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Abstract—Analysis of the dichloromethane extracts of Kielmeyera coriacea leaves and stems by high per-
formance liquid chromatography coupled with a photodiode array detector (LC-UV) and thermospray liquid
chromatography-mass spectrometry (TSP/LC-MS) revealed the presence of several xanthones. Phytochemical
investigation of these extracts resulted in the isolation and identification of ten xanthones, one biphenyl and
two triterpenes. Their structures were established by chemical and spectroscopic methods (UV, EI-MS, D/CI-
MS, 'H NMR. "C NMR, HMQC and HMBC). One xanthone and two triterpenes are new compounds. Four
xanthones and the biphenyl exhibited antifungal activity against the plant pathogenic fungus Cladosporium
cucumerinum, while two prenylated xanthones inhibited the growth of Candida albicans. C: 1998 Elsevier

Science Ltd. All rights reserved

INTRODUCTION

Kielmeyera coriacea L. (Guttiferae). known as Pau-
Santo, is a tree indigenous to the central Brazilian
plateau [1]. Since many species of the Guttiferae con-
tain prenylated xanthones, a number of which possess
significant antimicrobial properties [2, 3], a detailed
investigation of this plant was undertaken. Previous
phytochemical investigations of the plant led to the
isolation of xanthonolignoids [4], osajaxanthone [5],
a biphenyl [6] and tri-oxygenated xanthones [7]. The
dichloromethane extracts of both the leaves and stems
of K. coriucea exhibited antifungal properties in
bioautographic assays with Cladosporium cucu-
merinum and Candida albicans [8, 9]. Subsequent iso-
lation yielded ten known compounds (1-8. 10, 11),
and three new compounds (9, 13, 14).

RESULTS AND DISCUSSION

Preliminary analysis of the dichloromethane (Fig.
1) and the methanol extracts of the aerial parts of K.
coriacea by HPLC with photodiode array detection
(LC-UV) showed the presence of xanthones. Com-
bined with HPLC using a thermospray mass spec-
trometry interface (TSP/LC-MS), it was possible to

1 Author to whom correspondence should be addressed.

localize 10 different xanthones (2-11) (see cor-
responding single ion traces in Fig. 2) in the dichloro-
methane extracts of the leaves and stems. The
xanthones, one biphenyl (1) and a mixture of tri-
terpenes (13 and 14) were isolated after chro-
matography on silica gel and a combination of gel
filtration on Sephadex LH-20, semi-preparative
HPLC on a cyano column and crystallization (see
Experimental).

The biphenyl. aucuparin (1) [10, 11], together with
the xanthones 2-hydroxy-1-methoxyxanthone (2)[12],
3-hydroxy-2.4-dimethoxyxanthone (3) [6], 4-hydroxy-
2.3-dimethoxyxanthone (4) [7], swertinin (5) [13], 6-
hydroxy-1,3,5-trimethoxyxanthone (6) [14] and kiel-
corin (10) [4] were identified by comparison of their
'"H NMR, ""C NMR, El- and D/CI-MS with literature
data.

The TSP/LC-MS analysis of the extracts revealed
also the presence of prenylated xanthones 7, 8, 9 and
11 (see selected ion traces in Fig. 2). The compounds
1,3,7-trihydroxy-2-(3-methylbut-2-enyl)-xanthone (7)
[15], 1,3,5-trihydroxy-2-(3-methylbut-2-enyl) xan-
thone (8) [16] and jacareubin (11) [16] were identified
by comparison of spectral data ('"H NMR, *C NMR
and D/CI-MS) with literature values.

