO), I33 (7); high mlution 

EIMS: [M] ‘. 486.3705. required for C,,H,,,O.. 486.3706; 
IRvEcm- ’ 325&3575 (OH). 1710 (CDOCH,). 

Methyl 23-hydroxjursoolarr (Sal Coburkss prixms; mp 
254 257”; [a]bl ’ + 65.1” (c 0.98. CHCl,); EIMS m/z (rcl. int.): 

486[M]’ (3).468(1),426(2),262(100),249(8).223(15),203(57), 
189 (IOh I33 (13); high resolution EIMS: [Ml’. 486.3707, 
required for C,,H,,,O.. 486.3706; IR v: cm I: 3225 3500 

(OH). 1725 (CDOCH,). 

.Uahyl marlinole #a). Colourksx m; mp 22>227”; EIMS 

m,z(rel.int.):486[M]’ (13),468(6).426(6),391(2),262(loO),249 

(l6A 223 (IO). 203 (90). 189 (l6), 133 (3); high rexolutioo EIMS: 

[Ml ‘. 486.3707. required for C,,H,,,O.. 486.3706; 
IR ~2 cm ‘. 3225 3550 (OH), 1730 (COOCH,), 

.Ucthpl 2sh~droxyurzAare (7a) Colourkxx n&la; mp 

204 207’; EIMS ml: @cl. int.): 486 [M] ’ (4), 468 (1). 426 (4), 262 

(100). 249 (13). 233 (6). 223 (II), 203 (72). 189 (l2), I33 (19); high 
rcxolutlon EIMS: [Ml’. 486.3707. required for C,,H,oO.. 
486.3706; IR v= cm - ‘. 320@3550 (OH), 1735 (COOCH,). 

Com~unds & and 9a /ram Epe-2. Epc-2 (272 mg) wax 

mcthylatai ax mentioned above and compounds & (22 mg) and 

% (179mg) were obtained by HPLC (97% MeOH) end m- 
cryxtallization from MeOH. 

Mtfkyl olrranololc (8a). Colourksx nccdkx; mp 2t&203”; 

[xl: ’ + 66.7’ (c 0.87. CHCl,); EIMS m/r (ml. iot.): 470 [M] ’ 
(2). 452 (3L 410 (2). 262 (49A 249 (3). 203 (lOoA 189 (2JA I33 (15); 
lR +” cm ‘: 3250-3550 (OHA 1725 (COOCH,). 

,UZl).l ursolare (%L Colourkss ncedkr: mp 

lll-II4”;[~]~~’ + 65.5” (c 1.02, CHCI,); EIMS m/r (=I. iot.): 

470 [M] - (2), 452 (6A410 (3A 262 (95). 249 (9), 207 (24). 203 (IOO), 

I89 (3SA I33 (68); IRv&‘an-‘: 320&3525 (OHA 1730 

(CQQCH,). 
Extradon o~~rftcrpwsfrom E. pmniana k0a~. Ana II= 

dktilhtion of E. pcwiniana lava (fr. wt SO g) lhcy were cxtrracd 

with McOH (I I. x 2) sod I& xolvent cnpd. The McOH 

extracted mxtuial wax ti cxtrrted with EtOAc (250 ml x 3) 

sod the EtOAc fractioo wax waxhad wiwith 5% NaHCO, to 

remove aEidic compcmcots The UOAc frrtion wax trcatcd snth 

dry. Na$&. and the xolrmc mpd. This fraction wax methylatal 
with CHINl in Et,0 for HPLC. 

HPLC condirbu. Atulyais sod puri6catmn by HPLC were 

performed oo a Shimrdzu liquid cbromxtograph LC-3A inxtru- 

mcnt with a Sh~msdzu ~cpbotomctnc detector model SPD- 
2A lad a Showa Dcnko dilTercntial rcfncrometcr model Shodex 

RI SE-I I. A column (7.6 x 300 mm) prcked with Unlril Q Cl8 

(5 w) wax uxal and xolvcntr am xhowo for trh cxpcrimmt. 
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