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(Rctrivrd 2 .4i~p:usf 1994. Revised 9 Scptemher I999, In final form 22 Scpretnber 1999) 

Eucaglobulin (1). a new complex of gallotannin and monoterpene, was isolated from the leaves 
of Eucalyptus gluhihs. Its structure was elucidated on the basis of spectral data. Four known 
hydrolyzable tannins [tellimagrandin I (2), eucalbanin C (3), 2-0-digalloyl- 1.3,4-tri-O-galloyl-~- 
1)-glucose (4), 6-O-digalloyl-l.2,3-tri-O-galloyl-~-D-glucose (5) ] ,  as wcll as  gallic acid (6) and 
(+)-catechin (7) ,  were also isolated. The antibacterial effects of some of these compounds were 
examined. 

Keywords: Eticalyp~us glubulus; Myrtaceae; Hydrolyzable tannins; Polyphcnols; 
Antibacterial effects: Eucaglobulin 

INTRODUCTION 

Eucalyptus globulus Labill. (Myrtaceae) is a kind of medicinal plant widely 
distributed in Yunnan province of China. Its leaves, roots and fruits have 
been used as traditional remedies for the treatment of influenza. dysentery, 
enteritis, rheumatalgia and bleeding [I]. It  has been well known for the 

*Corresponding author. Tel.: 86 871 5150660. Fax: 86871 5216343 
E-mail: hdsun!cc,mail.kib.ac.cn. 
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volatile terpenoid constituents of the essential oil 01 '  the leaves and fruits. 
In recent ycars, attention is focused on its unique secondary iiietabo!ites 
which are a nuiiibcr of phloroSluciiiol-sesquiterpene- o r  -nionoterpene- 
coupled cornpoutids tianied macrocarpals [2,3] m d  euplobals (3.51. and have 
been revealed to have biological activitics S L I C ~  i ts  H IV-KTase inhibition [?I. 
g r;i n 11 I a t io n i n  h i bi ti on [4.5 1, an ti vi ra I [ 61 ;in d anti ha c te r i al c ffec t s I .3 1 ,  
Howcver, the tannin constituents o f  this species have n o t  been studied. 

I n  our antibacterial studies on natural products, w-e examined the extract 
of  water-soluble c0nstituent.s from the leaves. and found that i 1  sho\ved 
potent antibacterial activity against some bacteria. The result led to the iso- 
I n t i o n  and characterization or seven hydrolymble tannins m d  rclateti 
polyphenols, including a novel complex of gallotiinnin mid monoterpene. 
namely. eucaglobulin (1). Compound 1 and two main constiluents o f  the 
leaves, telliniagrandin 1 ( 2 )  and eucalbatiin C' (3). exhibited antibacterial 
activity against several kinds of bacteria. Compounds 2-7 \?ierc obtained 
from this plant for thc first time. 
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RESULTS AND DISCUSSION 

The concentrated aqueous acetone extract of the dried leaves was fraction- 
ated by column chromatography (CC) over Diaion HP-20. The 30% and 
50% methanol eluates were further purified by repeated CC over Sephadex 
LH-20 and MCI-gel CHP-20P to yield eucaglobulin (l), along with tell- 
imagrandin I (2) [7,8], eucalbanin C (3) [9], 2-0-digalloyl- 1,3,4-tri-O-galloyl- 
B-D-glucose (4), 6-0-digalloyl- I ,2.3-tri-O-galloyl-~3-D-glucose (5), gallic 
acid (6) and (+)-catechin (7). 

