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Abstract

The ®rst isolation of 4-oxonicotinamide-1-(1 '-b-D-ribofuranoside) from a nonmammalian source, the West African plant
Rothmannia longi¯ora Salisb. (Rubiaceae), is described. Its stereostructure was established by spectroscopic methods and an X-

ray structure analysis of its tri-O-acetyl derivative. This N-glycoside had previously been isolated only from human urine. In
addition, the plant was found to contain monomethyl fumarate and D-mannitol. # 1999 Elsevier Science Ltd. All rights
reserved.
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1. Introduction

Rothmannia longi¯ora Salisb. (Rubiaceae) is a shrub
or tree which is widespread in tropical Africa
(Hutchinson, & Dalziel, 1963). Aqueous extracts and
the powdered leaves are used in the traditional medi-
cine of the West African Oubis people for the treat-
ment of diarrhoea (Adjanohoun, & AkeÂ Assi, 1979).
Furthermore, applications as analgesic, emetic and
fever remedy have been described (Abbiw, 1990). The
related South African plant species R. globosa contains
several iridoids (Jensen, 1983) and from R. hispida a

not yet fully characterized dye was isolated (Ashraf,
Ekpenyong, Nair, Akpan, & Kpagh, 1990), but no
phytochemical studies have to date been performed on
R. longi¯ora. In this paper we describe the isolation of
the unusual N-glycoside 4-oxonicotinamide-1-(1 '-b-D-
ribofuranoside) (1)1, its structural elucidation by spec-
troscopic methods, and the con®rmation by an X-ray
structure analysis of its triacetyl derivative. In addition
to 1 we have identi®ed the widespread natural pro-
ducts D-mannitol and fumaric acid monomethyl ester
in R. longi¯ora.

2. Results and discussion

A methanolic extract of the dried and powdered
fruits of R. longi¯ora was subjected to consecutive
separation on polyamide gel, Sephadex LH-20, and
®nally Lobar1 RP-18, to a�ord crystalline D-mannitol,
identical to an authentic sample by its spectral (IR,
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NMR, MS) data and a nitrogen-containing solid
compound.

Electrospray ionization mass spectrometry of the
solid substance in the positive mode yielded molecular
ions [M+H]+, m/z 271 and [M+Na]+, m/z 293, in-
dicating a molecular mass of 270 amu. MS/MS-exper-
iments focusing on precursor ions m/z 271 and m/z
293 revealed product ions m/z 139 and m/z 161, due to
the neutral loss of 132 amu. Thus, the isolated natural
product was a glycoside consisting of a pentose (132
amu) and the corresponding aglycone (138 amu). The
ions m/z 139 [aglycone+H]+ and m/z 133 [pentose
moiety+H]+, but no molecular ion was detected by
CI conditions with isobutane as the reagent gas.

High resolution mass spectrometry using EI of m/z
138 yielded a molecular formula corresponding to
C6H6N2O2 for the aglycone unit. Further evidence of
the structure of the aglycone were the ions
[C6H4NO2]

+, m/z 122 and [C5H4NO]+, m/z 94, which
were indicative of an amide group.

The 1H NMR spectrum showed resonances of an
aromatic ring and a pentose. The coupling pattern and
the marked down®eld shift of three aromatic protons
were typical of a 3,4-bisubstituted aromatic ring con-
taining one nitrogen. The HMBC and NOE spectra
(see Fig. 1) con®rmed this and showed the amide
group to be located at C-3 and the sugar to be con-
nected with the ring nitrogen of the aglycone at pos-
ition C-1 '. The assignment of the 13C signals in the

aromatic ring was achieved by HMQC and HMBC ex-
periments.

The down®eld shift (88.5 ppm) of C-4 ' in 13C NMR
revealed that the sugar must be a furanose (Bock, &
Pedersen, 1983). The 13C NMR signals of the sugar
were again assigned with the help of HMQC and
HMBC experiments. The ribose unit was identi®ed by
a cleavage experiment under acidic conditions and
comparison of the pentose formed by TLC with an
authentic reference of D-ribose. The 1H NMR spectra
of the compound were all in agreement with structure
1 and matched with the 200 MHz data given for 4-
oxonicotinamide-1-(1 '-b-D-ribofuranoside) (1) in
Dutta, Drain, McCloskey, and Chheda (1979),
Srikrishnan, Parthasarathy, Alderfer, Dutta, and
Chheda (1988) and Dutta, and Chheda (1991). Since
13C NMR data for this compound were not given in
those publications, they are presented in this paper.
Furthermore, quantumchemical calculations of the 13C

NMR data of 1 were carried out, starting from an
input geometry preoptimized with the TRIPOS force
®eld. The conformational analysis was done by semi-
empirical AM1 calculations, and the minimum struc-
ture found was re®ned by an ab initio RHF/3-21G
geometry optimization, followed by 13C NMR calcu-
lations using the GIAO method (Wolinski et al., 1990).
The calculated values (see Table 1) show good agree-
ment with the experimental data and thus con®rm the
attribution of the signals.

