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Abstract-SaCureJa oulgar~s was shown to contain two new lndold glucoades, S-deoxylamiol and 4-methylantlr- 
rhinoside, as well as the known lndold glucosldes lam101 and Sdeoxylamloslde. The structures of the new glucosldes 
were established by spectroscopic studies and chemical evtdence 

INTRODUCTION 

SatureJa uulgarls (L) Fntsch [Z] 1s an herbaceous peren- 
nial plant, mfuslons, fluid and solid extracts of which are 
used in traditional medicine due to their stimulating and 
regulating action on the digestive apparatus [3] The 
pharmacological effects reported for S oulgarzs and the 
presence m the extracts of a bitter constituent suggested to 
us the probable presence of lndolds m this plant 

S uulgarts was extracted at room temperature with 
ethanol Paper chromatography of the extract showed the 
presence of four lndords, which after the usual chromato- 
graphic punficatlon followed by HPLC gave l-4 

RESULTS AND DISCUSSION 

Compounds 1 and 2 were shown to have identical 
properties to those of lan~ol[4] and Sdeoxylanuoslde 
respectively Compounds 3 and 4 were new lndolds 

Compound 3, a white amorphous powder, R, 047 
(persistent pmk spot with vamllm reagent) molecuar 
formula C16H2609, contained one glucose unit asdemon- 
strated by acid hydrolysis Its ‘H NMR spectrum showed 
that both C-10 and C-11 carbons were at the oxidation 
level of methyl groups The whole signal pattern of the 
aglycone protons suggested a structure l&e 5deoxylarmol 
and this was confirmed by the demonstration that alkaline 
hydrolysis m mild conditions of 2 [s] gave an lrldold 
which was Identical to 3 and to a synthetic sample of 5- 
deoxylamlol (‘H NMR and IR supenmposable [5]) It 1s 
important to note that compound 3 was shown by paper 
chromatography to be present m the ethanol extract, 
which was prepared under mild conditions, before purifi- 
cation This excluded any posslblhty that 3 was an 
artefact 

Compound 4, white amorphous powder, molecular 
formula Ci6Hz4010, [a]D = -61”, R, 0 29 (dark violet 
with van&n reagent), also contained one glucose unit as 

*Part 9 m the senes “Indotds m the Flora of Italy”, for part 8 
see ref [l] 
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demonstrated by acid hydrolysis Its ‘H NMR spectrum 
showed the presence of two methyl groups one at 6 161 
(J = 1,5 Hz) attributed to a methyl group at C-4 coupled 
to vmyhc proton H-3, and one at 6 1 52 (s) attributed to a 
methyl group at C-8 gemmal with an oxygen 

The doublet (with integral value of one proton) at 6 2 55 
(J = 7 5 Hz) was assigned to H-9 coupled to H-l and this 
established the presence of a hydroxyl function at C-5 
The doublet at 64 27 (J = 2 0 Hz) was attributed to H-6 
gemmal with a hydroxyl group coupled to H-7 which 
showed a doublet at 63 61 (J = 2 0 Hz) It 1s important to 
note that the last value 1s peculiar to a proton gemmal with 
an epoxlde function located at C-7 and C-8 This was 
confirmed by Ross’s test [6] which gave positwe proof of 
the presence of an epoxlde rmg In addition, the J6,, value 
provided the key to the determmatlon of the relative 
configuration at C-6 and C-7 as previously suggested by 
Rlmpler et al [7] Indeed, the value 2 0 Hz is the same as 
that ofanttrrhmoslde (5) [8] rather than of Its C-6 eplmer, 
procumblde [9], which does not show couplmg, and 

121 



122 A BIANCO et al 

suggested that the stereochemistry of the cyclopentane 
rmg of 4 should be the same as that of antlrrhmoslde (5) 

Pm and SFORD 13C NMR spectra of 4 (see Table 1) 
confirmed the assignments of the aglycone moiety de- 
duced by ‘H NMR analysis A doublet at 666 9 and a 
singlet at 64 7 indicated an epoxlde rmg at C-7 and C-8 
The doublets at 6 76 0 and 53 9 and the singlet at 74 4 were 
assigned respectively to C-6, C-9 and C-S The values at 
6 17 2 and 11 8 were easily asslgned to two methyl groups 
at C-10 and C-11 respectively As regards the chemical 
shifts values of the cyclopentane rmg they were com- 
parable to those found to antlrrhmoslde (5) (see Table 1) 

