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Abstract

Fourteen new norditerpenoids (abiesanordines A—N, 1—14), including a novel podocarpene bearing a rare enolic structure (abiesanordine A,
1), were isolated from Abies georgei together with eight known ones. Their structures were determined mainly by detailed analysis of 1D and 2D
NMR spectroscopic data including HSQC, DQF COSY, HMBC, and NOESY. All the isolates were tested for inhibitory activities against LPS-
induced NO production in RAW264.7 macrophages, abiesanordine I (9) showed the strongest activity with the ICso value of 17.0 pg/mL.
Furthermore, it exhibited no cytotoxicity against RAW264.7 macrophages under the concentration of 50 pg/mL.

© 2008 Elsevier Ltd. All rights reserved.
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1. Introduction

Abies georgei Orr are arbores occurring exclusively in
northwest of Yunnan and southwest of Sichuan Provinces,
China." Although no evidence was found for the use of this
plant in traditional medicine system, the diverse bioactivities
and various constituents reported for other Abies species
stimulated us to carry out the pharmacological and phyto-
chemical investigations on A. georgei. Previously, we reported
a novel biflavanol isolated from this plant with unique six
connective hexacyclic rings by cyclization on C3—0—C5/,
C4—C4', and C3'—0—C5.> Further research, however,
resulted in the isolation of 14 new (abiesanordines A—N, 1—
14) and 8 known norditerpenes (15—22). Abiesanordine A
(1) is the first example of podocarpene bearing a rare enolic
structure. Herein, we reported the isolation and structural elu-
cidation of 14 new norditerpenes from A. georgei. In addition,
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the inhibitory activity of all 22 isolates against LPS-induced
NO production in RAW?264.7 macrophages and the cytotoxic-
ity of 7 bioactive compounds against RAW264.7 macrophages
were also described in this paper.

2. Results and discussion

The EtOAc fraction of the EtOH extract of the aerial parts of A.
georgei was subjected to column chromatography on silica gel,
RP-18, and Sephadex LH-20, as well as preparative TLC to afford
14 new (abiesanordines A—N, 1—14) and 8 known norditerpenes:
7a-hydroxypodocarpen-8(14)-en-13-one  (15),* 17-nor-7,15-
dion-8,11,13-abietatrien-18-oic acid (16),’ 8(14)-podocarpen-
13-on-18-oic acid (17).° 8(14)-podocarpen-7,13-dion-18-oic
acid (18),6 17-nor-15-0x0-8,11,13-abietatrien-18-oic acid (19),7
18-nor-abieta-8,11,13-triene-4,15-diol (20),8 4-hydroxy-18-nor-
8,11,13-abietatrien-7-one (21),9 and 8-hydroxy-14,15-dinor-11-
labden-13-one (22).!°

Compound 1 gave the molecular formula of C;;H,505 in
the positive HRESIMS at m/z 413.1567 [M+Na]*, indicating
nine degrees of unsaturation. The IR spectrum showed bands
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characteristic of hydroxyl (3384 cm™"), carbonyl (1738 and
1710 cm™ "), and olefinic bond (1646 and 1588 cm™'). The
"H and '*C NMR spectroscopic data of 1 (Tables 1 and 2) in-
dicated 21 carbon signals including 2 quaternary methyl sin-
glets [0y 1.31 (3H, s, Me-19), 1.16 (3H, s, Me-20); 6c 22.7
(C-19), 27.7 (C-20)], 2 methines [0y 3.02 (dt, J=114,
3.0 Hz, H-9), 6.77 (dd, J=3.0, 1.2 Hz, H-14); ¢ 48.7 (C-9),
130.5 (C-14)], 8 methylenes, and 9 quaternary carbons. Since
six of the nine degrees of unsaturation were attributed to four
carbonyls [6c 183.1 (C-7), 202.1 (C-13), 174.2 (C-1’), and
175.8 (C-4")] and two vinyl groups [6c 145.2 (C-5), 147.4
(C-6), 153.0 (C-8), and 130.5 (C-14)], compound 1 was
assumed to contain a tricyclic nucleus. In the DQF COSY ex-
periment, the correlations of H-2' to H-3’, H-1 through H-2 to
H-3, and H-12 through H-11 to H-9 and H-14 established three
fragments (Fig. 1a). The HMBC correlations traced from the
methyls (Me-19,20) and olefinic proton (H-14) suggested the
presence of a novel enolic podocarpene diterpenoid moiety
(Fig. 1a). However, this could not be readily confirmed be-
cause no correlation was found for C-6 of the podocarpene
group. As such, the deuterated solvent of MeOH-d, was
changed to DMSO-dg for another HMBC experiment. Fortu-
nately, the correlations from the proton at 6-OH (dy 8.33) to
C-5 (6¢ 136.0), C-6 (o¢ 144.2), and C-7 (0¢c 179.1) were ob-
served (Fig. 1b), which confirmed unambiguously the exis-
tence of the enolic podocarpene diterpene. In addition, a
butanedioyl moiety was found according to the DQF COSY
experiment and HMBC correlations of two methylenes
(H,-2',3). These two groups can be connected as shown in
Figure la according to the HMBC correlation of H,-18 with
the ester carbonyl at C-1’ of the butanedioyl moiety. The rel-
ative stereochemistry of 1 was established mainly by NOESY
correlations of H-9 with H-1a, H-11a, and Me-20 with H-18,
Me-19, H-11B (Fig. 1c). In addition, the axial—axial,
axial—equatorial, and an allyl coupling of H-9 [oy 3.02 (1H,
dt, J=11.4, 3.0 Hz)] to H,-11 and H-14 was in agreement
with a-orientation of H-9. Therefore, compound 1 was
elucidated as 15-O-butanedioylpodocarpen-5,8(14)-dien-6-

