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BEAS =GR FER TR
B, EW, BED, ShE, T #°

(7 TR R B BT 5T 5 R P 5 S 5 ;Eﬂ&ﬁ“‘ D PR GE T , )T AR 541006 )

W E. MR ESIS R =S E Y % SCR ] 95% £ BRI AR B, KN D101 LW B AR A
MCI A 3% ODS K SR v Z00BORE €033 7 vk R AT 43 5 ali Ak, AR A0 301 P ot R e itk 25 i 6 o AR5 W Y
5K, SRR AR A SR T B3 8 9 MEE W, 4 S N SRR (1) 2a, 3a-— R HE-12-
Wo-28-FF ORI (2) VPR (3) 2a, 3a- T FRHE-12-45-28- 3 95 R (4) 2, 3B- 52 - 12-05-28- L IR R (5) |
20,38, 19a- =2 F-12-05-28- L FR R (6) 2, 3B,24-= 3% F-12-45-28- % IR R (7) . psiguanin A(8) \1E TNk
M2(9) . G 1-9 HE XM ZH Y 53 B3],

KW S, Uy, R, S5 NE, —

FEYES . 0946.91 XHkERIRED: A T EHS: 1000-3142(2021)07-1097-07

Triterpenoids from Salvia bowleyana

JIANG Xiaohua, LIU Zhangbin, HUO Huazhen, LI Dianpeng, YU Yang~

(' Guangxi Key Laboratory of Functional Phytochemicals Research and Utilization, Guangxi Institute of Botany ,

Guangxi Zhuang Autonomous Region and Chinese Academy of Sciences, Guilin 541006, Guangxi, China )

Abstract: In order to study chemical components of triterpenoids from Salvia bowleyana roots, nine compounds from
95% ethanol extract of the roots of Salvia bowleyana were isolated and purified by means of various column
chromatographic techniques, including macroporous resin D101, MCI, normal-phase silica column, ODS, and reversed-
phase HPLC. The nine compounds were identified as oleanolic acid (1), 2a,3a-dihydroxyolean-12-en-28-oic acid (2),
ursolic acid (3), 2a,3a-dihydroxyurs-12-en-28-oic acid (4), 2, 3B-dihydroxyurs-12-en-28-oic acid (5), 2,38,
19¢a-trihydroxyurs-12-en-28-oic acid (6), 2a, 38, 24-trihydroxyurs-12-en-28-oic acid (7), psiguanin A (8), and
n-hexadecane acid (9). Compounds 1-9 were isolated from this plant for the first time.

Key words: Salvia bowleyana, chemical constituents, extraction and isolation, structure identification, triterpenoids
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M FF 2 ( Salvia bowleyana ) N J§ & F}
( Lamiaceae ) . B ¥ J& ( Salvia L.) £ 4F £ B AR
W X5 S RS LRIRSE, R854 T
RV WIRE TIVE WL AR SR (X)), HARAE
STIEZEZTE b NI = S /SN =% TR (L 1| R EZ N RIS
TE— 6l X AR Sy P2 00 8 AR 18 1 (R AE i 2=
B, 1977 s MORE,1989) A SCHRIRIE R SF S K
W FEESAFHH R A B C A EF KW
E A, b P R B A S R S )2
HIRA IR PE B4 2 P2 B 28 s M 5 B
FAB W) (204 1994 T D7 45 ,2006) , Hofr 7t
SRR AW R EYTEE, S EESTHITS
Pl 5 il R0 I 1R 2K A 27 103, FiE P2 vh I R 26 RN
PESEAZE PR S5 57 S M R AU 10 A Fh
(2, 1994 TR HE D5 45, 2006) . 25§55 (2016)
XSS E S A AT T2 GRS, KB
MPZ M MR 1R 69O B T £ ooT B
(2019) K IFHZ 5 0 P2 0 205003 A BOR 22
o FEFEZS AP S A ER 4 A W] 0 245 TS P A
[F] A2 o A — 5 22 5 BN A3 AT 4
ZA2E I ST AR VR A (Wang et al., 2007) ,
X e P2 W B 5T 3820, 7 X H AL 27 1 o3 i —
ARG
i o RSN N =N Y i 7/ EAR N
E TIRPRE = R 7/ R R G N Y f e o9
(BB, 2019; 2t H 4, 2019; ¥ i f5 55,
2019) KM BA LR ORI B I8 BT
TP A WIS T, B, 3K A JE AR A Y =
5 o B S R T AT XS ER, S
Hh PR 2 2A8 R By 1R 205 1 B 3 & A i3 1T R T
S =R R AR D S T IR AT R
FF2A W) 1% 30 1 PSR 95% LR LR
ST LR TR A2 IR 23 v 1Y = S Al 2 Ly
17 THH5E

