Iridoid Glucosides from Galium humifusum Bieb.

Maya Mitova®, Nedjalka Handjieva®*, Mincho Anchev® and Simeon Popov?

* Institute of Organic Chemistry with Centre of Phytochemistry.
Bulgarian Academy of Sciences, 1113 Sofia, Bulgaria.
Fax: ++3592-700-225. E-mail: IOCHNP@BGCICT.ACAD.BG
" Institute of Botany, Bulgarian Academy of Sciences, 1113 Sofia, Bulgaria

* Author for correspondence and reprint requests

Z. Naturforsch. 54¢, 488-491 (1999): received January 13/March 31, 1999

Galium humifusum, Rubiaceae, Iridoid Glycosides

Two new iridoid glucosides, humifusin A and humifusin B, with a 3-(4-hydroxyphenyl)-
propionate ester unit were isolated from Galium humifusum together with 11 known iridoid
glucosides asperuloside, scandoside, desacetylasperulosidic acid, asperulosidic acid, genipo-
sidic acid, desacetylasperuloside, monotropein, V1, V2, V3 and daphylloside. The new iri-
doids were identified on the basis of spectral data. '*C NMR data for V1 and V2 iridoids

are reported.

Introduction

Galium humifusum (Rubiaceae) is a member of
sect. Galium, represented with two species in the
Bulgarian flora — G. humifusum and G. verum L.
(Anchev, 1989). In continuation of our studies on
Galium (Mitova et al., 1996a, 1996b; Handjieva
et al., 1996), the present paper deals with the study
of the iridoid glucosides in G. humifusum, known
from scattered localities in N. & E. Bulgaria. To
our knowledge, no previous phytochemical study
of G. humifusum has been reported.

Materials and Methods
General experimental procedures

'H- and "*C-NMR including DEPT and 2D-
NMR spectra were recorded on a Brucker DRX
250 MHz spectrometer in CD;OD, D,O and
CDCl; and chemical shifts are given in 0 (ppm)
with TSPA-d; and TMS as internal standards. The
NOE difference spectra were measured by the use
of a standard Bruker software program. Optical
rotations were measured on a Perkin Elmer 241
polarimeter. Droplet counter current chromatog-
raphy was performed on a Biichi 670 apparatus by
ascending mode. Aluminium sheets silicagel 60
F>s4 were used for TLC. Reverse phase LPLC was
carried out with a Merck Lobar C-18 column size
B with H,O-MeOH mixtures as eluent.
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Plant material

Galium humifusum was collected at florescence
in the Danube plain (Knezha) (1992 and 1995) and
identified from Dr. M. Anchev. The voucher speci-
mens A9283 and A95156 were deposited in the
herbarium of the Institute of Botany, Bulgarian
Academy of Sciences (SOM).

Extraction and isolation

Dry above-ground parts of G. humifusum
(163 g) were extracted twice with MeOH (2x11)
and the concentrated extract (17.2 g) partitioned
between CI(CH,),Cl-H,0 (2x300 ml). The aque-
ous phase was concentrated and treated with char-
coal and eluted with H-O (1.51), MeOH-H,0O
(5:95, v/v) (1.51), MeOH-H,O (30:70, v/v) (11),
50% MeOH (1:1, v/v) (11), MeOH-Me,CO (1:1,
v/v) (11) and MeOH-CI(CH,),ClI (1:1, v/v) (11).
The combined MeOH-Me,CO (1.3g) and
MeOH-CI(CH,),Cl (2.2 g) fractions were sepa-
rated by ascending DCCC with CHCl;-MeOH -
H,O-nPrOH (9:12:8:2). Fr. 6-8 (221 mg) were
additionally purified using a B size Lobar column
and elution with H,O-MeOH mixtures contain-
ing 0.0l M HCOOH to give 8 (fr. 2-5, 15mg), §
(fr. 10-19, 30 mg) and 4 (fr. 20-29, 32 mg). Fr. 9
(72 mg), fr. 10-13 (146 mg), fr. 14-22 (311 mg).
fr. 56-60 (38 mg), fr. 61-63 (26 mg) contained im-
pure 13, 7. 6. 12 and 11. respectively. They were
additionally purified by Lobar chromatography.
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Fr. 23-31 (213 mg) after consecutive purification
on a Lobar column B yielded pure 3 (fr. 22-23,
35mg) and 1 (fr 30, 35 mg). Fr. 42-52 (629 mg)
were separated by a Lobar C-18 column with
MeOH-H,O to give pure 9 (fr. 6-7, 316 mg) and
2 (fr. 9, 25 mg). The DCCC stationary phase was
collected in fractions of 100 ml. Fr 5 (334 mg) con-
tained pure 10.

