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A new norditerpenoid from gum resin of Boswellia carterii

XU Lian-lian, CHEN Zhi-chao, HE Meng-li, YANG Bao, FU Jian-jiang, CHEN Fang-you, LUO Yong-ming
School of Pharmacy, Jiangxi University of Chinese Medicine, Nanchang 330004, China

Abstract: Objective To study the chemical compositions of Boswellia carterii and their anti-osteoporotic activities. Methods The
chemical components were separated by silica gel column chromatography, ODS column chromatography and preparative HPLC, and their
structures were analyzed by comparison of spectral data and literature. Results Eleven compounds were isolated from 95% ethanol extract
of B. carterii and identified as (1R,2E,8S,9R)-1,9-epoxy-8-acetoxy-4,5-dioxo-2-cembranene (1), rel(1S,3R,7E,11S,12R)-1,12-epoxy-4-
methylenecembr-7-ene-3,11-diol (2), boscartin F (3), boscartene K (4), fidmansumbin-13(17)-en-3,16-diene (5), 3o-acetoxyl-7-
oxo-tirucalla-8,24-dien-21-oic acid (6), boscartene N (7), 3p-hydroxy-tirucallic acid (8), a-boswellic acid (9), boscarterol O (10), boscarterol
F (11). Conclusion Compound 1 is a new compound, named boscartenoid A, compound 5 is the first time isolated from the species, and
compounds 2 and 10 are the fiist time isolated from this genus. Eleven compounds were screened for anti-osteoporotic activity and
compounds 1, 3, 6 and 10 were found to have good inhibitory activity against osteoclasts.
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PERA K ik, AEBFFT AR ARHE TR K
FUA 95% SR Ly EAT RIS, A 2>
BEEN 11 MEEY, 2508 (1R2E85.9R)-1,9-
S -8- £ Tt AR R -4,5- AR T RS b B -2- M
[(1R,2E,8S,9R)-1,9-epoxy-8-acetoxy-4,5-dioxo-2-cem
1]+ rel(1S8,3R,7E,11S,12R)-1,12-epoxy-4-
methylenecembr-7-ene-3,11-diol (2) . boscartin F
(3) . boscartene K (4) . fidmansumbin-13(17)-en-
3,16-diene (5) . 3a-acetoxyl-7-oxo-tirucalla-8,24-
dien-21-oic acid(6). boscartene N(7). 3B-hydroxy-
tirucallic acid(8) . a-boswellic acid (9) . boscarterol
O (10) . boscarterol F (11) . HAHILED) 1 28T
WEY, maANRRAETER, WEW S AEXRMNIL
FHEAE], WEY 2 F 10 5 NZE/EYH
AR
1 U5

Bruker Avance III HD 600 MHz ¥ #i 3 4R 3
W4 (Bruker A, #it) ; AB SCIEX Triple ESI
560077 v 7% K ATIN TH) B I HIAX CAB SCIEX 23
"), EMED ; Jasco J-1500 BF A5 (Jasco 2
7], HZAD; Rulph Autopol IV H g 1% (Rudolph
Research Analytical Aw], JE[H) ; Agilent 1260 &Y
ESORAR X (Agilent A7, 3€[H) ; FTIR-650
ZLAMGIEAL CRIEEHEAR AT 5 Waters 515 #4521
WA EETEA (Waters A F], SEED 5 Cis il & Ak
SHTAE (250 mmX 10 mm, 5 pm, YMC, HA) ;
RO (200~300 HD) AR IS FER GFass
B BFEL ) D s AAB2iHEE (TERe R A
BRAFD 5 2iifK BMNERREEIAERAFD
STAAIMEE (PE) o S BE. BEER £ G RS
(PRl B IR AT .

RIRAAEZM G5 20190401 T 2019 4F 10 A
W FILPR gk AR R IR AR, 2R E R
— B Jem = e ) Ak ) AR 250 %5 58 R RALEW B.
carterii Birdw. W BB H IR . FEd (20191020)
TRAF LU P BE 2 KA 24 AR h 2510 2 8 2
2 RESSE

FRAEFWE 10 kg, WG 95%LBFRIR
FEW 3 IR, S IFRIBURE R s, [BBISRE 6.7
kg, FTHRE SR A R AR, =&
ke, BRIR QB A F T BEAT 70 8, [mSCA BLIE A,
Iy A B A B AL 2.9 kg ZRETLEEAL 1.8
kg, BEER ZEEHAL 850.0 g FIHIEEELAL 200.0 go —

branene ,

ST BEEAIIR B4 PRP 512A B ISV 7055 (30%.
50%- 70%- 95%ZJE-/KVERD 193] 4 ANEB5.

