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Abstract—Two new monoglycerides,

1-(26-hydroxyhexacosanoyl)glycerol and 1-(26-ferulyloxyhexacosan)-

glycerol, and three new fatty acid conjugates of triterpenes, were isolated from the root bark of Penta-
clethra eetveldeana together with several previously known compounds.

INTRODUCTION

Pentaclethra eetveldeana De Wild. et Th, Dur is a tree
of the tropical African forest whose root bark is used in
Zairian traditional medicine for the treatment of
haemorrhoids and various diseases such as malaria and
epilepsy (Barbady-Byla, unpublished results). An ear-
lier investigation reported the presence of saponins in
the seeds [1]. In this paper we deal with the isolation
and structural elucidation of constituents in the chloro-
form extract of P. eetveldiana root bark.

A combination of column chromatography, TL.C and
radial chromatography afforded the known compounds
friedelin, epifriedelinol [2], 2-hydroxy-4-methoxy-6-n-
propylbenzoate (ethyl divaricate) (1) previously found
only in lichens [3, 4], 1-hydroxy-5-methoxyxanthone
{5, 6], 2,6-dimethoxybenzoquinone and 2,6-dimethoxy-
I-acetonylquinol (2) [7]. The new compounds were
3B-palmityloxy-133-hydroxyoleanane  (3), lupeyl
stearyl ether (4), 24-palmityloxyoleanonic acid (5), 1-
(26-hydroxyhexacosanoyl)-glycerol (6a) and 1-(26-
ferulyloxy)hexacosanoyl)-glycerol (6b).

RESULTS AND DISCUSSION

The 'H NMR spectrum of 3 (see Experimental)
displayed signals of eight tertiary methyl groups and a
dd at 6 447 (J =10 and 6.5 Hz) characteristic of the
axial H-3 of a triterpene under an ester function, in this
case that of a long chain fatty acid [methy] triplet at &
0.87, a two-proton triplet at 6 2.28 («a-methylene) and
strong absorption at 8 1.24]. The *C NMR spectrum
(Table 1) also exhibited signals of a saturated triterpene
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incorporating a fatty acid ester moiety equatorially
oriented on C-3 (oxymethine doublet at § 81) and a
tertiary hydroxyl (singlet at 6 73.4), which had to be
located at C-5, C-9, C-13 or C-18 of the triterpene
nucleus. Application of rules governing substituent
effects of hydroxyl groups [8] and comparison of the
"?C NMR data with those for closely related com-
pounds [9-13] then indicated that the hydroxyl was
located at C-13. The CI mass spectrum displayed the
[M + H]" peak at m/z 683, with peaks at m/z 427 and
409 corresponding to the loss of palmitic acid, thus
leading to structure 3. This is the first report of an
oleanan-3,13-diol from a natural source.

'H (see Experimental) and "*C NMR spectrometry
(Table 1) showed that 4 was a lupeol derivative with an
unbranched alkyl group equatorially attached to the
oxygen function at C-3 (axial H-3 at & 3.18, dd = 11
and 6 Hz, oxymethine C-3 at § 79.4 and other 'H and
"’C frequencies indicative of a long chain alkyl group).
While the CI mass spectrum did not exhibit a [M + H}*
peak, intense peaks at m/z 409 (43.4%) and 271 (100)
demonstrated that 4 was lupeyl stearyl ether.

'H and "’C NMR spectrometry showed that 5 was
likewise a triterpene incorporating a long chain fatty
acid residue. In this case, however, the ester was
attached to a methylene carbon (mutually coupled
doublets at & 3.65 and 3.42, J = 11 Hz, and '*C triplet
at 8 67.4) with the triterpene unit containing in addition
six tertiary methyls, a ketone and a carboxyl (‘'C
singlets at & 219.8 and 178.6) and a trisubstituted
double bond ('’C doublet at & 122.8, singlet at § 144.4
and 'H triplet at § 5.30, J ca 2 Hz) characteristic of an
olean-12-ene. Comparison of the 'H and '*C NMR data
with literature data [8, 13] identified the triterpene
substructure as that of 24-hydroxyoleanonic acid. The
CI mass spectrum displayed a small peak corresponding
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to [M+H]" at m/z 709 and two intense peaks at m/z
471 and 256, which demonstrated that 5§ was 24-
palmityloxyoleanonic acid.

