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A sesquiterpenoid with an unprecedented 7,8-seco-guaiane skeleton
from Stellera chamaejasme L.

YING You-min', CAO Ji-geng', TIAN Ting', TANG Jing', WANG Shi-lei*", SHAN Wei-guang'

(1. College of Pharmaceutical Science, Zhejiang University of Technology, Hangzhou 310014, China; 2. College of
Biology and Environmental Engineering, Zhejiang Shuren University, Hangzhou 310015, China)

Abstract: The chemical constituents of Stellera chamaejasme L. were separated by comprehensive column
chromatography on MCI, ODS C-18, Toyopearl HW-40C, and silica gels. Structures of the isolated compounds
were determined by NMR (nuclear magnetic resonance), MS (mass spectrometry), IR (infrared spectroscopy), and
quantum chemical calculations. Nine compounds were isolated from the chloroform fraction 95% ethanol extract
of the titled plant and identified as chamaejaslactone A (1), stelleranoid A (2), stelleranoid D (3), stelleranoid E (4),
wikstronone A (5), wikstronone C (6), chamaejasmone D (7), daphnauranol A (8), and holosericin B (9),
respectively. Among them, compound 1 was characterized as the first example of a sesquiterpenoid with an
unprecedented 7, 8-seco-guaiane skeleton. In the in vitro bioassay, compound 1 exhibited moderate inhibitory
activity against Escherichia coli-originated S-glucuronidase with an IC,, value of 51.79 = 3.21 pmol-L".
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Figure 1 Skeletons of guaiane-type sesquiterpenoids
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Figure 2 Chemical structures of compounds 1-9

FER5118
1 LR

&Y IR, [a]X -61.8, (¢ 0.07, MeOH);
1E 5 ¥ HR-ESI-MS & 7R #E 4 1 & 1 U§ m/z 249.149 4
[M+H]" (i 58 C H, 0,7, 249.148 5), #EnH 7N

C,,H,,0,, NI AIFE N 6. 'HNMR (CDCL,, 600 MHz)
(&) B DX T1E S [0, 5.68 (1H, dd, J= 4.6,
23 Hz)], —MEREHE R 7155 [J, 488 (1H, d,
J=12.0 Hz), 3.94 (1H, d, J= 12.0 Hz)], 3 ™ & 715
Z [0, 132 3H, s); 6, 1.03 (3H, d, J = 7.2 Hz); §, 0.98
(3H,s)]. "C NMR AIDEPT i (£ 1) &/~ 1555,
A5G 34N B (4N R (CH i — AN 8 40T Rk O
70.1)3 MR BBk (R — N R R R 5. 126.2)
DA 5 AN =B (46— AN B Bk S O 211.4, — > A B ik
56,1693 Al — MG Z=Tk 0, 143.3). AW 1%
WA 27 T 8 B A Joe R A5 e 1l 1) 3 20 P A, HLR
B G 25 ) A AE — A SRV A AN kB . X EE
chamaejasmone D (7) 4% W4 B4, &5 & A FE 75
BT, RIUED U =R E AR RS 205 .

'H (600 MHz) and “C (150 MHz) NMR data for
compound 1 in CDCI,

Table 1

No. 6, mult. (J in Hz) O
- 1433, C
5.68 (dd, 4.6, 2.3) 126.2, CH
3 2.68 (dddd, 16.5,8.2,2.2,2.2) 40.6, CH,
2.09 (dddd, 16.5,5.1,2.5,2.5)
2.58 (m) 33.7, CH
5 3.10 (m) 44.7, CH
2.61 (m) 38.6,CH,
2.37(dd, 13.9, 6.8)
- 211.4,C
8 - 169.3, C
2.26 (brd, 17.6) 40.3, CH,
2.50 (brd, 17.6)
10 - 40.7,C
11 - 4938, C
12 3.94 (d, 12.0) 70.1, CH,
4.88 (d, 12.0)
13 1.03 (s) 18.0, CH,
14 1.32 (s) 19.5, CH,
15 0.98 (d, 7.2) 17.0, CH,

