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Abstract—Mollugoside, a new indoid glucoside 1solated from Galium mollugo, has been characterized as the 8a-
hydroxyapodanthoside by simple chemical transformations and comparison of '*C NMR spectra of mollugoside and
monotropem with those of corresponding carboxilate antons

INTRODUCTION

A previous investigation on Galium mollugo [ 1] reported
the 1solation of four mndoids asperuloside, asperulosidic
acid, monotropein (1) and galioside (2) A re-examination
of the plant, collected 1n the spring and extracted with an
improved technique, showed the presence of an acidic
polar indoid glucoside This new ridoid, present 1n the
plant 1n small amount, has been named mollugoside (3)
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RESULTS AND DISCUSSION

A new technique was developed employing mild con-
ditions for the extraction of the iridoid fraction plant
materials Instead of ethanol, a concentrated solution
(25 %) of sodium chlornide was used as the solvent and 1t
has the following advantages (1) 1t 1s tnexpensive, (2) 1t
gtves higher yields and 1s more rapid than ethanol (the
vamllin test for iridoids becomes positive after a few
minutes and 1n a few hours the extraction 1s complete), (3)
chlorophyll and other apolar materials are not extracted,
{4 1t 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 elution of
salts with water and of indoid components with mixtures
water—ethanol with an increasing content of ethanol

Compound 3 1s an amorphous powder with acidic
properties, molecular formula C,,H,,0,, The UV ab-
sorption (230 nm, loge 3 5) indicated the presence of a
conjugated enol-ether system Enzymatic hydrolysis with
B-glucosidase followed by isolation of D-glucose confirm-

ed that 3 was a B-D-glucopyranoside The 'H NMR
spectrum of 3 also showed the presence of a doublet
(64 82,J = 7 5 Hz),charactenistic for the anomeric proton
of a p-D-glucopyranose Furthermore, this spectrum
closely resembled that of 2 [1] except for the lack of
signals of the hydroxymethyl group at C-8 and the
downfield shift (034 ppm) of the H-9 resonance, both
indicating the probable presence of a COOR group hinked
to the hydroxylated quaternary C-8

Chemical support for the presence of a free carboxyl
group 1n 3 was provided by the preparation of a bis-
methylester (4) which showed 1 the 'H NMR spectrum
a signal at § 3 84 of a second methoxycarbonyl group

The substitution pattern (OH, COOR) at C-8 of 3 was
confirmed by comparison of its '3C NMR spectrum
(Table 1) with that of apodanthoside 5 [2] The strong
deshielding of C-8 1n 3 (Aé = ~ 34) 1s 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 possibility 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 1*C NMR chemical shift values (Table 2) of the
carboxyl or carboxymethyl carbons in a series of 28
indoid glucosides beaning one of these functions at C-4
and, 1n 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 (0 1666-1726, C=0, 491-529 OMe) or C-8
(1754-176 8, C=0, 539, OMe)

The values observed for the resonances of the carboxyl
and methoxyl carbons of 3 were 1n agreement with the
location of the carboxymethyl group at C-4 (signals at &
17026 and 5264) and of the carboxyl group at C-8
(18210) The deshielding of ca 6 ppm observed for the
carbonylic C-10 of 3 with respect to 5 1s evidently caused
by interaction (hydrogen bonding) with the geminal C-8
hydroxyl group These assignments were confirmed by the
resonance value (4 54 2) of the new methoxyl signal which
appeared 1n the spectrum of 4
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Table 1 '*C NMR chemical shift assignments for compounds 1-9*

Carbon No 1 2§ 3 4 5+t 6 7 8 9§
C-1 9520 9512 9472 94 08 950 9472 9474 9433 94 35
C3 15244 15196 15181 15196 1504 146 89 15177 146 86 15188
C-4 11104 11103 11096 11046 108 6 116 53 11095 116 21 11113
C-5 3789 3781 3724 3752 380 3924 3731 3869 3798
C-6 13282 13281 13323 13126 1284 13213 13339 13262 134 56
C-7 13801 13799 138 28 13994 1323 138 80 138,18 13896 136 04
C-8 8565 8555 86 621 8555 527 8585 86 26 86 62 8613
C-9 44 84 4482 4746 4708 423 4500 4739 47 68 5138
C-10 6739 6739 182 10% 176 08 176 8 6740 18126 18173 6611

