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Abstract

Taiwania cryptomerioides is a good
building material due to strong resistant to
antifungus. The components of its bark
contain diterpenes and lignans. From this part,
we have isolated eleven new trinorditerpene
podocarpane derivatives. The heartwood of
Diospyros maritime contains-  cytotoxic
anthraquinones. In this time, six new lupane
type friterpene were isolated from its
heartwood. Aerial root of Ficus micrecarpa
has many kinds of diterpenes, four new
interpenes  together with one  known
triterpene were purified and elucidation.
Whole herb of Dicliptera chinensis was used
as folk medicine of hepatitic disease, thirteen
known benzenoids were isolated.
Chamaecyparis obtusa var. formosana has

been classified as a species with excellent .

durability, we have isolated again a novel
skeleton, 7(6->2) abeoabietane compound.

keywords Taiwania  cryplomerioides;
Diospyros maritima, Ficus
microcarpa;, Dicliptera chinensis;
Chaemaecyparis  obtuse  var.

Jormosana.

= ~ Purpose of Project
Taiwania  cryptomerioides is a
decay-resistant  tree  showing  strong

- antifungus characteristic. The component,

a-cadinol, has the best activity against
Coriolus versicolor ( white-rot fungi ) and
Lactiporus sulphurens ( brown-rot fungi).
The studies on its bark is tried to find
antifongus  components. Heartwood  of
Diospyros maritime is used as traditional
treatment of rheumatic disease in Taiwan.
The fruit of this plant has isolated
ichthyotoxic, gemination inhibitory, and
antifungal activities. In previous studies, we
reported some new cytotoxic naphthoquinone,
we try to find some potential cytotoxic
principles. Ficus microcarpa is a popular
omamental tree of Maraceae. Due to strong
vitality and antiplatelet activity of its aerial
root extract caused us to study the chemical
components. Dicliptera chinensis is a folk
medicine for hepatitic disease, we hope to
find the active principles. The wood of
Chamaecyparis obtuse var. formosana is an
important building material in Formosa
attributable to its strong resistance to wood
decaying fungi. It also led us to study the
antifungus principles from its wood.



= ~ Content of Project

Taiwania  cryptomerioides is a
decay-resistant, economically important tree
species indigenous to Taiwan. In the early
days, the components of its heartwood,
leaves and bark were studies extensively.
Recently, many novel skeletons, and a
podocarpane-type trinorditerpene, 1[3,13,14-
trihydroxy-8,11,13-podocarpatriene-7-one,
was isolated for the first time from the leaves
of this plant. Now we reported here eleven
new podocarpane-type trinorditerpenes (1-11)
were purified. And their structure were
elucidated principally from spectral evidence.

The stem of Diospyros maritima are
used to treat rheumatic disease locally in
Taiwan, leading us to study the chemical
constituent of this plant. In the previous
report, we have isolated naphthoquinone and
lupane-type triterpenes. In this time, we have
purified six new lupane type triterpenes
(12~17). Compounds 12 and 13 are novel
skeletons.

Ficus  microcarpa  was  popular
ornamental tree in the orient. The strong
vitality of this plant as well as its antiplatelet
activity led us 1o study its aerial root. The
methanolic extract was concentrated to give a
residue, which was supended in water. The
aqueous solution was partitioned with EtQAc
and n-BuOH, successively. The EtOAc
soluble layer was separated with column
chromatography and HPLC. Based on the
physical rand chemical evidence, two new

cycloartane (18, 20) and two new rare
13,17-cyclourasane-type triterpene (21, 22)
together one known (22F£)-27-nor-3b-
hydroxycycloart-23-en-25-one (19).

Whole herb of Dicliptera chinensis are
uwsed as diuretic, analgesic, antipyretic,
antihepatitis, and antiimflammation locally in
Taiwan. The methanolic extract from whole
herb of Dicliptera chinensis was partitioned
with ethyl acetate and water. The ethyl
acetate solution fraction was separated by
5i0; chromatography and HPLC. Thirteen
know benzenoids (23-35) were isolated.
Their structure were determined by physical
methods including 'H-, PC-NMR, UV, IR,
and two dimensional NMR spectra.

The wood of Chaemaecyparis obtuse
var. formosana 1is an important building
material in Formosa due to its strong
resistance to wood-decaying fungi. Previous
chemical studies reported one novel
diterpene (obtunone), three new diterpenes,
11,14-dihydroxy-8,11,13-abietatriene-7-one,
obtuanhydride, and 18,19-O-isopropylidene
-18,19-dihydroxyisopimara-8(14),115-diene.
Further studies on same extract, we obtained
an novel 7(6->2)abeoabietane diterpene,
obtusanal (36), together with a known

12-hydroxy-3-6,7-secoabieta-8,11,13-triene-
6,7-dial (37). The absolute configuration of
36 was determined as 55 by the CD spectrum
method. The biotransformation 36 was
proposed from 37.
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Novel Diterpenes From The Heartwood of

Chamaecyparis obtusa var. formosana

Yueh-Hsiung Kuo and Chia-Hsien Chen
Department of Chemistry, National Taiwan University,

Taipei, Taiwan, ROC



Chamaecyparis obtusa var. formosana
(Taiwan Hinoki, & 5 & #4, Heartwood, 11 Kg)

iAcetone (1201.%2, each 7d)

