
f’/iymc/mwy, Vol 23, No 1 I, pp 25352537, 1984 0031-9422/84 $300+000 
Pruned m Great Bntara Q 1984 Pergamoo Press Ltd 

IRIDOIDSFROM GALIUMMOLLUGO* 

SHINICHI UESATO, MASAMI UEDA, HI~OYUKI INOUYE~, HIROSHI KUWA.BMA$, MASAKI YATSUZLJKA$ and KIYOKAZU 
TAKAISHI$ 

Faculty of Pharmaceuttcal Sctences, Kyoto Umverstty, Sakyo-ku, Kyoto 606, Japan, $Faculty of Pharmaceuttcal Sctences, Kmkt 
Untverstty, Kowakae, Htgashtosaka 577, Japan 

(Recetved 28 February 1984) 

Key Word Index-Galrum mollugo, Rubtaceae, trtdotd glucostde, secotrtdotd glucosrde, lO-hydroxylogantn, 
gardenostdtc actd, lO-hydroxymorrontstde, NOE 

Abstract-From G&urn mollugo, two new Indolds, gardenosrdlc acid and lO-hydroxymorromslde as well as lO- 
hydroxylogamn have been isolated, along with seven known uldolds, secogahoslde, asperuloslde, asperulosldlc acid, 
daphyllonde, monotropem, scandoslde and scandoside methyl ester lO-Hydroxyloganm, a compound which was 
previously considered to be the key biosynthetic intermediate of secouldolds, was obtained for the first time from a 
natural source 

INTRODUCI’ION 

It has been reported that G&urn mollugo L. (G album 
Mill) contains the following uldold glucosldes asperu- 
loside (1) [l, 21, asperulosldlc acid (2), monotropem (9, 
gahoslde (monotropem methyl ester) (4) [2] and mollu- 
goslde (5) [3], as well as a secoirldold glucoslde seco- 
gahoslde (6) [l] No other instance has so far been 
recorded of the co-occurrence of a secolrldold glucoslde 
with lndold glucosldes possessing a highly oxidized 
cyclopentan ring The present paper deals with a re- 
exammatlon of the uldold constituents of G mollugo 
plants 0 

RESULTS AND DISCUSSION 

The methanohc extract of the fresh aenal parts of G 
mollugo was fractionated by a combmatlon of charcoal 
CC, slhca gel CC and prep TLC As a result, two new 
uldolds, gardenosldlc acid (7) and lO-hydroxymorro- 
msrde (8), as well as lO-hydroxylogamn (9) were isolated 
The latter glucoslde (9), which had already been chenu- 
tally prepared [4-6] was obtained for the first time from a 
natural source Additionally, three known mdoids scan- 
doslde (lo), scandoslde methyl ester (11) and daphylloslde 
(12) were newly isolated from this plant, besides the 
reported lndolds asperuloslde (I), asperulosldlc acid (2), 
monotropem (3) and secogahoslde (6) 

*Part 50 tn the series “Studies on Monoterpene Glucostdes 
and Related Natural Products” For Part 49 see Uesato, S, 
Kobayasht, K and Inouye, H (1982) Cheat Pharm Bull 30,3942 

tTo whom correspondence should be addressed 
8In the present work, we were unable to detect gahostde (4)and 

molhtgostde (5) Thts might be due to aertaI or seasonal vartattons 
m the metabohsm of the plant 

~~AsthetHNMRspectrumofthefracttoncontammg7dtdnot 
show any signals from methoxy or acetyl groups, and that of the 
mtxture of 8 and 9 showed no stgnals from acetyl groups, 7 was 
put&d as tts methyl ester acetate, and 8 and 9 were separated as 
thetr acetates 

