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Sesquiterpenes from aerial parts of Hyssopus cuspidatus
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Abstract: Objective To study the sesquiterpenes from the aerial parts of Hyssopus cuspidatus. Methods The compounds were
isolated and purified by a combination of various chromatographic techniques including D101 macroporous adsorption resin, silica gel,
ODS, Toyopearl HW-40C, Sephadex LH-20, and semi-preparative HPLC. Their structures were elucidated on the basis of
physicochemical properties and spectroscopic data. Results Fifteen sesquiterpenes were isolated from the 95% EtOH extracts of H.
cuspidatus and their structures were elucidated as 3-eudesmene-1B-11-diol (1), 4-eudesmene-1p,11-diol (2), 1pB,11-dihydroxy-5-
eudesmene (3), ent-4(15)-eudesmen-1a,11-diol (4), 7a,11-dihydroxy-cadin-10(14)-ene (5), eudesmane-1B,5a,11-triol (6), S-epi-
eudesma-4(15)-ene-1B,6B-diol (7), 4(15)-eudesmene-1p,6a-diol (8), (7R*)-opposit-4(15)-ene-1B,1l-diol (9), cryptomeridiol (10),
octahydro-4-hydroxy-3a-methyl-7-methylene-a-(1-methylethyl)-1H-indene-1-methanol (11), caryolane-1,98-diol (12), (3S,5R,6S,7E)-
3,5,6-trihydroxy-7-megastigmen-9-one (13), spathulenol (14), and 4,100-aromadendranediol (15), respectively. Conclusion
Compounds 1—15 are isolated from the plants of Hyssopus genus for the first time.
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Hyssopus cuspidatus Boriss. T4, JH =R,
R L 3 2 4 . MR RIBRRAL R,
PR e, N TR —R+H, S5%E,
WRES, ARERBOA IR TR R
. W B h . e A E R
AR EYAZ, BUEMRE R, TEA
B, ALFEERG, R, . ROl R,
(178 SN TS 8 SN B S /N 5y g L i
TR AT T RGBT, I 95% L FEHEEL
PhIL g T 15 MEERRNEY,
3-eudesmene-1B-11-diol (1), 4-eudesmene-1p,11-diol
(2). 1B,11-dihydroxy-5-eudesmene (3). ent-4(15)-
eudesmen-1la,11-diol (4). 7a,11-dihydroxy-cadin-10
(14)-ene (5). eudesmane-1B,5a,11-triol (6). 5-epi-
eudesma-4(15)-ene-1p,6B-diol (7). 4(15)-eudesmene-
1B,6a-diol (8). (7R")-opposit-4(15)-ene-1p,11-diol
(9). cryptomeridiol (10). octahydro-4-hydroxy-3a-
methyl-7-methylene-a-(1-methylethyl)-1H-indene-1-
methanol (11). caryolane-1,98-diol (12). (35,5R,6S,
7E)-3,5,6-trihydroxy-7-megastigmen-9-one ( 13 ) |
spathulenol (14). 4pB,10a-aromadendranediol (15),
HAAEY 1~4. 68, 10 MtEkil; 5 Ntk
;9. 11 ¥ oppositane A!; 12 4 caryolane Y; 13
R 14~15 EARZHM. i a¥h
ER/ VN kLS E R
1 XF5HH

Bruker Avance III 500. 600. 800 MHz NMR
spectrometer (¥ - Bruker /2] ); UHPLC-QTRAP-
MS/MS (Shimadzu UHPLC, AB Sciex API 4500
QTRAP); i X-5 RAHUE mlEM (LR Z 5w
A MRAF)D):; AUTOPOL IV-T 4 H3IME Ik
I (EEEBERATD): SO EEC (R
FERHEBERA R AT R Z ekl 4: R12000 (£
Schambeck SFD GmbH), LC100 (F2): F:ifil#
HPLC f3ffE: YMC-Pack ODS-A (250 mmX 10
mm, 5pm), YMC-Pack SIL (250 mm X 10 mm, 5
um); il R Toyopearl HW-40C ( H A Tosoh);
Sephadex LH-20 (Z%fi#ft Pharmacia); ALK i
D101 (JExst 4 A H AR SR EATBR 2 7] D; ODS-A-HG
(50 um, YMC GEL); #: i #ER: (100~200. 200~
300 H, ST Seie R o i al
Bkl

FIFF 258 T 2015 4F 10 A K HHsE, med
B R 2[RI G R 7 e 24 22 B th 25 5 RN S % R 7
R R 2R 5 58 N B T B A e M A Rl O o 7
Hyssopus cuspidatus Boriss. T {3 _F 555 .

