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Abstract (] From the stem bark of Catalpa ovata, lupeol, 2(4-hydroxyphenyl)ethyl triacota-
noate, a mixture of 9-hydroxy a-lapachone and a-lapachone, 9-methoxy a-lapachone, feru-
lic acid. 6-feruloyl catalpol, catalposide and 6'-feruloyl sucrose were isolated and identified.
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Catalpa ovata G. Don (Bignoniaceae) is a deci-
duous tall tree which is grow naturally in Korea
and China, and the stem bark have been used as
a Chinese crude drug for the treatment of fever,
jaundice, intoxication and eczema'. It was recently
found that a methanol extract caused a significant
antimutagenic in Ame’s test with Salmonella rvphi-
murium strain TA 100 in the presence of rit liver
homogenate (S 9 mix)”. Previous authors reported
the isolation of p-coumaric acid and ferulic acid
from the stem bark of C ovata®. This paper deals
with the isolation and identification of constituents
from this plant part.

EXPERIMENTAL METHODS

All melting point were measured on an Electro-
thermal digital melting point apparatus and are un-
corrected. The IR spectra were determined in KBr
tablets on a Bomem MB-100 FT-IR spectrophoto-
meter and the UV spectra were runned Tegimenta
Uvicon 990 UV spectrophotometer. The 'H- and
YC-NMR spectrometer using TMS as an internal
standard. The FAB mass spectra were taken with
Kratos MS 25 RFA spectrometer. The MS spectra
were taken with Jeol, IMS D-300 spectrometer. For
TLC. Kieselgel 60 Fs, sheets (Merck) were used.
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Plant material

Shade-dried stem bark of Catalpa ovata was col-
lected at Dugu Dong, Pusan, in August 1990. A
voucher specimen is deposited in the herbarium of
the Pusan National University.

Extraction, fractionation and isolation

The dried stem bark (3.5 kg) of Catalpa ovata was
extracted with MeOH under reflux. The MeOH ex-
tract was partitioned with n-hexane, CHCl;, EtOAc,
BuOH and H:O as shown in Chart !. The n-hexane
extract (50g) was chromatographed over silica gel
(1.2 kg) using n-hexane : EtOAc(gradient) to give 1,
2 and a mixture of 3 and 4. The CHCIl; extract
(35g) was chromatographed over silica gel (800g)
using CHCl;: MeOH : H,O(25:8:5) to give frac-
tions 1 and 2 and further chromatographed to af-
ford compound 8§ from fraction 1 and compound
6 from fraction 2. The BuOH extract (65g) was
chromatographed over silica gel (14 kg) using
CHCl:: MeOH: HYO(7:3:1) to give 7, 8 and 9 in
the order of elution.

Compound 1, lupeol

mp.: 215° IR vEX(cm ') 3339 (broad, OH), 2928.
2849 (aliphatic C-H), '"H-NMR (300 MHz. CDCl;)
&: 0.76, 0.79, 0.83, 0.94, 096, 1.03 (each 3H, s, CH;),
1.68 (3H, s, 30-CH;), 3.19 (1H, m. C;-H), 4.56 (1H.
t-like. Ha-29), 4.69 (H, d-like, HB-29), “C-NMR (75.5
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MHz, CDCl) & 387 (C-1), 274 (C-2), 790 (C-3),
390 (C4), 553 (C-5), 183 (C-6), 343 (C-7), 408 (C-
8), 504 (C9), 37.1 (C-10). 209 (C-11), 25.1 (C-12),
380 (C-13), 428 (C-14), 274 (C-15), 356 (C-16), 429
(C-17), 480 (C-18), 479 (C-19), 1509 (C-20), 298 (C-
21), 399 (C-22), 279 (C-23), 154 (C-24), 16.1 (C-25),
159 (C-26), 145 (C-27), 180 (C-28), 109.3 (C-29). 193
(C-30), MS (m/z, rel. int): 426 ([M, CyHsx01", 33.6).
411 ((M-CH;1", 6.7), 393 ((M-H,0]", 16), 383 ((M-
isopropyl1*, 1.6), 315 (7.0), 299 (1.7), 272 (32), 257
(54), 247 (43), 234 (8.5), 218 (249), 207 (364). 189
(413), 55 (100).