Gardenostdrc uczd (7))1 

This substance was purlfled as Its methyl ester acetate, a 
white powder, C2aHJ601,, [alha - 70 7” (MeOH, c 1 15) 
which was Identical m all respects with an authentic 
specimen of gardenoslde hexaacetate (13) [7, 81 

lO&ydroxylogamn (9)/l and lO-hydroxymorronulde (8)(( 

A mixture of these two glucosides was separated after 
acetylatlon to give lO-hydroxyloganm hexaacetate (14), 
(7R)-lO-hydroxymorromside hexaacetate (15) and (7S)- 
l@hydroxymorromslde hexaacetate (16) 

lO-Hydroxyloganm hexaacetate (14), a white powder, 
C2sH3s% HzQ [al:: - 52 4” (CHCl,, c 0 42), showed 
spectral data (see below) m accord with those of lO- 
hydroxyloganm hexaacetate which was chemically pre- 
pared [4-6] UV nzH nm (log E) 232 (4 02), IR vz cm- ’ 
1755,1740,1705 (sh), 1640, ’ H NMR (CDC13) 6 192-2 09 
(6 x OAc), 3 06 (ddd, J = 14 0, 8 0, 1 5 Hz, H-5), 3 70 (s, 
COOMe), 4 06-4 36 (m, 10-H?, 6’-Hz), 5 26 (d, J = 3 0 Hz, 
H-l), 7 33 (d, J = 12 Hz, H-3) The ZemplCn reaction of 
the acetate 14 gave a powdery free glucoslde, [a]:: 
- 58 9” (MeOH, c 0 89), which was identical m all respects 
with synthetic lO-hydroxyloganm (9) [4-6] Compound 9 
was ongmally considered to be the key biosynthetic 
intermediate between loganm and secologanm [9], but 
this posslblhty was recently ruled out [lo, 111 

(7R)-lO-Hydroxymorromsrde hexaacetate (15) and 
(7S)-10-hydroxymorromslde hexaacetate (16), each 
C29H3sOis, were obtamed m a 5 1 ratlo The physlcal 
properties of 15 and 16 (shown below) suggested that 15 
and 16 were closely related to (7R)-morromslde penta- 
acetate (17) and (7S)-morromslde pen&acetate (18), re- 
spectively (7R)Jsomer (15), a white powder, [a]; 
- 68 1” (CHC13, c 109), UV 1zn nm (log E) 235 (4 09), 
IRvzcm-’ 1730, 1700, 1630, ‘H NMR (CDC13) 
62.01-2 10 (6 x OAc), 2 90 (dt, J = 13 0,5 0 Hz, H-5), 3 73 
(s, COOMe), 4 00 (m, H-8), 4 08-4 40 (m, 10-H2, 6’-H2), 
5 66 (d, J = 9 0 Hz, H-l), 5 74 (dd, J = 10 42 5 Hz, H-7), 
744 (s, H-3) (75’)-Isomer (16), colourless needles, mp 
183 5”, [a];’ - 1013” (CHC13, c 100), UV n&!$jn nm 
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9 R=H 10 R-H 17 R=Ac.‘l-OAc 
14 R-AC ll R:Me 18 R=Ac.7-OAc 

