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Novel Bis(monoterpenoid) Indole Alkaloids from Psychotria bahiensis
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Two new bis(monoterpenoid) indole alkaloid glucosides, bahienoside A (1) and bahienoside B (2), together
with five known compounds, 5a-carboxystrictosidine, angustine, strictosamide, and (E)- and (2)-
vallesiachotamine, were isolated from the aerial parts of Psychotria bahiensis collected in Trinidad, West
Indies. The structures of the compounds were elucidated using 1D and 2D NMR spectral methods, viz.,
1H, 13C, 3C DEPT, H—!H COSY, HSQC, HMQC, HMBC, and TOCSY aided by IR, UV, and circular

dichroism measurements.

The genus Psychotria, which comprises about 1500
tropical species, is a rich source of polyindole,! monoter-
penoid indole,? and isoquinoline alkaloids.3~® Some of these
alkaloids are reported to show hallucinogenic” and cyto-
toxic8 properties. In the course of our project to investigate
Psychotria species in Trinidad, we studied the alkaloid
fraction of the methanol extract of the aerial parts of the
shrub Psychotria bahiensis DC. (syn P. cuspidata Bred. and
P. cornigera Benth.) (Rubiaceae), on which no prior work
was reported. This investigation resulted in the isolation
of two new indole bis(monoterpenoid) glucoalkaloids 1 and
2, along with several known alkaloids previously isolated
from members of the Rubiaceae family.
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Results and Discussion

The major compound (1) was isolated as an amorphous
solid, [o]o —128°. Its IR spectrum showed absorbances
typical of hydrogen-bonded —OH/NH (3500—3200 cm™1),
C=0 (1700 cm~1), C—0 (1300 cm™1), and vinylic/aromatic
(1625 cm™1) groups. The UV spectrum (MeOH) showed
absorption maxima at 290 and 228 nm, which were
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consistent with the presence of both indole and -alkoxy-
acrylate moieties. High-resolution electrospray mass spec-
trum (HRESMS) of 1 showed a [M + H]" peak at an exact
mass of m/z 903.3715, corresponding to the formula
Ca4Hs59N,015, calculated as 903.3764. From the 'H NMR
data, the tetrahydro-j3-carboline system was defined by the
presence of two triplets at 6 7.05 (H-11, J = 8.0 Hz) and
6.95 (H-10, J = 8.0 Hz), two doublets at 6 7.35 (H-9, J =
8.0 Hz) and 7.25 (H-12, J = 8.0 Hz), and signals for two
methylene groups at ¢ 3.13 (H-5) and 2.45 and 2.80 (H-6).
The 'H and 13C NMR data clearly indicated the presence
of two glucose moieties. The signals for the anomeric
protons at oy 4.65 (d, J = 8.6 Hz, H-1') and 4.75 (d, J =
7.1 Hz, H-1") indicated the $-configuration for both glucose
units. In the HMBC spectrum correlations were observed
between these protons (H-1' and H-1") and C-21a and
C-21b, respectively. This identified the points of attachment
of the sugar units as C-21a and C-21b.

Analysis of the tH—'H COSY and HMBC data for the
remainder of the molecule confirmed the presence of two
series of signals (labeled a and b) for two secologanin units.
The attachment of one of the secologanin units was
determined as follows. In the IH—1H COSY spectrum, a
strong cross-peak between the methine proton dy 3.95 (br
s, H-3a) and one of the methylene protons at C-14a (dy 2.05,
m) suggested that this secologanin unit was incorporated
in the usual manner for indole monoterpenoid alkaloids.
The attachment of the second secologanin unit was deduced
from the following facts. In the 3C DEPT experiment, C-5
was shown to be a methylene carbon. The proton signal at
0 8.42 (H-1) in the 'H NMR spectrum of the acetylated
compound 1a, together with correlations seen in the HMBC
spectrum between this proton and C-2, C-7, C-8, and C-13
(Figure 1), indicated that the indole nitrogen (N-1) was
protonated and hence could not be the point of attachment.
Further, the HMBC correlation observed between H-3b and
C-5 (Figure 1) established that the point of attachment of
the second secologanin unit was N-4. These data led to the
indicated structure for compound 1.

Compound 2 was obtained as an amorphous solid. The
IR and UV spectra were nearly identical to those of
compound 1. The ES mass spectrum of compound 2 gave
the same [M + H]* as for 1, suggesting the same formula,
C44HsoN2015. The major peaks in the mass spectrum of both
compounds had identical m/z values; however the intensi-
ties were markedly different. Analysis of the 'H, 13C, and
2D NMR data led to the same bis(monoterpenoid) proposed
structure as for 1. However, in light of the opposite sign of
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Figure 1. Important HMBC correlations observed for compound la.

specific rotation ([a]p +65°) of 2 compared to that of 1,
biogenetic considerations led to the conclusion that 1 and
2 differed in the configuration at C-3.