| =l S
1.1 w8

L1 AHH M2 603K T 7 VAR T 25 44
M3 (2017 43 H) , &) VEH Y 0 55 B 22 B iff

HEEERNBFER R ERE®™MITZ (Sadvia
bowleyana) B T#E MR . Fr A (4’5 20170322-1) fi&
FELE) VUM D R B 58 5 R FH B S0 00 =
1.1.2 BB L5RXA LA : Avance 500 MHz # 54
s LI P % AL (B L Bruker 24 H) , LC-MS-IT-TOF
VAR R B R R A ( AR S HEA T ) L, 1200 H5K
ARG (2 Agilent 22 ] ) | 2 il 4 W AH (0, 1%
(b3 3% B A H] ), HPLC 2F il 45 #F YMC-
Pack ODS-A (250 mmx 10 mm, S=5 pum) ( H A&
YMC 2] o a5 A 1 /e 5 A b i A R A
ODS( HZE YMC 2~ #]) , KLU B g D101 ( Kt
Mk THBRZ E) , MCI gel CHP20P ( H 48X =
FAF R S 4t) M2 A5 Rk GF254 KAt
JEATRERE (7 B PR AL T A BRAR]) |, w80 A 2
il 5 73 2 i 1 20 i 0 HR st Ry i i, At 4y B8 T
FHA R 43 B &, 2K Ry Bk i 4l v K

1.2 ARF &

1.2.1 #2805 F50 T PSR 19.2 kg 47
Kyt =i 95% S EER R L 3 R, BIR 6 d,
RRFBEBFE 2 R, BIFIEW, 7€ 50 °C /KA ik
FEMR AT 22 H 685.5 ¢, RE M THATHZ
R QTR 3 WK, & 1 2 BUOR, WUE W 46 J5 15 31 &
R TR RO I8 249.4 ¢,

122 B 54 LR TRIZH 4 KLY AR
FE(D101) 3% 43 85 AR I B W (30% ,50%
80% \95% ) AT HE B R ., 45 V% MO Y 4 i) 0 s R 4
JEH3E) A~D 5, b A(17.8 g) \B(18.6 g) .C
(163.8 g) \D(25.3 g), C B4 MCI H: A% 5
PLF - 7K (0~ 100% , 10% A — 6 B2 ) B BE e A,
A VR 53 e 4 fo A3 3 11 M43 €, ~Cyo Gy
(74.1 g) 28 1F AH Ak S A €35 40 B, LA A S ik — P9 T
(100% ~0) B FEVERL, TLC A& 2143, He s m 3t
5] 20 PEBSF Co-1~Cy-20, Co-8(2.7 g) Zfik ke
s B ai b 2L 5% 9 (230 mg) . Co-13(4.7
g) & AR % HPLC 43 B 4k i3 31659 1 (30
mg) 3 (28 mg), C,-15(7.9 g) £ ODS +: (i Fl
FHE ¢ HPLC 43 B alifb 3 8654 2 (18 mg) .4
(26 mg) .8 (16 mg) , Co-18(12.5 g) % ODS H: i
FUR A2 i £ HPLC 4r B4k 3 8k 59 5 (8
mg) 6 (50 mg) 7 (10 mg) .
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1 Ry =H R, =pB-OH
2 Ry =a-OHR,= a-OH

