
Phytochemrsrry, Vol 22, No I, pp 175- 178, 1983 0031-9422/83/010175-04W300/0 
Prmted m Great Bntam I 1983 Pergamon Press Ltd 

MOLLUGOSIDE, AN IRIDOID GLUCOSIDE FROM GALZUM MOLLUGO 

CARLO IAVARONE, ALINA SEN, CORRADO TROGOLO and STEFANO VILLA 

Centro dl Studio per la Chlrmca delle Sostanze Orgamche Natural] de1 CNR, Roma, Istltuto dl Chlmlca Orgamca dell’ Umverslta dl 
Roma, Plazzale Aldo Moro 5, 00185, Roma, Italy 

(Retwed received 30 Aprd 1982) 

Key Word Index4ahum mollugo, Rublaceae, lrtdold glucosldes, mollugoslde, 8a-hydroxy-apodanthoslde, 

amomzatlon of monotropem and mollugoslde, mono- and dlsodlc salts 

Abstract-Mollugonde, a new tndotd glucoslde isolated from Gahm mollugo, has been characterized as the 8u.- 
hydroxyapodanthoslde by simple chem:cal transformations and comparison of “C NMR spectra of mollugoslde and 
monotropem with those of correspondmg carboxllate anions 

INTRODIJCI’ION 

A previous tnvesttgatton on Galrum mallugo [l] reported 
the lsolatlon of four lrldolds asperuloslde, asperulosldlc 
acid, monotropem (1) and gahoslde (2) A re-exammatlon 
of the plant, collected m the spring and extracted with an 
improved techmque, showed the presence of an acidic 
polar lrldold glucoslde This new iridold, present in the 
plant m small amount, has been named mollugoslde (3) 

COOR COOMe 

HO.&+ R& 
0-/3-o-glucose 0-B-m glucose 

i R=H 

2 R=Me 

3R=COOH, R’=OH 

4 R = COOMe, R’=OH 

bR=C00~, R’=H 

gR=OH,R’=CH,OH 

RESULTS AND DISCUSSION 

A new technique was developed employing mild con- 
ditions for the extraction of the lrldold fraction plant 
materials Instead of ethanol, a concentrated solution 
(25 %) of sodmm chloride was used as the solvent and lt 
has the followmg advantages (1) It 1s inexpensive, (2) It 
gives higher yields and 1s more rapid than ethanol (the 
vamllm test for lrldolds becomes posltlve after a few 
minutes and m a few hours the extraction IS complete), (3) 
chlorophyll and other apolar materials are not extracted, 
(4) it 1s very useful for extracting very polar compounds 
The work-up of the final saline solution 1s carried out, as 
usual, by absorption on charcoal and successive elutlon of 
salts with water and of lrldold components with mixtures 
water-ethanol with an increasing content of ethanol 

Compound 3 1s an amorphous powder with acldlc 
properties, molecular formula C,,H,,O,, The UV ab- 
sorption (230 nm, log E 3 5) indicated the presence of a 
ConJugated enol-ether system Enzymatic hydrolysis wrth 
/Lglucosldase followed by lsolatlon of D-glucose confirm- 

ed that 3 was a /?-D-glucopyranoslde The ‘H NMR 
spectrum of 3 also showed the presence of a doublet 
(6 4 82, J = 7 5 Hz), characterlstlc for the anomerlc proton 
of a @-D-glucopyranose Furthermore, this spectrum 
closely resembled that of 2 [l] except for the lack of 
signals of the hydroxymethyl group at C-8 and the 
downfield shift (0 34 ppm) of the H-9 resonance, both 
mdlcatmg the probable presence of a COOR group hnked 
to the hydroxylated quaternary C-8 

Chemical support for the presence of a free carboxyl 
group m 3 was provided by the preparation of a bls- 
methylester (4) which showed m the ‘H NMR spectrum 
a signal at 6 3 84 of a second methoxycarbonyl group 

