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Abstract—Six new rearranged abietane diterpenes were isolated from the roots of Salvia limbata. Their structures were
established by 1D and 2D NMR techniques including spin decoupling, COSY, APT, HETCOR and COLOC

experiments

INTRODUCTION

Salvia species have been used in folk medicine all around
the world. They have antibacterial and antifungal activ-
ities [1], and are used against psoriasis, seboreic eczema
[2] and tuberculosis [3]. In China, S. miltiorrhiza is used
in the treatment of coronary heart disease [4,5]. In
Turkey they have also many uses in folk medicine [6].

Salvia limbata C.A. Meyer (syn. S. chrysadenia Freyn)
is found in Azerbaijan and eastern Turkey at elevations
18002000 m. This paper deals with the isolation and
structure determination of six new rearranged abietane
diterpenes (1-6), all of which were isolated from the roots
of the plant together with the known diterpene manool
[7,8], and the flavonoids, pectolinarigenin and sal-
vigenin, as well as the steroids, stigmasterol and sitos-
terol.

RESULTS AND DISCUSSION

Dried and roughly powdered roots of . limbata yiel-
ded six rearranged abietane diterpenes: 12-hydroxy-sap-
riparaquinone  [4,5-seco-5,10-friedo-12-hydroxyabieta-
3,5(10),6,8,12-pentaene-11,14-dione] (1), 3,12-dihyd-
roxysapriparaquinone-1-ene [4,5-seco-5,10-friedo-3,12-
dihydroxyabieta-1,3,5(10),6,8,12-hexaene-11,14-dione]
(2), 2-hydroxysaprorthoquinone [4,5-seco-5,10-friedo-2-
hydroxy-abieta-3,5(10),6,8,12-pentaene-11,12-dione] (3),
limbinol [4,5-seco-5,10-friedo-2,12-dihydroxyabieta-
3,5(10),6,8,11,13-hexaene-1-one] (4), salvilimbinol [4,5-
seco-5,10(H)-friedo-4,9,11,12-tetrahydroxyabieta-
5,7,11,13-tetraene-3-one] (5) and 4-dehydrosalvilimbinol
[4,5-seco-5,10(H)-friedo-9,11,12-trihydroxyabieta-
4(18),5,7,11,13-pentaene-3-one] (6).

The high resolution mass spectrum (HREIMS) of com-
pound 1 indicated a molecular formula C,oH,,0; (m/z
312.1730; cale. 312.1725). The IR spectrum showed
a sharp signal for a hydroxyl group at 3380 cm ! and
quinoid signals at 1700, 1650, 1580 cm ~*. The UV spec-
trum indicated an unsaturated quinoid structure with

Amax = 390 nm. The '"HNMR spectrum of 1 exhibited
lower field signals at §7.96 (1H, 4, J = 8 Hz, H-7), 7.50
(1H,d,J = 8 Hz, H-6) and 7.78 (1H, br 5, C-12 OH) (D, O
exchangeable) indicating a p-quinoid structure while the
o-quinoid isomer of compound 1, saprorthoquinone, has
lower field protons at §7.36, 7.04 and 7.09 [9]. Other
"H NMR signals of 1 were at §5.29 (1H, brt, J = 7.5 Hz,
H-3), 3.38 (1H, septet, J = 7 Hz, H-15), 3.19 (2H, dd,
J =75 and 11 Hz, H,-1), 2.44 (3H, s, Me-20), 2.18 (2H,
ddd, J =17.5,9 and 11 Hz, H,-2), 1.72 (3H, s), 1.60 (3H, s)
(Me-18 and Me-19) and 1.28 (6H, d, J = 7 Hz, Me-16 and
Me-17). The sequence of the C-1 to C-3 protons was
assigned from spin decoupling experiments. When the
signal at 65.29 (H-3) was irradiated only the signal at
62.18 (H-2) collapsed to a triplet; when the latter signal
was irradiated both signals at $5.29 (H-3) and 3.19 (H,-1)
collapsed to singlets showing their respective places. The
13C NMR (APT) displayed four methyl quartets corres-
ponding to five methyl groups, two methylene triplets,
four methine doublets and nine quaternary carbon sin-
glets. The COSY and the HETCOR experiments allowed
the assignment of protons and carbons (Table 1),