B 70% £ BE4H 53 (400.0 LRk IR AE (i 70 5,
DUF K-S 2088 (30 © 10 & 1) B e 3)
TAHS (Fr.1~7) , HrFr.4 (184.0 g) &%
FEOE DL = S e- Y (100 1 1—-0 & 1) 28] 6 4
M4 (Fr. 4-1~4-6) . Fr. 4-1 (50.0 g) 4 MCI £
EREBEL (50%—100% F - /KD £33 6 A4 57
(Fr. 4-1-1~4-1-6), HH Fr. 4-1-6 (17.0 g) #47/x
BRI S EARNEY 6 (6000 mg) . 8
(202.0 mg) . 9(29.1 mg) M1 11(33.0 mg), Fr.4-1-5
(30.0 g) & ERERFE A H SR (80%
F KA, AR 2 mL/min) 4) B 4L 75 3
&4 (7.0 mg, ®k=12min) . 5 (13.1 mg, R=
1.5 min) f17 (6.2 mg, ®=1.8 min) . X Fr. 4-3
HEAT ODS HE a3l CHEliBE FE N 60% ~100% (1) FH -
KIERD 23] 5 NS (Fr. 4-3-1~4-3-5) , Hrf
Fr. 4-3-1 28 [ 52 R J e €00 03 A 1) B VRURF R 63 (65 %
H KIS, AR 2 mL/min) 4> 258140 &
1 (5.6mg, ®=2.0min) . 2 (11.1 mg, ®rR=2.1
min) 13 (9.6mg, ®R=18min) . Fr.4-6 (14.0¢g)
2 ODS it (60%—100% FEE-/KIERD HETR6FE
VeI E] 5 NHSY (Fr. 4-6-1~4-6-5) , HHh Fr. 4-6-1
S SRR T (60% FHEE-/KIAWR, RARE 2
mL/min) HFLAEY 10 (122 mg, ®R=2.2min) .
3 SZHEE

twEY 1: BHEMRY: [of) -15 (¢ 0.1,
CH;OH) . HR-ESI-MS m/z 361.196 8 [M + Na]*
(C19H30NaOs 11518 N 361.199 1) , H#HEMZIL &
H19F 3N CioH300s, AEAIEN 5. UV ik
INZEYIIE 230 nm AA BRI, £L40E B
1739 1729 cm™ 1) 9% 2h W Wi g 2% B A B Ok
1665+ 1628 cm™" 14k 20 W YSC e 3 BH A XUEE 1) A7
f£. 'H-NMR (600 MHz, CDCl3) i " &4 4 NH
FEA5S [0n 2.30 (3H, s, H-15), 2.14 (3H, s, H-16),
1.20 (3H, s, H-17), 2.20 (3H, s, H-19)] 1 1 MFPi3E
255 [ou 1.79 (1H, dd, J = 6.8, 7.0 Hz, H-12), 0.91
(3H, d, J = 7.0 Hz, H-13), 0.87 (3H, d, J = 6.8 Hz,
H-14)]; 2 M AEE(ES [0n 6.75 (1H, d, J = 16.0
Hz, H-3), 6.24 (1H, d, J = 16.0 Hz, H-2)]. '3C-NMR
(150 MHz, CDCly) #EEER&H 19 MfES, H
4 ANFERES [oc 28.2 (C-15), 30.2 (C-16),
22.4 (C-17), 11.3 (C-19)] Al 1 NFHNEEMRE T [oc
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38.3 (C-12), 17.8 (C-13), 18.4 (C-14)], 2 MEiiz 5
[dc 149.9 (C-2) , 129.3 (C-3)], 3 NHRIEIZ S [dc
198.7 (C-4), 208.0 (C-5), 171.0 (C-19)], 3 ANEFHUR
WAES [dc 89.2 (C-1), 77.9 (C-8), 84.6 (C-9)]. ¥tk
EY 1 S5CERIECH LAY boswelliain B 1)
'H-NMR F1 BC-NMR ##Exf b, RIEH C-5.
C-6. C-7HIC-8155, HHMEHK C-8 5 T HILAK
FEHUR, FTUAERTL A 1 R iR A
JEiT H-TH COSY &A1 HMBC (& 1) ] BAXE
DL —25iFsz . 'H-'"H COSY i &7~ H-2/H-3
H-6/H-7/H-8. H-10/H-11 i1 H-12/H;-13/H3-14 5%
5% . £ HMBC i+, H-2 (6u 6.75) 5 C-1.
C-3. C-4 M1 C-11 #5%, H H-3 (du 6.24) 5 C-1,
C-2. C-4 f1 C-15 #2K, H-15 (du 2.30) 5 C-3 Al
C-4 2%, HUtHiE C-2. C-3. C-4FC-15 N0, B
AN AER# 5y s H-12 (0w 1.79) 5 C-1. C-2.
C-11. C-13 fI C-14 2%, H-17 (du 1.20) 5 C-8.
C-9 MIC-10 1%, 454 C-1 F1 C-9 k2% T DAH
E C-1 il C-9 Z[aliER 1 ANFITERY; H-16 (On
2.14)5 C-5 F1C-6 155, H-6a (du2.49) 5 C-5F1C-7

o OAc
(e]