Compound 1 was derivatized by peracetylation of
the sugar moiety. The resulting triacetate 2 gave crys-
tals suitable for an X-ray structure analysis (see Fig.
2), which con®rmed the constitution and revealed that
the glycoside has b-con®guration.

According to TLC both compounds, 1 and D-manni-
tol, are also present in the methanolic extract of the
leaves and branches. From this extract the N-glycoside
1 was isolated by centrifugal TLC.

As an alternative to the neutral methanolic extrac-
tion procedure of the fruits described above, the leaves

Table 1

Experimental (a) and calculated (b) 13C NMR chemical shifts (d-
values in ppm) of 1

Atom a b

C-5 ' 63.36 62.2

C-3 ' 72.50 65.4

C-2 ' 78.10 73.2

C-4 ' 88.53 82.8

C-1 ' 99.47 96.8

C-3 120.81 113.5

C-5 122.86 119.3

C-6 141.29 140.2

C-2 145.26 160.4

CONH2 170.35 173.9

C-4 181.72 181.3

Fig. 1. Structure of the glycoside 1 and its tri-O-acetylated derivative

2, by selected 13C NMR chemical shifts and NOE e�ects (a) and by

HMBC interactions (b).
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and branches were macerated with methanol±water±
0.9 M HOAc. After evaporation of the methanol the
aqueous phase was extracted consecutively with n-hex-
ane and then chloroform. The chloroform extract was
resolved by high speed countercurrent chromatography
(HSCCC), with methanol±water±0.9 M HOAc as the
eluent to a�ord monomethyl fumarate as a colorless
crystalline compound. This monoester was identi®ed
by its spectroscopic data (MS, NMR, IR), which were
identical to those of a reference obtained from fumaric
acid dimethylester by partial hydrolysis according to
Erlenmeyer, and Schoenauer (1937). TLC comparison
of the genuine extracts, however, indicated that mono-
methyl fumarate was absent in material gained by neu-
tral extraction. This suggests that the ester is a
derivative of an as yet unknown natural product as a
result of the acidic conditions. A search for the genu-
ine source of the ester is in progress. Monomethyl
fumarate has been found previously in the higher plant
species Tagetes minuta (Compositae) (Ickes, Fong,
Schi�, Perdue, & Farnsworth, 1973) and Cudrania
javanensis (Moraceae) (Knapp, & Schi�, 1971). In the
latter case, the compound was likewise isolated under
acidic conditions and thus might have been a workup
artifact, too.

Of the three (biosynthetically unrelated) natural pro-
ducts from R. longi¯ora presented in this paper, D-
mannitol is widespread in higher plants. By contrast,
monomethyl fumarate as a natural product is rare,

whereas fumaric acid itself as a primary metabolite is
common to higher plants. The N-glycoside 1 has so far
been isolated from human urine, exclusively (Dutta et
al., 1979; Mills, & Davis, 1989), never from higher
plants.

3. Experimental

3.1. General

Mps uncorr. Optical rotations: 10 cm cell, MeOH,
CHCl3. IR: KBr. 1H NMR (250 or 600 MHz, Bruker)
and 13C NMR (62.9 and 150.9 MHz, Bruker) were
recorded in D2O (external calibration), CD3OD (sol-
vent as internal standard, d 3.30 and d 49.02, resp.),
CDCl3 (solvent as internal standard, d 7.26 and d
77.01 resp.), DMSO-d6 (solvent as internal standard, d
2.50). Proton detected, heteronuclear correlations were
measured using HMQC (optimized for 1JHC=150 Hz)
and HMBC (optimized for nJHC=7 Hz). The force
®eld and the semiempirical AM1 calculations were car-
ried out on Silicon Graphics IRIS 4D/310 GTX and
INDIGO (R4000) workstations using the SYBYL pro-
gram package2 and the VAMP 6.1 program (Rauhut
et al.), respectively. The ab initio calculations were per-
formed on a Fujitsu VPP700 supercomputer at the
Leibniz Rechenzentrum in Munich using the Gaussian
94 program package (Frisch et al., 1995). EIMS: 70
eV. CIMS: isobutane as reagent gas, electron energy
70 eV, source pressure held at 0.3 mbar and temp. at
130±1408. MS/MS analysis: performed on a triple
stage quadrupole TSQ 7000 MS/MS system with elec-
trospray interface (ESI) (Finnigan MAT), temp. of the
heated capillary 2008C. ESI voltage set to 3.0 kV. N2