The HREIMS of compound 2 indicated a molecular
formula C,0H,,0, (m/z 326.1522, calc. 326.1528). The IR
spectrum showed hydroxyl absorption at 3400 cm ™!,
and conjugated quinoid bands at 1700, 1685, 1650 cm 1.
The UV spectrum established the presence of conjugated
p-quinone structure with A.,, = 410 nm. The '"HNMR
spectrum of 2 revealed its structure, showing signals at
08.37 (1H, d, J = 8 Hz, H-1), 8.15 (1H, d, J = 8.5 Hz,
H-7),7.57(1H, d,J = 8 Hz, H-2), 745 (1H, d, J = 8.5 Hz,
H-6), 3.45 (1H, septet, J = 7 Hz, H-15), 2.81 (3H, 5, Me-
20), 1.79 (6H, s, Me-18 and Me-19) and 1.34 (6H, d,
J =7Hz, Me-16 and Me-17). Spin decoupling experi-
ments showed the relationship between H-1 and H-2 as
well as between H-6 and H-7. Thus irradiation of H-1
and H-6 collapsed H-2 and H-7 to singlets, respectively.
The '>’C NMR (APT) spectrum showed three quartets
for five methyl groups, five methine doublets, four being
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Table 1. 'H and '*C NMR data of compounds 14

1 2 3 4
IH 13C lH 13C IH 13C IH 13C
1 3.19 302 837 1296 1.18; 3.08 323 — 195.5
2 2.18 278 757 1288 4.88 730 535 65.6
3 529 123.7 — 150.0 5.50 1244 540 124.9
4 — 1263 — 126.5 — 136.2 — 136.5
5 — 144.4 — 142.2 — 137.8 — 136.0
6 7.50 1362 745 1279 7.07 1244 700 1265
7 7.96 1264  8.15 1183 7.50 124.1 7.12 130.5
8 — 136.3 — 1340 — 120.1 — 127.7
9 — 132.5 — 132.7 129.0 — 133.7
10 — 143.2 — 143.7 — 137.8 — 139.6
11 — 184.6 — 184.8 — 1830 710 1360
12 — 153.2 — 153.1 — 184.3 — 139.6
13 — 132.5 — 132.7 — 136.2 — 133.7
14 — 183.3 — 184.0 7.20 1157 695 1365
15 338 244 345 24.1 297 269 297 269
16 1.29 198 1.34 209 1.32 256 115 214
17 1.29 19.8 1.34 209 1.36 25.6 1.13 21.5
18 1.72 269 1.79 29.7 1.82 27.7 1.74 25.8
19 1.60 17.6 1.79 29.7 .77 18.3 1.76 18.1
20 244 203 281 18.4 235 225 222 18.8

in the lower field, and 10 quaternary carbon signals.
Methylene triplets were not present. The COSY and the
HETCOR experiments showed the protons and carbons
of the structure (Table 1).

The third compound (3) obtained from the extract had
a molecular formula C,oH,,0; as derived from its
HREIMS (m/z 312.1731; calc. 312.1725). The IR spec-
trum indicated hydroxyl groups at 3600 and 3400 cm ™ *,

and a conjugated quinoid structure at 1680 and
1650 cm ~!. The UV spectrum had a A, at 395 nm. The
!H NMR spectrum of 3 indicated an orthoquinoid struc-
ture rather than a paraquinoid one: 67.50 (1H, d,
J =8Hz, H-7), 7.20 (1H, br s, H-14), 707 (1H, d,
J = 8 Hz, H-6), 5.77 (1H, br s, C-2 OH) (D,0O exchange),
5.5 (1H, dd, J = 8.5 and 1.5 Hz, H-3), 488 (1H, br ¢,
J = 8.5 Hz, H-2), 297 (1H, septet, J = 7 Hz, H-15), 3.08
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Table 2. 'H and '*C NMR data and COLOC experimental data of compounds § and 6