FHOG, WILAE C-5 NEHIEH 7 H-13 (6u 0.91)
AIC-1. C-12 f1 C-14 A%, H-14 (6u 0.87) 5 C-1,
C-12 A1 C-13 #H3€, H-12 (6u 1.79) 5 C-1. C-12.
C-13 #i2¢, TTLAHAE C-1 LA 1 AN RARLEH .

7E NOESY #Erh, M%EH| H-17 5 H8/HI12 [IAH
KA5S, F#H H-8/H-12/H-17 Ai T [F—Fn. 1k
A9 1 1) ECD KBELE 234 nm (e = -4.70) AbEHL
[ Cotton 2N, tb&4 1 fiH5 ECD 5256 ECD
BRI A —3 (B 2) , iz &Lt 7
N 1R,8S IR ILAEMWIE 1 Frow. it DL BAE SHEN
&Y 1 KA (1R2E,85,9R)-1,9-3 4 -8- 2. Tk
ALE-45- H R BER-2-05, RN FRKAEF
o WIBEIRHE N 1.

&Y 2. HEEHIRE & (HEE) s HR-ESI-MS
m/z 323.255 0 [M+H]" (CyH350; i+ 5HE N
323.258 6) . 'H-NMR (600 MHz, CDCls) o: 5.33
(1H, t, J = 7.5 Hz, H-7), 4.99 (1H, s, H-18b), 4.89
(1H, s, H-18a), 4.28 (1H, d, J = 9.9 Hz, H-3), 3.38
(1H, d, J=9.5 Hz, H-11), 2.37 (1H, ddd, J=13.1, 9.9,
3.1 Hz, H-5a), 2.28 (1H, m, H-15), 2.23 (1H, ddd, J =

—_ 'H-'H COSY
H-~NC HMBC
H/"XH NOESY

1 A% 1 HEE 'H-'H COSY. HMBC #1 NOESY 1%
Fig. 1 Key 'H-'H COSY, HMBC and NOESY correlations of compound 1

34 — Exp. for 1
— —Cal. for (1R,85,9R)-1
2+ « « « Cal. for (15,8R,95)-1

MOL CD

200 250 300 350 400
A/nm

2 A1 HKEFITE ECD
Fig.2 Experimental and calculated ECD of compound 1
10.0, 7.3, 3.1 Hz, H-6a), 2.17 (1H, m, H-9a), 2.08 (1H,
m, H-5b), 2.04 (1H, m, H-9b), 2.02 (1H, m, H-14a),
2.00 (1H, m, H-13a), 1.91 (1H, m, H-10a), 1.78 (1H,

m, H-13b), 1.72 (1H, dd, J = 14.6, 9.9 Hz, H-2a), 1.67
(3H, s, H-19), 1.61 (1H, dd, J = 14.6, 1.5 Hz, H-2b),
1.50 (1H, m, H-14b), 1.46 (1H, m, H-6b), 1.42 (1H,
m, 10a), 1.12 (3H, s, H-20), 0.90 (3H, d, J = 2.5 Hz,
H-16), 0.89 (3H, d, J = 2.6 Hz, H-17); '*C-NMR (150
MHz, CDCl;) 6: 88.9 (C-1), 40.6 (C-2), 70.0 (C-3),
155.1 (C-4), 34.1 (C-5), 29.9 (C-6), 126.5 (C-7), 135.0
(C-8), 33.4 (C-9), 31.2 (C-10), 76.2 (C-11), 85.1 (C-12),
36.2 (C-13), 31.8 (C-14), 33.4 (C-15), 18.2 (C-16), 17.4
(C-17), 110.0 (C-18), 18.6 (C-19), 20.2 (C-20). DA L-%f
P 5 SCHRRHIE LA — 3T, WS 2 HEAT X-4T4k 8
s fTE T, W AR, W 3. aiAEdE:

RN CaHza0s, M=323.499, HIJ7dm 5,
Z# a=0.646 71 (3) nm, b=1.912 80 (9) nm, c¢=
0.790 44 (3) nm, ¥=0.947 83 (7) nm*, Z=2, T=293
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1 A 18 'H-NMR 1 *C-NMR #(#Z (600/150MHz,
CDCl3)