served both as sheath (50 psi) and auxiliary gas. Runs
were performed by loop injection in positive mode.
CC: polyamide (50±160 mesh, Machery und Nagel),
Sephadex LH-20 (Pharmacia), Lobar1 RP-18 (Size B,
Merck). TLC: precoated silica gel 60 F254 plates
(Merck), Cellulose (Merck), spots were detected under
UV light and stained by methanolic H2SO4 with sub-
sequent heating. Chromatotron (Harrison Research):
silica gel 60 PF254 (containing gypsum, Merck).
HSCCC: CHCl3±MeOH±0.1 M HOAc (5:5:3), mobile
phase: lower phase, (H)4T, Triple Coil No. 14,
1.7� 950 mm (large coil), TLC detection (see above),
¯ow 2.5 ml minÿ1, 900 minÿ1 (Conway, 1990). The X-
ray data were obtained at room temp. on a Siemens
P4 di�ractometer using graphite monochromatized
MoKa radiation.

3.2. Plant material

Fruits, branches and leaves from a specimen of R.
longi¯ora Salisb. were collected in Subri Forest

Fig. 2. The stereostructure of 2 in the crystal; hydrogen atoms have

been omitted for reasons of clarity.

2 SYBYL: Tripos Inc., 1699 S. Hanley Road, St. Louis, MO,

63144-2913, USA.
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Reserve, Daboase, South West Ghana (F.S.K.T.) and
in Ivory Coast (L.A.A.). Additional plant material was
purchased from A.A. Enti (Forestry Enterprises,
Accra, Ghana). A voucher specimen (No. 33) has been
deposited in Herbarium Bringmann.

3.3. Extraction and isolation

The dried fruits (50.0 g) and a mixture of the
branches and leaves (92.0 g) were treated separately.
The plant material was milled and extracted sub-
sequently with petrol, CH2Cl2, and MeOH in a
Soxhlet extractor. In a third extraction the branches
and leaves (120 g) were macerated with MeOH±H2O±
0.9 M HOAc (5:1:1). After evapn of MeOH, the aq.
soln was extracted with n-hexane and CHCl3 and the
solvents were evapd in vacuo.

3.4. Isolation of D-mannitol

0.50 g of the crude methanolic fruit extract were
fractionated on polyamide (MeOH±H2O, 1:141:0)
and Sephadex LH-20 (MeOH±H2O, 3:1). A viscous
mass was obtained, from which D-mannitol gave color-
less crystals (76 mg). Mp 162±1648 (MeOH±H2O);
(The Merck Index, 1989) mp 166±1688 (MeOH). [a ]D

20

+228 (H2O±1% borax, c 8.0); (The Merck Index,
1989) [a ]D

20 +23±248 (H2O±13% borax, c 10.0). The
physical and spectroscopic (IR, NMR, MS) data were
identical to those of an authentic sample obtained
from Aldrich. By TLC, D-mannitol was also detected
in the crude methanolic extract of branches and leaves.

3.5. Isolation of 4-oxonicotinamide-1-(1 '-b-D-
ribofuranoside) (1)

The mother liquor obtained by crystallization of D-
mannitol (see above) was fractionated on Lobar1 RP-
18 with MeOH±H2O (1:3) as the eluent at a pressure
of 3 bar (3 ml/min) to give 1 (7.5 mg). An alternative
isolation method proved to be more economical: 100
mg of the MeOH-extract of the branches and leaves
were puri®ed two times by centrifugal TLC using 4
mm plates and eluting with CH2Cl2±MeOH
(10:046:4). Final precipitation from MeOH a�orded
1 (13.3 mg) as a colorless microcrystalline powder. Mp
205±2068 (EtOH); (Dutta et al., 1979; Srikrishnan et
al., 1988; Dutta, & Chheda, 1991) mp 211±2128
(EtOH). [a ]D

