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A B S T R A C T

The bark of Morella salicifolia (HOCHST. EX A. RICH.) VERDC. & POLHILL (Myricaceae) is a common herbal drug and
especially utilized by the Maasai community of northeastern Tanzania. It is traditionally used to treat swellings
on the cheek and face, cough, toothache, stomach problems, headaches, and skin diseases. Unless, there is still a
lack of information considering the specialized metabolites that may be responsible for the traditional use of this
medicinal plant. An isolation study on a methanolic extract revealed three methylated ellagic acids, castalagin,
two monomeric flavan-3-ols, three prodelphinidins and three dioic acid glycosides. Among these metabolites,
myriside (3,4-dimethyl ellagic acid 4′-O-β-D-xylopyranoside, 1), epigallocatechin-3-O-gallate-(2β→O→7, 4β→8)-
gallocatechin (9), 2,7-dimethyl-8-O-(6′-O-galloyl)-β-D-glucopyranoside-deca-2E,4E-dienedioic acid (10), 2,7-di-
methyl-8-O-β-D-glucopyranoside-deca-2E,4E-dienedioic acid (11) as well as 4,9-dimethyl-10-O-β-D-glucopyr-
anoside-dodeca-2E,4E,6E-trienedioic acid (12) were isolated for the first time. To the best of our knowledge, the
dioic acid glycosides represent a generally novel structure type. To provide comprehensive information on the
condensed tannins, the polymeric proanthocyanidins were enriched and characterized via 13C-NMR. Results
confirm chemo-taxonomic relationships within the genera Morella and Myrica in the Myricaceae.

1. Introduction

Morella salicifolia (HOCHST. EX A. RICH.) VERDC. & POLHILL belongs to the
family Myricaceae in the order Fagales. It had formerly been named
Myrica salicifolia HOCHST. EX A. RICH. until the genus Myrica was divided
into the two genera Myrica and Morella (Mbuya et al., 1994). The plant
is also known as Olkitalaswa (Maasai) and in Tanzania it is traditionally
used to treat swellings on the cheek and face, cough, toothache, sto-
mach problems, headaches, and skin diseases (Getahun, 1976;
Kokwaro, 2009). Especially, M. salicifolia bark is a common medicinal
herbal drug for treatment of many diseases in Maasai community of
northeastern Tanzania (Hedberg et al., 1982). Despite the many tradi-
tional uses of M. salicifolia, information about its phytochemical com-
position and pharmacological activities is scarce. Very recently, the
diarylheptanoid glycoside spectrum of M. salicifolia has been char-
acterized (Makule et al., 2017) confirming the close taxonomic relation
of the generaMorella andMyrica from a chemotaxonomic point of view.
Aim of the present study, was the in-depth phytochemical investigation
of the polar metabolites of a MeOH-extract leading to the isolation of
proanthocyanidins, ellagic acid derivatives, and dioic acid glycosides
from M. salicifolia. To the best of our knowledge dioic acid glycosides

were never reported before and represent a new class of specialized
metabolites.

2. Results and discussion

Fig. 1 shows isolated ellagic acid derivatives (1–4), flavan-3-ols
(5–9) as well as three dioic acid derivatives from M. salicifolia (10–12).
All compounds are reported the first time for thisMorella species. To the
best of our knowledge, compounds 1 as well as 9–12 are hitherto un-
known metabolites.

The spectroscopic and spectrometric data of compound 1 revealed a
new ellagic acid derivative substituted with methoxy-groups at C-3 and
C-4 and a β-D-xylopyranosyl moiety at C-4′. The identity of the sugar
moiety including its absolute stereochemistry was verified by hydro-
lysis and derivatization with (S)-(+)-2-methylbutyric anhydride and
comparison via 1H-NMR to the reference sugars (York et al., 1997).
Here, a congruent 1H NMR spectrum was gained from the per-O-(S)-2-
methylbutyrate derivative of the β-D-xylopyranose. Especially, the
chemical shift of the anomeric proton at 5.85 ppm (d, J=7.2) clearly
verified this moiety including its pyranose form and absolute stereo-
chemistry (York et al., 1997). The position of all three substituents were
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evident by their respective HMBC cross-signals. In addition, a NOESY
cross-signal between H-5′ of ellagic acid to H-1″ of the sugar was further
evidence for a direct neighborhood. The complete NMR-data are pre-
sented in Table 1. The MS-fragment with m/z 461.0735 [M−H]−

(C21H17O12, calcd. [M−H]− m/z 461.0720) was detected in a ESI-
HRMS experiment and revealed a chemical formula of C21H18O12 for 1.
To enable an unambiguous identification of 1 polarimetric and CD-data
are also provided. Comparing the NMR-data of compound 1 and 2 some
differences in chemical shifts of the aglycone parts appeared, most
evident for the carbons C-1′ and C-2′ as well as the proton at C-5′
(Table 1). This phenomenon must be caused by the missing hydroxy-
group at C-5″ of the β-D-xylopyranose in case of 1 in combination with a
differing solvent (1: CD3OD, 2: pyridine-d5). Compound 2 and 3 were
also ellagic acid derivatives. Unless they are the first time isolated from
M. salicifolia, they are already known structures from other sources. The
spectroscopic data of 2 matched those from lagertannin. This com-
pound was isolated and elucidated before from Lagerstoemia speciosa
(L.) PERS. by Takahashi et al. (1976), but without presentation of NMR
data. Thus, data were presented in Table 1. Further, the specific rota-
tion angle differed from the reported value (Takahashi et al., 1976).

