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A,B,C,E F.I,Jand K.

Abstract—Eight new monoterpenoid glycosides named ligurobustosides A, B, C, E, F, I, J and K were
isolated from the leaves of Ligustrum robusrum. Their structures were established as geraniol (3'-0-z-L-
rhamnopyranosyl-f-p-glucopyranoside), geraniol (3’AO-a-L-rhamnopyranosyl-4’-caﬂ'eoyl-[f-D-glucopyran0-
side). geraniol (3’-0~1-L-rhamnopyranosyl-4’-p-coumaroyl-ﬁ-D-glucopyranoside), geraniol (3'-O-a-L.-rham-
nopyranosyl-6'-0-p-coumaroyi-f-p-glucopyranoside), 6-hydroxy-3,7-dimethyl-2 £,7-octadienyl-(3"-O-a-L-
rhamnopyranosyl-6'-O-p-coumaroyl-f-p-glucopyranoside), 7-hydroxy-3.7-dimethyl-2E,S E-octadienyl-(3'-O-

az-L—rhamnopyranosyl-4'-O-p-coumaroyl)-[)’-D-glucopyranoside),
4)-a-L-rhamnopyranosyl}-(4’-O-p-coumaroyl-$-p- glucopyranoside],

geraniol-{(3"-0-2-L-rhamnopyranosyl-(1 —
6,7-dihydroxy-3,7-dimethyl-2 £-octad-

ienyl-(3’-0-1-L-rhamnopyranosyl-4’-0—p-coumaroyl-/j’-n-glucopyranoside) respectively, by spectroscopic and
chemical methods. ¢ 1998 Elsevier Science Ltd. All rights reserved

INTRODUCTION

Ligustrum robustum has long been used as the replace-
ment of tea and it possesses activity against inflam-
mation and influenza [1). Some monoterpenoid gly-
cosides have been isolated from the genus Ligustrum
[2]. but there is no report concerning the chemical
study on this plant up to now. From the glycosidic
extract of the leaves of L. robustum, we have isolated
eight new monoterpenoid glycosides. Interestingly, all
their aglycones were elucidates to be geraniol or its
derivatives rather than phenylethanoids, but p-coum-
aroyl (or caffeoyl) group was still acting as their aro-
matic ester moieties, except in the case of lig-
urobustoside A. This paper describes the isolation and
identification of all these new compounds. lig-
urobustosides A (1), B (2), C(3), E4), F (5),1(6),)
(7)and K (8).

RESULTS AND DISCUSSION

A combination of silica gel column chro-
matography and reversed-phase silica gel column
chromatography led to the isolation of compound 1~
8. Ligurobustoside A (1), was obtained as an amorph-
ous powder. Its IR spectrum (3400, 1595, 1440 and

* Author to whom correspondence should be addressed.

1030 cm~') only indicated the presence of double
bonds and hydroxyls. The molecular formula
{C:;H340,0) of 1 was determined by the positive ion
FAB-mass spectrum, in which the molecular ion peak
at mj= 485 [M+Na]' and fragment ion peak at miz
309 [M-C\H,;O1"* were exhibited. The 'H NMR (5
4.28,d,J = 79Hz 5.14,d,J = 1.5Hz) and '*C NMR
(3 102.7, 102.8; two anomeric sugar carbons) spectra
showed the existence of two sugar units. Direct com-
parison of its NMR data with those of cistanoside 3]
and paper chromatography detection suggested that
1 had the following structure: aglycone-Glc-Rha. The
difference between 1 and cistanoside was only the
aglycone. From the remaining sets of 10 carbon sig-
nals assignable to the aglycone of 1, the monoterpene
was easily proved to be geraniol. 'H-'H COSY spec-
trum indicated two discrete spin systems charac-
teristics of geraniol. Both systems each contained an
olefinic proton, the one (3, 5.36) coupled with the
non-equivalent geminal protons of an oxygen-bearing
methylene group, and the other (8, 5.10) to a meth-
ylene group which in turn coupled with another vinylic
methylene group (Table 1). The "C NMR chemical
shifts are in good agreement with those reported for
geraniol glycoside [4] and geraniol {5], the latter, with
the expected differences at C-1, C-2 and C-3. The
possibility of the aglycone being nerol is excluded by
the chemical shifts of C-4 and C-9 [6]. GC-mass spec-
tral analysis unambiguously identified the aglycone as