N o ok~ W

K1
Fig. 1

2 SR E

E PSR 95% L FEHE I 1R £ TR TR A
SRR 9 MEG Y LG 9 MRS A
Y ,1-8 ¥ =Ko &Y 1-9 B N
MY BRI (& 1), diEE8 R/ T,

&Y HETERKA, H-.NMR (CDCI,,
500 MHz) &: 5.25 (1H, m, H-12), 3.20 (1H, dd,
J=11.2, 42 Hz, H-3), 2.80 (1H, dd, J=13.5, 3.5
Hz, H-18), 1.11 (3H, s), 0.96 (3H, s), 0.90
(3H, s), 0.89 (3H, s), 0.88 (3H, s), 0.75 (3H,
s), 0.73 (3H, s) ,”C-NMR (CDCI,, 125 MHz) &
38.7 (C-1), 27.4 (C-2), 79.3 (C-3), 39.0 (C-4),
55.5 (C-5), 18.5 (C-6), 32.9 (C-7), 39.5 (C-8),
47.9 (C9), 37.3 (C-10), 23.6 (C-11), 122.8
(C-12), 143.9 (C-13), 41.9 (C-14), 27.9
(C-15), 23.2 (C-16), 46.8 (C-17), 41.2 (C-18),

EL
[

=H R, =B-OH R3=CH3 R4=H

= o-OH R2=OL-OH R3=CH3 Rs=H
=o-OH R2=B-OH R3=CH3 Rs4=H

= a-OH Ry =pB-OH R3=CH3 R4 = OH
o-OH R, =3-OH R3=CH,OH R4=H

23040
| I | I | I

N S S S S - COOH

9

a1 1-9 454

Structures of compounds 1-9

46.2 (C-19), 30.9 (C-20), 34.1 (C-21), 32.7
(C-22), 283 (C-23), 15.8 (C-24), 15.6 (C-25),
17.4 (C-26), 26.2 (C-27), 183.6 (C-28), 33.3
(C-29), 23.8 (C-30), VA b %¥8 5 3Cik ( Carvalho
& Seita, 1993) K& A — H, H % @ 57 WOR R
(oleanolic acid)

a2 At ERK K, HR-ESI-MS m/z:
4953383 [M + Nal® (it 2 M X 4 7 i &
CyH,,0,Na, 495.3445) ' H-NMR ( CDCl,, 500
MHz) &: 5.26 (1H, t, J=3.3 Hz, H-12), 3.98
(1H, ddd, J=11.7, 4.0, 3.0 Hz, H-2), 3.40 (1H,
d, J=3.0 Hz, H-3), 2.80 (1H, dd, J=13.8, 3.8
Hz, H-18), 1.12 (3H, s), 1.00 (3H, s), 0.93
(3H, s), 0.91 (3H, s), 0.88 (3H, s), 0.83 (3H,
s), 0.72 (3H, s),”C-NMR (CDCl,, 125MHz) §:
41.9 (C-1), 66.7 (C-2), 79.2 (C-3), 38.7 (C-4),
48.4 (C-5), 18.3 (C-6), 32.7 (C-7), 39.7 (C-8),
47.6 (C-9), 38.5 (C-10), 23.6 (C-11), 122.7
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(C-12), 143.9 (C-13), 41.9 (C-14), 27.9 (C-15),
23.2 (C-16), 46.7 (C-17), 41.2 (C-18), 46.1
(C-19), 30.9 (C-20), 34.0 (C-21), 32.7 (C-22),
28.7 (C-23), 22.0 (C-24), 16.6 (C-25), 17.4
(C-26), 26.3 (C-27), 183.7 (C-28), 33.3 (C-29),
23.8 (C-30) . VA %l 5 3CHR (25 k = 55,2014 ) B
R8BI E N 20, Ba- T FR HL-12-05-28-FF B
2 (2a, 3a-dihydroxyolean-12-en-28-oic acid) ,

