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Study on nortriterpenes from roots of Phlomis umbrosa var. latibracteata
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Abstract: Objective To study the nortriterpenes from the root of Phlomis umbrosa var. latibracteata. Methods The chemical
constituents were isolated by repeated column chromatographies (Toyopearl HW-40C and preparative HPLC). The structures were
elucidated on the basis of spectral data analysis. Results Eight nortriterpenes were isolated from the 95% ethanol aqueous extract
of P. umbrosa var. latibracteata and the structures were identified as phlomisal A (1), phlomisone (2), phlomistetraol A (3),
phlomistetraol B (4), phlomishexaol A (5), phlomishexaol B (6), phlomishexaol C (7), and phlomishexaol D (8). Conclusion
Compound 1 is a new compound, and compounds 3, 4, 6—8 are isolated from this plant for the first time. All the nortriterpenes
display varying degrees of antitumor activities against cancer cells in vitro.
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Fig. 1 Structures of compounds 1—8
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Bruker AVANCE 400 MHz #Z #4214 (Bruker
o], Hit)s Alliance 2695, Quattro Micro TM ESI
PR B (Waters 7], E[E)D; Waters 600
1l 2% T AR A (Waters A F], EED; #4%
HPLC i 4. YMC SL12805-2520 WT 4 (250
mm X 20 mm, 5um, YMC A7), YMC ODS-A ##
(250 mmX22 mm, 10 pm, YMC A#&]); &EiR i
¥ (Toyopearl HW-40C, Tosoh A #]); % Al
JE s IR (B S T BRI 95
Hrati.

ZIFRT 2015 4F 9 AR A & 2 AN,
FH 0] R AR K 22 AR 22 Bt i B 2% 48 08 e 75 P
umbrosa Turcz. var. latibracteata Sun ex C. H. Hu []
MR, R4 (FNS2015012) 78T R R K 25 KR
P BRI AT o

SIS N AE/ N AS49 4. NS
HeLa 4l /N BRBEF4E 1929 AN A4 g HT-29
Y. NZ5ide HCT-116 40 N5k P B2 4 i
HUVEC FINIEH F20/ WRL-68 1 B RHE K
H—E R R . HA A AR E I BH T e
X RHE B A AR AR
2 BRSNS

BH AR AR AR 10.5 kg, W fE H
95% LBEIMP AR FZEL 3 K, R 4 h, FRBUBIRE
WAE1T CEAHIRMNIRE « IO EAHIR I IE & 1

MK BEEE, & 198 OFRR . RE I
ANTFNE T 3 BB, WA AR U R IR 4 B 77,
AMBHZE 55 g, BEROMRRE 83 g IE T
B 410 go

HUORE FRAREE R CRE R HUZIRE 80 gy K HEER
FEEES S, & -FEE (150 1.12:1.9 ¢
1.5 0 1.3 0101 0 DEREESEML, &0d i 2 6% (TLC)
I HTE IR H] 22 MR Fr. 1~22. Fr. 8 (3.6 g)
KRGS E, SO-FEE (15010 1311,
11:1.9:1. 721, 5: 1) BERNK, BSR40
Fr. 8.1~8.8. Fr. 8.3 (569 mg) K Il % i R A
R E (AR E 5 mL/min, FEE-K (3:7),
ikt ODS-AQ], BEIMNAY 3 (#=12.65 min,
14.6 mg) 1 6 (1r=18.23 min, 12.3 mg). Fr. 8.6 (765
mg) K H e & SO E o S (R AR E S
mL/min, FEE-K (3 :7), ik ODS-AQ], 753
&4 4 (1k=9.36 min, 8.9 mg). 7 (xg=12.37 min,
20.3 mg) 1 8 (g =17.66 min, 15.4 mg). Fr. 12 (2.5
)23 TLC 43 #T, SR FH 2 1l 45 v A5 AH B % 43 B [
HULE 5 mL/min, JmzAHHEE-K (4:06) ], ik
¥ ODS-AQ], HEMLAY 1 (18.5mg). Fr. 14 (5.8
g) RAERFE GG &, F-FmE (811, 611,
41105000 301, 10D B, 245 Fr.
14.1~14.4, Fr. 14.4 DL 45 s S0RAH (i 7y B AR
WM& 5 mL/min, JishAHFRE-K (8 :12), ik
ODS-AQ], B#LAEY 2 (k=15.61 min, 35.6mg).
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Fr. 17 (3.3 g) 43t Sephadex LH-20 &EfR A7 215
F 45 Fr. 17.1~17.4, Fr. 17.4 X FH 241 £ 5 800
i B (AR E 5 mL/min. FEHAH FPEE-K (4
6). i ODS-AQ], FEULAEY 5 (r=13.47 min,
9mg).
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EW 1. AEmE (RED, [o]) +13.18° (¢
1.22, MeOH), HR-ESI-MS J#31b &5 F 55 7%
N m/z 489.330 1 [M+H]* (it5{H 489.331 6), 4
4 'H-NMR #l BC-NMR 58 H#Em H 418
Ca2oHa60s0 ZLAME I (IR) 7R 24k S0 $2 55 (3401
em Dy BREE (1719, 1728 em™!) 2RI,

