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Studies toward the Total Synthesis of Xanthochymol
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Abstract Xanthochymol, a polycyclic polyprenylated acylphloroglucinol (PPAP) natural compound, has demonstrated good
anticancer and antimicrobial properties. However, no related studies on the synthesis of xanthochymol have been reported
hitherto. In this study, 3,3-dimethylglutaric acid was used as the starting material to synthesize a key linear precursor via sev-
eral steps, followed by a domino Dieckmann condensation reaction to construct the bicyclo[3.3.1]nonane-2,4,9-trione core
skeleton. With that, the total synthesis of (% )-xanthochymol in 11 steps with a total yield of 10% has been first accomplished.
By obtaining the side chain diastereomers of xanthochymol through this study, we have clarified the difference between them
on the 'H NMR and '*C NMR spectra while at the same time provided references for future isolation, identification, and dis-
crimination of xanthochymol from its side chain structural isomers.

Keywords polycyclic polyprenylated acylphloroglucinols (PPAPs); bicyclo[3.3.1]nonanes; Dieckmann condensation; dom-

ino reaction
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i 24 P 4 35 €8 ) 4 Bk B (Methicillin-resistant  Staphylo-
coccus aureus, MRSA)1] f /MR EMIC){E 3.13~
12.50 pg/mL (8], HimpRH 2758 RA S 180
BRI SR B T3 S-Ariuss B & A — Mg KA R
R BRI U, A5 5 1 4 30 ) R P R B P A A VRAT AR i X
BESEAAR, G0 guttiferone E (2), cycloxanthochymol (3,
K i S E) AT isoxanthochymol (4, 3 KM e 1 i) &5
(B D). REHMLEY 1,2 F1 4 XA EY) 3
(VRO R 2 LR, AL L S A AR P R AL, 3 AR —
F )5 B T Bl e AT o B AR A e Rk, ekt —
PR T4 1R TV £ SRR AR =4, X e et i e
MM EA A BN E . FNFEERNZ, BT
KRS S-Ar e b & A STk n, NERE
et ok T Pk

R4 10 A 1% 53 BT (Scheme 1), W K I g 36 (1)
C-3 A7 b FmEHE T 45 2 XA [3.3.1] F FE-2,4,9- = HH(5)
GEKL, PR o) A5 2 2 BUR R TR 6. 1R

xanthochymol (1)

guttiferone E (2)

ATV AT R R 52020, K BRI EER) C-3—C-4
C-1—C-9 {4k ik 6 1A X Dieckmann X
NRAAZE, T C-5 A7 AEE ) AT DUE I A A 7 e g
S NASE]. FIFX AN A RIS, C-5 7 1) F P B v]
DABG AR He A i A J6e, 7 4 Hh SB35 Rty G AN [R) 7 AR
YEELERIN B B PPAPs RULEMINI A IR, &)a, 1Rk
BRI 2 BURERIRIEY) 7, AT LAH BRI 251811 3,3-—
FH R T R (8) e A b 5 7 I 5 VR (9) R AR Joe A R N
BB SN R W ER0) KA B IR R N K 3RS

1 HR5iHe

BT Ewds, AT H AR 2 i A )
B BRSO S ) % A A AR EE A MBI R
11, REHH =R SEE R AL IE B ) BT iR
Me,AISEt f# 1t B 5t Dieckmann [ N — 5 3R (Eq. 1). R
I Z BV 2 A, b7 92 B AT v Y R s R,
B REINOA3. 3B 2N AL, R 7 2 L AR

A% cycloxanthochymol (3)
A% isoxanthochymol (4)

2R GN8N

Figure 1 Xanthochymol and its isomers

Acylation

Domino Dieckmann
condensation

Xanthochymol (1)

Nucleophilic
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/' Alkylation

Alkylation

B 1 KBRS R T

Scheme 1 Retrosynthetic analysis of xanthochymol
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SHIE.