k& W 3 B JE B K, "H-NMR
(C,DN, 500 MHz) &: 5.50 (1H, m, H-12), 3.47
(1H, dd, J=9.6, 6.1 Hz, H-3), 2.65 (1H, d, J=
11.3 Hz, H-18), 1.25 (3H, s), 1.24 (3H, s),
1.06 (3H, s), 1.03 (3H, s), 1.02 (3H, d, J=6.3
Hz), 0.97 (3H, d, J=6.0 Hz), 0.90 (3H, s).
PC-NMR (C,D;N, 125 MHz) §: 39.5 (C-1), 28.5
(C-2), 78.5 (C-3), 39.7 (C-4), 56.2 (C-5), 19.2
(C-6), 34.0 (C-7), 40.4 (C-8), 48.4 (C-9), 37.7
(C-10), 24.0 (C-11), 126. 0 (C-12), 139.7
(C-13), 42.9 (C-14), 29.1 (C-15), 25.3 (C-16),
48.4 (C-17), 54.0 (C-18), 39.9 (C-19), 39.8
(C-20), 31.5 (C-21), 37.8 (C-22), 29.2 (C-23),
16.9 (C-24), 16.0 (C-25), 17.9 (C-26), 24.3
(C-27), 180.4 (C-28), 17.9 (C-29), 21.8 (C-30)
DL B0 5 3CHR (Woo et al., 2014 ) FEAR—F, #
B R TRR (ursolic acid) 5

EW 4 HETERK K, HR-ESI-MS m/z.
4953391 [M + Nal® (i 54X 4 7 &
CyH, 0,Na, 495.3445).' H-NMR ( C,D; N, 500
MHz) . 5.45 (1H, t, J=3.3 Hz, H-12), 4.30
(1H, m, H-2), 3.77 (1H, d, J=2.2 Hz, H-3),
2.60 (1H, d, J=11.2 Hz, H-18), 1.27 (3H, s),
1.10 (3H, s), 1.04 (3H, s), 0.95 (3H, d, J=6.6
Hz), 0.94 (3H, s), 0.92 (3H, d, J=6.3 Hz), 0.88
(3H, s),” C-NMR (C,D,N, 125 MHz) 3. 43.2
(C-1), 66.4 (C-2), 79.6 (C-3), 39.1 (C-4), 49.0
(C-5), 18.7 (C-6), 33.8 (C-7), 40.5 (C-8), 48.2
(C-9), 38.9 (C-10), 23.9 (C-11), 125.9 (C-12),
139.5 (C-13), 42.8 (C-14), 28.9 (C-15), 25.2
(C-16), 48.3 (C-17), 53.8 (C-18), 39.7 (C-19),
39.7 (C-20), 31.3 (C-21), 37.7 (C-22), 29.7

(C-23), 22.6 (C-24), 17.0 (C-25), 17.8 (C-26),
24.1 (C-27), 180.1 (C-28), 17.8 (C-29), 21.7
(C-30) . VA E%cds 5 SClk (JF 12 %, 2015) HEA —
B E N 20, 3a- R FH-12-04-28- L R (2«
3a-dihydroxyurs-12-en-28-oic acid) ,,

G S HETERH K, HR-ESI-MS m/z:
495.3455 [M + Na " (3+ 5 M x4 7 5 &
CyH,5O0,Na, 495.3445), 'H-NMR ( C, DN, 500
MHz) 8. 5.45 (1H, t, J=3.2 Hz, H-12), 4.09
(1H, ddd, J=11.0, 9.4, 4.3 Hz, H-2), 3.40 (1H,
d, J=9.4 Hz, H-3), 2.62 (1H, d, J =11.4 Hz, H-
18), 1.27 (3H, s), 1.21 (3H, s), 1.07 (3H, s),
1.04 (3H, s), 0.99 (3H, d, J=6.7 Hz), 0.98
(3H, s), 0.95 (3H, d, J=6.2 Hz) , "C-NMR (Cj
D,N, 125 MHz) §: 48.3 (C-1), 68.9 (C-2), 84.1
(C-3), 40.2 (C-4), 56.2 (C-5), 19.2 (C-6), 33.9
(C-7), 40.4 (C-8), 48.4 (C-9), 38.8 (C-10),
24.1 (C-11), 125.8 (C-12), 139.7 (C-13), 42.9
(C-14), 29.0 (C-15), 25.3 (C-16), 48.3 (C-17),
53.9 (C-18), 39.8 (C-19), 39.8 (C-20), 31.5
(C-21), 37.8 (C-22), 29.7 (C-23), 18.0 (C-24),
17.3 (C-25), 17.9 (C-26), 24.2 (C-27), 180.2
(C-28), 17.9 (C-29), 21.8 (C-30), LI &5
SCifik ( Taniguchi et al., 2002 ) FEAR —F, MK E N
2a, 3B- B H-12-05-28-2 TR R ( 2a, 3B-
dihydroxyurs-12-en-28-oic acid) ,