19 R-H 

(loge) 235 (402), IRvzcm-’ 1710, 1680, 1615, 
‘H NMR (CD&) 6200-2 12 (6 x OAc), 3 12 (dt, .I 
= 12 $5 0 Hz, H-5), 3 73 (s, COOMe), 4 1(X4 42 (m, H-8, 
IO-Hz, 6’-Hz), 5 66 (d, J = 9 0 Hz, l-H), 6 16 (d (br), J 
= 3 0 Hz, H-7), 7 44 (s, H-3) In keeping with the above 
suggestion, the 13C NMR spectra (Table 1) of 15 and 16 
were m good accord with those of 17 and 18, respectively, 
except that the lo-methyl signals (17 618 8, 18 618 8) 
were replaced by lO-hydroxymethyl signals (15 664 6,16 
664 8) Accordingly, it was presumed that 15 was the lO- 
acetoxymethyl congener of (7R)-morromslde penta- 
acetate (17), whereas 16, that of (7S)-morronrnde penta- 
acetate (18) This presumption received support from the 
followmg ‘H and 13C NMR analyses m the ‘H NMR 
spectrum of 15, strong NOES were observed between H-5, 
H-7 and H-8, indicating that these three protons in the 
chair tetrahydropyran ring of 15 were in a 1,3,5-triaxlal 
relationship Thus, the chlrahty at both C-7 and C-8 of 15 
was proved to be R Furthermore, m the 13C NMR 
spectra, the C-5 and C-8 of 16 resonated 4 1 and 6 4 ppm 
upfield relative to the correspondmg carbons of 15 Such 
discrepancy of the carbon chemical shifts was also 
observed between the C-5 and C-8 signals of 18 and 17 
The observed upfield shift of C-5 and C-8 was explained m 
terms of reciprocal y effects of the C-7 acetoxy group on 
these carbons m the tetrahydropyran rmg of 16 and 18 * 

Zemplt% reactlon of the major product 15 yielded lO- 
hydroxymorromslde (8), C17Hz60 
-97 8” (MeOH, c 0 54) as a white ‘3 

2&O, [alk2 
owder The ac- 

companying spectral data of 8 clearly indicated that 8 
exists, at least m methanol solution, as a mixture of (7R)- 
and (7S)-isomers in a 2 1 ratio m the same way as 
morromslde (19) [12] UV IEHnrn (log e) 233 (4 19), 
IR vEcrn_’ 3350, 1700 (sh), 1690, 1646 (sh), 1625, 
‘H NMR (CD,OD) (7R)-isomer, 6123 (m, H-6,), 193 

*Thus findmg suggests that the tetrahydropyran rmg of both 
compounds also assumes a chrur conformation, although we 
previously surmised that the tetrahydropyran rmg of 16 IS m a 
boat form [12] 

Table 1 “C NMR data* of compounds 15-18 
(50 10 MHz, CDCI,, TMS as mt standard) 

C 15 16 17 18 

1 945d 940d 9486 944d 
3 15241 1524d 15251 152 5d 
4 1097s 1104s 1103s 1111s 
5 304d 263d 301d 260d 
6 335t 318t 331t 313t 
7 940d 909d 939d 913d 
8 758d 6946 73 6d 673d 
9 365d 3661 3891 39 2d 
10 646t 648t 188q 188q 
11 1663s 1664s 1664s 1666s 
OMe 515q 514q 513q 513q 
1’ 9741 972d 968d 9681 
2 71 Od 71 Od 71 Od 71 Id 
3 722d 722d 721d 721d 
4’ 6881 684d 686d 687d 
5 726d 725d 726d 7261 
6 618t 615t 618t 617t 

*Off resonance patterns are gwen after the 
chermcal shift value Each compound has ad- 
dmonal signals msmg from acetoxy groups 

(m, H-9), 2 10 (ddd, J = 13 5,4 0,2 0 Hz, H-6,), 2 85 (dt, 
J = 12 5, 5 0 Hz, H-5), 3 70 (s, COOMe), 5 78 (d, 
J = 9 5 Hz, H-l), 7 50 (s, H-3) (7S)-Isomer, Sl 54 (dt, 
J = 13 5, 3 5 Hz, H-6& 193 (m, H-9, H-6,), 3 70 (s, 
COOMe), 4 45 (m, H-8), 5 28 (d, J = 3 5 Hz, H-7), 5 84 (d, 
J = 9 5 Hz, H-l), 7 50 (s, H-3) 

