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A systematic phytochemical investigation on Abies forrestii afforded two new and 20 known
compounds. Abieseconordines A and B (1 and 2) are the first two examples of norditerpenes with a novel
18-nor-5,10:9,10-disecoabietane skeleton. Their structures were established mainly by analysis of 1D-
and 2D-NMR spectroscopic data. In addition, electronic circular-dichroism calculations and molecular-
orbital analysis were utilized to confirm the absolute configuration of 1. Both compounds exhibited a
potent effect in a bioassay inhibiting LPS-stimulated NO production in RAW264.7 macrophages.

Introduction. — The genus Abies is characteristic for structurally fascinating
compounds with diverse biological activities [1]. In our recent studies focused on this
species indigenous to China, several Abies plants were collected for systematic
investigations. As a result, many interesting chemical constituents were obtained with
remarkable bioactivities [2-15]. In a continuing study, Abies forrestii, a tall tree
occurring in the northwest of China [16], was harvested for an intensive study, which
led to the isolation of two new and 20 known compounds. The new compounds 1 and 2
(Fig. 1) are the first two norditerpenoids with a unique 18-nor-5,10:9,10-disecoabie-
tane skeleton. In this study, we describe the isolation and structural elucidation of
abieseconordines A (1) and B (2)1).

Results and Discussion. — 1. Structure Elucidation. Abieseconordine A (1) was
obtained as colorless oil with a molecular formula C,yH;,0; according to the positive-
mode HR-ESI-MS (m/z 329.2098), requiring five degrees of unsaturation. The IR
spectrum of 1 showed OH (3442 cm~!) and C=0 (1713 and 1676 cm™!) groups. The

1) Trival atom numbering; for systematic names, see Exper. Part.
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Fig. 1. Abieseconordines A (1) and B (2) isolated from Abies forrestii

Table 1. 'H- and *C- NMR Data (600 and 150 MHz, resp.; CDCl;) of Abieseconordines A (1) and B
(2)"Y). 6 in ppm, J in Hz.

1 2
o(H) 4(C) o(H) o(C)
CH,(1) 237 (t,7=74) 430(0) 241 (,7=72) 433 (1)
CH,(2) 1.65-1.68 (m) 219 (1)  1.62-1.64 (m) 221 (1)
CH,(3) 1.95 (1, 7=17.0) 388(t) 197 (t,J=72) 311 (1)
C(4) 135.0 (s) 135.4 (s)
H-C(5) 506 (1,J=72) 1243 (d)  5.11(t,7=172) 1252 (d)
CH,(6) 2.09-2.12 (m) 264 (t)  2.09-2.12 (m) 26.6 (t)
CH,(7) 2.20-2.25 (m) 295(t)  2.19-221 (m) 30.0 (¢)
C(8) 138.8 () 139.1 (s)
C(9) 1993 (s) 199.4 (s)
C(10) 209.5 (s) 209.4 (s)
CH,(11)  2.68 (ddd,J=168,102,54),  342(r)  2.68 (ddd,J=168,102,53), 343 (t)
2.42 (ddd, J=17.0, 6.2, 4.9) 2.41-2.43 (m)
CH(12)  2.10-2.13 (m) 307 (6)  2.10-2.13 (m), 30.8 (¢)
1.90-1.93 (m)

C(13) 722 (s) 72.4 (s)
H-C(14) 645 (s) 1481 (d) 648 (s) 1483 (d)
H-C(15)  1.88-1.90 (m) 370 (d)  187-191 (m) 372 (d)
Me(16) 1.01 (d, J=6.9) 164 (g) 101 (1, J=7.0) 16.5 (q)
Me(17)  0.96 (d,J=69) 174 (q) 096 (t,7=17.1) 17.6 (q)
Me(19) 1.55 (s) 158 (q)  1.66 (s) 233 (q)
Me(20) 213 (s) 298(q) 214 (s) 301 (q)

'H-NMR spectrum (7able I) revealed the presence of a tertiary Me (0(H) 1.55 (s)), an
Ac (0(H)2.13(s)), and an i-Pr group (6(H) 0.96 and 1.01 (2d, eachJ =6.9 Hz,3 H) and
1.88-1.90 (m, 1 H)). The 'H-, *C-, and DEPT-NMR spectra showed 19 well-resolved
resonances for four Me groups (6(H) 1.01 (d, Me(16)), 0.96 (d, Me(17)), 1.55 (s,
Me(19)), and 2.13 (s, Me(20)); 6(C) 16.4 (g, C(16)), 174 (g, C(17)), 15.8 (g, C(19)),
and 29.8 (g, C(20))), seven CH, groups, three CH groups including two olefinic ones
(0(H) 5.06 (¢, J=72Hz, H-C(5)) and 6.45 (s, H-C(14)); 6(C) 124.3 (d, C(5)) and
148.1 (d, C(14))), and five quaternary C-atoms including two ketone groups (6(C)