Extract (915 g, including 101 g M15) Residue

1 EtOAc/H,O partition
EtOAc extract (680 g) H,O

Column Chromatography and HPLC on Si0O; using
Hexane/EtOAc gradient solvents

M1-25, S1-42, D1-53, L1-27, St1-5, O1-7

M : Monoterpenoid 25 ( 3 New comp; 7 Skeletons; 1 Novel skeleton)
S : Sesquiterpenoid 42 ( 8 New comp; 9 Skeletons )

D : Diterpenotd 53 (25 New comp; 13 Skeletons; 4 Novel skeletons)

St - Steroid 5 ( 1 Skeleton )
L : Lignoid27 - (16 New comp; 5 Skeletons; 1 Novel skeleton)
O : Other 7 ( 3 New comp; 4 Skeletons; 1 Novel skeleton)

Total 159 Compounds; 55 New comp;‘- 7 39 Skeletons; 7 Novel skeletons



Two Novel and Two New Diterpenes, Obtusadione, Obtusanal, Chamanonol and
Isochamanonol from the Heartwood of Chamaecyparis obtusa var. formosana
Yueh-Hsiung Kuo* and Chia-Hsien Chen

Depariment of Chemistry, National Taiwan University, Taipei, Taiwan, ROC

Abstract

Two novel diterpenes, obtusadione (4), and obtusanal (5), and Iwo new diterpene, chamanonol (1) and
isochamanonol (2) together with a known 12-hydroxy-6,7-secoabieta-8,11,13-triene-6,7-dial (3) isolated from
the heartwood of Chamaecyparis obtusa var. formosana, were elucidated on the basis of 2D-NMR methods.
Compounds 4 and 5 are 14(8-»%abeoabictane and 7(6— 2)abeoabietane-type diterpene, respectively. Via
biotransformation, 4 and 5 were propoged deriving from 1 and 3, respectively. By acidic treatment, 1 and 2
yiclded same product, 6,7-dehydrofernugiol.

Keywards: Chamaecyparis obiusa var. formosane, 14{8— Habeoabietane-type diterpene; 7(6-+2}abeoabictane-type
diterpene; dehydroabictane.

The years old of Chamaecyparis obtusa var. formosana (Taiwan hinoki; Cupressaceae) is always
over one thousand. It is a huge wood indigenous to Taiwan and grows at an altitude of 1,300 - 2,800
m above sea. With regard to the decay and white-ant resistance, it is classified into the excellent
durability species in Taiwan. Previous chemical studies of the reported only essential oil and acidic
components.' We have investigated the principles of this wood and found one novel diterpene and
three new abietane-type diterpenes.” Further detailed reinvestigation of the same extract from
heartwood has yielded two new abietane diterpenes, chamanonol (1) and isochamanonol (2). onc
known 6.7-secoabictane diterpene, 12-hydroxy-6,7-secoabieta-8,11,13-triene-6,7-dial (3), and two
novel abeoabietane diterpenes, obtusadione {4) and obtusanal {5). Based on the following spectral
evidence, the structures of four new diterpenes were elucidated as follows.

The molecular formula of chamanonol (1} was established as C5H;,0; by HRMS. The IR spectrum
of 1 showed bands atiributable to a hydroxy group (3398 cm''), geminal dimethyl group (1373, 1381
cm), and conjugated carbonyl group (1658, 1629 cm™). UV absorption at A, 242 nm corresponded
to an o f-unsaturated ketone with S.#- or a f-disubstituents. The 'H NMR spectrum showed three
singlet of methyl groups [3 0.86, 0.92, and 1.34 (H-18, H-19, and H-20)], an isopropy! group [ & 1.01,
1.03 {each 3H, d, J= 7.0 Hz), 2.77 (1H, sep, J= 7.0 Hz)], and two singlet vinyl protons |5 5.96 (H-11)
and 6.35 (H-14)}. Compound 1 exhibited five methyl *C NMR signals [520.2, 21.3, 21.8, 21.8, 33 3],
one crossed dieneone signals [3 121.9 (C-11), 141.7 {C-13), 145.6 (C-14), 169.1 (C-9), and 184 4
{C-12), and a quaternary carbon [§ 69.2 (C-8)] attached to hydroxy group. Comparison of *C NMR
data with ferruginol derivatives® suggested that 1 possesses the same carbon skeleton with
oxo-function locating at C-12. and two double bonds at C-9 {I1) and C-11 (14). H-15/C-12,
H-14/C-12, H-11/C-12, H-11 {& 5.96)}/C-8 (6 69.2), H-14 (& 6.35¥/C-8§ are all exhibited HMBC
corrclation. This result suggested the hydroxy group located at C-8, This hydroxyl group was judged
at fi-orientation due to the 1.3-diaxial effect cansing the H-20 downfield shifting 10 & 1.34. By the
HMBC and NOESY techniques, chamanonol (1) was assigned as 8f8-hydroxyabieta-9
(i1),13-dien-12-onc which was not previously isolated from natural sources, though it had prepared
from ferrugiol by oxidizing with phenyl seleninic anhydride or benzoyl peroxide.’



