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Tirucallane, Apotirucallane, and Octanorapotirucallane Triterpenes of Simarouba amara
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A chemical investigation of the bark &imarouba amaracollected in Barbados, resulted in the isolation of six new
triterpenes 3—8), in addition to two known compounds, 3-oxatirucalla-7, 24-dien-23ph6d niloticin ). Compound

3 is a tirucallane triterpene, while compoundis7 are apotirucallane derivatives containing etactone in ring A.
Compound$ and7 were obtained as a mixture that could not be separated, while comBdsiad octanorapotirucallane
derivative that lacks the g&ide chain. The structures of all compounds were determined by interpretation of physical
data.

Simarouba amaraAubl. (Simaroubaceae) is a medium-sized
tropical tree found in Central and South America and the Caribbean
Islands. The plant has an extensive history of medicinal use,
especially as a source of antimalarial drégs.the Caribbean, the
bark of the plant is used as a tonic and to reduce fel/Brevious
investigations ofS. amararesulted in the isolation of quassinoids,
alkaloids, and triterpenés8 The quassinoids are by far the most
abundant metabolites of this plant and have been shown to be
responsible for the antimalarial as well as antitumor activits
part of our investigation of the chemical constituents of the bark
of S. amaragcollected in Barbados, we now describe the isolation
and structural elucidation of six new secondary metabolites along
with the known triterpenes 3-oxotirucalla-7,24-dien-23-ol and
niloticin.

Results and Discussion

Compound 3 was obtained as white needles and had the
molecular formula GH4g04, as determined by HREIMS. The IR
spectrum has absorptions characteristic of hydroxy (3383cm
and saturated ketone (1700 chfunctionalities. The!H NMR

spectrum was similar to that of compouRdhe major differences @A, R=H
being the absence of an olefinic proton at C-7 and the presence of .
an additional oxymethine proton, which resonated &t40 (1H, (3) A, R=0H

m, H-6). T-ROESY cross-peaks between H-5 and H-6 indicated
that the 6-OH group was-oriented. A tetrasubstituted double bond
had 3C NMR signals até 131.1 (C-8) and 148.9 (C-9). An
examination of the HH COSY, HSQC, and HMBC data confirmed
the assignments for this triterpene. Compoudds therefore
characterized as 24,25-epoxy-3-oxotirucalla-8-en-23-ol.
Simaroubin A 4) was isolated as a pale yellow gum and had
the molecular formula &H4Os, on the basis of HREIMS. The IR
spectrum had absorbances due to ester (1753)camd saturated
ketone (1704 cmb) functionalities. ThetH NMR spectrum had
resonances due to six methyl groupsyat.47 (H-19), 1.44 (K-
28), 1.46 (H-29), 1.43 (H-30), 1.35 (H-27), and 1.32 (k+26).
Thea,f-unsaturated-lactone in ring A had olefinic protons at 6.43
(d, J = 12.0 Hz, H-1) and 5.92 (d] = 12.0 Hz, H-2), while the
double bond in the dihydrofuran ring had a resonancé €t13
(m, H-21). The C-18 methylene protons of the cyclopropane ring
resonated as doublets at0.74 and 0.36 (6.7 Hz), while two
correlating (COSY) oxymethine protons occurredat.32 (dt,J
= 10.5, 8.0 Hz, H-23) and 2.94 (d,= 8.0 Hz, H-24). The latter
resonance was associated with a trisubstituted epoxide moiety, with
13C NMR signals aty 65.7 (C-24) and 57.4 (C-25). In addition,
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Table 1. 'H NMR Data of Compound8—8 (J in Hz)

Grosvenor et al.