'H-"H COSY i (3) ft7x H-2 (6, 5.68)/H,-3/H-4/
H-5/H,-6 LL J H,-15/H-4 #5545 =, K W7 E=CH(2)-
CH,(3)-CH(4)(CH,(15))-CH(5)-CH,(6)-4% ¥4 /i Bt . HMBC
i (&]3) BRH-55C1.C-2 4%, # C-15 C-5 M,
317 #4) 2 1 55 chamaejasmone D (7) ZRALL Y 4- H FE 21
R S5 R BT (A FR). BRAE, B AT W8 ) H-2 5 C-10,
H,-14 5 C-1.C-10.C-11, H,-13 5 C-10.C-11.C-7, H,-6
5 C-7 (6. 211.4).C-11 Z [i] i HMBC M 5515 =, & W]
C-1 5 C-10 M3, C-11 5 C-10.C-7 #iE, & %3
B, ZHIT C(1)-CH(S) 5 4- F 3 34 1% 45 3
&, HAE C-10F1 C-11 fr 5y BIAELE M k. ik — 35 0 i
HMBC i (Kl 3) &I, H,-9 5 C-8.C-10.C-11.C-14 4
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%, H,-12 5 C-7.C-8.C-10.C-11.C-13 #f3%, &7~ C-9
5 C-8.C-10#H3i&, C-12 5 C-13 MiE, HC-8 5 C-12 2
R T B P9 B 25 40, pR M 2 8 C(10)-C(11) 53 2
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Figure 3 Key 'H-"H COSY, HMBC, and NOESY correlations of
1
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Baeyer-Villiger 46 « 7K fif S N TR A6 55 OB AE A%, 10
FEAY I C-4F0 C-5 i B8 4k . 48 BEAED, A 540
15 chamaejasmone D (7) 7F C-4 F1 C-5 {7 B H # [F 1)
AHXF A B, B H-5 5 H-15 46 F =R, 258 a 5 1
. fENOESY i (2) 1, H-55 H-4 /6%, i 5 H,-
ISAKR, HE—BEE T Rk HEWr . thah, of o] W 5%
FH-5/H,-9 (5, 2.50)-H,-9 (J,, 2.26)/H,-14 \H,-14/H,- 12
(65 3.94)\H-12 (6, 3.94)/H,-13 [FINOESY # K Af5 5, #&
NH-13 5 H-15 Y8 R #L

T BGAE C-10 A1 C-11 A7 A X A4 2, R /= 11k
SETTESHIEE T (457,557,108, 11R")-1.(45",55",105,
118)-1.(4S",55",10R",11R")-1. (45,55 ,10R",1157)-1 ]
NMR ##f5 . DP4+73 #7245 K B, (457,557,108, 11R")-1
(VLS BEIK 100%, AT E A2 1 IRAEXS LR 48,
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density functional theory) /572, 7E B3LYP/6-311+G(d,p)/
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Figure 4 Proposed biosynthetic pathway for compound 1
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Figure 5 Experimental and calculated ECD spectra of compound

1. ECD: Electronic circular dichroism

2 p-EEFEREE ISR TN

Ji7 T8 A B~ %0 W % TR HF B (B-glucuronidase, GUS)
F2 I 8 S AR ) 7 AR ) — S T KA I, 38 i K A U
PE 5 HMIE AR 0 10 R I R 45 5 1), RO Ui
TG, 3 S 25 ) AU B PR 28 A A R A
A e I i T8 R GUS, AT AT 250 1) B i 1E
B T W OB R )R AR O IR NIRRT
-1 E EAENLRI B4 T E B T AN R, R4
FAL T 00 v 2 ) T 28 GUS 4l 1) B A B B R R X
Fe R E AN H . A K F pNPG (p-nitrophenyl-g-D-
glucuronide,) ¥E VP T A0 1~9 X5 K # B GUS
AIEIE T . B4, 76 100 umol- L™ ¥R E F Xt 4= 3 ik &
YIdEAT TR . a5 SRR, A& 1 X R GUS
() 40 1) 20 75.3%, T A A0 A 1 0 40 i) 2R 3K T

o

W: O _ Baeyer-Villiger- Og
type oxidation =
H OH

OH
iii Chamacejasmone D (7)



- 3126 - Z5% %4k Acta Pharmaceutica Sinica 2026, 61(8): 3123-3128

20%. AR L SR, E— R IE TAE Y1 I IC, H
95179 +3.21 pmol-L", 5 A1 2 D-74 %) HE —12-1,4-
PTG (IC,, fE M 50.64 £ 5.03 pmol-L™) FYTFHHEAH .