5 6
‘H 13C  COLOC correlations 'H 13C  COLOC correlations
1 1.86; 1.94 235 C-3,C-5,C9H 1.80; 2.30 244 C-3,C9
2 2.57;2.89 253 C-3,C4,C-10 2.67; 2.90 251 C-1,C-+4,C-10
3 — 2107 — 201.7
4 — 742 — 149.1
S — 1387 — — 137.3
6 6.92 1266 C-8, C-9, C-10, C-20 6.98 1265 C-8,C-10, C-14, C-20
7 7.05 1300 C-9,C-5 7.10 130.1 C-5,C-14
8 — 1355 — — 1356 —
9 — 762 — — 745 —
10 242 454 C-2,C-3,C9,C-11 2.44 458 C-2,C-5 C-11
11 — 1363 — — 137.3
12 — 1410 — — 1419 —
13 — 1281 — — 126.6
14 6.78 1349 C-7,C9, C-12 6.89 1355 C-7,C-8, C-12
15 2.90 274 C-13,C-14 298 266 C-14
16 1.12 207 C-12,C-13,C-14 1.11 214 C-13,C-15
17 1.17 216 C-13,C-14 1.11 214 C-13,C-15
18 1.37 265 C-2,C-3,C-4 4.90; 491 111.7 C-3,C-4, C-19
19 142 326 C-2,C3 2.01 245 C-3,C-18
20 224 198 C-6,C-7,C-10 2.25 19.8 C-6,C-7

(1H, m, H-1a), 2.35 (3H, s, Me-20), 1.82 (3H, 5), 1.77 (3H, s)
(Me-18 and Me-19), 1.36 (3H, d, J = 7 Hz), 1.32 (3H, 4,
J =7 Hz) (Me-16 and Me-17), 1.18 (1H, m, H-1b). The
protons of C-1, C-2 and C-3 were assigned from spin
decoupling experiments. Irradiation of the vinylic proton
at C-3 (65.50) collapsed the triplet at §4.88 (H-2) to
a doublet, irradiation of H-2 collapsed H-3 to
a broadened singlet and the multiplet at §3.08 (H-1a) and
1.18 (H-1b) simplified, irradiation of H-la and H-1b
signals affected only H-2 but not H-3. The *C NMR
(APT) spectrum showed the presence of four quartets
corresponding to five methyl groups, a methylene triplet,
six methine doublets and eight quaternary carbon sig-
nals. Spin decoupling, the COSY and the HETCOR
experiments allowed the assignment of the protons and
carbons (Table 1).

The HREIMS of limbinol (4) indicated a molecular
formula C;0H ;403 (m/z 312.1728; calc. 312.1725). The IR
spectrum showed hydroxyl absorption at 3420 cm™*,
a conjugated carbonyl group at 1690 cm~! and con-
jugated aromatic signals at 1610, 1580 and 1520 cm ™.
The UV spectrum confirmed the conjugated aromatic
system by the presence of a 4., = 369 nm. The 'H NMR
spectrum indicated an aromatic ring instead of a quinoid
system, i.e. signals at 67.12 (1H, d, J = 8 Hz, H-7), 7.0
(1H, d, J = 8 Hz, H-6), 7.1 (1H, s, H-11), 6.95 (1H, s,
H-14). Other 'H NMR signals were at 6540 (1H, d,
J =4 Hz, H-3), 5.35 (1H, d, J = 4 Hz, H-2), 297 (1H,
septet, J = 7 Hz, H-15), 2.22 (3H, s, Me-20), 1.76 (3H, s),
1.74 (3H, s) (Me-18 and Me-19), 1.15 (3H, d, J = 7 Hz),
1.13(3H,d,J = 7 Hz) (Me-16 and Me-17). The *CNMR
(APT) indicated five methyl quartets, seven methine
doublets five of them being in the lower field and eight

quaternary carbon singlets one being at §195.5 which
indicated a conjugated carbonyl at C-1. This position for
the oxo group was decided from the multiplicity of the
C-2 and C-3 protons, if the oxo group was at C-2 instead
of C-1 both signals for H-3 and H-1 would be observed as
singlets. The assignments of the protons and carbons
were made by the HETCOR and spin decoupling experi-
ments (Table 1).