H 3 4 5 6 7 8
1 1.96 (m), 1.68 (M)  6.43(d, 12.0) 6.30 (d, 12.5) 4.93(d, 7.2) 481 (t,4.1) 6.42 (d, 12.1)
2 2.533(m) 5.92 (d, 12.0) 5.71(d, 12.5) 3.16 (d, 15.6) [3.143(m) 5.92 (d, 12.1)
3.04 (dd, 15.6, 7.2)
3
4
5 2.18 (m) 2.38(dd, 14.5, 3.5) 2.52 (dd, 12.0, 4.0) 2.52 (dd, 12.0, 4.0) 2.51(dd, 12.0, 4.0) 2.37 (dd, 14.5, 5.0)
6 [@.403 (m) 2.86 (dd, 14.5,13.5)  [1.863(m) 1.88(m),1.80 (m)  1.96 (m), 1.90 (m)  2.84(t, 14.5)
2.15(dd, 13.5, 3.5) 2.14 (dd, 14.5, 5.0)
7 2.22 (m), 1.47 (m) 4,98 (t,3.2) 5.01 (dd, 3.8, 1.9) 5.19 (dd, 4.0, 2.1)
8
9 1.37 (m) 2.05(d, 8.5) 1.86 (m) 2.52 (m) 1.37 (m)
10
11 2.103 (m) 1.67 (m), 1.39 (m) 5.29 (ddd, 8.5, 7.0, 4.1) 1.36 (m), 1.22 (m) 1.54 (m), 1.42 (m) 1.67 (m), 1.36 (m)
12 [L.793(m) 1.94 (m), 1.64 (m) 2.38 (dd, 15.0, 7.0) 1.86 (m), 1.56 (m)  2.02(m),1.68 (m)  1.30 (m), 1.27 (m)
1.83(dd, 15.0, 4.1)
13
14
15  2.03(m),1.31(m)  1.90 (m), 1.84 (m) 1.95 (m), 1.56 (m) 1.96 (m) 1.50 (m) 5.35 (m) 1.85 (m), 1.78 (m)
16  2.07(m),1.32(m)  1.61(m), 1.10 (m) 2.07 (m), 1.19 (m) 2.00(m),1.09(m)  2.51(m) 1.65 (m), 0.90 (m)
2.39 (dddd, 15.3,
10.7,7.1, 3.5)
17 1.57 (m) 2.55 (dd, 11.0, 7.5) 2.90 (dd, 10.5, 7.9) 2.85 (m) 2.84 (m) [1.853 (m)
18 0.75 (s) 0.74 (d, 6.7), 0.36 0.99 (d, 6.1), 0.70 0.64 (d,5.8),0.59  0.83(s) 0.65 (d, 6.0), 0.34
(d, 6.7) (d, 6.1) (d, 5.8) (d, 6.0)
19 1.00 (s) 1.47 (s) 1.32(s) 1.17(s) 1.16 (s) 1.46 (s)
20 1.43 (s)
21 0.99(d, 6.0) 6.13 (m)
22 1.67 (m), 1.44 (m) 2.71 (dddd, 15.0, 6.88 (t, 1.5) 6.90 (dd, 2.0, 1.0) 6.97 (dd, 1.5, 1.1)
10.5, 2.0, 0.9)
2.34 (dddd, 15.0, 10.5,
2.5,1.0)
23 3.58 (m) 4.32 (dt, 10.5, 8.0) 4.76 (dt, 7.5, 1.5) 4,76 (M) 4.78 (m)
24  2.67(d, 8.5) 2.94 (d, 8.0) 2.58(d, 7.5) 2.58(d, 7.4) 2.61(d, 7.4)
25
26 1.34(s) 1.32(s) 1.42 (s) 1.37 (s) 1.37(s)
27 1.32(s) 1.35(s) 1.36 (s) 1.45 (s) 1.45 (s)
28 1.17 (s) 1.44 (s) 1.44 (s) 1.48 (s) 1.41(s) 1.43(s)
29 1.09 (s) 1.46 (s) 1.36 (s) 1.49(s) 1.50 (s) 1.46 (s)
30 0.92 (s) 1.43 (s) 1.20 (s) 1.18(s) 1.21 (s) 1.41(s)
31
32 2.13(s) 2.09 (s) 2.09 (s)
33
34 6.80 (dg, 7.1, 1.9) 2.13(s) 2.13(s)
35
36 1.81(d, 7.1)
37 1.80(d, 1.9)

a Average value for an incompletely resolved Cgtoup.

HMBC correlations to the C-6 methylene protonsda?.86 and
2.15 (H-6), as well as the C-30 methyl group @tl.43. The
configuration at C-23 and C-24 remains undefined. Simaroubin A
(4), 21,23:24,25-diepoxy-7-ox0-14,18-cycloapotirucalla-1,20-dien-

cyclopropane ring had doublets @t0.99 and 0.70 (6.1 Hz). The
COSY spectrum showed cross-peaks between the oxymethine
proton ato 5.29 (H-11) and the C-12 methylene protong &.38
(dd,J = 15.0, 7.0 Hz) and 1.83 (dd,= 15.0, 4.1 Hz) as well as

3,4-olide, is thus a new apotirucallane triterpene possessing botha methine proton at 2.05 (d= 8.5 Hz, H-9). Thé*C NMR spectra

dihydrofuran and epoxide moieties in the side chain.