The chemical shifts of C-3 of the monoterpenoid indole
alkaloids have been used to assign the configuration at this
stereocenter in C-3 epimers. It has been found that for
monoterpenoid indole alkaloids, the chemical shift for C-3
in the S-isomer is more downfield compared to that for the
R-isomer.”9711 The 13C NMR data for compounds 1 and 2
suggest the R-configuration at C-3 for 1 and the S-
configuration for 2. Further support for these assignments
was obtained from the CD spectrum for 1, which exhibited
a negative Cotton effect in the 270—300 nm region. This
feature is characteristic of monoterpenoid indole alkaloids
with the R-configuration at C-3.1213 Repeated attempts to
obtain crystalline samples of 1 and 2 and crystallizable
derivatives were unsuccessful.

5a-Carboxystrictosidine, angustine, strictosamide, and
(E)- and (2)-vallesiachotamine were identified by compari-
son of their physical and spectral data with those reported
in the literature.214-16

This is the first report of terpenoid indole alkaloids
incorporating two secologanin units. It is also interesting
from a biogenetic point of view that in the major isomer,
bahienoside A (1), the configuration at C-3 is R.

Experimental Section

General Experimental Procedures. Melting points were
determined on a Reichert hot stage apparatus and were
uncorrected. NMR spectra were measured in CDClI; or CDs-
OD on either a Bruker Avance DRX-400 spectrometer or a
Varian Unity-500 instrument. Optical rotations were mea-
sured on a Polartronic D digital polarimeter in CHCI; or MeOH
and CD spectra on a JASCO J-810 spectropolarimeter. Low-
resolution MS data were obtained on a Micromass 70S-250
mass spectrometer, and high-resolution mass data were
obtained on an MDS Sciex QStar mass spectrometer. TLC was
performed on silica gel 60 PF,s41366. Plates were 0.25 mm thick
for analytical TLC and 1.0 mm thick for preparative work. CC
was on Merck silica gel 60 (70—230 mesh ASTM). All solvents
were redistilled.

Plant Material. P. bahiensis was collected near the base
of the Maracas Waterfall, St. Joseph, Trinidad, in January
2001. A voucher specimen is lodged at the National Herbarium
of Trinidad and Tobago [TRIN 34712].

Extraction and Isolation. The dried and ground aerial
parts of P. bahiensis (1.2 kg) were extracted exhaustively with
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MeOH at room temperature. Evaporation of the solvent yielded
144.8 g of a dark green residue. The MeOH extract (82.3 g)
was triturated with 1 M HCI (6 x 100 mL), and the combined
acidic fraction was extracted with CHCl; (3 x 300 mL). The
aqueous layer was basified with concentrated NH,OH (60 mL)
and then extracted with EtOAc (3 x 200 mL). This yielded
686 mg of EtOAc-soluble bases and a precipitate (6.8 g).

The precipitate (2.5 g) was subjected to CC on silica gel
using CHCIl; and MeOH mixtures of increasing polarity to give
three major fractions (I—111). Repeated CC of fraction Il using
gradient elution with mixtures of CHCIl; in MeOH gave
compound 1 (182.0 mg). Similarly, fraction Ill gave 5a-
carboxystrictosidine (15.2 mg) and fraction I, angustine (3.6
mg).

The EtOAc-soluble bases (0.6 g) were separated by CC on
silica gel using CHCIl;—MeOH mixtures of increasing polarity
and gave two major fractions (A and B). CC of the major
fraction B (485 mg) using CHCIl;—acetone mixtures of increas-
ing polarity gave compound 2 (11.4 mg) and strictosamide (6.2
mg). Repeated preparative TLC of fraction A in pentane—Et,0O
(1:1) gave (E)- and (Z)-vallesiachotamine (R 0.43, 7.5 mg and
Rf 0.53, 15.3 mg, respectively).