The HREIMS of 5, salvilimbinol, indicated a molecu-
lar formula C,oH 2505 (m/z 348.1930; calc. 348.1936). Its
IR spectrum showed the signals for an oxo group at 1700
cm™ !, unsaturation peaks at 1660 and 1600 cm ™!, and
hydroxyl signal at 3500 cm ™. The UV spectrum showed
a Amax at 329 nm. The 'H NMR indicated the structure of
5 exhibiting signals at 7.05 (1H, d, J = 7.5 Hz, H-7), 6.92
(1H, d, J = 7.5 Hz, H-6), 6.78 (1H, d, J = 1 Hz, H-14),
4.56 (1H, br s, OH) (D,O exchange), 2.90 (1H, septet,
J =7 Hz, H-15), 2.89 (1H, ddd, J = 11, 5.5, 2 Hz, H-2a),
2.57 (1H, ddd, J = 10, 10, 5.5 Hz, H-2b), 2.42 (1H, dd,
J =10, 5 Hz, H-10), 2.24 (3H, s, Me-20), 1.94 (1H, dd,
J =11, 5 Hz, H-1a), 1.86 (1H, m, H-1b), 1.42 (3H, s), 1.37
(3H, s5) (Me-18 and Me-19), 1.17 (3H, d, J = 7 Hz) and,
1.12 (3H, d, J = 7 Hz) (Me-16 and Me-17). Spin decoup-
ling experiments showed the relationships between the
protons of C-10, C-1 and C-2 as well as between those of
C-6 and C-7. The 13C NMR (APT) spectrum displayed
five methyl quartets, two methylene triplets, five methine
doublets and eight quaternary carbons. The HETCOR
and COLOC experiment allowed the unambiguous as-
signment of protons and carbons (Table 2). Acetylation
of compound 5 at room temp. for 24 hr gave a mono-
acetyl derivative exhibiting an acetyl signal at 32.35
and thus placing this moiety at C-12, the other signals
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remained unchanged. However, acetylation of 5 under
drastic conditions afforded compound 6 which can be
explained by the loss of one molecule of water from C-4.
The 'H NMR data of this derivative was exactly the
same as those of compound 6 verifying the structural
relation between these two compounds.

The spectral data of compound 6, 4-dehydrosalvilim-
binol, were quite similar to those of §, but there was an
isopropenyl instead of hydroxyisopropyl group at C-4.
HREIMS indicated a molecular formula C,,H ;604 (m/z
330.1851; calc. 330.1830). The IR spectrum showed a hy-
droxyl signal at 3520cm™’, a conjugated oxo group
signal at 1697 cm ~ ! and unsaturation signals at 1660 and
1600 cm~!. The UV spectrum showed a A, at 336 nm.
The 'H NMR spectrum indicated the structure of 6:
67.10 (1H, d, J = 7.5 Hz, H-7), 698 (1H, d, J = 7.5 Hz,
H-6), 6.89 (1H, s, H-14), 490 (1H, 5) and 491 (1H, s)
(CH,-18), 2.98 (1H, septet, J = 7 Hz, H-15), 2.25 (3H, s,
Me-20), 2.01 (3H, s, Me-19), 1.11 (6H, d, J = 7 Hz, Me-16
and Me-17). Spin decoupling experiments showed the
relationship between H-10 (62.44, 1H, dd, J = 4, 12 Hz)
and H-1a (61.80, m), H-1b (62.30, 1H, ddd, J =3, 11,
12 Hz) and H-2a (62.67, 1H, dd, J =9, 16 Hz) and H-2b
(62.90, 1H, m), as well as the C-6 and C-7 protons. The
13C NMR (APT) showed the presence of four methyl
quartets, three methylene triplets, five methine doublets
and eight quaternary carbon singlets. The HETCOR and
the COLOC experiments allowed the unambiguous as-
signment of the protons and carbons (Table 2). The most
favourable structures of compounds 5 and 6 were found
in computer designed minimized energy formulae show-
ing that H-10, C-9 hydroxyl as well as Me-20 were in
B positions.

EXPERIMENTAL

General. All solvent evaporations were carried out at
reduced pressure. Yields of the new compounds were as
follows: 1, 12 mg; 2, 14 mg; 3, 240 mg; 4, 55 mg; 5, 18 mg;
6, 15 mg. CC: silica gel 40 (E. Merck), Sephadex LH-20
(Fluka), preparative plates (E. Merck).

Plant material, extraction and isolation. The roots of S.
limbata C. A. Meyer were collected from eastern Turkey
(Ilica-Erzurum) at elevations 1800-2000 m in July 1994.
The plant was identified by Dr Kerim Alpinar (Istanbul),
a voucher specimen is deposited in the Herbarium of
the Faculty of Pharmacy, University of Istanbul,
ISTE 66394. The dried and powdered plant material
(650 g) was extracted with Me,CO in a Soxhlet, after
evaporation of the extract 9 g of residue was obtained.
The residue was fractionated over a silica gel column
(3.5 x 90 cm), the column was eluted with hexane, a gradi-
ent of CH,Cl, up to 100% followed by EtOAc up to
30%.

