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Abstract

Two novel nitrile-containing compounds, nigrumin-5-p-coumarate and nigrumin-5-ferulate, together with six known flavonoids,
were isolated from the seed of black currant (Ribes nigrum). The chemical structures of nigrumin-5-p-coumarate and 5-ferulate were
elucidated using NMR spectroscopy as 2-trans-p-coumaroyloxymethyl-4-B-p-glucopyranosyloxy-2( E)-butenenitrile and 2-trans-
feruloyloxymethyl-4-B-p-glucopyranosyloxy-2( E)-butenenitrile, respectively. © 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Although black currant (Ribes nigrum) berries are
cultivated principally for juicing, the small seeds within
also have commercial value due to their high content of
nutritionally desirable polyunsaturated y-linolenic acid
(Traitler et al., 1984; Ucciani et al., 1995). The presence
of this and other accompanying highly labile poly-
unsaturated fatty acids in the seeds aroused our interest
as to the nature of the co-occurring compounds that
may be important for understanding the chemical basis
for their protection against oxidative degradation in the
intact seeds. For this purpose the black currant seed
residue from a commercial oil extraction operation
using supercritical CO, was used for chemical investi-
gation. In earlier communications we reported the pre-
sence of anthocyanins, which occurred principally as the
glucosides and rutinosides of cyanidin and delphinidin,
and their unusual addition products with acetone
known as the pyranoanthocyanins (Lu et al., 2000; Lu
and Foo, 2001). This paper describes the isolation and the
unusual chemical features of two new nitrile-containing
compounds nigrumin-5-p-coumarate (1) and nigrumin-5-
ferulate (2) together with six known flavonoids.
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2. Results and discussion

Column chromatography on polyamide of the black
currant seed extracts yielded a flavonoid fraction, which
was free of black currant pigments. Further repeated
chromatographic treatment of the fraction on MCI-
HP20 column using HPLC detection led to the resolu-
tion and isolation of the two nitrile-containing com-
pounds 1 and 2, and the six flavonoids. The flavonoids
were identified by NMR spectral comparison with pub-
lished data (Markham and Chari, 1982; Agrawal, 1989)
as dihydroquercetin, myricetin 3-glucoside, myricetin 3-
rutinoside, quercetin 3-glucoside, quercetin 3-rutinoside
and kaempferol 3-glucoside, which had been identified
before as black currant constituents (Koeppen and
Herrmann, 1977; Calamita et al., 1983; Hakkinen and
Auriola, 1998).

The HR-MS spectrum of compound 1 gave a [M—-H]~
peak at m/z 420.1304 corresponding to the molecular
formula of C,oH»3NOg (calc. 420.1289). Its UV absorp-
tion with A, at 314 nm matched that of p-coumaric
acid, thus suggesting that it possessed a p-coumaric acid
chromophore. A trans-p-coumaroyl unit was apparent
from the '"H NMR (Table 1), which showed a pair of
mutually coupled doublets at § 7.69 and 6.37 with J=16
Hz. Another pair of doublets that integrated for four
protons at § 7.49 and 6.82 with J=8.7 Hz was con-
sistent with the AA’BB’ spin system characteristic of a
para-substituted phenyl ring. The '3C NMR spectrum
displayed nine carbon signals at § 114.5, 117.3 (2C),
127.4, 131.8 (2C), 148.1, 161.9 and 168.5 consistent with
the carbon resonances of an ester form of the p-cou-
maric acid. In addition, a set of six carbon signals
characteristic of a glucopyranose moiety was also pre-

Table 1
'"H NMR (300 MHz, CD;0D) chemical shift data for nigrumin-5-p-
coumarate (1) and nigrumin-5-ferulate (2)

H 1 2

3 6.84 dd (6.5, 5.9) 6.85m

4a 4.54 dd (14.4, 6.5) 4.55dd (14.3, 6.4)
4b 4.66 dd (14.5, 5.9) 4.66 dd (14.3, 5.5)
5 4.82s 482 s

g 4.36 d (7.7) 4.36 d (7.6)

2.5 3.21-3.50 m 3.21-3.47m

6'a 3.70 dd (11.9, 4.9) 3.70 dd (12.3, 5.6)
6'b 3.88 m 3.89 m

2" 7.49 d (8.7)* 7.22.d (2.1)

3" 6.82 d (8.7)* -

5" 6.82 d (8.7)* 6.83d (8.2)

