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Abstract—Some characteristic features of the NMR spectra of phenolic glycosides are described in order to facilitate

the structura! determination of these compounds.

INTRODUCTION

A large number of phenolic glucosides have been isolated
from the bark and leaves of trees of the family Salicaceae
during the last two decades, mainly by the research groups
of Pearl [1,2] and Thieme [3,4]. The structure eluci-

dation of these compounds was achieved in many cases by
time consuming and mostly destructive chemical
methods. Tedious two-dimensional PC procedurcs were
also used for identification [ 5]. A few papers comment on
the mass spectral behaviour of phenolic glucosides after

Table 1. 'HNMR chemical shifts® and multiplicitics of glucosides 1 11

Compound Solvent Carbohydrate protons Aglycone protons
(TH; H-1'-H-6)
1 DMSOd, 3.244.99 (m) 6.60 2H; H-2,6,d. J, , = TH2)
6.88 (2H; H-3,5; d)
2 DMSOd, 3.18-5.20(m) 7.06 (2H; H-2,6; 4. J, , = 8Hz)
791 (2H; H-3,5; d)
3 Acctoned, 2.94-4.46 (m) 5.34 (2H; H-12; 3)
700 (1H; H-5;dd. J, ( = 9Hz; J, 4 = 3 H2)
7.24-7.60 (TH; m)
4 Acctoned,  3.50-4.89 (m) 698 (1H; H-3;d; J, s = 3H2)
552(H-17d;J,.; =3Hz) 679 (1H; H-5; dd; J, , = 9 Hz)
7.18 (1H; H-6; d)
8.13 (2H; H-8,12,dd; J; ¢ =8 Hz; J; ;o = 2 Hz)
7.50 7.77 3H; H-10,11,12; m)
823 (1H; OH; 5)
s Acetone-dy  3.40-4.61 (m) 6.90-7.43 (4H; m)
[ 1 DMSOd, 3.23-5.39(m) 6.96-7.40 (4H; H-3-H-6. m)
6.12 \H; H-11;d6: 0,y = THZ Jy, |3 = 4 H2)
5.96 (1H; H-10; d)
245-290 (4H; H-12,13; m)
7 Acetoned, 3.50-4.74 (m) 6.97-8.12 9H; m)
] Acctone-d,  3.60-5.42 (m) 6.88-8.16 (13H; all 'H; m)
9 DMSO-dy 3.32-548 (m) 6.80-7.39 (4H; H-3-H-6; m)
7.40 761 3H; H-10,11,12; m)
798 2H; H9,11,dd;, Jy 10 =8 Hz J; ,, = 2H2)
10 Acetone-d, 3.56-5.50(m) 807 (2H; H-9,11;dd; Jy 10 =8 Hz: Jy ,, = 2 H2)
All other 'H; 6.77-7.77 (m)
1n DMSOd, 3.22-5.23 (m) 1.14-1.60 (8H; H-3-H-6; m)

including H-1 and H-2

6.37 (1H; H-8; d; J, , = 16 Hz)
6.78 2H; H-12,14,d; J,, ,; = 7.5 Hz)
7.55 (2H; H-11, 15; d)

7.57 (1H; H-9; d)

* All chemical shifts are given in -values (ppm) referred to internal TMS as reference. The spectra were measured

at 99.50 MHz.
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derivatization to their peracetylated derivatives [6-9].

During our continuous search for new chemothera-
peutic agents from natural origin, four compounds with
antimicrobial activity were isolated by droplet counter-
current chromatography of the crude ethyl acetate extract
of the leaves of a Poplar tree (cv. Beaupré) [10]. A 'H and
13C NMR spectral approach was chosen for structure
elucidation. The rapidity and non-destructivity of this
technique, which lead to a straightforward identification
of salicine, salireposide, populine and trichocarpine,
prompted us to extend our study to a series of known
glucosides 1-11 in order to provide a collection of data to
facilitate forthcoming structural clucidations within this
class of compounds. For this purpose Dr. I. A. Pearl
{Wisconsin, U.S.A)) gencrously sent us samples of the
glucosides 4-11.

The obtained 100 MHz 'H NMR spectra alone do not
contain enough information to characterize the structures
completely, but are nevertheless very useful in confirming
the presence of the carbohydrate moicty besides the
aromatic part in these molecules and to rule out other
glucosides, e.g. flavonoids, iridoids and ethers. The
25 MHz ' *C NMR spectra enable the identification of the
aglycone, using aromatic substituent shift increments [11]
and the data published for some phenolic compounds.
The identification of glucose and the determination of its
substitution pattern and anomeric configuration can also
be obtained from the '*C NMR spectra.
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RESULTS AND DISCUSSION

All the spectral data are summarized in Tables 1 and 2
for 'HNMR and '*C NMR, respectively. Some molecu-
lar fragments can be readily recognized in the 'H NMR,
c.g. the para-substituted phenyl ring in arbutine (1) and
piceine (2); the 1,2, 4-trisubstitution pattern of the aryl
groups in trichocarpine (3) and salireposide (4); the
benzoyl groups present in 4 and 7-10 can be assigned
scparately except for 8 where its pcaks coincide with other
signals of the aglycone and the typical shifts and coupling
constants of the cinnamoyl group in 11.