2 RES5SE

PR BT B3y 34 kg, MR 95%Z
B[R 3 WK, K 6 h, B IFIREGH, JhEHR S
RAHIRIRE . BEHEELS (1 1.5, RKIKHFA
Wk ST - (10 D AR
S iS B A MEBERALR E (PE Fr.) 129 g, —&H
e AIRE (CH,Cly Fr.) 340 g, & be-FHEE AR
fi732E (CH,Cl,-MeOH Fr.) 81 g.

PEFr. (129 g) & RALWFHH /i D101 405,
IR FEE-7K (4:6. 6:4.8:2.9:1.0:10)
BEEEVE, 3% Fr. 0101~0106.

Fr. 0101~0102 (24.6 g) &3l A Cig CHIEE-
K4:6.5:5.6:4,7:3.8:2.9:1,0:10)
B FESEAS Fr. 0201~0209. Fr. 0202~0203 (3.7 g)
ZIEMRER: (200~300 H, & Hki-HEE 100 0 0—~
90 : 10 BEFEVEML ). Toyopearl HW-40C ( — & H -
B 2101, R, Sephadex LH-20 (FHEE, F[ED.
AR HPLC (HEE-7K 45 055, SEREUM, &
U & 3.0 mL/min, F[F)D Kl & 82 @ik (<
AHLE-HEE 24 0 1D /BEMEY 13 (43 mg).
Fr. 0204~0206 (6.8 g) £ IEMEER (200~300 H,
AW E-HEE 100 1 0—>40 1 60 A EE L) .
Toyopearl HW-40C . J 4 Cig CHE-7K 55 1 45,60 :
40, 65 35,70 : 30, 75 :25.0: 100, #EE¥HEHD.
IEAH]# HPLC (& e-HlE 24 & 1, S5FEBeM
AR E 1.5 mL/min, F[FED. JAH & HPLC (H
FE-7K 55 1 45) 1524LAY) 7 (2.3 mg). 9 (0.5 mg).
10 (13.2 mg). 15 (5.1 mg). Fr. 0207~0209 (4.1 g)
ZFAREIR AR (200~300 H, & be-H R
100 : 0—>80 : 20, BHEVEML). Sephadex LH-20 i
A EIL A 14 (9.5 mg).,

Fr. 0103~0104 (39.7 g) & JxAf Cig (HEE-7K
5:5.7:3.9:1.0:10) BEEVEHA Fr. 5001~
5004. Fr.5002 (4.3 g) £ Toyopearl HW-40C. IEAH
iz (300~400 H, — & 5E-HEE 100 © 096 : 4,
BEEEVEL) 43 B 19 3 Fr. 5215~5218.

Fr. 5216 (575.1 mg) £ A& HPLC (HI -
JK 75 1 25) 158 Fr. 5313~5319, i Fr. 5313 (63.7
mg) ZIEAHH|4 HPLC (IF CUe-BEMR M6 4 ¢ 1)
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il 4% 2 B ChMBE-BERR OB 3 0 1D 1531k
41 8 (5.1 mg); Fr. 5319 (6 mg) £ 1E A% HPLC
(ECHE-BEIR OBE 4 - 1D B2ME 6 (1.8 mg)
11 (2.6 mg).,

Fr. 5217 (894.3 mg) 4 R AfHi £ HPLC (H -
/K 73 1 27) 45 Fr. 5307~5310, H:H Fr. 5307 (190.4
mg) A IEMH% HPLC (IECk-BERR AR 2 & D).
AR HPLC (HEE-7K 58 42) fREMHAEY 1
(17.2mg)+ 2 (15.7 mg)+ 3 (2.1 mg) 14 (20.5 mg);
Fr. 5308 (193.2 mg) & IEAH#NI# HPLC CIEC)i-
BER .16 2 - 1)\ JAH#I % HPLC (CHEEE-/K 56 @ 44)
BEHLAEY 12 (4.7 mg); Fr. 5310 (13.4mg) &£ IE
HH#l % HPLC (IECKE-FEIR MR 2 0 D Hil% )=
itk CRMBE-BSIR /R 4 ¢ 1, 4 BT 1331k
HEY5 (5.5mg).
3 ST