6" 7.49 d (8.7)2 7.10 dd (8.0, 2.1)
7" 7.69 d (16.0) 7.68 d (15.9)

8" 6.37 d (16.0) 6.41 d (15.9)
OCHj3; - 391

4 An AA’BB’ spin system in which the splitting in each sub-spec-
trum (AA’ and BB’ parts) corresponds to the sum of the couplings
J(AB) and J(AB/).

sent. The H-C COSY spectrum showed that the
anomeric carbon (8 104.7) was correlated to the doublet
at § 4.36 (J=17.7 Hz), suggesting that the sugar was B-
glycosidically linked to an unknown alkyl group rather
than the p-coumaroyl moiety. There were five other
carbon signals in the '3C NMR spectrum of 1 that
remained unaccounted for. These included a methine
carbon at § 149.4, two quaternary carbons at 116.69 and
113.3 and two methylene carbons at 68.6 and 64.8 as
established by DEPT. The carbon at § 149.4 was corre-
lated to the olefinic proton at § 6.82, the CH, at § 64.8
was correlated to a broad singlet (8§ 4.82), while the
other CH, at § 68.6 was correlated to the two sets of
protons (8 4.66, dd, J=14.5, 5.9 Hz; 4.54, dd, J=14.4,
6.5 Hz), indicating that the latter was attached to the
sugar moiety. The latter CH, was also found to be H-H
coupled with the olefinic proton (§ 6.82). The qua-
ternary carbon at § 116.7 could be assigned to a cyano
group (Kalinowski et al., 1984) in accordance with the
chemical formula of 1. These data suggested that the
five carbon alkyl portion was best assigned to a 2-
hydroxymethyl-4-hydroxy-2-butenenitrile moiety. This
five carbon structural unit was also supported by
HMBC data which showed that the olefinic proton H-3
(8 6.82) was long range coupled to C-1 (8 116.7) and C-5
(8 64.8), the broad singlet H-5 (8 4.82) to C-3 (5149.4)
and C-9” (§ 168.5), the H-4 (6 4.66/4.54) to the qua-
ternary carbon C-2 (§ 113.3) and the sugar anomeric
carbon (8 104.7). These data enabled the unambiguous
assignment of the sugar to the 4-CH,OH and the p-
coumaroyl unit to the 5-CH,OH, respectively. The E-
configuration of the central 2-butenenitrile was estab-
lished by ROESY experiments that clearly showed
positive interaction of the broad singlet of the 5-CH,
with the olefinic proton H-3, but no interaction with the
4-CH,. Thus, the chemical structure of 1 was estab-
lished as the novel 2-trans-p-coumaroyloxymethyl-4--
D-glucopyranosyloxy-2(E)-butenenitrile named here as
nigrumin-5-p-coumarate. The assignment of nigrumin-
5-p-coumarate (1) was also supported by the compar-
ison with the NMR data of a related compound
sutherlandin-5-trans-p-coumarate (3) found in Sorbaria
sorbifolia var. stellipila (Kim and Zee, 2000). Com-
pounds 1 and 3 gave very similar 13C NMR data except
for C-2 and C-3 (6 113.3 and 149.4 for 1 compared with
97.6 and 159.8 for 3). A corresponding difference was
also observed in the olefinic proton H-3 (8 6.82) of 1 and
H-2 (8 5.73) of 3.

The molecular formula C,H>5NOy, (caled 450.1395)
of compound 2 was deduced from its HR-MS spectrum
which showed the [M—-H]~ peak at m/z 450.1435, indi-
cating that 2 was also a nitrile-containing compound
with an additional methoxyl group. The UV spectrum
of 2 with A, at 328 was more characteristic of a caffeic
acid derivative. The 'H (Table 1) and '3C NMR data of
2 showed resonances containing a [B-D-glucopyranose
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and a five carbon alkyl moiety similar to those of 1
except for the signals in the aromatic region. These
observations were consistent with 2 being a trans-fer-
uloyl derivative as opposed to a trans-p-coumaroyl
derivative found in 1. This deduction was confirmed by
1D and 2D NMR experiments. The HMBC experiments
showed that the methoxyl group (§ 3.91) was long range
coupled to C-3” (8 151.3), which in turn was coupled to
H-5" (8 6.83, d, J=8.2 Hz). The HMBC experiments
also showed long range couplings between C-1" (§ 104.7)
and H-4 (§ 4.55/4.66) and between C-9” (§ 168.5) and H-
5 (6 4.82), respectively, revealing that the attachments of
the sugar was at 4-CH, and the trans-feruloyl at 5-CH,.
Therefore compound 2 was 2-trans-feruloyloxymethyl-
4-B-p-glucopyranosyloxy-2(E)-butenenitrile, or nigru-
min-5-ferulate.