R R, Ry R,
10 CH,OR H H OH
11 COOH H OH Ac
16 COOH —O0— Ac
12CH,O0RH H Ac
13CH,0R H OH Ac
14 CH,0R —0— Ac
19 COOH H H Ac

hydroxy-7,13-dione, named abiesanordine A. This is the first
example of podocarpene bearing an enolic structure.
Compound 2 exhibited a [M+Na]* ion peak at mi/z
285.1811 in the positive HRESIMS, corresponding to the mo-
lecular formula of C;7H,50,, which indicated five degrees of
unsaturation. Its IR spectrum showed absorbances consistent
with hydroxyl (3433 cm™"), carbonyl (1726 cm™") and ole-
finic (1660 cm™") groups. The '"H NMR spectrum revealed
the presence of one vinylic proton [dy 5.85 (IH, t,
J=2.1 Hz, H-14)], one oxygenated methylene [dy 3.39, 3.01
(each 1H, d, J=11.1 Hz, H-18a,b)], and two singlet methyls
[6g 0.81 (3H, s, Me-19), 0.87 (3H, s, Me-20)]. Besides 5 car-
bon signals’ resonances in the 'H NMR spectrum, its '*C
NMR spectrum exhibited the other 12 signals including a car-
bonyl (6c 202.8). In the DQF COSY experiment, correlations
were found from H-1 through H-2 to H-3, from H-12 through
H-11 to H-9, and from H-5 through H-6 to H-7. Besides, allyl
correlations were also found for the olefinic proton H-14 [0y
5.85 (1H, t, J=2.1 Hz)] to H-7,9. Therefore, the DQF COSY
experiment established two fragments, which can be con-
nected as shown in Figure 1d on the base of the HMBC corre-
lations originated from the methyls (Me-19,20) and olefinic
proton (H-14). The relative configuration was determined by
the ROESY correlations of Me-19/Me-20, H-7/H-5, and H-
5/H,-18. Thus, compound 2 was established as 18-hydroxypo-
docarpen-8(14)-en-13-one, named abiesanordine B.
Compound 3 was assigned the molecular formula of
C,;7H,40,, as established from its HRESIMS at m/z
261.1860 [M+H]", accounting for six degrees of unsaturation.
Absorption of carbonyl (1724 and 1709 cm™') and olefinic
bond (1662 cmfl) were observed in its IR spectrum. The 'H
NMR spectrum indicated the presence of one vinylic proton
[0y 5.87 (1H, t, J=2.1 Hz, H-14)] and two methyls [dy 0.90
(3H, s, H-20), 1.11 (3H, s, H-19)], which were similar to those
of 2. In addition, one aldehyde proton [0y 9.27 (1H, s, H-18)]
was also found in its "H NMR spectrum. Compared to abiesa-
nordine B (2), 3 was consequently determined as 8(14)-podo-
carpen-18-al-13-one, named abiesanordine C.
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Table 1

"H NMR spectroscopic data for compounds 1—16 in CD;0D (J in Hz within parentheses)

No. 1 2° 3 4° 5°

1 1.82 m; 1.43 (dt, 13.2, 4.2) 1.80 m; 1.15 m 1.84 m; 1.28 m 1.80 m; 1.22 m 1.79 m; 1.28 m

2 1.69 m 1.57 m 1.67 m 1.55 m 1.60 m

3 1.81 (dt, 13.2, 4.2); 1.52 m 1.57 m; 1.26 m 1.52 m; 1.31 m 1.57 m; 1.40 m 1.89 m; 1.61 m

5 1.64 m 1.89 m 1.53 m 2.53 (dd, 13.2, 3.0)

6 1.72 m; 1.50 (dd, 12.0, 5.4) 1.70 m; 1.55 m 1.72 m; 1.58 m 1.82 m; 1.56 m

7 2.54 (dd, 10.5, 2.1); 2.52 (dt, 10.5, 2.1) 2.35m 4.27 (t, 3.0)

241 m 2.38 m

9 3.02 (dt, 11.4, 3.0) 223 m 2.26 m 2.29 m 2.62 (dt, 6.0, 1.2)

11 2.26 m; 1.90 m 2.04 m; 1.72 m 2.08 m, 1.75 m 2.05 m 2.05m; 1.79 m

12 248 m 229 m 2.28 m 2.50 m 2.37 m, 2.31 m

14 6.77 (dd, 3.0, 1.2) 5.85 (t, 2.1) 5.87 (t, 2.1) 5.84 (t, 2.1) 594, 2.4)

16

18 4.92 (d, 10.2); 3.39 (d, 11.1); 927 s 4.10 (d, 11.0);

3.98 (d, 10.2) 3.01 (d, 11.1) 3.55(d, 11.0)

19 1.31s 0.81s 1.11s 091 s 1.19 s

20 1.16 s 0.87 s 0.90 s 0.87 s 0.86 s

2 2.54 m 2.60 m

3 2.55m 2.61 m

4'-OMe

No. 6° 7° 8" 9° 10° 11°

1 1.78 m; 1.20 m 1.76 m; 1.18 m 1.85 m; 1.26 m 1.86 m; 1.31 m 2.26 (br d, 12.6); 2.40 (br d, 12.6);
1.30 m 1.51 (dt, 12.6, 4.2)

2 1.58 m 1.57 m 1.64 m; 1.55 m 1.64 m; 1.52 m 1.68 m; 1.61 m 1.86 m; 1.73 m

3 1.48 m; 1.42 m 1.30 m; 1.24 m 1.45 m 1.48 m 1.44 m 1.90 m; 1.65 m

5 2.04 m 2.04 m 2.00 (dd, 13.8, 4.2) 2.04 (dd, 13.2, 5.4) 1.58 (dd, 12.0, 2.7) 2.54 (dd, 13.2, 2.4)

6 1.75 m; 1.28 m 2.37 m; 2.26 m 2.52 m; 235 m 2.61 m; 2.52 m 1.75 m; 1.57 2.15 (dt, 14.4, 4.8);
(dd, 12.0, 2.4) 1.70 (br d, 14.4)

7 4.29 (t, 2.7) 2.76 m 4.79 (dd, 4.8, 1.5)

9 2.59 m 2.54 m 2.62 m 2.62 (dd, 3.9, 1.8)

11 2.07 m; 1.78 m 2.04 m; 1.75 m 2.19 m; 1.76 m 221 m; 1.74 m 7.04 (d, 8.4) 7.44 d, 8.4)

12 2.35 m, 229 m 248 m; 2.42 m 245 m; 236 m 243 m; 238 m 6.52 (dd, 8.4,2.4) 7.85 (dd, 8.4, 2.1)

14 5.94 (br d, 2.1) 6.52 (dd, 3.0, 1.2) 6.52 br s 6.52 (dd, 3.3, 1.2) 6.42 (d, 2.4) 7.98 (, 2.1)

16 2.57 s

18 3.93 (d, 11.0); 3.33 (d, 11.1); 3.98 (d, 11.1); 4.07 (d, 11.2); 4.00 (d, 10.8);

3.68 (d, 11.0) 3.02 (d, 11.1) 3.61 (d, 11.1) 3.55(, 11.2) 3.71 (d, 10.8)

19 091 s 0.94 s 097 s 0.99 s 0.94 1.27 s

20 0.87 s 0.87 s 093 s 094 s 1.18 s 1.16 s

2! 2.60 m 2.61 m 2.62 m 2.54 m

3 2.62 m 2.60 m 2.61 m 2.56 m

4-OMe 3.60 s

No. 12° 13° 14° 15° 16"