EXPERIMENTAL 

General procedure Mps uncorc, ‘H NMR (200 MHz) and 
13C NMR (50 10 MHz) CDCI, or CDsOD with TMS as mt 
standard, TLC stica gel 60 GFz5*, spots v~suahzed by lrradlatlon 
with UV light (254 nm), exposure to Iz vapour or spraying wtth 
amsaldehyde-HzSO1 reagent (amsaldehyde 0 5 ml, 95 % EtOH 
9 0 ml and AcOH 0 1 ml) followed by heating, Prep TLC sdlca 
gel 60 PFzs4, bands detected by lrradlation with UV light 
(254 nm) The bands due to free glucosides were extracted with 
CHCl,-MeOH (7 3), while the ones due to the acetates were 
extracted with CHCl,-MeOH (19 l), CC carbon (Wako and 
Takeda) or sdica gel PFz5., 

Plant maternal The seeds of Gahum mollugo were donated by 
Drs S R Jensen and B J Nielsen (Technical Urnverslty of 
Denmark) They were planted at the Medicma Plant Garden, 
Faculty of Pharmaceutical Sciences, Kyoto University m 
October 1980, and the plants were collected m July 1981 A 
voucher specimen of G mollugo (H Inouye No 1) has been 
deposited m the Herbarium of the Institute of Botany, Faculty of 
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Fig 1 Conformation of compounds 15 and 16 
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Science, Kyoto Umverslty (KYO), Kltashlrakawa-olwake<ho, 
Sakyo-ku, Kyoto 606, Japan 

Isolatzon ofwuiolds Fresh ae& parts (119 kg) were extracted 
with boiling MeOH (501 x 3) After concentration of the 
combmed extracts tn uacuo at 40”, the residue was diluted with 
HZ0 (15 l), and the msoluble matenal was filtered off through a 
Cehte layer, which was then washed with Hz0 (10 1) The 
combined filtrate and washings were concentrated m uacuo to 
gwe a residue (3445 g) which was chromatographed on a 
charcoal (14 kg) column developed Hrlth EtOH-H,O mixtures 
contammg mcreasmg amounts of EtOH This gave the followmg 
fractions Fr 1, the faster 10% EtOH (72 5 g) Fr 2, slower 10% 
EtOH (7 9 g) Fr 3,40 % EtOH (8 0 g) Fr 4,80 % EtOH (3 0 g) 
Fr 1 was extracted with boiling EtOH (1OOml x 3) and the 
residue (1 7 g) of the EtOH extract treated with excess ethereal 
CH,N, m MeOH at 0” for 15 mm The resultant ppt was filtered 
off and washed wrath MeOH (10 ml x 3) The combined filtrate 
and washings were concentrated m vacua to gwe a residue 
(105 g), which was subjected to s111ca gel (30g) CC with 
CHCl,-MeOH of an increasing MeOH content The residue 
(184 mg) of the 10% MeOH-CHCl, eluate was SubJected to 
prep TLC with CHCl,-MeOH (4 1, developed x 3) The less 
mobile maJor band afforded crude glucoslde (46 mg) This was 
acetylated with pyndmeAc20 (each 0 5 ml) at 30” for 15 hr and 
the product (60 mg) purified by prep TLC (four developments) 
with C,H6-Et20 (3 1) to yield gardenoade hexaacetate (13) 
(16 mg) as a white powder An ahquot (2 57 g) of Fr 2 was 
rechromatographed on a charcoal (15 g) column developed 
successively with HZ0 (1 I), 7 5 % MeOH (1 I ) and MeOH (1 I ) 
The MeOH eluate afforded a mixture (180 mg) of monotropem 
(3) and scandoslde (lo), which was successively methylated and 
acetylated In the conventional way The product was then 
subjected to prep TLC (CHCls-MeOH, 20 1) Of two maJor 
bands, the more mobile one gave the hexaacetate (130 mg) of 
scandoslde methyl ester (11) as colourless needles, mp 133-135”, 
whereas the less mobile band furnished the pentaacetate (18 mg) 
of monotropem methyl ester (4) as colourless needles, mp 
148-153” An ahquot (5 g) of Fr 3 was chromatographed on a 
s~bca gel (120g) column with CHCI,-MeOH of an increasing 
MeOH content The 5 % MeOH-CHCI, eluate gave first crystal- 
hne asperuloslde (1, 1600 mg) and secondly powdery seco- 
gahoslde (6,111 mg) The 7 5 % MeOH-CH& eluate fumlshed 
a residue (47 mg), which was subjected to prep TLC (CHCI,- 
MeOH, 4 1, developed x 3) to afford scandoslde methyl ester 
(11, 9mg) as a white powder The 10% MeOH-CHCla eluate 
gave a residue (1530 mg), an ahquot (471 mg) of which was 
subnutted to prep TLC (CHCI-MeOH, 4 1, developed x 4). Of 
two major bands, the more mobile one gave a glucoslde fraction 
A (254 mg), whereas the less mobile one, a glucoslde fraction B 
(110 mg) Fraction A was acetylated and the product (336 mg) 
subjected to prep TLC (C,H,-Et,O, 7 3, developed x 5) to @ve 
IO-hydroxylogamn hexaacetate (14, 113 mgX (7R)_lO_hydroxy- 
morromslde hexaacetate (15, 89 mg), and (‘IDlO-hydroxymor- 
romside hexaacetate (16,22 mg) m order of decreasing polanty 
14, Found C, 5149, H, 5 74 CZ9HJ901, HZ0 requires C, 5148, 
H, 5 96% 15, Found C, 5179, H, 5 76 CZ9H3s01s requires C, 
5162, H, 568% 16, Found C, 51 13, H, 5 81 CZ9H3s01s 
requires C, 5162, H, 5 68% Next, fraction B (1lOmg) was 
subJected to prep TLC (CHCl,-MeOH, 4 1, developed x 4), and 