Tablel 'H-NMR and 3C-NMR data of compound 1
(600/150MHz, CDCl3)

{Z304 on Jc
1 89.2
2 6.75 (1H, d, J=16.0 Hz) 149.9
3 6.24 (1H, d, /J=16.0 Hz) 129.3
4 198.7
5 208.0
6 2.41 (1H, m), 2.49 (1H, m) 402
7 1.72 (1H, m), 1.76 (1H, m) 242
8 479 (1H, dd, J = 10.5, 2.6 Hz) 77.9
9 84.6
10 1.65 (1H, m), 1.76 (1H, m) 35.0
1 1.94 (1H, m), 2.00 (1H, m) 332
12 1.79 (1H, dd, J= 6.8, 7.0 Hz) 383
13 0.91 (1H, d, J = 7.0 Hz) 17.8
14 0.87 (1H, d, J= 6.8 Hz) 18.4
15 230 3H, s) 282
16 2.14 (3H, s) 30.2
17 1.20 GH, s) 22.4
18 171.0
19 2.02 3H, s) 213

(2), Kp (CuKa)=0.577 mm™', ZS[AEEREN P21212;
(No. 19), WERATH BB 7629, MASIATH BECN
3193, Rin=0.0444, Rgema=0.0541, R;=0.0595,
wR>=0.146 3, Flack % #~-0.1 (2). Ft, &Y
1 #1 % N rel (1S3R,7E,115,12R)-1,12-epoxy-4-

methylenecembr-7-ene-3,11-diol.

3 L&Y 2 BIMERRE (kR 50%)
Fig. 3 ORTEP drawing of compound 2 (ellipsoids at 50%
probability level)

tAEY3: FEERRES (HEE); HR-ESI-MS m/z
337.235 9 [M+H]" (CyoH3304 TH5EAEN 337.237 9) &
"H-NMR (600 MHz, CDCls) 6: 6.84 (1H, dd, J = 6.3,
5.8 Hz, H-7), 3.86 (1H, d, J = 12.5 Hz, H-10a), 3.53
(1H, d, J = 10.4 Hz, H-11), 3.14 (1H, dd, J=4.7, 2.3

Hz, H-3), 2.46 (1H, m, H-6a), 2.46 (1H, m, H-6b),
2.27 (1H, m, H-5a), 2.21 (1H, sept, J = 6.8 Hz, H-15),
2.11 (1H, m, H-13a), 2.05 (1H, dd, J = 12.5, 10.4 Hz,
H-10b), 2.02 (1H, m, H-14a), 1.87 (1H, m, H-13b),
1.82 (1H, dd, J = 15.8, 2.3 Hz, H-2a), 1.78 (3H, s,
H-19), 1.62 (1H, dd, J = 15.8, 4.7 Hz, H-2b), 1.48
(1H, m, H-14b), 1.36 (1H, m, H-5b), 1.14 (3H, s,
H-20), 1.13 (3H, s, H-18), 0.98 (3H, d, J = 6.9 Hz,
H-17), 0.92 (3H, d, J = 6.9 Hz, H-16); 3C-NMR (150
MHz, CDCls) §: 89.0 (C-1), 37.4 (C-2), 60.8 (C-3),
58.7 (C-4), 37.9 (C-5), 25.6 (C-6), 144.5 (C-7),
137.2(C-8), 203.5 (C-9), 40.9 (C-10), 78.3 (C-11),
84.9 (C-12), 36.8 (C-13), 30.5 (C-14), 33.0 (C-15),
18.8 (C-16), 17.0 (C-17), 16.3 (C-18), 11.4 (C-19),
19.8 (C-20). LA &5 SCifxf BEE A — 281, il
U581 EW) N boscartin Fo