R3 Lewis acid,
CO,Me i.e. Me,AISEt

R'" R? CO,Me
1

ARG DL 3,3- T HI B R R8N IR IR K, &
B CHIR NS s 13020 [H R 458 13 A REE, f
B BB FASEAT T 25 5 B K A= Mk 17 (Scheme 2).
PATERIE S S $ AR PR B G 15 BRI
RAACT=H, 15 13 1E 2P L2400 To/PPhs/BRIE,
NIS/PPhs, NBS/PPh;, Nal/(CH;)sSiCl, PPhs+Br,/ Hit % ,
PPhs/CBrs fl PPhs/CCL S5 55, B T K™= 4 17 LLAE
WA Hirr=re, AT N-EART ZBEIEZNCS).
SRR BRI ER B A F A AR 30% S AT
. BE— PRSI R I, TEAEH PPhyeBro/MEIE 1) 5%
RIS, BT ) PPhseBry /200 SRR, 74 R ik
FEYD 17 A K. B HEH] PPhyeBro 21X AN S A% il A,
FAT 2 A = BRI e / = 2% 13 10 2% 1 DR AL 1) %
PPh;*Br; i57)(Scheme 3), i iX—#AE o] AR =%
FURIREPE, ANTAE S SRR, B 28 SONEAE N6 A R &
DS 2RA= ) 1520, g — B A RICLGEY 13 5
PPh3eBr R NI, 234 564+ [ b (Scheme 2). iR
R RBF] 17, BEFE 15 AR, 4T e RE [ e e

13

16

Y15 P ERAE 90%. AR SR 2 S BUkK
P 2 A B, R AR IX AN RO LR B A G
HEMEA.

BEJ5, 74 15 7E08 NaH [ 454F F LA N,N-— FI L
Bl (DMF) N, 50 8 W ES(10) K& A KL %
NAS B HER YD 7 (Scheme 3)21. 7 4 —%F i A0 5z )
X e AL A, T FH & OARAE 43 T, (B BT IR T A
BEFEVEM Z IR FE 2 Bl v B, R G AR S50 1 72
RO X R S A AR AN B 4 T, EARIEAT R — 2B O
R, (AT SR EE 1822 & — Dt ik
N, AR RO 2V EEIR AR 6. HTHEY) 6 5F 3
ARG, RIEATBEAE R 4 xﬁwﬁ)ﬁﬁﬁ:. BRI
WA RN S AR AR AT, W g
B THA. BJG 6 (£ LREE. =HESMHA T RE—$
H X Dieckmann RIA L. FEIX/NIEFEH, BT UERS
ME| 8 JLH =R, RN 8 S =ik,
BATE RS . ZHREREMA T, RN 8 U,
T O A B B (3.3 1R PR3, AR 3 22 R AL B
GrHTR0) AR EERL 6 FHAELE ) A SN P S A
R s, JER D (1)BRE B AR R 7 Ak A 0o e BUAE
SN BT B (2) R R S8 7 BN A
AR BRI [3. 3 1 ARG A R Ik i S AN A5 31— %of [
A4 7. A A 5 e T AR 1 S R B S AL A (£ )-5a
(£)-5b, tL{ER 12 1.

Br

BR2 e 13 IR s N

Scheme 2
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EE=S

COzMe

BHLE
HO
0 Z pyridinium tribromide Br
PPhj3, pyridine 10 NaH, TBAI CO,Me
THF, 70 °C = N DMF, 40 C
| 90% 80%
13
|
M AlMe;, CH;CH,SH
. +
DMSO, 40 °C DCM, 50 °C o

70%

69%

X7
%

(£)-5a

B3 X331 E et
Scheme 3 Synthesis of bicyclo[3.3.1]nonane ring

FE 58 JWUIA[3.3.11FE-2,4,9- =Bl 5 B i 1 2 )5,
FATH C-3 ML EEAL R NEAT T %2, RIUHUT BE4
B O S R EASBRIR K A C-BR SR Ak e B, RIVAE
HEIRCT B AN SR B SRR, ROV S
BIARAREE, AR B ). e T K2
AN, a0 NaH. 75 H 5 e R fZ L4 (LHMDS)
T SRS EA(LDA) n-BuLi Z5#EA KA RN, T

52 B LAY, [ R (Scheme 4). I 5 S % B2 A R Uk, B
i MR RSB DB FHIREASE AN, ik
AR I K RS 5 ik HLR S A8, i 25 R A
WA AR AR R, X — &P BE — e IR,
AREFAL P Y AR KR, DL 51%~55%[1 77 %
(B8 [ S0 J 9 1 8 10, Gt S A it kot (1
AR, BN G T I BE AR B R AR K R B I

2 I N ) T 2 A A TR AR & 1) 19 4 B 7 o R Y 10191,

99% 4l ) K L&, 1RAE Z R3] T BRI 2. X ks

SRR R AR R R R, e 2 BB

BT 19 PIAEEE N 95%FE =i 2 T 99% LA b, BIhig 3| DL 3,3-HIS R e Ny ERL Wit — R R %

BEHAL ™). X&) 5a f15b
= OJEAE L FEREGE T

=AML
S R (0 26 T R (19)