Eucaglobulin (l), light brown amorphous powder, gave dark-blue color 
with FeCI3, indicating the presence of galloyl group. The molecular formula 
C23H300i2 was deduced from negative HRFABMS (found 497.1741, calcd. 
497.1659) and I3C NMR spectrum. The 'HNMR spectrum exhibited one 
2H-singlet at h 7.16 ascribable to a galloyl group, one 1H-triplet at 6 6.95 
due to one olefinic proton, and glucose proton signals. The configuration at 
C-I' of the sugar was determined to be p by the coupling constant of 
the anomeric proton ( J =  7.7 Hz). Additionally, some proton signals in the 
up-field region were also observed. The I3CNMR and DEPT spectra of 1 
confirmed the presence of the galloyl group and the fl-glucose moiety. 
Simultaneously, they also revealed ten carbon signals owing to a mono- 
terpene moiety with a six-membered ring, which included one carbonyl 
group, two unsaturated carbon atoms. two methyls, three methylene 
groups, one methine and one quaternary carbon. The assignment of protons 
and carbons was achieved on the basis of 'H- 'HCOSY and HMQC 
spectra. According to the results of HMBC spectrum, the position of the 
gallic acid ester on the glucose was determined to be at C-l', and the mono- 
terpene moiety was at C-6' through an ester bond (Fig. 1). Thus, the struc- 
ture of eucaglobulin was identified as 1, which is the first example of a 
gallotannin possessing a inonoterpene moiety (Table I). 
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Besides the new compound ( I ) ,  t w o  cllagitannu~s including a dimcr. ;I p j i r  

o f  gallotannins and two relatcd phenolic conipound:, wcrc also obtained. 
Thcir structures were clctermined as telliniagraridin I (2). eucalbanin C ( 3 ) .  
2-0-digalloyl- 1 .~.3-~r-i-O-~alloyl-(-I-D-glucose (4), 6-0-digalloyl- 1.1.3-tri-0- 
galloyl-;3-D-~lucosc (S), gallic acid (6) and (A)-catechin (7). respectively 

Thc cxtruct of watcr-solublc constituents from thr leaves of Eicc,cr/i,pfir\ 

glohiilirs ( Eg-L) showed potent antibacterial effect against Stc i / ' l / ~ ' l oc .oc ,c . i r . \  

( i i i t ~ v r ~ ~ .  .7f11/7/1. opici~~rii~it l i~c,  Cundich cilhicriii.v and Z,'go\-ric.c~hcii-oi,i IWS hnilii. 
Compounds 1 ~ 3 were also evaluated for their antibacterial act i t i ty .  Euca- 
globulin (1) could inhibit Ercl7c~l-ic~hin c d i  and C'. c i / h i c . r i r i . c .  Two main con- 
stituents. telliniagrandin I (2) and cucalbanin C ( 3 ) .  cxhibited inhibitory 
effeclc on E. co/i. St~cpIi. otiw~tr.~. Stizpli. :,pidcrwitlis and ~ ~ / f , [ ~ ~ ~ ~ ~ ) ~ , ~ ~ i , ( , i ~ \  

. s ~ i / ~ , q c i s .  Cornpound 3 was also active against E/irc~l-o/wirtv. ~ q i v y o i ~ i i r c , .  T h e  
MlCs ol'thctn are listed i n  Table 11. 
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TABLE I1 Inhibitory effects on several kinds of bacteria (MIC, ppm) 

Test E. culi Stuph. Slaph. Slrep. E. C. 2. 
Subsranee G (-) nureu.7 epidermidi.7 sunguis gergosiae albieuns bailiifungus 

G ( + )  G(+)  C(+) G ( - )  yeast 

Eg-L 500 34 500 500 
1 500 1000 2000 1000 2000 250 
2 31 31 62 500 2000 2000 
3 31 125 62 500 500 2000 

EXPERIMENTAL SECTION 

General Experimental Procedures 

Optical rotation was taken on a SEPA-300 polarimeter. IR spectral data 
were measured on a Perkin-Elmer 577 spectromctcr with KBr pellcts. 
UV spectra were obtained on a UV 210A spectrometer. MS spectra were 
recorded on a VG Auto Spec-3000 spectrometer. NMR spectra were run on 
Bruker AM-400 and Varian VXR-500 instruments with TMS as internal 
standard and acetone-d6 as solvent. Column chromatography was per- 
formed on Diaion HP-20, Sephadex LH-20 (Merck) and MCI-gel CHP-20P 
(Mitsubishi Chemical Industry Co. Ltd.). 

Plant Material 

The leaves of E. glohulus Labill were collected in Kunming Botanical 
Garden in March 1997, and air-dried. The identity of plant material was 
verified by Prof. Zhong-Wen Lin, and a voucher specimen (970325) is 
deposited in the Herbarium of the Department of Taxonomy, Kunming 
Institute of Botany, Academia Sinica. 