k& 6 11 JEE B K R, 'H-NMR
(C,DsN, 500 MHz) 8: 5.59 (1H, m, H-12), 4.12
(1H, ddd, J=11.0, 9.4, 4.3 Hz, H-2), 3.40 (1H,
d, J=9.4 Hz, H-3), 3.07 (1H, s, H-18), 1.73
(3H, s), 1.44 (3H, s), 1.29 (3H, s), 1.14 (3H,
d, J=7.0 Hz), 1.13 (3H, s), 1.10 (3H, s), 1.02
(3H, s),” C-NMR (C,D N, 125 MHz) &: 48.3
(C-1), 69.0 (C-2), 84.3 (C-3), 40.3 (C-4), 56.4
(C-5), 19.4 (C-6), 33.9 (C-7), 40.8 (C-8), 48.2
(C-9), 38.9 (C-10), 24.5 (C-11), 128.6 (C-12),
140.6 (C-13), 42.5 (C-14), 29.7 (C-15), 26.8
(C-16), 48.7 (C-17), 55.0 (C-18), 73.1 (C-19),
42.8 (C-20), 27.3 (C-21), 38.9 (C-22), 29.7
(C-23), 18.0 (C-24), 17.3 (C-25), 17.7 (C-26),
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25.1 (C-27), 181.0 (C-28), 27.5 (C-29), 17.2
(C-30) o DA 25 SRR (XIS HR A, 2010) HeA —
B EEE N 2a, 3B, 19a- = R HE-12-05-28- 14 HR R
(2a,3B, 19a-trihydroxyurs-12-en-28-oic acid) ,,

k& 7  HEJLE B KR, 'H-NMR
(C,D4N, 500 MHz) &: 5.44 (1H, t, J=3.5 Hz, H-
12), 4.43 (1H, d, J=10.9 Hz, H-24b) , 4.28 (1H,
ddd, /=10.9, 9.5, 4.2 Hz, H-2), 3.69 (1H, d, J=
10.9 Hz, H-24a), 3.57 (1H, d, J=9.5 Hz, H-3),
2.62 (1H, d, J=11.4 Hz, H-18), 1.57 (3H, s),
1.19 (3H, s), 0.99 (3H, s), 0.97 (3H, d, J=6.5
Hz), 0.94 (3H, s), 0.93 (3H, d, J=6.0 Hz),
PC-NMR (C,D;N, 125 MHz) §: 48.2 (C-1), 69.0
(C-2), 86.0(C-3), 44.3 (C4), 56.8 (C-5), 19.5
(C-6), 34.2 (C-7), 40.3 (C-8), 48.5 (C-9), 38.5
(C-10), 24.3 (C-11), 125.7 (C-12), 139. 6
(C-13), 42.8 (C-14), 29.0 (C-15), 25.3 (C-16),
48.2 (C-17), 53.9 (C-18), 39.9 (C-19), 39.8
(C-20), 31.5 (C-21), 37.9 (C-22), 24.5 (C-23),
66.0 (C-24), 17.9 (C-25), 17.6 (C-26), 24.2
(C-27), 180.1 (C-28), 17.7 (C-29), 21.8 (C-30),
PA B2 55 S0k (it — BB, 2014 ) FEAR — B, i %
SE N 20,3B,24- ZHRHE-12-05-28- 4 I3 R (20, 38, 24-
trihydroxyurs-12-en-28-oic acid) ,,