LI ER Sy

J-815 B 5] — a5 3k A% (H 4 Jasco A 7]), Rudolph
Research Autopol III B 3ji¢ 4% (32[E Rudolph Research
Analytical 2> @), Nicolet 6700 8 B -8 44, 21 41 H 15 43
(3% [ Thermo Fisher Scientific /A &), Bruker Avance
600 A% filh F 4% 9% WA (48 [ Bruker 2 #]), Agilent 1260
T R € 4SRN Agilent 6530 Q-TOF 1 43 3 i i 4%
(ZE[H Agilent 24 7]), LC-2000 2 il £ A i 4% (b5t
W% BB BR 22 7)), SpectraMax Plus 384 i b 4% (-
HERD TIBRARAT). K (200~300 H, 300~
400 H, HHF Bt TABR 2 7)), MCI CHP20P W)
BB JIE (H A Mitsubishi 2+ 7)), ODS C-18 K AH# JZ #T
FARL (HA YMC A7), Toyopearl HW-40C ¢ i €41 31
KL (H 4 TOSOH A 7)), # 2 E#THk G60 F-254 (F
LR R T RATBRA 7). FE 1 5 80mAH (i B
FH 770 50 3 R o B i Rn €t 4 ([ 25 S Ak 0
BRA T K B p-H %) bl % 1R H B (G7396)4-1H
FERIE p-D- MR (73677) ¥ H 25 [H Sigma A
D-F % i 12 -1,4- W G (S49005) W [ L35 A4
BHE AR A A

AT EYREA T 2016457 H R AV )& H
BOBIG B 6 M H B, S0 2= 2 B 25 o bl fl 807 %
TE N i A BHIE W 5 A IR B S. chamaejasme L. (1) T 1
MR, BRA (ZIJUT-2016-RXLD) {47 T #iiL Lok K224
S5 R AR 2 WA T T
1 RESE

i IR EE 10 AT, LL95% L FE 30 L) iZHE 41Kk,
FERIZIL 4 do B FFFEIUR, 40 °C I E IR 46 15 HLIR Y
2E (1300 g). #ixRE LK 3 L) BiF, SHME
REEL3 VR A I AT AT, 40 °C R IS VA 7, 5 AU 2
YR E (122 g).

A REBRE (122 @) LB EN B, A
M- 208 2B (4001~ 101) B Y, LA = (il A
WE I8N (A~H). 4173 C (13.6 g) £ MCIE:
JEHT S, LLHEE-/K (30:70~100:0) B Pe i, 75321
3AYLS C1~C3. 414 C1 (298.7 mg) ZLHEM /3 B, LA
F - TN R (61 1) BEML, SLEY 1 (5.0 mg). H o
C2 (163.4 mg) L RERE 70 85, LAAT i k- I B (10:1) ¥
Jit, 19L& 9 (5.2 mg). #4143 C3 (99.5 mg) 4 ODS C-
18 K EMT 7055, LAHERE-7K (45:55~70:30) H6 & be i,
BT (79.5 mg).

445> D (6.0 g) & MCI K JZHT 9 5, DL EE-/K
(40:60~100:0) B FZBEML, 53 N4 45 D1~D3. 2H77
D1 (121.3 mg) %4 ODSC-8 £ JZ #t 4> &, L H fiE - /K
(40 60~50: 50) B & I i 75 44 & ¥ 4 (14.5 mg) 12
(6.4 mg). #1 4 D2 (120.1 mg) % & %t ik Toyopearl
HW-40C 5 JZ #r 44k, DL B35 e 15 75 A 4 7 D2A Fl
D2B. #17) D2A % ODS CI8 41 Z #1705, LA i -k
(50:50) Hefii, 51L& 913 (8.8 mg). 414 D2B %4 ODS
CI8HEZ M43 55, LAH EE-7K (40:60~60:40) 5 FEBE i,
1k &Y) 8 (16.0 mg). #14r D3 (319.4 mg) J&%4: ODS
CI8 FEEHT 70 8, LA EE-/K (50:50~70:30) £ & ¥k
Jiit, 45PN 41 7 D3A AT D3B. 414> D3B (39.6 mg) &
Tk AL R A 24k, DLA i BE- TS (81 1) Pefi, R E
)5 (7.8 mg) 16 (14.2 mg).