Nevertheless, absolute stereochemistry and identity of the β-D-gluco-
pyranosyl moiety was evident by comparison of the 1H NMR signal of
the anomeric proton of the (S)-2-methylbutyrate (SMD) derivative of
the β-D-glucopyranose at 5.95 ppm (d, J=8.3) (York et al., 1997).
Thus, the difference of polarimetric data may be caused by impurities.
Compound 3 was identified as ducheside A via matching NMR and ESI-
HRMS data. This compound was reported before as a specialized me-
tabolite from Duchesnea indica FOCKE (Ye and Yang, 1996) as well as
from Anisophyllea dichostyla R. BR. (Khallouki et al., 2007). None of these
studies provided the CD-data. Therefore, they were included here to
complete its stereo-spectroscopic dataset. Compound 4 was un-
ambiguously identified as castalagin. Its NMR-data (Gallo et al., 2006)
as well as CD-data (Matsuo et al., 2015) were matching literature data.
Qualitatively differences in polarimetry to Mayer et al. (1969) may be
caused by impurities. However, 4 is an already known compound from
Myrica esculenta BUCH.HAM. EX D. DON (Sun et al., 1988).

Compounds 5 and 6 were verified as monomeric flavan-3-ols. Both
structures were identified by comparison to literature (5: Davis et al.,
1996; Lee et al., 1992; Roux and Maihs, 1960; 6: Davis et al., 1996;
Khallouki et al., 2007; Kumar and Rajapaksha, 2005; Lee et al., 1992).

Fig. 1. Isolated ellagic acid derivatives (1–3), the hydrolysable tannin castalagin (4), monomeric flavan-3-ols (5, 6), condensed tannins (7–9) as well as dioic acid
glycosides (10–12) from the bark of M. salicifolia.

E.E. Makule et al. Phytochemistry Letters 28 (2018) 76–83

77



Both have been found in Myrica gale L. (Santos and Waterman, 2000)
and Myrica rubra SIEBOLD. & ZUCC. (Nonaka et al., 1983). Further, 6 was
isolated from Myrica esculenta BUCH.-HAM. EX D. DON (Sun et al., 1988).
This is interesting, due to the close taxonomic relation between the
genera Myrica and Morella. Compound 7 was identified as prodelphi-
nidin B1. Its spectroscopic and spectrometric data were congruent to
literature data (Abdel Sattar et al., 1999; Fujii et al., 2013). The positive
cotton effects in the CD-spectrum between 213–243 nm are evidence for
the β-configuration at position 4 of the C-ring (Barrett et al., 1979;
Botha et al., 1981, 1978). The difference for the specific rotational
angle to the one published by Fujii et al. (2013) again may be caused by
impurities. Compound 8 showed sound spectroscopic and spectrometric
data by comparison to ephedrannin D5 being an already known spe-
cialized metabolite from Ephedra sinica STAPF. (Zang et al., 2013).
Compound 9 was identified as epigallocatechin-3-O-gallate-(2β→O→7,
4β→8)-gallocatechin. Again, the position of galloyl moiety was proven
by a 1H-downfield shift of the proton at C-3 (C-ring) to δ 5.38 ppm
(278 K) in comparison to δ 4.04 ppm for 9. Position of the substituent
was further clarified by the respective HMBC cross-signals between H-3
(C-ring) and C-7″ of the galloyl moiety. The 4β- and 2β-configuration of
the C-ring are in accordance with strong positive cotton effects detected
between 227–255 nm (Barrett et al., 1979; Botha et al., 1981, 1978).
Since negative cotton effects around 270 nm, like detected for 8, were
also present in the CD-spectrum of 9, absolute stereochemistry of the F-
rings of both compounds needs to be identical due to the findings of
Hikino et al. (1982) connecting the cotton effects at this wavelength to

configuration of C-2 of flavan-3-ol units. As 8 and 9 showed values of
molar ellipticity in the same range, both C-2 carbons (C- and F-ring) of
9 need to be β-configurated. To the best of our knowledge, this A-type
prodelphinidin is reported for the first time. Adenodimerin C (Ting
et al., 2014) isolated from Myrica adenophora HANCE is very similar to 9.
Hence, CD-, NMR- and MS-data are all sound to this compound except
for a cross-signal between H-3 (C-ring) and H-6 (D-ring) being detected
in a selective ROESY experiment (Supplement Fig. S3). This result in-
dicates an α-configuration at C-3 (C-ring, Kolodziej et al., 1991).

Compounds 10–12 are a new class of specialized metabolites and up
to now, there is no report on structurally similar compounds. All three
metabolites revealed a dioic acid linked to position 1′ of a β-D-gluco-
pyranose. In case of 10, structure elucidation resulted in a 2,7-dimethyl
deca-2E,4E-diendioic acid with the sugar linked to position 8. Further,
HMBC cross-signal between H-6′ and C-7″ detected for 10 indicated the
galloyl moiety is attached to the glucose C-6′. The E-configuration at
positions 2 and 4 in 10 and 11 was elucidated by NOEs between H-12
and H-4 as well as H-3 and H-5, respectively. For 11, the spectroscopic
dataset was nearly identical, except lacking signals of the galloyl
moiety. Compound 12 showed NOEs between H-14 and H-2/H-6 as
well as H-5 and H-3/H-7, giving evidence for E-configuration in all
three double bonds. Position of the linkage of the dioic acid to the sugar
was verified by HMBC cross-signals between H-1′ and C-8 for 10 and 11
as well as C-10 for 12. The relative stereochemistry of the β-glucoses for
all three compounds was elucidated by the typical multiplicity and
coupling constants> 7.5 Hz indicating axial positions of all protons
(Table 3). Absolute stereochemistry of the glucopyranose of 10–12 was
investigated by comparison of the 1H-NMR signal of the anomeric
proton of the SMD derivatives to reference sugars and revealed the
structure of β-D-glucopyranose due to the 1H-NMR signal at δ5.95 ppm
(d, J=8.3) (York et al., 1997). Unfortunately, absolute stereochemistry
considering the stereocenters of the dioic acid parts (10, 11: C-7, C-8;
12: C-9, C-10) couldn’t be elucidated due to the many rotational options
of the respective sp3-hybridized carbons. Thus, no valid information
could be gained from coupling constants in the 1D-1H NMR experiments
nor from the NOESY experiment.

