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Study on the Diterpenoid Constituents of Salvia roborowskii

ZHAO Jianjun, XIA Fan, XIANG Chunlei, XU Gang
(State Key Laboratory of Phytochemistry and Plant Resources in West China, Kunming Institute of Botany,
Chinese Academy of Sciences, Kunming 650204, China)

ABSTRACT: Objective To investigate the chemical constituents from the underground parts of Salvia roborowskii.
Methods The chemical constituents were isolated by the combination of silica gel, RP-18, Sephadex LH -20 and high
performance liquid chromatography. Their structures were elucidated on the basis of spectroscopic analysis (MS, NMR, etc.).
Results Eleven compounds, including 15 —epi—danshenol —A (1), danshenol A (2), 15,16 —dihydrotanshinone 1(3),
cryptotanshinone (4), tanshinone IIA (5), danshenxinkun B (6), sugoil (7), ferruginol (8), grandifolia C (9), normiltioane (10),
and przewalskin (11), were isolated and identified. Conclusion Eleven compounds were all isolated from Salvia roborowskii

for the first time.
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VU1 2 R P RS L, AR K TR 2500~3700 m 1Y)
LI, Vs B AL, AL, R R s A b —
il S A2 153 1 25 A AL H5 P A ot Y (abietane ) |
B gl B 7Y (icetexane ) 2 H AL BE Y (1abdane ) A2
£t (pimarane ) F1 52 2 B e 8 (clerodane ) o ZHE YL
SELEAE T T I TR SR R AR I T AR )
PR, BTE PUAAL BT HIV B i/ SR 4R

Wi EHHE: 2022-10-08

SOl i SCHR AR L KB BURE BRI A Ay () J e 24 H g
FUBEL(S. przewalskit) WAL H . HPURREERNF
B LA B T ) G2 A2 o) (A - B P2
FESE 1 FHSE A F S 200 155 FUK TR
BRI (AN - PHE R D EEFR B iR LR AL Z
RN, AR SR X H P R R e S
AL I FEATIRABITE , I T — I 288
HEA Y mEEr w2k 5w, mEAH
HIV-1 Gy przewalskins A B VL e 4 it 55
1S PEIAL G Y przewalskone S50, B IH AL B B
FERE R AL 22 IO T AT A B A

* BEWA: 5 REBEREGARE % 4 5P (STEP) I H (2019QZKK0502-0303 )
E—EEE N BMARTE(1995-), 5 A AR5 05 ) RIRZG M)Ak
ABIEEE : W], E-mail: xugang008@mail.kib.ac.cn

59



2022 4F

w PR bR
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PR B R A | rb A5 2 R = 2 B o R 4K
Z - B A AF 5 % H UHPLC .QTOF-MS/MS 453 #r
D5 IR BUR AR 5 FA ok il erypo—
totanshinone , przewalskin il ferruginol, {Hiz4 M Ik,
KRG T BUR B il b2 il g3 1 oy B aliAb 5 254
Y E AR LRGSR

h T R RS T BB R i 24, O b
B HVE BUR RN 5 W), A X R F U H
TN 77 R AR L ARG B U B T 3R A AT T AR AR
PSS R A R S R S 7 T 1, b 3ty
BUEEARE] 11 DIAE R G A Y, WK wi-
home abietane,abietane Hll nor—bietane — fift 45 ¥4 25
AL B A b B AR E
1 #R5H*
1.1 E5HH NMR H Brucker AV I11-600 FU4%
AR ALI 5, LA TMS /BN IR . MS FH Agilent
G6200 TOF PUZLFF i E . Waters 2695 B 434
A 25 2 OB (1% A, 8354 COSMOSIL C -
MS-11(4.61D x 250 mm ), {82228 I IEARRERC AR , fiE
JREXE R PR AL T A2 . BERE R Sephadex LH-
20 (GE Healthcare ), MCI(75~150 wm)A H AR =220
AR, BN 8RR £ BEA TR o