5421

C-11 171 30 17022 17026 16994 166 6 17570 17013 175 69 170 11

5266 5264 5273 491 5267 5274
C-v 9913 9912 99 05 9894 9717 98 86 99 05 98 86 9923
C-2 7353 7345 7342 7344 717 7348 7352 7353 7353
Cc-3 7647 76 47 76 46 76 39 749 76 40 76 48 / 76 46 76 48
C-4 7042 7034 7038 7033 685 7033 7043 7050 70 49
C-5 7715 7706 7705 7706 753 7704 7708 7705 7715
C-6¢ 61 54 6152 61 51 6145 597 61 51 61 54 6161 6163

*The spectra of 1-4 and 6-9 were determined 1in D, O and were obtained at 20 MHz and 22 63 MHz 1n the Fourier transform mode
Chemucal shifts are expressed according to the following equation 8TMS = gDwoxane . 67 4 ppm

+Taken from ref [2] and determined in CD,0D
fLine broadened and of low intensity

§Comparison with corresponding spectra in CD;OD [6] evidenced only small shift changes due to the solvent effect

To demonstrate unambiguously that C-8 was the
linkage position of the free carboxylic function of 3 we
performed the amonization of 3and 1, (the latter was used
as a model compound), by titration with 0 1 N sodium
hydroxide solution (monosodic salts of 3 and 1) and
saponification of the carboxymethyl function of 3 (disodic
salt) Successive comparisons of the '*C NMR spectra
(Table 1) of 1, 3, monotropein sodic salt (6), mollugoside
monosodic salt (7) and mollugoside disodic salt (8)
showed clearly that in the conversion of 3 mto 7 only
slight and hardly diagnostic shift changes are measurable
(Table 3) for carbons close to the site of the negative
charge 1n contrast with the appreciable deshielding values
depicted for all centers around the 1onization site of
saturated carboxylic acids [3]

By contrast comparison of the '3C NMR chemical
shifts of the pair 3 and 8 revealed marked effects, induced
by anionization, on C-11 (+ 5 43 ppm), C-4 (+ 525 ppm)
and C-3 (—495ppm) but smaller effects on C-5
(+ 145 ppm) and C-1 (— 039 ppm) These A values are
in perfect agreement with the corresponding ones ob-
served 1n the model pair 1and 6, owing to the 1onization of
the C-4 carboxyl group, and 1n acid-salt pairs relative to
simple «, f-olefinic acids (4] This good correspondance
provides the defimitive proof of the correct location of the
carboxyl and carboxymethyl functions n 3 A parallel
analysis of the 'H NMR spectra (see Experimental) of the
same pairs showed that the amomization of carboxyl
groups causes the shielding of the olefimc H-3 (0 36 ppm
in 3 — 8,034 ppmin 1 — 6) as the unique diagnostic shuft
change

Finally, the stereochemistry at the C-8 centre of 3 was
demonstrated to be of the ‘monotropen-type’, on the
basis of the ‘C-8 epimers rule’ [5, 6] {(an a-hydroxy group
at C-8 exerts on C-9 a shielding of 5-7 ppm with respect to
its B counterpart) Comparison of the chemical shift value

of C-9 of 3 (Table 1) with that of the corresponding
carbon 1n the pair of C-8 epimers gahioside (2) and
gardenoside (9), indicated that the configuration at the C-
8 centre of 3 was S-carboxyl, a-hydroxyl This stereochem-
1stry was further supported by the better agreement of C-6
and C-7 resonances of 3 (6133 23 and 138 28) with the
corresponding ones of 2 (132 81 and 137 99) than with
those of 1ts C-8 epimer 9 (134 56 and 136 04) as well as by
biosynthetic considerations (co-occurence 1n the plant of
1 and 2 of which 3 may be considered an oxidation
product)

EXPERIMENTAL

General techmques were as described earher [5]