1 2.37 (dt, 13.5, 3.6); 1.37 m 2.38 (dt, 12.6, 3.0); 1.41 m 248 m; 1.58 m 1.75 m; 1.16 m 2.48 m; 1.61 (dt, 6.9, 3.0)

2 1.68 m 1.70 m 1.90 m 1.51 m 1.81 m

3 145 m 1.50 m 1.52 m 1.46 m; 1.25 m 1.80 m

5 1.63 m 2.07 m 2.20 (d, 14.1) 1.70 m 2.68 (dd, 14.2, 3.0)

6 1.80 m 2.02 m; 1.90 m 2.77 (d, 14.1) 1.89 m; 1.71 m 2.86 (dd, 17.6, 14.2);

2.42 (dd, 17.6, 3.0)

7 2.94 m 4.82 (t, 2.4) 4.30 (t, 3.0)

9 2.51 m

11 7.39 (d, 8.4) 7.45 (8.4) 7.64 (d, 8.4) 2.03 m; 1.75 m 7.63 (d, 8.4)

12 7.71 (dd, 8.4, 2.1) 7.85 (dd, 8.4, 2.1) 8.18 (dd, 8.4, 2.1) 2.32 m; 2.06 m 8.18 (dd, 8.4, 2.1)

14 7.66 (d, 2.1) 7.96 (d, 2.1) 8.51 (d, 2.1) 5.94 (d, 1.8) 8.52 (d, 2.1)

16 2.55s 2.58 s 2.62s 2.61s

18 4.04 (d, 10.8); 4.02 (d, 10.8); 3.94 (d, 11.1); 093 s

3.71 (d, 10.8) 3.74 (d, 10.8) 3.74 (d, 11.1)

19 0.98 s 0.99 s 1.07 s 0.89 s 1.35s

20 1.24 s 1.18 s 1.31s 0.83 s 1.32s

2 2.56 m 2.57 m 2.51 m

3 249 m 2.59 m 2.40 m

4-OMe

# Recorded at 600 MHz.
® Recorded at 300 MHz.



Table 2
13C NMR spectroscopic data for compounds 1—22 in CD;0D

No. 1? 2° 3 4 5t 6 7° 8 9° 10° 11° 12° 13* 14* 15° 16* 17° 18* 19* 20° 21° 22°

1 374t 400t 392t 397t 394t 397t 394t 390t 392t 398t 387t 393t 390t 384t 403t 382t 396t 397t 392t 394t 385t 422t
2 181t 192t 182t 190t 190t 19.1t 189t 187t 187t 196t 196t 195t 195t 190t 199t 191t 192t 187t 199t 215t 211t 194t
3 377t 363t 334t 363t 379t 370t 362t 366t 367t 367t 376t 365t 366t 363t 430t 378t 383t 380t 382t 434t 431t 430t
4 40.2s 389s 506s 381s 478s 37.6s 37.0s 38.0s 380s 379s 481s 381s 39.7s 379s 339s 475s 483s 470s 481s 732s 722s 339s
5 1452s 475d 466d 479d 429d 420d 436d 442d 441d 46.1d 405d 454d 398d 444d 478d 450d 494d 452d 463d 534d 523d 569d
[§ 1474s 228t 249t 229t 328t 309t 380t 381t 381t 201t 321t 199t 297t 368t 309t 388t 253t 387t 226t 19.1t 36.1t 213t
7 183.1s 364t 360t 367t 719d 721d 2026s 201.2s 201.2s 313t 679d 31.1t 682d 2002s 723d 1995s 364t 2025s 31.1t 31.6t 201.5s 448t
8 1530s 1699s 168.6s 169.7s 166.5s 166.7s 1548 s 1547s 1548 s 1373s 138.1s 136.8s 1379s 132.0s 167.1s 132.0s 1693 s 154.5s 1355s 135.6s 131.7s 735s
9 487d 529d 525d 527d 485d 485d 52.8d 524d 526d 1424s 1564s 156.8s 156.7s 162.1's 49.6d 161.8s 53.0d 52.8d 157.2s 1484 s 1549s 67.0d
10 40.5s 399s 389s 399s 402s 40.6s 389s 37.01s 371s 383s 392s 394s 376s 396s 407s 395s 395s 368s 389s 394s 399s 392s
11 236t 216t 215t 216t 211t 213t 241t 241t 241t 1264d 1257d 1259d 1260d 1260d 213t 1259d 214t 239t 1258d 1254d 1255d 147.8d
12 375t 375t 374t 375t 374t 375t 388t 387t 388t 114.1d 1288d 126.8d 1288d 134.6d 375t 1345d 375t 389t 1268d 123.2d 134.1d 136.5d
13 202.1s 2028 s 202.1s 202.7s 2032s 2034s 201.6s 202.6s 202.6s 15565 136.1s 135.6s 136.0s 1364 s 2034 s 136.6s 202.6 s 200.8s 137.0s 147.6s 1482s 201.1s
14 130.5d 126.1d 126.6d 1262d 128.1d 128.0d 130.1d 130.1d 1300d 1157d 1322d 130.6d 1323d 1285d 128.0d 1285d 1264 d 1303d 130.6d 126.1d 125.6d

15 200.3 s 200.7 s 2003 s 199.6 s 199.3 s 200.8 s 72.8s 34.8d

16 266q 266q 266q 267q 26.7 q 266q 319q 242q 27.1gq
17 319q 242q 243¢q
18 726t 717t 207.6d 73.1t 1819s 737t 710t 725t 725t 737t 1819s 733t 736t 727t 338q 181.0s 1835s 181.0s 185.1s 343 q
19 227q 184q 16.1q 183q 175q 180q 176q 175q 175q 178q 17.1q 179q 178q 176q 224q 169q 179q 170q 178q 228q 23.0q 220q
20 277q 163q 150q 163q 154q 157q 154q 153q 153q 259q 243q 254q 245q 238q 152q 235q 159q 152q 252q 249q 225q 16.6¢q
Iy 1742 s 174.0 s 1742's 1740s 1739s 1744 s 174.7s 1744 s 175.1s

2/ 303t 303t 304t 302t 300t 303t 3I.1t 299t 316t

3 299t 29.8 t 299 t 298t 297t 304t 318t 302t 328t

4 175.8 s 1759 s 1759 s 1759s 174.6s 1764 s 1779 s 1763 s 179.6 s

4'-OMe 522q

# Recorded at 75 MHz.
® Recorded at 150 MHz.
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Figure 1. Key '"H—'H COSY, HMBC, and NOESY correlations for compounds 1 and 2.