The doublet at 6 137 7 and singlet at 115 2 were assigned 
at C-3 and C-4 respectively Of course these values were 
different from those of 5 owing to the presence of a methyl 
group at C-4 and m the comparison between 13C NMR 
spectra of 4 and 5 (see Table 1) a paramagnetrc shift for C- 
4 (A6 = + 7 3) and a dlamagnetlc shift for C-3 (As = 
- 5 9) were observed The same trend 1s shown by other C- 
4 methyl substltuted/unsubstltuted pairs of lrldolds [lo] 
These data therefore suggested for 4 the structure and 
configuration of 4-methylantlrrhmoslde 

To verify this spectroscopic analysis 4 was (1) 
Acetylated under mild condltlons to give the penta- 
acetylderlvatlve 7 which, m Its IR spectrum, showed a 
broad band of a free tertiary hydroxyl group (3400 cm- ‘) 
which was sited at C-5 (n)Treated wth hthmm m hqmd 
ammonia, m these condltlons reductive opening of the 
epoxlde rmg occurs, to grve lam101 (1) as mam product 
This proved that the choral centres C-l, C-5, C-6, C-8 and 
C-9 had the same absolute configuration m 4 and 1 
Consequently the epoxlde rmg m 4 had to be identical to 
the one m antlrrhmoslde (S), I e m the /?-configuration 

All the reported data showed that 4 was 4-methyl- 
antirrhmoside 

EXPERIMENTAL 

CC srhca gel 7(r230 mesh and cellulose CF 11, TLC s~hca gel 
SIFZs4 and cellulose plates, PC Schleicher & Schull no 2043 b 

Table 1 ‘“CNMR (20 MHz, D20, choxane 
(67 4 ppm from TMS) as mt standard) 

C 4 5 1 6 

1 954 949 93 1 936 
3 1377 1429 136 1 142 0 
4 1152 1075 1146 107 3 
5 744 743 726 713 
6 76 0* 768’ 73 9* 77 1* 
7 669 662 468 462 
8 647 650 758 77 8 
9 539 52 1 589 578 

10 17 2 170 23 8 24 7 
11 118 - 119 - 
1’ 990 992 987 990 
2 73 5 73 5 73 3* 73 3 
3 76 5* 764’ 76 5t 76 2+ 
4 704 704 705 705 
5’ 771, 77 1* 77 ot 77 1* 
6 616 616 615 615 

l ,tValues Hrlth the same superscnpt m the vertical 
column are interchangeable 

Mgl paper Spray reagents 2 N H2S04, vamlhn (vamlhn 2 g, cone 
HC14 ml, MeOH 100 ml) and resorcm (resorcm 5 g, cone HtS04 
4 ml, EtOH 300 ml) All evaporations of volatile material were 
performed under red pres 

Isolation of&old-contammg fiiczct~ons Flowering plants of S 
uulgarzs (= Chnopodwn uulgare L ) were collected m June 1982 
m the neighbourhood of Vicovaro (Roma, Italy) Voucher 
specimens of the plant were ldentlfied by Dr Anna Francescom, 
Istltuto dl Botamca dell’Umverslt8 dl Roma 

Fresh aerial parts of the plant (4 kg) were extracted with 90 “/. 
EtOH (8 1 x 2) at room temp for 3 days PC m n- 
BuOH-HOAc-HZ0 (63 10 27) showed the presence of four 
mdmds with R, values of 0 59 (S-deoxylanuoside, 2), 0 47 (5- 
deoxylanuol, 3), 0 37 (lamlol, 1) and 0 29 (4-methylantmhmoside, 
4) The ethanohc extract was coned to an aq suspension which 
was treated with decolourizmg charcoal (750 g) The resulting 
suspension was stratified on a Gooch funnel (20cm 4) 
Monosaccharides were eluted with HZ0 (10 I), ohgosaccharides 
with 5 “/, (5 1) and 10 % (5 1) EtOH, 1,4 and small quantities of 2 
and 3 with 30 % EtOH (4 I), 2,3 and small quantities of 1 and 4 
with 50”/, (3 1) and 80% (3 1) EtOH 

The 30% EtOH fraction (4 5 g) was chromatographed on 
cellulose m n-BuOH sat Hz0 to gwe m the first fractions crude 2 
and 3 (350 mg) and then crude 1 (100 mg) and 4 (600 mg) The 
50 % and 80 % EtOH fractions (2 5 g) were chromatographed on 
cellulose m n-BuOH sat Hz0 giving 850 mg crude 2 and 3 and 
successively 10mg crude 1 and 50mg crude 4 Fractions 
contammg crude 1 (110 mg) were purified on slhca gel m 
CHCI,-MeOH (7 3) affordmg 50 mg 1 which on HPLC on a 
semipreparative p-Bondapak C1 s column (Waters, I$ 4 m , gram 
size 10 p) eluted with H,O-MeOH (7 3, 3 ml/mm, UV 210 nm) 
gave40 mg 1 Identical to anauthentic sample oflanuol (‘H NMR 
and IR superimposable) 

