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Abstract—The complete structural elucidation of the two caffeic acid sugar esters verbascoside and oroban-
choside, has been realized by 'H and *C NMR studies. It has been demonstrated that verbascoside is
B-(3' 4'-dihydroxyphenyl)ethyl-O-a-L-thamnopyranosyl(1 - 3)-8-D-(4-O-caffeoyl)-glucopyranoside, and oro-
banchoside is B-hydroxy-g-(3',4-dihydroxyphenyl)-ethyl-O-a-L-rhamnopyranosyl(1 > 2)-8-D-(4-O-caffeoyl)-

glucopyranoside.

INTRODUCTION

Verbascoside 1 was previously isolated [1] from
Verbascum sinuatum L. (Schrophulariaceae) but no
structural elucidation was given. It is identical [2]
with acteoside, a caffeic acid sugar ester from Syringa
vulgaris (Oleaceae) [3], Conandron ramoidioides
(Gesneriaceae) [4] and from Clerodendron myricoides
(Verbenacea) [5]. Since verbascoside has priority
over acteoside, the latter name need no longer be
used.

We have also found verbascoside to occur in
Orbanche rapum-genistae Thuill. together with a
second glycoside orobanchoside 2, (the occurrence of
which is restricted to the Orobanchaceae [2]). Species
of Tubiflorae are particularly rich in caffeic acid
esters [6] and recently we isolated verbascoside from
other genera of the Acanthaceae, namely Acanthus,
Strobilanthes, Hemigraphis, Ruellia, Crossandra and
Alphelandra [7].

In this work, verbascoside and orobanchoside were
isolated from Orobanche rapum-genistae. Preliminary
pharmacological screening gave some indications that
these two sugar esters act as agonists of the anti-
tremor action of DOPA and as antihypertensive and
analgesic agents [2, 8]. These results prompted us to
undertake the complete structural elucidation of these
two caffeic derivatives.

RESULTS AND DISCUSSION

High resolution 'H and *C NMR spectra in various
solvents were performed throughout this work.

tFor the sake of clarity H-R and C-R, H-G and C-G with
the suffixed numbering designate the respective protons and
carbons of rhamnose and glucose.

Comparative studies with ferulic acid and 1-caffeoyl-
glucose were a great help.

Our previous results furnished evidence of the
presence in both compounds of a disaccharide unit
based on glucose and rhamnose, one caffeic acid
molecule and a 3,4-dihydroxyphenylethanol linked to
the glucose by an ether function, this aglycone unit
being substiiuied by a secondary aicohoi on the car-
bon of the aromatic side-chain in orobanchoside.
Furthermore, the structure of this latter alcohol,
which was found for the first time in plants, was
proved by a partial synthesis (2, 8]. As can be judged
from formulae 1 and 2 there are many questions left
open with regard to their detailed structural features.

Structure of verbascoside

'H NMR. Aromatic protons are resolved as two
ABX systems, one belonging to the caffeic acid sub-
stitution, the other to the 3,4-dihydroxyphenylethyl
remain (hereafter designated as ‘aglycone’). The
values summarized in Table 1 are in close agreement
with those given by caffeic acid [3] and its derivatives
(9, 10].

A triplet at 2.72 ppm contains signals attributable to
the a-CH, of the aromatic side-chain as compared
with phenyl-g-ethanol, but the two protons of the
B-CH, are non-equivalent, giving rise to quartets at
3.60 and 3.88 ppm. Selective decoupling, e.g. irradia-
tion of the 2.72 resonance, simplifies the two quartets
at 3.60 and 3.88 ppm as two doublets (J =9 Hz) and
irradiation of the 3.88 ppm quartet modified the 2.72
multiplet.

The anomeric proton H-1'Rt and the methyl group
of rhamnose were easily recognized: the first at
5.03 ppm with a small coupling constant, the latter at
1.01 ppm as a doublet. The other values (Table 1) are
in good agreement only with the a-configuration of
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Table 1. 'H NMR peaks (ppm) of verbascoside and oroban-
choside in DMSO-d, + CF;CO,H (2 drops) (splitting patterns
and J values (Hz) are given in parentheses)

H Verbascoside Orobanchoside
Caffeic acid 2 700 7.02

5 674, 8 6.76 (d, 8)

6 693(d8) 6.94 (d, 8)

7 7.43 (d, 16) 7.46 (d, 16)

8 6.18(d, 16) 6.18 (d, 16)
Aglycone 2 6.62 6.75

5 6.48(d. 8) 6.60 (d, 8)