Compound 4 was found to possess the molecular formula,
C,1H300s5, as shown from its positive HRESIMS at m/z
385.1968 [M+Na]". The IR spectrum showed the presence
of hydroxyl (3445 cm™"), carbonyl (1739 and 1711 cm™),
and olefinic (1651 cm™') groups. The 'H and '*C NMR spec-
troscopic data of 4 were very similar to those of 2 except for
the additional butanedioic acid moiety [6y 2.60 (2H, m, H-2'),
2.61 (2H, m, H-3"); 6¢ 29.8 (t, C-3"), 30.3 (t, C-2'), 174.0 (s, C-
1), 175.9 (s, C-4")]. The downshift of C-18 from 6c 71.7 to
73.1 as compared with 2 established the connection of the bu-
tanedioic acid group to C-18. This assumption was confirmed
by the HMBC correlations of H,-18 with the ester carbonyl of
the butanedioic acid at dc 175.9. Therefore, compound 4 was
concluded to be 18-O-butanedioylpodocarpen-8(14)-en-13-
one, named abiesanordine D.

Compound 5 was found to possess the molecular formula,
C7H»404, as shown from its negative HRESIMS at m/z
291.1594 [M—H] . Its IR spectrum showed the presence of
hydroxyl (3483 cm ), carbonyl (1724 cm ™), and olefinic
(1646 cm™") groups. The 'H and '*C NMR spectroscopic
data were similar to those of 8(14)-podocarpen-13-on-18-oic
acid (17),° except for the presence of an additional hydroxyl
group at C-7. This was confirmed by the DQF COSY spec-
trum of the correlations from H-5 through H-6 to H-7, H-
14, as well as the long-range correlation of H-14 with C-7
in the HMBC spectrum. Based on the NOESY correlations
of Me-19/Me-20 and H-5/H-9 as well as the small coupling
constant of H-7 (t, J=3.0 Hz), 5 was then concluded to be
7a-hydroxypodocarpen-8(14)-en-13-on-18-oic acid, named
abiesanordine E.

Compound 6 was established the molecular formula,
C,1H300¢, from the negative HRESIMS at m/z 377.1968
[M—H] . Its UV, IR, and 1D NMR spectroscopic data were
very similar to those of 4. Close comparison of '*C NMR
data of these two compounds indicated that compound 6
should have an additional hydroxyl substituent at C-7. By de-
tailed analysis of its 2D NMR spectra, including HSQC, DQF
COSY, HMBC, and NOESY, compound 6 was then elucidated
as 18-O-butanedioylpodocarpen-8(14)-en-7a-hydroxy-13-one,
named abiesanordine F.

Compound 7 was assigned the molecular formula
C7H,40; by HRESIMS at m/z 299.1605 [M+Na]". Its
NMR spectroscopic data were similar to those of 8(14)-podo-
carpen-7,13-dion-18-oic acid (18),° except for the presence of

a primary hydroxyl group instead of a carboxyl group of 18.
Accordingly, 7 was determined as 18-hydroxypodocarpen-
8(14)-en-7,13-dione, named abiesanordine G.

Compound 8 had the molecular formula C,;H,3O¢ as estab-
lished from its HRESIMS (m/z 399.1716 [M+Na] ). Its "°C
NMR spectroscopic data were very similar to those of 7, ex-
cept for an additional butanedioic acid moiety [0y 2.61 (2H,
m, H-2'), 2.60 (2H, m, H-3'); éc 30.2 (t, C-2'), 29.8 (t, C-
3, 173.9 (s, C-1"), 175.9 (s, C-4")]. Thus compound 8 was
elucidated as 7a-hydroxypodocarpen-8(14)-en-13-on-18-O-
butanedioic acid, named abiesanordine H.

Compound 9 had the molecular formula C»,H300¢ as estab-
lished from its HRESIMS (m/z 413 [M+Na] ™). Its '*C NMR
spectroscopic data were very similar to those of 8, except for
an additional methoxyl moiety [6y 3.60 (3H, s, 4-OMe); 6¢c
52.2 (q, 4’-OMe)]. Thus compound 9 was elucidated as methyl
7a-hydroxypodocarpen-8(14)-en-13-on-18-O-butanedioate,
named abiesanordine I.

Compound 10 was assigned the molecular formula
C,1Hp305 from its negative HRESIMS at m/z 359.1841
[M—H] . The '*C NMR spectroscopic data were similar to
those of 17-nor-15-oxo0-8,11,13-abietatrien-18-oic acid (19)’
except that a carboxyl group (6c 185.1) at C-18 and an acetyl
moiety at C-13 in 19 were replaced by an oxygenated methyl-
ene (0¢c 73.3) and a hydroxyl, respectively, in 10. Furthermore,
an additional butanedioic acid group was also found in 10 [0y
2.54 (2H, m, H-2"), 2.57 (2H, m, H-3); ¢ 30.3 (t, C-2'), 30.4
(t, C-3), 174.4 (s, C-1"), 176.4 (s, C-4")]. According to HMBC
correlations of H,-18 [4.00 (1H, d, /=10.8 Hz, H-18a); 3.71
(1H, d, J=10.8 Hz, H-18b)] to ester carbonyl at ic 174.4 (s,
C-1") of butanedioic acid moiety, compound 10 was, therefore,
determined to be 13-hydroxypodocarpen-8,11,13-trien-18-O-
butanedioic acid, named abiesanordine J.

Compound 11 exhibited a [M+Na]' ion peak at m/z
339.1606 in the positive HRESIMS, corresponding to the mo-
lecular formula, C,9H,40,4. The IR spectrum indicated the pres-
ence of hydroxyl (3407 cmfl), carbonyl (1728 and 1682 cmfl),
and aromatic (1605, 1566, and 1470 cm ™) moieties. The "H and
3C NMR spectroscopic data of 11 (Tables 1 and 2) showed 19
carbon signals including 2 quaternary and 1 acetyl methyl
groups [0y 1.16 (s, Me-20), 1.27 (s, Me-19), 2.57 (s, Me-16);
oc 17.1 (g, Me-19), 24.3 (q, Me-20), 26.6 (q, Me-16), 200.3
(s, C-15)], one ABX system benzene ring [0y 7.44 (1H, d,
J=8.4Hz, H-11), 7.85 (1H, dd, J=8.4, 2.1 Hz, H-12), and
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7.98 (1H, d, J=2.1 Hz, H-14)]. These signals were very similar
to those of 17-nor-15-0x0-8,11,13-abietatrien-18-oic acid (19)’
except for an additional hydroxyl substituent at C-7. This was
confirmed by the correlations of H-5/H-6a, H-6a/H-6b, and H-
6b/H-7 in the DQF COSY experiment, and H-7 to C-14 in the
HMBC spectrum. The 7-OH was determined the same as that
in 7a-hydroxypodocarpen-8(14)-en-13-one (15) according to
the small coupling constant of H-7 (dd, /=4.8, 1.5 Hz). There-
fore, compound 11 was assigned as 17-nor-15-o0x0-8,11,13-
abietatrien-7o-hydroxy-18-oic acid, named abiesanordine K.

