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Abstract—Three new furanoditerpenoids of the caesalpin-type have been isolated from the roots of Caesalpinia
pulcherrima. The structures of these compounds, vouacapen-5a-ol, 6f-cinnamoyl-78-hydroxy-vouacapen-5«-ol and
8,9.11,14-didchydrovouacapen-Sa-ol, were elucidated through interpretation of their spectral data. Sitosterol was also
obtained.

INTRODUCTION

Caesalpinia pulcherrima Swartz, a tropical ornamental
shrub, has been used as an abortifacient and an emmena-
gogue in folk medicine [1]. We have reported previously
on the structures of some peltogynoids and homoiso-
flavonoids from the stems of this plant [2]). Further
investigation of the root led to the isolation of four
terpenoids. This paper presents the isolation and charac-
terization of three new cacsalpin-type diterpenoids,
vouacapen-5z-ol (1), 6f<cinnamoyl-7§-hydroxy-vouaca-
pen-5a-ol (2) and 8,9,11,14-didchydrovouacapen-5x-ol

(3), together with sitosterol. 1 R=R=H
RESULTS AND DISCUSSION 2 R —0—C
N
A chloroform extract of the roots of C. pulcherrima was | | Scn=cn A
chromatographed on silica gel to afford four crystalline 0 "
compounds. v »
Vouacapen-5a-ol (1), showed a molecular ion at m/z 302 R? = OH %

for a C;0H,00; compound. The UV absorption at
220nm along with an IR absorption at 1510cm™!
attested to the presence of a 2,3-disubstituted furan ring,
and this was further supported by a Pm’r of doublets (J
= 2 Hz) at 46.18 and 7.23 in its "HNMR spectrum
(Table 1). The presence of a hydroxyl group was clear
from the IR spectrum (v_.. 3592cm™') and a mass
fragment at m/z 284 [M —Iﬂ;O]'. The hydroxyl group
was not readily acetylated under normal conditions,
suggesting the presence of a tertiary hydroxy at C-$, as in
all other caesalpins that had previously been isolated from
Caesalpinia spp. [3 9). Hence compound 1 was
considered to be a tricarbocyclic furanoditerpenoid and
was likcl! 10 be related to the vouacapane skeleton [10]. 3

The '’CNMR spectrum of 1 (Table 2) displayed all
twenty carbon signals. Four signals in the downficld
region were typical for the carbons of a furan ring [11].
The only oxygenated sp* carbon (676.8, quaternary)
observed in the spectrum was assigned to C-5. Thus, other
positions on rings A and B were non-oxygenated; as was
position C-14, since the 17-methyl signal was a doublet in

the 'HNMR spectrum. Assignment of all carbon
resonances was made possible by correlation with the
chemical shifts for methyl vinhaticoate [11] using
appropriate correction factors for Sa-hydroxylation on
steroidal skeletons [12). Examination of the high ficld
'HNMR spectrum (Table 1) revealed four groups of
signals. In the upfield region, three singlets and one
*To whom correspondence should be addressed. doublet (J = 7 Hz) were ascribed to the methyl protons.
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Table 1. 'H NMR data of compounds 1, 2and 3 (360 MHz,
CDCl,, TMS as int. standard)®

H 1 2 3
1, | 1.68brdt  1.98mt
1, 118 br d 1.17brd 1.24 br d
(14) (12) (13)
2, 1.54brdt  1.70mt
2, 165brdt  183mt
3, 1.76 br dt 204 mt
3, y 115 185m 154brdt 183 mt
6, 565d(4)  2.22ddd
(9.9.14)
6, 205m
1, 438dd
(3.5.11) } 2.89 dd
7, ; . (5.59)
8 J 1.98 ddd -
(5.11,12)
9 244brdd 2454 -
(10,12) (9.12)
1, } 235m }2.54 brd  132s
1, 9 -
14 258dq 305dq -
4.7 6.7
15 618d(2) 620d(2) 673d(2)
16 72342} 7234(2)  7.53d(2)
17 Me 101d(7)  107d(D)  238s
18 Mc 1.05¢ s 1.21%s 1.05¢ s
19 Me 1.07¢ s 1458 s 1158 s
20 Me 094 s 1.09s 1345
OH 1.345 1.80s 1425
Cinnamate
H-2 - 6.44d (16) —
H-¥ 7.724(16) —
aromatic . 738m —
753Im

*Coupling constants (Hz) in parentheses.

t Assignments made equivocally based on similar struc-
tures [14,15].

$Assignment may be reversed.