&1 AR (E5), ESI-MS m/z: 239
[M-+H]", 454 "H- A1 BC-NMR 1 54 e 4> 72
9 CisHa02. 'H-NMR (500 MHz, CDCls) d: 3.52
(1H, dd, J = 6.5, 10.2 Hz, H-1), 2.29 (1H, m, H-2a),
1.95 (1H, m, H-2b), 5.27 (1H, m, H-3), 1.86 (1H, m,
H-5), 1.86 (1H, m, H-6a), 1.07 (1H, m, H-6b), 1.33
(1H, m, H-7), 1.69 (1H, m, H-8a), 1.32 (1H, m, H-8b),
1.90 (1H, ddd, J = 3.3, 3.3, 13.1 Hz, H-9a), 1.09 (1H,
m, H-9b), 1.20 (3H, s, H-12), 1.21 (3H, s, H-13), 0.74
(3H, s, H-14), 1.61 (3H, brs, H-15); "“C-NMR (125
MHz, CDCly) P& %ds W3 1. PLEEER 5 STk
8", it HSQC. 'H-'H COSY. HMBC
IAE, %etbEY 1 4 3-eudesmene-1B-11-diol,

e 2: Atk R (&7, ESI-MS m/z: 239
[M+H]", 454 "H- F1 PC-NMR #5045 HE 2> 72
9 CisHa0s. 'H-NMR (500 MHz, CDCls) d: 3.45
(1H, dd, J = 6.1, 9.8 Hz, H-1), 2.13 (1H, m, H-3a),
1.97 (1H, ddd, J = 3.4, 3.4, 12.9 Hz, H-3b), 2.62 (1H,
ddd, J = 2.5, 3.3, 13.8 Hz, H-6a), 1.63 (1H, m, H-6b),
1.22 (1H, m, H-7), 1.71 (1H, m, H-8a), 1.36 (1H, m,
H-8b), 2.02 (1H, ddd, J = 3.4, 3.4, 12.9 Hz, H-9a),
1.14 (1H, ddd, J = 3.9, 13.1, 13.1 Hz, H-9b), 1.20 (3H,
s, H-12), 1.20 (3H, s, H-13), 1.00 (3H, s, H-14), 1.59
(3H, s, H-15); ""C-NMR (125 MHz, CDCls) %
P 1. LRSS e iE FodE — 2, e
i HSQC. 'H-'H COSY. HMBC ¥&:iiF, $EhEY)
2/ 4-eudesmene-1p,11-diol.

AW 3: TEMRBAE (&7, ESI-MS m/z:
239 [M+H]", 454 'H- A1 PC-NMR 3545 H#E 4>
T 3:H C1sHy605. 'H-NMR (500 MHz, CDCl3) &: 3.32
(1H, dd, J = 4.2, 11.5 Hz, H-1), 1.83 (1H, m, H-2a),
1.67 (1H, m, H-2b), 1.58 (2H, m, H-3), 2.46 (1H, m,
H-4), 5.58 (1H, d, J = 3.3 Hz, H-6), 2.05 (1H, m, H-7),
1.66 (1H, m, H-8a), 1.59 (1H, m, H-8b), 1.66 (1H, m,
H-9a), 1.53 (1H, m, H-9b), 1.20 (3H, s, H-12), 1.21
(3H, s, H-13), 1.09 (3H, s, H-14), 1.15 3H, d, J=17.5
Hz, H-15); >C-NMR (125 MHz, CDCl3) 3 4 I,
# 1. UL SRS o apE SoE s, kst
HSQC. 'H-'H COSY. HMBC ¥iF, %Zh&4 3
°A 1B,11-dihydroxy-5-eudesmene .