1013




1014 Jun TiaN et al.
Table 1. "H NMR speciral data of glycosides 1-8 in CD,0OD
H 1 2 3 4 5 6 7 8
Aglycone
i 4.33 dd 433 dd 434 dd 425d(7.0) 426d(6.8) 428d(7.2) 4.28d(74) 430d(7.6)
(11.9,6.3) (11.8,6.2) (11.9.6.1)
4.25 dd 4.26 dd 427 dd
(11.9,7.  (1L8,7.6) (11.9,7.5)
2 5.361(6.8) 5.371(6.5) 537:(60) 534:(7.0) 536:1(68) S521:(7.2) 537:(74) 544:(7.6)
4 2.04:(7.0) 2.04:(6.8) 205:(66) 202:(64) 2.08m 276 brd 2061(6.4) 231m
(4.8) 21tm
5 2.12:1(7.0) 2.11¢(6.3) 211165 207:1(64) 1.65m 5.62 dr 212164y 1.75m
(9.8,4.8) 1.39 m
6 5101(6.4) 509:(69 510:(6.2) 507¢(64) 4.00dd 486d(9.8) 5.121(6.2)
9.6, 6.4)
7 4.38m
8 1.67 s 1.68 s 169 s 1.64s 490d(l.6) 1295 1.68 5 1.18 5
4.79 4 (1.6)
9 1.60 s 1.60 s 1.61 5 1.57 % 1.68s 1.29s 1.61s 114 s
10 1.68 s 1.68 5 1.69 s 1.64 5 1.65s 1.68 3 1.68 s 1.71 s
Glucosyl
I 428d(79) 433d(7.6) 4364(79) 431d(8.1) 431d(8.1) 439d(7.6) 4.36d(7.8) 4.36d(8.0)
2 3.30¢(8.2) 330m 329r(82) 332:(84) 331d(84) 3.30:(9.2) 3.30:(8.0) 3.28:(8.2)
¥ 3.481(8.8) 3811(92) 380r(9.2) 3.52:(90) 3524(8.8) 381¢(92) 380¢(3.0) 3827(9.2)
& 1341(8.4) 3.58m 3.58m 3394(92) 3.39r(9.3) 358m 3.58m 3.58 m
5 3125m 3.55m 3.5 m 3.521(88) 3.52:(8.8) 3.55m 3.56m 3.55m
6 3.87 dd . * 4.36 dd 4.36 dd 3.60 m 362 m 3.60 m
(12.0.2.1) (10.8. 6.4) (104,6.2)
3.69 dd . hd 4.504(10.8) 4.504(10.4)
(12.0,2.1)
Rham-
nosyl
1 S.144(1.5) 5.18d(1.7) 5.18d(1.5) 5.17d(1.6) S.i7d(1.4) S18hrs 503 brs 5.184(1.5)
2 3.93 dd 3.92dd 3.91 dd 394:(3.3) 394+(3.3) 19Im 3.90m 3.90 m
(32,18)  “(3.2,1.8)  (3.2,1.8) ‘
3" 3.67Tm 3.60m 362 m 370 dd 3.70 dd 357Tm 3.55m 356 m
(94,33)  (9.6,3.3)
4 339:(9.2) 3.40:(88) 3.39/(88) 339:/(94) 3.39r(96) 340r(88) 3.86m 3.40:(7.8)
5" 323m 329m 330 m 4.00 m 401 m 3.35m 332m . 330m
6" 1.234(62) 1.09d(6.2) 1.08d(62) 124d(61) 123d(6.1) 1.07d(6.1) 1.02d(6.2) 1.07d(6.3)
Rham-
nosyl
1# 518 brs
> 388 m
3* 3.34m
4 3.65m
b 34lm
6 1.08 4(6.2)
Ester
2 7.06d(1.8) 746d(88) 7.45d(B4) 745d(8.6) 747d(8.4) 748d(8.2) 7.47d(8.6)
3 6.81d(8.8) 680d(84) 6.80d(8.6) 680d(84) 682d(82) 6.80d(8.6)
s 6.94 dd 681d(8.8) 680d(84) 6.80d4(8.6) 6.80d(8.4) 682d(8.2) 680d(8.5)
(8.2,1.8)
6" 6.78d(8.2) 746d4(88) 745d(B4) 7454(8.6) 74T7d(84) 746d(8.2) 7.47d(8.6)
7" 7.59d(158) 7.66d(160) 7.63d(159) 7.63d(15.8)7.66d(159) 7.66d(158) 6.664d(15.9)
8" 6.27 d (15.8) 6.34d(16.0) 6.34d(159) 6.344(15.8)6.344(15.9) 6.334d(15.8) 6.34 4 (15.9)