25 ÿ97.18 (MeOH; c 0.25); (Dutta et al.,
1979; Srikrishnan et al., 1988; Mills, & Davis, 1989;
Dutta, & Chheda, 1991) [a ]D not given. IR nmax cmÿ1:
3210 (O±H), 1650 (C.O), 1530 (C.O), 1180, 1110,
1030. 1H NMR (600 MHz, D2O): d 3.78 (1H, dd,
Jgem=12.8 Hz, Jvic=4.1 Hz, H-5 '), 3.86 (1H, dd,
Jgem=12.8 Hz, Jvic=3.1 Hz, H-5 '), 4.20 (1H, dd,
J=3.9 Hz, J=3.3 Hz, H-4 '), 4.23 (1H, dd, J=5.2

Hz, J=3.7 Hz, H-3 '), 4.29 (1H, dd, J=5.4 Hz,
J=5.4 Hz, H-2 '), 5.61 (1H, d, J=5.6 Hz, H-1 '), 6.67
(1H, d, J=7.6 Hz, H-5), 8.00 (1H, dd, J=7.8 Hz,
J=2.3 Hz, H-6), 8.75 (1H, d, J=2.5 Hz, H-2). 1H

NMR (600 MHz, DMSO-d6): d 3.59±3.66 (2H, m, H-
5 '), 3.99±4.05 (3H, m, overlapped, H-2 ', H-3 ', H-4 '),
5.16 (1H, t, J=5.0 Hz, J=5.0 Hz, 5 '-OH) 5.25 (1H,
d, J=4.2 Hz, 2 '-OH or 3 '-OH), 5.50 (1H, d, J=6.1
Hz, 1 '-H), 5.52 (1H, d, J=6.5 Hz, 2 '-OH or 3 '-OH),
6.47 (1H, d, J=7.6 Hz, H-5), 7.49 (1H, d, J=4.9 Hz,
NH), 8.07 (1H, d, J=7.6 Hz, J=2.4 Hz, H-6), 8.65
(1H, d, J=2.4 Hz, H-2), 9.45 (1H, d, J=4.9 Hz,
NH). 13C NMR (150 MHz, D2O): d 63.36 (C-5 '),
72.50 (C-3 '), 78.10 (C-2 '), 88.53 (C-4 '), 99.47 (C-1 '),
120.81 (C-3), 122.86 (C-5), 141.29 (C-6), 145.26 (C-2),
170.35 (CONH2), 181.72 (C-4). The 13C attributions
were achieved by HMQC and HMBC experiments.
EIMS m/z (rel. int.): 138 [M±C5H8O4]+ (100), 122
[M±C5H8O4±NH2]

+ (19), 121 [M±C5H8O4±NH3]
+

(45), 94 [M±C5H8O4±CONH2]
+ (30), 93 [M±C5H8O4±

CONH3]
+ (25). HREIMS m/z: 138.043 [M±C5H8O4]

+

(C6H6N2O2 requires 138.043), 122.023 [M±C5H8O4±
NH2]

+ (C6H4NO2 requires 122.024), 121.016 [M±
C5H8O4±NH2±H]+ (C6H3NO2 requires 121.016),
94.029 [M±C5H8O4±CONH2]

+ (C5H4NO requires
94.029), 93.022 [M±C5H8O4±CONH2±H]+ (C5H3NO
requires 93.021). ESI-MS m/z (positive mode): 293
[M+Na]+, 271 [M+H]+. MS/MS (coll. an. 15 eV,
2.0 mTorr Ar, scanning product ions 200±300 m/z in 3
s): m/z 293 [M+Na]+: 161 [M±C5H8O4+Na]+, m/z
271 [M+H]+: 139 [M±C5H8O4+H]+. CIMS (iso-
butane) m/z (rel. int.): 139 [M±C5H8O4+H]+ (100),
133 [M±C6H6N2O2+H]+ (23).

3.6. Conformational analysis and NMR calculations on
1

The preoptimized input geometries for the AM1 cal-
culations were generated by the TRIPOS force ®eld
within the SYBYL program package. The confor-
mational space of 1 was searched semiempirically by
AM1 calculation of reaction coordinates of the ¯exible
dihedral angles using the corresponding keywords of
the VAMP program package (Rauhut et al.).
Geometry optimizations were done by applying the EF
algorithm with a gradient norm speci®cation of 0.1
mdyn/AÊ . The global minimum structure was chosen
for further ab initio calculations. The RHF/3-21G
minimized geometry structure was determined using
the default optimization algorithm as implemented in
Gaussian 94 (Frisch et al., 1995). Based on this struc-
ture, the 13C NMR properties were calculated with the
GIAO method (Wolinski et al., 1990; Frisch et al.,
1995) (see Tables 1 and 2).
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3.7. Acid cleavage of 1

Glycoside 1 (1 mg) in 1 ml 2 N HCl±H2O±MeOH
(4:1:5) was heated on a steam bath overnight and neu-
tralized with 2 N NH3 and evapd to dryness. The
sugar sample was directly analyzed by TLC on cellu-
lose (double run) using the solvent system n-BuOH±
pyridine±HOAc±EtOAc±H2O (10:4:2:5:4) and visual-
ized with aniline phthalic acid reagent after heating at
1108 for 5 min (El Sayed et al., 1995). It proved to be
identical with an authentic sample obtained from
Merck.