Oligomeric and polymeric proanthocyanidins with more than four
monomeric units are very difficult to isolate and to elucidate. Thus, a
polymeric prodelphinidin fraction S7 yielded after Sephadex® LH-20
chromatography was characterized via 13C NMR spectroscopy
(Czochanska et al., 1980; Eberhardt and Young, 1994; Newman et al.,
1987; Porter et al., 1982). Fig. 2 provides the 13C NMR spectrum with
the assignments of the respective signals considering the literature. A
signal at δ 106.7 ppm clearly identified flavan-3-ols with trihy-
droxylated B-rings (e.g., gallocatechin) as the predominant monomeric
units in the polymeric fraction of M. salicifolia bark. As there were no
typical B-ring signals from dihydroxylated units (e.g., catechin) be-
tween δ 116–117 ppm (C-2′, C-5′), this type of monomer seems not to
be relevant here. The relative amount of 2,3-cis to 2,3-trans isomers was
found to be 36:1 by comparing the integrals of the signals at δ 76.8 and
82.3 ppm, respectively. Occurrence of the signals at δ 110.6, 121.8,
139.7, 146.5 ppm and especially the carbonyl carbon at δ 166.3 ppm
indicates the presence of galloyl moieties (Sun et al., 1987). This was
further evident by the presence of upfield shifts of C-4 of some extender
units (δ 35.1 ppm) in addition to the respective units without this
substituent (δ 37.4 ppm) (Sun et al., 1987). By integration, galloylated
units can be estimated ∼34% in this polymeric fraction. These findings
on 2,3-cis configurated monomeric units and degree of galloylation are
in accordance to investigations on M. esculenta (Sun et al., 1988). The
estimated average degree of polymerization was obtained to be 16
obtained from the ratio of 15:1 following integration of the C-3 re-
sonances of the extender (δ 73.3 ppm) and terminal units (δ68.3 ppm).
Likewise, the same ratio of 15:1 was obtained by integrating C-4 signals
of the extending (δ 35.2–37.4 ppm) and of the terminal units (δ
29.6 ppm). In M. esculenta vapor pressure osmometry measurements
revealed an average degree of polymerization of 14 (Sun et al., 1988),

Table 1
NMR-data for myriside, 3,4-dimethyl ellagic acid 4′-O-β-D-xylopyranoside (1) in
CD3OD (1.7mg/ml) and lagertannin, 3,4-dimethyl ellagic acid 4′-O-β-D-gluco-
pyranoside (2) in pyridine-d5 (16.7 mg/ml). 1H NMR at 600.25MHz, 13C NMR
at 150.93MHz, temperature 298 K (δ in ppm, J in Hz), pt= pseudo triplet.

1 2

Pos. 13C 1H 13C 1H

3,4-dimethyl
ellagic acid

1 115.2 114.1a

2 143.4 142.4
3 142.6 141.9
4 155.6 154.9
5 108.0 7.69 (1H, s) 107.9 7.80 (1H, s)
6 116.1 113.8a

7 162.2 159.8
1ʹ 98.7 107.9
2ʹ 139.6 137.8
3ʹ 157.6 144.5
4ʹ 152.9 149.5
5ʹ 113.4 7.69 (1H, s) 113.7 8.48 (1H, s)
6ʹ 116.5 114.8
7ʹ 162.6 159.3
3-O-CH3 62.0 4.10 (3H, s) 61.5 4.13 (3H, s)
4-O-CH3 57.1 4.02 (3H, s) 56.5 3.83 (3H, s)

sugar substituent 1″ 104.7 4.77 (1H, d,
J=7.6)

103.6 5.95 (1H, d,
J=7.7)

2″ 74.7 3.55 (1H, dd,
J=7.5, 9.2)

74.8 4.29 (1H, pt,
J=8.2)

3″ 77.3 3.45 (1H, pt,
J=8.7)

78.4 4.39 (1H, pt,
J=8.6)

4″ 71.1 3.59 (1H, ddd,
J=5.9, 8.7,
10.3)

71.0 4.36 (1H, pt,
J=9.0)

5″ α 67.2 3.43 (1H, dd,
J=10.3,
11.4)

79.1 4.14 (1H, m)

β 3.99 (1H, dd,
J=5.9, 11.4)