ki BB BAE ST 2020 4F 8 H R4 T H &
V)T R AR EL | v LR A g B AR A 53 T ) 5 T
WFFE L% R IR IE R BUR B ARG E U . (Salvia
roborowskii) , FRANE 120200895,
12 RE5455H KERBRETEMRG.I k), g
Je AR TR 0 7 2 U4 3 R (BRI 10 L TR, &8 712
148 h) SR BORUELL , B IF , WU IR Wova R 4 21
(51.8 g)o BREEMGMA 80.0 ¢ BEEH(10~30 H)
PERE, TS LA MCL @3 A 247800 B, F —K i 51
6 BE VIR (50 : 50100 : 0, v/v) , TLC K, 45 I A1 )

Hor, 15 A—J 3 10 M

Ay A(6.0 g) i J5 A 10.0 g i (80~100
HOFERE, T 405 DL EfE (200~300 H ) A2 #7151
B, AT Bk— PR R B BE VR (1001 0—0: 100, v/v ),
TLC Kl , & IEAH R 255,15 A—A, 22 11 D455 A,
(700.0 mg )%t Sephadex LH-20 %t AEJZ AT (IR ) 46
EHEMEEY) 10(3.0 mg) .

45 C (2.0 g) £ Sephadex LH-20 &t )2 HT
(NER ) 3 C—Cq 3L 6 4143 ,C, (600.0 mg) F1 Cs
(100.0 mg) 2l 2 AY @ 300 AH [MeOH-H,0 (85
15, viv) |4k 53 2L 549 8(24.6 mg) Fll 7(2.8 mg).
2073 F (400.0 mg) 4 Sephadex LH-20 #E A2 Hr
()G Fi—Fs 3t 5 450, F,(60.0 mg) 28 il £
T 5 RO A [MeOH-H,0 (80 : 20, v/v) 4l fL 15 B4k &
¥ 5(10.8 mg) . 2043 G(200.0 mg)Z: Sephadex LH-20
BEAEJZNT (NEd) 15 G—G, 3t 4 ©~414),G,(50.0
mg ) 252 1 45 1 B R A [MeOH-H,0 (70 : 30, v/v )4l
2L A 6(1.8 mg).

27 H(600.0 mg) %M Ja A 1.3 ¢ #EHZ (80~
100 HOFERE, TR0 405 LURE B (200~300 H ) #EJZE
Bl B, A i Ak — P TR 700 B BE VB (90 10—0
100, v/v), TLC f&ill, &M 7, 1% H—Hs 6
N4, Hi(50.0 mg) A1 He(100.0 mg) £t Sephadex
LH-20 & RA: 287 (Nl ) 264k )5 15 2146 A9 4(10.0
mg )1 9(1.8 mg). 4143 1(500.0 mg)Z: Sephadex LH-
20 BEREHEJE AT (B )5 1,—1, 38 7 4~ 443, 1,(240.0
mg ) Fl 1,(80.0 mg )53l 48 F- il £ 78 15 S0 AH[Me OH -
H,0 (60 : 40, v/v) |4l {153 2k &4 3(139.5 mg),11
(2.9 mg),1(7.6 mg) 1 2(5.0 mg). LEWEEHI LA 1.
1.3 #H%Ez AW 1 EIREE S, C,Ha0,,
ESI-MS m/z: 337 [M=H] . 'H NMR(600 MHz,CDCI;)
8: 8.11 (1H, d, J=9.0 Hz, H-1), 7.52 (1H, dd, J=9.0,