For '3CNMR the identification of the hydroxyl and
acetyl groups in 1 and 2 is possible from the shifts of the
aromatic ring carbon atoms and those of the acetyl carbon
atoms themselves. Salicine (8), salicortine (6), populine (7),
salicyloylpopuline (8), tremuloidine (9) and salicyloyl-
tremuloidine (10) all contain a characteristic series of
peaks (see Table 2, C-1 to C-6) which corresponds very
well to the known chemical shifts of salicyl alcohol [12]. In
addition to this part of the aglycone another typical group
of five peaks with two double intensity signals due to a
benzoyl group is identified in compounds 4, 7-10 [12]
(Table 2, C-8 to C-12) and an additional series of six
signals due to a salicyloyl group in 8 and 10 (Table 2,C-13
to C-19). The aglycone signals of trichocarpine and
salireposide can be rationalized using known chemical
shift increments for aromatic substitution [11] and taking

Table 2. '’C NMR shifts of glucosides 1-11°

1 2 3 4 s 6 7 8 9 10 1

C-v 103.63 99.81 103.05 10281 10083 10097 103.53 10256 9831 10022 101.1S
C.Y 7493 7313 7366 7371 7330 7331 7495 7513 7719 78.14 78.05
C-¥ 7941 7714 7678 7668 7640 7703 7793 7785 7422 7561 75.46
Cc4 7142 6959 7006 701! 69.70 69.78 7164 7152 6993 71.58 .t
C-5 7780 7653 7610 7644 7592 7648 7530 7459 7382 7513 76.14
C-¢' 6255 6058 6138 6138 6081 6216t 6515 6508 6056 6240t 6260
C-1 15237 16103 15218 15237 15487 15494 15712 15671 15341 15622 80.04
C-2 11938 11583 11694 12752 129.71 12448 13284 12596 131.17 12552 71.47¢
C-3 116.60 13021 121.38 11641 12995 12935 12923 13030 127.32¢ 130.34 30.87
C4 153.78 13082 150.18 14887 12362 121.74 12343 12323 12186 12333 21.63
C-5 196.37 12260 11870 12995 12875 129.23 130.30 12640t 130.34 2370
C-6 2640 12026 11602 11564 11504 11714 11680 11401 11631 28.92
C-? 136.10 6245 59.53 6259t 6100 6323 57.25 6270t 168.55
C-8 128.59 12995 17005 13137 131.22 129.86 13098 115.28
C9 129.08 129.8] 7733 13040 13054 12927 13098 146.91
C-10 12888 129.18 13149 12947 12937 12864 129.18 127.22
C-t1 167.19 13415 12920 13406 13390 133.27 13381 13117
C-12 6747 167.78 2585 166.78 166.56 16502 166.07 116.89
C-13 35.54 170.75 17046 161.40
C-14 205.87 113.59 113.19

C-15 162.46 162.37

C-16 120.16 120.01

C-17 136.68 136.56

C-18 118.16 118.06

C-19 130.98 130.73

*Spectra of compounds 1 and 11 were recorded in McOH-d,; compounds 2, 6and 9 in DMSO-d,; compounds
3,4,7,8and 10 in Me,;CO-d, and compound Sin D, O. These solvent changes can result in small solvent induced
shifts especially for the casily solvated carbohydrate carbon atoms. All chemical shifts are given in ppm with TMS
taken as standard. The spectra were recorded at 25.0 MHz.

tAssignments in the same column could be reversed.
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Fig. 1. Typical carbohydrate signal pattern according to the substitution on the glucose molecule.
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the 1,2,4-substitution found by 'HNMR into account.
The same can be done for the aliphatic ring present in
salicortine and grandidentatine by application of the
HOSE code increments published by Bremser et al. [13].
The esterification of the C-6' or C-7 hydroxyl functions
results in a downfield shift of the corresponding atoms.
These appear then at §65.1 and 62.7, respectively, instcad
of at 661.6 and 59.3. Esterification in the glucose C-6'
position also causes an upfield shift of ca 1--1.5 ppm on C-
5. The same effects are also experienced by C-3" and C-2°
on benzoylation or cinnamoylation of C-2". The assign-
ment of other carbohydrate carbon atoms is analogous to
reported values for glucose derivatives [12]. Figure 1
illustrates these effects and shows how esterification of a
sugar hydroxyl group is readily rocognized in the spectra.
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