HEeLveTICA CHIMICA ACTA — Vol. 95 (2012) 417

’/\ O
N

Fig. 2. Key 'H!H-COSY (—), HMBC (H— C), and NOESY (H < H) features for abieseconordines A
(1) and B (2)

199.3 (s, C(9)) and 209.5 (s, C(10))), two olefinic bonds (6(C) 135.0 (s, C(4)) and 138.8
(s, C(8))), and one O-bearing aliphatic C-atom (6(C) 72.2 (s, C(13)). In a 'H,'H-COSY
experiment, correlations of CH,(1) through CH,(2) to CH,(3), H-C(5) through
CH,(6) to CH,(7), CH,(11) to CH,(12), and CMe(16) through H-C(15) to CMe(17)
suggested the presence of four fragments shown in Fig. 2. Further HMBC correlations
originated from four Me groups and two vinyl H-atoms connected these fragments into
one (Fig. 2). Accordingly, the constitutional formula of 1 was established as shown in
Fig. 1. The (E) configuration of the C(4)=C(5) bond was assigned by the ROESY
correlation H-C(5)/CH,(3), which established that CH,(3) and H-C(5) were cofacial
(Fig. 2). However, the absolute configuration of 1 could not be readily deduced. The
experimental ECD (electronic circular dichroism) spectrum of 1 displayed distinct
negative and positive Cotton effects (CE) at 239 and 335 nm, respectively. A theoretical
calculation of its ECD spectrum by Gaussian 03 [17] was performed as this method has
been shown to be effective for determining the absolute configuration of natural
products [18].

The (13R)-enantiomer 1 was initially optimized by using molecular mechanics,
specifically by using the MMFF 94 force field and the program of Maestro7.5, and then
geometrically optimized by using DFT at the B3LYP/6-31G** level. On the basis of the
above optimization, the ECD spectrum of 1 was calculated at the B3LYP/6-31G**//
B3LYP/6-31G** level in the gas phase as well as at the B3LYP-SCRF/6-31G**#//
B3LYP/6-31G** and B3PW91-SCRF/6-31G**//B3LYP/6-31G** levels with the COM-
SO model in MeOH solution. As can be noted in Fig. 3, the calculated ECD spectra of
1 show diagnostic negative and positive CEs around 239 and 335 nm, which were very
close to those of the experimental spectrum.

Molecular orbital (MO) analysis of 1 at the B3PW91-SCRF/6-31G**//B3LYP/6-
31G** level with the COSMO model in MeOH, provided a rationalization of the
production of the experimentally observed ECD of 1 at a molecular level. The
electronic transitions from MOS83 to MOS5 involving the electrons of the a,f-
unsaturated ketone and from MO84 to MOS86 of the C=O0 in the side chain generated
positive and negative rotatory strengths at 331 and 230 nm, respectively. This is
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Fig. 3. Calculated ECD spectra of 1 at a) the B3LYP/6-31G**/B3LYP/6-31G** level in the gas phase,

b) the B3LYP-SCRF/6-31G**//B3LYP/6-31G** level with the COSMO model in MeOH, and c) the

B3PW9I-SCRF/6-31G**/B3LYP/6-31G** level with the COSMO model in MeOH. d) Experimental
ECD spectrum of 1 in MeOH

consistent with the result of the experimental ECD of 1 with the strong positive CE at
336 nm and the negative CE at 239 nm (Fig. 3).

On the basis of the above evidence, the structure of compound 1 was determined as
(4E,13R)-18-nor-5,10:9,10-diseco-13-hydroxyabieta-4,8(14)-diene-9,10-dione, and was
named abieseconordine Al).

Abieseconordine B (2) shared the same molecular formula C,,H;,O; as 1. Both
compounds exhibited almost the same IR, UV, and 'H-NMR spectra. A close
comparison of their ¥*C-NMR data, however, showed significant differences: C(3) was
upfield-shifted by 7.7 ppm, whereas C(19) was downfield-shifted by 7.5 ppm in 2. This
implied that the olefinic C(4)=C(5) bond might be (Z)-orientated in 2. This assumption
was confirmed by the ROESY correlations between Me(19) and H-C(5). Accordingly,
the structure of compound 2 was determined as (4Z,13R)-18-nor-5,10:9,10-diseco-13-
hydroxyabieta-4,8(14)-diene-9,10-dione, and was named abieseconordine B').