T C-1.C-5 1 C-7 M5 ) & Bk 22 BUARZR M mir Ak, 1
JETEZWRAR . OB AL A TS 2 TR Me2AISEt

(1) Et;N, SmCls, 19, rit.
(2) K,CO3, MeOH

51% ~ 55% for two steps
(0]

AcO 19

(£)-5b (+)-Xanthochymol (1)
W N e 2
Scheme 4 Synthesis of xanthochymol
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{3k, i A BX Dieckmann 45 & 1 50— 25 1 25 4 H
WER KRR R . AR, AR T
PPhs*Br, 71 (G PEXHR AL s S sE MR, BA AR A 1 2t
FEXT AL [ BTS20 58, RZ IR R SLAE RAR =&
B BN SR AE T A S 3. i AR e 2R 1 T AR 1)
C-1. C-5 F1 C-7 ik, FATAEIXAHEWIEH T HAh
PPAPs SRR WINI & A, Tk — D AR XA
97 (1) 373

3 IEES
3.1 UES5HF

AHIF TR A FH 1 s 2375 R TG K 71 38 A Zs 1H R
WS, ToRF Ik Ut B S50 0 7E ToK A 2 1 N4 AE. sk
6 P E b A e P 32 605 (TLC) W 0 e B3R FE, W i
REHE: BAMT RN, EEE. M EERE S
BEAH TR 2 (0. BEREFEIR(NMR) A S . B & — et
AV-400 MHz(#% [ Bruker A ), AV-600 MHz(#&
Bruker A #])5k Agilent 400 MHz(3% [E Agilent A =] )%
FLPRACM 5E, PL CDCls, CD;0D 8%, DMSO-ds 14771l g FE
#fE. 'TH NMR H 5% R A E (0) i F: CDCl A 7.26,
CD;OD 4 3.31, DMSO-ds 4 2.50; i *C NMR 5% i ¥4
U&7 E (6): CDCl; A 77.2, CDsOD A 49.0, DMSO-ds
A39.5. AAMEEEIR)H Perkin- Elmer Spectrum 983G )
WA (35 [ Perkin-Elmer 2 &) & . =5 4 #% it i eH
SYNAPT G2-Si HDMS A 57 1% 4% (3% [ Waters 23 ] )il € .
T RO 5 1% (HPLC) He 55 [H Waters A | 2535 R4 H
Mg, BTSN Xbridge C18 #£(4.6 mm X250 mm,
5 um)(EE Waters AF]), FE & 02 B Bl &4 R
Xbridge Prep C18 OBD fill % 4#£(19 mm X250 mm, 5
pm)(EE Waters A m)FEFEATH. TR ML ARG TLAK
FEI T R AT BRA R A P21 100~200 HEER; HEHE
FRER A G L AR FT KA B A F A=) 300~400
HEERL. et Autopol B [ S K SRR IR EGAX
(24 [E Rudolph 2 &)l .
32 ka6 ERK

BIREWYT (7.6 g, 19.3 mmol)¥A T 150 mL - FHZED
HU(DMSO), F£K s Nk R T UKk R 20 3E, o b 22
2\ NaH (60% in mineral oil, 1.2 g, 29 mmol). f}&4
K, BIREYIERTHEZE 40 CIHgksAisE 0.5 h. #%
ERRNANEERE, MNAAEY 18 (11 g, 42
mmol), FF7EFIRARSIREE 6 h. TLC Wil F) 52 B 45 R ),
B 100 mL HoO ¥ K N, FFH OB SFEZEHL (150 mL
X3)., EHANA, A KERAENAH, K
Na,SOs M, R W46 b L A WA A, HEN 53
(Rr=0.5, fiilk/ CFRATER, Vi V=10 D4itb1535] 7.3
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g RFEBPIRIBA LA 6, 725 70%.