B1 k&Y 1-11 LN
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6.8 Hz, H-2), 7.43 (1H, br d, J=6.8 Hz, H-3), 9.01
(1H, br d, J=9.0 Hz, H-6), 7.83 (1H, d, J=9.0 Hz,
-7), 4.68 (1H, s, 11-0H), 3.63 (1H, m, H-15), 4.93
(1H, t, J=8.9 Hz, H-16a), 443 (1H, dd, J=5.4, 8.9
Hz, H-16b), 1.39 (3H, d, J=7.6 Hz, 17-CH,), 2.71
(3H, s, 18-CH), 3.05 (1H, d, J=13.0 Hz, H-21a),
3.29 (1H, d, J=13.0 Hz, H-21b), 1.97(3H, s, 23-CH);
3C NMR (CDCli, 150 MHz) &: 125.7(C-1), 127.0 (C-
2), 128.7 (C=3), 135.4 (C-4), 135.0 (C-5), 125.9 (C-
6), 120.3 (C=7), 141.5 (C-8), 120.7 (C-9), 131.2 (C-
10), 79.6 (C-11), 196.3 (C-12), 113.5 (C-13), 171.8
(C=14), 34.9 (C-15), 81.8 (C-16), 19.6 (C-17), 20.4
(C-18), 57.3 (C-21), 205.6 (C-22), 32.3 (C-23), bk
Bt 5 SCHR 18] E — 2, I S e s 1 8 15—
epi—danshenol-A
EY 2. 2LEERIRES §, CoHyOy, ESI-MS m/z:
337 [M=H]". 'H NMR(600 MHz,CDCI;) &: 8.08 (1H,
d, J=9.0 Hz, H-1), 7.51 (1H, dd, J=9.0, 6.8 Hz, H-2),
7.42 (1H, br d, J=6.8 Hz, H=3), 9.01 (1H, br d, J=9.0
Hz, H-6), 7.78 (1H, d, J=9.0 Hz, H-7), 4.66 (1H, s,
11-0H), 3.65 (1H, m, H-15), 4.97 (1H, t, J=8.9 Hz,
H-16a), 4.38 (1H, dd, J=5.4, 8.9 Hz, H-16b), 1.42
(3H, d, J=7.6 Hz, 17-CH3), 2.71 (3H, s, 18-CH;), 3.06
(1H, d, J=13.0 Hz, H-21a), 3.28 (1H, d, J=13.0 Hz,
H-21b), 1.96 (3H, s, 23-CH;); *C NMR (CDCl;, 150
MHz) 8: 125.8 (C-1), 127.0 (C-2), 128.7 (C-3), 135.4
(C=4), 135.0 (C-5), 126.0 (C=6), 120.3 (C-7), 141.4
(C=8), 120.6 (C-9), 131.2 (C-10), 79.6 (C-11), 196.3
(C-12), 113.8 (C-13), 171.9 (C-14), 34.6 (C-15), 81.6
(C-16), 18.2 (C=17), 20.4 (C-18), 57.4 (C-21), 205.2
(C-22), 32.4 (C-23), L iR%dE 5 SCik[ 18 418 — 2L,
RIS ELEW) 2 4 danshenol A,
AW 3: IR A IRSS i, CgH 05, ESI-MS m/
z: 279 [M+H]*. 'H NMR (600 MHz,CDCl;) &: 9.31
(1H, d, J=8.7 Hz, H-1), 7.58 (1H, dd, J=8.7, 6.9 Hz,
H-2), 7.41 (1H, d, J=6.9 Hz, H-3), 8.32 (IH, d, J=
8.7 Hz, H-6), 7.77 (2H, J=8.7 Hz, H-7), 3.66 (1H
m, H-15), 4.44 (1H, dd J=9.6, 4.6 Hz, H-16a), 4.98
(1H, t, J=9.6 Hz, H-16b), 1.42 (3H, d, J=6.6 Hz, 17-
CH,), 2.71 (3H, s, 18-CH5); *C NMR (CDCl;, 150 MHz)
8: 126.2 (C-1), 130.5 (C-2), 128.3 (C-3), 135.0 (C—
4), 134.8 (C-5), 132.2 (C=6), 118.4 (C=7), 129.0 (C-

8), 125.1 (C-9), 132.0 (C-10), 184.0 (C-11), 176.0 (C-
12), 120.4 (C-13), 170.6 (C-14), 34.8 (C-15), 81.7 (C-
16), 18.9 (C-17), 19.9 (C-18). FiR%dE 5 Crik[19]
il —3, IS E L G 3 24 15,16—dihydrotanshi-
none I,