* Showed spectral data overlapped by H,O peak; coupling constants (J values in Hx) are shown in parentheses.




Monoterpenoid glycosides from Ligustrum robustur

geraniol, not nerol. Accordingly, 1 is geraniol (3’-0-
a-L-rhamnopyranosyi-g-D-glucopyranoside).

Ligurobustoside B (2), was obtained as an amorph-
ous powder. Its IR (3450, 1685, 1620, 1590, 1505 and
1435 cm~') and UV (214.5, 244.5, 299 and 331.5 nm)
all showed the absorptions of aromatic group and x,f-
unsaturated ester. The molecular formula (C,,H O ;)
of 2 was confirmed by the molecular ion peak at mj:
647 M + Na]”. Its '*C NMR spectra exhibited signals
for 31 carbons. Comparison of these resonances with
those of 1 revealed that 2 was very similar to I except
for additional 9 carbon signals. The remaining part
was rcadily assigned as caffeoyl moiety, while further
compared with acteoside [7). Furthermore, significant
shift differences of +04, —3.1 and —1.8 ppm
observed for C-4', C-3" and C-5’ of the inner glucose
indicated that acylation of caffeic acid occurred at C-
4’ position of the glucose. Thus, 2 is geraniol (3'-0-a-
t-rhamnopyranosyl-4'-caffeoyi-§-p-glucopyrano-
side).

Ligurobustoside C (3), was also obtained as an
amorphous powder. {ts 'H and '*C NMR spectral
data very similar to those of 2. From the positive ion
FAB-mass spectrum (molecular ion peak at m/z 631
[M+Na|*), the molecular formula of 3 (C,,H,,0,,)
was concluded only differing from 2 by the decrease
of one hydroxyl group. The '"H NMR spectrum (an
AB system at & 7.46 and 6.81, 2H each, a pair of
doublets, Joy = 8.8 Hz) of 3 confirmed that the acyl
moiety was a frans-p-coumaric acid which was also
connected with C-4° position of the inner glucose,
since in the "C NMR spectrum of 3, such glucosyl C-
4’ shifted downfield from & 70.3 to 70.8, while its C-3°
and C-5* shifted upficld to ¢ 81.6 (—3.2 ppm) and &
76.1 (—1.8 ppm), respectively (Table 2), based on
direct *C NMR spectral comparison between 3
and 1. Therefore, 3 is geraniol (3-O-a-L-rhamno-
pyranosyl-4’-p-coumaroyl-f-p-glucopyranoside). Ligu-
robustoside C (3) was detected to have anticholinergic
(in vitro, 100 ug ml~") effects.