L&Y 1 1F) 'TH-NMR (600 MHz, CsDsN) 2B
waEwf 5 MHERIEES on 091 3H, s), 0.97
(3H, s), 1.02 (3H, s), 1.17 3H, s), 1.34 (3H, 5); 3 5
W L AH R IR B 5 U855 ou 4.18 (1H, brs),
4.51 (1H, m), 5.22 (1H, brs); 1 ~FI0 1 FE AR
W H R 755 ou4.33 (2H, d, J=11.0 Hz); 1 N
BFR 7155 on 6.22 (1H, brs) 1 1 NERF 7155
0 10.17 (1H, s).
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DEPT i £5#, 7EAGREAI X IR AT LAULI 2 1 ANER Bk
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RT3 DX O 21 3 AN F 25 P A UK R ik
55 dc 65.6, 74.7, 69.3 Al 1 /W H FE [ HUA ) Y.
FRAE5 oc 63.3; Bmnn LGSR 5 MHERE S
dc 162, 17.7,22.5, 28.8, 25.3; 9 M HFREMITRE S
5c 45.8,17.9,34.2,23.3,27.4,35.3,39.4,41.0,50.3, 2
MRS S oc 42.6, 46.4; 6 NERIES o
59.1,39.3, 38.5,43.9, 43.0,44.9 (£ 1). LA EBRER
P B ZA A I H O 29, HHAEAE 1 AN XU
fEs, 4 NSREEMEEZNRES, 1 Mg
PRERAE TR 1 MR E S .
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TAHALRO21, - 54k A% phlomisone FHLL, L&) 1
DT —HP R B IR PR 55 S
FREFMIENRES, 27 1 MEERTE S
MERE AT, HNLEY 1 TRRAKEY
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MALEDI 1 1 HMBC FHCAT DU, (LA 1
ST 4 ANREERIELE C-2. C-3. C-18 Fl C-23
(R 1 f1E 2). H-19 # C-18. C-20. C-21

Fz1 HEW 1 BREEEIREEE (600/150 MHz, CsDsN)
Table 1 NMR spectral data of compound 1 (600/150 MHz, CsDsN)

A O éc HMBC (H—C) | Rz OH éc HMBC (H—C)

1 1.77(m),2.01 (m) 426  23,51025 16 1.55~1.70 (m) 353 1517
2 451 (m) 65.6  1,3,4,10 17 43.9
3 5.22 (brs) 693  1,2,4,52324 18 4.18 (brs) 747 13,14,16,17,19

4 59.1 19  248,1.67(d,J=13.5Hz) 503  16,17,18,21,22,29,30
5 2.13(m) 458  3,4,6,10 20 44.9
6 1.73(m),1.89(m) 179 57 21 221.8
7 1.46(m), 1.60 (m) 342 6,8 22 2.69,224(d,J=17.8Hz) 410 16,17,18,19,20,21
8 393 23 4.33(s) 633 34,524
9  1.74 (m) 464 8,10,11 24 10.17(s) 2054 34,523

10 38.5 25 0.97(s) 162 1,59,10,11

11 201(m),1.89(m) 233 9,12,13 26 0.91(s) 17,7 7,89,10,14

12 6.22 (brs) 1193 9,11,13,14 27 1.02(s) 225 8,13,14,15

13 142.0 29 1.34(s) 254 19,20,21,30

14 43.9 30 1.17(s) 28.8  19,20,21,29

15  1.66(m), 1.04(m) 274 14,16
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A C-21 B HMBC #H2C AT ELAEDER B EEAE C-21 £
b FRE, MALEY 1 1) H-23 3] C-24, H-3 3] C-24,
H-5 #| C-24 ) HMBC #HX LA H, a1+
fig FEEREAE C-24 fi7. M H-5 fil H-23 ) NOESY #H
Fn] DAHEI C-23 fr A R BN .