Between 61.1 and 1.9, mostly poorly resolved signals
integrating for twelve protons were observed. One of
them, a singlet at 41.34 exchangeable with deuterated
water, was assigned to a hydroxyl group. A broad doublet
at 81.18 was possibly due to the H-18. Other signals in this
region were not readily assignable. Double irradiation
experiments allowed the assignment of H-9, H-14, and H-
11 in the range 62.3 2.6. The H-9 signal appeared as a
broad doubkt of doublets, showing large coupling
constants with H-8 and H-11 8 (10and 12 Hz), but the two
H-11 proton signals were indistinguishable. On the other
hand, the H-14 proton was observed at 62.58 (doublet of
quartets), coupled to both the 17-methyl (J = 7 Hz) and
the H-8 (J = 4 Hz). These coupling constants indicated
that H-8 and H-9 were axial, while H-14 was equatonial.
Further downfield, a pair of doublets (J = 2 Hz) were
assigned to the a- and S-furan protons. Vouacapen-5«-ol
was therefore determined to have the caesalpin structure
1. The compound was thus named in order to distinguish
it from a reduction product of vouacapenic acid,
vouacapenol, which should be regarded as vouacapen-18-

Table 2. '*C NMR data of compounds 1, 2
and 3 (908 MHz, CDCl,, TMS as int

standard)

Carbon 1° 2° 3t
1 325 350 330
2 18.2 18.1 18.9
3 364 378 36.2
4 384 393 379
S 76.8 76.8 758
6 257 736 248
7 223 69.2 238
8 345 379§ 125.43
9 376 372§ 144.5

10 41.2 411 4317

11 248 218 104 8

12 149.8 149.2 153.7

13 1226 120.0 128.3¢

14 315 273 126.83

15 109.6 109.7 105.0

16 140.3 140.5 1441

17 17.53 17.33 2717

18 28.1 2717 293

19 248 255 248

20 17.13 1713 15.8

Cinnamate

I - 167.4

b4 - 118.0

¥ - 145.9 —

4 — 134.2 —

59 -- 1289 —

6,8 — 128.2 —

T — 130.5 -

® Insensitive nuclei enhanced by polarization
transfer (INEPT) method was used to ad
assignments.

tAttached proton test (APT) method was
used to aid assignments.

$ §Assignments marked by the same sign in
the same column may be interchanged.

ol [10]). Compound 1 is also related to vinhaticol [10],
which is preferably named as vouacapen-19-ol.
68-Cinnamoyl-78-hydroxy-vouacapen-Sa-ol (2) had a
C,¢H,,04 molecular formula. A vouacapenol skeleton
was suggested when the spectral properties of this
compound were compared with 1. The UV spectrum, in
addition to a maximum at 220 nm corresponding to a
furan ring, exhibited 4, at 210 (sh). 225, and 280 nm.
This spectrum, along with the IRv,, 1717, 1642,
980 cm ', and the 'H NMR and '*C NMR data (Tabies |
and 2), and a base-peak in the mass spectrum at m/z 131
confirmed the presence of a trans<cinnamoyl moiety. In
the '"HNMR spectrum, two signals for protons on
oxygen-bearing carbons were observed (6 4.38 and 5.65).
A series of double irradiation experiments defined the
relationship between these two protons (H-7 and H-6), as
well as those between several other proton signals (H-8,
H-9, H-11, H-14 and 17-methyl). The cinnamoyl ester was
assigned to the C-6 position because H-6 was coupled
only to H-7. An equatorial axial relationship between H-
6 and H-7 was inferred from the coupling constant (4 Hz).
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implying that both the 6<cinnamoyl and 7-hydroxyl
groups had a S-stereochemistry. Thus, the relative sterco-
chemistry at position 6 of 2 was different from other
known 6,7-disubstituted cacsalpins, all of which had
previously shown large coupling constants (10 Hz)
between H-6 and H-7{7]. Examination of the ' *C and the
'H NMR data aided in the stereochemical determination
of the other asymmetric centres. Using podocarpan-12-ol
and methyl vinhaticoate as reference compounds {11, 13),
the chemical shifts of the carbons of rings A and B fitted
well with those reported in the literature [12] (using
cholestane as a model) for the presence of a Sa-hydroxyl
substituent. The hydroxyl group attached to C-5 was
therefore axial. To determine the configuration at C-8, C-
9 and C-14, the high-field '"HNMR was found to be
useful. The proton at C-8 was placed in an axial
orientation on the basis of its large coupling constants
(11 Hz) with H-7 and H-9. It followed that H-9 was also
axial. Because the H-14 10 H-8 coupling constant was only
moderate (5 Hz), H-14 was deduced to be equatorial. The
complete stereochemical assignments are shown in 2.