The MS of isochamanonol (2} gave an exact mass at m7z 302.2243, indicating the molecular
formular CaHsp0O-=. The UV maxima at 239 nm indicated a conjugated olefinic carbonyl with £ #- or
. f-disubstituents, while the IR spectrum of 2 exhibited hydroxy, olefinic, conjugated cyclohexanone
groups absorption bonds. The 'H NMR spectrum was consistent with abteta-9 (11),]3-dicn-12-one.
Three singlets at & 0.85, 0.86 and 1.09 (H-20), an isopropy! attached on an olefine [6 0.95, 0.99 {each
3H, d. /=6.9 Hz), and 2.79 (1H, sep, J = 6.9 Hz}], and two singlet vinyl protons [ 5.97, 6.29] are all
similar to compound 1. A quaternary carbon (& 68.1) (see Table 1) supposed carring a hydroxyl group
has HMBC correlation with H-11 (8 5.97), H-14 (8 6.29), and H-15 (3 2.79). This evidence suggested
that the hydroxyl group locates at C-8. Comparison of '"H NMR and "*C NMR (Table 1) data with
compound 1, isochamanonol (2} is an isomer of 1 with C-8 epimer. Due to no hydroxy  group
deshielding effect, H-20 (5 1.09) in 2 is at higher field than corresponded proton (8 1.34) in 1. In
addition of the aid of HMBC and NOESY methods, the structure of isochamanonol (2} can be
assigned as 8a-hydroxyabieta-9 (11),13-dien-12-one,

Obtusadione (4) was given the molecular formula CxHi0: on the basis of HRMS (M™ mz
302.2243). No hydroxy absorption was observed in its IR spectrum, only one carbonyl (1712 cm™)
and one olefinic (1610 cm''} absorptions presented. The UV A at 223, 245 nm indicated conjugated
carbonyl system. Compound {(4) has twenty “C NMR signals (Table 1), from which two carbonyl
signals (& 207.3, 208.8) and two olefinic signals [ 153 (C), 152.3 (CH)] were observed. One carbonyl
absorption at 1712 em’' together with two carbonyl *C NMR signal and conjugated UV absorptions
indicated that one cyclohexane and one cyclopentenone. A singlet with very lower field signal of viny]
proton at & 7.26 suggested that it is a f-olefinic proton in cyclopentenone system unambigusuly. An
isopropy! group attached on a-olefin of cyclopentenone system attributable to their 'H NMR signals [&
1.05, 1.09 (each 3H, d, J = 6.9 Hz), and 2.60 (1H, sep, / = 6.9 Hz)]. Three singlet methyl groups [&
0.87 (H-20), 0.89 (H-19), and 1.02 (3H, H-18)] addition of an isopropy! proposed the skeleton of 4 is
similar to abictane-type diterpene. Two methylene protons at & 2.57 (1H, ddd, J = 14.6, 7.4, 6.4 Hz,
H-7), and 2.49 (1H, ddd, J = 14.6, 53, 2.1 Hz, H-7} was assigned as linked between a methylene
group and cyclohexanone ketone (& 208.8) discerning from their coupling pattern and HMBC
correlation to ketone (& 208.8). A pair of doublets at 83.21 (1H, d, /= 18.7 Hz, H-11) and 2.13 (1H. d,
J = 18.7 Hz, H-11) was considered to position between a quaternary carbon (8 67.8) and
cyclopentenone ketone (& 207.3) attributable to having HMBC correlation with § 207.3 and 67.8. This
quaternary carbon was assigned to C-9 (spirocarbon) due to showing HMBC correlation with H-20,
H-14, H-7. From the HMBC analysis (see structures 6). The structure of 4 was judged as 14(8--
9)abeoabicta-14-ene-8,12-dione. As to its relative stereochemistry was clear from NOESY (sce
structure 7} technique. The NOSEY correlation {see structure 7), H-5/H-14 and H-5/H-18, confirmed
the double bond conneted to w-axial orientation, meanwhile it can demonstrate Ha-11 and Hb-11
having larger different chemical shift due to Ha-11 receiving deshielding effect from carbonyl of
cyclohexanone. Compound (4) was considered deriving from chamanonol (1) {Chart 1) via
biotransformation. We try to prove the biotransformation by using chemical method and treated 1 with
TsOH in THF two days at room temperature. The product is only recover. As the reaction was heated
under reflux 6 hour, 5,6-dehydroferrugiol (8) is the only product. (see Chart 1}

Obtusanal (5) suggested the presence of phenolic acetyl, acctoxyl, aldchyde, cyclohexanone, and
phenyl groups ascribing to its IR absorption bands at 1757, 1734, 1725, 1706, 1610, and 514 cn'.



