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Calocedimers A, B, C, and D from the Bark of Calocedrus macrolepisar. formosana
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Calocedimers A, B, C, and D, together with four known compounds, platydiadadinol, ferrugiol, and 6,7-
dehydroferrugiol, were isolated from the bark@dlocedrus macrolepigar. formosana Calocedimers A, B, C, and D
are the dimers of abietar@®-camphane, abietar@-cadinane, abietan®-abietane, and abietari@abietane, respectively.
Their structures were elucidated from spectroscopic data.

Calocedrus macrolepivar. formosana(= C. formosana,! a
member of the Cupressaceae, is an endemic plant and also an
important building material in Taiwan. It grows at elevations from 5
300 to 2000 m in the central and northern mountains of Taiwan. HH
Previous investigation of the heartwdo#l had shown that it HO™ ™" "0
contained essential oils and a large quantity of terpenoid acids, such
as shonanic, thujic, and chaminic acids. The wood also contains
tropolones, monoterpenes, naphthalene-type sesquiterpenes, diter-
penoid phenols, and lignan components, such as hinokinin, hiba- -
lactone (savinine), calocedrin, and matairesinol. The lédves S
contain monoterpenoid derivatives. The Warlcontains some 1
phenolic diterpenes such as sugiol, ferruginol, and xanthoperol.
Because the studies from nearly thirty years ago were incomplete,
we continued the research on the bark of this plant. Four dimeric
compounds, calocedimers A)( B (2), C (3), and D @), together
with the known platydiol §),° a-cadinol ©),'° ferrugiol (7),** and
6,7-dehydroferrugiol 82 are reported in this paper. The new
compoundsl, 2, 3, and4 are dimers of abietan@-camphane,
abietane®-cadinane, abietan®-abietane, and abietai@abietane,
respectively. The structures of these new dimeric compounds were
elucidated on the basis of spectroscopic evidence.

CompoundL, called calocedimer A, has been obtained as a gum.

HREIMS revealed the formula §8H460,. The IR spectrum sug-
gested the presence of OH (3543 ¢jrand aromatic (3051, 1613,
1573, and 1497 cni) groups. By means ofH and 3C NMR 321:22:20
(Tables 1 and 2) analysis and 2D NMR (including HMQC, HMBC,
COSY, and NOESY methods), the structure of calocedimet)A (- ¢orresponding carbons in platydiol and ferrugiol, respectively,
was judged as an ether-linked dimer of monoterpene and diterpeneherepy suggesting the linkage between platydiol and ferrugiol at
fragments rather than a triterpene. TieNMR spectrum (Table > and C-12 via an ether connection. Further proof of this is that
1) showed one set of dehydroabietane signals as folland:92, the signal atd 4.56 (H-2) had HMBC correlations to C-12.

0.90, 1.17 (each 3H, s, Me-18, Me-19, Me-20), 1.16, 1.20 (each Therefore, compount was elucidated as abieta-8,11,13-trien-12-
3H, d,J = 6.8 Hz, Me-16, Me-17), 2.15 (1H, br d,= 12.4 Hz, yl Bo-hydroxycamphan--yl ether.
H;-1, characteristic signal for dehydroabietahef,3.10 (1H, sept, The IR spectrum of calocedimer B)(suggested the presence
J = 6.8 Hz, H-15), 2.86 (1H, ddJ = 16.7, 6.5 Hz, B-7), 2.76 of an aromatic (3061, 1611, 1494 ciring. The molecular formula
(1H, ddd,J = 16.7, 11.2, 7.1 Hz, K#7), 6.60, 6.86 (each 1H, s,  of c,.H.,0 was established by HREIMS. Through the analysis of
H-11, H-14). The first set of signals of resemble those of 14 gnd13c NMR data (Tables 1 and 2) together with 2D NMR
ferruginol!! The second set of signals resemble those of Camphane‘techniques compouriwas proposed as an ether-linked dimer of
type platydiof as follows: 4 0.92, 0.94, 1.13 (each 3H, s, M&-8  c54inane sesquiterterpene and dehydroabietane diterpene rather than
Me-9, Me-10), 4.16 (br d, H-6), 4.56 (br d, H-2). The NOESY a Gss-terpene. The diterpene moiety is a ferruginol. THENMR
correlations of Me-8with H-2" and Me-9 with H-6" confirmed spectrum showed three methy! singlets, an isopropyl group attached
the excorientation of H-2 and H-6. No pher_lollc proton' Was o an aromatic ring, twgara-phenyl protons, and a typicalH
observed, and one of the oxygenated methine protons' ®-2 o0 of dehydroabietane. THel NMR (Table 1) data of the
platydiol moiety) was downshifted t 4.56 ¢ 4.20 in platydiol). diterpene moiety closely resemble those of compalirBoth the
The *3C NMR shifts of C-2 and C-12 are lower than those of the 14 5nq13c NMR (Tables 1 and 2) data of the second moietg of
were similar to those ofi-cadinol* and were assigned as follows:

* C_orresponding author. Tel: 886-2-33661671. Fax: 886-2-23636359. 1.27, 1.67 (each 3H, s, Me-1Me-15), 0.74, 0.87 (each 3H, d,
E'Tﬁ'gtigﬂ';f?a@i’x;“ﬁegﬁifl‘gr-sity_ J=6.9 Hz, Me-12, Me-13), 2.12 (1H, m, H-11), 5.51 (br s, H-5,

* Taipei Municipal University of Education. 2.00 (1H, dd,J = 16.9, 4.8 Hz, 1#-3), 2.08 (1H, m, H-3). This

§ Shih Chien University. moiety is atransfused cadinol because the olefinic proton is a
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Table 1. 'H NMR Data (CDC}, 500 MHz) of Compound4—4 (6 in ppm,J in Hz)

Notes

no. 1 no. 2 no. 3 4
1o 1.39td (12.4, 3.3) d 1.34m 1 1.62m 1.66 m
15 2.15brd (12.4) A 2.12brd (12.7) A 2.29 brd (13.9) 2.04 brd (12.8)
2 1.75m, 1.60 m 2 1.71m, 1.56 m 2 1.68m,1.72m 1.64m,1.72m
3 1.45m,1.20 m 3 1.44m,1.28m 3 1.28m,1.46 m 1.33m,1.46m
5 1.3¢ 5 1.32 5 1.70d (9.4) 1.81d(9.6)
6 1.88m, 1.68 m 6 1.81m,1.67m 6 4.95d (9.4) 5.03 dd (2.8, 9.6)
7o 2.76 ddd (16.7,11.2,7.1) ol 2.77 ddd (16.8, 11.2,7.1) 7 4.67s 5.99d (2.8)
7p 2.86 dd (16.7, 6.5) V4 2.84dd (16.8,6.7) 11 6.68s 6.88s
11 6.60 s 11 6.81s 14 7.02s 7.22s
14 6.86 s 14 6.82s 15 3.11 sep (6.9) 2.90 sep (6.8)
15 3.10 sep (6.8) 15 3.29 sep (6.9) 16 1.18 d (6.9) 1.11d (6.8)
16 1.16d (6.8) 16 1.11d (6.9) 17 1.20d (6.9) 1.10d (6.8)
17 1.20d (6.8) 17 1.16d (6.9) 18 0.98s 0.99s
18 0.92s 18 0.89s 19 1.15s 1.14s
19 0.90s 19 091s 20 1.43s 1.43s
20 1.17s 20 1.15s £l 1.64m 1.57m
2 4.56 brd (9.9) 1 1.62 1 2.22brd(12.9) 2.16 brd (12.7)
3y 1.45m 2 2.35dd (12.4,5.8) 2 1.68m,1.72m 1.68 m,1.76 m
35 2.55m 2 1.35m 3 1.28m, 1.53m 1.24m,1.50m
54 1.30m 3 2.08 m 5 2.13dd (2.6, 3.0) 2.11t(2.8)
54' 2.49m 3 2.00dd (16.9, 4.8) '6 5.88 dd (2.6, 9.6) 5.87 dd (2.8, 9.6)
6 4.16 brd (9.9) 5 5.51brs 7 6.50 dd (3.0, 9.6) 6.48 dd (2.8, 9.6)
8 0.92s 6 1.81m 11 7.10s 6.73 s
9 0.94s 7 0.97m 14 6.93 s 691s
10 1.13s 8 1.56m,1.17m 15 3.23sep (7.0) 3.21 sep (6.8)

9%/ 1.41m 16 1.10d (7.0) 1.10d (6.8)

9’ 1.88dt(12.2,3.2) 17 1.08d (7.0) 1.06 d (6.8)

11 2.12m 18 0.96s 0.95s

12 0.74d (6.9) 19 1.04s 1.02s

13 0.87d (6.9) 20 1.07s 1.04s

14 1.27s OH-12 4.86 brs

15 1.67s OH-7 3.13brs

CH3COO-12 2.30s
CH3COO-7 1.83s

a Qverlapping with other signals.