The EI mass spectrum of 9 gave a molecular ion
[M]* at m/z 330. The UV spectrum of 9 closely
resembled that of 7, suggesting a xanthone with a
similar substitution pattern (1.2.3.7-tetra-oxygen-
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ation). The aromatic region of the '"H NMR spectrum
was almost identical to that of 7. Signals for two
methyl groups at é 1.26 (s) and two methylene protons
which appeared respectively as multiplets at § 2.78
(H-12) and 6 1.71 (H-11) were also observed. Com-
parison of the *C NMR spectra of 9 and 7 (Table 1)
showed that the only difference was due to the side
chain, compatible with a hydroxy substituent at C-13
in 9. In the spectrum of 9. there were signals for
two methylene carbons at C-12 (é 42.06) and C-11
(6 16.92), for the quaternary carbon connected to a
tertiary hydroxy group at 6 69.83 (C-13), and methyl

1

carbons at ¢ 29.14 (C-14 and 15). Compound 9
differed from 7 in that the olefinic group was replaced
by a 2,3-dihydro,3-hydroxy moiety. Thus 9 was 1,3.7-
trihydroxy-2-(3-hydroxy-3-methylbutyl)-xanthone.
The compound with a retention time of 31.3 min in
the HPLC analyses of the dichloromethane extracts
(Fig. 1) gave a '*C NMR spectrum (Table 2) which
revealed a mixture of two isomers (13/14). The IR
spectrum of the compound mixture 13/14 showed the
presence of an acid moiety. The molecular formula
CyH5,04 was determined from mass spectrometry
(M +NH,]", D/CIMS (NH.). m/z 636) and *C NMR



Xanthones, triterpenes and a biphenyl from Kielmeyera coriacea

R, R,
12 H H
12Ac  Ac Ac
13 H A
14 H B
13Ac  Ac C
14Ac Ac D

spectral data, including DEPT. In the EI-MS, a frag-
ment at m/z 454 (C;,H,0;) corresponded to the loss
of a coumaric acid (C,H4O;) moiety from the molec-
ular ion. The EI-MS of the mixture 13/14 also revealed
two main ions at m/z 207 (a) and 189 (b). These frag-
ment ions, which arise from the cleavage of the C-9
(11) and C-8 (14) bonds, are typical of 3-hydroxy
triterpenes [17] (Fig. 3).

In the 'H NMR spectrum (Table 3) of 13/14, one
doublet centered at & 4.74 (1H), one multiplet at o
4.61 (1H) and a vinyl methyl singlet at J 1.69 agreed
with the values expected for the protons of an iso-
propylidene group at C-19. Two doublets centered at
0 4.43 (1H) and at ¢ 4.35 (1H) were characteristic for
the methylene protons H,-27 and Hg-27, and one
double doublet at é 3.20 for H-3. The 'H NMR spec-
trum also showed signals (H-2" and H-3") indicating
the presence of both trans- and cis-p-coumaroy! moi-
eties (Table 3). In the HMBC spectrum of 13/14 (cor-
relations shown in Fig. 4), the methyl protons at ¢
0.93 and & 0.73 were correlated to the C-3 methine
carbon with an oxygen function (J 78.88) and to C-5
(0 55.33). The methyl protons at J 0.83 and o 0.95
were correlated respectively with quaternary carbons
C-10 (8 37.45) and C-8 (6 41.51), and the methylene
protons at H,-27 and Hg-27 with C-8. A comparison
of the chemical shifts (13/14) of the triterpene carbons
with cylicodiscic acid (12) [17] showed the latter to be
the parent triterpene. Thus, 13/14 is a mixture of cis
and trans-p-coumaroyl esters of cylicodiscic acid.
Acetylation of 13/14 gave a mixture of diacetates
13Ac/14Ac (C,HgOy), m/z 720 [M+NH,]* (D/CI-
MS, NH,). Signals for one aliphatic acetate (J 2.03,
C-3) and two aromatic acetates (0 2.23, 2.30, C-4"—
one for each isomer) were observed in the '"H NMR
spectrum. The H-3 proton double doublet at & 3.20
was shifted downfield on acetylation, appearing under
the peaks for protons H,-27 and Hy-27 (0 4.48 m).
This confirmed esterification by the cinnamoyl moiety
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at the hydroxymethyl group and not at C-3. The *C
NMR of the aglycone part of 13Ac/14Ac was very
similar to that of acetylated cylicodiscic acid 12Ac
[17). The hydrolysis of compounds 13 and 14 yielded
cylicodiscic acid (12) and cis- and trans-p-coumaric
acids, identified by TLC comparison with standards.