Compound 2, 2-(4-hydroxyphenyl) ethyl triacontanoate

mp.. 83-83.5°, IR vEE (cm™'): 3350 (broad, OH),
2917, 2848 (aliphatic C-H), 1734 (ester), 1653, 1559,
1518 (aromatic C=C), 'H-NMR (300 MHz, CDCl;)
5: 087 (3H. t, J=6.30 Hz, CHj), 125 (methylene),
231 (2H, m, Ca-H to carbonyl), 285 (2H, t, J=70
Hz, H-8), 423 (2H. t, J=70 Hz, H-7"). 6.76 (2H.
d, J=840 Hz, H-2, ¢'), 707 (2H, d, J=840 Hz,
H-3', 5'), 940 (OH), *C-NMR (755 MHz, CDCly)
&: 14.0 (C-30), 22.6 (C-29), 250 (C-3), 293 (C4), 29.5
(C-5), 329 (C-28), 343 (C-2), 345 (C-7'), 650 (C-8),
1153 (C-2, 6), 1300 (C-3', §'), 154 (C4"), 1739 (C-
1), MS (m/z, rel. int): no molecular ion peak. 452
([CxHO1*., 69), 424 (27.5), 396 (529). 368
(71.6), 340 (26.5), 312 (8.8), 284 (2.9), 256 (4.9), 121
([CsOH,1*, 36.2), 120 ([121-HI". 100).

A mixture of compounds 3 and 4

Compounds 3 and 4 were separated by GC/MS.
Condition: analyzer: quadrupole mass filter (203
nm), ionization potential; 70 eV, column; cross-
linkd fused silica capillary column (HP) HP-5, 25
mX02 mmX<0.33 um, inj. temp.: 280T , oven; 100C
(3 min) 15°/min, 280C (15 min), carrier gas; He,
flow rate; 1 mi/min, splitt ratio: 1/25, Compound
3 (9-hydroxy-a-lapachone) (m/z, rel. int), m/z 258
(CMJ*, 71). 243 ((M-CH;]", 100), 230 ([M-CO]",
5), 175 ([230-C,H,, 1%, 40), 215 ([243-CO]". 15). Rt
1546 min, compound 4 (a-lapachone) (m/z, rel. int.),
m/z 242 ((M1*, 50), 227 ((M-CH;]". 100), 214 ([M-
COJ". 6), Rt, 1478 min.

Compound 5, 9-methoxy-a-lapachone

Amorphous powder, IR vie (cm '): 2921 (C-H).
1676 (a., B-unsaturated ketone), 1623, 1584, 1472
(aromatic C=C), UV A5 nm (log €): 380 (3.22).
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Fig. 1. Structures of isolated compounds 1-9.

292 (3.31), 'H-NMR (80 MHz, CDCl;) &: 140 (6H,
s, Crgem. methyl), 1.78 (2H, t, J=642 Hz, H-3),
258 (CH, t, J=642 Hz, H4), 397 (3H, s, OCHs),
7.28-7.73 (3H, aromatic H), MS (m/%. rel. int): 272
([M1*. 100), 257 (IM-Me]", 77.3), 244 ((M-COJ",
10), 240 ([M-CH;OH]*, 50), 229 ([M-isopropyll*,
289), 216 ([M-2CO]", 55), 216 ((M-C,H1", 12.8),
189 ((M-CcH 01", 79.1).