While cyanogenic compounds are common in nature
(Jones, 1998), particularly in the seeds of Rosaceae
occurring as cyanohydrin glycosides such as amygdalin
(R-mandelonitrile-B-p-gentiobioside) and prunasin (R-
mandelonitrile-B-D-glucopyranoside) (Nahrstedt, 1972,
1973) derived from phenylalanine, cardiospermin and
its 5-p-hydroxybenzoate and 5-p-coumarate (4; Nahr-
stedt and Scheid, 1981) derived from leucine, non-cya-
nogenic nitrile-containing compounds are also known
but are rare in nature. These include cyanolipids
(Mikolajczak et al., 1970), sutherlandin (Swenson et al.,
1987) and its 5-p-coumarate derivative (Kim and Zee,
2000). According to the finding of Brackman et al.
(1982), sutherlandin and its derivatives could be formed
from the corresponding cyanogenic cardiospermins by
allylic rearrangement of the cyano group. However,
nigrumin-5-p-coumarate and nigrumin-5-ferulate repor-
ted here could not by analogy be derived from leucine.
Their biosynthetic pathway, whether derived from iso-
leucine, in black currant seed is unknown and needs
further study.

3. Experimental

'H and '3C NMR were recorded on a Bruker Avance
300 instrument and chemical shift (§) were referenced to
the solvent signal. HPLC was performed as described
previously (Lu and Foo, 1999).

3.1. Extraction and isolation

The black currant seed residue after supercritical CO,
extraction (2000 g) was extracted with 70% aq. acetone
(3x2000 ml) and the combined extracts conc. and
freeze-dried to afford 64 g of solid reddish material. The
extract (60 g) dissolved in water was applied to a Poly-
amide column and the black currant pigments were
eluted with CH;0OH/AcOH/H,O (10:4:86) followed by
50% aq. methanol to yield a fraction (2.65 g) containing

mainly flavonoids. This fraction was further chromato-
graphed repeatedly on MCI-HP20 column using water
with increasing proportions of methanol up to 50%
until chromatographically pure compounds were
obtained.

3.2. Nigrumin-5-p-coumarate (2-trans-p-coumaroyloxy
methyl-4-B-D-glucopyranosyloxy-2( E)-butenenitrile) (1)

Freeze-dried powder (28 mg). HPLC R, 30.2 min, on
line UV Apax 314, 234 nm. 'H NMR: Table 1. 3C NMR
(75 MHz, CD30D) § 63.00 (C-¢’), 64.75 (C-5), 68.62 (C-
4), 71.85 (C-4'), 75.36 (C-2'), 78.47 (C-3, &), 104.72 (C-
1), 113.34 (C-2), 114.50 (C-8"), 116.69 (C-1), 117.30 (C-
37,5"), 127.41 (C-1"), 131.79 (C-2", 6”), 148.08 (C-7"),
149.42 (C-3), 161.91 (C-4"), 168.49 (C-9").

3.3. Nigrumin-5-ferulate (2-trans-feruloyloxymethyl-4-
B-D-glucopyranosyloxy-2( E)-butenenitrile) (2)

Freeze-dried powder (5 mg). HPLC R, 31.6 min, on
line UV Ay 328, 236 nm. 'H NMR: Table 1. °C
NMR: (75 MHz, CD;0D) § 56.91 (OCH3), 63.00 (C-6),
64.76 (C-5), 68.62 (C-4), 71.86 (C-4'), 75.36 (C-2"), 78.41
(C-3"), 78.48(C-5"), 104.74 (C-1"), 112.27 (C-8"), 113.35
(C-2), 114.81 (C-5"), 116.59 (C-1), 116.93 (C-2"), 124.81
(C-6"), 127.96 (C-17), 148.34 (C-7"), 149.43 (C-3),
149.83 (C-4"), 151.31 (C-3"), 168.46 (C-9”). ES-MS (-ve
mode): m/z 450.5 ((M-H]~, 100%).
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