broad singlet®1>H-6' has NOESY correlations with Me-14nd

Table 2. 13C NMR Data (CDC4, 125 MHz) of Compounds

Me-12; this evidence confirmed the-cadinol derivative. For 174 (6 in ppm)
compound, no phenolic proton was observed, and Cditd C-12 no. 1 2 no. 3 4 no. 3 4
resonated at lower field than the corresponding carboosdadinol 1 38.8 390 1 39.2 410 16 233 235
and ferrugiol. Only one O atom existed in the formulgt€.O; g ‘1&-2 ‘1&-‘7‘ g ‘112-(1) ig-g i; ggg gi-g
therefore, the structure @ can be defined as abieta-8,11,13-trien- 4 333 334 4 341 341 19 226 226
12-yl o-cadina-10-yl ether. 5 504 504 5 551 546 20 204 20.0
Calocedimer CJ), on the basis of exact mass (HREIMS) at 6 19.2 192 6 79.2 76.7 GEOO-12 169.7
m/z 584.4231, had the molecular formulgBs¢0s, suggesting the 7 296 303 7 75.1  75.5CHsCOO-12 213
presence of 13 degrees of unsaturation. It showed hydroxyl (3365 8 1279 1290 8 1283 1303 GEOO-7 169.7
. . . . 9 148.3 1475 9 149.6 149.8CH3COO-7 21.0
cm ) and aromatic (3051, 1614, 1584, l496‘ébrab_sorpt|0ns in 10 377 375 10 384 385
its IR spectrum. FromH, 13C, and 2D-NMR analysis, compound 11 1081 1182 11 1102 117.1
3 was determined to be an ether-linked dimer of two dehydroabi- 12 153.2 150.4 12 153.0 1485
etanes rather than a tetraterpene. One moiety3 66 a 6,7- 13 1339 1392 13 1322 137.8
dioxygenated ferruginol, which was revealed fromitsand*C 14 1284 1261 14 1276 129.1
NMR data (Tables 1 and 2). The 6,7-dioxygenated ferruginol moiety 15265 264 15 268 272
L ! ; 16 231 238 16 225 229
showed three methyl singlets, an exchangeable phenolic proton,17 226 231 17 226 225
an isopropy! group attached to an aromatic ring, fvema-phenyl 18 334 333 18 355 353
protons, a typical jg+1 proton of dehydroabietane, a carbinol proton 19 216 216 19 228 227
(044.67, ) located at C-D¢ 75.1), and another oxygenated proton 2 526‘3 fg-f fo 36255i5 3552-2
(0 4.95, d,J = 9.4 Hz) located at C-& 79.2), which is connected > 869 230 2 190 190
with an ether functional group. The coupling constant between H-6 3 381 311 3 411 36.1
(d, J = 9.4 Hz) and H-5 defined thg-axial orientation of H-6. A 4 434 1351 4 329 329
broad singlet signal of H-7 established fhequatorial orientation S 39.6 1224 5 51.0 509
of H-7. The other moiety showed signals of three methyl singlets, § ~ 78.8 39.8 6 1276 127.5
f f : ' 486 465 7 127.2 127.2
a typical H-1 proton of dehydroabietane, an isopropyl group g 203 218 8 1258 1259
attached to an aromatic ring, and tyara-phenyl protons. An 9 198 378 9 1471 1466
AMX pattern among three protons was assigned as follows: two 10 123 821 10 383 38.0
olefinic protons ¢y 6.50, dd,J = 9.6, 3.0 Hz, H-7, o4 5.88, dd, 1r 26.0 11 107.1 106.1
J = 9.6, 2.6 Hz, H-§ and H-5 (0y 2.13, dd,J = 3.0, 2.6 Hz). 12 151 12 1534 1528
These data resemble those of 6,7-dehydroferrd§i@nly one 14, iég ﬁ gi'g Sig
phenolic protond 4.86, s, exchangeable) and an HMBC correlation 15 239 15 258 254

between H-6 and C-12vere observed. These results suggested that



Notes

the C-6 position of @-hydroxyferruginol and the C-12osition
of 6,7-dehydroferruginol were connected by an ether linkage.
The IR spectrum of calocedimer @)(revealed the absorptions
of phenolic acetate and alcoholic acetate (1751 and 1742)cm
groups and aromatic (3051, 1601, 1495 émgroups. The
molecular formula of GHeOs was established by HREIMS,
suggesting the presence of 15 degrees of unsaturatioAHTKR®R
spectrum (Table 1) showed signals for six methyl singlets, two

isopropyl groups attached to an aromatic ring, and two acetoxy
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11), 368 (5), 286 (85), 271 (39), 256 (69), 162 (25), 145 (67), 118
(20), 105 (14), 91 (18), 77 (32); HREIMBVz 438.3491 (calcd for
438.3500).
Abieta-8,11,13-trien-12-ylo-cadina-10-yl ether (2): gum; []%%
—2.7 0.3, MeOH); IR (KBr)vmax 3061, 1673, 1611, 1494, 822 cin
UV (MeOH) Amax (log €) 217 (3.60), 225 (3.60), 281 (3.08) nriH
and*C NMR, Tables 1 and 2; EIM&Vz 490 (M™, 1), 286 (100), 204
(6), 189 (10), 161 (12), 149 (5), 121 (7), 105 (7), 91 (4), 81 (6), 69
(7); HREIMS n/z 490.4199 (calcd for 490.4177).
6,7-Dehydroabieta-8,11,13-trien-12-yl @,12-dihydroxyabieta-8,-