Compound 6, trans-ferulic acid

mp.. 174°, UV A" nm (log e): 236 (4.07), 300
(397, sh), 322 (4.21), \MOHNOMe 1y (log e): 238
(400, 304 (3.97, sh), 348 (432), IR vy (cm™'):
3424 (broad. OH), 2903 (C-H), 1670 (a, B-unsatura-
ted ketone), 1649, 1549 (aromatic C=C), 'H-NMR
(300 MHz, CDCl;+DMSO-d,) &: 382 (s. OCHj3),
635 (1H, d, J=1580 Hz, H-a), 6.79 (1H, d, J=8.10
Hz, H-5). 707 (1H. dd, J=8.10 & 1.70 Hz. H-6),
727 (1H, d, J=1.70 Hz, H-2), 749 (1H, d, J=1580
Hz, H-B). 949 (br. s, OH), 1207 (br. s, COOH),
‘C-NMR (755 MHz, CDCL;+DMSO-dy) &: 1258
(C-1), 1112 (C-2). 1479 (C-3), 149.0 (C4), 1155 (C-
5), 122.7 (C-6). 1679 (C=0), 557 (OCH;), 1444 (CB),
1156 (Ca). MS (m/z, rel. int): 194 ((M]*, 100), 179
((M-CH;]", 18), 151 (6), 133 (17). 123 (6).

Compound 7, 6-O-trans-feruloyl catalpol

Amorphous powder, UV XM nm (log &): 236.2
(4.06), 3002 (4.18). 327.0 (4.33), AMcOH +NaOMe 4y
(log €): 2470 (4.26), 300.2 (4.18), 3810 (4.36), IR
VvEBT (cm™'); 3400 (broad, OH). 2926 (aliphatic C-H),
1701 (@, B-unsaturated ketone). 1655 (C=C), 1631,
1597. 1516 (aromatic), 1269, 1160 (methylene), 1100-
1000 (glycosidic C-O), 'H-NMR (300 MHz, DMSO-
de) 6: 268 (1H, dd, J=79 Hz, 93 Hz, H-9), 340
3.50 (H-2'~H-5"), 3.73 (1H, br. s, H-7), 3.79 (OCH3),
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376392 (1H, m, H-6"), 427, 380 (each, 1H, d, J
=13.30 Hz, H-10), 487 (1H, d, /=780 Hz, H-1"),
495 (1H, d. J=7.70 Hz, H-6), 506 (1H, d, J=9.50
Hz. H-1), 620 (1H, d, J=1590 Hz, Ha), 6.36 (IH,
d, J=5.70 Hz, H-3). 682 (1H. d, /=82 Hz, H-¢"),
696 (1H, d, J=82 Hz, H-53"). 700 (br. s, H-2"), 749
(IH, d. J=159 Hz. HP), "C-NMR (755 MHz
DMSO-d) 8: 929 (C-1), 141.1 (C-3). 101.6 (C-4). 350
(C-5), 79.1 (C-6). 585 (C-7), 656 (C-8), 41.7 (C-9),
613 (C-10), 97.0 (C-1"), 733 (C-2"), 774 (C-3"), 702
(C4), 764 (C-5'), 656 (C-6'), 1666 (C=0). 1138
(H-0), 1479 (H-B). 1255 (C-1"), 1111 (C-2"), 1479
(C-3"), 149.5 (C4"). 1155 (C-5"), 1234 (C-6"), FAB-
MS (m/%z, rel. inty: 561 ((M+Nal*, 13), 237 (47).
221 (53), 177 (feruloyl, 100).

Compound 8, catlposide

Amorphous powder, IR vE2 (cm !): 3415 (OH),
2905 (aliphatic CH), 1697 (a. B-unsaturated ketone),
1632 (C=C), 1600, 1517 (aromatic C=C), 1457
(CHa), 1275, 1169 (methylene), 1031 (glycosidic C-O),
'H-NMR (300 MHz, D,O+CD;OH) §&: 2.34 (IH.
m, H-5), 2.72 (1H, m. H-9), 3.3-3.5 (H-2'~H-5'). 3.78
(IH, d. J=11.0 Hz, Hiw), 3.86 (1H, br. s, H-7), 396
(IH. d. /=2090 Hz. Hy\».), 477 (1H. d, J=7.80 Hz,
anomeric proton), 4.98-5.02 (H-1), 5.14 (1H, m, H-
4), 562 (IH, d, J=3.70 Hz, H-6), 632 (IH, m, H-
3) 692 (2H. d. J=8.80 Hz, H-3", 5"), 792 (2H, d,
J=8.280 Hz, H-2", 6"), "C-NMR (75.5 MHz, DMSO-
de) &: 929 (C-1). 1410 (C-3), 101.7 (C-4), 35.0 (C-5),
80.3 (C-6), 58.5 (C-7), 66.0 (C-8). 42.0 (C-9), 61.0 (C-
10), 97.8 (C-1"), 734 (C-2), 77.0 (C-3"), 702 (C4"),
76.3 (C-5'), 614 (C-6'), 1655 (C=0), 1198 (C-17),
1316 (C-2"). 1147 (C-3"). 1622 (C4"), 1154 (C-5"),
123.1 (C-6").

