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Rotundines A (1), B (2), and C (3), three novel sesquiterpene alkaloids with an unprecedented carbon
skeleton, were isolated from the rhizomes of Cyperus rotundus. The structures of 1-3 were elucidated
by spectral and chemical methods.

The rhizomes of Cyperus rotundus Linn. (Cyperaceae)
have been used as an analgesic in traditional Chinese
medicine.1 Phytochemical research on this plant has led
to the identification of several essential-oil components.2,3

As part of our ongoing search for new alkaloids from
medicinal plants, we have isolated three sesquiterpene
alkaloids from the rhizomes of C. rotundus. Herein, we
describe the isolation and structure determination of these
alkaloids, rotundines A-C (1-3), which are based on a new
sesquiterpene skeleton. To the best of our knowledge, this
is the first report of alkaloids from this plant.

Rotundine A (1) was obtained as a colorless oil and
responded positively to Dragendorff’s reagent. Its molecular
formula was determined as C15H21NO by HRFABMS ([M
+ H]+ 232.1705, calcd 232.1701). The UV maximum at 260
nm and 1H NMR signals at δ 7.22 (1H, d, J ) 5.7 Hz) and
8.51 (1H, d, J ) 5.7 Hz) indicated the presence of a pyridine
moiety. All 13C NMR resonances of the pyridine moiety
could not be observed in CDCl3, but on the addition of DCl,
the quaternary carbons (C-1, C-4a, C-7a) and the methyl
carbon of the pyridine moiety could be assigned. An IR
band (1713 cm-1, CdO) and 13C NMR signals [δ 208.1 (s),
30.0 (q)] suggested the presence of an acetyl moiety.
Furthermore, the 1H and 13C NMR spectra of 1 (Tables 1
and 2) indicated the existence of the remaining functional

groups. Analysis of the HMBC spectrum, as well as the
1H-1H COSY and HSQC data (Figure 1), suggested a
structure as either a cyclopenta[c]pyridine or cyclopenta-
[b]pyridine derivative. In the NOESY experiment of 1
(Figure 1), the H-8 methyl proton showed NOEs with the
H-7 methylene protons, and the H-4 proton with the H-9
and H-10 methyl protons. Based on these results, the
structure of rotundine A (1) was assigned as 1,5,5-tri-
methyl-6-(3′-oxobutyl)-6,7-dihydro-5H-cyclopenta[c]pyri-
dine.

Rotundine B (2) was obtained as colorless oil. Its molec-
ular formula was deduced as C15H23NO by HRFABMS ([M
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Table 1. 1H NMR Data for Compounds 1-3 (600 MHz, in
CDCl3 + TFA)a

proton 1b 2 3

3 8.51 d (5.7) 8.60 d (5.3) 8.59 d (5.3)
4 7.22 d (5.7) 7.35 d (5.3) 7.35 d (5.3)
6 2.01 m 2.14 m 2.13 m
7 2.50 dd (10.1,16.0) 2.58 dd (10.7,16.3) 2.56 dd (10.0,16.3)

3.01 dd (7.8,16.0) 3.11 dd (7.6,16.2) 3.11 dd (7.8,16.3)
8 2.64 s 2.72 s 2.72 s
9 1.03 s 1.05 s 1.05 s

10 1.36 s 1.38 s 1.39 s
1′ 1.61 m 1.40-1.59 m 1.40 m

1.93 m 1.81 m
2′ 2.54 m 1.40-1.59 m 1.49 m

2.59 m 1.61 m
3′ 3.86 m 3.86 m
4′ 2.18 s 1.25 d (6.2) 1.25 d (6.2)

a J values (in Hz) are given in parentheses. b Recorded at 500
MHz.

Table 2. 13C NMR Data for Compounds 1-3 (125 MHz, in
CDCl3 + TFA)a

carbon 1 2 3

1 148.8 sb 149.3 s 149.3 s
3 144.7 d 140.7 d 140.7 d
4 116.1 d 117.8 d 117.8 d
4a 171.9 sb 171.6 s 171.6 s
5 46.6 s 47.5 s 47.5 s
6 49.9 d 50.5 d 50.5 d
7 34.0 t 33.7 t 33.8 t
7a 139.7 sb 139.7 s 139.7 s
8 17.2 qb 17.5 q 17.5 q
9 22.9 q 22.7 q 22.7 q