2-(4- LW B -33,7- = B 24- = Rk IE AT
FE)-2-(2- 57 TN M 2 -6- HE O UM 228 I 1R — W I (6a) (%
AN SH44): TH NMR (400 MHz, CDCls) 6: 5.14~4.94 (m,
2H), 4.90~4.52 (m, 4H), 3.75~3.59 (m, 6H), 2.94~2.78
(m, 1H), 2.44~2.13 (m, 3H), 2.10~2.06 (m, 3H), 2.05~
1.88 (m, 3H), 1.88~1.74 (m, 4H), 1.71~1.67 (m, 3H),
1.66~1.59 (m, 9H), 1.59~1.52 (m, 7H), 1.51~1.43 (m,
1H), 1.42~1.34 (m, 2H), 0.90~0.82 (m, 6H); '*C NMR
(151 MHz, CDCLs) §: 213.4, 213.3, 172.6, 172.5, 172.3,
172.0, 146.1, 145.8, 145.7, 145.5, 133.1, 133.1, 130.1,
129.9, 125.2, 125.0, 122.4, 122.4, 113.3, 113.2, 109.7,
109.6, 56.9, 56.8, 56.5, 56.4, 52.2, 52.0, 52.0, 51.6, 42.9,
42.5, 40.6, 40.3, 40.1, 40.1, 37.6, 37.3, 35.5, 35.2, 35.2,
35.0, 34.5, 34.4, 33.0, 32.4, 28.9, 28.2, 27.2, 27.1, 25.8,
25.7, 25.7, 22.6, 22.6, 22.2, 22.0, 21.5, 21.5, 18.1, 18.0,
17.8, 17.7, 17.5. HRESIMS calcd for C33HssOs [M+H]"
531.4049, found 531.4069.

2-(4- LT 3 33,7- = B 24- — R R IE R T
3)-2-2-F M JE-6- 2L U 58 T 1R — Wik (6b)(%
AN SERIPK): TH NMR (400 MHz, CDCls) 6: 5.23~4.51 (m,
6H), 3.78~3.69 (m, 3H), 3.65~3.58 (m, 3H), 2.84~2.47
(m, 2H), 2.42~2.11 (m, 4H), 2.08~2.03 (m, 3H), 1.99~
1.71 (m, 5H), 1.70~1.54 (m, 20H), 1.52~1.37 (m, 2H),
0.98~0.80 (m, 6H); *C NMR (151 MHz, CDCL) ¢:
213.8, 213.7, 213.3, 213.3, 172.8, 172.5, 172.0, 172.0,
169.7, 169.7, 169.4, 169.4, 145.6, 145.6, 145.5, 145.5,
145.3, 145.3, 145.0, 145.0, 132.9, 132.9, 132.9, 132.8,
130.2, 130.0, 129.9, 1252, 124.8, 124.8, 124.7, 122.4,
122.3, 122.0, 121.9, 113.5, 113.5, 113.3, 113.3, 113.3,
110.0, 110.0, 109.9, 109.8, 60.9, 60.9, 56.9, 56.9, 56.5,
56.3, 56.0, 52.9, 52.8, 52.1, 52.1, 51.8, 51.6, 42.3, 42.3,
40.2, 39.9, 39.9, 39.8, 36.4, 36.0, 35.9, 35.8, 35.4, 35.3,
35.3, 35.2, 34.6, 34.6, 34.1, 34.1, 33.4, 33.1, 32.1, 31.4,
30.7, 30.7, 30.2, 30.1, 28.8, 28.8, 26.3, 26.2, 25.9, 25.9,
25.8, 25.8, 25.7, 22.6, 22.5, 22.5, 22.5, 21.5, 21.4, 21.3,
20.9, 18.1, 18.1, 18.1, 18.0, 17.8, 17.8, 17.7, 17.7, 17.4,
17.3. HRESIMS caled for CisHssOs [M+H]™ 531.4049,
found 531.4053.

33 EYSHERK

FE iR N Ny AR T, ¥ LHEE(97%, 1.22 mL,
17 mmol)#fETE 12 mL CHCl, H. 2218 i — H 248
(1.0 mol/L BEKiA W, 17 mL, 17 mmol), 0L FE
O, N ZRIZBCH SR, Wnse ), KR N AR RAIE
ZARE TR 0.5 h BURRR LA R F CHLCL FIBE

http://sioc-journal.cn/ 4425
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%i, BALAY 6 (600 mg, 1.13 mmol)i&F T 12 mL CH,Cl,
o, THEZE 50 CHitRE 12 h, BRE=EIFEER I HO0
VER . BESEHIN 1 mol/L HCl IE W ZE A AL Ih A8
B, BRI FEE 10 min. F§ CHLClL ZEEUKAH(20
mL X 3), &IHE VM, WS RERE UM, I
FATE/K NapxSO4 . e e 4 J i i i JE AT 43 B 4lifk
(Ry=0.15, fiimEk/ 1R g, V' V=10 : 1)#3%] 300 mg
S AR AR I RGA[3.3.11 EE-2,4,9- =B =4 5a Al
5b,dr N 111, 725 69%.