Ligurobustoside E (4) was obtained as an amorph-
ous powder. Its IR (3400, 1680, 1620, 1595, 1505 and
1435 cm™') and UV (205.5, 229, 315 nm) spectra exhi-
bited the characteristic FAB-mass spectrum (631
[M +Na]*, 455 [M-O aglycone]* and 309 [455-rham-
nopyranosyl (or p-coumaroyl)+ HJ*). The 'H NMR
spectrum at the aromatic region showed an A,B; sys-
tem belonging to a p-coumaroyl moiety [6 6.80 (2H, d,
J = 8.4 Hz), § 7.45 (2H, d, J = 8.4 Hz)]. Two olefinic
proton signals which appeared as an AB system [§
6.34 (1H, d, J = 159 Hz), 7.63 (1H, d, J = 159 Hz)]
. indicated a trans-geometry in their moiety. '"H NMR
* signals of two anomeric carbon protons at 8 5.17 (1H,
d,J = 1.6 Hz) and 4.31 (1H, 4, J = 8.1 Hz), as well as
one secondary group of rhamnose at § 1.24 (3H, 4,
J = 6.1 Hz) are consistent with the configurations for
a-L-thamnose and f-p-glucose. Two olefini¢ protons
assignable to the aglycone moiety appearing at 6, 5.07
(1H, 1, J =6.0 Hz) and éy 5.34 (I1H 1, J = 7.0 Hz)
confirmed that the aglycone was geraniol (Tuble 1).
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The difference between 4 and ligurobustoside C (3)
was the position of p-coumaroyl moiety at the inner
glucose. In compound 4 the p-coumaroyl moicty was
assigned at C-6' of the inner glucose based on the
following facts. Comparing the >C NMR signals of 4
with those ligurobustoside A (1), the chemical shifts
corresponding to C-6’ of the glucose in 4 shifted down-
field to 8 64.7 (+ 1.9 ppm), while chemical shift of C-
5" and C-3’ shifted upfield to 8 75.5 (—2.4 ppm) and
4 84.3 (0.5 ppm), respectively (Table 2). Moreover,
C-3’ of the inner glucose shifted downfield from 81.6
to 84.3 (+ 2.7 ppm) due to the disappearance of esteri-
fication f§ effect, when comparing with ligurobustoside
C (3). On the other hand, the COLOC spectrum
showed an important correlation spot between meth-
ylene protons of the glucosyl C-6” and carbonyl! car-
bon of p-coumaroyl moiety. 'H-'Hand '"H-"*C COSY
experiments also supported the above-mentioned
results. Thus, 4 is geraniol (3'-O-a-L-rhamno-
pyranosyl-6-0-p-coumaroyl-f-D-glucopyranoside).
Ligurobustoside E (4) was shown to possess the func-
tion of Ca**-antagonism (in sitre, 100 ug ml™").