a4 FEERG S (FEE); HR-ESI-MS m/z
373.272 9 [M+H]" (CoysH30s THEAEN 373.274 3)
'H-NMR (600 MHz, CDCl3) J: 5.80 (1H, d, J = 1.3
Hz, H-17), 4.68 (1H, t, J= 2.6 Hz, H-3), 2.71 (1H, dd,
J =142, 4.7 Hz, H-12a), 2.56 (1H, d, J = 19.1 Hz,
H-15a), 2.42 (1H, td, J = 13.6, 6.8 Hz, H-12b), 2.10
(3H, s, CH3CO-), 1.94 (1H, m, H-2a), 1.88 (1H, d, J =
19.1 Hz, H-15b), 1.84 (1H, m, H-11a), 1.70 (1H, m,
H-9), 1.67 (1H, m, H-7a), 1.64 (1H, m, H-2b), 1.54
(1H, m, H-1a), 1.53 (1H, m, H-11b), 1.48 (1H, m,
H-6a), 1.40 (1H, m, H-6b), 1.35 (3H, s, H-22), 1.31
(1H, m, H-7b), 1.28 (1H, m, H-1a), 1.28 (1H, m, H-5),
0.89 (3H, s, H-20), 0.88 (3H, s, H-19), 0.87 (3H, s,
H-21), 0.80 (3H, s, H-18); '3C-NMR (150 MHz,
CDCl3) 6: 34.4 (C-1), 23.1 (C-2), 78.1 (C-3), 36.9
(C-4), 50.8 (C-5), 18.2 (C-6), 35.5 (C-7), 41.5 (C-8),
50.2 (C-9), 37.7 (C-10), 22.1 (C-11), 27.5 (C-12),
190.6 (C-13), 51.6 (C-14), 46.2 (C-15), 209.5 (C-16),
126.6 (C-17), 16.1 (C-18), 16.3 (C-19), 22.0 (C-20),
28.0 (C-21), 22.6 (C-22), 170.9 (CH;CO-), 21.6
(CH3CO-). LA E##E 5 0ot AR A — 20, s
EZN AW boscartene Ko

& 5. wEMRY; HR-ESI-MS m/z
329.248 1 [M+H]"(CxH330, THHEH 4 329.248 1.
'H-NMR (600 MHz, CDCl) 0: 5.79 (1H, s, H-17),
2.71 (1H, ddd, J = 14.1, 5.0, 1.9 Hz, H-12a), 2.53
(1H, d, J = 19.1 Hz, H-15a), 2.49 (1H, m, H-2a), 2.49
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(1H, m, H-2b), 2.43 (1H, m, H-12b), 1.99 (1H, m,
H-1a), 1.88 (1H, d, J = 19.1 Hz, H-15b), 1.80 (1H, m,
H-11a), 1.66 (1H, dd, J=12.7, 3.1 Hz, H-9), 1.66 (1H,
m, H-6a), 1.55 (1H, m, H-7a), 1.51 (1H, m, H-1b),
1.46 (1H, m, H-6b), 1.42 (1H, m, H-7b), 1.42 (1H, m,
H-11b), 1.31 (3H, s, H-22), 1.27 (1H, m, H-5), 1.11
(3H, s, H-20), 1.05 (3H, s, H-21), 0.96 (3H, s, H-19),
0.84 (3H, d, J = 0.8 Hz, H-18); 3C-NMR (150 MHz,
CDCls) d: 39.8 (C-1), 34.1 (C-2), 217.5 (C-3), 47.4
(C-4), 55.2 (C-5), 19.7 (C-6), 50.1 (C-7), 41.1 (C-8),
51.1 (C-9), 37.3 (C-10), 22.4 (C-11), 27.5 (C-12),
187.4 (C-13), 51.5 (C-14), 46.1 (C-15), 209.2
(C-16), 126.9 (C-17), 15.9 (C-18), 16.4 (C-19), 26.9
(C-20), 21.0 (C-21), 22.7 (C-22). LA %3k 5 ik
R AR -, MY wEZhaEYN
fidmansumbin-13(17)-en- 3,16-diene.

&Y 6: AMFAR; HR-ESI-MS m/z 513.357 4
[M-+H]" (C3HaoOs TH5EAE N 513.358 0) - 'H-NMR
(600 MHz, DMSO-ds) &: 11.60 (1H, s, COOH), 5.09
(1H, t, J= 6.4 Hz, H-24), 4.57 (1H, s, H-3), 2.39 (1H,
m, H-2a), 2.36 (1H, m, H-2b), 2.34 (1H, m, H-6b),
2.32 (1H, m, H-6a), 2.27 (1H, m, H-11a), 2.22 (1H, m,
H-11b), 2.18 (1H, m, H-16b), 2.10 (1H, m, H-5), 2.03
(1H, m, H-17), 2.02 (3H, s, CH;CO-), 2.00 (1H, m,
H-15a), 1.94 (1H, m, H-16a), 1.94 (1H, m, H-23a),
1.90 (1H, m, H-23b), 1.72 (1H, m, H-1a), 1.59 (3H, s,
H-26), 1.54 (3H, s, H-27), 1.45 (1H, m, H-12a), 1.45
(1H, m, H-15b), 1.22 (1H, m, H-22a), 1.22 (1H, m,
H-22b), 1.17 (1H, m, H-1b), 1.12 (1H, m, H-12b),
1.06 (1H, m, H-16b), 1.03 (3H, s, H-19), 0.97 (3H, s,
H-29), 0.96 (3H, s, H-28), 0.89 (3H, s, H-30), 0.80
(3H, s, H-18); BC-NMR (150 MHz, DMSO-ds) o:
322 (C-1), 22.4 (C-2), 76.1 (C-3), 36.2 (C-4), 47.3
(C-5), 34.9 (C-6), 196.6 (C-7), 137.5 (C-8), 165.6 (C-9),
38.7 (C-10), 21.1 (C-11), 27.6 (C-12), 43.1 (C-13), 43.9
(C-14), 29.0 (C-15), 269 (C-16), 46.8 (C-17), 15.7
(C-18), 17.9 (C-19), 454 (C-20), 177.1 (C-21), 31.0
(C-22), 25.5 (C-23), 123.8 (C-24), 131.2 (C-25), 22.7
(C-26), 17.5 (C-27), 25.5 (C-28), 26.6 (C-29), 24.1
(C-30), 169.9 (CH;CO-), 20.9 (CH3CO-). VA ¥
SCHR G R AR — g0, WS E SN 3o-
acetoxyl-7-oxo-tirucalla-8,24- dien-21-oic acid.