Isolation of the wrdowd fraction The acrial parts (4 3kgfr wt) of
Galium mollugo were collected in the meadows of the Botanical
Garden of the Umversity of Rome min Apnil 1981 (voucher
deposited at the Botanical Institute Herbarium of this Uni-
versity) After chopping, the plant material was extracted twice at
room temp with 25 ¢ NaCl (81) for 2 days each The extracts
were combined and decolorizing charcoal was added until the
suspension showed a negative vanillin test A small fraction
(50 ml) of the suspension was stratified on a Gooch funnel (2cm
diam ) and eluted with H,O to remove salts and then with EtOH
PC of the EtOH soln (developed with n-BuOH-HOAc-H,0,
63 10 27 and visualized with vamlhn) showed the same com-
ponents as the corresponding EtOH extract of fresh leaves R,
045 (violet, asperuloside and asperulosidic acid), 037 (violet,
galioside, 2), 029 (violet, monotropein, 1) The remaining char-
coal suspension was stratified on a Gooch funnel (20cm diam)
containing a layer of S1 gel (100 g) Salts, mono- and disaccharides
were removed with H,O (111) and 59, EtOH (131) Successive
fractions showed a positive vanilhin test Fraction A, eluted with
209 EtOH (231), Fraction B, 30 9, EtOH (31), Fraction C, 50 %,
EtOH (101), Fraction D, 809, EtOH (21)



An indoid glucoside from Galium mollugo 177

Table 2 '*C NMR chemcal shift assignments of C-10 and C-11 carbonylic carbons of

indoids
C-10 C-11

Compound Ref C=0 OMe C=0 OMe
Hastatoside [s]* — — 168 3 527
Ipolamude [s]* — — 1690 525
Lamnde [5]* — — 1690 526
Loganin s)* — — 1707 526
Phlomiol [5]* — — 1689 527
Pulchelloside I [5]* — — 168 6 527
Pulchelioside 1T [51* — — 1673 526
Shanziside Me-ester [s]* - — 1704 528
Verbenalin [s]* — — 1696 528
Asperulosidic acid [61+ — — 1726 OH
Desacetyl asperulosidic acid [6]t — — 1709 OH
Desoxy loganin [6]+ — — 1697 516
Gemipostdic acid [6]+ — — 1711 OH
Ladroside [6]+ — — 169 3 518
Plumieride [6]t — — 168 4 520
Scandoside [e]t - — 1721 OH
Thevinidoside [6]+ — — 1681 518
Gahoside * — — 1702 527
Gardenoside [71* — — 1701 527
Monotropein [7* — — 1713 OH
8-Epiloganmn [8]* — — 1707 526
Arahidioside [9]* 1754 539 1679 528
Griselinoside [9]* 1763 539 1692 529
Apodanthoside [2]t 176 8 OH 166 6 491
Desacetyl asperulosidic

acid methylester [23t+ — — 1671 503
Feretoside [2]t — — 1701 519
Penstemonoside [10]+ — — 169 5 518
Penstemoside [10]% — — 1681 518

*Solvent, D,0
tSolvent, CD;0D

Table 3 Amomzation effects on '3C chemical shifts

Clil C4 C3 C5 Cl
L 117130 11104 15244 3789 9520
8 smon 617570 11653 14689 3924 9472
S amion— Bacd +440 +549 —555 +135 —048
bacd 317026 11096 15181 3724 9472
8 guamon 817569 11621 14686 3869 9433
diammon — Oacid +543 +525 —495 +145 —039

+, Deshielding, —, shielding

Isolation of mollugoside (3) Fraction A chromatographed on S1
gel developed with n-BuOH satd with H,O, afforded crude 3
(300 mg) still contaminated by other products, mamnly mono-
tropemn (1) Thus residue was rechromatographed on acidic S1 gel
in CH,Cl1,-MeOH-H,0 (7 3 0 3) satd with CO, to afford pure
3(205mg) UV AT2* (log £) 230 (3 5), '"H NMR (D, 0) 5746 (1H,
d,J; s =13Hz,H-3),635(1H,dd J; = 27Hz,Js = 60Hz,
H-6),574(1H,dd,J5 , = 17Hz,J4 , = 60Hz,H-7),568 (1H, d,
Jy o = 13Hz,H-1),39-3 5(1H, m, H-5), 3 78 (3H, 5, COOMe-4),
312(1H,dd,J, s =13Hz,J;, =90Hz H-9),482 (1H,d,J,, ,,
= 75Hz, H-1)