respectively. 'H NMR spectrum indicated the presence of two singlet methyl groups [8 0.44 {H-18),
101 (H-19)], an isopropyl group attached on phenyl [8 1.16, 1.17 (each 3H, d, /= 6.9 Hz, H-16, H-17),
2.96 {IH, sep, /= 6.9 Hz)], two acetyl groups [8 2.12, 2.32], and aldehyde group [& 9.76 (d, J = 6.9
Hz)], three methine protons [4 2.48 (dd, J= 6.9, 1.9 Hz, H-5), 3.39 (dd, /= 7.4, 4.7 Hz, H-2}, and 6.15
{d. /= 7.4 Hz, H-7)|, two methylene protons [6 2.09 (1H, dd, /= 14.3, 1.9 Hz, H-1,), 2.53 (1H, dd, J =
14.3, 4.7 Hz, H-15)]. The MS of 5 had an exact mass of m/z 414.2050 indicating the molecular fornula
C24H3005. Removal of two acetyl unit from the formula C;H;005 of 5 would afford a parent diterpenc
with two methyl groups one isopropylphenol moiety and an aldehyde group. The skeleton of 5 is
sunilar to 6,7-secodehydroabietane as 3, but the aldehyde linked to phenyl must be converted to
acetoxy and benzyl carbon connected to ring A. The COSY spectrum exhibited the result as follows:
H-5/H-6, H-2/H-1, -7, H-1,/H-1,, -5. The carbonyl absorption at 1706 ¢y’ and H-5 having W-form
coupling (/ = 1.9 Hz) with H-1, confirmed it has a moicty of cyclohexanone. The *C NMR data
{Table 1) exhibited four methyl groups, one phenyl with one oxygenated, two acetyl, two carbonyl
groups signals. Two methyl groups (8 1.01 and 0.44) and methine proton (5 3.39) showed HMBC
correlation with cyclohexanone carbonyl indicating there are neighboring to this ketone. The
following HMBC correlation, H-18,-19/C-5, H-5/C-9, H-20/C-9, H-7/C-8,-9, H-1/C-3, -9, could
decribe the correct structure of 5. As to its relative stereochemistry, it can be demonstrated by NOESY
(see 9) technique (H-6/H-145 H-5/H-18, -19, CH,COO-C-7/H-1a, -2, H-7/H-14, H-17/H-14 showing
NOESY correlation). H;-18 appeared at high field (3 0.44) due to position at a-axial orientation which
shielded from aromatic group. The structure of 5 is a novel skeleton being 7(6—2)abcoabietane. The
proposed retrobiotransform of 5 was shown as in Chart 2. The precussor of 5 is diol 10 which was
converted to 12-hydroxy-3-0x0-6,7-secoabieta-8, 11, 13-triene-6.7-dial (11} via retroaldo! condensation.
Compound 11 is a biooxidative product from 3.
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Table 1 C NMR (100 MHz) of 1, 2. 4 and 5

C 1 2 4 5
! 399 395 337 341
2 18.5 19.2 18.3 46.5
3 41.7 41.8 41.7 2125
4 342 39.9 336 441
5 54.7 422 47.1 69.6
6 17.6 16.1 234 2025
1 34.6 289 39.0 71.9
3 692 68.1 2088 131.9
9 169.1 172.0 678 143.4
10 413 333 44.0 354
Il 1219 1238 37.8 1197
12 187.4 1873 2073 148.5
13 141.7 1421 1533 140.1
14 145.6 1437 1523 1254
15 255 257 249 275
16 213 216 211 223
17 21.8 217 214 228
18 335 335 338 257
9 218 215 220 297
20 20.2 25.0 17.6 272
AcO-C-7 170.8

AcO-C-12 169.4
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Chart 2 (Retrobiotransformation of 5)



A NOVEL BICYCLO[2. 2. 2]OCTANE SKELETON DITERPENE, OBTUNONE, FROM
THE HEARTWOOD OF CHAMAECYPARIS OBTUSA VAR. FORMOSANA

Yueh-Hsiung KUQ,* Chia-Hsien CHEN and Shou-Ling HUANG
Department of Chemistry, National Taiwan University, Taipei, Taiwan, ROC,

Obtunone, a novel bicyclo[2. 2. 2]Joctane skeleton diterpene, was
isolated from the heartwood of Chamaecyparis obtusa var. formosana. Its
structure was determined spectroscopically by interpretation of 2D-NMR
experiments, including HMBC and NOESY.

KEY WORDS Chamaecyparis obtusa var. formosana; Cupressaceae;
bicyclo[2. 2. 2]octane; diterﬁene; obtunone

Due to its strong resistance to wood-decaying fungi, the wood of Chamaecyparis obtusa S.
et Z. var. formosana Rehd. (Taiwan hinoki; Cupressaceae) is an important building material in
Taiwan. Previously, Kafuku and Nozoe studied the essential oil" and acidic components”
(isolated 1-rhodinic acid, carvacrol, 2-methoxy-5~isopropylphenol,_ and S-thujaplicine).
Afterward, Lin® continued the component studies and found p-cresol, a-thujaplicine, 1-
rhodinic acid, f-thujaplicine, terpine hydrate, and 4-isopropylsalicylaldehyde. We have
investigated the chemical components of the bark of this plant, from which two carbamates
together with steroids, diterpenes, and lignan" were identified. No further investigation of the
components of the heartwood of this plant has been reported, which led us to undertake the
present study.

The acetone extract of the heartwood of this plant was partitioned with ethyl acetate and
water. After repeated purification with SiO, on column chromatography and HPLC, a novel
diterpene obtunone (1) together with 3,10-dihydroxydielmentha-5,11-diene-4,9-dione 2y
were isolated. Based on the following spectral evidence (COSY, HMQC, HMBC, and NOESY),
the novel diterpene was assigned as structure (1), a peculiar bicyclo[2. 2. 2]octane skeleton
diterpene.