Compound 12 was assigned the molecular formula
C,3H3005 by HRESIMS at m/z 409.1987 [M+Na]". The 'H
and '>C NMR spectroscopic data were similar to those of 10
except that the hydroxyl moiety at C-18 in 10 was replaced
by an acetyl group in 12. Therefore, compound 12 was deter-
mined to be 17-nor-15-0x0-8,11,13-abietatrien-18-butanedioic
acid, named abiesanordine L.

Compound 13 had a molecular formula of C,3H30Og as indi-
cated from its positive HRESIMS at m/z 425.1940 [M+Na]™".
Close comparison of the '*C NMR spectrum of compound 13
to those of 12 showed a general similarity except that a methy-
lene in 12 was replaced by an oxygenated methine at i¢c 68.2.
Taking the molecular formula into consideration, compound
13 was supposed to be a hydroxyl substituted compound of
12. Since 6y 7.96 (1H, d, J=2.1 Hz, H-14) was correlated to
oc 68.2 in the HMBC spectrum, the hydroxyl was attached to
C-7 position. According to the small coupling constant of H-7
(t, J=2.4 Hz), the hydroxyl moiety at C-7 position was estab-
lished as a-oriented. Therefore, compound 13 was assigned as
17-nor-15-0x0-8,11,13-abietatrien-7o-hydroxy- 18-butanedioic
acid, named abiesanordine M.

Compound 14 gave a molecular formula C,3H,30¢ from its
HRESIMS at m/z 423.1716 [M+Na] ", and exhibited very sim-
ilar physical and spectroscopic data to those of 13. However, in-
spection of the '*C NMR spectroscopic data of compound 14
established significant differences from those of 13: an oxygen-
ated methine in 13 was oxidated to be a carboxyl group in 14.
This was coincident with the difference of their molecular for-
mula. Further evidence was found in the HMBC spectrum of
H-14 at 6y 8.51 (1H, d,J=2.1 Hz) to C-7 at 6 200.2. Therefore,
compound 14 was determined to be 17-nor-7,15-dion-8,11,13-
abietatrien-18-butanedioic acid, named abiesanordine N.

All these 22 isolates (1—22) were tested for inhibitory activ-
ities against LPS-induced NO production in RAW?264.7 macro-
phages under the concentration range from 10 to 50 pg/mL.
Seven compounds, 2, 3, 9, 14, 18, 21, and 22, exhibited signifi-
cant effects with ICs( values of 55.7,35.4,17.0,41.7, 60.8, 53 4,
and 60.3 pg/mL, respectively (Table 3). These seven bioactive
compounds were also tested by MTT assay for cytotoxic activ-
ities against RAW264.7 macrophages under the concentration
of 50 pg/mL, four compounds, 3, 14, 21, and 22 showed differ-
ent cytotoxicity with the inhibition rates of 9, 82, 23, and 34%.
Instead, the other three compounds, 2, 9, and 18 did not show any
cytotoxicity at the same concentration.

Abiesanordines A—N (1—14) and compounds 15—22 are
the first norditerpenoids reported from the Abies species. Al-
though phytochemical investigations were carried out on 19

Table 3

Inhibitory effects of compounds isolated from Abies georgei against LPS-
induced NO production in RAW264.7 macrophages and their cytotoxicity
(n=4, mean+SD)

Groups 1Cs° Inhibition
(ug/mL) rate® (%)
Aminoguanidine® 24.6 (UM) NT®
Abiesanordine B (2) 55.7 0
Abiesanordine C (3) 354 9
Abiesanordine I (9) 17.0 0
Abiesanordine N (14) 41.7 82
8(14)-Podocarpen-7,13-dion-18-oic acid (18) 60.8 0
4-Hydroxy-18-nor-8,11,13-abietatrien-7-one (21) 53.4 23
8-Hydroxy-14,15-dinor-11-labden-13-one (22) 60.3 34
0oCs* >80 NT®

 Inhibitory effects of compounds 1—22 against LPS-induced NO produc-
tion in RAW264.7 macrophages.

® Cytotoxicity effects of compounds 2, 3, 9, 14, 18, 21, and 22 (50 pg/mL)
on RAW264.7 macrophages.

¢ Positive control.

4 Other 15 compounds, including 1, 4—8, 10—13, 15—17, 19, and 20.

¢ Not tested.

plants of this genus, studies on Abies plants occurring in China
have never been reported. Since A. georgei is distributed ex-
clusively in China, chemotaxonomic significance of the nordi-
terpenoids as the characteristic of this plant or Abies species in
China still remains unknown.

3. Experimental
3.1. General

ID and 2D NMR spectra were recorded on a Bruker
Avance 600 or Avance 300 NMR spectrometer in CD;OD
with TMS as internal standard. ESIMS and HRESIMS were
measured on a Agilent LC/MSD Trap XCT and a Q-TOF mi-
cro mass spectrometer (Waters, USA), respectively. Optical
rotations were acquired with Perkin—Elmer 341 polarimeter,
while CD and UV spectra were obtained using JASCO J810
and Shimadzu UV-2550 UV—visible spectrophotometers, re-
spectively. IR spectra were recorded on a Bruker Vector-22
spectrometer with KBr pellets. Materials for CC were silica
gel (100—200, 300—400 mesh, and 10—40 um; Huiyou Silical
Gel Development Co. Ltd., Yantai, PR China), Sephadex LH-
20 (40—70 pm; Amersham Pharmacia Biotech AB, Uppsala,
Sweden), and YMC-GEL ODS-A (50 um; YMC, MA,
U.S.A.). Preparative TLC (0.4—0.5 mm) was conducted with
glass precoated silica gel GF,s4 (Yantai). Compounds were
visualized by exposure to UV at 254 nm.