Simaroubin B §) was obtained as a white opaque gum and
possessed the molecular formula/4s0y. The IR spectrum
revealed absorbances attributedu8-unsaturategt-lactone (1760
cm1), saturated ester (1732 cA), and unsaturated ester (1701
cm™1) functionalities. ThéH NMR spectrum of compounfl was
similar to that of4 in that the seven-membered ring A lactone and
the cyclopropane ring were present. Two olefinic methyl groups at
0 1.81 and 1.80, along with a low-field olefinic proton @i6.80
(dg,J=7.1, 1.9 Hz), indicated the presence of a tiglate ester, while
the O-acetyl's methyl group resonated &t 2.13. There were
resonances due to six other methyl groups at44 (H-28), 1.42
(H-26), 1.36 (H-27 and H-29), 1.32 (H-19), and 1.20 (H-30).
Resonances due to four oxymethine protons occurrédb&9 (ddd,
J=8.5, 7.0, 4.1 Hz, H-11), 4.98 (8, = 3.2 Hz, H-7), 4.76 (dt)
=17.5, 1.5 Hz, H-23), and 2.58 (d,= 7.5 Hz, H-24). In addition,
there were three olefinic protons with resonance$ @88 (t,J =
1.5 Hz, H-22), 6.30 (dJ = 12.5 Hz, H-1), and 5.71 (dl = 12.5
Hz, H-2). The resonances for the C-18 methylene protons of the

showed resonances for 37 carbons. There were carbon sigidals at
62.8 (C-24) and 57.6 (C-25) that inferred the presence of an epoxide.
In addition, there were four ester carbonyl carbong &72.2 (C-

21), 169.9 (C-31), 167.5 (C-3), and 167.1 (C-33). The carbaen at
167.5 (C-3) had long-range correlations with the two olefinic
protons of then,f-unsaturated-lactone aty 6.30 (H-1) and 5.71
(H-2) as in compoundl. An oxymethine carbon ai 74.1 (C-7)

had HMBC correlations to methyl protonsd@t..20 (H-30), while

the quaternary carbon at48.9 (C-9) had correlations tosH0

and H;-30. The acetate group was placed at C-7 since the carbonyl
carbon showed HMBC correlations to H-7. Thdactone carbon

at o 167.1 (C-33) exhibited long-range correlation to H-11dat
5.29, thereby establishing the position of the tiglate moiety. The
orientation of H-7 and H-11 followed from their coupling constants
and from their NOE interactions. Thus, simaroubin3}, 24,25-
epoxy-7-acetoxy-11-tigloloxyer,11o.-dihydroxy-14,18-cycloapotiru-
calla-1,20(22)-dien-3,4:20,23-diolide, is a new apotirucallane tri-
terpene with am,S-unsaturategr-lactone in the side chain, instead
of a dihydrofuran as in compourd
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Simaroubins C&) and D (7) could not be separated and were
isolated as a mixture (ca. 2:3) of closely related isomers of molecular
formula G4H4609. The difference between these two compounds
is that in7 the cyclopropane ring has been opened to give a methyl
group at C-13 and a double bond at C-14/C-15. The seven-
membered ring A lactone was saturated in bétland 7 and
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Table 2. 13C NMR Data of Compound8—8?

C 3 4 5 6 7 8
1 34.7 157.30 156.3 70.7 71.0 157.3
2 34.2 122.0 117.8 354 34.8 121.9
3 217.6 167.3 167.5 170.3 170.3 167.3
4 46.6 84.2 84.2 85.6 85.4 84.2
5 44.3 55.9 48.7 43.4 44.2 56.0
6 79.2 39.1 26.9 26.3 26.3 39.1
7 24.1 212.4 74.1 74.8 74.3 212.5
8 1311 49.8 39.1 37.9 42.6 49.9
9 148.9 48.9 48.9 37.0 35.7 48.7
10 37.9 43.1 43.6 44.3 44.3 43.1
11 22.0 19.9 68.4 16.8 16.2 19.8
12 30.6 28.2 34.1 259 32.7 275
13 49.9 29.2 27.8 28.7 47.4 44.8
14 44.1 34.0 35.1 35.6 158.6 36.2
15 29.6 28.0 26.9 27.1 118.5 29.3
16 28.7 26.9 28.2 27.9 34.0 28.0
17 50.6 44.2 42.9 43.2 50.7 29.7
18 15.6 155 13.7 15.0 20.9 15.1
19 18.7 15.7 17.7 15.5 15.2 15.6
20 33.8 139.4 138.3 138.8 136.9
21 20.3 114.5 172.2 173.0 173.0
22 40.8 33.7 141.9 141.6 144.0
23 69.2 81.0 81.2 81.3 81.3
24 68.4 65.7 62.8 62.9 63.0
25 60.3 57.4 57.6 57.6 57.4
26 24.9 19.4 19.5 24.7 24.7
27 19.8 249 24.7 19.5 19.5
28 27.0 32.1 26.0 34.4 34.4 32.1
29 21.2 26.8 24.7 23.8 23.6 26.8
30 25.7 19.5 20.1 19.9 274 19.4
31 169.9 169.8 169.8
32 21.4 21.4 21.4

