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Abstract—Besides stx labdane-type diterpenes, three new compounds of geranyl trans-coumarate, epitorusoly! cis-
coumarate and diterpenoid y-hydroxybutenolide, were 1solated from leaves of Calocedrus formosana.

INTRODUCTION

The constituents of the heartwood of Calocedrus formos-
ana, a member of Cupressaceae indigenous to Taiwan
[1], have been extensively mvestigated in this laboratory
[2-5]. In addition to a large quantity of terpenoid acids,
such as shonanic, thujic and chaminic acids, the wood
also contamns tropolones, monoterpenes, naphthalene-
type sesquiterpenes, diterpenoid phenols, and lignans of
hinokinin, hibalactone, and calocedrin We herein report
the terpenoidal components 1solated from leaves of this
economically important tree

RESULTS AND DISCUSSION

By means of repetitive chromatography and crystailiz-
ation, one monoterpenoid derivative and eight diterpenes
(Table 1) were 1solated from C formosana. Six known
diterpenes were identified as phytol (2) [6, 7], trans-
communic acid (3) [8, 9], 1socupresstc acid (5) [10], the
acetate of 1socupressic acid (6) [ 11], agatholal (7) [12, 13],
and pimosolide acid (8) [14-16] from their physical and
spectroscopic properties (mp, [«], IR, MS, 'H and
I3CNMR) Therr pertinent '*C NMR data are listed 1n
Table 2. The novel monoterpenod derivative (M ™ at m/z
300) was assigned as geranyl trans-coumarate (1) The IR
absorptions at 1678 and 1629 cm ™', the UV absorption
at 308 nm, as well as the base peak at m/z 147, revealed
that 1 contammed a p-hydroxycinnamoyl moiety The
trans-configuration was inferred from a large coupling
constant of 16 0 Hz between two vinyl protons [17] The
geranyl portion was determined by comparing the 'H
and '3C NMR spectra with those of geraniol and gerany!
acetate [ 18] The chemical shifts of C-4 (639.45) and C-10
(016 48) for structure 1 are close to those of geranyl
acetate (639 65 and 16 05), but different from correspond-
ing signals of neryl acetate (531 34 and 23.56) Saponifi-
cation of compound 1 afforded geraniol and trans-coum-
aric acid, thus confirming the structural assignment of 1.

Compound 4 (M* at m/z 452) contained a coumaroyl
moiety as inferred from 4,,, at 308 nm and the base peak
at m/z 147 However, the double bond was in the cis-
configuration as two vinyl protons had a relatively small
coupling constant of 12.6 Hz, compared with 16 0 Hz in

compound 1 [17]. This assignment was supported by
saponification of 4 to give cis-coumaric acid as a pre-
dominant product The other saponification product was
found to be 13-epitorusolol (19-hydroxy-13-epimanool),
mp 108-100°, [x]3°+422° (. [12, 19, 20] 111-112°,
[«]3’ +42 3°). The methylene protons at C-19 (§3.42 and
365, AB quartet) mn 13-epitorusolol shifted to lower fields
(63 88 and 4 15) in ester 4 Thus, the ester linkage in 4
must be formed by the 19-hydroxyl group and cis-
coumaric acid

The new diterpenoid y-hydroxybutenohde 9, mp
175-176°, was determined as 16-hydroxy-labda-8(17),13-
diene-15,19-diotc acid butenolide from 1ts spectroscopic
properties Compound 9 actually comprnised two C-16
epimers (11 14) as shown by two H-16 resonances n the
"H NMR spectrum at 65 94 (br s) and 597 (br s) as well as
by two C-16 resonances at §98.8 (d) and 99.3 (d) The
appropriate IR absorptions for carboxylic acid and con-
jugated 7y-lactone appeared at 3000-2500, 1685 and
1728 cm ™! On treatment with a small amount of sodium
methoxide in CD,;0D, compound 9 underwent a ring-
opening reaction to exhibit a red shift of UV absorptions

Table 1 R, values and percentage
contents of terpenoids 1-9 obtained
from Calocedrus formosana

Compound R} Content (%)

1 054 117
2 069 083
3 047 2352
4 037 333
5 047 039
6 049 194
7 043 149
8 034 12 54
9 010 190

*The samples were run on a sihica gel
plate developed with ethyl acetate—
hexane (3 7)
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and to give a new signal i the '"HNMR spectrum at
48 54 attributable to the resonance of an aldehyde proton
[21]

In summary, three novel terpenoids 1, 4 and 9 were
1solated from C formosana The major diterpenoidal
components 1n leaves of this plant are rrans-communtc
acid (3) and pmusohde acid (8)

EXPERIMENTAL

Plant material Calocedrus formosana (Florin) Florin was
collected n the Taichung county Leaves (1 34 kg) were air-dried
and exhaustively extracted with Me,CO After removal of
solvent, the residue was extracted several times with hexane,
followed by extraction with EtOAc The extractive of EtQOAc was
concd to give 18 8 g of dark brown viscous o1l The oily sample
was absorbed on 48 g of silica gel and subjected to CC (packed
with 250 g of sihica gel) with elution using a hexane-EtOAc
gradient. Isolated compounds were further purified by crystalliz-
ation or by HPLC on a Waters p-Porasil column