k& 8 KA JE B KR, 'H-NMR
(CDCl,, 500 MHz) &. 5.25 ( 1H, d, J=7.0 Hz, H-
21), 3.68 (1H, ddd, J=11.0, 9.5, 4.5 Hz, H-2),
2.98 (1H, d, J=9.5 Hz, H-3), 1.61 (3H, s), 0.99
(3H, s), 0.99 (3H, d, J=6.3 Hz), 0.95 (3H, s),
0.92 (3H, s), 0.89 (3H, s), 0.78 (3H, s),
PC-NMR (CDCl,, 125 MHz) &: 47.0 (C-1), 69.5
(C-2), 84.2(C-3),39.4(C4), 55.8(C-5), 18.5
(C-6), 34.4(C-7), 41.2 (C-8), 50.8 (C-9), 38.8
(C-10), 21.9 (C-11), 27.5 (C-12), 39.3 (C-13),
42.2 (C-14), 29.3 (C-15), 33.0 (C-16), 49.1
(C-17), 49.0 (C-18), 37.5 (C-19), 143.5 (C-20) ,
117.1 (C-21), 38.0 (C-22), 28.7 (C-23), 16.7
(C-24), 17.8 (C-25), 16.3 (C-26), 15.0 (C-27),
178.4 (C-28), 23.6 (C-29), 22.0 (C-30), VA L%
P 55 SCHK (5K B 5, 2016 ) AR — B B E R

psiguanin A,

k&Y 9 HAK K, HR-ESI-MS m/z:
2552320 [ M - H] (5% M X o F & &
C,H,0,, 255.2330) ,'H-NMR ( CDCl,, 500 MHz)
8. 2.32 (2H, t, J=7.5 Hz, H-2), 1.61 (2H, m, H-
3), 1.28 (24H, m, H-4~15), 0.86 (3H, t, J=7.0
Hz, H-16) ,” C-NMR (CDCl,, 125 MHz) &: 180.4
(C-1), 34.3 (C-2), 32.2 (C-3), 29.9 (C-4), 29.9
(C-5),29.9 (C-6), 29.9 (C-7), 29.9 (C-8), 29.8
(C-9), 29.7 (C-10), 29.6 (C-11), 29.5 (C-12),
29.3 (C-13), 24.9 (C-14), 22.9 (C-15), 14.3
(C-16) o VA FHHE 5 Sk (XA 452005 ) HEA —
S R IE TS BER ( n-hexadecane acid) 5

3 ik 54k

MFFE 552 N R E Y, 154 A AR T
W e 2 B B R 2 R TS, B v,
XFEEFTS 2 38 P 5T A TR P R 25 Y
rE AL Oy (2255 2017) X RS FF & h =
RGPS D X 45 (2007) A0 B2
B A TR A R 2 N A K b DX R ] A Y
THREN RSN S H =R 5D,
AR H & A KRN =AY ASa
AL A, AR LI, ISR 95% L EEIR i
PR CERFEB P BR T & A PS5
AN, IR & KR =ik 5, Eid D101
KALI ARG  MCI B8, ODS 45 2 FhA: J2 8 LA &
SAH - 28 WA 2 53 B, B R AR R A5 3 8
AR =AY, H S50 27 322 R SR b
RI(1-2) F1Eo5ke il (3-8) . Lk =i 2fb & P
HAR G A T 12, 24 PR 1 S B R A BT | Bt
WEDRIG HLA AP RT3 2 #4505 T (2B
55,2009 ; BARIESSE | 2017 ; XI5 A1 E [E 4L, 20185 77 1
FHE 2019) . Mu et al. (2015) BF5E 8, 55 EUR B
(1) FABSLR (3) FEPUI IR Jr THI Z5CR 0 3, S BICR IR
W 0 Akt/mTOR/S6K I ERK1/2 {5 5 18 B H
TN e dis T24 SHAOHG 58 , X HHE 40 M HepG2 A
AV, BEADH HepG2 4194 K ( Bao et al.,
2015) , RESRMAES T A RIRFLRIE 405 TPC-
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1T (AR, 2018 ), 38 o 400 o 422 b I 9 40
SMMC-7721 HEE L5 40757 (8] 1l 45 A ok & 45 40 i Jgd
VEHT (R REE 2015) . B 1545 (2019) W% 75 FF
Zh/r B RE A 2 .4.5 18, 78 F R B AE B
T, HX SE BT B LA A i I E R, R
ZERE YN EBLEE TSy, ik
— R 245 R B PFS LR 22K

S
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