Compound 9, 6'-trans-feruloyl sucrose

White powdery crystal from acetone. mp.: 143°,
IR Vi (em ') 3365 (broad, OH), 2931 (aliphatic
CH). 1699 (a. B-unsaturated ketone), 1633 (C=C),
1597, 1518 (aromatic), 1100-1000 (glycosidic C-0),
UV OM ym: 327, 300 (sh), 'H-NMR (300 MHz,
DMSO-d,) &: 523 (1H. d. J=3.6 Hz, H-1"), 524 (1H,
br. s. H4 OH). 512 (IH. d, J=5.60 Hz, H-2' OH),
503 (1H. d. /=542 Hz. H4 OH), 487 (l1H. d,
J=4.06 Hz. H-3', OH), 481 (1H, t, J=5.86 Hz, H-
l.n, OH), 459 (IH. d. /=74 Hz. H-3 OH), 443
(IH. t. J=5.14 Hz, H-6,;, OH). 431 (IH. dd, J=11.0
Hz and 1.60 Hz. H-6,), 412 (1H., dd. J=11.70 Hz

and 636 Hz, H-6,). 394 (1H, dd, J=9.90, 6.10, 1.80
Hz, H-5'), 391 (1H, d, J=790 Hz, H-3), 381 (3H.
s, OCHs), 3.77-3.82 (2H, overlapped, H4 and H-5),
3.58-3.64 (2H, overlapped, H-6 a, b), 3.52 (1H, dd,
J=9.60 and 3.60 Hz, H-3"), 340 (2H, d, J=5.50 Hz,
H-la, b), 324 (1H, dd, /=960 Hz and 3.60 Hz,
H-2'), 3.12 (1H, dt, J=9.60 Hz and 4.80 Hz, H4"),
BC-NMR (75.5 Hz, D:0O) &: 63.8 (C-1), 103.8 (C-2).
82.6 (C-3). 770 (C4), 745 (C-5), 62.6** (C-6). 913
(C-1"), 72.8* (C-2"), 715 (C-3), 702 (C4"), 700 (C-
5. 624 (C-6), 1256 (C-1"), 111.1 (C-2"), 1479 (C-
3"), 1493 (C4"), 1154 (C-5"), 123.1 (C-6"), 1144 (Ha).
1449 (HB). 1666 (C=0), FAB-MS (m/%. rel. int):
541 ((M+Nal~, 14), 237 (26), 177 (feruloyl, 48), 131
(100).

Acetylation of compounds 7 and 9

Fifty mg of 7 and 9 in pyridine and Ac,0 (2
ml, each) was separately allowed to stand at room
temperature. The reaction mixtures was poured into
crushed ice and filtered to give 7a and 9a, respecti-
vely.