Abieseconordines A and B are the first two examples of norditerpenes with a novel
18-nor-5,10:9,10-disecoabietane skeleton. A tentative biosynthetic pathway is pro-
posed in the Scheme. The precursor, levopimaric acid, is first hydrated to 12,13-dihydro-
13-hdroxylevopimaric acid (A). Oxidation of this intermediate with opening of ring B
then leads to 9-oxo-10-hydroxy-9,10-secoabiet-8(14)-en-18-oic acid (B). Further
elaboration of this precursor finally gives the novel structures of abieseconordines A
and B.

Comparing spectroscopic data with those previously published, 20 known chemical
constituents were identified as eight diterpenoids, i.e., abieta-7,13-dien-18-oic acid [19],
9,133-epidioxyabiet-8(14)-en-18-oic acid [20], dehydroabietic acid [21], manool [22],
15-hydroxydehydroabietic acid [21], abieta-8,11,13-triene-15,18-diol [23], 12-hydroxy-
abietic acid [21], and 15-hydroxy-7-oxoabieta-8,11,13-trien-18-oic acid [24], as two



HeLveTIcA CHIMICA ACTA — Vol. 95 (2012) 419

Scheme. Proposed Biosynthetic Pathway to Abieseconordines A (1) and B (2)

H-OH

$ O
HOOC f‘/<(~ H*
OH

Levopimaric acid A B

triterpenoids, i.e., 23-oxomariesiic acid B [25] and abiesatrine B [3], and as ten phenol
derivatives, i.e., (7'S,8'R)-dihydrodehydrodiconiferyl alcohol [26], rhododendrol [27],
4-(4-hydrophenyl)butan-2-one [28], (+)-pinoresinol [29], (—)-isolariciresinol [30],
rhododendrin [31], naringenin [32], kaempferol [33], kaempferol 3-(5-p-glucopyrano-
side) [34], and 4-hydroxy-3-methoxybenzoic acid [35].

2. Biological Assays. The capabilities of compounds 1 and 2 to inhibit the LPS-
stimulated NO production were measured in RAW264.7 macrophages according to the

Table 2. Effect of Compounds 1 and 2 on LPS-Induced NO Production in RAW264.7 Macrophages

Test compound Dose [ug/ml] Inhibition rate [%]
Aminoguanidine®) 25.0 ([um]) 52.1
Abieseconordine A (1) 100.0 72.7

75.0 23.9

50.0 0
Abieseconordine B (2) 100.0 64.7

75.0 42.0

50.0 7.3

) Positive control.

previously reported protocol [36]. Both exhibited potent effects within the tested
concentrations (7able 2).

The work was supported by the National Natural Science Foundation of China (21002110, 30725045),
the Shanghai Leading Academic Discipline Project (B906), and the Special Program for New Drug
Innovation of the Ministry of Science and Technology, China (2009ZX09308-005).

Experimental Part

General. Column chromatography (CC): silica gel (SiO,), Sephadex LH-20 and ODS. Medium
pressure liquid chromatography (MPLC): Biichi Sepacore system. Optical rotations: Perkin—FElmer-341
polarimeter. CD and UV Spectra: Jasco J810 and Shimadzu-UV-2550 UV/VIS spectrophotometers,
resp.; A (Ag) and A, (log ¢) in nm, resp. IR Spectra: Bruker-Vector-22 spectrometer; KBr pellets; in
cm~!. NMR Spectra: Bruker-Avance-600 NMR spectrometer; o in ppm rel. to Me,Si as internal standard,
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Jin Hz. ESI-MS: Agilent-LC/MSD(Trap )-XCT mass spectrometer; in m/z. HR-ESI-MS: Waters-Q-TOF
micro mass spectrometer; in m/z.

Plant Material. The twigs, needles, and cones of A. forrestii were collected in July 2008 from Linzhi
City, Tibet Autonomous Region, China. It was identified by Prof. Han-Ming Zhang at the Second
Military Medical University. A voucher specimen (200807902) was deposited with the Herbarium of the
School of Pharmacy, Second Military Medical University, Shanghai, China.