3.2. Plant material

The aerial parts of A. georgei were collected from Zhong-
dian city, Yunnan Province of China in July 2006, and were
identified by Prof. Li-Shang Xie in Kunming Institute of
Botany, Chinese Academy of Sciences. A herbarium specimen
was deposited in School of Pharmacy, Second Military
Medical University, China (herbarium No. 2006—07-016).
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3.3. Extraction and isolation

The plant material (22 kg) was pulverized and extracted with
80% EtOH under reflux for 3 x3 h. The extracts were combined
and concentrated to a small volume and then partitioned with
CHCl; (25 L), EtOAc (40 L), and n-BuOH (50 L), respectively.
The EtOAc extract (282 g) was separated into six fractions (F;—
F¢) by CC over silica gel (100—200 mesh) eluting with gradient
CHCI5/Me,CO. Fraction F; (36.3 g) was subjected to column
chromatography (CC) over MCI and Sephadex LH-20 to give
3 (1.2 mg) and 14 (3.4 mg). Fraction F, was divided into 20 sub-
fractions (F,.;—F,.59) by RP-MPLC eluting with MeOH/H,O
(5:95—100:0). Compounds 7 (8.6 mg), 16 (6.4 mg), and 18
(30.0 mg) were obtained from subfraction F,_4 (976.4 mg) after
CC over Sephadex LH-20 (CHCl3/MeOH, 1:1) followed by re-
peated preparative TLC using CHCl3/MeOH (20:1). By the
same procedures, 15 (1.1 mg) and 17 (5.1 mg) were obtained
from subfraction F,_s (712.1 mg), 12 (2.7 mg) and 21 (3.4 mg)
from subfraction F,_g; 2 (3.4 mg), 19 (12.7 mg), 20 (3.9 mg),
and 22 (28.5 mg) from F,_¢, F».7, F2_ 19, and F, g, respectively.
Fraction F5 (27.0 g) was subjected to CC over ODS [MeOH/
H>0 (5:95—100:0)] and Sephadex LH-20 (CHCl5/MeOH, 1:1;
MeOH), followed by preparative TLC using CHCl;/MeOH
(20:1) and/or petroleum ether/EtOAc (1:1) to give 1 (4.0 mg),
4 (158mg), 9 (2.3 mg), and 14 (10.8 mg). Similarly, S
(30.7 mg), 6 (7.3 mg), 11 (12.2 mg), and 13 (11.4 mg) were iso-
lated from fraction F, after CC over ODS [MeOH/H,O (5:95—
100:0)] and Sephadex LH-20 (CHCl3/MeOH, 1:1; MeOH), fol-
lowed by preparative TLC using CHCl3/MeOH (20:1) and/or
petroleum ether/EtOAc (1:1).

3.4. Biological assays

3.4.1. Inhibitory activities against LPS-stimulated NO
production in RAW264.7 macrophages

RAW264.7 macrophages were seeded in 24-well plates
(10° cells/well). The cells were co-incubated with drugs and
LPS (1 pg/mL) for 24 h. The amount of NO was assessed
by determining the nitrite concentration in the cultured
RAW264.7 macrophage supernatants with Griess reagent. Al-
iquots of supernatants (100 uL) were incubated, in sequence,
with 50 pL 1% sulphanilamide and 50 pL 0.1% naphthylethy-
lenediamine in 2.5% phosphoric acid solution. The absor-
bances at 570 nm were read using a microtiter plate reader.

3.4.2. MTT assay for cytotoxic activity in RAW264.7
macrophages

RAW264.7 macrophages were maintained in a water-satu-
rated atmosphere of 5% CO, at 37 °C. Experiments were car-
ried out according to the reported protocol. The cell viability
was evaluated by MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide, Sigma] reduction.

34.2.1. Abiesanordine A (1). Amorphous powder; [a]zDO
—14.0 (¢ 0.50, MeOH); UV (MeOH) A,.x (loge): 212
(4.10), 232 (3.77), 263 (3.70), 347 (3.46); CD (MeOH)
Aéeyzs +29.6, Aezz; —16.0; IR (KBr) v, 3384, 2963, 2926,

2854, 1738, 1646, 1588, 1466, 1384, 1273, 1153 cm™'; for
"H and 'C NMR data, see Tables 1 and 2; ESIMS (positive)
mlz 413 [M+Na]™, 803 [2M+Na]"; ESIMS (negative) 425
[M+CI1]~, 779 [2M—H] ; HRESIMS (positive) [M+Na]"
miz 413.1567, calcd for C,;H,40,Na 413.1576.

3.4.2.2. Abiesanordine B (2). Amorphous powder; [oc]2D0 —-0.8
(c 0.50, MeOH); UV (MeOH) A.x (loge): 242 (4.00); CD
(MCOH) A8215 +328, A8242 +518, A8252 —138, IR (KBr)
Vmax 3433, 2956, 2926, 2868, 1726, 1660, 1446, 1392, 1265,
1218, 1061, 876 cm™'; for 'H and '>C NMR data, see Tables
1 and 2; ESIMS (positive) m/z 285 [M+Na]*, 547 [2M+Na]*;
HRESIMS (positive) [M+Na]t m/z 285.1811, caled for
C17H2602Na 285.1831.

3.4.2.3. Abiesanordine C (3). Amorphous powder; [a]2D0 —-2.0
(c 0.10, MeOH); UV (MeOH) A,.x (loge): 209 (3.68), 237
(342), CD (MCOH) A€223 +64, A€244 +88, A8316 *26, IR
(KBr) vpax 2960, 2928, 2851, 1724, 1709, 1662, 1465, 1260,
1044 cm™!; for 'H and 13C NMR data, see Tables 1 and 2;
ESIMS (positive) m/z 283 [M+Na]*t, 543 [2M+Na]*; HRE-
SIMS (positive) [M+H]" m/z 261.1860, caled for C;7H,50,
261.1855.

34.24. Abiesanordine D (4). Amorphous powder; [a]®
—14.3 (¢ 0.50, MeOH); UV (MeOH) A... (loge): 211
(4.00), 240 (3.89), 281 (3.58); CD (MeOH) A¢yyz +23.6,
Aesrys +28.3, Agzjn —7.6; IR (KBr) v 3445, 2928, 2851,
1739, 1711, 1651, 1472, 1384, 1263, 1160, 998, 877 cm ™ ';
for 'H and '>C NMR data, see Tables 1 and 2; ESIMS (posi-
tive) m/z 385 [M+Na]", 747 [2M+Na]*; ESIMS (negative)
m/z 361 [M—H], 723 [2M—H] ; HRESIMS (positive)
[M+Na]" m/z 385.1968, calcd for C,;H;5,0sNa 385.1991.

34.2.5. Abiesanordine E (5). Amorphous powder; (o]
—79.0 (¢ 0.50, MeOH); UV (MeOH) A.x (loge): 214
(3.86), 237 (4.12); CD (MeOH) Aegy34 +16.5, Aezpe —19.3;
IR (KBr) v, 3483, 2948, 2864, 1724, 1646, 1454, 1385,
1262, 1185, 1140, 1041, 877 cm™'; for 'H and '>*C NMR
data, see Tables 1 and 2; ESIMS (positive) m/z 315 [M+Na] ™",
607 [2M+Na]*; ESIMS (negative) m/z 291 [M—H]~, 583
[2M—H]; HRESIMS (negative) [M—H]  m/z 291.1594,
calcd for Cy7H,30,4 291.1596.