eGP 1 AR AR U NOESY AR
e . MEEY) 1 7 H-2 #1 H-25, PL& H-3 l H-25
Z [A] () NOESY AHGH] LAHEN] C-2 Fi C-3 K32 HEA
o f47%; M H-18 Al H-27 ] NOESY #H2<H] LAHEN
C-18 [N B AL, PRI G4 1 AR L 55
HRARE AL A phlomisone —E(2021, #ib &40 1 %
E N (175)-20,30,18p,23-tetrahydroxy-19(18—17)-
abeo-28-norolean-12-en-21-oxo0-24-aldehyde, I 45 2%
SciFinder, KILZW AV N A WICHRIRIE FI#L &
Y, A NRETRIE A

&Y 2. Ak (FEE; mp 289.5~
290.5 ‘C; ESI-MS m/z: 513 [M+Na]*, 1R N
C20H4606: 'H-NMR (400 MHz, CsDsN) §: 0.97 (3H, s,
H-26), 1.10 (3H, s, H-27), 1.18 (3H, s, H-25), 1.22
(3H, s, H-29), 1.39 (3H, s, H-30), 1.90, 2.55 (% 1H, d,
J=13.5Hz, H-19), 2.21,2.75 (% 1H, d, J= 17.6 Hz,
H-22), 4.10, 427 (% 1H, d, J = 11.0 Hz, H-24), 4.25
(1H, brs, H-18), 4.44, 4.65 (% 1H, d, J = 11.1 Hz,
H-23), 4.52 (1H, m, H-2), 5.14 (1H, brs, H-3), 6.25
(1H, brs, H-12); 3C-NMR (100 MHz, CsDsN) 6: 44.0
(C-1), 66.9 (C-2), 74.3 (C-3), 48.1 (C-4), 45.5 (C-5),
19.5 (C-6), 35.3 (C-7), 40.3 (C-8), 48.5 (C-9), 38.8
(C-10), 24.1 (C-11), 120.0 (C-12), 142.7 (C-13), 44.7
(C-14), 28.3 (C-15), 36.1 (C-16), 43.7 (C-17), 75.5
(C-18), 51.1 (C-19), 45.8 (C-20), 222.1 (C-21), 41.8
(C-22), 69.8 (C-23), 64.7 (C-24), 18.0 (C-25), 18.3
(C-26), 23.5 (C-27), 26.2 (C-28), 29.5 (C-29). LA ik