8,9,11,14-Didehydrovouacapen-5a-ol (3), a C;,H;,0,
compound, ([M]" at m/z 298) possessed a benzofuran
moiety (UV: 4, 215,251, 258 sh, 282,292 nm; 'H NMR:
66.73, d, J = 2Hz, 1.53, d, J = 2Hz;, '3C NMR: cight
aromatic carbons as shown in Table 2). An aromati
rocthyl signal (17-methyl) at 62.38 replaced the upfield
methyl signal in the spectra of 1 and 2, and an A,BX
system, with proton signals centred at 82.05, 2.22, and
2.89, was assigned to the protons at C-6 and C-7.
Irradiation at 52.89 (7-methylene) collapsed a ddd at §2.22
{H-6a) to a doublet, J&'w = 14 Hz, and also reduced in
complexity the region of 2.0, A sharp doublet (J
= 14 Hz} now appeared in the midst of the envelope,
indicating it to be the H-68 proton. In the upfield region
of the spectrum, a broad doublet at 41.24 was assigned to
H-18. Other methylene protons, resonating as multiplets,
were equivocally assigned by using the reported values of
other terpenoids [14, 15]. All twenty carbons were ob-
served in the '*C NMR spectrum (Table 2), one of them
being a quaternary oxygenated sp? carbon. Resistance of
the compound to acetylation with acetic anhydride again
supported the assignment of a tertiary hydroxy group at
C-S, indxcating other positions on rings A and B to be
unsubstituted. The carbon spectrum was assigned by
comparison with other caesalpins, and by comparison
with the aromatic diterpenoxd 12-hydroxy-8,11,13-
podocarpatriene [16]. 8,9.11,14-Didehydrovouacapen-
Sa-ol (3) is therefore a benzofuran derivative of
vouacapen-5a-ol. Although it is known that caesalpinscan
be transformed into benzofurans by the action of mild
acid [6]. 3is a natural product since it could be detected in
the initial chloroform extract of the root material without
acid treatment.

Compound 2 was found to be cytotoxic in the KB and
P-388 invitro test systems [17 19], displaying £Dso values
of 1.8 ug/ml and 3.5 ug/mi, respectively.

EXPERIMENTAL

Mps (Kofler hot-stage). uncorr; NMR (Nicolet NMC-360):
360MHz for proton resonances and 90.8 MHz for carbon
resonances; Low-resolution MS: 70eV. The plant material was
obtained as described previously [2].
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Extraction and fractiomation. Air-dried and ground root
matenial of C. pulcherrima Swartz (4.6 kg) was extracted with
CHCl,. Conen of the extract in vacwo afforded a residue (240 g)
which was dissolved in CHCl, and chromatograpbed on 3
column of silica gel 60 (5 kg) pecked in the same solvent. A total
of 70 fractions (21 each) were collected as the solvent was
progressively changed to increasingly polar mistures of
CHCl,-MeOH, 99:1, 95: 5, and 90:10.

isolation of vouacapen-Sa-ol (1) Fractions 5-7 (3.6 g) obtained
from the above column were dissolved in CHCI,-MeOH (9: 1)
and allowed to stand at 4°. Colouriess noodles formed and were
recrystallized from a CHCl,-MeOH mixture to afford
3715mg 1. mp 98-100°% [a)i’+51° (CHQ, ¢ 0.4k
UV AEOH nm (log ex 220 (3.98); IR vKBr cm ~ ': 3592, 2933, 1650,
1510, 'HNMR (CDCl,) sec Table I; >CNMR (CDCly) see
Table 2; MS m/z: 302 [M]* (36,). 284 (17), 269 (9), 202 (13), 199
(23), 171 (22), 145 (42), 133 (23), 109 (100).

isolation of 6f-cinnamoyl-1B-hydroxy-vouacapen-Sa-0l (2).
Fractions 21 32 (35 g) from the above column afforded a ppt
afler standing at 4°. The ppt was collected and recrystallized twice
from CHQY, to yield 275 mg 2, as colouriess prisms: mp 218-221°;
[=]3* +70° (CHQ,. ¢ 0.5% UV AE:OH nen (log e): 210 sh (4.24),
220 (4.47), 225 (4.39), 280 (4.49% IR vKB cm ™ : 3580, 2935, 1717,
1711, 1642, 1510. '"HNMR (CDCLy); see Table I; 1*CNMR
(CDCly): see Table 2; MS m/z: 464 [M]° (9°,). 398 (3), 283 (2),
232 (5). 147 (4), 131 (100), 103 (18).

Isolation of 8,9.11,14-didehydrovouacapen-Sa-o! (3). Fractions
1 4 (65g) of the above column were obtained as an oil.
Separation was achieved on a silica gel column, eluting with
solvent mixtures containing petrol and CHCl, of increasing
polanty. Fractions of 100 ml each were collected. Fractions 10- 30
(20mg) were applied to prep. TLC plates (developed with
Et,O0-CHCl,, 1:49) to afford a colourless residue which was
recrystallized from MeOH to afford 3 as needles (8mg)
wp 117-118° [a)3® +30° (E1OH. c0.1% UV iEOH nm (logex
215 (4.57), 251 (4.02), 258sh (3.94), 282 (4.08), 292 (4.10}
IR vEBrem % 3616, 3553, 2942, 1730, 'H NMR (CDCl,) see
Table I; 1>)CNMR (CDClk sec Table 2, MS mjx 298 [M]°
(46 9.}, 280 (63), 265 (43), 213 (51), 198 (100).

Isolation of B-sitosterol. Fractions 16-17 (6.9 g) afforded a
colourless crystalline compound (0.3 g) after crystallization from
a CHC1;-McOH mixture. The compound was identical in all
respects (co-TLC, mp. 'H NMR, MS) with an authentic sample
of g-sitosterol.

Biological activuty. In titro cytotoxx tests were performed
using KB and P-388 cell lines as described in the literature
{17-19].
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