&Y 7. AR AR HR-ESI-MS m/z 467313 3

[M+H]" (C30Ha304 TH 5 AE N 467.316 7) « 'H-NMR
(600 MHz, CDCL3) &: 5.22 (1H, m, H-24), 5.20 (1H,
m, H-23), 2.78 (1H, ddd, J = 15.4, 13.8, 6.0 Hz, H-2),
2.68 (1H, td, J = 8.9, 4.9 Hz, H-20), 2.49 (1H, d, J =
13.9 Hz, H-6a), 2.43 (1H, m, H-6b), 2.41 (1H, m,
H-2b), 2.40 (1H, m, H-11), 2.38 (1H, m, H-22a), 2.29
(1H, m, H-17), 2.23 (1H, m, H-15a), 2.18 (1H, m,
H-1a), 2.13 (1H, dd, J = 13.8, 4.3 Hz, H-5), 2.04 (1H,
m, H-12a), 1.99 (1H, m, H-16a), 1.78 (1H, m, H-1b),
1.78 (1H, m, H-12b), 1.76 (3H, s, H-26), 1.75 (3H, s,
H-27), 1.66 (1H, m, H-15b), 1.46 (1H, m, H-16b),
1.29 (3H, s, H-19), 1.13 (3H, s, H-29), 1.09 (3H, s,
H-28), 1.03 (3H, s, H-30), 0.83 (3H, s, H-18):
BC.NMR (150 MHz, CDCL) d: 35.5 (C-1), 34.6
(C-2), 214.5 (C-3), 47.5 (C-4), 49.5 (C-5), 36.3 (C-6),
197.5 (C-7), 139.1 (C-8), 164.7 (C-9), 39.3 (C-10),
24.1 (C-11), 27.7 (C-12), 47.5 (C-13), 44.9 (C-14),
31.3 (C-15), 24.7 (C-16), 43.3 (C-17), 16.7 (C-18),
18.2 (C-19), 41.8 (C-20), 178.9 (C-21), 35.0 (C-22),
75.3 (C-23), 123.2 (C-24), 139.1 (C-25), 25.9 (C-26),
18.6 (C-27), 24.1 (C-28), 21.6 (C-29), 24.7 (C-30).
DAL s 5 Sk B AR — 502, Mok i A
)4 boscartene N