TR SCHRHROE R AR —
G 2 FIRE D .
a3 ABTERMAK; ESI-MS m/z: 483
[M+NaJ*, 4> 73RN CwHuOs: 'H-NMR (400
MHz,CD;0D) §: 0.80 (3H, s, H-24), 0.98 (3H, s, H-26),
1.02 (3H, s, H-29), 1.03 (3H, s, H-30), 1.08 (3H, s,
H-25), 1.14 (3H, s, H-27), 3.41, 3.54 (% 1H, d, J =
11.0 Hz, H-23), 3.61 (1H, brs, H-3), 3.90 (2H, m, H-2,
18), 5.78 (1H, brs, H-12); *C-NMR (100 MHz,
CD;0D) §: 42.7 (C-1), 67.3 (C-2), 78.9 (C-3), 42.7
(C-4), 44.5 (C-5), 19.1 (C-6), 34.7 (C-7), 40.8 (C-8),
48.3 (C-9), 39.3 (C-10), 24.0 (C-11), 119.2 (C-12),
143.7 (C-13), 45.4 (C-14), 28.2 (C-15), 37.1 (C-16),
51.2 (C-17), 76.4 (C-18), 53.1 (C-19), 39.9 (C-20),
43.1 (C-21), 30.8 (C-22), 71.4 (C-23), 17.8 (C-24),
17.9 (C-25), 18.3 (C-26), 23.6 (C-27), 30.5 (C-28),
30.7 (C-29). LA bl Hida 5 SOk (1) £ 2 A
— 320, WS e EY) 3 ARSI VUREE A
e 4. AETERHAR; ESI-MS m/z: 483
[M-+Na]*, 473 A CHasO4; 'H-NMR (400 MHz,
CD;0D) ¢: 0.71 (3H, s, H-24), 0.98 (3H, s, H-25),
1.02 (3H, s, H-29), 1.04 (3H, s, H-30), 1.10 (3H, s,
H-26), 1.12 (3H, s, H-27), 3.26, 3.51 (% 1H, d, J =
11.0 Hz, H-23), 3.38 (1H, d, J = 9.6 Hz, H-3), 3.74
(1H, m, H-2), 3.90 (1H, brs, H-18), 5.78 (1H, brs,
H-12); BC-NMR (100 MHz, CD;OD) d: 48.1 (C-1),
69.8 (C-2), 78.3 (C-3), 44.2 (C-4), 48.2 (C-5), 19.1
(C-6), 34.6 (C-7), 40.7 (C-8), 48.6 (C-9), 39.0 (C-10),
24.1 (C-11), 119.2 (C-12), 143.7 (C-13), 45.3 (C-14),
28.1 (C-15), 37.0 (C-16), 31.2 (C-17), 76.4 (C-18),
53.1 (C-19), 39.8 (C-20), 43.1 (C-21), 30.7 (C-22),
66.3 (C-23), 14.1 (C-24), 18.1 (C-25), 18.2 (C-26),
23.7 (C-27), 30.5 (C-28), 30.5 (C-29). LA _E itk ¥
50k 8 B A — B0, R ER A 4
K75 VURE B
e S AETERMAK; ESI-MS m/z: 515
[M+Na]*, 4313 A CaHasOs: 'H-NMR (400 MHz,
CsDsN) 6: 1.09 (3H, s, H-27), 1.12 (3H, s, H-26), 1.19
(3H, s, H-25), 1.27 (3H, s, H-30), 1.32 (3H, s, H-29),
4.14,4.28 (% 1H, d, J = 11.1 Hz, H-24), 448 (1H, m,
H-2), 4.50, 4.66 (% 1H, d, J = 11.1 Hz, H-23), 4.53
(1H, brs, H-18), 4.75 (1H, s, H-19), 4.92(1H, brs,
H-3), 6.36 (1H, brs, H-12); *C-NMR (100 MHz,

21, s E
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CsDsN) 0: 44.0 (C-1), 67.1 (C-2), 74.3 (C-3), 48.1
(C-4), 45.5 (C-5), 19.6 (C-6), 35.2 (C-7), 40.4 (C-8),
48.6 (C-9), 38.8 (C-10), 24.2 (C-11), 119.2 (C-12),
144.3 (C-13), 44. 5 (C-14), 27.3 (C-15), 29.3 (C-16),
51.9 (C-17), 73.8 (C-18), 82.7 (C-19), 43.1 (C-20),
38.8 (C-21), 28.4 (C-22), 69.6 (C-23), 64.8 (C-24),
17.9 (C-25), 18.4 (C-26), 23.6 (C-27), 22.5 (C-28),
29.8 (C-29). VA BBl 5 SOk i aE i £ A
— 320, HOSTEEY) S RS TR NEE A

&P 6. HTERKAR: ESI-MS m/z: 515
[M—I—Na]*, ﬁ}%ﬁ?’ﬂ C29H4306; 1H-NMR (400 MHZ,
CD;0D) ¢: 0.96 (3H, s, H-26), 0.97 (3H, s, H-30),
1.02 (3H, s, H-27), 1.06 (3H, s, H-25), 1.14 (3H, s,
H-29), 3.45 (1H, d, J = 4.1 Hz, H-21), 3.60, 3.70 (%
1H, d, J=11.1 Hz, H-24), 4.16 (2H, m, H-2, 18), 3.71,
391 (% 1H, d, J = 11.1 Hz, H-23), 4.02 (1H, brs,
H-3), 5.83 (1H, brs, H-12); 'C-NMR (100 MHz,
CD;0D) §: 43.0 (C-1), 67.2 (C-2), 73.8 (C-3), 48.0
(C-4), 45.1 (C-5), 19.6 (C-6), 35.3 (C-7), 40.8 (C-8),
48.8 (C-9), 39.1 (C-10), 24.2 (C-11), 120.1 (C-12),
143.1 (C-13), 45.0 (C-14), 28.5 (C-15), 38.5 (C-16),
48.5 (C-17), 75.2 (C-18), 50.1 (C-19), 45.1 (C-20),
82.0 (C-21), 39.5 (C-22), 69.1 (C-23), 64.6 (C-24),
17.7 (C-25), 18.1 (C-26), 23.3 (C-27), 24.1 (C-28),
29.3 (C-29). LA bk il s -5 SRR 1 Bid B A
— B0, WS TE G 6 RE SR /NEE B