Bahienoside A (1): creamy-white amorphous solid (EtOAc);
mp 156—158 °C; [a]*°p —128° (c 0.003, MeOH); UV (MeOH)
Amax (10g €) 284 (sh), 228 (4.63) nm; IR (Nujol) vmax 3500—3200,
1700, 1625, 1300, 1200, 1175, 1100—1000, 950, 850 cm™%; *H
NMR (CD3;0D, 400 MHz) 6 7.55 (1H, s, H-17a), 7.40 (1H, s,
H-17b), 7.35 (1H, d, J = 8.0 Hz, H-9), 7.25 (1H, J = 8.0 Hz,
H-12), 7.05 (1H, t, J = 8.0 Hz, H-11), 6.95 (1H, t, J = 8.0 Hz,
H-10), 5.82 (1H, ddd, J = 18.0, 10.0, 2.0 Hz, H-19a), 5.70 (1H,
dd, J = 18.0, 10.0 Hz, H-19b), 5.55 (1H, d, J = 7.1 Hz, H-21a),
5.45 (1H, d, J = 8.0 Hz, H-21b), 5.41 (1H, d, J = 18.0 Hz, H;-
18a), 5.38 (1H, d, J = 18.0 Hz, H;-18b), 5.29 (1H, d, J = 10.0
Hz, H,-18a), 5.22 (1H, d, J = 10.0 Hz, H,-18b), 4.75 (1H, d, J
=7.1Hz, H-1"),4.65 (1H, d, J = 8.6 Hz, H-1'), 3.95 (br s, H-3a),
3.90 (2H, m, H;-6', H;-6"), 3.71 (1H, s, H-23a), 3.70 (1H, m,
H,-6'), 3.68 (1H, m, H,-6"), 3.65 (1H, s, H-23b), 3.45 (1H, m,
H-5"), 3.40 (1H, m, H-5'), 3.35 (1H, m, H-4"), 3.31 (1H, m, H-4"),
3.30 (1H, m, H-3"), 3.25 (3H, m, H-2", H-3', H-15a), 3.20 (1H,
m, H-2'), 3.13 (2H, m, H-5), 2.95 (1H, m, H-15b), 2.85 (1H, m,
H-20a), 2.80 (2H, m, H>-6, H-20b), 2.75 (1H, m, H;-3b), 2.65
(1H, m, Hx-3b), 2.45 (1H, br d, J = 14.5 Hz, H;-6), 2.25 (1H,
m, H;-14b), 2.05 (1H, br s, Hy-14a), 1.85 (1H, br s, H;-14a),
1.55 (1H, m, Hy-14b); *C NMR (CDs;OD, 100 MHz) 6 169.7
(C, C-22a), 169.5 (C, C-22b), 154.0 (CH, C-17a), 153.2 (CH,
C-17b), 137.8 (C, C-13), 136.2 (CH, C-19a), 135.7 (CH, C-19b),
135.0 (C, C-2), 128.4 (C, C-8), 122.0 (CH, C-11), 120.6 (CH,
C-9), 120.1 (CH,, C-18b), 119.8 (CH,, C-18a), 119.7 (CH, C-10),
112.1 (C, C-16a), 112.0 (CH, C-12) 112.0 (C, C-16b), 107.3 (C,
C-7),100.4 (CH, C-1'), 100.3 (CH, C-1"), 98.5 (CH, C-21b), 98.2
(CH, C-21a), 78.4 (CH, C-5'), 78.3 (CH, C-5"), 78.1 (CH, C-3"),
78.0 (CH, C-3'), 74.8 (CH, C-2"), 74.6 (CH, C-2'), 71.6 (2 x CH,
C-4",C-4"), 62.9 (CH,, C-6'), 62.8 (CH,, C-6"), 58.8 (CH, C-3a),
52.1 (2 x CH, C-23a, C-23b), 52.0 (CH,, C-3b), 45.5 (CH,
C-20a), 44.8 (2 x CH,, C-5, C-20b), 36.9 (CH,, C-14a), 31.5
(CH, C-15a), 30.3 (C, C-15b), 28.0 (CH,, C-14b), 17.6 (CH,, C-6);
ESMS m/z 903.4 [M + H]* (100), 565 (39), 547 (43), 531 (76),
529 (42), 527 (24), 413 (17), 411 (35), 393 (48), 390 (20), 335
(21), 301 (17), 297 (12); HRESMS m/z 903.3715 (calcd for
C44Hs59N20 15, 9033764), CD (C 5.54 x 104 M, MGOH) /1max nm
(A€) 338 (+0.01), 281 (—0.13), 275 (—0.11).