&Y 4. TEREE (E A7), ESI-MS m/z: 239
[M-+H]", 454 "H- 1 BC-NMR B 4 72
N CisHa02. "H-NMR (500 MHz, CDCl;) 8: 3.41
(1H, dd, J = 4.6, 11.5 Hz, H-1), 1.81 (1H, dddd, J =
2.3,5.1, 5.1, 12.4 Hz, H-2a), 1.56 (1H, m, H-2b), 2.31
(1H, ddd, J = 2.3, 5.0, 13.5 Hz, H-3a), 2.10 (1H, dt,
J =523, 13.6 Hz, H-3b), 1.72 (1H, m, H-5), 1.70 (1H,
m, H-6a), 1.19 (1H, m, H-6b), 1.34 (1H, tt, J = 3.2,
12.1 Hz, H-7), 1.71 (1H, m, H-8a), 1.24 (1H, m,
H-8b), 1.97 (1H, ddd, J = 2.7, 3.4, 12.1 Hz, H-9a),
1.18 (1H, m, H-9b), 1.20 (3H, s, H-12), 1.20 (3H, s,
H-13), 0.67 (3H, s, H-14), 4.76 (1H, d, J = 1.7 Hz,
H-15a), 4.52 (1H, d, J = 1.7 Hz, H-15b); "“C-NMR
(125 MHz, CDCly) #iEHHE LK 1. LB 53
rik O K — 5, Jfdid HSQC. 'H-'H COSY.
HMBC 5ilE, %$EWEY) 4 A ent-4(15)-ecudesmen-
la,11-diol.

B S: eRB A CEAT, ESI-MS m/z:
239 [M+H]", 454 "H- A1 PC-NMR 3 H4E e 2>
T3 A CisHas02. 'H-NMR (500 MHz, CDCL3) 8: 2.55
(1H, ddd, J = 2.7, 4.0, 14.0 Hz, H-2a), 2.06 (1H, m,
H-2b), 1.86 (1H, m, H-3a), 1.69 (1H, m, H-3b), 1.75
(1H, m, H-4), 1.76 (1H, m, H-5), 1.77 (1H, m, H-6a),
1.70 (1H, m, H-6b), 1.90 (1H, m, H-8a), 1.28 (1H, m,
H-8b), 1.72 (1H, m, H-9a), 1.55 (1H, m, H-9b), 2.20
(1H, ddd, J = 8.3, 8.3, 8.3 Hz, H-10), 1.17 (3H, s,
H-12), 1.19 (3H, s, H-13), 4.69 (2H, s, H-14), 1.20 (3H,
s, H-15); "C-NMR (125 MHz, CDCly) i W%
1o DA %ot 5 cmrdiog 2ol —ad ™, JF@id HSQC.
'H-"H COSY. HMBC $:ilF, %6 EWE 5 A To,11-
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F1 L&Y 1~15 8 C-NMR %17
Table 1 *C-NMR spectroscopic data of compounds 1—15
WAL 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 76.3 78.3 78.4 793 1533 770 68.2 79.0 793 41.0 78.9 70.7 36.4 29.9 58.0
2 323 271 265 314 379 259 31.1 319 346 20.1 31.8 381 479 275 252
3 1195 319 308 342 255 276 297 351 31.8 434 349 340 647 248 423
4 1354 1239 38.6 148.9 473 400 1454 146.2 1459 723 1489 35.1 41.6 389 814
5 46.5 1336 1489 475 524 893 616 559 578 548 564 439 69.1 1534
6 239 265 1234 244 406 373 671 670 325 215 394 204 712 534 304
7 49.2 49.7 45.5 48.9 81.1 442 49.1 493 49.6 499 82.7 354 1457 26.7 28.1
8 219 229 201 221 271 249 18.0 18.1 306 224 260 393 1341 417 215
9 350 388 348 369 275 349 344 363 373 446 373 723 2006 809 457
10 37.3 394 40.0 40.1 48.2 439 40.1 41.7 47.5 345 49.5 282 27.7 543 76.0
11 729 727 734 728 742 813 264 260 716 73.0 31.3 335 254 203 209
12 267 267 272 272 268 228 16.2 162 30.1 27.1 205 425 30.1 286 17.0
13 27.6 27.2 28.0 27.0 27.0 30.5 20.9 21.1 299 273 147 20.8 20.3 16.3 294
14 9.5 173 20.7 102 1064 157 213 11.6 106.7 22.6 123 305 106.2 24.6
15 209 189 223 1068 238 17.8 1142 107.8 11.9 18.7 107.7 26.6 26.1 20.4

dihydroxy-cadin-10(14)-ene.