Ligurobustoside F (5), an amorphous powder, ana-
lysed for C;,Hy,0,; from its positive ion FAB-mass
spectrum (647 [M + Na]*, 471 and 325) and NMR
spectra. Its UV and IR spectra suggested the presence
of double bonds and conjugated aromatic ester group
same as ligurobustoside E (4). Comparing the 'H and
"C NMR signals of 5 with those of 4, we could come
to the conclusion that both 5 and 4 contained identical
parts: coumaroyl moiety and sugar units (§-p-glucose
and a-L-thamnose), that was, rhamnose was still con-
nected with C-3° position of the ghucose, while the
coumaroyl moiety was also located at the C-6" pos-
ition of the inner glucose, but they had different agly-
cones. From the 'H NMR spectrum corresponding to
the aglycone of 5 an AB system assignable to a pair
of terminal methylene olefinic protons [ 4.90 (1H, 4,
Jas = 1.6 Hz),4.79 (1H, d, J .5 = 1.6 Hz)], one olefinic
methine proton [4 5.36 (1H, 1, J = 6.8 Hz)] one allyl-
alcoholic methine (6 4.00 (1H, dd, J = 9.6, 6.4 Hz)
were exhibited. Correspondingly, in the *C NMR
spectrum of the agltycone of §, double bonds signals
(3 148.7 5, 6 111.5 ¢} and one methine carbon signal
(6 76.1 d) bearing one hydroxyl group appeared, while
another double bond signals (6 125.0 4. 132.5 s) and
one methyl carbon signal (§ 17.9) disappeared, by
comparing with compound 4. Compound 5 had one
more hydroxyl group than 4 (Table 2). and this
additional hydroxy was assigned at C-6 of the agly-
cone according to biosynthesis, which is proved by
comparison of NMR spectral data of the aglyconc
of 5 with those of 7-(6 R-hydroxyl-3,7-dimethyl-2E,7-
octadienyloxy) coumarin {8} 3,7-dimethyl-2 E,7-octad-
iene-1,6-diol [9} also supported the result mentioned
above. However, the stereochemistry of such hydroxyl
group at C-6 was not determined finally. Thus, 5 is 6-
hydroxy-3,7-dimethyl-2 £,7-octadienyl-(3'-O-g-L-
rhamnopyranosyl-6'-0-p-coumaroyl-§-p-gluco-
pyranoside).
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Table 2. *C NMR spectral data of giycosides 1-8 in CD,OD
H 1 2 3 4 L] 6 7 8
Aglycone
! 66.4 66.5 66.5 66.3 66.3 66.6 66.5 66.6
2 121.5 121.4 121.4 121.3 1214 122.2 121.4 121.6
3 141.9 142.0 142.1 1422 142.1 140.8 142.1 1423
4 40.6 40.6 40.6 40.6 36.6 43.4 40.6 37.7
5 274 274 27.4 274 34.2 137.6 27.4 304
6 125.0 430 125.0 125.0 76.1 128.7 1251 78.9
7 132.5 1325 132.5 132.5 148.7 824 132.5 73.8
8 259 259 259 259 111.5 24.9 25.9 25.7
9 17.7 17.8 17.8 17.9 299 249 17.7 250
10 16.5 16.5 16.5 16.5 16.6 16.6 16.5 16.6
Glucosyl
I 102.7 103.0 102.9 102.4 102.5 102.7 102.6 102.8
2 75.5 76.1 76.1 75.5 75.5 76.1 76.1 76.1
3 84.8 - 817 81.6 843 843 843 81.6 81.6
4 703 70.7 70.8 70.6 70.6 70.7 70.7 70.8
5 77.9 76.1 76.1 75.5 75.8 76.1 76.1 76.1
6 628 624 62.5 64.7 64.7 62.4 62.4 62.5
Rham-
nosyl
1" 102.8 102.6 102.6 102.7 102.7 103.0 102.6 102.9
2 72.3 723 723 72.3 723 723 72.7 723
3" 723 721 721 72.3 723 721 70.3 72.1
M 74.0 738 73.8 70.0 70.4 73.8 81.6 73.8
5" 70.1 704 70.4 70.1 70.1 70.4 68.8 70.4
6" 17.9 18.5 18.4 17.9 17.9 18.4 19.1 18.4
Rham-
nosyl
1 103.4
2 72.8
3 723
4 738
5* 70.3
6" 17.7
Ester
| & 127.7 1271 127.2 127.2 127.1 127.0 127.2
2" 1153 131.3 1311 131.2 1313 131.4 131.3
3" 146.8 116.9 116.9 116.9 116.9 117.1 116.9
4" 149.9 161.4 161.2 161.2 161.4 161.4 161.4
57 116.5 1169 1169 116.9 116.9 117.1 1169
6" 123.2 131.3 131.1 131.2 1313 1314 131.3
7 114.7 147.6 146.8 146.8 147.6 147.6 147.6
8" 148.0 1148 115.0 115.0 114.8 1148 1149
Cco 168.3 168.3 169.0 169.0 168.3 168.1 168.3

Ligurobustoside I (6), was obtained as an amorph-
ous powder. Its molecular formula (C;H.0,;) was
provided by the negative ion FAB-mass spectrum, in
which the molecular ion peak at m/z 623 [M-H]~ and
the fragment ion peaks at m/z 477 [M-Rha}~ and 325
[M-Rha-O aglycone]~ were exhibited. The 'H and
"C NMR spectra of 6 showed it possessed a trans-p-
coumaroyl moiety [dy 7.47 (2H, d, J = 8.4 Hz, H-
2"6"), 6.80 (2H, d, J = 8.4 Hz, H-3",5") and 7.66
(AH, d, J =159 Hz, H-7"), 6.34 (1H, d, J = 159 Hz,