3 167.1 169.6 169.6
34 138.6 20.9 20.9
35 128.4
36 14.3
37 12.2

aRecorded at 125 MHz in CDgl

contained an acetate group at C-1, as is evident from the oxymethine

proton até 4.93 (d,J = 7.2 Hz) in6 and at 4.81 (t) = 4.1 Hz)
in 7. In compoundb the cyclopropy! protons had resonance® at
0.64 and 0.59, whil& had an olefinic proton ai 5.35 and a methyl
group atd 0.83 (s). In the T-ROESY spectrum, the C-1 proton of
both compounds and7 showed correlation to their respective C-19
methyl group, and this indicated that they both hadaweientation
at C-1. Thus compouné is characterized as 24,25-epoxy-1,7-
diacetoxy-Ir, 7a-dihydroxy-14,18-cycloapotirucalla-20(22)-en-3,4:
20,23-diolide and compouritias 24,25-epoxy-1,7-diacetoxyTo-
dihydroxyapotirucalla-14,20(22)-dien-3,4:20,23-diolide.
CompoundB, designated octanorsimaroubin A, had the molecular
formula G;H3003, compared to compourd The IR spectrum had
absorptions at 1758 and 1703 chaue toa,3-unsaturated-lactone

recorded on a Nexus 670 FT-IR spectrophotometer. NMR spectra were
recorded on a Varian Unity 500 MHz spectrometer in CR@th TMS
as internal standard. The high- and low-resolution EIMS were recorded
on a Micromass 70-250S mass spectrometer at an ionizing voltage of
70 eV. Flash chromatography was performed using Merck silica gel.
Plant Material. The plant material was collected from Turner’s Hall
woods, St. Thomas, Barbados, in March 2002, and identifie®.as
amara Aubl. (Simaroubaceae) by Prof. Sean Carrington of this
department. A voucher specimen (SG 2) was deposited in the National
Herbarium, Barbados.
Extraction and Isolation. The air-dried bark (3.65 kg) &. amara
was extracted with MeOH (8.5 L) and the solvent evaporated in vacuo
to give a dark green gum (21.3 g). The extract was triturated witk CH

and saturated ketone functionalities, respectively. The presence ofCl, (4 x 100 mL) to give a CHCl,-soluble fraction (11.7 g). The crude

the a,-unsaturated-lactone as ind and5 was confirmed byH
NMR resonances at 6.42 (1H,J = 12.1 Hz, H-1) and 5.92 (1H,
J=12.1Hz, H-2) and3C NMR resonances #t157.3 (C-1), 121.9
(C-2), 167.3 (C-3), and 84.2 (C-4). The cyclopropane ring was
evident from high-field resonances @0.65 (1H, d,J = 6.0 Hz)
and 0.34 (1H, dJ = 6.0 Hz). The ketone was assigned to C-7
since it showed HMBC correlations to the C-6 methylene protons
at 9 2.85 and 2.14 as well as the C-30 methyl group)t.41.
Compound 8, 7-0x0-20,21,22,23,24,25,26,27-octanor-14,18-cy-

CH,Cl, extract (11.7 g) was chromatographed on Si gel with a hexane/
acetone (3:1) solvent system, followed by EtOAc. This produced 29
fractions, which were subsequently pooled to give nine major fractions,
A—I. Fraction C was separated by preparative TLC using hexane/
acetone (4:1), to give compoubd30 mg) and a mixture of compounds