(1R,58,7R)-6,6- — Fl H-1-(5- F 3L 2- R I H-5-
$5)-5,7- " 5 R 3 -2,4,9- = il- —3F[3.3.1] E%i(5a): 'H
NMR (600 MHz, CDCl;) d: 4.93~4.88 (m, 1H), 4.86~
479 (m, 1H), 4.71~4.63 (m, 2H), 4.60~4.52 (m, 2H),
3.54 (d, J=17.1 Hz, 1H), 3.45 (d, J=17.1 Hz, 1H), 2.82
(tt, J=10.8, 4.2 Hz, 1H), 2.59~2.53 (m, 2H), 2.29 (dd,
J=13.9, 1.4 Hz, 1H), 2.13 (dd, J=21.7, 7.5 Hz, 1H),
2.10~2.03 (m, 1H), 1.96 (dd, J=13.9, 6.3 Hz, 1H), 1.86
(td, J=7.5, 5.6, 2.9 Hz, 2H), 1.71 (s, 3H), 1.70~1.67(m,
1H), 1.65 (s, 3H), 1.64~1.62 (m, 3H), 1.62~1.60 (m,
3H), 1.48 (d, J=19.1 Hz, 6H), 1.39 (ddt, J=20.5, 10.8,
6.3 Hz, 3H), 1.31~1.27 (m, 1H), 1.24 (s, 3H), 0.97 (s,
3H); 3C NMR (151 MHz, CDCl3) 6: 210.9, 203.0, 202.7,
148.5, 145.9, 136.2, 133.6, 122.5, 117.9, 114.3, 109.6,
71.0, 63.6, 62.9, 52.3, 46.7, 44.7, 43.2, 38.3, 35.3, 32.1,
29.0, 26.9, 26.4, 26.0, 25.8, 23.3, 22.6, 18.0, 17.9, 16.5.
HRESIMS calcd for C3Hy703 [M+H]™ 467.3525, found
467.3550.

(1R,58,7R)-6,6- — Fl J:-1-(5- I 3L 2- R M 3 -5-C
1%5)-5,7- SRR HE-2,4,9- = Fil- —FF[3.3.1]1 F4E(5b): 'H
NMR (600 MHz, CDCls) o: 4.85 (q, J=7.8, 7.3 Hz, 2H),
4.69 (t, J=1.8 Hz, 1H), 4.64 (s, 1H), 4.63~4.62 (m, 1H),
4.44 (d, J=2.7 Hz, 1H), 3.67 (d, J=16.9 Hz, 1H), 3.34 (d,
J=16.9 Hz, 1H), 2.56 (t, J=6.4 Hz, 2H), 2.35~2.26 (m,
2H), 2.22~2.13 (m, 2H), 2.04 (dd, J=13.9, 6.3 Hz, 1H),
1.83 (td, J=8.8, 6.0 Hz, 2H), 1.77 (s, 3H), 1.71 (s, 3H),
1.69 (s, 3H), 1.63 (s, 3H), 1.62 (s, 3H), 1.60~1.58 (m,
1H), 1.54 (s, 3H), 1.48~1.40 (m, 3H), 1.34~1.30 (m,
1H), 1.26 (s, 3H), 0.96 (s, 3H); *C NMR (151 MHz,
CDCls) 6: 209.1, 204.2, 203.0, 149.0, 145.9, 136.0, 133.7,
122.6, 117.8, 112.7, 109.7, 70.4, 64.6, 63.9, 51.9, 46.7,
44.4, 44.1, 36.9, 35.4, 32.0, 29.3, 27.0, 26.4, 26.0, 25.8,
23.3,22.5,17.9, 17.9, 17.4. HRESIMS calcd for C3;Hy705
[M+H]" 467.3525, found 467.3526.

3.4 HUEWM1HER
£ Ny SEE T, B [3.3.1]F %-2,4,9- = i
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© 2021 Chinese Chemical Society & SIOC, CAS

(5a) (130 mg, 0.28 mmol)¥ T 6 mL HZ&H, AKIUIMA =
Z.f#%(0.233 mg, 1.68 mmol). =& 42(7 mg, 0.028 mmol)
N 2,3- OB AR R HBEE(19), SWEBEFE 3 he sk
KiG, CEROTRAER, T EAHEEE, A 6 mL
R AN B R AH(80 mg, 0.57 mmol), $it#E 2 h, II/KiE K,
M R CERFUKZER, A HUARIIN TG K R BREE T4,
JEBEAARULEY 11 (80 mg, 51%). KA FIFER) J7i%m]
M 5b 755 xanthochymol (1). ZZ R, K> R
51%~55% [,