groups. Resonances were also observed for protons on oxygenated1,13-trien-6o-yl ether (3): gum; [0]%, +54.6 € 0.2, CHCh); IR

carbons ab 5.03 (H-6) and 5.99 (H-7), an AMX pattern at5.87
(H-6"), 6.48 (H-7), and 2.11 (H-5, and signals of four aromatic
protons av 6.88, 7.22, 6.73, 6.91 (H-11, H-14, H-1H-14). The
signals atd 2.04 (br d) and 2.16 (br d) are characteristic for H
signals of dehydroabietanedd NMR data of compound! were
similar to those 08, the only major difference being two additional
acetyl groups located on C-7-OH and C-12-OFBoT o prove this,
acetylation of3 with Ac,O in pyridine gave a product that was
identical with compoundt. Thus, the structure of calocedimer D
(4) was established aso7l2-diacetoxyabieta-8,11,13-trien§/|
6,7-dehydroabieta-8,11,13-trien-12-yl ether.

Experimental Section
General Experimental ProceduresMelting points were determined

with a Yanagimoto micromelting point apparatus and are uncorrected.

(KBF) vmax 3365, 3051, 1614, 1496 ct UV (MeOH) Amax (l0g €)
221 (3.24), 281 (2.94), 304 (2.58) nAtd and3C NMR, Tables 1 and
2; EIMS myz 584 (M*, 1), 566 (100), 550 (16), 495 (10), 430 (30),
328 (63), 314 (60); HREIMS3nz 584.4231 (calcd for 584.4232).

70,12-Diacetoxyabieta-8,11,13-trien-&-yl 6,7-dehydroabieta-8,-
11,13-trien-12-yl ether (4):0il; [a]?% +60.8 € 0.3, CHC}); IR (KBr)
vmax 3051, 1751, 1742, 1601, 1495 ci UV (MeOH) Amax (l0g €)
221 (3.14), 281 (3.01), 304 (2.60) nAtj and**C NMR, Tables 1 and
2; FABMS (NBA) 668 (M", 40), 608 (18), 284 (92), 213 (100), 199
(50), 83 (77), 55 (54); HREIMS$n/z 668.4434 (calcd for 668.4443).

Acetylation of 3 with Ac,O—Pyridine. Compound3 (3 mg) was
reacted with AgO (0.5 mL) and pyridine (0.5 mL) at room temperature
overnight. Usual workup gave compoudd3 mg).
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IR spectra were recorded on Perkin-Elmer 983 G spectrophotometer. g atarences and Notes

1H and *3C NMR spectra were performed on a Bruker Avance 500
NMR. EIMS, HREIMS, and specific rotations were taken on JEOL

JMS-HX 300 and JEOL SX-102 mass spectrometers and a JASCO DIP-
180 digital polarimeter, respectively. Extracts were chromatographed

on silica gel (Merk 76-230 mesh, 236400 mesh, ASTM) and purified
with a semipreparative normal-phase HPLC column (500 mm, 7
um, LiChrosorb Si 60) on an LDC Analytical-IIl.

Plant Materials. The bark ofC. macrolepiswas collected in Nan-
Tou, Taiwan (1998). The plant was identified by Dr. Shang-Tzen

Chang, a Professor in the Department of Forestry. A voucher specimen
(voucher no. 223133) has been deposited in the Herbarium of the

Department of Botany of the National Taiwan University, Taipei,
Taiwan.

Extraction and Isolation. The dried bark ofC. macrolepis(16 kg)
was extracted with M€£0O (140 L) at room temperature (7 days2).
After removal of MeCO, H,O was added to bring the total volume to
1 L. This suspended phase was extracted with EtOAc (X I3).

Evaporation of the combined EtOAc layers afforded a black syrup (734

g), which was purified by means of silica gel chromatography and

repeated HPLC (normal phase on Lichrosorb Si 60), using a hexane

EtOAc gradient solvent system. Compouri8.5 mg),5 (15.0 mg),

8 (10.5 mg),6 (6.8 mg),4 (8.4 mg),5 (3.6 mg),1 (5.6 mg), ancB (6.0

mg) were eluted with 5%, 5%, 5%, 10%, 10%, 10%, 30%, and 30%

EtOAc in hexane solvent systems, respectively.
Abieta-8,11,13-trien-12-yl &-hydroxycamphan-2o-yl ether (1):

gum; []?% +21.8 € 0.2, MeOH); IR (KBr) vmax 3543, 3051, 1613,

1573, 1497 cmt; UV (MeOH) Ama (log €) 221 (3.95), 277 (3.47),

287 (3.37) nmiH and*3C NMR, Tables 1 and 2; EIM8&Vz 438 (M",
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