6″ 62.1 4.42 (1H, dd,
J=4.7, 12.0)
4.55 (1H, dd,
J=2.2, 12.1)

a Signals interchangeable.
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being in a comparable range.
In conclusion, this study revealed 12 compounds being reported the

first time for M. salicifolia. Amongst these, five previously unknown
compounds were isolated and described. The dioic acid derivatives
(10–12) might be potential characteristic substances for this species,
since they were never reported for any natural source before.
Compound 4 was already isolated from M. esculenta (Sun et al., 1988)
and 5 as well as 6 were isolated before from members of the genus
Myrica being closely related to Morella (Nonaka et al., 1983; Santos and
Waterman, 2000; Sun et al., 1988). Further, Adenodimerin C an A-type
prodelphinidin was reported for M. adenophora (Ting et al., 2014) being
very similar to 9 except the configuration at C-3 (C-ring). These three
examples could be a further confirmation for the near chemotaxonomic
relationship within the two genera. The characterization of the fraction
enriched with polymeric proanthocyanidins showed the same char-
acteristics as described for the isolated monomeric and dimeric flavan-
3-ols. Thus, this species seems to prefer 2,3-cis configurated (C-ring),
trihydroxylated (B-ring) flavan-3-ols and shows the tendency to link
galloyl moieties to the respective structures. Again, these results and
the average degree of polymerization are showing great similarity to a
fraction containing polymeric proanthocyanidins from M. esculenta
(Sun et al., 1988). Thus, the polymeric proanthocyanidins also confirm
close chemotaxonomic relationship within the genera Myrica and
Morella. These findings are also in accordance to the results considering
the diarylheptanoids (Makule et al., 2017) and even a phylogenetic
study revealing the family tree for Myricaceae (Canacomyrica (Comp-
tonia (Myrica, Morella))), indicating a close neighborhood of the two
genera Myrica and Morella (Herbert, 2005).

3. Experimental

3.1. Material

Methanol (MeOH), chloroform (CHCl3), isopropyl alcohol, acetic

acid (HOAc), formic acid (HCO2H), hydrochloric acid 37%, sulfuric
acid as well as D-xylose (Art.Nr. 8689) were purchased from Merck
Chemicals GmbH (Darmstadt, Germany) in highest available quality.
methanol-d4 (CD3OD, Art.Nr. 151947-10G-GL, 99.8 atom % D), p-ani-
saldehyde, vanillin (Fluka), trifluoroacetic acid (TFA), (S)-(+)-2-me-
thylbutyric anhydride 95% (Art.Nr. 348562-1 G), D glucose ≥ 99.5%
(Art.Nr. G7528-250 G), acetone (Me2CO) for analysis, ethanol (EtOH)
absolute and sodium carbonate (Na2CO3) were from Sigma Aldrich
Chemie GmbH (Taufkirchen, Germany). Acetone-d6 ((D3C)2CO, Art.Nr.
00105-10ml, 99.8 atom % D) and pyridine-d5 (Art.Nr. 03403-10ml,
99.5 atom % D) were from Deutero GmbH (Kastellaun, Germany). Ethyl
acetate (EtOAc) for analysis and methylene chloride for analysis
(CH2Cl2) were purchased from Acros Organics (Geel, Belgium). L-
Glucose ≥ 98% (Art.Nr. 7509.2) was from Carl Roth GmbH & Co. KG
(Karlsruhe, Germany). Toluene was from VWR International GmbH
(Darmstadt, Germany). Water (H2O) for analysis was generated by an
Astacus Reagent bench (MembraPure GmbH, Henningsdorf/Berlin,
Germany).

3.2. Instruments and methods

Optical rotations were measured in MeOH for spectroscopy with a
Unipol L 1000 polarimeter (Schmidt + Haensch GmbH & Co., Berlin,
Germany), CD spectra were recorded in MeOH for spectroscopy on a J-
710 spectropolarimeter (JASCO Deutschland GmbH, Gross-Umstadt,
Germany), at wavelength range of 195–350 nm. 1D-1H, 1D-13C,
[1H-13C]-HSQC, [1H-13C]-HMBC, [1H-1H]-COSY, [1H-1H]-ROESY,
[1H-1H]-NOESY and selective 1D-[1H-1H]-ROESY NMR spectra were
measured at a Bruker AVANCE 600 spectrometer equipped with a 5mm
TCI CryoProbe (Bruker Corporation, Billerica, MA, USA; 600.25MHz
for 1H and 150.93MHz for 13C) or AVANCE III HD spectrometer
(Bruker; 400.13MHz for 1H and 100.63MHz for 13C). 1D-1H NMR-
spectra of SMB-derivatives were acquired with an AVANCE 300 (Bruker
Corporation; 300.13MHz for 1H) or AVANCE 600 spectrometer.

Fig. 2. 13C-NMR of M. salicifolia fraction S7 enriched with polymeric proanthocyanidins measured at 150.93MHz, 298 K (2048 scans); sample dissolved in CD3OD
(214mg/ml). A (δ 166.3 ppm): C-7″; B (δ 154.8–156.6 ppm): C-5, C-7, C-8a; C (δ 145.6–146.5 ppm): C-3 and C-5; D (δ 139.2–139.7 ppm): C-4″; E (δ
131.7–133.7 ppm): C-1, C-4; F (δ 121.8 ppm): C1″; G (δ 110.6 ppm): C-2″, C-6″; H (δ 106.7 ppm): C-2′, C-6′; I (δ 100.9 ppm): C-2 of A-type units; J (δ 96.5–97.5 ppm):
unsubstituted C-6 and C-8; K (δ 82.3 ppm): 2,3-trans configurated C-2; L (δ 76.8 ppm): 2,3-cis configurated C-2; M (δ 73.4 ppm): C-3 of all extender units; N (δ
68.3 ppm): C-3 (terminal units); O (δ 37.4 ppm): C-4 (non-galloylated extending units); P (δ 35.1 ppm): C-4 (galloylated extending units); Q (δ 29.6 ppm): C-4
(terminal units).
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Characterization of the enriched polymeric prodelphinidin fraction via
13C NMR was also achieved with an AVANCE 600 (150.93MHz for 13C,
number of scans= 2048, fraction S7 214mg/ml). For NMR experi-
ments, samples were dissolved in either CD3OD, (D3C)2CO or pyridine-
d5. The recorded NMR spectra were recorded at ambient temperature
(298 K) or low temperature (278 K) and referenced against residual
nondeuterated solvent. ESI-LRMS was measured on a TSQ 7000
(Thermo Quest, Finnigan) and ESI-HRMS on a Q-TOF 6540 UHD mass
spectrometer (Agilent Technologies Sales & Services GmbH & Co. KG,
Waldbronn, Germany).