WE 1. BETERMAK; ESI-MS m/z: 515
[M+Na]*, 73T CoHiOs: 'H-NMR (400 MHz,
CsDsN) 6: 1.08 (3H, s, H-27), 1.15 (3H, s, H-26), 1.20
(3H, s, H-25), 1.29 (3H, s, H-29), 1.31 (3H, s, H-30),
4.15,4.28 (% 1H, d, J=11.2 Hz, H-24), 4.51 (1H, m,
H-2), 447, 4.65 (% 1H, d, J = 11.4 Hz, H-23), 4.55
(1H, brs, H-18), 4.76 (1H, s, H-19), 442 (1H, d, J =
9.7 Hz, H-3), 6.31 (1H, brs, H-12); '3C-NMR (100
MHz, CsDsN) d: 48.3 (C-1), 69.6 (C-2), 80.1 (C-3),
48.4 (C-4), 49.1 (C-5), 19.5 (C-6), 34.3 (C-7), 40.4
(C-8), 48.6 (C-9), 38.7 (C-10), 24.2 (C-11), 119.2
(C-12), 144.3 (C-13), 44.6 (C-14), 27.3 (C-15), 28.4
(C-16), 51.5 (C-17), 73.8 (C-18), 82.8 (C-19), 43.2
(C-20), 38.8 (C-21), 29.4 (C-22), 69.6 (C-23), 64.5
(C-24), 18.1 (C-25), 18.4 (C-26), 23.7 (C-27), 29.9
(C-28), 22.5 (C-29). LAl dis 5 ki 18 14
PR —), WS EY) T ARETNEE Co

a8 AL ELM AR ESI-MS m/z: 515
[M +Na]+, %%ﬁ‘j\j C29H4g0¢; "H-NMR (400 MHz,
CsDsN) 8: 1.07 (3H, s, H-26), 1.08 (3H, s, H-29), 1.10
(3H, s, H-27), 1.21 (3H, s, H-25), 1.32 (3H, s, H-30),
3.84 (1H, m, H-21), 4.12, 426 (% 1H, d, J= 11.2 Hz,
H-24), 4.33 (2H, m, H-2, 18), 4.46, 4.66 (% 1H, d, J =
11.2 Hz, H-23), 4.40 (1H, d, J = 9.7 Hz, H-3), 6.33
(1H, brs, H-12); 3C-NMR (100 MHz, CsDsN) 8: 48.4
(C-1), 69.5 (C-2), 80.2 (C-3), 48.3 (C-4), 49.1 (C-5),
19.6 (C-6), 34.2 (C-7), 40.3 (C-8), 48.6 (C-9), 38.8
(C-10), 24.1 (C-11), 119.7 (C-12), 143.5 (C-13), 44.6
(C-14), 282 (C-15), 38.1 (C-16), 49.7 (C-17), 74.6
(C-18), 49.9 (C-19), 44.9 (C-20), 81.5 (C-21), 39.8
(C-22), 69.7 (C-23), 64.8 (C-24), 17.9 (C-25), 183
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Table 2 Antitumor activities of isolated compounds
o ICso/(ug-mL™")
A549 HeLa L929 HT-29 HCT-116 HUVEC WRL-68

1 18.65+2.13 26.141+3.66 28.64+3.22 40.651+4.22 1134+1.22  134.62+12.36 102.38+9.68
2 14.324+1.65 30.24+4.08 24.161+3.41 12.214+1.06 20.45+3.01 125.41+14.22 78454831
3 24.52+3.01 74.10+10.52  68.1715.47 10.51+1.33 10.05+0.95 108.91+11.45 195.23+20.14
4 17.64+1.87 43.04+5.32 9.03+0.84 13.65+1.45 31.24+4.22 99.58+10.56 164.32+15.44
5 14.861+1.33 150.36+20.44 141.28+16.21 11.62+1.24 20.64+2.41 86.12+7.26  147.241+16.49
6 7.361+0.89 15.68+1.96 7.68+0.54 10.98+0.57 20.144+2.25 77411824 88.211£10.22
7 22.124+3.27 24.061+1.78 22.23+2.43 21.024+2.31 40.081+4.33  145254+13.41 95.36+-11.64
8 9.44+0.68 8.58+0.65 1.3440.21 10.48+0.88 20.23+2.35 134.154+15.74 124.51+13.87
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