10 25.9 q 23.9 q 23.9 q
1′ 23.1 t 25.1 t 25.4 t
2′ 42.3 t 37.8 t 38.0 t
3′ 208.1 d 67.9 d 68.2 d
4′ 30.0 q 25.6 q 25.6 q

a Multiplicities deduced by DEPT experiments. b These signals
were measured in CDCl3 + DCl.
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+ H]+ 234.1858, calcd 234.1893). The 1H NMR spectrum
of 2 was quite similar to that of 1 except for the signals
ascribable to an oxygenated methine proton at δ 3.80 (1H,
m, H-3′) and methyl protons at δ 1.25 (3H, d, J ) 6.2 Hz,
H-4′). The 1H-1H COSY spectrum revealed correlations
from the H-7 methylene protons (δ 2.58, 3.11) to the H-4′
methyl protons (Figure 2). These data suggested a struc-
ture in which the ketone group of 1 was replaced by a
secondary alcohol group. Interpretation of the HMBC,
HSQC, and NOESY NMR spectra enabled its structure to
be established as 1,5,5-trimethyl-6-(3′-hydroxybutyl)-6,7-
dihydro-5H-cyclopenta[c]pyridine. The absolute configura-
tion at C-3′ was established using the modified Mosher’s
method.4 Determination of ∆δH (δS-δR) data of the (S)-R-
methoxy-R-(trifluoromethyl)phenylacetic acid (MTPA) and
(R)-MTPA esters, 2a and 2b, indicated that the absolute
configuration of C-3′ was R.

Rotundine C (3), C15H23NO, closely resembled 2 in its
1H and 13C NMR spectra except for differences of the
chemical shifts at the H-1′ and H-2′ protons and the C-1′,
C-2′, and C-3′ 13C NMR signals. Therefore, compound 3 was
presumed to be a stereoisomer of 2. Analysis of the ∆δH

(δS-δR) data of the (S)-MTPA and (R)-MTPA esters, 3a and
3b, indicated that the absolute configuration of C-3′ was
R, the same as 2. From the data obtained, it may be
assumed that 3 is an epimer of 2 at the C-6 position.

The absolute configuration at C-6 of rotundines A, B, and
C (1-3) has not yet been determined, although these
compounds have an unprecedented sesquiterpene skeleton.
Although monoterpene and sesquiterpene alkaloids con-
taining a pyridine skeleton have been isolated from natural
sources,5,6 sesquiterpene alkaloids with a cyclopenta[c]-
pyridine have not been reported previously.

Experimental Section

General Experimental Procedures. Optical rotations
were recorded on a JASCO DIP-370 digital polarimeter. UV
spectra were recorded on a JASCO U-best30 spectrophotom-
eter. IR spectra were recorded on a JASCO FT/IR-410 spec-
trophotometer. 1H and 13C NMR spectra were recorded on
Varian Unity 500 (500 MHz) and 600 (600 MHz) spectrom-
eters. The chemical shifts are reported in parts per million
relative to the solvent (CDCl3, δH 7.24, δC 77.0). FABMS and
HRFABMS were recorded on a JEOL SX-102 spectrometer.

Plant Material. Rhizomes of C. rotundus were purchased
from Uchida Wakanyaku Co., Ltd. (Tokyo, Japan) in March
1999. A voucher specimen (lot. 242118) is deposited in the
herbarium of the Department of Natural Products Chemistry,
Graduate School of Pharmaceutical Sciences, Kyushu Univer-
sity, Japan.

Extraction and Isolation. Dried rhizomes (3 kg) of C.
rotundus were extracted three times with MeOH for 48 h at
room temperature. The MeOH extract (210 g) was dissolved
in 3% HCl (1 L) and filtered, and the filtrate was extracted
with 5% MeOH/CHCl3. The 3% HCl layer was then basified
with NH4OH solution to pH 9, and the mixture was extracted
with 5% MeOH/CHCl3. The crude alkaloid fraction (520 mg)
was chromatographed on Sephadex LH-20 (MeOH, 750 mL)
to obtain four fractions (A-D). Fraction B (100 mg), which
responded positively to Dragendorff’s reagent, was chromato-
graphed on Si gel (CHCl3/MeOH/Et2NH, 50:0:1-30:1:1) to yield
four fractions (B1-B4). Fraction B2 (13 mg) was chromato-
graphed by preparative TLC (Si gel 60, CHCl3/MeOH/Et2NH,
15:1:0.1) to yield compound 1 (2.2 mg). Fraction C (43 mg) was
chromatographed using HPLC on Cosmosil 5C18-AR-II with
CH3CN/0.1% TFA (5:95-95:5, UV 254 nm, 3 mL/min) to obtain
compounds 2 (3.1 mg) and 3 (3.3 mg).

Rotundine A (1): colorless oil; [R]27
D -12.3° (c 0.31, CHCl3);

UV (MeOH) λmax (log ε) 260 (3.15) nm; IR (CHCl3) νmax 3007,
2963, 2933, 1713, 1596, 1455 cm-1; 1H NMR, see Table 1; 13C
NMR, see Table 2; FABMS m/z 232 [M + H]+ (52), 207 (18),
176 (10), 154 (47), 136 (55), 109 (30), 95 (53), 69 (87), 57 (100);
HRFABMS m/z 232.1701 (calcd for C15H22NO [M + H]+,
232.1705).