Glycerol esters 6a and b are conveniently discussed
together. The nature of 6a was apparent from the 'H
(Table 2) and '*C NMR spectra, which indicated that it
was a l-(w-hydroxyfattyacyl)glycerol. The PCI-mass
spectrum with strong peaks corresponding to [M]” at
m/iz 487 for C,,H;,O, and [M —H,0]" at m/z 469
showed that the esterifying acid was 26-hydroxy-
hexacosanoic acid. A mixture of two homologues of 6a
has recently been isolated from Cinnamum camphorum
[14]. In glyceride 6b the w-hydroxyl of 6a, not the 2-
or 3-hydroxyl of the glycerol moiety, was further
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"CH20-(|J'-(CH2),4—CH3
0]
5

acylated by ferulic acid as shown by the 'H spectra of
6b and its triacetate 6¢ (Table 2) and by the *C NMR
spectrum of 6b (Table 3). The PCI mass spectrum
showed that the formula corresponded to C, H, O,
demonstrating that the acid esterifying the glycerol
moiety was again 26-hydroxyhexacosanoic acid. A
similar glyceride, 1-(22-caffeyloxydocosanoyl)glycerol,
has been identified in wax associated with green cotton
fibre suberin [15], but not characterized.

EXPERIMENTAL

Plant material. P. eetveldeana was collected near the
University of Kinshasa campus. A voucher specimen
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Table 1. '*C NMR spectra of compounds 3, 4 and 5 (CDCl,, 75 MHz)
C 3 4 5 C 3 4 5
1 38.0 383 39.0 16 251 35.8 237
2 239 27.6 354 17 438 433 46.8
3 81.0 79.4 219.8 18 50.5 48.6 41.4
4 37.8 39.0 47.1 19 449 48.3 46.1
5 55.6 55.7 52.7 20 282 1514 29.4
6 18.4 18.5 19.3 21 32.1 29.8 33.9
7 35.1 34.6 323 22 38.7 40.3 326
8 41.7 41.1 39.6 23 28.9 28.2 67.4
9 50.3 50.7 495 24 16.7 15.5 17.0
10 373 374 36.8 25 163 16.2 15.3
11 216 21.1 232 26 16.7 16.1 17.2
12 35.8 25.4 122.8 27 15.0 14.7 24.9
13 73.8 37.5 144.4 28 19.4 18.2 178.6
14 48.7 431 421 29 29.2 109.8 332
15 40.5 27.7 279 30 22.8 19.5 23.7
1 173.2 63.4 173.2 14’ 31.8 31.8
2’ 34.8 33.1 34.1 15 22.8 22.8
3 253 249 16’ 14.2 32.1 142
4-13’ 29.3-299 29.3-29.9 17’ — 22.8 —
3-16’ 29.5-29.9 18’ — 14.2 —

(C. Evrard No. 6653) is deposited in the herbarium of
INERA, Department of Biology, University of Kin-
shasa, Zaire.

Extraction and isolation. Dried and powdered root
bark (1 kg) was successively extracted with r-hexane,
CHCI, and MeOH (4 days each). Removal of solvents
gave 8 g hexane extract, 8 g CHCI, extract and 196.7 g
MeOH extract. CC of the CHCI, extract (silica gel,
320 g, eluent: petrol-EtOAc gradient, 50-ml frs) pro-
ceeded as follows: Frs 1-10 (petrol), 11-28 (petrol—
EtOAc, 9:1), 29-52 (petrol-EtOAc, 4:1), 53-65
(petrol-EtOAc, 5:2), 66-74 (petrol-EtOAc, 1:1) and
75-117 (EtOAc). Frs were monitored by TLC. Those
containing identical material were pooled as follows:
Frs 28-39 (A), 40-49 (B), 50-66 (C), 67-73 (D),