The substltutlon pattern (OH, COOR) at C-8 of 3 was 
confirmed by comparison of its 13C NMR spectrum 
(Table 1) with that of apodanthoslde 5 [2] The strong 
deshleldmg of C-8 m 3 (A6 = _ 34) IS clearly due to the 
presence on the same carbon of an additional hydroxyl 
group which 1s also responsible for the smaller shift 
differences observed for C-6, C-7, C-9 and C-10 of these 
compounds These preliminary data suggested that 3 may 
be the 8-hydroxy derivative of 5, with the posslblhty of a 
reversed arrangement between the carboxyl and carboxy- 
methyl groups 

The problem of the correct location (at C-4 or C-8) of 
the free carboxyl group of 3 was clarified by comparing 
the 13C NMR chemical shift values (Table 2) of the 
carboxyl or carboxymethyl carbons m a series of 28 
lrldold glucosrdes bearmg one of these functions at C-4 
and, m some cases, also at C-8 The analysis of these data 
established the chemical shift ranges observed for the 
carbons of the carboxyl and carboxymethyl functions at 
C-4 (6 166 6172 6, C=O, 49 l-52 9 OMe) or C-8 
(1754-1768, C=O, 539, OMe) 

The values observed for the resonances of the carboxyl 
and methoxyl carbons of 3 were m agreement with the 
location of the carboxymethyl group at C-4 (signals at 6 
170 26 and 52 64) and of the carboxyl group at C-8 
(182 10) The deshleldmg of ca 6 ppm observed for the 
carbonyhc C-10 of 3 with respect to 5 1s evidently caused 
by mteractron (hydrogen bonding) with the gemmal C-8 
hydroxyl group These assignments were confirmed by the 
resonance value (S 54 2) of the new methoxyl signal which 
appeared m the spectrum of 4 
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Table 1 13C NMR chemical shift assignments for compounds l-9* 

Carbon No 1 2§ 3 4 5t 6 I 8 9§ 

C-l 95 20 95 12 94 72 94 08 95 0 94 72 94 74 9433 9435 
c-3 15244 151 96 15181 15196 1504 146 89 15177 146 86 15188 
c-4 11104 11103 11096 11046 1086 116 53 11095 11621 11113 
c-5 37 89 37 81 37 24 37 52 380 39 24 37 31 38 69 37 98 
C-6 13282 13281 133 23 131 26 1284 132 13 133 39 132 62 134 56 
c-7 13801 137 99 138 28 13994 1323 138 80 138.18 138 96 13604 
C-8 85 65 85 55 86 62$ 85 55 52 7 85 85 86 26 86 62 86 13 
c-9 4484 44 82 47 46 47 08 42 3 4500 47 39 47 68 51 38 
c-10 67 39 67 39 182 lo$ 17608 1768 67 40 18126 181 73 6611 

5421 
c-11 17130 17022 17026 16994 1666 17570 170 13 175 69 17011 

52 66 52 64 52 73 49 1 52 67 52 74 
C-l’ 9913 99 12 99 05 98 94 97 7 98 86 99 05 98 86 99 23 
c-2 73 53 73 45 73 42 73 44 717 73 48 73 52 73 53 73 53 
C-3’ 76 47 76 47 76 46 76 39 749 7640 76 48 76 46 76 48 
c-4 70 42 70 34 70 38 7033 68 5 70 33 7043 

I 
1 70 50 70 49 

C-5’ 77 15 77 06 77 05 77 06 75 3 7704 77 08 77 05 77 15 
C-6 61 54 61 52 61 51 6145 59 7 61 51 61 54 61 61 6163 

*The spectra of l-4 and C9 were determined m D2 0 and were obtained at 20 MHz and 22 63 MHz in the Fourier transform mode 
Chemical shifts are expressed accordmg to the followmg equation STMS = 6Dloxane+ 67 4 ppm 

‘rTaken from ref [2] and determined m CD,OD 
*Line broadened and of low mtenslty 
§Comparlson with corresponding spectra m CD,OD [6] evidenced only small shift changes due to the solvent effect 