Extraction and Isolation 

The dried and powdered leaves (3 kg) were extracted with 70% aqueous 
acetone and concentrated in vucuo. The concentrated extract was subjected 
to column chromatography (CC) over Diaion HP-20 with H20,  aqueous 
MeOH (30% MeOH + 50%) and aqueous Me2C0 (70% Me2CO). 

A part (2Og) of the 30% MeOH elutc (40g) was subjectcd to CC over 
Sephadex LH-20 developing with aqueous MeOH. The eluate from 40% 
MeOH was further purified by CC over MCI-gel CHP-20P (H20+ 10% 
MeOH + 15% --f 20% + 30%) to yield I (60 mg). 
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A part (30 g) of the 500/0 MeOH elute (80 g) was chi-omatogr;iphcd o i w  

Sephadex LH-20 developing with 60% MeOH i~nd MeOH- H 2 0 &  Me2(~’0 
( X  : 1 : I) to give five fractions. Each fraction W H S  rcchromatographcd over 

M(:l-gcl CHP-20P w,ith aqueous MeOH in stepwise gradient mode to ;iflhrd 
2(100rng). 3(350mg),4(40nig) .5(20mg).6(5nig) .  and7(5nig) .  

Eucaglobulin (1): C23H30012. light browri amorphous powder: L V  
( MeOH) A,,,;,, 218, 279.6 11111; IR (KBr) i/,,,c,, 3500 ~ 3200. 1695. 1680. 1600. 
1440. 1340. 1320. 1250. 1070, 1027.940.9l0.865cm I :  ‘ H N M R  IMe-.CO-d,,. 
500MHz) ;4 7.10  (?H.s.H-2”.6”).  6.95 (lH.t , .J-2.5H1,H-3).  5.66 ! l H . d ”  
, /=7.7Hz.H-I’) .  4.42 ( l M , d d . J = 2 . 4 . 1 I . ~ ~ H ~ . H - 6 ’ a ) .  4.23 ( l H . d d ,  .I-- 
5.6, l l . h F I ~ , H - 6 ’ b ) .  3.70 ( l H , d d d . , / ~ 2 . 4 . 5 . 6 . 9 . 7 1 ~ 7 . ~ ~ - 5 ’ ) .  3.58--?.45 (311. 
t~l.H-2’.3’.4’). 2.42 ( 2 H , b r  d . J -  1 5 . 6 1 ~ ~ ~ 2  x H-7).2.31 (2H.br  d.  J -  
18.8 I I L , ~  x H-4). 1.99 (2H,m,2  x H-6). 1.49 ( 1 H . i ~  H-5). 1.1-3 (6H.  \. 
7 x CH,); ( ’NMR data, see Table 1; FABMS ~ 7 ’ 1  497 [ M  ~ H ]  (100): 
negative HRFAHMS t d z  497.1 741 (calcd. for ( :H-qC)I?. 497.165?). 

Tellinlagrandin 1 (2): C34H2h022. light brown amorphous powder: 
‘ H  NMR ( Me,CO-d6, 400 MHz) b 7.08,7.07 (each $. 2H in total. p l l o y l ) .  
7.Ol.6.96 (each s. 2H in total, galloyl). 6.67.6.66 (each s. I H in to t a l .  
HHDP) ,  6.51.6.48 (each s. 1 H in total, HHDP):  glucose moicty rt-anonicr: 
r\ 5.57 (d..1-3.6Hz.H-l).5.16-5.08 (1n.H-2.H-4). 5.89 (1.5- 1 0 . 0 H ~ .  
H-3). 4.69 (ni, El-5). 5.31 5.25 (111. H-6). 3.80 (cl, J .- 12.8 Iiz. 11-6’): h n o -  

H-3). 1 .27  ( i n .  H-5). 5.31 5.25 (m. H-6). 3.87 ( ( 1 . J -  12.8 Hz. H-6’): 
” C N M R  iMe2CO-di,, l00MHz) b 167.5. 167.4 (I(‘ in  total). 167.1. 167.0 
( IC‘  in total). 166.0. 165.7 ( IC in total), 165.4. 165.0 ( I C  in total)  (cslcr cur- 
bonyl); glucosc nioicty n-anomcr: (? 90.3 (C-l ) -  72.2 (C-?). 70.5 (C-3) .  70.2 
(C-4). 66.3 ( C - 5 ) .  62.8 (,C-6); 3-anomer: h ?5.7 (C-1). 73.3 (C-2).  71.9 (C-31. 