74-79 (E), 83-85 (G), 86-90 (H) and 91-117 (I). Fr.
A (240 mg) was subjected to radial chromatography
(eluent: hexane-EtOAc, 6:1, 5-ml frs). Subfrs 10-37
(120 mg) containing identical material were purified by
prep TLC (eluent: cyclohexane—CHCl,, 5:1) to afford
friedelin (50 mg), 1 (30 mg), 3-epifriedelinol (4 mg), 4
(5mg) and 1-hydroxy-5-methoxyxanthone (2 mg). Fr.
B (55 mg) was processed to give an additional 2 mg of
the xanthone and 20mg 4. Fr. G (200 mg) was
subjected to CC (silica gel, eluent: hexane—EtOAc
gradient, 5-ml frs). Subfrs 63-70 after purification by
TLC gave 16 mg 5; similarly subfrs 91-109 and 203—
600 afforded, respectively, 2,6-dimethoxyquinone
(10 mg) and 2 (20 mg). Similarly, CC of Fr. H fol-
lowed by TLC gave, from subfrs 83-147, 8 mg 6b,

Table 2. '"H NMR spectra of compounds 6a—¢ (CHCI,, 500 MHz)

H 6a 6b 6¢

la 430dd 4.214dd (12,5) 4.21dd

1b 4.29dd 4.15dd (12,5) 4.15dd

2 5251 3941 (6.5,5) 392

3a 4.16 dd 3.70dd (12,6.5) 3.69dd

3b 4.15 dd 3.60dd (12,6.5) 3.59dd

2’ 3321 2.341(7.5) 2351

3 1.61m 1.63m 1.63m

4'-24’ 1.25 br 1.25 br 1.25br
25’ 1.69 quint 1.6m 1.69 quint (7)
26’ 4201 (7) 3.631(6.5) 4.19:(7)

2" 6.28 d (16) 6.38d

3’ 7.60d (16) 7.63d

5" 7.034d(2) 7.11d

8" 6.91d(8) 7.05d

9" 7.07dd (8,2) 7.12dd
OMe* 393s 386s
OAc* 2.085,2.09s

2.32s

*Intensity of three protons.
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Table 3. ''C NMR spectra of compounds 1, 6a and 6b

C 1 C 6a 6b
1 120.3 1 65.6 65.6
2 163.9 2 70.7 70.7
3 994 3 63.7 63.7
4 166.3 1’ 174.9 174.9
S 112.2 2 34.4 34.5
6 148.4 3 259 26.2
7 171.5 4'-23' 29.3-29.8 29.3-29.9
8 61.5 24' 25.1 25.1
9 142 25' 33.0 32.1
1’ 39.2 26’ 63.4 64.9
2! 25.2 1" 168.0
3 14.1 2" 115.3
OMe 553 3” 145.2
4" 127.7
5" 110.0
6" 148.6
7" 147.5
8” 116.4
9" 122.5
OMe 56.3

from subfrs 75-135, 6 mg 6b, and from subfrs 182-
277, Smg 6a. Frs C, D, E and F were not further
investigated. Known compounds were identified by
MS, 'H and "’C NMR spectrometry. The previously
unreported ''C NMR spectrum of 1 is included in
Table 3.

3B-Palmityloxy-13 B-hydroxyoleanane (3). Gum; MS
PCI (isobutane) m/z (rel. int.): 683 (M [C,H,,0,] +
H", 1.5), 665 (7.9), 427 (7.1), 409 (100). '"H NMR
(500 MHz, CDCl,): 6 4.47 (dd, J =10, 6.5 Hz, H-3),
228 (1, J=7Hz, 2H, H-2'a)b), 1.25 (brs, -CH,_)),
0.87 (t, J = 6.5 Hz, 3H, H-16"), 1.21, 1.11, 1.05, 0.94,
0.85, 0.83, 0.83, 0.80 (each s and 3H, H-23, 24, 25, 26,
27, 28, 29, 30); *C NMR spectrum in Table 1.

Lupeyl stearyl ether (4). Gum,; [aly, +17 (c 0.21,
CHCI,); MS PCI (isobutane) m/z (rel. int.): 419 (M
[CH,,Ol+H", 43.4), 271 (C,H,,0+H", 100),
253 (54.1). 'H NMR (500 MHz, CDCl,): & 4.68, 4.56
(each d,J=2Hz, H-29ab), 3.63 (¢, J=6.5Hz, 2H,
H-1"ab), 3.18 (dd, J =11, 5.7 Hz, H-3), 2.36 (m, H-
19), 1.67 (brs, H-30), 1.25 (brs, —(CH,),_ ), 1.02,
0.96, 0.94, 0.82, 0.78, 0.75 (each s and 3H, H-23, 24,
25, 26, 27, 28).