To demonstrate unambiguously that C-8 was the 
linkage posltlon of the free carboxyhc function of 3 we 
performed the amomzatlon of 3 and 1, (the latter was used 
as a model compound), by titration with 0 1 N sodium 
hydroxide solution (monosodlc salts of 3 and 1) and 
sapomficatlon of the carboxymethyl function of 3 (dlsodlc 
salt) Successwe comparisons of the 13C NMR spectra 
(Table 1) of 1,3, monotropem sodlc salt (6), mollugoslde 
monosodlc salt (7) and mollugoslde dlsodlc salt (8) 
showed clearly that m the conversion of 3 mto 7 only 
slight and hardly dlagnostlc shift changes are measurable 
(Table 3) for carbons close to the site of the negative 
charge m contrast with the appreciable deshleldmg values 
depicted for all centers around the lomzatlon site of 
saturated carboxyhc acids [3] 

By contrast comparison of the 13C NMR chemical 
shifts of the pair 3 and 8 revealed marked effects, induced 
by amomzatlon, on C-l 1 (+ 5 43 ppm), C-4 (+ 5 25 ppm) 
and C-3 (-4 95 ppm) but smaller effects on C-S 
( + 145 ppm) and C-l ( - 0 39 ppm) These A6 values are 
m perfect agreement with the correspondmg ones ob- 
served m the model pair 1 and 6, owing to the lomzatlon of 
the C-4 carboxyl group, and m aad-salt pairs relative to 
simple a, j?-olefinc acids [4] This good correspondance 
provides the defimtlve proof of the correct location of the 
carboxyl and carboxymethyl functions in 3 A parallel 
analysis of the ‘H NMR spectra (see Expenmental) of the 
same pans showed that the amomzatlon of carboxyl 
groups causes the shielchng of the olefimc H-3 (0 36 ppm 
m 3 -+ 8, 0 34 ppm m 1 -+ 6) as the unique dlagnostlc shift 
change 

Finally, the stereochemistry at the C-8 centre of 3 was 
demonstrated to be of the ‘monotropem-type’, on the 
basis of the ‘C-8 eplmers rule’ [S, 61 (an cc-hydroxy group 
at C-8 exerts on C-9 a shielding of 5-7 ppm with respect to 
its p counterpart) Comparison of the chemical shift value 

of C-9 of 3 (Table 1) with that of the correspondmg 
carbon m the pan of C-8 eplmers gahoslde (2) and 
gardenoslde (9), indicated that the configuration at the C- 
8 centre of 3 was /3-carboxyl, cc-hydroxyl This stereochem- 
Istry was further supported by the better agreement of C-6 
and C-7 resonances of 3 (6 133 23 and 138 28) with the 
correspondmg ones of 2 (132 81 and 137 99) than with 
those of Its C-8 eplmer 9 (134 56 and 136 04) as well as by 
blosynthetlc conslderatlons (co-occurence m the plant of 
1 and 2 of which 3 may be considered an oxldatlon 
product) 

EXPERIMENTAL 

General techniques were as described earher [S] 
lsolatlon of the wldozdfractton The aerial parts (4 3 kgfr wt) of 

Galturn mollugo were collected m the meadows of the Botanical 
Garden of the Umversity of Rome m April 1981 (voucher 
deposIted at the Botamcal Institute Herbarium of this Um- 
versity) After choppmg, the plant material was extracted twice at 
room temp with 25 y0 NaCl (8 I ) for 2 days each The extracts 
were combined and decolorizmg charcoal was added untd the 
suspension showed a negative vamlbn test A small fraction 
(SOml) of the suspension was stratified on a Gooch funnel (2 cm 
&am ) and eluted with Hz0 to remove salts and then with EtOH 
PC of the EtOH soln (developed with n-BuOH-flOAc-H,O, 
63 10 27 and vlsuahzed with vamlhn) showed the same com- 
ponents as the correspondmg EtOH extract of fresh leaves R, 
0 45 (violet, asperuloslde and asperulosldlc acid), 0 37 (violet, 
gahoslde, 2), 0 29 (violet, monotropem, 1) The remammg char- 
coal suspension was stratdied on a Gooch funnel (20 cm dlam ) 
contammg a layer of SI gel (100 g) Salts, mono- and disaccharides 
were removed with Hz0 (11 I ) and 5 % EtOH (13 1) Successive 
fractions showed a posltlve vamlhn test Fraction A, eluted with 
20 % EtOH (23 I), Fraction B, 30 % EtOH (3 I), Fraction C, 50 y0 
EtOH (lOI), Fraction D, 80 % EtOH (2 1) 
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Table 2 13C NMR chemtcal shaft assignments of C-10 and C-l 1 carbonyhc carbons of 
lrldolds 