— 4

H-8"); 8¢ 131.3 (4, C-2",6"), 116.9 (d, C-3",5") and
147.6 (d, C-7"), 114.8 (d, C-8")] and two sugar units:
p-D-glucose [y, 4.39 (1H, d. J = 7.6 Hz) and 5. 102.7
d] and -L-rthamnose [J;, 5.18 (1H, br s5) and 6 103.0
d). Furthermore 6, the connection positions of p-
coumaroyl moiety, glucose and rhamnose one another
were identical with those of ligurobustoside C (3).
However, 6 had a different aglycone from 3. The agly-
cone of 6 was deduced as follows. From its *C NMR
spectrum, the aglycone was shown to possess three
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methyl groups (two of them were identical), three
olefinic methines, one olefinic quarternary carbon, one
quarternary carbon bearing one hydroxy and two
methylene groups. The 'H NMR spectrum of 6
revealed the presence of a pair of E-double bond sig-
nals [6,, 5.62 (1H, di, J = 9.8, 4.8 Hz, 5-H), 4.86 (1H,
d, J = 48 Hz, 6-H)] belonging to the aglycone. The
chemical shifts of H-8 and H-9 required an oxygen
function at C-7 and the broadened doublet at 2.76
(2H, J = 4.8 Hz) indicated that a methylene group
should be placed between two double bonds (Table
1). The aglycone of 6 was thus identified as a geraniol
derivative where by allylic rearrangement a 7-
hydroxyl group was introduced. Such assignment was
further confirmed by comparing with 1-acetoxy-7-
hydroxy-3,7-dimethylocta-2E,5 E-diene isolated from
Jasonia montana [10]. Therefore, 6 is 7-hydroxy-3,7-d
imethyl-2E 5F-octadienyl-(3'-O-x-L-rhamno-
pyranosyl-4’-0O-p-coumaroyl-f-D-glucopyranoside).
Ligurobustoside J (7), an amorphous powder,
showed characteristic absorptions of a trans-p-coum-
aroyl moiety in the IR and UV spectra. From the
NMR spectral data, 7 was readily considered as a
monoterpenoid glycoside similar to those identified
previously. Further examination of 'H NMR spec-
trum of 7 showed its aglycone was also geraniol same
as those of ligurobustosides A-C. However, 7 had one
additional rhamnosyl moiety, when comparing with
ligurobustoside C (3), and this was confirmed by the
appearance of the additional '"H NMR signal [0y 5.18
(1H, br 5, Rha, H-1)] and "*C NMR signal [ 103.4 d
(Rha, C-1)]. Based on the negative ion FAB-mass
spectrum of 7, its molecular formula (Cy;H,0,¢) was
determined by the molecular ion peak at m/z 753 [M-
H]~, while the fragment ion pcaks at m/z 607 [M-
Rha]~, 461 [M-2Rha}~ and 325 [M-2Rha-O agly-
cone}” indicated that such additional rhamnose was
linked to terminal rhamnose corresponding to lig-
urobustoside C (3). Moreover, the p-coumaroyl moi-
ety was confirmed to be located at the C-4’ position
of the inner glucose due to the typical *C NMR sig-
nals [ 81.6 d (Glc, C-3") and 70.7 d (Glc, C-4")]. The
remaining problem was the connection position of the
additional rhamnose, and this was solved by con-
sideration of *C NMR signals (60-85 ppm) belonging
to sugar moiety. The additional rhamnose was easily
proved to be attached to the C-4” position of terminal
rhamnose corresponding to ligurobustoside C (3),
since the C-4" signal of such terminal rhamnose shifted
downfield from & 73.8 10 81.6 (+ 7.8 ppm), while the
signals of C-3" and C-5" shifted upfield from J 72.1 to
70.3 (— 1.8 ppm) and from J 70.4 to 68.8 (— 1.6 ppm),
respectively (Table 2). The similar situation occurring
in Ligustrum purpurascens [11] also supported this
assignment. Consequently, ligurobustoside J (7) is ger-
aniol-[3"-0-a-L-rhamnopyranosyl-(1 — 4)-x-L-rhamno-
pyranosyl-4’-0-p-coumaroyl-$-n-glucopyranoside).
Ligurobustoside K (8), an amorphous powder,
showed its molecular formula (C, Hy;0,,) from the
result of the negative ion FAB-mass spectrum {m/z
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641 [M-H]", 623 [M-H,0-H] ", 495 [M-rhamnosyl (or
p-coumaroyl)}™ and 325 [M-rhamnosy! (or p-coum-
aroyl)-O aglycone] ™~ (base peak)}. Its IR and UV spec-
tra had little difference with ligurobustosides B-J also
confirmed it was a monoterpenoid glycoside of same
kind. By direct comparison of its NMR spectral data
with those of ligurobustosides C (3), both had the
same sections: two sugar units {f#-D-glucose and a-L-
rhamnose) and p-coumaroyl moiety (a characteristics
A,B, system and an E-double bond AB system), and
their only difference was attributed to aglycone. The
aglycone of 8 was identified as follows. Its '*C NMR
spectrum showed it was a derivative of geraniol with
the reduction of C(-C, double bond, owing to the
disappearance of dc 125.0 4 and 132.5 s and the
appearance of 8. 78.9 4 (C-6) and 73.8 s (C-7), when
comparing with the aglycone of compound 3. Two
methyl signals belonging to H-8 and H-9 obviously
shifted from J, 1.69 s and 1.61 s (in the aglycone of
3) to 1.18 s and 1.14 s, respectively. Furthermore,
remarkable variation occurred in C,-H, splitting into
two groups (6, 2.31 mand 2.11 m) and C;-H, splitting
into two groups (S, .75 mand 1.39 m), since the chiral
C-6 appeared. In contrast, no complicated splitting
situations in 4-CH, (dy 2.05 ¢) and 5-CH, (§, 2.11 1)
in the aglycone of 3 were observed. Based on all these
facts, ligurobustoside K (8) is 6,7-dihydroxy-3,7-dime-
thyl-2 E-octaenyl-(3’-O-a-L-rhamnopyranosyl-4’-O-p-
coumaroyl-§-bD-glucopyranoside).