3.4.2.6. Abiesanordine F (6). Amorphous powder; [oc]2DO
—30.0 (¢ 0.50, MeOH); UV (MeOH) A,.x (loge): 212
(3.82), 247 (4.21); CD (MeOH) Ae¢yyz +9.4, Aezrs —9.8; IR
(KBr1) vax 3439, 2929, 1737, 1711, 1680, 1395, 1262, 1038,
952, 879 cmfl; for 'H and '*C NMR data, see Tables 1 and
2; ESIMS (positive) m/z 401 [M+Na]"; HRESIMS (negative)
[M—H]" m/z 377.1968, calcd for C,1H,90¢ 377.1964.

3.4.2.7. Abiesanordine G (7). Amorphous powder; [a]3 —46.2
(¢ 0.50, MeOH); UV (MeOH) Anax (log €): 213 (3.80), 255
(3.63), 318 (3.10); CD (MeOH) A¢yys +4.1, Aeszo —4.7; IR
(KBr) vmax 3433, 2928, 2870, 1779, 1725, 1675, 1467, 1392,
1225, 1195, 1115, 1031, 976, 793 cm ™ '; for 'H and '*C NMR
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data, see Tables 1 and 2; ESIMS (positive) m/z 277 [M+H]",
299 [M+Na]®, 575 [2M+Na]®; HRESIMS (positive)
[M+Nalt m/z 299.1605, caled for C;7H,,05Na 299.1623.

3.4.2.8. Abiesanordine H (8). Amorphous powder; [oc]zD0
—33.3 (¢ 0.41; MeOH); UV (MeOH) A, (loge): 215
(3.78), 234 (3.78), 252 (3.80); CD (MeOH) Aegy34 +26.1,
Aeryg —7.4; IR (KBr) vpax 3420, 2923, 2852, 1738, 1678,
1471, 1384, 1154, 999, 829 cm™'; for 'H and *C NMR
data, see Tables 1 and 2; ESIMS (positive) m/z 377
[M+H]", 399 [M+Na]*, 775 [M+Na]"; ESIMS (negative)
mlz 375 [M—H]~, 411 [M+Cl]~, 751 [2M—H]~; HRESIMS
(positive) [M+Na]" m/z 399.1716, caled for C,;H,30¢Na
399.1784.

3.4.2.9. Abiesanordine I (9). Amorphous powder; [oc]zDO —4.7
(c 0.33; MeOH); UV (MeOH) A, (loge): 212 (4.03), 232
(4.02), 254 (3.98); CD (MeOH) Aégyzs +35.5, Aeyrg —12.0;
IR (KBr) v 3429, 2928, 2866, 1771, 1725, 1679, 1552,
1469, 1367, 1222, 1188, 1028, 962, 810 cm™'; for 'H and
13C NMR data, see Tables 1 and 2; ESIMS (positive) mi/z
413 [M+Na]"; HRESIMS (positive) [M+Na]® m/z
413.1912, caled for C,,H3006Na 413.1940.

3.4.2.10. Abiesanordine J (10). Amorphous powder; [a]®
+33.5 (¢ 0.34; MeOH); UV (MeOH) A,.x (loge): 212
(4.23), 255 (3.98), 282 (3.51); CD (MeOH) A¢yyg +24.7,
Aers; —6.6, Aezgr +6.4; IR (KBr) vp., 3423, 2963, 2926,
2852, 1740, 1709, 1608, 1518, 1383, 1262, 1104, 1028,
801 cm™"; for 'H and '*C NMR data, see Tables 1 and 2:
ESIMS (positive) m/z 383 [M+Na]"; ESIMS (negative) m/z
359 [M—H], 719 [2M—H] ; HRESIMS (negative)
[M—H] m/z 359.1841, calcd for C,;H,,05 359.1858.

34.2.11. Abiesanordine K (11). Amorphous powder; (o]
+2.1 (c 0.50; MeOH); UV (MeOH) A,.x (log ¢): 211 (3.86),
237 (4.12); CD (MeOH) Ae¢yyy +5.7, Agyryr; +16.8, Aeogg
—3.5, Aezrz +2.5; IR (KBr) v 3407, 2928, 2867, 2630,
1728, 1682, 1605, 1566, 1470, 1360, 1282, 1253, 1188,
1048, 953, 835, 720cm ™ '; for 'H and ">C NMR data, see
Tables 1 and 2; ESIMS (positive) m/z 339 [M+Na]™, 655
[2M+Na]*; HRESIMS (positive) [M+Na]t m/z 339.1606,
calcd for C;9H,404Na 339.1572.

3.4.2.12. Abiesanordine L (12). Amorphous powder; [oc]zDO
+1.8 (c 042; MeOH); UV (MeOH) A.x (loge): 215
4.24), 257 (4.05), 282 (3.28); CD (MeOH) Agy35 +2.0,
Aerss +13.8; IR (KBr) v, 3428, 2927, 2868, 1736, 1680,
1603, 1564, 1416, 1358, 1268, 1161, 998, 830, 669 cm ';
for 'H and '>C NMR data, see Tables 1 and 2; ESIMS
(positive) m/z 409 [M+Na]*, 795 [2M+Na]"; ESIMS (neg-
ative) m/z 385 [M—H]~, 771 [2M—H] ; HRESIMS (posi-
tive) [M+Na]t m/z 409.1987, calcd for C,3H;,0sNa,
409.1991.

3.4.2.13. Abiesanordine M (13). Amorphous powder; [oc]zDO
—3.2 (¢ 0.50; MeOH); UV (MeOH) A,,.x (log¢): 212 (4.10),

254 (3.87); CD (MeOH) Aeyz +13.5, Aeysn, —7.2,
Aergr +3.4; IR (KBr) vpa 3446, 2930, 2853, 1737, 1710,
1682, 1604, 1471, 1373, 1280, 1160, 1053, 832 cm™"'; for
'H and '3C NMR data, see Tables 1 and 2; ESIMS (positive)
miz 425 [M+Na]t, 827 [2M+Na]t; ESIMS (negative) m/z
402 [M—H] ", 803 [2M—H]; HRESIMS (positive) [M+Na] ™"
milz 425.1933, calcd for C,3H30O¢Na 425.1940; HRESIMS
(negative) [M—H]™ m/z 401.1962, caled for C,3H,90¢
401.1964.

3.4.2.14. Abiesanordine N (14). Amorphous powder; [a]2D0
+123.6 (¢ 0.50; MeOH); UV (MeOH) A,.« (loge): 212
(4.23), 233 (4.26), 255 (3.91), 292 (3.11); CD (MeOH)
A€224 +155, A€256 —201, A€324 +95, IR (KBI') Vmax
3433, 2929, 2849, 1740, 1643, 1604, 1467, 1410, 1350,
1164, 956, 919, 889 cm™'; for 'H and '>C NMR data, see
Tables 1 and 2; ESIMS (positive) m/z 423 [M+Na]*; ESIMS
(negative) m/z 399 [M—H], 799 [2M—H] ; HRESIMS
(positive) [M+Na]™ m/z 423.1716, calcd for C,3H,gOgNa
423.1784.