2 SEHEE

a1 TEHRY; [0]X —61.8, (c 0.07, MeOH);
IR (KBr) v, 3362, 1636, 1093, 1009, 925, 621 cm™;
HR-ESI-MS m/z 249.149 4 [M+H]" (it 514 C H,,0,",
249.138 5); '"H NMR (600 MHz, CDCl,) #1"°C NMR
(150 MHz, CDCL,) 4 WL3& 1.

&2 BB EERK; [ay +50 (c 0.1,
MeOH); 'H NMR (600 MHz, CDCL,) &, 4.77 (1H, brs,
H-12a), 4.71 (1H, br s, H-12b), 431 (1H, s, H-2), 2.86
(1H, m, H-6a), 2.63 (1H, m, H-7), 2.61 (1H, m, H-6b),
2.36 (1H, ddd, J = 14.7, 13.1, 4.1 Hz, H-9a), 1.77 (3H, s,
H,-13), 1.75 (1H, m, H-8a), 1.72 (3H, brs, H,-15), 1.70
(1H, m, H-8b), 1.60 (1H, ddd, J = 14.7, 13.1, 4.1 Hz, H-
9b), 1.37 (3H, s, H,-14); "C NMR (150 MHz, CDCL,) 6.
206.0 (C-3), 173.4 (C-5), 151.0 (C-11), 136.8 (C-4), 109.2
(C-12), 81.8 (C-1), 76.0 (C-10), 73.1 (C-2), 42.2 (C-7),
38.3 (C-9), 37.7 (C-6), 31.1 (C-8), 28.1 (C-14), 20.4 (C-
13), 8.5 (C-15). LA B3 5 SOkl ol i Fiotls — 2, &
E ZAE WD stelleranoid A .

twEW3  LOHRY; [a]y -85 (c 0.1, MeOH);
'H NMR (600 MHz, CDCL,) 6,, 4.73 (1H, br s, H-12a),
4.69 (1H, br s, H-12b), 2.70 (1H, t, J = 11.9 Hz, H-6b),
2.53 (1H, d, J = 18.0 Hz, H-2a), 2.46 (1H, dd, J = 12.1,
2.6 Hz, H-6a), 2.36 (1H, d, J = 18.0 Hz, H-2b), 2.03
(1H, m, H-7), 2.01 (1H, m, H-9b), 1.89 (1H, m, H-8b),
1.73 (3H, s, H;-13), 1.66 (3H, s, H,-15), 1.56 (1H, m, H-
8a), 1.38 (1H, ddd, J = 14.9, 9.9, 3.0 Hz, H-9a), 1.21
(3H, s, H;-14); "C NMR (150 MHz, CDCL,) 6. 206.5 (C-
3), 172.8 (C-5), 149.8 (C-11), 138.0 (C-4), 109.8 (C-12),
81.8 (C-1), 74.5 (C-10), 47.1 (C-7), 46.8 (C-2), 35.4 (C-
9), 30.6 (C-6), 27.6 (C-8), 26.0 (C-14), 20.1 (C-13), 7.7
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(C-15). LA &l 55 SR e T 1 s — 2, 08 1%
& ¥A stelleranoid D

twEma BEITERRAK; [ay +73 (c 0.15,
MeOH); 'H NMR (600 MHz, CDCL,) §, 4.76 (1H, brs,
H-12a), 4.71 (1H, brs, H-12b), 2.98 (1H, dd, J = 17.7,
1.0 Hz, H-2a), 2.75 (1H, m, H-6b), 2.70 (1H, m, H-7),
2.61 (1H, m, H-6a), 2.23 (1H, dd, J = 17.7, 1.0 Hz, H-
2b), 2.20 (1H, m, H-9a), 1.76 (3H, s, H,-13), 1.71 (1H,
m, H-8b), 1.68 (1H, m, H-9b) , 1.67 (3H, s, H-15), 1.64
(1H, m, H-8a), 1.38 (3H, s, H,-14); *C NMR (150 MHz,
CDCL,) 6. 206.1 (C-3), 171.2 (C-5), 150.7 (C-11), 139.8
(C-4), 109.4 (C-12), 84.7 (C-1), 75.3 (C-10), 48.6 (C-2),
42.9 (C-7), 39.7 (C-9), 35.5 (C-6), 29.2 (C-8), 27.6 (C-
14), 20.3 (C-13), 8.4 (C-15). VL _E %4 5 e wk!" 3k 8
I s — 2, % 1% 40 &Y N stelleranoid E.