Centrifugal partition chromatography (CPC) was performed using a
SPOT centrifugal partition chromatography with 250ml rotor (Armen
Instrument, Saint-Avé, France; saturated EtOAc/H2O system). First,
system was run in ascending mode with upper phase (EtOAc) and
second, after no further spots were detected at TLC-control, in des-
cending mode with lower phase (H2O) as mobile phase.
Rotation=800 rpm, flow rate 5ml/min.

MPLC-chromatography was achieved via a Flash Spot On machine
(Armen Instrument) using the following methods: MPLC system A: RP-
18 pre-packed SVP D40-RP18 cartridge (Merck Chemicals GmbH),
eluent A = H2O, eluent B=MeOH, flow=40ml/min, gradient: 20%
→ 40% B (0–10min), 40% → 100% B (10–30min), 100% B isocratic
(30–60min). MPLC system B: pre-packed SVP D40-RP18 cartridge
(Merck Chemicals GmbH), eluent A: H2O, eluent B: acetonitrile,
flow=5ml/min, gradient: 20% → 100% B (0–60min), 100% B iso-
cratic (60–75min). MPLC system C: 170 g MCI-Gel® CHP20 P
(Mitsubishi Chemical Europe GmbH, Düsseldorf, Germany), column:
600×25mm (BESTA-Technik für Chromatographie GmbH,
Wilhelmsfeld, Germany), eluent A = H2O, eluent B=MeOH, flow=
5ml/min, gradient: 20–60% B stepwise in 10% intervals (40min each),
final washing step 100% B for 60min. MPLC system D: pre-packed
Reveleris® 20 g silica gel 20 μm cartridge (Büchi Labortechnik AG,
Flawil, Switzerland), eluent A=CHCl3, eluent B=MeOH, flow=15
ml/min, gradient: 5% → 12% B (0–30min), 12–60% B (30–31min),
60–100% B (31–40min), 100% B isocratic (40–50min).

Final purification of isolated compounds was achieved on a ProStar
HPLC (Varian Deutschand GmbH, Darmstadt, Germany) coupled with
an Eclipse XDB-C18, 250×9.4mm, 5 μm (Agilent, column A) or a
Purospher STAR RP-18e column 250×4mm, 5 μm (Merck Chemicals,
column B) using the following methods: HPLC system A: column A,
eluent A = H2O, eluent B=MeOH, flow=2ml/min, gradient: 50% →
60% B (0–20min), 60% → 100% B (20–21min), 100% B isocratic
(21–25min). HPLC system B: column A, eluent A = H2O (+0.02%
TFA), eluent B=MeOH (+0.02% TFA), flow 2ml/min, gradient: 25%
→ 35% B (0–30min), 35% → 65% B (30–31min), 65% B isocratic
(31–35min). HPLC system C: column A, eluent A = H2O (+0.05%
TFA), eluent B= acetonitrile (+0.05% TFA), flow=2ml/min, gra-
dient: 25% → 40% B (0–30min), 40% → 100% B (30–35min), 100% B
isocratic (35–38min). HPLC system D: column A, eluent A = H2O
(+0.02% TFA), eluent B=MeOH (+0.02% TFA), flow 2ml/min,
gradient: 20% → 30% B (0–15min), 30% B isocratic (15–16min), 30%
→ 70% B (16–18min), 70% B isocratic (18–24min). HPLC system E:
column B, eluent A = H2O (+0.02% TFA), eluent B=MeOH (+0.02%
TFA), flow=1ml/min, gradient: 15% → 19% B (0–5min), 19% →
23% B (5–20min), 23% → 60% B (20–22min), 60% B isocratic
(22–25min). HPLC system F: HPLC system A: column A, eluent A =
H2O, eluent B=MeOH, flow=2ml/min, gradient: 60% B isocratic
(0–10min), 60% → 100% B (10–11min), 100% B isocratic
(11–15min).

3.3. Plant material

The bark of Morella salicifolia (HOCHST EX A. RICH) VERDC. & POLHILL was
collected in February 2013 at Monduli mountain ranges in the Arusha
region, Tanzania. Identification of the plant was achieved by senior
botanist Daniel Sitoni from Tanzania National Herbarium (TNH,

Arusha, Tanzania) as well as Canisius J. Kayombo from the Olmotonyi
Forestry Institute (Arusha, Tanzania) and a voucher specimen (Nr. CK
7792) was stored at TNH. The collected bark material was spread on a
clean cotton cloth under direct sunlight with temperature between
30–35 °C until complete dryness.