6 and7 (11 mg). Fraction D was separated by preparative TLC using
hexane/acetone (4:1), to give compoudd@2 mg) and2 (210 mg).
Fraction E was separated by preparative TLC using hexane/acetone
(3:1), to give compoundd (110 mg) and8 (4 mg). Fraction G was
purified by preparative TLC with hexane/acetone (3:1), to give

cloapotirucalla-1-en-3,4-olide, is a degraded apotirucallane triterpenecompound3 (19 mg).

lacking the G side chain. This is the first report on the occurrence
of tirucallane/apotiurcallane triterpenes containing the ring A
e-lactone fromS. amara

Experimental Section

General Experimental Procedures.Optical rotations were mea-
sured on a Perkin-Elmer 341 polarimeter. UV spectra were recorded

Compound 3: colorless gum;]?> +17.2 € 0.38, CHCY); IR vmax
(film) 3383, 1700, 1020 cri; *H NMR and*3C NMR data, Tables 1
and 2; EIMSnvz (rel int) [M]* 472 (27), 439 (40), 383 (18), 367 (57),
339 (26), 243 (15), 190 (41), 91 (100); HREIMS 472.3522 (calcd for
CaoH4g04, 472.3553).

Simaroubin A (4): pale yellow gum; §]%% —3.3 (¢ 0.33, CHCY});

UV Amax (MeOH) (log €) 222 nm (4.21); IR (film)vmax 1755, 1704,

on an HP8452A diode array spectrophotometer, while IR spectra were 1053, 754 cm?; *H NMR andC NMR data, Tables 1 and 2; EIMS
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m/z (rel int) [M]+ 480 (11), 449 (26), 395 (41), 341 (100), 311 (62), the MS data. One of us (S.N.J.G.) acknowledges the award of a

281 (40); HREIMS 480.2865 (calcd forsg400s, 480.2876). postgraduate scholarship by the University of the West Indies.
Simaroubin B (5): pale yellow gum; ¢]?%, +18.3 € 0.24, CHC}); References and Notes

UV (MeOH) Amax (I0g €) 226 nm (4.10); IR (film)vmax 1760, 1732, , _ N

1701, 1070, 754 cmi; *H NMR and*C NMR data, 1 and Tables 2; @) JO"\El)e}IIV\';/;rﬁL l?srtabe-CH: g%%rtgm&n g-; Vgggrf;ty acl\\jlv gg;ilgpjgn,

EIMS mvz (rel int) [M]*+ 636 (1), 618 (2), 494 (12), 476 (64), 458 (28), - D , D. G » MBS v M P

404 (19), 363 (23), 83 (100); HREIMS 636.3304 (calcd fafGsOs, Ethnopharmacol 1988 22, 183-190.

(2) Carrington, SWild Plants of BarbadgsThe Macmillan Press Ltd:

636.3298). London and Basingstoke, 1993; p 53.

Simaroubins C and D (6/7): colorless gum; IR (film)ymax 1756, (3) Polonsky, J.; Varon, Z.; Jacquemin, H.; Pettit, GERperiential97§
1732, 1025, 754 cnt; *H NMR and**C NMR data, Tables 1 and 2; 34,1122-1123.
EIMS mvz (rel int) [M]* 598 (5), 583 (5), 538 (8), 523 (10), 469 (70), @) Gtranfgslsigi,z %33 gggfg&/; G.; Barbetti, P.; FardellaRBytochem-

. istr 26, .
402(.100)' 10.5 (80); HREIMS 598'3%3825(Ca|0d facOs, 598'3.142)' (5) Ba%)etti, P.; Grandolini, G.; Fardella, G.; ChiappinPhytochemistry
imaroubin E (8): colorless gum;d] ) —1.8 (€ 0.40, CHCY); UV 1993 32, 1007-1013.

Amax (MeOH) (log€) 223 nm (4.08); IR (film)vmax 1758, 1703, 1070, (6) Polonsky, J.; Baskevitch-Varon, Z.; Das, B.RhytochemistryL.976
754 cnT!; 'H NMR and3C NMR data, Tables 1 and 2; EIM&z (rel 15, 337-339.
int) [M] ™ 342 (5), 311 (15), 299 (8), 281 (10), 213 (28), 145 (24), 105  (7) Lassak, E. V; Polonsky, J.; Jacquemin,Rthytochemistryl 977, 16,
(100); HREIMS 342.2189 (calcd fors@HsOs, 342.2195). 1126-1127.

(8) Bhatnagar, S.; Polonsky, J.; Prange, T.; Pascarfiettahedron Lett.
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