Bahienoside B (2): pale yellow amorphous solid (EtOAc);
mp 164—166 °C; [a]®p +65° (c 0.003, MeOH); UV (MeOH) Amax
(log €) 286 (3.79), 226 (4.50) nm; IR (Nujol) vmax 3500—3200,
1700, 1625, 1300, 1200, 1175, 1100—1000, 950, 850 cm~*; *H
NMR (CD3;OD, 400 MHz) 6 7.60 (1H, s, H-17a), 7.45 (1H, s,
H-17b), 7.40 (1H, d, J = 8.4 Hz, H-9), 7.25 (1H, d, J = 8.4 Hz,
H-12), 7.05 (1H, t, J = 8.4 Hz, H-11), 6.95 (1H, t, J = 8.4 Hz,
H-10), 5.85 (1H, m, H-19a), 5.70 (1H, m, H-19b), 5.65 (1H, d,
J =8.4 Hz, H-21a), 5.46 (1H, d, J = 7.3 Hz, H-21b), 5.44 (1H,
d, J = 12.6 Hz, H;-18a), 5.40 (1H, d, J = 12.6 Hz, H;-18b),
5.35 (1H, d, 3 = 10.5 Hz, H,-18a), 5.25 (1H, d, J = 10.5 Hz,
H,-18b), 4.75, 4.65 (each 1H, d, J = 7.3 Hz, H-1' and H-1"),
4.20 (1H, br s, H-3a), 3.85 (2H, m, H;-6', H;-6"), 3.70 (1H, s,
H-23a), 3.65 (3H, m, Hy-6', H»-6", H-23b), 3.27—3.45 (5H, m,
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H-3', H-3", H-4' or H-4", H-5', H-5"), 3.35 (3H, m, H;-5, H-5,
H-20b), 3.27 (1H, m, H-15a), 3.25 (1H, m, H-4' or H-4"), 3.18—
3.23 (2H, m, H-2', H-2"), 2.97 (2H, m, H;-3b, H-15b), 2.90 (1H,
m, H1-6), 2.85 (1H, m, H-20a), 2.80 (1H, m, H»-3b), 2.70 (1H,
m, H,-6), 2.35 (1H, m, Hp-14b), 2.15 (1H, m, H,-14a), 1.95 (1H,
m, Hi-14a), 1.70 (1H, m, H;-14b); 3C NMR (CDs0D, 100 MHz)
0 170.0 (C, C-22a), 169.4 (C, C-22b), 154.7 (CH, C-17a), 153.5
(CH, C-17b), 138.0 (2 x C, C-2, C-13), 136.1 (CH, C-19a), 135.5
(CH, C-19b), 128.0 (C, C-8), 122.5 (C, C-11), 120.1 (CH,, C-18b),
120.0 (CH, C-10), 119.8 (CH,, C-18a), 118.7 (CH, C-9), 112.0
(CH, C-12), 111.5 (2 x C, C-16a, C-16b), 106.6 (C, C-7), 100.4
(2 x CH, C-1'/C-1"), 98.3 (CH, C-21b), 97.9 (CH, C-21a), 78.6
(CH, C-3' or C-3"), 78.4 (CH, C-3' or C-3"), 78.2 (CH, C-5' or
C-5"), 78.0 (CH, C-5' or C-5"), 74.8 (CH, C-2' or C-2"), 74.6
(CH, C-2' or C-2"), 71.7 (CH, C-4' or C-4"), 71.6 (CH, C-4' or
C-4"), 62.9 (CH,, C-6' or C-6"), 62.8 (CH,, C-6' or C-6"), 59.6
(CH, C-3a), 52.1 (CH, C-23a), 51.9 (2 x CH,, C-3b, C-23b), 45.4
(CH, C-20a), 44.8 (2 x CH,, C-5, C-20b), 36.7 (CH,, C-14a),
31.6 (CH, C-15a), 30.5 (CH, C-15b), 27.4 (CH,, C-14b), 17.4
(CH,, C-6); ESMS m/z 903.4 [M + H]* (76), 565 (27), 547 (14),
531 (59), 529 (27), 527 (29), 413 (52), 411 (27), 393 (12), 284
(48), 313 (31), 301 (91), 297 (100); HRESMS m/z 903.3730
(calcd for C44H59N2018, 9033764)

Acetylation of 1. A sample of 1 (56 mg) was acetylated
with Ac,O—py (1:1) at room temperature overnight. General
workup gave 70 mg of the octaactetate la.