Eucalbanin ( ’  (3): ChXH50041. light brown arnorphous powder. ! ( t J , )  

1-57.? ((, 1.00,MeOH); U V  (McO1-I) A,,,,, (log:) 117 (5.16). 270 (4.82)nni: 
‘ H  N M R  ( Me2C’O-di,. 500 MHL) r! 6.975.6.9Xl. 6.087 (each s. 2 H  in total). 
7.00 I .  7.009. 7.0 I7 (each s. 2H in total). 7.041. 7.047.7.050 (each s, 2H in 
t o t a l )  (Gal), 6.462.6.472,6.4Y4,6.513 (each s. I H i n  total). 6.573. 6.577. 
6.594 (each s, IH in total). 6.635.6.628.6.634,6.637 (each s. 1H in total). 
0.827.6.835.6.855.6.861 (each s, 1 EI in total). 6.953.6.957 (each s. I H i n  
total) ( H H D P  and tergalloyl), 5.54,5.60 (each d ,  J -  3.5 Hz. Glc o-aiioiner 
H-1.H-I”). 5.08.5.10.5.33 (each d , J = 7 . 0 H / . ( i l c  i-anomer H-I.  H-1’). 

5.20 (Glc H-2. H-2’, H-4, H-4’1, 5.24-5.3.3 (Glc H-6. H-6’). 4.65,4.66 (each 

I 7  

1 1 1 ~ r : h 5 . 2 8 ( d . J  ~8 .011z .H- l ) .5 .16- - -5 .OX(~i l .~1-2 .H-4) .  5.61 i t . . /= 10.0H1. 

70.2 (C-4). 71 . I  (C-5) .  61.8 (C-6): FABMS H I , ’ :  785 [ M  ~ H ]  (100). 
“ I  

5.05.1.67, 5.69. 5.83. 5.86, 5.88 (each t , . / L  1 0 . 0 H ~ ,  Cilc 11-3. €1-3’). 5.111 

d d .  .I 5.5. 1O.O l I7 .  GIC :j-aII<tIneI- fI-5. 11-5’). 4.25.4.16 (each dd. 
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HYDROLYZABLE TANNINS FROM EUCAL YPTC‘S GLOBULC‘S 21 1 

J z 6 . 0 ,  10.0Hz,Glc a-anomer H-5,H-5’), 3.78,3.83,3.87,3.89 (each d , J =  
13.0 Hz, Glc H-6, H-6’); I3C NMR (MezCO-d6, 125 MHz) S 90.8,91.2 (Glc 
a-anomer C-1, C-l’), 96.4,96.6 (Glc ,O-anomer C-1, C-1’). 73.0,73.7 (Glc a- 
anomer C-2, C-27, 74.2,75.0 (Glc D-anomer C-2, C-2’), 73.6,73.7 (Glc P- 
anomer C-3,C-3’), 71.8,72.0 (Glc j?-anonier C-5,C-5’), 71.0.71.1, 71.2,71.3 
(Glc a-anomer C-3, C-3’, C-4, C-4’, p-anomer C-4), 66.9,67.0 (Glc a-anom- 
er C-5, C-59, 63.5,63.9 (Glc a- and P-anomer C-6,C-6’), 166.0,166.3 (1C in 
total), 166.3, 166.6 (1C in total), 166.9,167.1,167.8, 168.2 (each lC), 
167.9,168.0 (1C in total), 168.3, 168.4 ( IC in total) (ester carbonyl); ESIMS 
(50% MeOH+0.1% AcONH4)m/z 1588 [M+NH4]+(100). 