Obtunone (1), a colorless liquid, {a]®y= -47.6° (¢ = 0.43, CHCl,) was formulated as
CyHyO, on the basis of HRMS (M" m/z 302.2249, calc. 302.2246). It contained a hydroxy
group (3435 cm™), a carbonyl group (1726 em™), and an isopropyl group attached on a double
bond [1382 and 1366 cm™; 0.89 and 0.97 (3 H each, d, J= 6.9 Hz), 2.10 (1 H, sept d, /= 6.9,
1.6 Hz)], an isobutylidene moiety {1.58 and 1.65 (3 H each, br s), 5.06 (1 H, br t, / = 5.3 Hz)],
one trisubstituted and 1,1-disubstituted double bond [6.03 (1 H, ddd, /= 6.9, 1.6, 1.6 Hz), 4.68
and 4.75 (1 H each, s)], an ethylene group linked between two olifinic groups {1.98-2.12 (4 H,
m}}, a methine proton located between the carbonyl and olefinic groups [3.07 (1 H, dd, /= 1.6,
1.6 Hz)], and a methyl group attached to a quaternary carbon bearing a hydroxy group [1.22 (3
H, s)] discernible in its spectral data. A methine proton at § 2.81 was considered to be linked



between an olifinic group and a methylene group due to the presence of a coupling pattern with
ddd (J = 6.9, 2.8, 2.8 Hz). The remaining signals for the methine and methylene protons are at
§2.69(1 H, ddd, /=9.6,6.1, 1.6 Hz) and § 1.33 (1 H, ddd, /= 13.0, 6.1, 2.8 Hz), and 2.37 (1
H, ddd, J = 13.0, 9.6, 2.8 Hz), respectively. Irradiation at & 2.37, the signals at 1.33, 2.69, and
2.81 simplified to dd (J = 6.1, 2.8 Hz), dd (/ = 6.1, 1.6 Hz), and dd (J = 6.9, 2.8 Hz),
respectively. Due to the molecular formula C,H,0, of 1, the index of hydrogen deficiency
(IHD} of 1 is six. Therefore, obtunone (1) is a bicyclic compound. Due to 'H-'"H COSY and
HMQC spectra (Table 1), the NMR data and attachment of the spin-system were reasonably
assigned. Its structural inferences were reinforced by the HMBC (Table 1) technique.
Regarding the stereochemistry, the pronounced NOESY correlation (structure 3) between H-§
and H-20, H-1 and H-2, and H-3 and H-4 established the formulated configuration in 1. The
unique skeleton of diterpene has not yet been observed.

Compound 2,” isolated from Callitris macleayana, was obtained from compound 4
(uncbserved in the natural state) via endo addition of bio-Diels-Alder self-dimerization. The
absolute configuration of 2 was obtained from CD measurements and determined to be 8R and
9R. Compound 2, isolated from C. obtusa var. formosana, expressed the specific rotation value
as isolated from Callitris macleayana. Obtunone (1) was also yielded from 4 and myrcene (5)
via the bio-Diels-Alder addition. The absolute coufiguration of C-8 in obtunone (1) was
assigned as the R-configuration like that in compound 2 based on the same biological pathway.
The formation of compound 2 was proceeded by endo addition from compound 4. Obtunone (1)
was also obtained by endo addition between compounds 4 and S vig the bio-Diels-Alder
reaction. Therefore, C-2 can be assigned to have the R-configuration. Carman * endeavored to
carry out self-Diels-Alder dimerization of compound 4. The resulting product 2 was not
yielded probably because the desired electron-deficient dienophile and electron-rich diene
place contradictory demands upon a single unit. Finally, on reflux with ethanolic sulfuric acid®,
compound 6 afforded dimerization to give 2 in low yield (30%).

3 NOESY - 4 R
6 R

B
P I
4]
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Table 1. NMR Data, COSY, HMBC, and NOESY Correlation of 1 (500 MHMz, 125 MHz in CDCl,)

n C DEPT 3%C 3 'H (/=Hz) COSY HMBC NOESY

1 CH 554 3.07dd (1.6,1.6) 2,5 2,3,5,17 2,17, 18

2 CH 398 2.69 ddd (9.6, 6.1, 1.6) 1,3 1,3,4, 10, 16 t, 10

3 CH, 26.1 2.37(p)ddd (13.0,9.6,28)  2,3a, 4 1,2,4 2,4
1.33(c) ddd (13.0,6.1,2.8)  2,3p, 4 4,16

4 CH 428 2.81 ddd (6.9,2.8, 2.8) 3,5 3,5,20 3,5

5 CH 1253  6.03ddd(6.9.1.6,1.6) 1, 4,17 1,3,4,17 19, 20

6 C 144.7 1,2,4,17,18, 19

7 C 2132 1,2, 4,20

8 C 72.2 1,3,4,5,20

9 c 150.2 1,2,3,10,11, 16

10 CH, 363 2.04-2.10m 1 2,11, 16

i1 CH, 265 1,98 2.12 m 1o, 12 10, 12 12

12 CH 1237  506brt(53) 11 10, 11, 14, 15 15

3 C 131.8 14, 15

14 CH, 177 1.58 5 12, 15 15

15 CH, 256 1655 12, 14 12, 14

16 CH, 1098 46854755 2,10 3,11

17 CH 331 2.10 sept d (6.9, 1.6) 518,19 1,518, 19 |

18 CH, 210 0.89 d (6.9) 17 17,19 17

19 CH, 198 0.97d (6.9) 17 17, 18 5

20 CH, 259 1225 4 5

G dis=Tsn= LEHE Sy o= 6.0 Hz, Ty p= 0.6 He, Siy p= 13 Hz, Jyq o= Syp = 2.8 H Jy 32 Jiq 1q= Jin19= 6.9 Hz, Jyy 2= 5.3 Ha)
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Two dimeric monoterpenes, obtusals A and B, and two dimeric diterpenes,
obtusanols A and B, along with (8)-(-}-citronellol, (8)-(-)-citronellic acid, (+}-borneol,
(+)-sugiol, and (-)-6,12-dihydroxyabicta-5,8,11,13-tetraen-7-one, were isclated from
the heartwood of Chamaecyparis obtusa var. formosana and were characterized by
spectroscopic experiments, including 2D-NMR techniques, and chemical methods.
Total synthesis of optical pure of obtusals A and B were carried out from
(-)-citronellol and (-)-citronellic acid, respectively.