th&W 6: Lqmk (&5, mp95~97 C,
ESI-MS m/z: 257 [M+H]", 454 'H- #1 C-NMR i
BN 7> 72 A CisHpsOs. 'H-NMR (500 MHz,
CDCly) d: 3.76 (1H, dd, J = 3.9, 11.7 Hz, H-1), 1.58
(1H, m, H-2a), 1.53 (1H, m, H-2b), 2.02 (1H, dddd,
J=15.0,5.0,13.7, 13.7 Hz, H-3a), 1.38 (1H, m, H-3b),
1.70 (1H, m, H-4), 1.93 (1H, m, H-6a), 1.85 (1H, m,
H-6b), 1.89 (1H, m, H-7), 1.73 (1H, m, H-8a), 1.61
(1H, m, H-8b), 1.80 (1H, m, H-9a), 1.38 (1H, m,
H-9b), 1.33 (3H, s, H-12), 1.15 (3H, s, H-13), 1.03
(3H, s, H-14), 1.01 3H, d, J = 7.8 Hz, H-15);
C-NMR (125 MHz, CDCl3) 3 i#d % 1. BLE
Hode 5 ScmRiRoE Ko — s, Ifimid HSQC. 'H-"H
COSY. HMBC %iF, $2tA% 6 4 eudesmane-
1B,5a,11- triol.

WEW T LOBRRERE (E), mp 84~
86 ‘C, ESI-MS m/z: 239 [M+H]", 44 'H-M
BC-NMR SR 4 T 30H CisHa020 'H-NMR
(600 MHz, CDCl3) &: 3.94 (1H, dd, J = 5.0, 11.6 Hz,
H-1), 1.88 (1H, m, H-2a), 1.60 (1H, m, H-2b), 2.31
(1H, m, H-3a), 2.28 (1H, m, H-3b), 1.84 (1H, d, J =
10.2 Hz, H-5), 3.52 (1H, t, J = 9.9 Hz, H-6), 1.25 (1H,
m, H-7), 1.47 (1H, dq, J = 3.7, 13.6 Hz, H-8a), 1.30
(1H, qd, J = 3.3, 12.8 Hz, H-8b), 2.06 (1H, dt, J = 3.2,
14.0 Hz, H-9a), 1.05 (1H, ddd, J = 3.9, 13.7, 13.7 Hz,

H-9b), 2.21 (1H, m, H-11), 0.84 (3H, d, J = 6.9 Hz,
H-12), 0.94 3H, d, J = 6.9 Hz, H-13), 0.87 3H, s,
H-14), 4.98 (1H, t, J = 2.1 Hz, H-15a), 4.84 (1H, t, J =
2.1 Hz, H-15b); "*C-NMR (125 MHz, CDCl3) %% i%
W 1. LRSS ScakaE FoE — s, JhE
it HSQC. 'H-'H COSY. HMBC i, %EHEY)
7 N 5-epi-eudesma-4(15)-ene-1B,6B-diol.

& 8: otktd (&), mp 125~127 C,
ESI-MS m/z: 239 [M+H]", %54 H-Al PC-NMR %
BN 2> 73009 CisHyOs. 'H-NMR (500 MHz,
CDCls) 6: 3.42 (1H, dd, J = 4.7, 11.5 Hz, H-1), 1.86
(1H, dddd, J = 2.3, 5.1, 5.1, 12.5 Hz, H-2a), 1.54 (1H,
m, H-2b), 2.33 (1H, ddd, J = 2.4, 5.1, 13.3 Hz, H-3a),
2.07 (1H, ddd, J = 5.1, 8.4, 13.5 Hz, H-3b), 1.74 (1H,
d, J = 10.0 Hz, H-5), 3.71 (1H, t, J = 9.8 Hz, H-6),
1.29 (1H, m, H-7), 1.53 (1H, m, H-8a), 1.21 (1H, m,
H-8b), 1.90 (1H, m, H-9a), 1.17 (1H, m, H-9b), 2.24
(1H, m, H-11), 0.87 (3H, d, J = 7.1 Hz, H-12), 0.95
(3H, d, J = 7.1 Hz, H-13), 0.70 (3H, s, H-14), 5.02
(1H, d, J = 0.9 Hz, H-15a), 4.74 (1H, d, J = 0.9 Hz,
H-15b); *C-NMR (125 MHz, CDCly) i ¥4 W%
1o L3085 15 SCifah s #os — 20, 3F3@ 5 HSQC.
'H-"H COSY. HMBC Ui, % ZEY) 8 J 4(15)-
eudesmene-1p,6a-diol.