3.4.2.15. 7a-Hydroxypodocarpen-8(14)-en-13-one (15). Amor-
phous powder; [oc]%o —8.5 (¢ 0.17, MeOH); UV (MeOH) A,,.«
(loge): 212 (3.73), 236 (3.60); CD (MeOH) Aepys +3.9,
Aezre —6.0; IR (KBr) vy 3473, 2960, 2922, 2868, 1687,
1626, 1466, 1394, 1258, 1110, 774 cm™'; for 'H and "*C
NMR data, see Tables 1 and 2; ESIMS (positive) m/z 285
[M+Na]", 547 [2M+Na]"; HRESIMS (positive) [M-+Na]"
m/z 285.1814, calcd for C;7H,60,Na 285.1831.

34.2.16. 17-Nor-7,15-dion-8,11,13-abietatrien-18-oic acid
(16). Amorphous powder; [oz]%o +12.0 (¢ 0.50; MeOH);
UV (MeOH) A, (loge): 212 (4.02), 232 (4.41), 254
(4.06), 285 (3.35); CD (MeOH) Aeyzg +22.4, Aeys7 —27.8,
Aezpy +12.4; IR (KBr) vax 3365, 2933, 2870, 1727, 1690,
1600, 1513, 1471, 1408, 1360, 1236, 1074, 839 cm '; for
'H and '>C NMR data, see Tables 1 and 2; ESIMS (positive)
m/z 315 [M+H]", 337 [M+Na]*, 651 [2M+Na]*; ESIMS
(negative) m/z 313 [M—H], 627 [2M—H]; HRESIMS
(positive) [M+Na]" m/z 337.1451, caled for C,oH,,04Na
337.1416.

3.4.2.17. 8(14)-Podocarpen-13-on-18-oic acid (17). Amor-
phous powder; '"H NMR (CD;0D, 300 MHz) 6 0.86 (3H, s,
Me-20), 1.20 (3H, s, Me-19), 2.15 (1H, dd, J=12.3, 2.7 Hz,
H-5), 2.50 (1H, dd, J=10.5, 3.6 Hz, H-7a), 5.85 (1H, br s,
H-14); B¢ NMR, see Table 2; ESIMS (positive) m/z 299
[M+Nalt, 575 [2M+Na]*; ESIMS (negative) m/z 275
[M—H] ", 551 [2M—H] .

3.4.2.18. 8(14)-Podocarpen-7,13-dion-18-oic acid (18). Amor-
phous powder; '"H NMR (CD5;0OD, 300 MHz) 6 0.83 (3H, s,
Me-20), 1.27 (3H, s, Me-19), 2.61 (1H, dt, J=10.5, 3.6 Hz,
H-9), 6.51 (1H, dd, J=3.0, 1.2 Hz, H-14); '3C NMR, see Table
2; ESIMS (positive) m/z 291 [M+H]", 313 [M+Na]", 603
[2M-+Na]*; ESIMS (negative) m/z 289 [M-H] , 325
[M+C1] ™, 579 [2M—H] .
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34.2.19. 17-Nor-15-0x0-8,11,13-abietatrien-18-oic  acid
(19). Amorphous powder; '"H NMR (CDs0D, 300 MHz)
o0 1.21 (3H, s, Me-20), 1.24 (3H, s, Me-19), 2.54 (3H, s,
Me-16), 2.22 (1H, dd, J=12.6, 2.2 Hz, H-5), 2.36 (1H, br d,
J=123 Hz, H-1a), 294 (2H, m), 7.12 (1H, dd, J=8.1,
1.8 Hz, H-12), 7.38 (1H, d, J=8.1 Hz, H-11), 7.65 (1H, d,
J=1.8 Hz, H-14); '>C NMR, see Table 2; ESIMS (positive)
mlz 323 [M+Na]", 623 [2M+Na]*; ESIMS (negative) m/z
299 [M—H] -, 599 [2M—H] .

3.4.2.20. 18-Nor-abieta-8,11,13-triene-4,15-diol (20). Amor-
phous powder; '"H NMR (CDs0D, 300 MHz) 6 1.13 (3H, s,
Me-20), 1.19 (3H, s, Me-19), 1.48 (6H, s, Me-16, Me-17),
2.13 (1H, dd, J=129, 6.9Hz, H-5), 2.28 (IH, br d,
J=12.6 Hz, H-1a), 2.89 (2H, m, H-7), 7.12 (1H, s, H-14),
7.18 (2H, br s, H-11,H-12); '>C NMR, see Table 2; ESIMS
(positive) m/z 311 [M+Na]™, 599 [2M+Na]™.

34.2.21. 4-Hydroxy-18-nor-8,11,13-abietatrien-7-one (21).
Amorphous powder; 'H NMR (CD;OD, 300 MHz) 6 1.23
(6H, d, J=6.9 Hz, Me-16,17), 1.25 (3H, s, Me-19), 1.27
(3H, s, Me-20), 2.10 (1H, dd, J=14.1, 3.9 Hz, H-5), 2.67
(1H, dd, J=14.1, 3.0 Hz, H-6a), 2.89 (1H, d, /=14.1 Hz, H-
6b), 2.93 (1H, m, H-15), 7.40 (1H, d, J=8.1 Hz, H-11), 7.48
(1H, dd, J=8.1, 2.1 Hz, H-12), 7.82 (1H, d, J=2.1 Hz, H-
14); '3C NMR, see Table 2; ESIMS (positive) m/z 309
[M+Na]™, 595 [2M+Na] ™.

3.4.2.22. 8-Hydroxy-14,15-dinor-11-labden-13-one (22). Amor-
phous powder; '"H NMR (CDs0D, 300 MHz) 6 0.84 (3H, s,
Me-20), 0.89 (3H, s, Me-19), 0.96 (1H, dd, J=11.7, 2.1 Hz,
H-5),1.02 (3H, s, Me-18), 1.25 (3H, s, Me-17), 2.28 (3H, s,
Me-16), 1.88 (1H, dt, J=12.3, 3.0 Hz, H-6a), 1.98 (1H, d,
J=10.5Hz, H-9), 6.12 (1H, d, J=15.6 Hz, H-12), 6.93 (1H,
dd, J=15.6, 10.5 Hz, H-11); '>°C NMR, see Table 2; ESIMS
(positive) m/z 301 [M+Na] ", 579 [2M+Na] ™.
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