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Tangutorine: A Novel B-Carboline Alkaloid from Nitraria tangutorum
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Abstract: Tangutorine (1) was isolated from the leaves of Nitraria tangutorum and shown to possess a
novel B-carboline skeleton. The structure and stereochemistry were determined on the basis of spectral
and X-ray crystallographic data. © 1999 Elsevier Science Ltd. AH rights veserved.

The genus Nitraria (Zygophyllaceae), comprising ca. 15 species, is widely distributed in the Middle
East, central Asia, and the northwest region of China. Among them, N. tangutorum L. grows in China,
and its leaves are used in folklore medicine as an antispasmodic, antineuropathic, and anti-arrhythmic
agent.! Prior studies have shown that several members of the genus Nitraria contain B-carbolines,
quinolizidines, spiropiperidines and quinazolines,” yet there is no record on the chemical composition of
the Chinese species N. tangutorum. We now report the isolation and structural determination of

tangutorine (1), a novel B-carboline alkaloid, from the leaves of N. tangutorum.

i

An EtOH extract of the air-dried leaves was partitioned between petroleum ether and water. The
water layer was adjusted to pH 10 with NH,OH and extracted by CHCl. The CHCl-soluble portion was
subjected to repeated chromatographic separation on silica gel using CHCl,-MeOH mixtures of increasing
polarity as eluant. The fractions obtained from CHCl-MeOH (92:8) elution were purified on Sephadex
LH-20 eluted with MeOH to afford tangutorine (0.072% yield).
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Tangutorine (1) was obtained as colorless crystals from a CH,CkL-MeOH mixture, m.p. 276 - 278 °C,
{adp 0° (¢ = 0.5, MeOH). The molecular formula CoHz4N,O was derived from HR-LSIMS (M + 11" m/z
309.1975, calcd. 309.1961). In the EIMS spectrum, an M* signal (m/z 308) was abundant, and fragment
ions at m/z 291 and 277 were present, corresponding to the loss of OH and CH,OH, respectively.
Cleavage between the C/D ring and subsequent loss of the ring C fragments gave rise to a series of signals
at m/z 170 (100%), 169 (60), and 144 (15), typical for B-carboline structures such as the yohimbine
alkaloids.”> The UV spectrum showed absorptions at 225, 281, and 292 (sh) nm, which are characteristic
for B-carbolines. The IR absorption bands at 730 (o-disubstituted benzene ring), 1020 (C-O in primary
alcohol), 1444, 1470, 1626 (substituted indole nucleus), and 3240 (OH, NH) cm?! further supported the

presence of a B-carboline structure.

The C NMR spectrum (Table 1) displayed twenty carbon signals. Among the ten carbons
resonating at low field, eight were readily identified as carbons of the indole moiety (C-2 and C-7 to C-
13). The corresponding aromatic protons (H-9 to H-12) were also assigned through their COSY
relationship with these carbons. The remaining two carbon signals in the low-field region belong to an
olefinic group; the compound is hence pentacyclic. The HMEC spectrum revealed cross peaks between
5-CH; (and 6-CH,) and C-7, establishing the spectral assignments for the B-carboline part. On the other
hand, the H-3 signal (§ 3.54, d, J = 11.3 Hz), in addition to an HMBC correlation with C-7, showed long-
ranged couplings with a CH signal at 8 65.8 (C-21) and 2 CH, signal at § 31.5 (C-15). Such an
observation led to the suggestion that the compound possessed a D-E ring structure as depicted in 1
instead of a yohimbine-type skeleton. The spectral data for the carbons and protons on rings D and E
could be assigned from the COSY, HMQC, and HMBC results (Table 1). The location of a double bond
at C-17 was inferred by the results obtained from a selective INEPT (SINEPT) experiment * (Fig. 1) in
which the olefinic proton (H-17) as well as the oxymethylene protons (22-CH,) were selectively irradiated.
Thus, irradiation of H-17 led to the enhancement of signals for C-15, C-19, C-21, and C-22; while an
irradiation of 22-CHj resulted in the enhancement of signals for C-17, C-18, and C-19. These long-range

correlation results are consistent with the proposed structure 1.

The structure and relative stereochemistry of 1 were subsequently confirmed by crystallographic
analysis,” and a thermal ellipsoid plot of the molecular structure is shown in Fig. 2. The space group is
centrosymmetric P2,/n which contains inversion centers of symmetry. Tangutorine (1) is thus a racemic

mixture of a §-carboline alkaloid with a novel skeleton.
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Table1. ‘H and "*C NMR Spectral Data of Tangutorine (1) ®

Position Carbon Proton
1 —— —
2 135.8 (s) -
3 61.6 (d) 3.54 (IH,d, 11.3)
4 — —
5 46.1 (1) 2.45 (m); 3.61 (m)
6 222 (1) 2.84 (m); 2.94 (m)
7 107.4 (s) -
8 1274 (s) -
9 118.2 (d) 7.14 (1H,d,7.8)
10 119.2 (d) 7.03 (1H,¢,7.3)
11 121.4 (d) 7.10 (1H,t,7.3)
12 111.5 (@) 7.33 (1H,,8.3)
13 137.1 (s) -
14 29.5 (1) 1.77 (m); 2.29 (m)
15 315 () 1.39 (m); 1.97 (m)
16 39.6 (d) 2.23 (m)
17 1259 (d) 541 (1H,brs)
18 137.2 (s) ---
19 26.6 (1) 221 (m); 2.91 (m)
20 264 (1) 1.55 (m); 2.37 (m)
21 65.8 (d) 2.32 (m)
22 66.1 (t) 3.97 (2H,brs)

*Recorded on a JEOL JNM-EX-400 FT-NMR spectrometer as a solution in CDCl;-CD;OD. TMS
was used as int. std., and chemical shifts are reported in ppm on the § scale, Multiplicities and J
values (in Hz) are given in parenthesis. Spectral assignments were made by the aid of COSY, HMQC,
and HMBC spectra.

Figure 1. Results of a Selective INEPT experiment
(a) "C NMR spectrum (b ) Selective irradiation of H-17
(¢) Selective irradiation of 22-CH.,
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Figure 2. Crystal Structure of 1
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