Lintroduction. --—— Among of seven species, only two species of
Chamaecyparis (Cupressaceae) are indigenous to Taiwan. C. formosensis and C.
obtuse var. formosana (Taiwan hinoki) are important building materials and found in
the central mountains of Taiwan at 13002800 m above sea level. The C. obtuse var.
formosana has strong resistant to white-ant and wood-decaying characters, it also can
live over one thousand years. Its timber is yellow-red with a distinguished purple-pink
streak together with huge body, based on the above reasons, the value of C. obtuse var.
formosana is more than C. formosensis. The previous paper, we have completed the
structural elucidation of new and novel diterpenes and lignans [1- 4]. Further detailed
reinvestigation of the same extract from the heartwood of C. obtuse var, formosana
has yielded two new dimeric monoterpenes, obtusals A (1) and B (2), and two new
dimeric diterpenes, obtusanols A (3) and B (4), together with {-)-citronellol (5) [5],
(-)-citronellic acid (6) [6], (+)- bomeol (7) [7], (+)-sugiol (8) [8], and
(-)-6,12-dihydroxyabieta-5,8,11,13-tetraen-7-one (9) [8]. The structures of these new
dimeric compounds were elucidated based on the following spectral evidence and
chemical methods. Optical pure of obtusals A (1) and B (2) were synthesized from
(-}-citronellol (5) and (-)-citronellic acid (6).

2. Results and Discussion. — Compound 1, called obtusal A, was isolated as a
liquid. HR-EI-MS revealed 1 to be a formula C30H3204. The IR spectrum suggested
the presence of ester (1734, 1248, and 1073 cm™) and conjugated aldehyde (2716 and
1690 cm™), and olefinic (1674 cm™) groups. The UV absorption band at Aji" 229
nm confirmed the conjugated system. By the observation of 'H- and *C-NMR (Table
1) analysis and aide from two dimensional techniques (including HMQC, HMBC,
COSY, and NOSEY methods), the siructure of obtusal A (1) was judged as a dimeric
monoterpene with ester linkage not a diterpene.

The alcohol moiety exhibited two methyl signals at 8 0.94 (d, J=6.7 Hz) and 1.72
(s, attached on double bond), an olefinic proton at § 6.44 (t, J/=7.3 Hz), and an
aldehyde proton at 6 9.37 (s). The olefinic proton and aldehyde proton have NOESY
correlation, it gave a E-form conclusion. A multiple methylene signal at § 4.10 (2H,
H-(C1")) was considered as attaching on O-terminal of ester function. Because H-C(3")
is a chiral center causing two protons of H-1' to be nonequivalent. The COSY
correlation [H-C(2") (8 1.58, 1.38)/H-C(3") (8 1.57); H-C(3")/H-C(10", H-C(4"} (5 1.51,
1.67), H-5' (8 2.36)/H-C(4', -6")] confirmed the proton sequence. 'H- and *C-NMR
data of this moiety are similar to 2,6-dimethyl-8-hydroxy-2-octenal (10) [5] except the
data of C(1") and H-C(1") (84 4.10, m, in 1 and 3.72, m, in 10; 8 62.5 in 1 and 60.8 in
10). The acid moiety also contained a secondary methyl [§ 0.96 (d, /=6.7)), a vinyl
methyl (& 1.72 (s)], an aldehyde {& 9.37 (s)], and an olefinic proton [& 6.44 (t, J=7.3
Hz)]. Two methylene protons vicinal to carbonyl of ester presented at 6 2.29 (1H, dd,