Rotundine B (2): colorless oil; [R]25
D -14.7° (c 0.15,

CHCl3); UV (MeOH) λmax (log ε) 264 (3.40) nm; IR (CHCl3) νmax

3019, 2961, 2928, 2857, 1671 cm-1; 1H NMR, see Table 1; 13C
NMR, see Table 2; FABMS m/z 234 [M + H]+ (62), 175 (8),
154 (46), 136 (38), 109 (25), 95 (41), 59 (100); HRFABMS m/z
234.1861 (calcd for C15H24NO [M + H]+, 234.1858).

(S)-MTPA Ester (2a) of 2. Rotundine B (2, 0.5 mg) was
dissolved in CH2Cl2 (0.15 mL) and treated with (S)-(-)-MTPA
(1.89 mg); 1,3-dicyclohexylcarbodiimide (1.52 mg); and 4-(di-
methylamino)pyridine (0.79 mg). The mixture was left to stand
for 72 h at room temperature, with the resulting mixture
purified by preparative TLC (Si gel 60, CHCl3/MeOH, 10:1) to
give the (S)-MTPA ester (0.7 mg): 1H NMR (CDCl3, 500 MHz)
δ 8.27 (1H, d, J ) 5.0 Hz, H-3), 6.87 (1H, d, J ) 5.0 Hz, H-4),
5.21 (1H, m, H-3′), 2.86 (1H, m, H-7), 2.42 (3H, m, H-8), 2.28
(1H, m, H-7), 1.87 (1H, m, H-6), 1.38 (3H, d, J ) 6.4 Hz, H-4′),
1.22 (3H, s, H-10), 0.84 (3H, s, H-9).

(R)-MTPA Ester (2b) of 2. Rotundine B (2, 0.4 mg) was
esterified with (R)-(+)-MTPA according to the same procedure
described for 2a, to yield 2b (0.6 mg): 1H NMR (CDCl3, 500
MHz) δ 8.29 (1H, d, J ) 5.0 Hz, H-3), 6.89 (1H d, J ) 5.0 Hz,
H-4), 5.20 (1H, m, H-3′), 2.93 (1H, m, H-7), 2.44 (3H, s, H-8),
2.38 (1H, m, H-7), 1.93 (1H, m, H-6), 1.31 (3H, d, J ) 6.4 Hz,
H-4′), 1.25 (3H, s, H-10), 0.90 (3H, s, H-9).

Rotundine C (3): colorless oil; [R]25
D -10.2° (c 0.11, CHCl3);

UV (MeOH) λmax (log ε) 262 (3.48) nm; IR (CHCl3) νmax 3008,
2969, 2931, 2859, 1671 cm-1; 1H NMR, see Table 1; 13C NMR,
see Table 2; FABMS m/z 234 [M + H]+ (100), 207 (10), 154
(46), 136 (47), 107 (16), 91 (20), 73 (31), 59 (36); HRFABMS
m/z 234.1893 (calcd for C15H24NO [M + H]+, 234.1858).

(S)-MTPA Ester (3a) of 3. Rotundine C (3, 1.0 mg) was
dissolved in dry pyridine (0.1 mL) and treated with (R)-(-)-
R-methoxy-R-(trifluoromethyl)phenylacetyl chloride (MTPA-Cl)
(10 µL). The mixture was left to stand at room temperature

Figure 1. Significant 2D correlations of rotundine A (1).

Figure 2. 1H-1H COSY correlations of rotundines B (2) and C (3).
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for 3 h, with the resulting mixture being purified by prepara-
tive TLC (Si gel 60, CHCl3/MeOH, 10:1) to give the (S)-MTPA
ester (0.7 mg): 1H NMR (CDCl3, 500 MHz) δ 8.27 (1H, J )
5.0 Hz, H-3), 6.87 (1H, d, J ) 5.0 Hz, H-4), 5.20 (1H, m, H-3′),
2.86 (1H, m, H-7), 2.42 (3H, s, H-8), 2.28 (1H, m, H-7), 1.89
(1H, m, H-6), 1.77 (1H, m, H-1′), 1.38 (3H, d, J ) 6.4 Hz, H-4′),
1.22 (3H, s, H-10), 0.84 (3H, s, H-9).

(R)-MTPA Ester (3b) of 3. Rotundine C (3, 1.1 mg) was
esterified with (S)-(+)-MTPA-Cl according to the same proce-
dure described for 3a, to yield 3b (0.7 mg): 1H NMR (CDCl3,
500 MHz) δ 8.29 (1H, J ) 5.0 Hz, H-3), 6.89 (1H, J ) 5.0 Hz,
H-4), 5.19 (1H, m, H-3′), 2.93 (1H, m, H-7), 2.43 (3H, s, H-8),
2.38 (1H, m, H-7), 1.95 (1H, m, H-6), 1.85 (1H, m, H-1′), 1.31
(3H, d, J ) 6.4 Hz, H-4′), 1.25 (3H, s, H-10), 0.90 (3H, s, H-9).
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