& 8: AR, HR-ESI-MS m/z 457.367 8
[M-+H]" (C30H003 TH 5 AE K 457.368 2) . 'H-NMR
(600 MHz, CDCL3) §: 5.09 (1H, m, H-24), 3.23 (1H,
dd, J =117, 4.5 Hz, H-3), 2.28 (1H, m, H-17), 2.08
(1H, m, H-20), 2.08 (1H, m, H-11a), 2.05 (1H, m,
H-23a), 1.98 (1H, m, H-11b), 1.95 (1H, m, H-24b),
1.76 (1H, m, H-12a), 1.74 (1H, m, H-12b), 1.70 (1H,
m, H-2a), 1.68 (3H, s, H-26), 1.66 (1H, m, H-1b), 1.58
(3H, s, H-27), 1.56 (2H, m, H-22), 1.56 (2H, m, H-7),
1.53 (1H, m, H-6a), 1.41 (1H, dd, J = 12.4, 6.2 Hz,
H-2b), 1.35 (2H, m, H-16), 1.35 (1H, m, H-6b), 1.25
(1H, m, H-15a), 1.22 (1H, m, H-15b), 1.18 (1H, m,
H-1a), 1.12 (1H, dd, J = 12.4, 1.9 Hz, H-5), 1.00 (3H,
s, H-29), 0.93 (3H, s, H-17), 0.88 (3H, s, H-30), 0.82
(3H, s, H-28), 0.74 (3H, s, H-18); BBC-NMR (150
MHz, CDCls) §: 35.4 (C-1), 27.7 (C-2), 79.1 (C-3),
39.1 (C-4), 51.1 (C-5), 19.0 (C-6), 29.0 (C-7) , 134.2
(C-8), 132.4 (C-9), 37.4 (C-10), 26.1 (C-11), 32.6
(C-12), 44.0 (C-13), 49.7 (C-14), 29.5 (C-15), 28.0
(C-16),47.1 (C-17), 202 (C-18), 15.7 (C-19), 47.6 (C-20),
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1823 (C-21), 21.7 (C-22), 27.0 (C-23), 123.7 (C-24),
133.3 (C-25), 24.6 (C-26), 17.8 (C-27), 28.2 (C-28), 15.9
(C-29), 25.8 (C-30). LA_FHdh 5 Scmk ot fe A —
3, WA A )N 3B-hydroxy-tirucallic acid.
&Y 9: HkAR, HR-ESI-MS m/z 457.367 8
[M-+H]" (C30H4003 T 5HAE A 457.368 2) » 'H-NMR
(600 MHz, CDCls) &: 5.19 (1H, t, J = 3.6 Hz, H-12),
4.08 (1H, t, J = 2.8 Hz, H-3), 2.21 (1H, m, H-11a),
1.99 (1H, m, H-11b), 1.95 (1H, dd, J = 14.0, 4.8 Hz,
H-18), 1.89 (1H, m, H-21), 1.88 (1H, m, H-22), 1.77
(1H, m, H-21b), 1.71 (1H, m, H-2a), 1.68 (1H, m,
H-22b), 1.64 (1H, m, H-6a), 1.59 (1H, m, H-1a), 1.52
(1H, m, H-7a), 1.49 (1H, m, H-2b), 1.44 (1H, m,
H-19a), 1.43 (1H, m, H-7b), 1.40 (1H, m, H-6b), 1.37
(1H, m, H-5), 1.35 (3H, s, H-23), 1.32 (1H, m, H-1b),
1.27 (1H, m, H-15a), 1.23 (1H, m, H-16a), 1.21 (1H,
m, H-19b), 1.15 (3H, s, H-27), 1.10 (1H, m, H-15b),
1.03 (1H, m, H-9), 1.00 (3H, s, H-26), 0.98 (1H, m,
H-16b), 0.88 (3H, s, H-25), 0.87 (3H, s, H-29), 0.87
(3H, s, H-30), 0.83 (3H, s, H-28); '3C-NMR (150
MHz, CDCls) §: 33.5 (C-1), 26.1 (C-2), 70.6 (C-3),
47.3 (C-4), 49.0 (C-5), 19.6 (C-6), 32.7 (C-7), 39.7
(C-8), 46.7 (C-9), 37.5 (C-10), 23.6 (C-11), 121.6
(C-12), 145.0 (C-13), 41.8 (C-14), 26.1 (C-15), 26.8
(C-16), 32.7 (C-17), 47.3 (C-18), 46.7 (C-19), 31.0
(C-20), 34.6 (C-21), 37.5 (C-22), 24.0 (C-23), 1832
(C-24), 13.0 (C-25), 16.6 (C-26), 26.1 (C-27), 283
(C-28), 33.5 (C-29), 23.6 (C-30). LA L-HdE 5 ikt
HEFEAR—304, M ez AN a-boswellic acid.
&Y 10: B EMIKY, HR-ESI-MS m/z
339.190 9 [M-+Na]* (CxHasNaOs THHEAEH 339.193 6) .
'H-NMR (600 MHz, CDCl3) é: 7.1 (1H, m, H-17),
4.82 (1H, d, J = 2.1 Hz, H-16), 4.71 (1H, s, H-12b),
4.69 (1H, s, H-12a), 2.45 (1H, dd, J = 13.3, 6.3 Hz,
H-9a), 2.27 (1H, td, J = 9.6, 6.6 Hz, H-1), 2.16 (1H,
m, H-9b), 2.04 (1H, m, H-8a), 1.91 (1H, m, H-2a),
1.77 (3H, s, H-20), 1.75 (1H, m, H-3a), 1.68 (1H, m,
H-3b), 1.65 (1H, m, H-2b), 1.65 (1H, m, H-15), 1.37
(1H, d, J = 10.8 Hz, H-5), 1.34 (3H, s, H-11), 1.29
(1H, m, H-7), 1.07 (1H, m, H-8b), 1.04 (1H, m, H-6),
0.93 (3H, s, H-14); 3C-NMR (150 MHz, CDCl;) d:
51.7 (C-1), 25.9 (C-2), 41.6 (C-3), 81.2 (C-4), 53.3
(C-5), 25.9 (C-6), 24.4 (C-7), 25.0 (C-8), 38.7 (C-9),