& 9: TEEHERY CEA))D, ESI-MS m/z: 239
[M-+H]", 454 'H-F BC-NMR 3R 4 7 2
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N CisHys02. "H-NMR (600 MHz, CDCly) &: 3.53
(1H, dd, J=4.7, 11.4 Hz, H-1), 2.30 (1H, ddd, J= 1.7,
5.2, 13.5 Hz, H-2a), 2.02 (1H, ddd, J = 5.7, 13.3, 13.3
Hz, H-2b), 1.80 (1H, m, H-3a), 1.50 (1H, dd, J = 5.2,
12.1 Hz, H-3b), 1.54 (1H, d, J = 11.5 Hz, H-5), 2.17
(1H, m, H-6), 1.84 (1H, m, H-7a), 1.30 (1H, dd, J =
10.2, 13.9 Hz, H-7b), 2.11 (1H, m, H-8a), 1.43 (1H,
m, H-8b), 1.73 (1H, m, H-9a), 1.41 (1H, m, H-9b),
1.25 (3H, s, H-12), 1.24 (3H, s, H-13), 4.86 (1H, s,
H-14a), 4.60 (1H, s, H-14b), 0.65 (3H, s, H-15);
BC-NMR (150 MHz, CDCl3) W% % 1. bk
Mol 5 SCEkE R — 3", 3Rt HSQC . 'H-"H
COSY.HMBC i, 52t &4 9 4 (7R")-opposit-
4(15)-ene-1p,11-diol,

EW10: AT ERMA (Ei), ESI-MS
miz: 241 [M+H]", 454 "H-A PC-NMR £ 4 H#E
2N CisHas0s. "H-NMR (800 MHz, CDCl3) 6:
1.40 (1H, m, H-1a), 1.09 (1H, ddd, J= 4.7, 12.8, 12.8
Hz, H-1b), 1.80 (1H, m, H-3a), 1.36 (1H, m, H-3b),
1.20 (1H, m, H-5), 1.93 (1H, m, H-6a), 1.04 (1H, ddd,
J =122, 12.2, 12.2 Hz, H-6b), 1.36 (1H, m, H-7),
1.60 (1H, m, H-8a), 1.29 (1H, dddd, J = 3.8, 13.0,
13.0, 13.0 Hz, H-8b), 1.45 (1H, dt, J = 3.5, 12.6 Hz,
H-9a), 1.16 (1H, ddd, J = 3.6, 12.6, 12.6 Hz, H-9b),
1.21 3H, s, H-12), 1.21 (3H, s, H-13), 1.12 3H, s,
H-14), 0.86 (3H, s, H-15); "“C-NMR (125 MHz,
CDCly) WAEHE W2 1. UL EEdE S SCikiE $oE—
U, Wik HSQC. 'H-"H COSY. HMBC R,
LAY 10 4 cryptomeridiol..

& 11 AERKR (M), ESI-MS m/z: 239
[M+H]", %54 "H-1 PC-NMR #5048 HE 4> 72
9 CisHy0s. 'H-NMR (500 MHz, CDCl;) &: 3.59
(1H, dd, J = 4.9, 11.3 Hz, H-1), 1.87 (1H, m, H-2a),
1.50 (1H, m, H-2b), 2.33 (1H, m, H-3a), 2.11 (1H,
ddd, J = 5.7, 13.6, 13.6 Hz, H-3b), 1.83 (1H, m, H-5),
2.30 (1H, m, H-6), 3.23 (1H, dd, J = 2.4, 9.9 Hz, H-7),
1.91 (1H, m, H-8a), 1.32 (1H, m, H-8b), 1.76 (1H, m,
H-9a), 1.39 (1H, m, H-9b), 1.76 (1H, m, H-11), 0.99
(3H, d, J = 6.8 Hz, H-12), 0.91 3H, d, J = 6.8 Hz,
H-13), 0.67 (3H, s, H-14), 4.95 (1H, d, J = 1.4 Hz,
H-15a), 4.81 (1H, d, J = 1.4 Hz, H-15b); "“C-NMR
(125 MHz, CDCly) #iE%dE W% 1. DL EFdR 55
kAR IE HodE — ", JFiEid HSQC. 'H-'H COSY.

HMBC %ilE , % %€ A4 11 24 octahydro-4-hydroxy-
3a-methyl-7-methylene-a-(1-methylethyl)-1H-indene-
1-methanol.