WEY 4: LAERRES F, CloHyOs, ESI-MS m/z:
297 [M+H]*. 'H NMR(600 MHz,CDCI;) §: 3.17 (2H,
br t, H2-1), 1.65 (2H, m, H2-2), 1.40 (2H, d, J=6.8
Hz, H2-3), 7.42 (2H, t, J=8.0 Hz, H-6, 7), 3.35 (1H
m, H-15), 4.80 (1H, t, J=9.2 Hz, H-16a), 4.30 (1H, dd,
J=9.2, 6.0 Hz, H-16b), 1.08 (3H, m, 17-CHy), 1.03 (6H,
s, 18,19-CH,); *C NMR (CDCl;, 150 MHz) &: 28.0 (C—
1), 192 (C-2), 37.9 (C-3), 34.0 (C-4), 138.6 (C-5),
128.5 (C-6), 123.5 (C-7), 128.7 (C-8), 125.6 (C-9),
136.8 (C-10), 187.4 (C-11), 185.5 (C-12), 107.6 (C-
13), 167.0 (C-14), 32.8 (C-15), 62.0 (C-16), 14.9 (C-
17), 31.8 (C-18), 31.8 (C-19). iR %di 5 SCHk[2014
i —2 LS e &%) 4 4 cryptotanshinone

WEY S: LLasRES f, CoH w05, ESI-MS m/z:
295 [M+H]*. 'H NMR(600 MHz,CDCl,) &: 3.20 (2H,
t, J=6.7 Hz, H2-1), 1.80 (2H, m, H2-2), 1.67 (2H
m, H2-3), 7.63 (1H, d, J=7.8 Hz, H-6), 7.56 (1H, d,
J=17.8 Hz, H-7), 7.22 (1H, d, J=1.0 Hz, H-15), 2.24
(3H, s, 17-CHs), 1.30 (3H, s, 18-CH), 1.31 (3H, s,
19-CHs); “C NMR (CDCl;, 150 MHz) &: 29.8 (C-1),
19.1(C-2), 37.8(C-3), 34.6(C-4), 150.1(C-5), 133.5
(C-6), 119.9 (C-7), 127.5 (C-8), 126.5 (C-9), 144.4
(C-10), 183.6 (C-11), 175.8 (C-12), 121.2 (C-13), 161.7
(C-14), 141.3 (C-15), 120.3 (C-16), 8.8 (C-17), 21.8
(C-18), 31.8 (C-19), _RHHE 5 SCHk[19]43E — 2,
R ELEY) 5 4 tanshinone TTA,

AW 6: ZLtasRES i, CigH 05, ESI-MS m/z:
281 [M+H]*. 'H NMR(600 MHz,CDCI,) &: 9.42 (1H,
d, J=8.5 Hz, H-1), 8.41 (1H, d, J=8.5 Hz, H-2), 8.23
(1H, d, J=8.5 Hz, H-3), 7.77 (1H, s, 11-OH), 7.62 (1H
t, J=16.0, 7.3 Hz, H-6), 7.40 (1H, d, J=7.3 Hz, H-
7), 3.34 (1H, m, H-15), 2.74 (3H, s, 18-CH.), 1.30 (6H,
s, 16,17-CH;); “C NMR (CDCls, 150 MHz) &: 125.7
(C-1), 130.5 (C-2), 129.4 (C-3), 135.4 (C-4), 135.3
(C=5), 132.5 (C=6), 122.7 (C-7), 134.0 (C-8), 124.2
(C-9), 130.5 (C-10), 184.3 (C-11), 153.2 (C-12),
125.7 (C-13), 185.4 (C-14), 24.7 (C-15), 20.2 (C-16),
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20.2 (C-17), 20.1 (C-18). - iRE 5 3Cik[21 i iE —
2, KL E LAY 6 N danshenxinkun B,