3.4. Extraction

Dried and pulverized M. salicifolia bark (390.1 g) was mixed with
400 g of sea sand, packed in a column and macerated overnight with 1 l
of CH2Cl2. After maceration, subsequent bulk extraction of M. salicifolia
bark was performed using CH2Cl2, EtOAc, MeOH and MeOH-H2O
(50+50 [V/V], approximately 4 l each), resulting in extracts of 7.7,
1.1, 162.2 and 25.9 g, respectively.

3.5. Isolation

MeOH extract (119 g) was subjected in portions of 12 g to
Sephadex® LH-20 column chromatography (GE Healthcare GmbH,
München, Germany; 265 g, column: 95× 3 cm, flow=0.5ml/min)
with two eluents. First EtOH-H2O (70+ 30 [V/V]) resulting in fractions
S1–S6 and second Me2CO (70+30 [V/V]) yielding fraction S7 (96.5 g,
enriched polymeric prodelphinidins). Fraction control was achieved via
TLC on silica gel 60 F254 (Merck Chemicals GmbH), using EtOAc-H2O-
HOAc-HCO2H (100+ 26+11+11 [V/V/V/V]) and derivatization
with vanillin/hydrochloric acid or anisaldehyde/sulfuric acid as de-
tection reagents. Fraction S2 (450–560ml, 15.7 g) was fractionated by
MPLC system A. Fraction S2.F4 (760mg) was fractionated by CPC (all
methods in chapter 2.2). S2.F4.C2 (49.8mg) yielded to 3
(Rt=12.2min), 10 (Rt=9.6min) and 12 (Rt=10.4min) via HPLC
system A. Further, 11 (Rt=16.0min) and 3 (Rt=12.2min) were
gained from S2.F4.C3 (53.9mg) and S2.F4.C6 (288.0 mg) yielded 2
(Rt=15.8min) using HPLC system A. Fraction S2.F5 (1.44 g,
851–920ml) was also fractionated by CPC. S2.F5.C4 (22.7mg) yielded
1 (Rt=16.0min) via HPLC system B. Further, 1 was re-isolated from
S2.F6 (0.14 g) by a subsequent combination of MPLC system D and
HPLC system F (Rt=5.9min). S4 (1251–1430ml, 0.4 g) was fractio-
nated by MPLC system B and revealed fraction S4.2 (121–771ml) with
the already pure compound 5. S5 (1851–2070ml, 0.32 g) was fractio-
nated by MPLC system C. The fraction S5.M4 (9.0mg) lead to 7
(Rt=5.0min), S5.M6 (9.4 mg) to 4 (Rt=6.5min) and S5.M9
(17.0 mg) to 8 (Rt=7.0min) via HPLC system C. S6 (2271–2820ml,
420.5 mg) was also subjected to MPLC system C. The fraction S6.M6
(32.0 mg) yielded 9 (Rt=10.7min) using HPLC system D. Compound 6
was gained from fraction S6.M13 (16.0 mg) after a combination of
HPLC system D (Rt=10.0min) followed by HPLC system E
(Rt=8.0min).

3.6. Determination of absolute configuration of glycosides

Determination of the glycosides and their absolute configuration
was achieved by recording the 1H NMR spectra of the per-O-(S)-2-me-
thylbutyrate (SMB) derivatives and compared to 1H NMR data of the
SMB derivatives of reference sugars (York et al., 1997), according to
Makule et al. (2017). In brief, sugars were hydrolyzed with 2M TFA
followed by a derivatization with (S)-(+)-2-methylbutyric anhydride.
The 1H-NMR spectra of the gained SMB-derivatives were compared to
reference sugars.

3.7. Isolated compounds

Myriside, 3,4-dimethyl ellagic acid 4′-O-β-D-xylopyranoside (1,
1.5 mg). Yellowish amorphous powder. α[ ]D

25 −38.3 (c 0.1, MeOH). CD
[ϴ]204 −35,458.1, [ϴ]213 −18,411.8, [ϴ]227 +10,529.8, [ϴ]248
+20,077.3, [ϴ]273 −9009.1 (MeOH, 0.006). UV (MeOH, log ε) λmax

255.1 nm (3.7), 300.1 nm (3.6). NMR data in Table 1 and 2D-NMR
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cross-signals in Table S4. Negative ESI-HRMS m/z 461.0735 [M−H]−

(C21H17O12, calcd. [M−H]− m/z 461.0720).
Lagertannin, 3,4-dimethyl ellagic 4′ O-β-D-xylopyranoside (2, 6.0 mg).

Yellowish amorphous powder. α[ ]D
25 −24.6 (c 0.1, MeOH). UV (pyr-

idine, log ε) λmax 354.9 nm (3.7). NMR data in Table 1 and 2D-NMR
cross-signals in Table S4. Negative ESI-HRMS m/z 491.0821 [M−H]–

(C22H19O13, calcd. [M−H]− m/z 491.0826).
Ducheside A, 3-O-methyl ellagic acid 4′-O-β-D-xylopyranoside (3,

18.6 mg). Yellowish amorphous powder. α[ ]D
25 −60.0 (c 0.1, MeOH). UV

(MeOH, log ε) λmax 254.9 nm (4.0), 354.9 nm (3.5). Positive ESI-HRMS
m/z 449.0716 [M+H]+ (C20H17O12, calcd. [M+H]+ m/z 449.0720).