153.6 (C-10), 25.2 (C-11), 106.7 (C-12), 23.3 (C-13),
12.0 (C-14), 65.8 (C-15), 72.5 (C-16), 155.6 (C-17),
143.6 (C-18), 207.1 (C-19), 10.2 (C-20). VA E#iE S5
SCHR A R R — S, MR EZRNEY N
boscarterol O,

& 1. JEMRY, HR-ESIMS m/z
301.212 1 [M+H]*(Ca0H200, T 1H 4 301.216 8.
"H-NMR (600 MHz, CDCl3) J: 9.39 (I1H, s, H-19),
6.81 (1H, d, J=11.2 Hz, H-15), 6.46 (1H, dd, J=15.1,
11.2 Hz, H-16), 5.82 (1H, d, J = 15.1 Hz, H-17), 4.75
(1H, s, H-12a), 4.73 (1H, s, H-12b), 2.48 (1H, dd, J =
13.6, 6.2 Hz, H-9a), 2.26 (1H, td, J = 10.6, 6.1 Hz,
H-1),2.07 (1H, t, J= 1.8 Hz, H-9b), 1.95 (1H, dq, J =
11.6, 6.4 Hz, H-2a), 1.95 (1H, m, H-8a), 1.85 (3H, s,
H-20), 1.79 (1H, td, J = 13.1, 6.3, 2.4 Hz, H-3a), 1.67
(1H, m, H-2b), 1.61 (1H, td, J = 12.8, 11.5, 6.2 Hz,
H-3b), 1.52 (1H, t, J = 10.8 Hz, H-5), 1.29 (3H, s,
H-14), 1.26 (1H, m, H-7), 1.24 (3H, s, H-11), 1.20
(1H, m, H-8b), 1.03 (1H, t, J = 11.2, 9.7 Hz, H-6);
BC-NMR (150 MHz, CDCl;) d: 52.9 (C-1), 26.8
(C-2), 42.1 (C-3), 80.9 (C-4), 53.5 (C-5), 33.0 (C-6),
30.7 (C-7), 24.4 (C-8), 38.3 (C-9), 152.6 (C-10), 26.3
(C-11), 107.4 (C-12), 28.4 (C-13), 12.3 (C-14), 156.0
(C-15), 120.3 (C-16), 150.1 (C-17), 135.1 (C-18),
195.1 (C-19), 9.6 (C-20). LA -ZH 5 SCRxt IR A
— e, B A A YN boscarterol Fo
4 B REHATEM TR

AR RAF P EREK 11 MeEY
BEAT T PUE PGPSR, R RS 1 -«B
B AR SZ R 23575 (receptor activator of nuclear factor
kappa-B ligand, RANKL) 55/ & fiff A B G
4HMfd (bone marrow-derived macrophages, BMMs)
T B8 AR B A A, AT B AL U 1
fiie KAMBERNT 96 LR, BeFh 12 h, HHRCE
BONHH) o-MEM e R 7R, SR BOM IR . B
RG24 RIE A9 1. 10 pmol/L) - Xt iR
o N B 48 Mg 4 9% R ¥ Cmacrophage
colony-stimulating factor, MCSF) [PJEAX/N iR E
A, AN ST MCSF P A RANKL ]
AN ERGE, 25 25 S ARSI 2H 1) A Bl
IO 1. 10 pmol/L HEYIVETR . B 48 /N2 1
R, BERGERH RIS MRS I, RIS
HAN, FERBETREL, A 500 pL T [ E 7
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VK EERE 10 min, S 2 mL PBS FRefE & 5, 45 min £RMA, ERME UL, SR NE 4. H
FiBRZ: PBS, A 500 uL ZEE-NEE (50 © 500 ¥  SEATAL, AW 1. 3. 6 110 7E 1 pumol/L iR JERT
W, £-30~—20 CRHFE 1 mine HBGEAKE 3 HAE @B nRmElEtE, ey 1 £ 10
%, NN TRAP 4effy, 737 CEEFFRMNIMN 15~  pumol/L ¥R HAT R I AR E 40 B 0 i 36 %

“b

umol-L™!

10 pmol-L™!

X e R 1 3 6 10

B4 LEW1. 3. 6 F0 10 IR S LHBEIEME
Fig. 4 Inhibitions of osteoclast activity by compounds 1, 3, 6 and 10
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