J=14.8, 6.3 Hz) and 2.15 (1H, dd, /=14.8, 7.7 Hz). COSY correlation, & 2.29/3 1.98; &
1.98/8 1.57, 1.61; 8 1.61/8 2.36, and & 2.36/5 6.44, identified the contiguous proton.
E-form configuration of double bond was revealed from the NOSEY correlation
between & 6.44 and § 9.37. The above evidence established the structure of obtusal A
(1) to be an ester which was condensed from 10 and 11. HMBC (Structure 1) and >C
data also confirmed the structure. The specific rotation of 1 is [o]; —8.2, therefore the
biosynthetic pathway was proposed from the condensation of (S)-(-)}-10 and (S)-(-)-11,
these came from (S}-(-)-5, and (S)-(-)-6. The total synthesis of 1 was carried out as
follows. The oxidization of (-)-citronellol (5) in reflux ethanol with SeQ, yielded
(-)-10 [9]. (-)-11 was obtained from (-)-citronellic acid using the same condition. By
using Mitsunobu reaction [10], the condensed product from (-)-10 and (-)-11
identified with obtusal A (1), and it showed the specific rotation [ct]> -5.8".
Compound 2, obtusal B, was isolated as an oil and showed the molecular
formula CzH3;03 from its exact mass and *C-NMR spectrum (Table 1). As
compound 1, obtusal B (2) contained ester and conjugated aldehyde attributable to the
IR absorption bands at 2710, 1735, 1695, and 1630 cm™' and UV absorption band at
Amax 229 nm, By the analysis of 'H- and ?C-NMR spectra, it was not a diterpene and
was a dimeric monoterpene linked by ester group. The following 'H-NMR data, &
0.98 (3H, d, /=6.6 Hz), 1.72 (3H, d, /=1.1Hz), 2.30 [1H,dd, /=14.7, 6.5 Hz, H-C(2a)],
2.18 [1H, dd, }=14.7, 7.5 Hz, H-C(2b)], 6.44 (1H, tq, /=7.3, 1.1 Hz), and 9.37 {IH, s),
are almost same as acid moiety of compound 1. The alcohol moiety exhibited three
singlet methyl groups at & (.80, 0.84, and 0.88, and a methane proton attached with
ester at & 4.87 (ddd, J=10.0, 3.4, 2.2 Hz). Comparison of 'H- and “C-NMR data
between alcohol moiety of 2 and (+)-borneol (7), the only difference is H-2' in 2
located at lower ficld than that in 7. The coupling constant of H-2' with 10 Hz as 7
revealed the hydroxy group is position at ende-orientation. Compound 2 exhibited
specific rotation [o]} +26.5, so that the structure of 2 was proposed from the
condensation of (+)-bormneol (7) [IR, 25} and (-)-11. In order to prove the proposal,
the following reaction was achieved. Oxidation of (-)-citronellic acid with selenium
dioxide yields compound 11. Acid halide (12}, obtained from 11 by treament with
thiony! chloride, reacted with (+)-borneol (7) in CH>Cl; and yielded a product 2 with
similar specific rotation [a]} +27.3" obtusanol A (3) had the molecular formular
CioHssO4 on the basic of exact mass (HR-EI-MS) at m/z 600.4178. Tt showed
hydroxyl (3373 cm™), aromatic (3051, 1598, 1490 em™), and conjugated carbonyl
(1654 cm™) absorption in its IR spectrum. The UV spectrum indicated a benzoyl
group (224 and 278 nm). The '"H-NMR spectrum showed two set of dehydroabietane
signals as follows: 1.10, 1.12 [each 3H, d, J=6.9 Hz, H-C(16, 17), 2.22 (1H, br d,
J=13.6, Hp-1, characteristic signal for dehydroabietane)] [10, 11], 3.01 (1H, sep,



J=6.9 Hz, H-15), 4.58 (1H, br s, exchangeable, Ph-OH}, 5.38 (1H, dd, /=9.1, 2.6 Hz,
H-7), 6.68, 7.03 [each 1H, s, H-C(11, 14)]; the second set signals are § 0.98, 1.02,
1.37 (each 3H, s, H-18, -19, -20}, 1.19, 1.21 (each 3H, d, /~6.8 Hz), 2.32 (1H, br d,
J=13.8 Hz, Hp-C(1), 3.29 (1H, sep, /=6.8 Hz}, 6.76, 7.93 (each 1H, s, H-C{11"),
H-C(14"). The signal at 8 5.38 was assigned as H-C(7) due to having HMBC
correlation to C(6), C(8), and C(14). The 'H-NMR data of former set is similar to that
of 7f-hydroxyferrugiol (13) [13], the only difference is that chemical shift of H-C(7)
and C(7) (8¢ 102.5) are lower field than the corresponded position in 13. The second
set signal of 3 is like sugiol (8), H-C(14) presented at lower field due to deshielding
from C(7) carbony! group. On account of O atom number from formula Cy4HseOy, the
remained two O atom presented peroxide form. It links C(7) and C(12') to form
structure of 3, the evidence is compatible with lower field of H-C(7) and C(7). The
base peak at m/z300 from the mass fragmentation pattern of 3 is consistent with
peroxide structure. Catalytic hydrogenolysis of 3 with 10% Pd-C in MeOH yield two
products (+)-sugiol (8) and {(+)-7B-hydroxyferrugiol (13). The IR spectrum of 4
suggested the presence of hydroxyl (3382 c¢m™), aromatic (3062, 1598, 1493 ¢cm™),
and conjugated carbonyl (1646 cm™) groups. The molecular of Cy4oHs4Os was
established by HR-EI-MS. By the analysis of 'H- and ’C-NMR data together with
two dimensional NMR technique, compound 4, obtusanol B, was considered as
dimeric of two dehydroabietane diterpene with peroxide linkage not a tetraterpene. A
semi-moiety is a 7-oxygenated ferrugiol which was revealed from its 'H- and
"C.NMR data [Table 1] [It contains three singlet methyl groups, an exchangeable
phenolic proton, an isopropy! attached on phenyl, two para-phenyl protons, a typical
Hg-C(1) proton of dehydroabietane and a methane proton located on benzyl and
carried a peroxide functional group (6y 5.4) (1 H, dd, /=9.0, 2.5 Hz), 6c 102.4]. The
data are almost near to the semi-moiety of compound 3. The other semi-moiety also
presents three singlet methyl group signal, a typical Hp-C(l) proton of
dehydroabietane, an isopropyl group attached on a phenyl group, two para-phenyl
protons (one at 8 8.03 is received deshielding from C(7) carbonyl, one exchangeable
proton (8 7.15, HO-C(6) strong hydrogen bond with C(7') carbonyl group. This
semi-moiety is like 6,12-dihydroxyabieta-5,8,11,13-tetraen-7-one (9) by comparison
of their 'H- and "C-NMR data. Therefore, the structure of obtusanol (4) was
suggested that C(7) position of ferrugiol and C(12") position of
6-hydroxyabieta-5,8,11,13-tetraen-7-one was connected with peroxide function. On
the same mentioned above catalytic hydrogenolysis condition, (-)-9 and (-)-13 were
isolation from compound 4. Base peak of mass fragment of 4 is also m/z 300.
Hydroperoxide and endoperoxide in natural occurring are very general, but dialkyl
peroxide is very unique.