6 6.62(d,8) 6.68 (d, 8)

7 272(m,8) 4.57 (m, 2.5,9)

, 3.60(m38,9

¥ 388(m8.9 ~ 345 (m)
Glucose 1 4.33(d, 7.5) 4.55(d, 7.8)

2 322(dd, 75,9 3.38 (dd, 7.8, 9.5)

3 370 9-9.5) 4.05 (¢, 9.5)

4 472,95 4.92 (t,9.5)

5 345(m) 3.71 (m)

6 ~ 3.70, 3.45 3.94,3.71 (m, 12)
Rhamnose ' 5031 5.00(d, 1)

2 370(dd, 1,2.5) 3.57 (dd, 1, 3)

3 3.30(dd, 2.5,9.5 3.28(dd, 3,9.5)

4 3.12(t 9.5 3.12 (1,9.5)

5 3.36(m) 3.43 (m)

6 1.01(d,6) 1.05 (d, 6)

6
32 CH,0H
HO CH=CH-—CO0 4%
4 0

8 70 &
2\ ,O—CH,—CH, OH

OH & 3

Verbascoside 1

the rhamnopyranose. The coupling constant (Jy,_u, =
7.5 Hz) of the glucose anomeric proton resonating at
4.33 ppm is in accordance with a g-configuration. The
other protons have been identified by selective
irradiation. Thus, irradiation of H-1G modifies the
triplet at 3.22 ppm, giving the value of H-2G, and
irradiation of this latter proton collapses the signal at
3.70 ppm, which is therefore attributed to the H-3G
proton. In addition, irradiation of the triplet at
472 ppm is reflected by a modification of the H-3G
signal and also of the complex signal at 3.45 ppm.
Thus, the resonance at 4.72 and 3.45 ppm belongs to
H-4G and H-5G. The assignment of H-3G is in
agreement with the observed value in 8-laminaribiose
(B-Glc 13 B-Glc) [11]. Furthermore, it is a well-
known observation that for glucobioses, only the
anomeric proton can be observed above 4 ppm [11].
Thus the higher shift of the 4.72 ppm triplet attributed
to H-4G, also reflects the caffeic acid substitution on
C-4G. No other effects were observed on the remain-
ing protons by this substitution.

BC NMR. Respective values are given in Tables
2-4. In the verbascoside spectrum, we observed the
same frequencies as for caffeic acid [12], 1-caffeoyl-
glucose [10] and ferulic acid [12]. In the proton cou-
pled spectrum, the aromatic carbons C-1, C-3 and C-4
are easily recognized by Jo_y = 0. The signals of C-5
and C-8 are localized as two sharp doublets.

A distinctive difference between 1 and 2
appears clearly as a signal at 36 ppm for the first
carbon, in its aglycone side-chain. The aromatic pat-
tern is identical with that of caffeic acid: three sin-
glets for C-1, C-3’, C-4' and a fine doublet for C-5'.

Table 2. *C NMR peaks (ppm) of the caffeoyl moiety of ferulic acid, caffeic acid, 1-caffeoylglycose, orobanchoside and

verbascoside (splitting patterns and

J values (Hz) are in parentheses)

Caffeoyl moiety

1 2 3 4 5 6 7 8 9
Ferulic acid [12] 12739 11228 149.11 149.78 116.89 12423 146.92 116.22 170.65
Caffeic acid [12) 127.8 114.5 144.1 145.9 116.1 121.4 141.0 121.2 176
1-Caffeoylglucose [10] 128.78 114,93 149.56 150.09 117.42 12537 146.29 118.20 169.87
Orobanchoside* 127.75 116.14  146.55 149.50 11490 123.52 148.22 117.23 168.25
Verbascoside* 12740 115.79 146.35 14933 11470  123.36 148.06 117.03 169.5
Orobanchosidet 125.64 11479 14569  148.65 11338  121.61 146.03 115.86 165.55
multiplicity (s) (d, 153) (s) (s) (d, 157) (d, 161) (d, 153) (d, 157) (s)
2Jeu and 3Jcy fine structure  (m) (m) (m) t,5) (s) (m) (s)
Verbascosidet 12562 11470 14564  148.53 113.68 121.54 145.64 115.86 165.81
multiplicity (s) (d, 155) (s) (s) (d, 161) (d, 161) (d, 157) (d, 153) (s)
2Jon and *Jy fine structure (¢, 5) () (m) ()] (s) (1) (s)

