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a b s t r a c t

Holophyllin A (1), a novel rearranged abietane-type diterpenoid was isolated, together with a new diter-
pene glycoside, holophyllin B (2), from the trunk of Abies holophylla. The structures of 1 and 2 were estab-
lished by extensive spectroscopic analyses and their absolute configurations were determined by ECD
calculation. All the isolates were tested for their inhibitory effects on NO production in LPS-activated
murine microglial cells.

� 2014 Elsevier Ltd. All rights reserved.

Abietane-type diterpenoids are rich in the genus Abies (Pinaceae)
specifically1 and associated with a variety of pharmacological
effects that include anti-inflammatory, antiproliferative, antiviral,
antiplasmodial, and antidepressant antivities.2–6 Several species in
this genus have been used in Korean traditional medicine for the
treatment of stomach ache, rheumatic diseases, and vascular dis-
eases.7 Abies holophylla MAXIM (Pinaceae) is a evergreen tree that
is widely distributed in Korea, China, and Russia. Our earlier phyto-
chemical investigation on A. holophylla resulted in the isolation of
anti-inflammatory lignans.8 In our continuing search for bioactive
constituents from Korean medicinal plants, we further isolated a
novel rearranged abietane-type diterpene with spiro[4.5]decane
structure, holophyllin A (1), together with a new diterpene glyco-
side, holophyllin B (2) (Fig. 1) from the n-hexane and EtOAc-soluble
layers of the MeOH extract of A. holophylla, respectively. Shimagaki
et al. reported two diterpenes as synthetic intermediates having the
same skeleton as 2.9,10 However, this Letter described the first isola-
tion of a diterpene possessing the 6/6/7 ring system from nature.

The trunk of A. holophylla (5.0 kg) was extracted with 80% aq
MeOH (3 � 5 L) under reflux and filtered. The filtrate was evapo-
rated under reduced pressure to obtain a MeOH extract (280 g),

which was suspended in distilled H2O and successively partitioned
with n-hexane, CHCl3, EtOAc, and n-butanol. The n-hexane-soluble
fraction and EtOAc-soluble fraction were subjected to repeated
column chromatography on silica gel, Sephadex LH-20, and semi-
preparative HPLC to give compounds 1 (3.2 mg) and 2 (17.2 mg),
respectively.

Holophyllin A (1)11 was obtained as a colorless gum and had a
molecular formula of C20H30O5 by the positive ion HRFABMS (m/z
351.2171 [M+H]+, calcd for C20H31O5 351.2171), requiring six
degrees of unsaturation. The IR spectrum of 1 displayed absorption
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Figure 1. Structures of compounds 1, 2, and 2a.
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characteristic of hydroxy (3384 cm�1) and carbonyl groups
(1697 cm�1). The 13C NMR spectrum revealed the presence of 20
carbon signals, which were assigned with the assistance of DEPT
spectrum as two sp2 quaternary carbonyl carbons [dC 210.6 and
181.4], four sp3 methyls [dC 19.0, 18.6 (�2), and 16.6], six sp3 meth-
ylenes [dC 36.7, 33.5, 29.7, 23.1, 23.0, and 17.4], four sp3 methines
[dC 70.2 (CAO), 66.4 (CAO), 39.0, and 30.2], and four sp3 quaternary
carbons [dC 72.5 (CAO), 61.1, 47.8, and 47.1]. From the 1H NMR
spectrum, the resonances of two oxymethine protons [dH 3.96, s;
3.35, s] and four methyls [dH 1.35, br s; 1.31, s; 1.02 (�2), d,
J = 7.0 Hz] were observed. These spectroscopic data (Table 1)
suggested an abietane-type origin diterpenoid for 1.