2-O-digalloyl- 1,3,4-tri-O-galloyl-~3-D-gIucose (4): C41H32026, light brown 
amorphous powder; ‘H NMR (Me2CO-d6,400 MHz) 6 7.18-6.96 (galloyl), 
6.28 ( l H , d , J =  8.4Hz,Glc H-l), 5.71-5.62 (2H,m,Glc H-2,H-4), 6.02 ( lH ,  
t ,J=9.6Hz,Glc H-3),4.65(1H,m,Glc H-5),4.32(1H,dd,J=4.8, 12.8Hz, 
Glc H-6), 4.17 ( lH,dd,  J=2.0,  12.8 Hz, Glc H-6’); I3CNMR (Me2CO-d6, 
100 MHz) Galloyl moiety: 6 167.4-165.5 (ester carbonyl), 146.1 (C-3’, 5’), 
140.1-139.3 (C-4’), 121.1-119.3 (C-l’), 110.2 (C-2’, 6’); Glucose moiety: 

(C-6); FABMS mjz 939 [M -HI -  (41), 787 [M ~ H - galloyl] (100). 
6-O-digalloyl-l,2,3-tri-O-galloyl-,!?-D-glucose (5): C41H32026, light brown 

amorphous powder; ‘HNMR (Me2CO-d6, 400 MHz): 6 7.18-6.96 (galloyl), 
6.12 ( lH,d,J=8.4Hz,Glc H-l), 5.50 5.45 (2H,m,H-2,H-6), 5.68 ( lH, t ,  
J =  9.6 Hz, Glc H-3), 4.08 (IH, m, Glc H-4), 4.50 ( lH,  m, Glc H-5), 4.39 
(1 H, d, J = 12.8 Hz, Glc H-6’): I3C NMR (Me2CO-d6, 100 MHz) Galloyl 
moiety: 6 167.4-165.5 (ester carbonyl), 146.1 (C-3’, 5 9 ,  140.1 -139.3 (C-4’), 
121.1-119.3 (C-l’), 110.2 (C-2’,6’); Glucose moiety: 6 93.4 (C-1),71.8,71.2 

m / z  939 [M - HI- (41), 787 [M - H - galloyll- (100). 
Gallic acid ( 6 ) :  C7H6O5, colorless needles; IR (KBr) v,,, 3496, 

3066,2660,1705,1619,1542,1452,1385,1338,1250,1208,956,905,867cm~’; 
‘H NMR ( Me2CO-d6, 400 MHz) 6 7.12 (2H, s, H-2,6); I3C NMR ( Me2CO- 

6 93.5 (C-1),71.9.71.6 (C-2), 76.0 (C-3), 69.2,68.3 (C-4), 73.9 (C-5), 61.7 

(C-2), 75.8 (C-3), 69.3,68.3 (C-4), 73.4,73.1 (C-5), 64.0,63.3 (C-6); FABMS 

dg, l00MHz) 6 170.6 (COOH), 146.0 (C-3>5), 139.4 (C-4), 121.7 (C-l), 
110.4 (C-2,6); EIMS 111,’~ 170 [MI+ (loo), 153 (99 ,  135 (26), 125 (50), 113 
(26), 79 (69). 

(+)-Catechin (7): CI5H14O6, white amorphous powder; ‘H NMR 
(Me2CO-d6,400MHz) 6 6.94 (lH,d,J=2.0Hz,H-2‘), 6.84 ( l H , d , J =  

8), 5.92 (lH,d,J=2.4Hz,H-6),  4.60 ( lH,d,J=7.6Hz,H-2) ,  4.03 ( lH,m,  
H-3), 2.96(lH,dd,J=5.2,16.0Hz,H-4a), 2.59(lH,dd,J=8.8,16.0Hz, H- 
4b); I3C NMR (Me2CO-d6, 100 MHz) h 81.8 (C-2), 67.3 (C-3), 27.9 (C-4), 

8.0Hz,H-5’), 6.80 (lH,dd,J=2.0,8.OH~,H-6’), 6.07 (lH, d, J=2.4Hz,  H- 
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144 7 (('-5). 94.4 (C-6), 156.8 (C-7). 95.1 (C-8). 156 .3 (C-9). 99 7 ( C - 1 0 ) .  
lil 2 (C-1'). i 14 7 (C-2') 144.7 (C-Y), 156 0 (C-4'). I19 1 ( C - 5 ' ) .  I13 3 ( C -  
6'). I-ABVlS 171  r 7x0 [ M  - HI (100) 
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