Castalagin (4, 1.6 mg). Off-white amorphous powder. α[ ]D
25 +15.6 (c

0.1, MeOH). CD [ϴ]199 −18,317.8, [ϴ]206 +2623.0, [ϴ]210 −6958.4,
[ϴ]218 +4458.7, [ϴ]228 +17,230.8, [ϴ]235 +23,569.7, [ϴ]260
−9153.8, [ϴ]274 -8786.7, [ϴ]284 +3297.1, [ϴ]294 +970.5, [ϴ]300
+2187.3, [ϴ]310 +1244.4, [ϴ]320 −2836.2, [ϴ]325 +1445.3, [ϴ]333
−920.6, [ϴ]341 +3667.7 (MeOH, 0.006). UV (MeOH, log ε) λmax

275.0 nm (3.4). Negative ESI-HRMS m/z 933.0800 [M−H]−

(C41H25O26, calcd. [M-H]- m/z 933.0634).
(+)-Gallocatechin (5, 0.2 g). Light orange amorphous powder. α[ ]D

22.4

+25.1 (c 0.1, MeOH). UV (MeOH, log ε) λmax 269.9 nm (2.7). Positive
ESI-HRMS m/z 307.0815 [M+H]+ (C15H15O7, calcd. [M+H]+ m/z

307.0818).
Epigallocatechin-3-O-gallate (6, 1.8 mg). Light orange amorphous

powder. α[ ]D
25 -96.8 (c 0.1, MeOH). UV (MeOH, log ε) λmax 275.0 nm

(3.0). Positive ESI-HRMS m/z 459.0922 [M+H]+ (C22H19O11, calcd.
[M+H]+ m/z 459.0927).

Prodelphinidin B1, epigallocatechin-(4β→8)-gallocatechin (7, 2.3 mg).
Amorphous light orange powder. CD [ϴ]207 −35,037.4, [ϴ]218
+25,726.9, [ϴ]229 +11,708.0, [ϴ]238 +9130.9, [ϴ]246 −7344.56,
[ϴ]284 −3964.5 (MeOH, 0.006). UV (MeOH, log ε) λmax 269.9 nm (2.8).
Positive ESI-HRMS m/z 611.1395 [M+H]+ (C30H27O14, calcd. [M
+H]+ m/z 611.1401).

Ephedrannin D5, epigallocatechin-(2β→O→7, 4β→8)-gallocatechin (8,
6.0 mg). Amorphous light orange powder. CD [ϴ]201 −25,227.9, [ϴ]213
+3762.2, [ϴ]216 +1569.9, [ϴ]225 +17,397.4, [ϴ]232 +14,525.9,
[ϴ]238 +11,237.4, [ϴ]271 −11,888.9 (MeOH, 0.006). UV (MeOH, log
ε) λmax 269.9 nm (2.8). Positive ESI-MS m/z 609.1 [M+H]+.

Epigallocatechin-3-O-gallate-(2β→O→7,4β→8)-gallocatechin (9,
2.6 mg). Amorphous orange powder. α[ ]D

25 +20.5 (c 0.1, MeOH). CD
[ϴ]208 −4910.4, [ϴ]217 −29,532.6, [ϴ]238 +13,323.4, [ϴ]265
−9666.0, [ϴ]272 −13,436.8, [ϴ]296 −3480.1, [ϴ]306 −3017.3
(MeOH, 0.006). UV (MeOH, log ε) λmax 275.0 nm (3.1). NMR data in
Table 2. Negative ESI-HRMS m/z 759.1206 [M−H]− (C37H27O18,

Table 2
NMR-data for epigallocatechin-3-O-gallate-(2β→O→7, 4β→8)-gallocatechin (9). 1H NMR at 600.25MHz, 13C NMR at 150.93MHz, temperature 278 K and 298 K, in
CD3OD (5mg/ml) (δ in ppm, J in Hz).

Pos. 13C 1H HMBC COSY ROESY

upper unit 2 99.0
3 69.8 5.38 (1H, d, J=3.6), 278 K

5.40 (1H, d, J=3.6), 298 K
4a,7″ 4 4,2'/6'