Compounds 1, 2, 3, 7 and 11 were responsible for
the antifungal activity of the extract against Clad-
osporium cucumerinum. Prenylated xanthones 7 and
11 were also fungicidal against Candida albicans
(Table 4).

Whereas simple prenylated xanthones [7] and
biphenyl compounds [6] have been previously isolated
from Kielmeyera coriacea, this is the first report of the
occurrence of a cinnamic ester of a triterpene from
the plant.

EXPERIMENTAL

General

Mps: uncorr. IR: KBr. UV: MeOH. 'H and "*C
NMR spectra were measured at 500, 200 and 125.65,
50 MHz, respectively, in CDCIl; (with a drop of
DMSO-d in certain cases), acetone-d,, or pyridine-ds.
EIMS: 70 eV. TLC: silica gel precoated Al sheets
(Merck), Diol, RP-18 HPTLC plates (Merck). CC:
silica gel 60 (70-230 mesh, Merck), Sephadex LH-20
(Pharmacia). Analytical HPLC was carried out on a
Hewlett Packard HP 1090 instrument equipped with
photodiode array detector, using Nova-Pak C-18 col-
umns (150 3.9 mm, Waters) at a flow rate of 1
mi/min. Semi-prep. HPLC was performed on a cyano
column (7 um, 250 x 16 mm, Knauer) at a flow rate
of 10 mi/min. Bioassays were performed as described
in previous papers [8, 9], with 100 ug of crude extracts
and 0.01, 0.1, 1T and 10 ug of pure compounds.
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Fig. 1. Comparison of the LC-UV traces of dichloromethane extracts of leaves and stems of Kielmeyera coriacea. Conditions:
Nova Pak C-18 column (4 ym. 150 x 3.9 mm); step gradient of acetonitrile-water (containing 0.05% TFA): 10% — 100%
CH-CN over 40 min; flow rate 1 ml/min; detection UV 254 nm.

Plant material

Kielmeyera coriacea L. was collected in Mogiguau
(Sdo Paulo, Brazil) in July 1995, and a voucher speci-
men (no. SP 298463) has been deposited at the State
Botanical Institute, Sio Paulo, Brazil.

Extraction and isolation

Leaves and stems were extracted separately at room
temp. with solvents of increasing polarity: CH,Cl, and
MeOH. The CH.Cl, extract (33 g) of the leaves was
submitted to CC on silica gel (63-200 um) using step
gradient elution CH,Cl-EtOAc (98:2, 95:5, 90:10,
80:20, 50:50), EtOAc, EtOAc-MeOH (90:10, 50:50)
and MeOH and sixteen frs were collected. HPLC
analysis revealed the presence of peaks with xanthone-
like UV spectra for frs B-F. Frs A, B, D, E and F
were submitted to gel filtration on Sephadex LH-20
[CHCl,-MeOH (50:50) and MeOH] and gave five
compounds [1 (49 mg). 2 (2 mg), 4 (9 mg), 5§ (2 mg)
and 11 (21 mg)]. Fr. C was purified by semi-prep.
HPLC on a cyano column with hexane-isoPrOH
(85:1) to give compound 3 (2 mg). The CH,Cl, extract

(42 g) of the stems was fractionated by the same pro-
cedure. HPLC analysis of frs B-J gave typical UV
spectra for xanthones, while frs A and K contained
other aromatic compounds. Frs A—K were submitted
to gel filtration on Sephadex LH-20 [CHCl,-MeOH
(50:50) and MeOH]. Eleven compounds [1 (10 mg), 2
(2 mg), 3 (2 mg), 4 (18 mg). 5 (1 mg), 6 (5mg), 7 (146
mg), 8 (14 mg), 9 (8 mg) and 13/14 (50 mg)] were
obtained from fr. A and frs C-K. Fraction B gave
compound 10 (2 mg) after semi-prep HPLC on a
cyano column with hexane-isoPrOH (85:1).