EXPERIMENTAL

General. NMR spectra were recorded in CD,0D.
GC analysis was finished in GC-9A instrument {(col-
umn: SE-54 type; temp.: 230°). CC and TLC: silica
gel, S1 60 (Lobar, 40-63 um, length: 250 mm, diameter:
250 mm, Merck), RP-18 (Lobar, 40-63 um, length:
250 mm. Merck) and Diaion HP-20 (Mitsubishi
Kasei).

Plant marerial. The leaves of Ligustrum robustum
(Roxb.) B1. was collected in Guiyang, Guizhou Prov-
ince. A voucher specimen has been deposited in the
Herbarium of Kunming Institute of Botany.

Isolation of glycosides. Dried and powdered leaves
(2.5 kg) of Ligustrum robustum were extracted with
95% EtOH (4 x 10 1) at room temp. After the removal
of solvent, the EtOH extract (350 g) was defatted with
petrol (60-90°) and then partitioned with CHC, and
H;) x 3. The H,0 layer was applied to D 10! resin
column eluting with H,O until sugars and proteins
etc. were removed, and then exchanged eluent for 95%
EtOH. The residue (160 g) was chromatographed on
silica gel developing with CHCl,-MeOH-H,0 (from
50:10:1 to 10:10:1) to separate into six frs (1-VI).

Fr. I was repeatedly chromatographed on silica gel
H until the colourful substances were removed, and
then subjected to reversed-phase silica gel (RP-8) elut-
ing with MeOH-H.O (7:3) to yield compounds 1 (130
mg) and 2 (240 mg). From fr. 11 we obtained a mixt.
(3.5 g) after repeated CC eluting with EtOAc—i-PrOH
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(30:1). A part (800 mg) of this mixt. was further sub-
jected to medium pressure reversed-phase chro-
matography (RP-18) ehuting with MeOH-H,O (6:4)
to afford 3 (140 mg). After repeated siiica gel and
reversed-phase silica gel CC (RP-18) eluting with
MeCH-H,0 (3:2), other compounds [4 (78 mg), 5 (65
mg), 6 (120 mg), 7 (85 mg) and 8 (140 mg)] were
obtained from frs I1[-1V.

Ligurobustoside A (1). CyyH3 Oy [a]F = —48.3°
(c = 0.032, MeOH). FAB-MS (positive ion) m/z: 485
[M+ Na]*, 309 {M-C,,;H,,0,)*. 'H and °C NMR
spectra: see Tables ! and 2.

Acid hyvdrolysis of 1. Compound 1 (10 mg) was
hydrolysed with IM H,SO, in 10% EtOH under reflux
for 2 hr. The reaction mixt. was neutralized with a
satd soln of NaHCO; and concd to dryness. The resi-
duc was used for PC analysis. D-glucose and L-rham-
nose were detected by comparison with authentic sam-
ples.