Geranyl trans-p-hydroxycinnamate (1) An oily sample,
UV ASHN nm (g) 238 (11 750), 308 (30200) IR vP cm ™! 3347,
1678, 1629, 1604, 1585, 1512, 982, 832 MS m/z (rel nt.) 300
[M]7(6),231(10), 164 (90), 147 (100), 136(85), 121 (80),93(75).92
(60), 80 (80), 69 (40), 41 (50) *H NMR (CDCl,, 300 MHz) 31 58
(3H, s, Me-9), 166 (3H, 5, Me-8), 1 71 (3H, s, Me-10). 202-2 11
(4H,m),472(2H,d. J =72 Hz), 507 (1H, br s, H-6), S40 (1H, t. J
=72Hz), 628 (1H,d, J=160Hz). 685(2H, d,. J =8 6 Hz), 7 35
(QH.d, J =86 Hz), 762 (1H. d, J =160 Hz) '*CNMR (CDCl,,
75 MHz) 016 5 (g, C-10), 17 6 (g, C-8). 25 6 (¢, C-9), 26 2 (1, C-5),
39 5(t,C-4),616(t,C-1), 1150(d, C-3), 1159(d. C-6'. C-8), 118 1
(d,C-6),1237(d,C-2),126 7(5,C-4'}, 13004, C-5,C-9'), 131 & (s,
C-7), 1425 (s, C-3), 1450 (d, C-2), 158 3 (s, C-7'), 168 2 (s, C-1")
Treatment of compound 1 with KOH by a similar procedure for
saponification of 4 gave products of geraniol and trans-p-
hydroxycinnamic acid

13S-Labda-8(17),14-diene-13-(c1s-p-hydroxycinnamoxy)-19-oi-
(4) An oily sample, [a]3°+78 (CHCl,, c10) UV iS5 nm (¢)
240 (10000), 308 (13490) IR v ¢m ' 3391, 1709, 1601, 990,
907 MS m/z(rel int) 452 [M]" (1) 434(5). 288 (14),270(25), 257
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Table 2 '3C NMR spectral data of compounds 3-9 (CDCl,, 75 MHz, §)

C 3 4 5 6 7 8 9
1 392 394 391 389 382 391 392
2 198 178 209 197 190 198 210
3 384 340 378 377 341 386 386
4 441 442 441 440 484 442 445
5 563 560 562 562 557 562 56.6
6 258 244 260 259 238 259 26.7
7 377 360 383 382 34.1 378 378
8 1478 1471 1478 1476 1470 1473 1472
9 562 560 554 552 545 556 563
10 403 394 403 402 397 504 411
11 233 205 227 216 217 218 211
12 1415 387 386 385 381 289 268
13 1334 746 140 2 1426 1393 1439 170.2
14 1338 143 6 1228 1179 1232 1348 1171
15 1099 1156 591 613 588 701 1702
16 118 272 163 163 161 174 4 99 3%
17 1076 1133 106 4 1063 1070 106 8 106 8
18 290 232 289 288 241 289 289
19 1837 667 1833 1839 2056 1838 1831

20 128 177 127 126 133 127 127

*Signal for the major 1somer The corresponding signal of the minor 1somer

appeared at 698 8

(17)..189 (44). 164 (6), 147 (100), 121 (7). 'HNMR (CDCL,). 50.74
(3H, 5, Me-10),0 87 (3H, 5, Me-4), 1.08 (3H, s, Me-13), 3.88 (1H, d,
J=110Hz),415(1H,d, J=110Hz), 493 (1H, br 5, H-17), 4.98
(1H, br 5, H-17), 501 (1H, br d, J=110Hz), 524 (1H, br d, J
=176 Hz), 574 (1H, d, J=126Hz), 629 (1H, dd, J =176,
110Hz), 675(2H,d, J=80Hz), 6 77 (1H, d, J = 12 6 Hz), 7.52
(2H,d, J =8 0 Hz) Compound 4 (52 mg) was treated with KOH
(I N in 4 ml of 95% EtOH) After reflux for Shr, the mixture
was diluted with H,O and extracted with Et,O The ethereal
phase was concentrated to afford 34 mg of colourless solids
identical to 13-epitorulosol The aq phase was acidified with
HCI and extracted with Et,O to give 18 mg of p-hydroxy-
cinnamic acid as a mixture of cis- and trans-isomers in a ratio of
31

16-Hydroxy-labda-8(17),13-diene-15,19-dioic acid butenolide
9) UVAESH nm (¢) 208 (2372); 1n the presence of KOH, 204
(5472), 228 (3257), 254 (16i2) TR VKB cm ™1 3373, 3000-2500,
1728, 1685, 1207, 1139, 890 MS m/z (rel it ) 348 [M]"* (6), 330
(22), 284 (10), 235 (28), 189 (38), 167 (46), 121 (100), 105 (18), 81
(26). "HINMR (CDCL). 50.60.(3H, s, Me-10), 1. 22 (3H_s, Me-4),
448 (1H, br s), 488 (1H, br s), 5.83 (1H, br s), 594/597 (br s,
OCHO) !'>CNMR (acetone-dg) 6131, 20.7, 217, 270, 273,
290.389,.393.398,41.4 445 564, 56599 A/100.0, 1088 1172,
1488, 1713, 178 8.
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