c-10 c-11 

Compound Ref c = 0’ OMe c=o OMe 

Hastatoside 
Ipolamnde 
Larnnde 
Loganm 
Phlomlol 
Pulchelloslde I 
Pulchelloslde II 
Shanzlslde Me-ester 
Verbenahn 
Asperulosidlc acid 
Desacetyl asperulosldlc acid 
Desoxy logamn 
Gemposldic acid 
Ladroslde 
Plumlerlde 
Scandoslde 
Thevlrldoside 
Gahoslde 
Gardenoslde 
Monotropem 
&Epdoganm 
Arahdloside 
Grlselmoside 
Apodanthoslde 
Desacetyl asperuloadlc 

acid methylester 
Feretoslde 
Penstemonoslde 
Penstemoslde 

CW 
CW 
C6lt 
CW 
[6lt 

/: 
171: 

PI+ 
L-3 

Cm 
[W 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

1754 
1763 
1768 

- 
- 
- 
- 

- 
- 
- 

- 
- 

- 
- 

- 

53 9 
539 
OH 

1683 52 7 
1690 52 5 
1690 526 
1707 526 
1689 52 7 
1686 527 
167 3 526 
1704 52 8 
1696 52 8 
1726 OH 
1709 OH 
1697 516 
171 1 OH 
169 3 51 8 
1684 520 
1721 OH 
168 1 518 
1702 527 
170 1 52 7 
1713 OH 
1707 526 
167 9 52 8 
1692 529 
1666 49 1 

- 167 1 503 
- 170 1 519 
- 1695 518 
- 168 1 51 8 

*Solvent, D,O 
tsolvent, CD,OD 

Table 3 Amonuatlon effects on 13C chemical shifts 

c-11 c-4 c-3 c-5 c-1 

6 md 1 17130 11104 15244 3789 9520 
6 8!.l10” 6 17570 11653 14689 3924 9472 
6 -‘bad anwo +440 +549 -555 +135 -048 

6 aad 3 17026 11096 15181 3724 9472 
6 dmmn 8 17569 11621 14686 38 69 9433 
6 -bad dtanmn +543 +525 -495 +145 -039 

+, Deshleldmg, -, shleldmg 

Isolatron of mollugosrde (3) Fraction Achromatographed on Sl 
gel developed with n-BuOH satd with H,O, afforded crude 3 
(300mg) St111 contammated by other products, mamly mono- 
tropem (1) This residue was rechromatographed on acldlc d gel 
in CH,Cl,-MeOH-H,O (7 3 0 3) satd with CO2 to afford pure 
3 (205 mg) UV ,iE (log E) 230 (3 5), * H NMR (D2 0) S 7 46 (1 H, 
d,Js 5 = 13Hz,H-3),635(1H,ddJs6=27Hz,J,,=60Hz, 
H-6), 5 74 (lH, dd, J, , = 17 Hz, J, , = 6 0 Hz, H-7), 5 68 (lH, d, 
J , 9 = 1 3 Hz, H-l), 3 P-3 5 (lH, m, H-5). 3 78 (3H,s, COOMe-4), 
312(1H,dd,J,,=13Hz,J,,=9OHz,H-9),482(1H,d,J,,,, 
= 7 5 Hz, H-l’) 