3.8. Acetylation of 1

To 11.6 mg of 1 in 1 ml pyridine 1 ml Ac2O was
added. The reaction mixt. was stirred overnight at
room temp. The soln was then concd to dryness in
vacuo and puri®ed by chromatography on a silica gel
column eluted with CH2Cl2±MeOH (100:6). The pro-
duct, 4-oxonicotinamide-1-(1 '-b-D-2 ',3 ',5 '-tri-O-acetyl-
ribofuranoside (2), was obtained as colorless needles
(14.0 mg) from EtOAc±CH2Cl2±n-pentane. Mp 198±
2018. [a ]D

25 ÿ107.68 (CHCl3; c 0.26). IR nmax cmÿ1:
3420, 1730 (C.O), 1660 (C.O), 1540 (C.O), 1230,
1220, 1210. 1H NMR (600 MHz, CDCl3): d 2.10 (3H,
s, Ac), 2.14 (3H, s, Ac), 2.22 (3H, s, Ac), 4.36 (1H, dd,
Jgem=12.5 Hz, Jvic=2.3 Hz, H-5 '), 4.45 (1H, dd,
Jgem=12.5 Hz, Jvic=2.8 Hz, H-5 '), 5.25 (1H, dd,
J=11.0 Hz, J=5.2 Hz, H-2 '), 5.33 (1H, dd, J=5.4
Hz, J=3.6 Hz, H-4 '), 5.45 (1H, dd, J=11.1 Hz,
J=5.6 Hz, H-3 '), 5.58 (1H, d, J=5.9 Hz, H-1 '), 6.06
(1H, s, NH), 6.63 (1H, d, J=7.7 Hz, H-5), 7.60 (1H,
dd, J=7.7 Hz, J=2.3 Hz, H-6), 8.72 (1H, d, J=2.5
Hz, H-2), 9.79 (1H, s, NH). 13C NMR (150.9 MHz,
CDCl3): d 20.29 (Ac), 20.45 (Ac), 20.67 (Ac), 62.74 (C-
5 '), 70.24 (C-4 '), 74.40 (C-2 '), 94.56 (C-1 '), 102.90 (C-
3 '), 119.60 (C-3), 121.56 (C-5), 135.83 (C-6), 141.86
(C-2), 165.95 (CONH2), 169.34 (Ac), 169.50 (Ac),
170.37 (Ac), 178.34 (C-4). The 13C attributions were
achieved by HMQC and HMBC experiments. EIMS
m/z (rel.int.): 396 [M]+ (12), 259 [M±C6H5N2O2]

+

(100), 139 [M±C11H15O7+1]+ (90), 43 [Ac]+ (95).
HREIMS m/z: 396.117 [M]+ (C17H20N2O9 requires
396.117).

3.9. X-ray structure analysis of compound 2

Crystals suited for an X-ray structure analysis were
obtained from MeOH. Crystal dimensions,
0.2� 0.3� 2.3 mm, C17H20N2O9, Mr=396.35, orthor-
hombic, a=8.218(2), b=13.783(2), c=16.303(3) AÊ ,
V=1846.7(7) AÊ 3, space group P212121, #19, Z=4,
Dc=1.426 g cmÿ3, m(MoKa)=1.2 cmÿ1,
F(000)=832. The ®nal re®nement converged to
R=0.056 and RW=0.051. Atomic coordinates, bond

lengths and angles and thermal parameters may be
obtained from the Cambridge Crystallographic Data
Centre on quoting the depository number CCDC
109904.

3.10. Isolation of fumaric acid monomethylester

The evapn residue of the CHCl3 extract of the leaves
and branches was separated by HSCCC giving fumaric
acid monomethylester (13.0 mg) as colorless crystals,
mp 1428 (MeOH±H2O); (Erlenmeyer, & Schoenauer,
1937) mp 1438. The spectroscopic data (IR, NMR,
MS) were identical to those of an authentic sample
synthesized according to Erlenmeyer, and Schoenauer
(1937).
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