LC-TSP-MS-analyses

A Finnigan MAT TSQ-700 triple quadrupole
instrument equipped with TSP 2 interface was used for
data acquisition and processing, under the following
conditions: source temperature 280", vaporizer 1007,
aerosol 300", filament off and positive ion mode. Spec-
tra (150-900 amu) were recorded every 3 s. Aqueous
buffer (0.5 M NH,OAc) was added post-column (0.2
ml;/min) to help ionization.
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Fig. 2. LC-TSP-MS analyses of the dichloromethane extracts of the stems and leaves of Kielmeyera coriacea. Conditions:
see Fig. 1.

Table 1. *C NMR spectral data of compounds 7-9 (50 MHz,

CH," CHy* CDCl,/DMSO0-d¢*)
HO g g C 7 8 9

I 160.18 159.94 159.45
2 23 25 .
e R S
Fig. 3. Major fragment ions in the EI mass spectrum of 4 93.36 93.36 92.93
13/14. 4a 155.74 155.12 155.04
S 118.35 146.01 117.72
6 122.46 120.03 123.31
7 153.51 122.39 152.94
8 108.89 114.78 108.14
8a 120.96 121.11 120.24
9 180.37 180.28 179.69
9a 102.64 102.21 101.83
10a 149.61 144.92 148.90
11 21.29 21.07 16.92
12 123.90 123.35 42.06
13 131.40 130.59 69.83
14 25.78 25.63 29.14

15 17.84 17.71 29.14

Fig. 4. Partial HMBC correlations of 13/14. * Addition of 1 drop of DMSO.
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Table 2. C NMR spectral data of compounds 12-14 and 12A¢-14Ac [CDCl, or pyridine-d; (12)]

C 13* 14* 13Act 14Act 12% 12Ac?
1 39.01 39.01 38.49 38.49 39.28 38.57
2 24.18 24.18 23.66 23.66 26.02 23.73
3 78.88 78.88 80.67 80.67 78.20 80.79
4 37.48 37.48 37.81 37.81 39.28 37.89
5 55.33 55.33 55.50 55.50 56.22 55.77
6 18.20 18.20 18.10 18.10 18.99 18.20
7 35.16 35.16 35.13 35.13 35.27 35.17
8 41.51 41.51 41.55 41.55 42.15 41.62
9 51.70 51.70 51.77 5177 50.65 51.72

10 37.45 37.45 37.37 37.37 37.88 37.50

11 20.93 20.93 20.94 20.94 21.71 21.05

12 25.14 25.14 25.08 25.08 27.80 25.19

13 39.14 39.14 38.67 38.67 39.58 39.37

14 45.45 45.45 45.50 45.50 47.00 45.30

15 29.68 29.68 29.69 29.69 28.40 30.57

16 32.54 32.54 31.78 31.78 33.80 32.61

17 56.05 56.05 57.40 57.40 57.40 56.21

18 49.49 49.49 49.31 49.31 50.65 49.54

19 46.85 46.85 46.41 46.41 48.19 46.97

20 150.05 150.05 149 .48 149.48 152.73 149.93

21 30.42 30.42 30.04 30.04 30.00 30.57

22 36.71 36.71 35.68 35.68 36.32 36.66

23 27.90 27.90 27.89 27.89 28.60 27.96

24 15.43 15.43 16.64 16.64 16.41 16.60

25 16.63 16.63 16.57 16.57 16.95 16.60

26 16.55 16.55 16.37 16.37 17.34 16.60

27 63.33 63.33 63.06 63.06 60.21 63.49

28 181.06 181.06 182.15 182.15 178.20 182.24

29 109.94 109.94 110.36 110.36 109.22 110.03

30 19.50 19.50 19.44 19.44 19.72 19.49
I 166.88 167.72 167.06 166.85
2 115.80 116.92 118.43
¥ 144.63 142 81 143.68 142.88
" 127.04 126.68 122.17 121.32
2", 6" 115.14 115.96 119.72
37, 5" 130.01 132.35 129.28 131.27
4" 158.44 157.38

OCOMe 22.34 21.05

22.19 22.19 20.94

2232 22.32

22.16 22.16
OCOMe 171.47 170.69
170.92 170.92 170.65

167.06 167.06

166.85

166.85

* Assigned by DEPT (125.65 MHz), HMQC, HMBC.