All chromatographic fractions were checked on S1 gel TLC
with an acidic eluent (CH,Cl,-MeOH-H,0-HOAc, 7 3
02 02) and spots located by spraying with 2N H,SO,
Compound 3 appeared as a red spot with low R, value However,
3 showed a very feeble brown reaction with vanillin reagent and
for this reason 1t 1s practically undetectable on PC (R, 048 m
n-BuOH-MeOH-HOACc, 63 10 27)

Mollugoside methylester (4) Compound 3 (110 mg) n MeOH
was treated with excess CH,N,-Et,O at 0° for 20 min Whenall 3
reacted (checked by TLC), excess reagent was evaporated and
the residue, chromatographed on S1 gel n CH,Cl,-MeOH-H,0
(7 3 03), gave pure 4 (67 mg) [«]} = — 88 7° (MeOH, ¢ 083),
(Found C4986,H572 C,4H,,0,,requres C 5000, H 5659%)
‘HNMR(D,0) 6§ 748 (1H,d, J, ; = 1 3 Hz, H-3), 645 (1H, dd,
Jss =30Hz, Js, =60Hz, H-6), 586 (1H, dd, J, , = 1 THz,
Je7=60Hz, H-7), 570 (1H, d, J, o =17Hz, H-1), 39-35
(1H, m, H-5), 384 (3H, s, COOMe-8), 3 78 (3H, s, COOMe-4),
316 (1H, brd, J3 o = 90Hz, H-9)

Monotropein (1) 'H NMR (D,0) [7] & 740 (1H, br s,
J3s=10Hz, H-3), 621 (1H, dd, J5, =28Hz, J¢, =57 Hz,
H-6),568 (1H,dd,Js ; = 17Hz,J, ; = 57Hz, H-7),560(1H,d,
J, 9 =20Hz H-1),363 (2H, br s, 2H-10), 36-3 3 (1H, m, H-5),
266 (1H,dd, J, , =20Hz, J;, = 80Hz, H-9)

Galioside (2) "H NMR (D,0)[1] 6750 (1H,d,J; s = 13 Hz,
H-3),632(1H, dd,J5 ¢ = 30 Hz, J5 , = 57 Hz, H-6), 578 (1H,
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dd,J; ;, =17Hz,Js , = 57Hz,H-7),572 (1H,d,J; , = 19 Hz,
H-1),3 82 (3H, 5, COOMe-4), 3 64 (2H, br 5, 2H-10), 3 5-3 0 (1H,
m, H-5), 278 (1H, dd, J, = 19Hz, J; , = 83 Hz, H-9)

Monotropen sodic salt (6) 'H NMR (D,0) & 706 (1H, 4,
JiscalO0Hz, H-3),622 (1H,dd, J5; s =27THz, Js; =57THz,
H-6),568 (1H,dd,J s ; = 1THz,J4 ; = 57 Hz,H-7), 5 56 (1H, d,
J, o = 19 Hz, H-1), 366 (2H, br 5, 2H-10), 39-3 6 (1H, m, H-5),
266 (1H,dd, J, g = 19Hz, J; o = 80 Hz, H-9)

Moliugoside monosodic salt (7) *"H NMR (D,0) 8746 (1H, d,
H-3), 6 34 (1H, dd, H-6), 572 (1H, dd, H-7), 568 (1H, d, H-1),
39-3 6 (1H, m, H-5), 3 80 (3H, s, COOMe-4), 3 10 (1H, br d H-9)

Mollugoside disodic salt (8) *H NMR (D,0) é 710 (1H, d,
H-3), 6 34 (1H, dd, H-6), 572 (1H, dd, H-7), 560 (1H, d, H-1),
3936 (1H, m, H-5), 310 (1H, br d, H-9)
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