12-Hydroxysapriparaquinone (1). Amorphous, yellow
compound. UV AM<CH nm: 390 (log ¢ 3.0), 350 (log & 3.4),
290(log & 3.95), 255 (log £ 4.2); IR vEHSs cm ™~ 1: 3380, 3000,
2970, 2910, 1700, 1650, 1580, 1480, 1420, 1380, 1300,
1280, 1190, 1120, 1030, 1000, 920, 790; 'H NMR (CDCl,):
see text; 13C NMR (CDCl;) and HETCOR: Table 1;
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HREIMS: 3121730 [C30H;.05]1* (80), 294 [M —
H,0]* (80), 284 [M — 28] (64), 245 [M — CsH,]*
(100), 229 [M — C¢H,,]* (87), 201 (80), 141 (88), 128 (94),
115 (93), 70 (95).

3,12-Dihydroxysapriparaquinone-1-ene  (2). Amorph-
ous, deep yellow compound. UV AMOH nm: 410 (log
¢ 3.6), 390 (log ¢ 3.6), 326 (log & 3.9), 240 (log & 4.4); IR
veHCs cm ™1 3400, 3000, 2980, 2940, 1700, 1685, 1650,
1600, 1580, 1520, 1450, 1380, 1210, 1180, 1100, 980, 780;
'H NMR (CDCl): see text; 3C NMR (CDCly) and
HETCOR: Table 1; HREIMS: 326.1522 [C,0H,,04]"
(15), 311 [M — Me]* (12), 308 [M — H,O]* (10), 229
[M — C,H,0]* (80), 203 (95), 124 (87), 109 (75), 84 (97),
71 (100).

2,12-Dihydroxysaprorthoguinone 3). [alp — 3.0°
(CHCl3; ¢ 1.3). Amorphous, yellow compound. UV
JMeOH. 395 (1 & 2.7), 330 (log ¢ 3.1), 282 (log ¢ 3.4), 242
(log ¢ 4.5); IR vSHE: cm ™ *: 3600, 3400, 3050, 2960, 2940,
1680, 1650, 1580, 1480, 1420, 1350, 1250, 1170, 1050,
970, 840, 750; 'H NMR (CDCl;): see text; 3C NMR
(CDCl,) and HETCOR: Table 1; HREIMS: 312.1731
[CioH24051* (23), 296 [M —H,O]* (35), 213
[M — CoH,,0]* (100), 185 (50), 165 (87), 141 (80), 115
(65), 83 (40), 69 (45).

Limbinol (4). [a]p — 32.8° (CHCl3; ¢ 0.3). Amorphous,
yellow compound. UV A¥% nm: 369 (log ¢ 3.2), 310 (log
£ 3.6), 240 (log ¢ 4.0); IR vEHSs cm™1: 3420, 2950, 2880,
1690, 1610, 1580, 1520, 1485, 1360, 1150, 1060, 1000, 920,
780; *H NMR (CDCl,): see text; '3C NMR: Table 1;
HREIMS: 3121728 [C3oH,405]" (18), 284 [M — 28]*
(53), 227 [M — CsHoO1" (100), 199 [M — CcH,0,]7
(52), 185 (67), 141 (63), 115 (72), 83 (95), 69 (75).

Salvilimbinol (5). [a¢]p — 17.6° (CHCl,; ¢ 0.2). Deep
yellow compound. UV AMOH nm: 329 (log ¢ 3.27), 242
(log ¢ 4.5); IR v&i<" cm~1: 3500, 2980, 1700, 1660, 1600,
1460, 1380, 1040, 750, 'H NMR (CDCl,): see text; 3C
NMR (CDCl;) and HETCOR: Table 2; HREIMS:
348.1930 [C,0H2305]* (2), 330 [M — H,01* (4), 312
[M — 2 x H,O]* (18), 296 (80), 268 (87), 225 (100), 213
(58), 185 (93), 165 (55), 115 (40), 69 (40).

4-Dehydrosalvilimbinol ~ (6). [o¢]p — 18.0° (CHCl;;
¢ 0.1). Deep yellow compound. UV AMPH nm: 336 (log
& 3.40), 244 (log ¢ 4.5); IR vSECH em ™ *: 3520, 2980, 2940,
1697, 1660, 1600, 1460, 1375, 1200, 1100, 1020, 900, 810;
!H NMR (CDCl,): see text; '3C NMR (CDCl;) and
HETCOR: Table 2; HREIMS: 330.1851 [C,oH;604]"
(), 312 [M — H,0]* (14), 294 [M — 2x H,0]" (18),
268 (65), 245 (27), 225 (100), 213 (33), 185 (27), 115(12), 83
(52).
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