7a: IR v (ecm™'): no OH, 2352, 1754, 1636,
1509, 1372, 1231, 1155, 1047 (glycosidic C-O), 'H-
NMR (300 MHz, CDCly) 6: 202 (3H. s, OAc), 2.04,
2.13 (each, 6H. s, OAc), 232 (3H, s. OAc, linked
to aromatic ring), 2.63-2.72 (2H, m, H-5 and H-9),
372-375 (1H, m, H-5"), 3.73 (IH. br. s. H-7), 3.87
(OCH,). 400 (1H, d, J=1270 Hz, H-10), 421432
(IH, dd, J=4.10 and 1240 Hz, H-6'), 485490 (1H,
m, H-2'), 488 (1H, H-10), 497-5.03 4H. m, H4, 4,
6, 1'), 514 (1H, t, J=9.50 Hz, H-3'), 527-520 (1H.
m, H-1), 633 (1H, d, J=590 Hz, H-3), 644 (1H,
d, /=160 Hz, H-a), 706-7.13 (2H, dd, J=80 Hz,
H-5". 6"), 7.12 (1H, s. H-2"). 7.70 (1H, d. J=160
Hz, H-B), 9a: IR vi& (cm ™ '%: no OH. 2962 (ali-
phatic CH), 1750 (ester), 1638, 1510, 1424 (aromatic
C=C), 1373, 1232, 1156, 1121, 1043 (glycosidic C-O),
'H-NMR (300 MHz, CDCl;) &: 7.67 (1H. d. J=1595
Hz, HP), 7.17 (1H. d, J=1.60 Hz, H-2"), 7.15 (1H,
dd, J=1.60 and 8.10 Hz, H-6'). 7.04 (1H. d. J=8.10
Hz, H-5'), 648 (1H, d. J=1595 Hz, Ha), 5.70 (1H,
d. J=3.70 Hz. H-1"), 548 (1H, t, J=9.80 Hz, H-3'),
545 (1H. d, J=5770 Hz, H-3), 536 (1H. d, J=5.70
Hz, H-4), 512 (IH, t, J=9.80 Hz, H4'), 490 (I1H.
dd. J=3.60 and 1020 Hz, H-2), 420440 (8H. H-
1.5 5. 6, 6" 388 (s, OCH;), 232 (3H. s. OAc.
linked to aromatic ring), 2.18 (3H. s, OAc), 2.06 (6H.
s, OAcX2), 202 (3H, s. OAc), 2.10 (9H. s, OAcX3)
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Dried stem bark of Catalpa ovata (3.5 kg)
MeOH
MeOH ext.
(325g)
Hexane : MeOH : HZO
(10 : 1 + 9)
f 1
Hexane ext. HZO
(50 g)
CHCI3
r 1
| — T 1 H,0 CHC1, ext.
1 2 3+4 EtOAe (35 g)
( 80 mg) ( 60 mg) (200mg )
i =1
H20 EtOAc ext. r 2l
(75 g) 3 $
BuOH ( 60mg) (160 mg)
—
BuOH ext. H_ O
(65 g) (160g)
1 i L
7 8 3
(120 mg) (150mg) (650 mg)

Chart 1. Extraction, fractionation and isolation of Catalpa ovata

Alkaline hydrolysis of compounds 7 and 9

It was carried out by reflxing with 3% KOH in
MeOH for 3 hr and diluted with water. extracted
with EtOAc, concentrated to give hydrolyzed pro-
duct. Compound 7 contains methyl ferulate and ca-
talpol. Compound 9 contains methyl ferulate and
sucrose. These were identified by comparison of the
TLC with those of an authentic sample.

RESULTS AND DISCUSSION

Silica gel column chromatography of the hexane,
CHCI;, BuOH soluble portions of the methanol ex-
tract yielded nine compounds 1-9 as shown in
Chart 1.

Compound 2-6 and 8 were readily elucidated as
2(4-hydroxyphenyl)ethyl triacontanoate 2, a mixture
of 9-hydroxy a-lapachone 3 and a-lapachone 4. 9-
methoxy a-lapachone §, ferulic acid 6 and catalpo-
side 8 respectively, by comparison of their physical
properties and spectral data with those reported in
the wood of this plant*®.

Compound 1, mp. 215C showed positive Lieber-

mann-Burchard test and identified as lupeol from
its molecular ion peak at m/z 426 and NMR spec-
tral data. It was further identified by comparison
with an authentic sample (TLC and mmp).