*In D0 + (CD;).CO.
tIn DMSOd; + CF;CO,H (2 drops).
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Table 3. ¥C NMR peaks (ppm) of orobanchoside and verbascoside aglycone and 3-(3'.4'-dihydroxyphenyl)-lactic acid
(splitting patterns and J values (Hz) are in parentheses)

Aglycone
I 2 3 4 5 6 7 8
3-(3',4'-Dihydroxyphenyl)-
lactic acid [12}* 130.8 117.2 143.7 142.4 116.1 121.7 39.7 73.5
Orobanchoside* 129.97 114.98 146.04 146.04 117.03 119.17 77.43 72.42
Verbascoside* 131.56 117.54 145.58 144.10 116.84 121.66 35.99 72.07
Orobanchosidet 128.09 113.68 145.26 145.26 115.45 117.29 76.27 71.12
multiplicity (s) (d, 157) (s) (s) (d, 157) (d,161) (4, 145) (¢, 141)
2Joy and Jcy fine structure (d, 4 (m) (m) (m) (s) ,5)
verbascosidet 129.31 116.39 145.04 143.58 115.52 119.65 35.07 70.37
multiplicity (s) (d, 161) (s) (s) (d, 155) (d, 160) (1, 125) (t, 145)
2Joy and 3Jey fine structure 9 (m) 5 5 (s) d,5)
*In D,O + (CD;),CO.
tIn DMSOd, + CF;CO,H (2 drops).
Table 4. *C NMR peaks (ppm) of the sugar moiety of verbascoside and orobanchoside
(splitting patterns and J values (Hz) are in parentheses)
C Orobanchoside* Verbascoside* Orobanchosidet Verbascosidet
Gle-1 97.10 (d, 161) 102.44 (d, 157) 98.63 103.44
2 80.59 (d, 141) 74.61 (d, 143) 81.39 75.29
3 74.45 (d, 143) 79.18 (d, 145) 77.70 82.01
4 68.89 (d, 145) 69.18 (d, 145) 70.36 70.36
5 76.27 (d, 145) 74.61 (d, 143) 77.94 75.60
6 60.74 (1, 141) 60.78 (¢, 140) 62.01 62.01
Rha-1 100.42 (d, 173) 101.25 (4, 171) 102.12 102.82
2 70.52 (d, 143) 70.61% (d, 145) 72,03 71.84%
3 70.52 (d, 143) 70.52% (d, 141) 73.03 71.68%
4 71.58 (d, 141) 71.80 (d, 140) 73.47 73.27
5 68.89 (d, 145) 68.82 (d, 150) 70.36 70.36
6 18.01 (g, 137) 18.18 (g, 127) 18.56 18.60
*In DMSOd; + CF;CO,H (2 drops).
tIn D,0 + (CD3),CO.
tUncertainty concerning relative assignments.
The -CH,- carbon (C-8') of the side-chain is clearly Selective irradiation of H-4G allows the

apparent between the sugar carbons as a distinctly
shaped triplet. It should be observed that C-7' and
aromatic carbons values are similar to those of the
corresponding carbons in 3-(3',4'-dihydroxyphenyl)
lactic acid [12] (Table 3).

The C NMR peaks were assigned on the basis of
chemical shift considerations and comparisons with
data for glucose and rhamnose. The ambiguity be-
tween the two close chemical shifts C-1'R and C-1G
was resolved by selective irradiation of the cor-
responding protons. The resonance of C-I'R was
attributed to the 101.25 ppm signal and that of C-1G
to 102.4 ppm (Table 4).

Stepwise double-resonance techniques allowed the
attribution of a singlet at 79.18 to C-3G to 1, the
chemical shifts depending on the solvent [13] (see
Table 4). As can be expected, this deshielding on
C-3G, with respect to the glucose, must be attributed
to the Rha (1 - 3) Glc bond (+ & effect 8 ppm), and to
the B-caffeoyl effect (— & effect 2 ppm).

identification of C-4G as the location of the caffeic
ester function. It may be noted that there is no
appreciable change in the chemical shift of the C-4G
going from the hydroxyl substituent to the ester.
Finally, coupling constants of the anomeric carbons
of glucose and rhamnose, respectively at 171 and
157 Hz are completely consistent with a 8-configura-
tion for the former and a- for the latter [14). Ad-
ditional evidence was obtained from the C-5 signals,
ca 75 ppm for that of glucose and 69 ppm for that of
rhamnose.