Analysis of the 1H–1H COSY spectrum established four proton
sequences from H2-1 to H2-3, H-5 to H-7, H2-11 to H2-12, and
H3-16 to H3-17 (Fig. 2). HMBC correlations of H3-19 with C-3 and
C-5 provided the connection of C-3 and C-5 and formation of ring
A was confirmed by HMBC cross-peaks of H3-20 with C-1, C-5,
and C-10. Ring B, which was adjacent to ring A could be deduced
from the HMBC correlations of H-5, H-7 and H3-20 with C-9, and
H2-6 with C-8. The HMBC cross-peaks of H2-11 with C-7, C-8 and
C-9, and H-14 with C-7 and C-8 provided the connection from C-
11 to C-14 through the spiro carbon at C-8. The cyclopentane ring
C was confirmed by HMBC correlations of H2-11 with C-13 and
H2-12 with C-14, and the isopropyl group attached at C-13 was

deduced from the HMBC correlations of H3-16 and H3-17 with C-
13. The fact that the 13C NMR signals of C-13 (dC 72.5) and C-14
(dC 66.4) were shifted upfield in comparison with those of normal
oxyquaternary and oxymethine carbon groups,12,13 respectively,
implied an epoxide ring was to be located at C-13/C-14.

A b orientation of H3-19 and H3-20 was confirmed from the NOE
correlations of H-6ax with H3-19 and H3-20. The distinct NOE
cross-peaks of H-14 with H-6ax, H-7, H3-16, and H3-20 indicated
a b orientation of H-7 and an a orientation of H-14 and the isopro-
pyl group. Therefore, the relative configuration of 1 was assigned
as 4R⁄,5R⁄,7R⁄,8R⁄,10S⁄,13S⁄, and 14S⁄. The absolute configuration
of 1 was determined by comparing the CD spectrum of 1 and the
ECD spectra of the two possible enantiomers of 1. These spectra
were calculated using time-dependent density-functional theory
(TD-DFT) at the B3LYP/def2-TZVPP//B3LYP/def-SV(P) level for all

Table 1
1H (700 MHz) and 13C (175 MHz) NMR data for 1 in CDCl3

Position dH, mult (J in Hz) dC

1ax 1.88, br d (13.3) 33.5 (CH2)
1eq 1.50, overlap
2 1.72, overlap 17.4 (CH2)
3 1.74, overlap 36.7 (CH2)
4 47.1 (C)
5 2.65, m 39.0 (CH)
6ax 2.24, br t (14.0) 29.7 (CH2)
6eq 1.72, overlap
7 3.96, br s 70.2 (CH)
8 61.1 (C)
9 210.6 (C)
10 47.8 (C)
11a 2.30, dt (13.3, 9.1) 23.1 (CH2)
11b 1.82, overlap
12a 1.95, dd (13.3, 9.1) 23.0 (CH2)
12b 1.69, overlap
13 72.5 (C)
14 3.35, s 66.4 (CH)
15 1.81, overlap 30.2 (CH)
16 1.02, d (7.0) 19.0 (CH3)
17 1.02, d (7.0) 18.6 (CH3)
18 181.4 (C)
19 1.35, br s 16.6 (CH3)
20 1.31, s 18.6 (CH3)

Table 2
1H (500 MHz) and 13C (125 MHz) NMR data for 2 in CD3OD

Position dH, mult (J in Hz) dC

1ax 1.27, m 38.9 (CH2)
1eq 1.67, overlap
2 1.62, overlap 19.3 (CH2)
3ax 1.89, m 37.7 (CH2)
3eq 1.62, overlap
4 49.0 (C)
5 2.10, t (8.0) 50.2 (CH)
6 1.54, m 27.0 (CH2)
7ax 2.30, overlap 39.5 (CH2)
8 157.6 (C)
9 2.36, dd (11.0, 5.0) 58.4 (CH)
10 40.8 (C)
11a 1.79, dd (14.3, 5.0) 33.0 (CH2)
11b 1.64, overlap
12 3.75, d (8.8) 74.3 (CH)
13 55.9 (C)
14 211.0 (C)
15 5.81, br s 125.8 (CH)
16 1.08, s 27.3 (CH3)
17 1.12, s 16.7 (CH3)
18 178.8 (C)
19 1.20, s 17.3 (CH3)
20 0.71, s 15.2 (CH3)
10 5.46, d (8.1) 96.2 (CH)
20 3.35, overlap 74.1 (CH)
30 3.41, overlap 78.4 (CH)
40 3.37, overlap 71.2 (CH)
50 3.37, overlap 79.0 (CH)
60a 3.83, d (11.5) 62.5 (CH2)
60b 3.68, dd (11.5, 2.2)
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Figure 2. 1H–1H COSY, HMBC, and NOESY correlations of 1.
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Figure 3. Experimental CD spectra of 1 (black), calculated ECD spectra of 1 (red),
and ent-1 (blue).
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