Table 1. 'H-NMR Data (CDCI3) of Compounds 1 - 4. & in ppm, J in Hz

1 2 3 4
Ha-C(2) 215(dd, ~14.8,  2.18(dd,/=14.7,7.5) HB-C(I) 222(brd,J=13.6) 2.24 (brd, /~13.4)
6.3)
Hb-C(2)} 2.19(dd, /~14.8, 230(dd, /14.7,6.5) Ha-C(7) 5.38(dd, /=9.1,2.6) 5.41 (dd, /~9.0,
7 2.5)
H-C{3) 1.98(m) 2.01 (m) H-C(11})  6.68(s) 6.68 (s)
CHy(4) 1.57(m), L.61(m) 138(m), 1.53(m)  H-C(14) 7.03(5) 7.18 (s)
CHy{5) 2.36(m) 2.36 (m) H-C(15) 3.0l (sep, /6.9)  3.00 (sep, J=6.9)
H-C(6) 6.44 (1, /=7.3) 6.44 (tq, /=7.3, 1.1  Me(16)  1.10{d, J=6.9) 1.11 (d, /~6.9)
H-C(8) 9.37() 9.37 (s) Me(17) 112 (d, /6.9) 1.16 (d, ~6.9)
Me(9) 1.72(s) 1.72(d, &~1.1) Me(18)  0.96(s) 1.02 (s)
Me(10) 0.96 (d, J=6.7) 0.98 (d, /<6.6) Me(19)  0.93(s) 0.98 (s)
CH,(1) 4.10 (m) Me(20) 1.21 (s) 1.27 (s)
Ha-C(2) 1.38 (m) 4.87 (dd, /~10.0,3.4, HO-C(12) 4.58 (brs) 4.60 (br s)
2.2
Hb-C(27) 1.33 (m) HB-C(1"} 232 (brd, ~13.8) 240 (brd, /~13.6)
Ha-C(3") 1.57 (m) 0.92 (dd, /~13.7,10.0) H-C(5")  1.92(dd, /=13.2,
4.3)
Hb-C(3" 2.34 (m) Ha-C(6")  2.58 (dd, ~18.1,
4.3)
Ha-C(4") 1.51 (m) 1.65 (brt, /=4.5) Hb-C(6')  2.67 (dd, /~18.1,
4.3)
Hb-C(4") 1.67 (m) H-C(11)  6.76(s) 6.77 (s)
Ha-C(5") 2.36 (m) 1.20 (m) H-C(14") 793 (s) 8.03 (s)
Hb-C(5) 2.36 (m) 1.72 (m) H-C(15")  3.29 (sep, J/~6.8)  3.33 (sep, /=6.9)
Ha-C(6") 6.44 (1, /=7.3) 1.29 (m) Me(16')  1.19(d, =6.8) 1.20 (d, /=6.9)
Hb-C(6') 1.89 (m) Me(17)  1.21(d, /~6.8) 1.25 (d, /~6.9)
H-C(&) 9.37(s) Me(18")  0.98(s) 1.46 (s)
CH,(8") 0.88 (s) Me(19")  1.02(s) 1.42 (s)
CHy(9") 1.72(s) 0.84 (s) Me(20")  1.37(s) 1.48 (s)

CH,(10") 0.94 (d, ~6.7) 0.20 (s) HO-C(6") 7.15(s)




Table 2. “C-NMR Data (CDCLy) of Compounds 1 - 4. 8 in ppm

1 2 3 4 3 4
(1) 1728 1731 (1) 1.1 a1.1 c(1) 38.2 337
C(2) 41.6 419 C2) 18.7 18.8 @) 18.8 17.6
C{3) 30.0 30.2 C(3) 42.5 424 c(3") 413 37.7
C(4) 35.3 35.0 C(4) 333 37.7 C(4") 348 35.9
C(5) 26.4 26.5 c(5) 474 473 c(5) 49.7 141.1
C(6) 154.4 1541  C(6) 343 34.2 c(6") 36.0 1438
C(7) 1394 1395 (7 102.5 1024 1) 1988  179.8
C(8) 1952 1952  C(8) 1427 1426  C(8) 1252 1209
C(9) 92 9.2 C) 1462 1461 C(©9) 1560 1542
C(10) 195 19.5 c{10) 412 414 c(10) 383 40.7
(1" 625 487 C(l1) 1140 1141  c(1) 1084 1098
C(2) 35.0 79.9 C(12) 1494 1494  (12') 1590 1585
c(3") 29.6 36.9 C(13) 1330 1331 C(13) 1363 137.2
C(4") 353 449 c(14) 1209 1208  C(4") 1261 125.1
c(s") 26.4 8.0 c(15) 268 269 c(s’) 278 274
C(6") 1540 271 c(l6) 217 217 c(s) 225 22.6
c(7") 1395 478 c(17) 218 218 c(17)y 225 226
C(8") 1952 188 c(18) 337 337 c(18") 326 276
(9" 92 19.7 c(19) 226 225 c(19") 214 28.0
cp') 192 13.5 C(20) 234 232 c(20") 232 35.0
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Antifungus Activity

Fungus conc (ppm)  Antifugal Index
Coricdus versicolor 10 522
50 794
100 100
Laetiporns sulphureus 50 529
' 100 100
a-Cadinol
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Biological Activities
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