T Assigned by DEPT (50 MHz).
*Values from Ref. [17].
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Table 3. '"H NMR spectral data of compounds 13 and 14 (assigned by '"H-'"H COSY and HMBC) {500 MHz, CDCL], 13Ac

and 14Ac [200 MHz, CDCI;]

H 13 14 13Ac 14Ac

lo, 1.64/2.36 m 1.64/2.36 m

29,3 1.49/1.61 m 1.49/1.61 m

3 3.204dd(11;3.5) 3.20dd (11;3.5) 4.48 m 4.48 m

S 0.96 m 0.96 m

6a,f3 1.31/1.51 m 1.31/1.51m

To,p 1.44/1.53 m 1.44/1.53 m

9 1.23m 1.23m

Ha.f 2.40/1.42 m 2.40/1.42 m

120, 1.36/1.85 m 1.36/1.85m

13 222m 2.2m

15 1.64 m 1.64 m

16a.8 1.25/2.31 m 1.25231 m

18 1.64 m 1.64 m

19 3.0l m 3.0 m 3.00 3.00

2. 1.42/1.98 m 1.42/1.98 m

224,88 1.44/1.97 m 1.44/1.97 m

23 093 0.93 5

24 0.73 s 0.73 s

25 083« 0.83 s

26 095 0955

274 443 d(12.5) 4.43d(12.5) 4.48 m 448 m

27, 4.35d(12.5) 4.35d(12.5) 448 m 448 m

29E 4.74 d (6.5) 474 d (6.5) 4.73 br s 4.73 brs

297 4.6l m 4.6l m 461 brs 4.61 brs

30 1.69 s 1.69 s 1.67 s 1.70 s

2 6.29d (16) 5.83d(12.5) 6.39 d (16) 588 d(12.8)

3 7.60 d (16) 6.86 d (12.5) 7.64 d (16) 6.93 d(12.8)

26" 6.83 d(9) 6.85 d(8.5) 7.10 d (8.6) 713 d(8.4)

375" 7.43d(9) 7.66 d (8.5) 7.56 d (8.6) 7.70 d (8.4)

OCOMe 203 s 203«
223 2235
2.30s 230

Values in parentheses indicate coupling constants (J in Hz).

Table 4. Antifungal activities of compounds 1, 2, 3, 7 and 11

Activity against Activity against

Compounds C. cucumerinum® C. albicans*
1 0.62 > 50
2 1.50 > 50
3 0.31 > 50
7 6.25 10
1 6.25 10
Miconazole 0.001
Propiconazole 0.1

*Minimum amount (ug) of compound needed to inhibit
fungal growth on TLC plates.

1.3,7-Trihydroxy-2-(3-methylbut-2-enyl)-xanthone (7)

Yellow needles from MeOH: mp 217-218" (lit. [15]
218-2207). TLC (silica gel, CHCl,-MeOH 20:1): R,
0.28. HPTLC (RP-18, MeOH-H,0 17:3): R,0.45. UV
Amax NM (log &) (MeOH): 238 (17.573, 262 (16.08), 316

(8.08). 375 (3.00). '"H NMR (200 MHz, Acetone-d,):
13.26 (1H, s HO-1), 9.40 (2H, br s, HO-3 and HO-7),
7.58 (1H,d,J = 2.8 Hz, H-8), 7.42 (1H, d, / = 8.8 Hz,
H-5), 7.32 (1H, dd, J = 9.0, 2.8 Hz, H-6), 6.49 (1H, s,
H-4), 5.28 (1H, ¢, J = 7.4 Hz, H-12), 3.48 (1H, 4,
J =74 Hz, H-11), 1.79 (3H, s, Me-13), 1.65 (3H, s,
Me-14). *C NMR: Table 1. EIMs m/z (rel. int.): 312
M*. (71, 297 (30), 270 (12), 269 (63), 258 (14), 257
(100).