Enzymatic hydrolysis of 1. Compound 1 (10 mg)
and f-p-glucosidase (10 mg) were dissolved in acetate

buffer (5 ml, PHS) at 37° for 24 hr. The reaction -

residue was extracted with ether. The ether extract was
then applied to GC analysis. The R, of the aglycone of
1 was consistent with that of geraniol.

Ligurobustoside B (2). C3HyOy. [2)5 = —72.2¢
(c = 0.021, MeOH). FAB-MS (positive jon) m/z: 647
[M+Na]*, 471 [M-O aglycone]*. 325 [M-O aglycone-
(rthamnosyl or p-coumaroyl)+HJ]*. UV EOH pp
(loge): 203 (4.78), 214.5 (4.62), 244.5 (4.27), 299 (4.38),
331.5 (4.50). 'H and ""C NMR spectra: see Tables !
and 2.

Ligurobustoside C (3). Cy H,O,,. [a]3' = —75.4
(¢ = 0.040, MeOH). FAB-MS (positive ion) m/z: 631
[M +Nal*, 455[M-O aglycone]™*, 309 [M-O aglycone-
(rhamnosy!l or p-coumaroyl)-+H]'. UV iF9M nm
(log¢): 203.5 (4.66), 216 (4.57), 280.5 (4.34), 299 (4.53),
315.5 (4.62). 'H and '>)C NMR spectra: see Tables 1
and 2.

Alkaline hydrolyses of compounds 2 and 3. Com-
pounds 2 and 3 (2 mg each) were hydrolysed with 2M
KOH (50% EtOH) for one day. From the two reac-
tion systems, compound 1 was detected by LC (RP-
18 plate, MeOH-H,0, 7:3).

Ligurobustoside E (4). C3Hy O, [a]d = —67.2°
(¢ = 0.030, McOH). FAB-MS (positive ion) m/z: 631
[M+Na]*, 455 [M-O aglycone] ", 309 [M-O aglycone-
(rhamnosy! or p-coumaroyl) + H}*. UV 89" nm
(loge): 205.5 (4.71), 229 (4.08), 315 (4.35). 'H and "*C
NMR spectra: see Tables 1 and 2.

Ligurobustoside F (5). CyH,0,;. [2]F? = —70.5°
{c = 0.028 MeOH). FAB-MS (positive ion) m/z: 647
[M +Nal*, 471 [M-O aglycone]*, 325 [M-O aglycone-
{rhamnosyl or p-coumaroyl)+H]'. UV iP0H pny
(loge): 205.5 (4.70), 226 (4.25), 312.5 (4.56). 'H and
"C NMR spectra: see Tables 1 and 2.
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Ligurobustoside I (6). CyHgyOy;. [2)5 = ~57.8°
(¢ = 0.058, MeOH). FAB-MS (negative ion) m/z: 623
{M-H]~, 477 [M-Rha]~, 325 [M-O aglycone-rham-
nosyl (or p-coumaroyl)]~. UV AE%" nm (loge): 205.5
(4.68),228 (4.32),313(4.58). '"H and '>C NMR spectra:
see Tables 1 and 2.

Ligurobustoside J (7). C;;Hs Oy [2]3 = —87.6°
(¢ = —0.068, MeOH). FAB-MS (negative ion) m/z:
753 [M-H] -, 607 [M-Rha)~, 461 [M-2Rha]~ and 323
[M-2Rha-O aglycone]”. UV JEZH nm (loge): 203
(4.94),229 (4.20), 316 (4.45). '"H and *C NMR spectra:
see Tables | and 2.

Ligurobustoside K (8). CyHyOy4 [2]57 = —65.2°
(c = 0.028, MeOH). FAB-MS (negative ion) m/z: 641
[M-H]~, 623 [M-H,0-H]", 495 [M-rhamnosyi (or p-
coumaroyl)j” and 325 [M-rhamnosyl (or p-coum-
aroyl)-O agiycone] ™. UV AEOY nm (loge): 205 (4.71),
226 (4.26), 315 (4.57). 'H and *C NMR spectra: see
Tables I and 2.
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