&S EEEIRY; [a] +23 (c 0.15, MeOH);
'H NMR (600 MHz, CDCl,) 6,, 4.78 (1H, br s, H-12b),
4.75 (1H, br s, H-12a), 2.70 (1H, td, J = 12.2, 2.9 Hz, H-
6a), 2.58 (1H, d, J = 18.0 Hz, H-2b), 2.53 (1H, m, H-
6b), 2.43 (1H, d, J = 18.0 Hz, H-2a), 2.42 (1H, m, H-7),
1.82 (1H, m, H-8b), 1.80 (1H, m, H-9a), 1.78 (3H, s, H,-
13), 1.73 (3H, d, J = 2.9 Hz, H-15), 1.51 (1H, m, H-8a),
1.42 (1H, m, H-10), 1.38 (1H, m, H-9b), 1.09 (3H, d, J =
6.7 Hz, H;-14); "C NMR (150 MHz, CDCl,) 6. 205.8
(C-3), 173.8 (C-5), 149.7 (C-11), 137.3 (C-4), 109.5 (C-
12), 79.7 (C-1), 51.0 (C-2), 45.9 (C-10), 41.7 (C-7), 30.9
(C-8), 28.0 (C-6), 27.4 (C-9), 20.7 (C-13), 17.6 (C-14),
7.8 (C-15). LA EHR 5 SClR! R 1) #ods — 2, e
1ZA & W) N wikstronone A o

thE&Me  LRY; [a]y -30 (c 0.1, MeOH);
'H NMR (600 MHz, CDCL,) 6, 4.75 (1H, br s, H-12a),
4.70 (1H, br s, H-12b), 2.82 (1H, td, J = 11.1, 3.9 Hz,
H-7), 2.73 (1H, brd, J = 19.2 Hz, H-6a), 2.63 (1H, d,
J = 18.2 Hz, H-2b), 2.52 (I1H, dd, J = 19.2, 11.6 Hz,
H-6b), 2.45 (1H, d, J = 18.2 Hz, H-2a), 2.27 (1H, m,
H-10), 2.16 (1H, m, H-9a), 1.76 (3H, s, H,-13), 1.69
(1H, m, H-8a), 1.66 (3H, s, H,-15), 1.54 (1H, m, H-9b),
1.53 (1H, m, H-8b), 0.77 (3H, d, J = 7.1 Hz, H,-14);
“C NMR (150 MHz, CDCL,) 6, 205.2 (C-3), 171.3 (C-
5), 151.0 (C-11), 138.9 (C-4), 109.2 (C-12), 83.2 (C-1),
51.4 (C-2), 43.0 (C-7), 40.1 (C-10), 35.8 (C-6), 30.9 (C-
9), 30.1 (C-8), 20.5 (C-13), 14.6 (C-14), 8.0 (C-15). LA
5 SCERURGE B BOE — 8L S E AN
wikstronone C.

twEWT  LEMCIRY; [a]y) -28 (c 0.15, MeOH);

'H NMR (600 MHz, CDCL,) 6, 5.28 (1H, d, J = 2.8 Hz,
H-2), 3.70 (1H, d, J = 11.7 Hz, H-12a), 3.65 (1H, d, J =
11.7 Hz, H-12b), 2.69 (1H, m, H-5), 2.59 (1H, m, H-3a),
2.52 (1H, d, J = 19.2 Hz, H-9a), 2.43 (1H, dd, J = 14.6,
7.3 Hz, H-4), 2.14 (1H, d, J = 19.2 Hz, H-9b), 2.02 (1H,
m, H-3b), 1.96 (1H, m, H-6a), 1.42 (1H, dd, J = 12.2,
8.1 Hz, H-6b), 1.24 (3H, s, H,-14), 0.91 (3H, d, J =
7.2 Hz, H,-15), 0.90 (3H, s, H,-13); "C NMR (150 MHz,
CDCL,) 6, 148.0 (C-1), 119.6 (C-2), 84.5 (C-7), 66.0 (C-
12), 49.2 (C-11), 47.1 (C-9), 42.7 (C-5), 41.9 (C-10),
41.1 (C-3), 33.5 (C-4), 33.4 (C-6), 17.6 (C-15), 16.4 (C-
14), 12.5 (C-13). A & 5 SOk 1) Bl — 2L,
Y% 1% 5 YN chamaejasmone Do