4 27.3 4.49 (1H, d, J=3.5), 278 K
4.50 (1H, d, J=3.6), 298 K

3,4a,5,6,8a;
lower unit: 7,8,8a

3 3

4a 103.7
5 156.6
6 98.5 5.95 (1H, d, J=2.2), 278 K

5.95 (1H, d, J=2.3), 298 K
4a,5,7,8 8 –

7 158.4
8 96.5 6.12 (1H, brs) a), 278 K

6.14 (1H, d, J=2.3), 298 K
4a,6,7,8a 6 2ʹ/6ʹ

8a 152.0
1ʹ 130.8
2ʹ/6ʹ 107.5 6.70 (2H, s), 278 K

6.72 (2H, s), 298 K
2,1',2'/6',3'/5' 3,8

3ʹ/5ʹ 146.4
4ʹ 134.9

galloyl moiety 1″ 120.6
2″/6″ 110.3 6.72 (2H, s), 278 K

6.72 (2H, s), 298 K
2″/6″,3″/5″,4″,7″ –

3″/5″ 146.3
4″ 140.2
7″ 166.8

lower unit 2 84.7 4.73 (1H, d, J=7.3), 278 K
4.74 (1H, d, J=7.3), 298 K

3,4α,4β,8a,
1‘,2‘/6‘

3 3,4α,4β

3 68.4 4.10 (1H, m), 278 K
4.11 (1H, m), 298 K

– 2,4α,4β 2,4α,4β,
2‘/6‘

4β 28.7 2.59 (1H, dd, J=7.8, 16.4), 278 K
2.60 (1H, dd, J=7.8, 16.5), 298 K

2,3,4a,5,8a 4α 2,3, 4α

4α 2.88 (1H, dd, J=5.4, 16.4), 278 K
2.90 (1H, dd, J=5.3, 16.5), 298 K

4β 3, 4β

4a 103.4
5 156.8
6 96.5 6.12 (1H, s) a), 278 K

6.13 (1H, s), 298 K
4a,5,7,8 –

7 154.4
8 105.9
8a 151.9
1ʹ 130.4
2ʹ/6ʹ 108.0 6.45 (2H, s), 278 K

6.46 (2H, s), 298 K
2,2'/6',3'/5',4' 2,3

3ʹ/5ʹ 147.0
4ʹ 134.7

Cross-signals are considering the same unit, exceptions are indicated. a) Signals are overlapping (278 K).
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calcd. [M−H]− m/z 759.1197).
2,7-Dimethyl-8-O-(6′-O-galloyl)-β-D-glucopyranoside-deca-2E,4E-die-

nedioic acid (10, 1.4 mg). Off-white amorphous powder. α[ ]D
25 −19.0 (c

0.1, MeOH). UV (MeOH, log ε) λmax 265.0 nm (3.7). NMR data in
Table 3 and 2D NMR cross-signals in Table S5. Positive ESI-HRMS m/z
557.1862 [M+H]+ (C25H33O14, calcd. [M+H]+ m/z 557.1870).

2,7-Dimethyl-8-O-β-D-glucopyranoside-deca-2E,4E-dienedioic acid (11,
2.4 mg). Off-white amorphous powder. α[ ]D

25 −24.0 (c 0.1, MeOH). UV
(MeOH, log ε) λmax 265.0 nm (3.7). NMR data in Table 3 and 2D NMR
cross-signals in Table S5. Positive ESI-HRMS m/z 422.2022
[M+NH4]+ (C18H28O10, calcd. [M+NH4]+ m/z 422.2026).

4,9-Dimethyl-10-O-β-D-glucopyranoside-dodeca-2E,4E,6E-trienedioic
acid (12, 0.6 mg). Off-white amorphous powder. α[ ]D

25 −22.0 (c 0.1,
MeOH). UV (MeOH, log ε) λmax 295.0 nm (3.6). NMR data in Table 3
and 2D-NMR cross-signals in Table S5. Positive ESI-HRMS m/z
448.2175 [M+NH4]+ (C20H31O10, calcd. [M+NH4]+ m/z 448.2183).
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150.93MHz, 298 K, in CD3OD (δ in ppm, J in Hz), pt= pseudo triplet.

10 11 12

Pos. 13C 1H 13C 1H 13C 1H

deca-2E,4E-dienedioic acid/dodeca-2E,4E,6E-
trienedioic acid

1 172.8 172.5 172.5
2 126.2 126.3 118.9 5.84 (1H, d, J=15.6)
3 140.4 7.03 (1H, d, J=11.0) 140.2 7.16 (1H, d, J=11.3) 150.0 7.27 (1H, d, J=15.5)
4 128.3 6.25 (1H, dd, J=11.4,

14.9)
128.5 6.45 (1H, dd, J=11.4,

15.0)
132.6

5 143.4 5.97 (1H, m) 143.6 6.14 (1H, m) 139.9 6.38 (1H, d, J=11.2)
6a 37.6 1.96 (1H, m) 37.1 2.04 (1H, m)

2.57 (1H, m)
128.9
140.8

6.49 (1H, dd, J=11.3,
14.9)

6b 2.42 (1H, m) 6.02 (1H, m)
7 38.5 1.86 (1H, m) 38.4 1.93 (1H, m) 37.2 2.02 (1H, m)
8 81.7 4.11 (1H, m) 80.9 4.12 (1H, m) 2.56 (1H, m)
9a 39.2 2.45 (1H, dd, J=5.8, 14.9) 38.5 2.48 (1H, dd, J=5.5, 15.5)

2.55 (1H, dd, J=7.4, 15.6)
38.7
81.4

1.91 (1H, m)
9b 2.53 (1H, dd, J=7.3, 15.2) 4.11 (1H, m)
10 178.1 177.3 39.2 2.44 (1H, dd, J=5.4, 15.2)
11 14.7 0.84 (3H, d, J = 6.9) 14.9 0.93 (3H, d, J = 6.9) 2.52 (1H, dd, J=7.5, 15.2)
12 12.7 1.80 (3H, s) 12.7 1.89 (3H, d, J = 0.8) 178.3
13 15.0 0.93 (3H, d, J=6.8)
14 12.6 1.88 (3H, s)

β-D-glucopyranoside 1ʹ 103.9 4.44 (1H, d, J=7.7) 103.8 4.39 (1H, d, J=7.7) 103.9 4.39 (1H, d, J=7.7)
2ʹ 75.5 3.20 (1H, pt, J=8.4) 75.4 3.16 (1H, dd, J=7.9, 8.9) 75.4 3.16 (1H, dd, J=7.9, 8.8)
3ʹ 78.1 3.40 (1H, pt, J=8.9) 78.1 3.36 (1H, pt, J=8.9) 78.1 3.36 (1H, pt, J=8.9)
4ʹ 72.0 3.36 (1H, pt, J=8.9) 71.6 3.31 (1H, pt, J=9.1) 71.6 3.31 (1H, pt, J=9.6)
5ʹ 75.5 3.57 (1H, ddd, J=1.9, 6.7,
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2″/6″ 110.4 7.10 (2H, s)
3″/5″ 146.6
4″ 140.0
7″ 168.4
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