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One new vy-lactone, namely calolactone (1), together with one new drimane-type sesquiterpene, namely caloterpene (2), were isolated from the pericarp of
Calocedrus formosana Florin. Their structures were elucidated by spectroscopic and mass spectrometric analysis.

Keywords: Calocedrus formosana, Furanone, Calolactone, Sesquiterpene, Caloterpene.

Calocedrus formosana Florin (= C. macrolepis var. formosana), a
coniferous tree indigenous to Taiwan, is a variable species classified
in the family Cupressaceae [1]. Previous studies have demonstrated
that the essential oils and extractives of this tree exhibited inhibitory
effects against termites, mildew, and fungi, as well as functioning as
an antioxidant, an anti-inflammatory agent, and a mosquito
larvicide [2a-2f]. However, no prior report focused on the chemical
constituents of the pericarp of C. formosana. Thus, we set out on a
series of extraction, and purification of the extracts, which resulted
in the isolation and identification of one new y-lactone, calolactone
(1) along with one new sesquiterpene, caloterpene (2) (Figure 1).

The molecular formula of 1 was determined to be CoH,04 from
the HRESIMS molecular ion peak [M + H]" at m/z 187.0965 (calcd.
for CoH 504, m/z 187.0970), and *C NMR spectrum, indicating that
the index of hydrogen deficiency (IHD) of 1 was three. The IR
spectrum of 1 indicated the presence of an acetoxyl carbonyl (1732
em™) and a y-lactone carbonyl (1766 cm™). Two lower-shifted
resonances observed in the '*C NMR spectrum were referred to two
carbonyl carbons at dc 177.8 (C-1) and 170.6 (C-8), which also
indicated that a ring remained for the whole IHD in correspondence
with the existence of a y-lactone ring. The 'H NMR spectrum
(Table 1) of 1 supported by HMQC and DEPT spectra revealed
signals for two methyls at g 1.27 (H3-5) and 1.43 (H3-7), one
acetoxyl methyl at 8y 2.07 (s, H;3-9), three methines at 1.96 (H-3),
2.47 (H-2) and 4.25 (H-4), as well as one oxymethylene with
nonequivalent resonances at y 4.13 and 4.22 (H,-6). Crosspeaks of
Oy.51.27/8y5 2.47, 0.2 2.47/0h53 1.96, S5 1.96/3y .6, 4.13, Sy.6p 4.22
and 81.[_4 425, 61—[»63 4~13/8H-6b 422, and 81.[_4 4.25/61.[_7 1.43 in the
COSY spectrum (Figure 1B) coupled with key crosspeaks of
6]—[_5 1.27/5(;_[ 1778, Sc_z 38.8 and Sc_3 505, 8H-6a 4.13 and 6H-6b
4.22/8(‘_2 388, 6(:_3 505, 6(}4 76.9 and 8C-8 1706, 61.{_7 1-43/8c-4 76.9
and 6.350.5 and Op92.07/8cg 170.6 in the HMBC spectrum

[o]

3"
Oy L5
\[( nood = COSY NOESY # X

1 [¢] [E ) (A) HMBC /X (B)
Figure 1: (A) Chemical structures of compounds 1 and 2; (B) COSY, key HMBC and NOESY of 1.

Table 1: 'H NMR and '*C NMR data (in CDCl) for compounds 1 and 2.

T 2
B¢ H Bc H
1 1778 345 2.59 brd (13.3)
1.15td (13.3, 4.0)
2 388 247m 18.7 1.85m
1.55m
3505 1.96 m 37.6 222m
1.07m
4 769 425m 433
5 140 1.27d(7.1) 53.1 1.41dd (12.3, 1.6)
6 022 4.13dd (12.7,5.7) 19.9 2.15m
4.22dd (12.7,4.5) 1.95m
7 19.8 1.43d(6.1) 25.6 1.78 m
2.38dd (18.6, 5.5)
8 1706 1593
9 20.7 2.07s 134.4
10 354
11 17.6 1.06s
12 1722
13 70.6 4.60d (17.0)
4.54d(17.0)
14 28.7 129
15 181.4

“TH and C NMR acquired at 500 and 125 MHz, respectively.