(1R,5R,7R)-3-(3,4- — ¥5 & o8 H i 2L )-6,6- — H1 2k -
1-(5-H B -2- S P U 26 -5- U 0)-5,7- — S I i 56-2,4,9- =
fiil- —¥R[3.3.1]E4E(1"): '"H NMR (600 MHz, CD;0D) 6:
7.25 (d, J=2.1 Hz, 1H), 7.04 (dd, J=8.3, 2.1 Hz, 1H),
6.73 (d, J=8.3 Hz, 1H), 5.05~4.97 (m, 1H), 4.88 (s, 1H),
4.65 (s, 1H), 4.63 (brs, 1H), 4.62 (s, 1H), 4.43 (s, 1H), 2.70
(dd, J=13.2, 9.4 Hz, 1H), 2.51 (d, J=13.2 Hz, 1H),
2.38~2.35 (m, 1H), 2.30~2.22 (m, 2H), 2.16~2.04 (m,
3H), 1.92~1.81 (m, 2H), 1.76 (s, 3H), 1.75 (s, 3H), 1.73
(dd, J=13.9, 4.0 Hz, 1H), 1.69 (s, 3H), 1.69 (s, 3H), 1.68
(s, 3H), 1.55 (s, 3H), 1.51~1.45 (m, 3H), 1.15 (s, 3H),
0.99 (s, 3H); BC NMR (151 MHz, CD;OD) ¢: 208.1,
195.0, 195.0, 195.0, 151.6, 148.5, 145.9, 1453, 134.4,
132.7, 128.8, 124.7, 1243, 120.6, 117.7, 116.3, 114.2,
112.4, 109.4, 49.0, 47.0, 44.2, 42.4, 36.3, 35.7, 32.0, 29.5,
26.3, 26.0, 254, 250, 222, 21.7, 17.3, 17.2, 17.0.
HRESIMS calcd for CisHsi06 [M+H]" 603.3686, found
603.3724.

(1R,5R,7R)-3-(3,4- — F5 L o8 HH i 2 )-6,6- — H1 2k -
1-(5-F B -2- S P U 26 -5- L 0)-5,7- = S I i 52-2,4,9- =
fiil — — 3/[3.3.1] & %t (xanthochymol, 1): 'H NMR (600
MHz, CD;0D) d: 7.21 (d, J=2.1 Hz, 1H), 7.00 (dd, J=
8.3, 2.1 Hz, 1H), 6.72 (d, J=8.3 Hz, 1H), 5.08~5.03 (m,
1H), 4.90 (s, 1H), 4.68~4.63 (m, 2H), 4.53 (br s, 2H),
2.73 (dd, J=13.4, 9.3 Hz, 1H), 2.61~2.55 (m, 1H),
2.61~2.55 (m, 1H), 2.28 (d, J=14.1 Hz, 1H), 2.16~2.10
(m, 1H), 2.08~1.99 (m, 3H), 1.97~1.88 (m, 2H), 1.87~
1.81 (m, 1H), 1.75 (s, 3H), 1.71 (s, 3H), 1.71 (s, 3H), 1.68
(s, 3H), 1.63 (s, 3H), 1.52 (s, 3H), 1.53~1.48 (m, 2H),
1.45~1.41 (m, 1H), 1.18 (s, 3H), 1.02 (s, 3H); 3C NMR
(151 MHz, CD;0D) 6: 209.7, 194.8, 194.6, 194.6, 151.6,
148.0, 146.0, 145.3, 134.9, 132.7, 128.6, 124.6, 124.2,
120.4, 117.0, 116.4, 114.1, 112.6, 109.5, 68.8, 60.6, 49.3,
47.0, 43.8, 42.8, 36.7, 35.8, 31.8, 29.4, 26.4, 26.1, 25.5,
25.0, 22.2, 21.8, 17.4, 17.2, 16.8. HRESIMS calcd for
C33Hs106 [M+H]" 603.3686, found 603.3730.

Chin. J. Org. Chem. 2021, 41, 4421~4427
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HBh# kL (Supporting Information) L4554 1, 1', 5a,
5b, 6a, 6b [J 'TH NMR 1 °C NMR [t &, ixehtplaf
LA 2 MAS F1] 9 3345 (http://sioc-journal.cn/)_E R %K.
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