Octaacetyl derivative (1a): creamy-white amorphous
solid (MeOH); mp 122124 °C; [a]**» —118° (¢ 0.003, CHCly);
UV (MeOH) Amax (log €) 290 (sh, 4.01), 228 (4.61) nm; IR (Nujol)
vmax 1700, 1625, 1300, 1200, 1175, 1100—1000, 950, 850 cm™1;
IH NMR (CDCls, 400 MHz) 6 8.42 (1H, br s, H-1), 7.46 (1H, d,
J=7.4Hz, H-9),7.35(1H, d, J = 2.4 Hz, H-17a) 7.33 (1H, d,
J =7.4 Hz, H-12), 7.30 (1H, d, J = 1.6 Hz, H-17b), 7.11 (1H,
t,J =7.4 Hz, H-11), 7.05 (1H, t, 3 = 7.4 Hz, H-10), 5.65 (1H,
m, H-19b), 5.55 (1H, m, H-19a), 5.42 (1H, d, J = 17.2 Hz, H;-
18b), 5.40 (1H, d, J = 2.8 Hz, H-21b), 5.38 (1H, d, J = 17.2
Hz, H,-18a), 5.36 (1H, d, J = 2.8 Hz, H-21a), 5.33 (1H, dd, J
= 4.8, 1.6 Hz, H,-18b) 5.30 (1H, dd, J = 4.8, 1.6 Hz, H;-18a),
5.25 (1H, m, H-5"), 5.20 (1H, m, H-5"), 5.15 (1H, m, H-4"), 5.10
(1H, m, H-4"), 5.05 (1H, m, H-2"), 4.95 (1H, m, H-2'), 4.92 (1H,
d, J=7.6 Hz, H-1'), 4.88 (1H, d, J = 4.8 Hz, H-1"), 4.25 (4H,
m, Hi-6'a, H,-6"a, H,-6'a, H»-6"a), 3.82 (1H, dd, J = 8.0, 3.4
Hz, H-3a), 3.74 (1H, m, H-3"), 3.72 (1H, s, H-23a), 3.70 (1H,
m, H-3', H-23b), 3.09, (1H, m, H,-5), 3.08 (1H, m, H-20a), 2.92
(1H, br s, H-15a), 2.85 (1H, m, H;-6), 2.80 (3H, m, H;-5, H-15b,
H-20b), 2.75 (1H, m, H»-3b), 2.55 (1H, d, J = 10.4 Hz, H;-3b),
2.47 (1H, br d, 3 = 15.2 Hz, H>-6), 2.32 (1H, dd, J = 9.4, 2.0
Hz, Hp-14b), 2.09, 2.08 (2 x 3H, s, s, 6', 6" CH3;C=0), 2.04,
2.03 (2 x 3H, s, 5,4, 4" CH3C=0), 2.02, 1.99 (2 x 3H, s, s, 3,
3" CH3C=0), 1.95 (1H, m, Hy-14a) 1.91 (2 x 3H, s, s, 2', 2"
CH3C=0), 1.85 (1H, br s, H;-14a), 1.39 (1H, dd, 3 = 19.2, 9.4
Hz, H;-14b); 3C NMR, (CDCls, 100 MHz) 6 167.4 (CH, C-22a),
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167.3 (CH, C-22b), 150.6 (CH, C-17a), 150.0 (CH, C-17b), 135.9
(C, C-2), 135.8 (C, C-13), 133.3 (CH, C-19a), 133.2 (CH, C-19b),
127.2 (C, C-8), 121.0 (2 x C, C-11, C-18a), 120.9 (CH, C-18b),
118.8 (CH, C-10), 117.9 (CH, C-9), 112.1 (2 x C, C-16a, C-16b),
110.8 (CH, C-12), 107.3 (C, C-7), 96.8 (CH, C-21a), 96.6 (CH,
C-21b), 96.0 (CH, C-1"), 95.9 (CH, C-1'), 72.6 (CH, C-5"), 72.4
(CH, C-5'), 72.0 (2 x CH, C-3', C-3'), 70.5 (2 x CH, C-2', C-2"),
68.1 (CH, C-4"), 68.0 (CH, C-4'), 61.3 (2 x CH,, C-6', C-6"),
60.1 (CH, C-3a), 51.3 (CHs, C-23a), 51.2 (CH3, C-23b), 50.0
(CHg, C-3b), 44.1 (CH, C-20b), 42.2 (CH, C-20a), 42.2 (CH.,
C-5), 34.0 (CH,, C-14a), 29.9 (CH, C-15a), 27.5 (CH, C-15b),
26.2 (CH, C-14b), 21.1 (2 x CHsC=0, C-6', C-6"), 21.07 (3 x
CHsC=0, C-3' or C-3", C-4', C-4"), 21.04 (CHsC=0, C-3' or
C-3"), 20.98, 20.5 (2 x CH;C=0, C-2', C-2""), 16.7 (CH,, C-6).
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