&8 HETLEERAK; [a +59 (c 0.1,
MeOH); 'H NMR (600 MHz, CDCL,) 6,, 6.14 (1H, d, J =
1.2 Hz, H-9), 4.72 (1H, s, 7-OH), 3.45 (1H, dd, J = 10.8,
8.0 Hz, H-13a), 3.25 (1H, dd, J = 10.8, 5.8 Hz, H-13b),
2.30 (1H, m, H-11), 2.24 (1H, m, H-4), 2.06 (2H, m, H-
5/H-12a), 2.02 (3H, d, J = 1.2 Hz, H,-14), 1.96 (1H, m,
H-3a), 1.92 (1H, m, H-6a), 1.86 (1H, m, H-2a), 1.60
(1H, ddd, J = 12.5, 6.5, 2.2 Hz, H-2b), 1.51 (1H, dd, J =
13.3, 10.6 Hz, H-6b), 1.38 (1H, m, H-3b), 1.21 (1H, dd,
J=1.4,4.3 Hz, H-12b), 1.00 (3H, d, J = 7.2 Hz, H,-15);
"C NMR (150 MHz, CDCL,) 6.202.3 (C-8), 174.9 (C-
10), 127.4 (C-9), 83.2 (C-7), 65.7 (C-13), 51.9 (C-1),
45.8 (C-5), 43.6 (C-11), 35.1 (C-2), 35.0 (C-4), 33.6 (C-
6), 33.3 (C-3), 33.0 (C-12), 23.5 (C-14), 18.8 (C-15). LA
R S SRR E B — B R AN
daphnauranol A,

tEW9  TEEHRY; (o] +8.7 (¢ 0.1, MeOH);
'"H NMR (600 MHz, CDCL,) 6, 4.91 (1H, s, H-13a), 4.73
(1H, s, H-13a), 4.56 (2H, s, H,-9), 2.49 (1H, m, H-5),
2.41 (1H, dd, J = 9.7, 13.9 Hz, H-6a), 2.28 (1H, dd, J =
14.0, 6.1 Hz, H-6b), 2.24 (1H, m, H-4), 2.02 (3H, s, H,-
15), 1.86 (2H, m, H-2a/H-3a), 1.71 (1H, m, H-2b), 1.67
(3H, s, H,-12), 1.55 (1H, m, H-3b), 1.07 (3H, d, /= 7.3 Hz,
H,-14); "C NMR (150 Hz, CDCI,) J. 176.4 (C-8), 156.9
(C-1), 150.0 (C-11), 127.0 (C-10), 109.3 (C-13), 84.7 (C-
7), 72.8 (C-9), 45.5 (C-5), 39.8 (C-2), 36.0 (C-4), 32.5
(C-3), 19.64 (C-12), 19.57 (C-6), 17.5 (C-14), 12.6 (C-
15)e LA B Eds 5 SOkl R s — B S i A
¥4 holosericin B
3 KIBHE GUSHNHLEME TN

KW AT B GUS i) v 14 VA S 56 20 3R 2 26 AR
ARZH AT R R SO AR
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4 NMR5ECDitH

&)1 1 NMR 5 ECD i+ 5 45 #7 3K FH A5 1k T
ERFESAT « B ¢, & MM2 (molecular mechanics 2)
135 Wik Ak )5 , 14 ] OPLS4 (optimized potentials for
liquid simulations 4) /73 317 ¥ S48 &, AR B %R
22 % A R T 0.01% MARRE M R . Bl S, KT H
{5 B8 K9 % 4E B3LYP/6-31G(d,p) KF (L) FBE4TAR
A, J I B SR 9 0 RS AR . B
MR & A il B AT S R BUR 282 A
BC NMR J# iz 7 ZUE mPW1PW91/6-31G(d,p)/PCM 7K
PR, FR LU TMS (tetramethylsilane) SN2 L 55
tk 2% 2 % ; K Fi MAD (mean absolute deviation) Fll
DP4-+E PPl B R 28 2 IMBLUE I =62 . ECD Y
%@ i TDDFT J5 ¥ 4E B3LYP/6-311+G(d,p)/PCM 7K *F-
TS, SO A R BUR 282 IR A B

E& Tk ML S A e R R RS
2R A DT A EVE MR HIE S S5 A Y NS E; E
1 57 NMR 5 ECD 115, T 47 5% S 06 ol 21 1) il 4 47 18
SR T R S G B BT I B L SR T
R e 5 1A

FER IS A AT R 7 AT R 25 00 5
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