& 12: mEgRY (&), ESI-MS m/z:
239 [M+H]", 454 "H-F1 PC-NMR 3£ H#EW 43 7
M CisHag05. 'H-NMR (500 MHz, CDCls) 6: 2.22
(1H, ddd, J = 8.1, 10.4, 12.3 Hz, H-2), 1.51 (2H, m,
H-3), 1.88 (1H, ddd, J = 6.5, 9.1, 12.5 Hz, H-5), 1.53
(1H, m, H-6a), 1.39 (1H, m, H-6b), 1.40 (1H, m,
H-7a), 1.15 (1H, m, H-7b), 3.44 (1H, t, J = 3.3 Hz,
H-9), 2.04 (1H, m, H-10a), 1.77 (1H, m, H-10b), 1.64
(1H, m, H-11a), 1.51 (1H, m, H-11b), 1.46 (1H, brs,
H-12a), 1.43 (1H, m, H-12b), 1.00 (3H, s, H-13), 1.02
(3H, s, H-14), 0.92 (3H, s, H-15); C-NMR (125
MHz, CDCls) #E%dE Wk 1. DL EEOR 5 SRk
i —5 Y, 3Ri#id HSQC. 'H-"H COSY . HMBC
IE, A 12 4 caryolane-1,9B-diol

WEM13: LETEMKCTED, [a]p —197°
(c 0.1, CHCl;), ESI-MS m/z: 243 [M+H]", 4i& 'H-
A PC-NMR 3 88 #9047 A Ci3Hp04
'H-NMR (600 MHz, CD;0D) ¢: 1.61 (1H, ddd, J =
1.8, 3.3, 12.9 Hz, H-2a), 1.29 (1H, dd, J = 10.8, 12.8
Hz, H-2b), 3.79 (1H, m, H-3), 2.34 (1H, m, H-4a),
1.69 (1H, dd, J = 9.1, 14.3 Hz, H-4b), 7.20 (1H, d, J =
15.8 Hz, H-7), 6.21 (1H, d, J = 15.8 Hz, H-8), 2.32
(3H, s, H-10), 0.99 (3H, s, H-11), 1.22 (3H, s, H-12),
1.21 3H, s, H-13); "*C-NMR (150 MHz, CD;OD) %
WHOE LR 1. DLESEE S ScikaiE — 800, 6@
it HSQC. 'H-'H COSY. HMBC i, % EEY)
13 & (3S,5R,6S,7E)-3,5,6-trihydroxy-7-megastigmen-
9-one.

&Y 14: TRy (&4, ESI-MS miz:
221 [M+H]", 454 "H-F1 BC-NMR 3% 42 H#E ] 7 +
K CsH40. 'H-NMR (800 MHz, CDCl3) 6: 1.28
(3H, s, H-15), 4.69 (1H, brs, H-14a), 4.66 (1H, brs,
H-14b), 1.04 (3H, s, H-13), 1.05 (3H, s, H-12), 1.31
(1H, m, H-10), 1.77 (1H, ddd, J = 2.3, 6.2, 12.7 Hz,
H-8a), 1.57 (1H, m, H-8b), 1.90 (1H, dddd, J = 6.4,
12.1, 12.1, 12.1 Hz, H-7a), 1.63 (1H, dddd, J = 2.4,
6.1, 6.1, 12.2 Hz, H-7b), 2.20 (1H, ddd, J = 6.2, 10.5,
10.5 Hz, H-6), 2.42 (1H, dd, J = 5.4, 13.2 Hz, H-4a),
2.04 (1H, brt, J = 13.3 Hz, H-4b), 1.98 (1H, dddd, J =
1.8, 6.3, 6.3, 14.3 Hz, H-3a), 1.02 (1H, m, H-3b), 0.71
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(1H, ddd, J=6.2,9.5, 11.3 Hz, H-2), 0.47 (1H, dd, J =
9.4, 11.4 Hz, H-1); "C-NMR (125 MHz, CDCls) 3%
RO L 1. DA RS S SoEkaiE — 80, J6E
it HSQC. 'H-'H COSY. HMBC iiF, %5E1h&
14 >/ spathulenol.
&Y 15: TOEHRSE & (FEE), ESI-MS m/z:
239 [M—+H]", 454 "H-Fl BC-NMR #5308 H#E 7> 1-
M CisHy0,2. 'H-NMR (500 MHz, CD;0D) 8: 1.90
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R N 1o @ b DL R B S sk aE
HAE, RIERHR 5 49.1 (C-5) 4h, HAh%dEy
— 8, TENEE S A AT R 5 E R, I
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