1.3.5-Trihydroxy-2-(3-methylbut-2-enyl)-xanthone (8)

Yellow needles from MeOH: mp 279-280" (lit. [16]
280-281"). TLC (silica gel, CHCl,-MeOH 20:1): R,
0.18. HPTLC (RP-18, MeOH-H,0 17:3): R,0.41. UV
Zmax M (log &) (MeOH): 243 (6.82), 312 (3.22). 'H
NMR (200 MHz, CDCl,/DMSO-d,): 13.13 (IH, s,
HO-1), 7.60 (1H, dd, J = 7.8, 1.6 Hz. H-8), 7.26 (1H,
dd, J =178, 1.6 Hz, H-6), 7.15 (1H, , / = 7.8 Hz., H-
7). 6.56 (1H, s, H-4), 5.23 (1H, 1, J/ = 6.4 Hz, H-12),
3.29 (1H. d, J = 6.4 Hz, H-11), 1.77 (3H, s, Me-15),
1.66 (3H. s, Me-14). "C NMR: Table 1. EIMS m/z
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(rel. int.): 312 M*. (59), 297 (28). 269 (55). 258 (11),
257 (100).

1.3.7-Trihydroxy-2-(3-hydroxy-3-methylbutyl)-
xanthone (9)

Yellow crystals from MeOH: mp 233-235". TLC
(silica gel, CHC1;-MeOH 20:1): R,0.14. HPTLC (RP-
18, MeOH-H,O 17:3). R, 0.70. IR v,,,, (KBr} cm™"
3400, 1610, 1450, 1210. UV 4,,, nm (log ¢) (MeOH):
235 (6.88), 261 (6.07), 312 (3.09), 375 (1.16),
+NaOMe: 244 (7.79). 273 (5.86), 348
(3.96); + NaOAc: 234 (8.86), 262 (4.86), 365 (2.45),
unchanged on addition of H;BO;; + AICl;: 230 (6.10),
274 (4.84), 329 (3.13); + AlCl1;/H;BO;: 230 (5.04), 274
(3.91), 329 (2.72). 'H NMR (200 MHz, Acetone-d,):
13.26 (1H, s, HO-1), 9.00 (2H, br s, HO-3 and HO-7),
7.59 (1H.d,J = 3.0 Hz, H-8), 7.42 (1H, d. J = 8.6 Hz.
H-5), 7.33 (1H, dd, J = 9.0, 2.8 Hz, H-6), 6.51 (1H, s,
H-4), 2.78 (1H, m. H-12), 1.71 (1H, m, H-11), 1.26
(6H. Me-14 and Me-15). *C NMR: Table 1. EIMS
mjz (rel. int.): 330 M™*. (96), 315 (20}, 312 (61). 297
(67), 269 (59), 257 (100), 149 (44).

27-0O-cis trans-p-coumarovicvlicodiscic acid (13/14)

Yellow amorphous solid. TLC (silica gel, CHCl—
MeOH 20:1). R, 0.26. HPTLC (RP-18, MeOH-H,O
17:3): R, 0.40. IR v,,,, (KBr) cm~': 3600-2600, 3350,
1700, 1600. 1450, 1380. UV 4., nm (log &) (MeOH):
215(10.00), 312 (16.48). '"H NMR: Table 3. "C NMR:
Table 2. EIMS mi/z (rel. int.): 454 [M-164]*. (61), 393
(42), 207 (48), 147 (100). D/CIMS (NH;, positive ion
mode) mifz: 636 [M+NH,]', 455, 388, 256. Acety-
lation  (Ac,O-pyridine) yielded the diacetate
13Ac/14Ac. Yellow amorphous solid. '"H NMR: Table
3. "'C NMR: Table 2. D/CIMS (NH; positive ion
mode) mi/z: 720 [M+NH,]*, 678, 510, 388.

Hydrolysis of compounds 13 and 14

The mixture of compounds 13 and 14 (5 mg) was
hydrolysed with 0.5 M NaOH under reflux for 6 hr.
The aglycone (12. 1.5 mg) was extracted with CHCI,.
The remaining soln was acidified with 0.1 M HCI
and extracted with CHCI; to obtain cis- and rrans-p-
coumaric acids. The compounds were identified by
TLC comparison with authentic samples.
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