&Y 7. JLOERIRGS f, CoHos0,, ESI-MS m/z:
299 [M-HJ. 'H NMR (600 MHz,DMSO-d,) &: 1.67
(1H, dd, J=13.7, 7.2 Hz, H-1a), 2.70 (1H, dd, J=
13.7, 4.3 Hz, H-1b), 1.84 (1H, m, H-2a), 2.53 (1H,
m, H-2b), 2.23 (1H, dd, J=14.3, 3.6 Hz, H-3a), 1.73
(1H, dd, J=14.3, 6.8 Hz, H-3b), 2.30 (1H, dd, J=
13.0, 4.6 Hz, H-5), 2.74 (1H, dd, J = 18.0, 13.0 Hz,
H-6a), 2.60 (1H, dd, J=18.0, 4.6 Hz, H-6b), 6.78
(IH, s, H-11), 7.64 (1H, s, H-14), 3.14 (1H, m, H-
15), 1.28 (6H, d, J=6.9 Hz, 16,17-CH,), 0.92 (3H, s,
18-CH;), 0.98 (3H, s, 19-CH3), 1.21 (3H, s, 20—CH);
3C NMR (DMSO—-d,, 150 MHz) &: 37.4 (C-1), 18.5 (C-
2), 40.8 (C=3),32.9 (C-4), 49.1 (C-5), 35.5 (C-6), 196.6
(C=7), 122.5 (C-8), 155.8 (C-9), 37.5 (C-10), 109.3
(C=11), 160.1 (C-12), 132.5 (C-13), 125.0 (C-14),
26.0 (C-15), 22.4 (C-16), 22.2 (C-17), 32.3 (C-18),
21.1 (C-19), 23.0 (C-20), FiR%dE 5 SCiHk[22]4kiE —
2, IS E S T N sugoil

L&Y 8: T, CoHyyO, ESI-MS m/z: 285
[M-H]-. 'H NMR (600 MHz,CDCl;) &: 2.78 (1H, m,
H-1a), 1.31 (1H, m, H-1b), 1.83 (2H, m, H2-2), 2.69
(1H, m, H-3a), 1.56 (1H, m, H-3b), 1.53 (1H, m, H-
5), 1.61 (2H, m, H2-6), 2.78 (2H, m, H2-7), 6.62 (1H,
s, H=11), 6.83 (1H, s, H-14), 3.03 (1H, sept, J=6.9
Hz, H-15), 1.16 (3H, d, J=6.9 Hz, 16-CH.), 1.18 (3H,
d, J=6.9 Hz, 17-CH,), 0.83 (3H, s, 18-CH,), 0.86 (3H,
s, 19-CH3), 1.07 (3H, s, 20—CH,); *C NMR (CDCI,,
150 MHz) 8: 39.1 (C-1), 19.4 (C-2), 41.9 (C-3), 33.7
(C=4), 50.6 (C-5), 30.0 (C-6), 19.5 (C=7), 127.5 (C-
8), 148.9 (C-9), 37.7 (C-10), 111.2 (C-11), 150.9 (C-
12), 131.6 (C-13), 126.8 (C-14), 27.0 (C-15), 23.0
(C-16), 22.8 (C-17), 21.8 (C-18), 33.5 (C-19), 25.0
(C=20), b R¥E 5 Semk 23 s — 30, IS e s
Y8 K ferruginol,

AW 9. KK, CsHyx0,, ESI-MS m/z: 273
[M-H]"» 'H NMR(600 MHz,CDCI;) &: 2.03 (1H, m,
H-1a), 0.90 (1H, m, H-1b), 1.74 (1H, m, H-2a), 1.42
(1H, m, H-2b), 1.48 (1H, m, H-3a), 1.20 (1H, m, H-
3b), 1.38 (1H, dd, J=12.5, 3.5 Hz, H-5), 1.47 (2H, m,
H2-6), 2.74 (2H, m, H2-7), 6.59 (1H, s, H-11), 6.79
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(1H, s, H-14), 2.15 (3H, s, 15-CH,), 0.89 (3H, s, 18-
CHs), 0.84 (3H, s, 19-CH>), 3.84 (2H, d, J=11.0 Hz,
H2-20); *C NMR (CDCl;, 150 MHz) &: 32.3 (C-1), 18.6
(C-2), 41.7 (C-3), 32.3 (C-4), 50.7 (C-5), 19.0 (C-6),
29.5 (C-7), 127.4 (C-8), 142.8 (C-9), 42.2 (C-10),
113.0 (C-11), 151.5 (C-12), 122.8 (C-13), 132.1 (C-
14), 15.7 (C-15), 33.6 (C-18), 22.7 (C-19), 63.6 (C-
20), R EdE S SCHk[ 24 s — 2, S e e A
9 4 grandifolia C,