Structure of orobanchoside

'H NMR. The spectra of the caffeic and of the
aromatic moiety of the aglycone are very similar to
those of verbascoside. The H-7' protons, i.e. the
methine proton of -CHOH-, is readily located, giving
a signal at 4.57 ppm as a doublet of a doublet with
J=9 and 2.5Hz. It is obvious that these values
reflect a preferential conformation of the hydroxyl
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opposite (exo) to the glycosyl moiety. Irradiation of
this proton (H-7') allows the recognition of H-8' at
3.45ppm. In the most deshielded sugar region, the
anomeric protons (H-1G, H-1'R) are observed with a
small coupling constant as for that of rhamnose, and
also a triplet, the coupling constant of which deter-
mines the position of the caffeic group on C-4'R,
C-3G or C-4G as in 1.

The resonances of H-2'R, H-3'R and H-6'R can be
definitely assigned from the 250 MHz spectrum. Here
these signals are shifted outside the glucose proton
area. H-5R on the other hand was identified by
irradiation of the methyl protons. Here too, the g-
configuration of the glucose is consistent with the
signal of the H-1G proton at 4.55 ppm and J = 7.8 Hz.
By double irradiation the resonance at 3.38 ppm can
be unambiguously assigned to H-2G. It should be
mentioned that this signal is perturbed by irradiation
of a triplet at 4.05 ppm and at the same time the shape
of another triplet at 4.92ppm is modified. This
observation gives definitive evidence for the linking
of the caffeic ester function to C4G. Irradiation of
H-4G readily allows the location of the H-5G signal.

BC NMR. This spectrum, as expected, cor-
roborated very well with the above structure deduced
from the 'HNMR. Actually, in spite of the dis-
similarity of the aglycone moieties, the aromatic car-
bon resonances are superimposable. From the cou-
pled spectrum the C-8' signal appeared as a triplet at
71.12 ppm and C-7' as a doublet at 76.27 ppm (Table
3). The anomeric carbons are identified by irradiating
the corresponding protons. In the present case, a
larger shielding effect was observed for C-1G. The
values for the coupling constants, 161 Hz for glucose
and 173 Hz for rhamnose are in agreement with the
respective B- and a-configurations. Furthermore,
selective irradiation of the H-2G signal interacts with
that at 80.59ppm of C-2G. From this strongly
deshielded value, it could be inferred that C-2G is
involved in the glycosidic bond. In the same manner,
irradiation of H-3G allowed the assignment of C-3G
at 74.45 ppm (this value is indeed very close to that of
C-7).

In conclusion, the '"H NMR spectra have enabled us
to establish the nature of the second aromatic resi-
dues in 1 and 2, the presence of the hydroxyl group at
C-7' in 2 and the esterification by the caffeoyl moiety
at C-4G in both compounds. Selective irradiation of
protons in the "CNMR spectra lead to the
identification of the linkage between glucose and
rhamnose in 1 and 2. At the same time, the following
observations can be made. The strongly shielded
value of the anomeric carbon C-1G (97.10 ppm) in 2
reflects the nature of the (1-2) glycoside bond. The

Orobanchoside 2

deshielding effect on the other chemical shifts of the
inter-glycosidic carbon is the same as that expected
from our preliminary studies [15]. In fact the
deshielding effect (8 ppm) is depressed here by the
acyl neighbouring effect, giving the value of 82 ppm,
in the case of 1. Likewise, C-2G in 2 supports the
deshielding effect of the linkage, and the shielding of
B-substitution. Thus verbascoside is 8 - (3'.4' - dihy-
droxyphenyl) - ethyl - O - a - L -
rhamnopyranosyl(1 -+3) - 8 - D - (4 - O - caffeoyl) -
glucopyranoside and orobanchoside is 8 - hydroxy -
B - (3',4 - dihydroxyphenyl) - ethyl - O - a - L -
rhamnopyranosyl(l1—+2) - 8 - D - (4 - O - caffeoyl) -
glucopyranoside.

EXPERIMENTAL

NMR spectra were measured on a CAMECA instrument
at 250 MHz for 'H and at 62.86 MHz for '>C; chemical shifts
are given on the § (ppm) scale with TMS as int. standard.
Solvents used are given in each table. Real coupling con-
stants are obtained by a technique called gated decoupling.

Isolation of principals. 1 and 2 have been crystallized
from an Orobanche phenolic extract [2, 8]. (Yield: 1=6%
and 2=3%, from the dried plant.) Physico-chemical con-
stants of 1 and 2 (PF, [alp, UV IR, CCM) have been
reported in [2, 8).
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