Humifusin A (1), 35mg. [a] -16° (MeOH,
c0.5); UV hpax, nm 226, 280 (MeOH); IR (KBr)
cm~!: 3200-3500, 1730, 1700, 1640, 1590, 1505,
1400, 950, 890, 830. 'H-NMR (250 MHz, D,O):
7.39 (1H, d,J = 1 Hz, H-3);: 7.12 (2H, d, J = 8.4
Hz, H-5" and H-9"); 6.81 (2H, d, J = 8.4 Hz, H-¢"
and H-8"); 5.67 (1H, d, J = 1.2 Hz, H-7); 5.18 (1H,
d, J=5.6Hz H-1); 472 (1H, d, J = 7.9 Hz, H-1");
4.75 (2H, H,-10); 4.52 (1H, bs, H-6); 2.85 (4H, m,
H-5, H-9, H,-3"); 2.73 (2H, ¢, J = 6.1/6.9, H,-2").
I3C-NMR: Table L.

Zemplen reaction of 1. Humifusin A (12 mg)
and 0.1 M NaOMe (5Sml) were refluxed 4h at
60 °C and the reaction mixture neutralized and
concentrated under vacuum (Tanahashi et al,
1996). The reaction product was TLC and HPLC
identical with an authentic sample of scandoside.

Humifusin B (2). [a] -40° (MeOH, c 0.4); UV
Amax, M 226, 280 (MeOH); IR (KBr) cm~!: 3200
3500, 1729, 1700, 1650, 1620, 1600, 1510, 1255, 905,
825. '"H-NMR (250 MHz, D,0): 7.35 (1H, d, J = 1
Hz, H-3); 6.92 (2H, d, J = 8.4 Hz, H-5" and H-9");
6.61 (2H, d, J = 8.4 Hz, H-6" and H-8"); 5.35 (1H,
bdd, J = 1/6.6, H-6); 521 (1H, bs, H-7); 4.98 (1H,
d,J=69,H-1);482 (1H, d, J = 8, H-1"); 4.60 (2H,
H,-10), 2.90 (1H, dt, J = 1/6.6 Hz, H-5); 2.65 (2H,
t, J = 6.5, Hy-3"); 2.50 (3H, m, H-9 and H,-2") 1.91
(3H, s, Ac). '3*C NMR: Table I.

Zemplen reaction of 2. Humifusin B (9 mg) and
0.1 m NaOMe (4 ml) were refluxed 4 h at 60 °C.
The reaction mixture was neutralized and concen-
trated under vacuum. The reaction product was
TLC and HPLC identical with an authentic sample
of desacetylasperulosidic acid.

Results and Discussion

Two samples collected in different years showed
no difference according to HPLC and TLC. Thir-
teen pure compounds were isolated and identified
as the known iridoid glucosides 3-13 in addition to
the new compounds 1 and 2. The major constitu-
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ent was asperuloside (3) (0.7%), followed by scan-
doside (4) (0.2%) and V1 (9) (0.2%) and lower
concentrations of desacetylasperulosidic acid (5)
and V2 (10). Minor components were asperulosi-
dic acid (6), geniposidic acid (7), monotropein (8),
V3 (11), daphylloside (12), desacetylasperuloside
(13), and the new compounds 1 and 2. Spectral
data (EI-Nagar and Beal, 1980; Boros and Ster-
mitz, 1990; Chaudhuri et al., 1980) and comparison
with authentic samples identified the known iri-
doid glucosides. Till now, compounds V1 and V2
have been reported only for G. verum (Boethe-
Horvath et al., 1982a, 1982b). To our knowledge,
no *C NMR data for V1 (9) and V2 (10) were
reported. In Table I are summarized the *C-NMR
data for 9 and 10.

Compound 1 was obtained as an optically active
amorphous powder. The UV spectrum of 1
showed an absorption maximum at 226 nm, typical
of a conjugated carbonyl function. The 'H- and
13C-NMR spectra displayed a carboxyl signal at d¢
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171.1, a trisubstituted double bond at 0y 7.39 (O¢
152.2) and a acetal signal at 0y 5.18 (0¢ 97.7).
These data and the positive vanillin reaction sug-
gested 1 to be an iridoid. The *C NMR spectrum
of 1 (Table I) contained 25 carbon signals, six of
which were readily assigned to a B-glucopyranosyl
moiety, ten fitted with a scandoside moiety (4) and
the remaining nine carbons to a p-hydroxyphenyl-
propionate ester unit. All NMR signals arising for
the aglycone and the glucosidic moiety were sim-
ilar to those of scandoside (4) (Chaudhuri er al.,
1980) with the exception of those for C-7, C-8 and
C-10. No 2D NOESY correlation was observed
between H-5 and H-6, which established the trans-
configuration of H-5 and H-6 and thus, stereo-
chemistry with the f-position of the 6-OH group.
Moreover, on Zemplen reaction 1 afforded scan-
doside. The similar '*C-NMR chemical shifts of C-
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6 in the spectra of 1 and 4 excluded esterification
at this location. The comparison of the 'H- and
I3C-NMR chemical shifts for H>-10, C-8 and C-10
of 1 (0 4.75; 141.4: 63.1) and 4 (0 4.20 and 4.28;
146.3; 60.1) determined the site of acylation to be
at C-10. The '"H-NMR data for the ester unit was
analogous to those reported for the p-hydroxy-
propionyl moiety in compounds 9 and 10 (Bgjthe-
Horvath et al., 1982a,1982b). The aromatic proton
signals coupled in a AA'BB’ system (0 6.8, d, J =
8.4 and 0 7.1, d, J = 8.4) and the four signals for
aromatic carbons, two of double intensity (C-5"/9":
o 130.5 and C-6"/8": 6 116.2) indicated that the
ester unit included a para-substituted benzene sys-
tem. One of the substituents was assumed to be a
hydroxyl group taking into account the appear-
ance of a carbon signal at 6 154.7 (C-7"). Addition-
ally in the '?C NMR were observed two methylene

Table 1. '3C-NMR chemical shifts of 1, 2, 9 (D,0) and 10 (CD;OD) and of the model

compounds 4, 6 (CD;0D) and 6a (CDCl;).