Extraction and Isolation. The dried powdered sample of A. forrestii (7 kg) was extracted three times
with 80% EtOH under reflux (3 x 3 h). After evaporation of the solvent, the residue was extracted with
AcOEt to give a residue (500 g), which was subjected to CC (SiO,, gradient CHCl;/MeOH): Fractions 1 —
3. Fr. I underwent further sequential CC (MCI gel, MeOH/H,0O 50 — 100%; ODS, H,O/MeOH 70 —
100%; Sephadex LH-20, MeOH). Purification by prep. TLC (CHCL/MeOH 50:1) afforded abieta-
7,13-dien-18-oic acid (30.5 mg), 9,133-epidioxyabiet-8(14)-en-18-oic acid (22.1 mg), and dehydroabietic
acid (63.7 mg). Fr. 2 was also subjected to CC (MCI gel, MeOH/H,0 50 — 100%): Frs. 2.1-2.3. Fr. 2.1
was subjected to CC (ODS, H,O/MeOH 5 — 100%; Sephadex LH-20, MeOH). Final purification by
prep. TLC (CHCly/MeOH 20:1) gave 4-(4-hydrophenyl)butan-2-one (12.5 mg), 4-hydroxy-3-methoxy-
benzoic acid (36.5 mg), naringenin (23.1 mg), and kaempferol (23.1 mg). Similarly, (7'S,8'R)-dihydro-
dehydrodiconiferyl alcohol (15.3 mg), rhododendrol (16.7 mg), manool (24.2 mg), abieta-8,11,13-triene-
15,18-diol (21.3 mg), 12-hydroxyabietic acid (10.5 mg), and (+)-pinoresinol (30.1 mg) were obtained
from Fr. 2.2, 23-oxomariesiic acid B (8.1 mg), and 15-hydroxydehydroabietic acid (16.1 mg), abiesatrine
B (7.8 mg), and 15-hydroxy-7-oxoabieta-8,11,13-trien-18-oic acid (12.8 mg) from Fr. 2.3, and rhododen-
drin (25.1 mg), kaempferol 3-(-pD-glucopyranoside) (21.7 mg), and (—)-isolariciresinol (13.2 mg) from
Fr. 3.

Abieseconordine A (= (4R )-4-Hydroxy-4-(1-methylethyl)-2-[ (3E )-4-methyl-8-oxonon-3-en-1-yl)cy-
clohex-2-en-1-one; 1). Colorless oil. [a]d =—9 (¢c=0.2, MeOH). UV (MeOH): 214 (3.87), 230 (3.97).
CD (MeOH): 210 (+1.20), 239 (—1.88). IR (KBr): 3442, 2960, 2933, 2875, 1713, 1676, 1443, 1375, 1248,
1175, 1124, 1055, 947. 'H- and *C-NMR: Table 1. ESI-MS (pos.): 329 ([M + Na]*). HR-ESI-MS (pos.):
329.2098 ([M + Na]*, C;yH;NaOf7; calc. 329.2087).

Abieseconordine B (= (4R )-4-Hydroxy-4-(1-methylethyl)-2-[ (37 )-4-methyl-8-oxonon-3-en-1-yl)cy-
clohex-2-en-1-one; 2). Colorless oil. [a] = —10 (¢ =0.2, MeOH). UV (MeOH): 214 (4.02), 231 (4.12).
CD (MeOH): 213 (+2.05), 240 (— 3.79). IR (KBr): 3440, 2972, 2938, 1716, 1679, 1448, 1379, 1189, 1059,
953. 'H- and *C-NMR: Tuble 1. ESI-MS (pos.): 329 ([M + Na]*). HR-ESI-MS (pos.): 329.2093 ([M +
Na]*, C;gH3NaO7 ; calc. 329.2087).

Computational Methods. All calculations were performed at 298 K by the Gaussian 03 program
package. Ground-state geometries were optimized at the B3LYP/6-31G** level. Excitation energy (in
nm) and rotatory strength R (velocity form R*! and length form R*" in 10~% erg.esu.cm/Gauss) between
different states were calculated by the time-dependent density functional theory (TDDFT). The ECD
spectra were then simulated by overlapping Gaussian functions for each transition according to Egn. 1,
where o is the width of the band at 1/e height and AE; and R; are the excitation energies and rotatory
strengths for transition i, resp.: 6=0.20 eV and R* were used in this work.

1 1< o)
Ae(E) = AE.R. —[(E-E;)/(20)] 1
“E) = 5397 %109 * Vomo Z e M

Measurement of Nitric Oxide (NO) in LPS-Activated Macrophages. According to the reported
protocol [36], RAW264.7 macrophages were seeded into 24-well cell-culture plates and co-incubated
with tested samples and LPS for 24 h. The amount of NO was assessed by determining the nitrite
concentration in the culture supernatants with a microplate reader at 570 nm.
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