the maJor band gave a wlute powder (78 mg), which was 
recrystalhzed from EtOH to afford asperulosldlc acid (2,55 mg) 
as colourless needles, mp 125-128” Fr 4 was chromatographed 
on a slhca gel (60 g) column wth CHCl,-MeOH of an increasing 
Me-OH content The residue (388 mg) of the 5 % MeOH-CHCI, 
eluate was subjected to prep TLC (CHCkMeOH, 4 1, de- 
veloped x 3) The myor band gave daphylloslde (12,207 mg) as a 
white powder 

Zemplin reaction of IO-hydroxyloganm hexaacetate (14) 

Methanohc NaOMe (0 1 M, 0 1 ml) was added to a soln of 14 
(50 mg) m MeOH (2 ml)and the nuxture was refluxed for 1Omm 
After coohng, the soln was neutralized with Amberhte IR- 
120B (H+-form) and coned m vucuo The residue (45 mg) was 
purdied by prep TLC (CHCl,-MeOH, 4 1) to give l@hydroxy- 
loganm (9) as a white powder ‘H NMR (CD,OD) S 1 54 (ddd, 
J = 14 0, 10 0, 4 5 Hz, H-6,,), 2 08 (m, H-8, H-9), 2 26 (ddd, 
J = 14 0, 7 0, 1 5 Hz, H-6,), 4 30 (deformed t, H-7), 5 16 (d, J 
= 6 0 HZ H-l), 7 46 (d, J = 12 Hz, H-3) (Found C, 49 26, H, 
645 C,,HZsO1, f Hz0 reqlures C, 49 15, H, 655%) 

ZemplOn reactzon of (7R)-l@hydroxymorrontstde hexaacetate 
(1s) Methanohc NaOMe (0 1 M, 0 1 ml) was added to a soln of 
15 (107 mg) m MeOH (1 ml) and the nuxture was allowed to 
stand for 30mm m iced HZ0 The soln was worked up m the 
same way as above to afford lO-hydroxymorromslde (8,52 1 mg) 
as a white powder (Found C, 44 71, H, 6 58 C17HZB012 2H,O 
requires C, 44 54, H, 6 60 %) 
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