C-atom 12 40 24 (N 92 102 6a?
d¢
1 97.7d 97.8 98.1 d 99.8 933 d 92.1d 97.6
8 152.2. d. 153.0 1544 d 153.8 150.4 d 149.1 d 154.8
4 1125 s 110.0 108.9 s 106.6 1054 s 1054 s 106.0
5 46.5 d 46.0 41.6 d 41.0 36.6d 36.2d 384
6 81.3d 81.4 83.0d 73.9 86.8 d 85.2d 771
7 132.4d 128.9 1289 d 130.5 1282 d 1279 d 128.2
8 1414 s 146.3 1435 s 144.4 1429 s 1426 s 146.7
9 444 d 449 456 d 46.8 4.1 d 43.6 d 449
10 63.11¢ 60.1 629t 62.3 61.81¢ 60.9 1 61.9
11 1711 s 171.1 1713 s 171.1 173.7 s 1714 s 171.4
1’ 99.6 d 99.2 99.6 d 99.1 99.3 d 96.3 d 100.2
2 73.5d 73.6 73.5d 73.4 73.4 d 734 d 70.8
3 76.5¢d 77.1 76.9¢d 77.0 76.3 d 744 d 72.0
4’ 703 d 70.3 70.2 d 70.1 703 d 70.4 d 68.2
5" 77.0°d 76.6 76.4¢d 76.4 770 d 773 d 72.3
6 615¢ 615  6l5¢ 615 615t  61.5¢ 615
1" 176.2 s 1759 s 173.7 s 1729 s
2" 36.4 ¢ 36.1 ¢ 36.3 ¢ 36.11¢
3 3031 302 ¢ 30.2 ¢ 296t
4" 133.0 s 132.7 s 132.7 s 1319 s
U 130.5 d 1303 d 130.3 d 1295 d
6", 8" 116.2 d 116.0 d 116.1 d 1152 d
7" 1547 s 1548 s 1549 s 1553 s
CH;CO 1744 s 1712 1716 s 170.5, 170.2,
170.1, 169.9,
169.3, 169.1
CH,CO 214 q 19.4 197¢q  21.0. 205
(5Ac)

@ Multiplicities, determined by DEPT, assignments by HETCOR.
b Data from (Chaudhuri et al.. 1980); in CD;OD. 25.2 MHz.

¢ Data interchangeable.
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carbon signals at 6 36.4 (C-2") and 6 30.3 (C-3")
and a carbonyl signal at 6 176.2 (C-1") attributed
to a propionyl moiety. Therefore, the structure of
compound 1 was identified as 10-O-[3"-(p-hydro-
xyphenyl)-propionyl]-scandoside, named humi-
fusin A.

Compound 2 also showed UV and NMR spectra
for a C-4 substituted iridoid. The '3C-NMR spec-
trum exhibited 27 signals (Table I), eighteen as-
signed to an asperulosidic acid moiety (6) and nine
to a p-hydroxyphenylpropionate ester unit. Differ-
ences were observed regarding the chemical shifts
of the C-6 signal of 2 (& 83.0) when compared to
that of 6 (73.9), which clearly established esterifi-
cation at C-6. To determine the location of the
acetoxy and aromatic ester units the peracetate of
asperulosidic acid (6a) was prepared. The different
shift of the C-6 signal of 2 (8 83.0) and 6a (o 77.1)
excluded a location of the acetoxy substituent at
C-6. Hence, the acetoxy substituent was located at
C-10, while the aromatic one at C-6. The NOESY
correlation established the cis-configuration of H-
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5 and H-6 confirming the 6a-OR stereochemistry.
Moreover, 2 yielded desacetylasperulosidic acid
(5) after Zemplen reaction. The unusual strong
shielding of the H-7 signal (6 5.2) and deshielding
of the C-6 signal (0 83.0) were not expected for
representatives of the 6a-OR series and were at-
tributed to the presence of the p-hydroxyphenyl-
propionate substituent at C-6. Accordingly, the
structure of 2 was identified as 6-O-[3"-(p-hydro-
xyphenyl) propionyl]-asperulosidic acid, named
humifusin B.

The isolation from G. humifusum and the close
related G. verum of iridoids with a p-hydroxy-
phenyl-propionate substituent could suggest their
role as chemotaxonomic markers for G. humifu-
sum and G. verum and closely related European
members of sect. Galium.
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