(Figure 1B) established the gross structure of 1. Key crosspeaks of
SH-S 1.27/ 8H-3 196, 6H-7 1.43/8]_[_3 1.96 and SH-()a 4.13 and 6H-6b
4.22/8y., 2.47 in the NOESY spectrum (Figure 2) corroborated the
relative configurations of Hj3-5, H3-7 and the methylene acetoxy
moiety attached at C-3 to be -, - and a-oriented. Accordingly, the
structure of 1 was deduced to be as shown in Figure 1, and was
named calolactone.
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Compound 2, a white solid, was determined as C;sH,,O4, by
HRESIMS. The IR absorptions at 33002500, 1691 and 1745 cm™
indicated the presence of a carboxylic acid and an a,B-unsaturated
v-lactone carbonyl functionality, respectively. Fifteen carbon
resonances observed in the *C NMR spectrum coupled with the
DEPT spectrum of 2 were attributable to two methyls at 5¢ 17.6 and
28.7, six methylenes at d¢ 18.7, 19.9, 25.6, 34.5, 37.6 and 70.6, one
methine at d¢c 53.1 and six quaternary carbons at d¢ 35.4, 43.3,
134.4, 159.3, 172.2 and 181.4 (Table 1). The molecular formula,
Cy5Hp0Oy4, indicated that the IHD of 2 was six, including one
carboxylic acid and an o,B-unsaturated y-lactone, as evidenced by
four quaternary carbon signals at 6c 134.4, 159.3, 172.2 and 181.4
in the >C NMR spectrum and IR interpretations. Thus, the number
of rings remaining in the structure of 1 should be two. The 'H-
NMR spectrum coupled with the HSQC spectrum exhibited signals
for two methyl groups [0y 1.06 (Hs-11) and 1.29 (H;-14)], six
methylene groups [0y 1.07 (Hy-3), 1.15 (H,-1), 1.55 (Hp-2), 1.78
(H,-7), 1.85 (H,-2), 1.95 (Hyp-6), 2.15 (H,-6), 2.22 (H,-3), 2.38 (H,-
7), 2.59 (H,-1), 4.54 (Hy-13) and 4.60 (H,-13)] and one methine [y
1.41 (H-5)](Table 1). The planar structure of 2 was further deduced
by key COSY (H,-1/H,-2; H,-2/H,-3; H-5/H,-6; H,-6/H,-7) and key
HMBC (H5-11/C-1, -5, -9 and -10; H;-14/C-3, -4, -5 and -15; H,-
7/C-8 and -9; H,-13/C-8, -9 and -12) correlations (Figure 2). The
above assignments were characteristic of drimane-type
sesquiterpenes containing a frams-decalin moiety [3], with two
methyls located at C-4 and -10, one carboxylic acid attached to C-4,
and one o,B-unsaturated y-lactone moiety located at C-8 and -9.
The orientations of H-5, H3-11 and H;-14 were determined to be
axial, axial, and equatorial, respectively, judged from the coupling
constants of H-5/H,,-6 (12.3 Hz), as well as the key cross-peaks of
H;-14/H-5, H-5/H -1 and He-1/H;-11 in the NOESY spectrum of 2
(Figure 2). Conclusively, the structure of 2 was assigned as shown
in Figure 1A, and the compound was named caloterpene.

Q
/’ay HO, O
‘N\

COSY ===

HOOC,
~ HMBC /X

Figure 2: Key COSY, HMBC and NOESY features of 2.

Experimental

General: Optical rotations, Jasco-DIP-1000 digital polarimeter; IR,
Nicolet MAGNA-IR 550 spectrophotometer Series II; UV, Helios

Lee et al.

Beta UV-Visible spectrometer; NMR, Bruker DMX-500SB
spectrometers; HRESIMS, High Definition Mass Spectrometry
System with an ESI interface and a TOF analyzer; in m/z (rel.%).
CC, silica gel Kieselgel 60 (70-230 mesh; Merck).

Plant material: The pericarp of Calocedrus formosana Florin was
collected in Nan-Tou, Taiwan, in Aug, 1998, and was identified by
Prof. Shang-Tzen Chang in the Department of Forestry, National
Taiwan University. A voucher specimen (No. 223133) has been
deposited in the Herbarium of the Department of Life Science,
National Taiwan University, Taipei, Taiwan.

Extraction and isolation: The pericarp of C. formosana (5.0 kg)
was ground into powder and extracted with methanol (20 L), 3
times (5 days each time) at room temperature. Evaporation of the
organic solvent from each solution under reduced pressure gave the
crude residue, which was partitioned using ethyl acetate and water.
The EtOAc part (500 g) was pre-absorbed into 800 g SiO, and then
subjected to CC on silica gel (3.5 kg) using n-hexane with
increasing amounts of EtOAc as an eluent to afford 5 major
fractions denoted as fractions I-V by monitoring with TLC.
Repeated chromatography of fractions III on a silica gel 60 column
(230-400 mesh) with n-hexane/EtOAc (7:3, v/v) gave 1 (36 mg)
Fraction V was re-chromatographed on a silica gel 60 column (230-
400 mesh) with n-hexane/EtOAc (3:7, v/v) to afford 2 (56 mg).

Calolactone (1)

Amorphous white powder.

[a]P5s: —12.0 (¢ 0.27, in CHCL;).

IR (KBr): 1766, 1732 cm’™.

'H and "*C NMR: Table 1.

HRESIMS m/z: 187.0965 (caled. for CoH,504, m/z 187.0970).

Caloterpene (2)

Amorphous white powder.

[0]%s: —2.2 (¢ 0.19, in CHCl,).

IR (KBr): 3300-2500, 1745, 1691 cm.

UV Apax (log &) in MeOH: 254 (4.1) nm.

'H and C NMR: Table 1.

HRESIMS m/z: 265.1436 (calcd. for CisHy,04, m/z 265.1440).
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