Compound 7 showed positive results in Molisch
test besides iridoid color reaction (dark brown in
dil. H.SO4) and showed absorption bands at 236.2,
300.2 and 327.0 nm (log £ 4.06, 4.18 and 4.33), which
were shifted by addition of NaOMe (247.0, 300.2,
381.0 nm (log € 4.26, 4.18. 4.36). Its IR also exhibited
the presence of a hydroxyl group (3400 cm™'). a.
B-unsaturated ketone group (1710 ¢cm '), a double
bond (1635 ¢m '), aromatic ring systems (1631, 1597,
1516 cm ') and a glycoside bond (1100-1000 cm ),
indicating that compound 7 was iridoid glycoside
containing phenolic hydroxyl group. The 'H-NMR
spectrum showed typical proton signals of a feruloyl
[6 749, 620 (each 1H. d, J=1590 Hz). 7.00 (I1H,
br. s). 6.96 (1H, d. J=8.20 Hz), 6.82 (1H, d. /=820
Hz), 379 (OCH;)]. catalpol (see experimental)
moieties and anomeric proton signals at § 4.87 (1H,
d. J=7.80 Hz).

Alkaline hydrolysis of 7 afforded methyl ferulate
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and catalpol which were identified by TLC in com-
parison to authentic samples.

These data indicated that compound 7 was a fe-
ruloyl ester of catalpol. The FAB mass spectrum
of 7 supported this finding showing a quasimolecu-
lar jon peak at m/z 561 [M+Nal* and prominent
base ion peak at 177 [feruloyl, 100%]. The NMR
spectra provided information for the establishment
of the position of the acyl moiety. Comparison of
the 'H-NMR spectrum of compound 7 with that
of catalpol® showed signals with almost identical
chemical shifts and coupling constant values, with
the exception of the H-6 signal which is downfield-
shifted to 495 ppm, indicating an acylation in this
position. This was further confirmed by the inspec-
tion of C-NMR spectroscopy (see experimental).
The chemical shift values were almost identical to
the NMR data of 6-O-feruloylcatalpol reported only
in the literature”. Thus, the structure of 7 was eluci-
dated as 6-trans-feruloylcatalpol. This is the second
report of the occurrence in nature.

Compound 9 was obtained as a white amorphous
powder and exhibited the presence of a hydroxyl
group (3365 cm™'). a, B-unsaturated ketone group
(1699 cm™'), a double bond (1633 ¢cm™') and aroma-
tic ring systems (1597, 1518 cm™") in its IR spect-
rum. The 'H-NMR spectrum showed typical proton
signals of a feruloyl [8 7.57, 6.34 each 1H, d. J=160
Hz), 7.15 (IH, d, J=20 Hz), 7.11 (1H, dd, J=820
& 20 Hz), 690 (1H, d, /=820 Hz), 3.86 (OCH;)]
and sucrose (see experimental) moieties.

Acetylation of 9 with acetic anhydride in pyridine
yielded the corresponding peracetate (la), the 'H-
NMR spectrum of which showed an aromatic ace-
toxyl and seven alcoholic acetoxyl signals indicating
the presence of one mole of ferulic acid and sucrose
in 9.

Hydrolysis of 9 with 3% sodium methoxide solu-
tion afforded methyl ferulate and sucrose, confir-
ming its constituents. Thus, the fundamental struc-
ture of 9 was indicative of a feruloyl ester of suc-
rose. The FAB mass spectrum of 9 supported this
finding showing a quasimolecular ion peak at m/z
541 [M+Nal*. The NMR spectra provided infor-

mation for the establishment of the position of the

acyl moiety. In thee NMR spectra, the signals for
the sucrose HyC)6 were displaced downfield by
acylation compared with those of sucrose (see Table

.

Table I. ®C-NMR spectral data of sucrose and com-
pound 9 in DMSO-d,

Carbgr?ml\rl)(()).und Sucrose!® 9 (sugar part)
C-1 62.15 62.1
2 104.07 1039
3 7726 799
4 7444 744
5 82.56 825
6 62.21 624
C-l 91.76 91.6
2 71.67 714
3 7296 726
4 69.98 70.2
5 72.83 700
6 60.64 63.6

Therefore, the structure of 9 was determined to
be 6-O-feruloylsucrose, previously known only from
Lilium speciosum®. The occurrence of conjugates
containing sucrose is limited to several groups of
plants ie., Polygonaceae”, Polygalaceae', Brassica-
ceae'’, Rosaceae' and especially in Liliaceae™* '®
in spite of the widespread occurrence of phenylpro-
panoids and sucrose. This is the first report of the
occurrence of sucrose esters in Bignoniaceae family.
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