24-Palmityloxyoleanonic acid (8). Gum; laly, —11°
(¢ 0.09, CHCl,), MS PCI (isobutane) m/z (rel. int.):
709 M [C,H,O,J+H", 05), 471 (M+H" -
C,(H.,0, 100), 453 (17), 441 (37), 256 (100). 'H
NMR (CDCl,, 500 MHz): 6 5.30 (t, ca 2.5 Hz, H-12),
3.65, 343 (each d,J=11Hz, H-24ab), 2.34 (,J =
7.5 Hz, 2H, H-2"a,b), 1.25 (br, -(CH,)_,), 0.87 (t,J =

7.5Hz, 3H, H-16'), 1.14, 1.14, 1.01, 0.92, 0.90, 0.82
(each s, 3H, H-23, 25, 26, 27, 29, 30).
1-(26-Hydroxyhexacosanoyl)-glycerol (6a). Gum;
MS PCI (isobutane) m/z (rel. int): 487 (M
[CLoH, O]+ H*, 30.6), 469 (89.8); 459 (53.7), 442
(100). "H NMR: Table 2; "’C NMR: Table 3.
1-(26-ferulyloxyhexacosanoyl)-glycerol  (6b). Mp
72-75% MS CI (isobutane) m/z (rel. int): 663 (M
[C,,H 0,1 + H", 41.4), 645 (73.8), 635 (60.9), 631
(16.1), 617 (100). "H NMR: Table 2; '*C NMR: Table
3. Triacetate 6¢c was prepd in the usual way using
Ac,O-pyridine; '"H NMR: Table 2; '*C NMR: Table 3.

Acknowledgement—B.-B. thanks the Fulbright Com-
mission for a grant which made possible his stay at
Florida State University.

REFERENCES

1. Welter, A. and Delaude, C. (1975) Bull. Soc. Roy.
Sci. Liege 44, 687.

2. Anjaneyulu, V., Rao, D. N. and Row, L. R. (1966)
J. Indian Chem. Soc. 44, 123.

3. Bentacor, C., Freire, R., Gonzilez, A. G., Salazar,
A. J., Pascard, C. and Prange, T. (1980) Phyto-
chemistry 19, 1989.

4. Chamy, M. C., Gambaro, V., Gambarino, J. A. and
Quillot, W. S. (1985) J. Nat. Prod. 48, 307.

5. Huneck, S. and Morales Mendez, A. (1987) J.
Hattori Bot. Lab. 62, 331.

6. Jackson, B., Locksley, H. D. and Scheinmann, F.
(1967) J. Chem. Soc. C 765.

7. Sarngadharan, M. G. and Seshadri, T. R. (1966)
Tetrahedron 22, 739.

8. Mahato, S. B. and Kundu, A. P. (1994) Phyto-
chemistry 37, 1517.

9. lijima, K., Kiyohara, H., Tanaka, M., Matsumoto,
T., Cyong, J. C. and Yamada, H. (1995) Planta
Med. 61, 50.

10. Lavaud, C., Massiot, G., Barrera, J. B., Moretti, C.
and Le Men-Oliver, L. (1994) Phytochemistry 37,
1671.

11. Ikuta, A. and Morikawa, A. (1992) J. Nat. Prod.
55, 1230.

12. Reynolds, W. R., MacLean, S., Poplawski, J.,
Enriquez, R. G., Escobar, 1. and Leon, 1. (1986)
Tetrahedron 42, 3419.

13. Johns, S. R., Lamberton, J. A., Morton, T. C.,
Suares, H. and Willing, R. L. (1983) Austr. J.
Chem. 36, 2537.

14. Mukherjee, R. K., Fyjimoto, R. K. and Kakinuma,
K. (1994) Phytochemistry 37, 1641.

15. Schmutz, A., Jenny, T. and Ryser, V. (1994)
Phytochemistry 36, 1343.