A 10 B R, CsHy0,, ESI-MS m/z: 273
[M-H]". 'H NMR (600 MHz,CDCl;) &: 1.66 (1H, m,
H-1a), 1.40 (1H, m, H-1b), 1.72 (1H, m, H-2a), 1.54
(1H, m, H-2b), 1.43 (1H, m, H-3a), 1.13 (1H, m, H-
3b), 0.93 (1H, m, H-5), 1.86 (1H, dd, J=12.6, 3.0 Hz,
H-6a), 1.65 (1H, m, H-6b), 2.07 (1H, dd, J=12.6, 3.0
Hz, H-7a), 1.37 (1H, m, H-7b), 5.98 (1H, s, H-11),
6.45 (1H, s, H-14), 1.81 (3H, s, 15-CH,), 0.89 (3H, s,
18-CH3), 0.91 (3H, s, 19-CH;), 1.33 (3H, s, 20-CHS);
BC NMR (CDCls, 150 MHz) &: 38.4 (C-1), 18.8 (C-2),
42.0 (C-3), 34.5 (C-4), 55.0 (C-5), 17.8 (C=6), 39.8
(C=7), 69.6 (C=8), 170.1 (C=9), 41.7 (C-10), 121.6 (C-
11), 188.5 (C-12), 132.5 (C-13), 148.8 (C-14), 15.2
(C-15), 33.7 (C-18), 22.0 (C-19), 20.4 (C-20), ik
Bdi 5 cmk [25] HiiE 3, EEE A 10
nor—miltioane

&9 11 A KK, CsHy0,, ESI-MS m/z: 271
[M=H]". 'H NMR (600 MHz,CDCl;) &: 1.82 (1H, m,
H-1a), 1.68 (1H, m, H-1b), 1.63 (2H, m, H2-2), 1.57
(1H, m, H-3a), 1.18 (1H, m, H=3b), 1.17 (1H, m, H-
5), 1.58 (1H, overlap, H-6a), 2.06 (1H, m, H-6b),
476 (1H, s, H-7), 6.60 (1H, s, H-11), 6.94 (1H, s,
H-14), 221 (3H, s, 15-CH,), 0.80 (3H, s, 18-CH,), 1.13
(3H, s, 19-CH;), 4.29 (1H, d, J=8.4Hz, H-20a), 2.81
(1H, d, J=8.4Hz, H-20b); *C NMR (CDCl;, 150 MHz)
8: 28.9 (C-1), 19.1 (C-2), 41.4 (C=3), 34.0 (C-4), 432
(C=5), 30.4 (C=6), 70.3 (C-7), 120.8 (C-8), 146.0 (C—
9),37.6 (C-10), 106.8 (C-11), 153.8 (C-12), 131.6
(C-13), 125.7 (C-14), 15.7 (C-15), 33.0 (C-18), 21.0
(C-19), 68.0 (C-20), %5 SCHk[26]#HE —2L,
R %5 A0 11 4 przewalskin,

2 #BR5ITR
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Fext, %ERH 15-epi—danshenol-A (1) .danshenol A
(2).15,16 —dihydrotanshinone I (3) .cryptotanshinone
(4) .tanshinone IIA (5).danshenxinkun B (6) sugoil
(7) .ferruginol (8) .grandifolia C(9) .normiltioane (10)
F1 przewalskin(11) . iX 11 MES P EH R MAEE
U FCHL T Ao b AR, B TR R R
il A TS B A o 5 H P U R A 2R
A7 X L, 2 UK, B SRR e R R 5 R A 1R AR
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