Fractions contammg crude 2 and 3 (1 2 g) were chromato- 
graphed on slhca gel m CHCI,-MeOH (3 1) uvmg m the first 
fractions 2 (300 mg) and then 3 (450 mg) Compound 2 was 
purified by HPLC, condltlons as Just described except for use of 
H20-MeOH (1 l), to give 250mg of pure 2 ldentlcal to an 
authentic sample of 5-deoxylamloside (‘H NMR and IR super- 
imposable) Compound 3 was purdied by HPLC m the same way 
as 2 to gve 4OOmg 3 ‘HNMR 90MHz (DzO) 6605 (H-3, m), 
5 45 (H-l, s, br), 2 60 (H-5 and H-9), 2 lOand 1 87 (2H-7, AB part 
of an ABX system, JAB = 140, JA6 = 70, J,, = 60Hz), 164 
(3H-11, s, br), 1 30 (3H-10, s) [Call for CL6Hi609 C 53 03, H 
7 23 Found C 52 94, H 7 30 yO] Compound 3 proved to be 
identical to a synthetic sample of 5-deoxylanuol 

Fractions containing crude 4 (650 mg) were purified on silica 
gel in CHCl,-MeOH (7 3) to give 500mg 4 which on HPLC 
under the same conditions as those used for 1 gave 450 mg 4 as an 
amorphous powder [a]:: = -61” (MeOH, c 0 1), 
IR vgi cm-’ 3450,2950,1670,1390,1110,1090,1070and 1000, 
‘H NMR 90 MHz (DzO) 66 21 (H-3, 4, J3,, = 1 5 Hz), 5 30 
(H-l,d, J1 9 =75Hz),475(H-l’,d,J1 z =75Hz),427(H-6,d, 
J 67 = 20Hz), 361 (H-7, d, J, 6 = 20Hz), 255 (H-9, d, J9, 
= 7 5 Hz), 1 61 (3H-11, d, J11,3 = 15 Hz), 152 (3H-10, s) [Calc 
for &HZ401,, C5106, H643 Found C5093, H650”/,] 

Penta-0-acetyl derwatwe of4 (7) Compound 4 (100 mg) was 
treated with dry pyrldme (0 5 ml) and Ac,O (10 ml) for 1 5 hr at 
room temp After addition of MeOH (3 ml), the soln was left for 
20 mm, then evaporated to gwe crude 7 (110 mg) which was 
chromatographed on sihca gel m CsH6-Me, t-Bu ether (1 1) to 
give 90 mg 7 which crystalhzed from EtOH as prisms, mp 
155-156” ‘HNMR 90MHz (CD&) 6608 (H-3, 4, J, I1 
= 15 Hz), 5 15 (H-l, d, J1 9 = 80 Hz), 5 10 (H-6, d, Js7 
= 15 Hz), 4 24 (2H-6’, m), 3 70 (H-S, m), 3 55 (H-7, d, 5, 6 
= 1 5 Hz), 3 20 (OH-5), 2 45 (H-9, d, J9 1 = 8 0 Hz), 2 18, 2 08 
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and 2 00 (acetyls, 1 1 3), 1 55 (3H-11, d, J1 1 o = 1 5 Hz), 1 50 
(3H-10, s) 

Li/NHB reductron of4 4 (200 mg) was dissolved in liquid NHs 
(60 mi), the soln was cooled to - 40” and 100 mg LI added, after 
20 mm, 0 5 ml EtOH were added At intervals of 15 mm both the 
additions were repeated x 3 The reaction was stopped after 2 hr 
by addltlon of EtOH (5 ml) and the mixture was left overmght at 
room temp The residue was treated with Hz0 (50 ml), neutral- 
ized with CO1 and the EtOH removed m uacuo 

The resultmg soln was treated with decolourlzmg charcoal 
(4 g) and the mixture stratified on a Gooch funnel (lcm Ed ), 
washed with Hz0 until the washings gave a negative salt test and 
then eluted with MeOH (100 ml) The MeOH soln gave a restdue 
(150 mg) which was chromatographed on nhca gel m 
CHCl,-MeOH (7 3) gvmg m the first fractions unreacted 4 
(40 mg) and then 1 (40mg) Compound 1 was ldentlfied by 
comparison with an authentic sample of lamlol (‘H NMR and IR 
supertmposable) 
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