All chromatographlc fractions were checked on Sl gel TLC 
with an acldlc eluent (CH,Cl,-MeOH-H,C%HOAc, 7 3 
0 2 02) and spots located by spraymg with 2N H,SO, 
Compound 3 appeared as a red spot with low R, value However, 
3 showed a very feeble brown reaction with vamllm reagent and 
for this reason it IS practically undetectable on PC (R, 048 m 
n-BuOH-MeOH-HOAc, 63 10 27) 

Mollugostde methylester (4) Compound 3 (110 mg) m MeOH 
was treatedwlthexcessCH,N,-Et,Oat0”for 20mm Whenall 
reacted (checked by TLC), excess reagent was evaporated and 
the residue, chromatographed on Sl gel m CH,Cl,-MeOH-H,O 
(7 3 0 3), gave pure 4 (67 mg) [aJg = - 88 7” (MeOH, c 0 83), 
(Found C 49 86, H 5 72 C,sH,,0,2 requires C 50 00, H 5 65 % ) 
‘H NMR(D,O) 6 7 48 (lH, d, J, 5 = 13 Hz, H-3), 6 45 (lH, dd, 
5,,=30Hz,J,,= 6 0 Hz, H-6), 5 86 (lH, dd, J, , = 17 Hz, 
.I 67 = 60 Hz, H-7), 5 70 (lH, d, J, 9 = 1 7 Hz, H-l), 3 9-3 5 
(lH, m, H-5), 3 84 (3H, s, COOMe-8), 3 78 (3H, s, COOMe-4), 
316(1H,brd,Js9=90Hz,H-9) 

MonotropeJn (1) ‘H NMR (D,O) [7] 6 740 (lH, br s, 
J,,=lOHz,H-3),621 (lH,dd,J,,=28Hz,J,,=57Hz, 
H-6), 5 68 (lH,dd,Js , = 1 7 Hz, J6,, = 5 7 Hz, H-7), 5 60 (lH, d, 
J,,=2OHz,H-l),363(2H,brs,2H-10),36-33(1H,m,H-5), 
266(1H,dd,J,,= 20Hz,J,,=80Hz,H-9) 

Gahosufe (2) ‘H NMR (D,O) [l] 67 50 (lH, d, J3 5 = 13 Hz, 
H-3), 6 32 (lH, dd, J, 6 = 3 0 Hz, J, , = 5 7 Hz, H-6), 5 78 (lH, 
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dd,J, ,= 17Hz,J, ,= 5 7 Hz, H-7), 5 72 (lH,d, J, 9 = 1 9 Hz, 
H-l), 3 82 (3H, s, COOMe-4), 3 64 (2H, br s, 2H-lo), 3 5-3 0 (lH, 
m,H-5),278(lH,dd,J1,=19Hz,J,,=83Hz,H-9) 

Monotropem smile salt (6) ‘H NMR (DzO) d 706 (lH, d, 
J,,calOHz,H-3),622(1H,dd,J,,=27Hz,J6,,=57Hz, 
H-6), 5 68 (lH, dd, J, , = 17 Hz, J6,, = 5 7 Hz, H-7), 5 56 (lH,d, 
J , 9 = 19 Hz, H-l), 3 66 (2H, br s, 2H-lo), 3 9-3 6 (lH, m, H-5), 
266 (lH, dd, J, 9 = 19 Hz, J,,, = 8 0 Hz, H-9) 

Mollugosufe monosodlc salt (7) ‘H NMR (D,O) d 7 46 (lH, d, 
H-3), 634 (lH, dd, H-6), 572 (lH, dd, H-7), 568 (lH, d, H-l), 
3 9-3 6 (1 H, m, H-5), 3 80 (3H, s, COOMe-4), 3 10 (lH, br d H-9) 

Mollugosuie dtsodlc salt (8) ‘H NMR (D,O) d 7 10 (lH, d, 
H-3), 634 (lH, dd, H-6), 572 (lH, dd, H-7), 560 (lH, d, H-l), 
3 93 6 (lH, m, H-5), 3 10 (lH, br d, H-9) 
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