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Abstract A rapid construction of the ABC ring of wallichanol is described. The synthesis features an efficient Diels-Alder
reaction for the bicyclo[2.2.2]octane synthesis and a gold-catalyzed alkyne carbometalation for the cyclobutane synthesis. The
overall yield of this 7-stepped synthesis is 42%. This strategy can pave the road towards the total synthesis of wallichanol.
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Figure 1 Structures of wallichanol natural products
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23t — R IR VAL AN R ILER 1, Entry 6),
£ 10 mol%[) — R BB &1L 4 (PhsPAuChH 1 10 mol%
VY S R B (AgBFy), HLL M &) @ V(R EE) =
10 o 1V FIAE & I B AT PRIE 1S 3 4-exo-dig BN &
HIFMMEF=ZY) 1 (endo : exo=1 : 10), WHHN 78%. B
10 mol% [ = 2% J& 5 4 00 (= 5 FF R 9 425 ) W fi 2%
(Ph;PAUNTH)F1 10 mol% ) VU S0 R 2 (AgBF 4) th At
B 75% M (Entry 8), {H I ST AARGE MR % (endo
exo=4.6 : 10).
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Table 1 Optimization of gold-catalyzed alkyne carbometalation

Entry Catalysis Solvent Time Yield/% (endo - exo)
1 Ph;PAuCI (5 mol%) V(DCM) . V(MeOH)=10 : 1 12h 38(1:10)
2 PhzPAuCI (10 mol%) V(DCM) . V(MeOH)=10 : 1 12h 65 (1:10)
3 Ph;PAUNTS, (10 mol%) V(DCM) . V(MeOH)=10 : 1 12h 63 (4.6 - 10)
4 Ph3PAuCI (5 mol%)/AgBF, (5 mol%) V(DCM) . V(MeOH)=10 : 1 15 min 46 (1 : 10)
5 Ph;PAUNTHY,; (5 mol%)/AgBF, (5 mol%) V(DCM) . V(MeOH)=10 : 1 30 min 44 (4.6 . 10)
6 PhzPAuCI (10 mol%)/AgBF, (10 mol%) V(DCM) . V(MeOH)=10 : 1 15 min 78 (1 :10)
7 PhzPAuCI (10 mol%)/AgBF, (10 mol%) V(DCM) . V(MeOH)=10 : 1 15 min 68 (1 :10)
8 Ph;PAUNTT, (10 mol%)/AgBF, (10 mol%) V(DCM) . V(MeOH)=10 : 1 30 min 75 (4.6 . 10)
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Scheme 4 Proposed Mechanism of gold-catalyzed carbometalation
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% AR PR ), s 28 AN (g 52 BIA AR AT BR
#]); Agilent 1100 LC/MS Ji 4% 3 [E (Agilent A 7).

SEEG BT R8T B S Al B o b A, VRIS A
HATHRAA, 4SS % CBk[12]. & F 5k
(DCM)FI = ZJE(EGN)EFIHT 2 CaH, 4K 7K J5 251,
DY ZMR IR (THF)  FERASE A IR Na BRzK 3F F 28 FY
TEuTERH. R CUE(TLC)RA GFosq RN, 8 51
N BT B Rt kR E AT TR ORI A
200~300 H.

3.2 ZLWAHE
32,1 3-FTAKE-2-F R IR T -2-H-1-B(7) 89 & A%

HY 2-FAJE-1,3-3A 2 —H{(6) (10.0 g, 79.26 mmol, 1.0
equiv.)¥E T 141.5 mL 2K, HidE IR THE(34.1 g,
459.73 mmol, 5.8 equiv.) X FH A i 2 (0.75 g, 3.96
mmol, 0.05 equiv.), #F% Dean-Stark 73 7K3% & J5 7 2
WHIM#ENR, TLC WM, R 3.5 h EioeE,
fF I, A EIEER, T 70 mL MR R S AN A TR
VORI, CBEREEL(50 mLX3), &3HENA, H 30
mL AN RO E, ToK IR BRI T4, L7k 4,
W MR A7 A5 21 PR = iy Ak A 2 AT 43 B8 4 A A3 B R R
ORI &9 7 (13.28 g, WLE 92%). '"H NMR (400
MHz, CDCLy) d: 3.76 (d, J=6.4 Hz, 2H), 2.54 (t, J=6.1
Hz, 2H), 2.35 (t, J=6.6 Hz, 2H), 2.05~1.94 (m, 3H), 1.72
(s, 3H), 1.00 (d, J=6.7 Hz, 6H); “C NMR (100 MHz,
CDCly) d: 198.9, 171.6, 114.9, 74.0, 36.3, 28.8, 25.5, 21.0,
19.0, 7.4, HRMS-ESI caled for C;;H;y0O, [M+H+]
183.1385, found 183.1383.

322 23-= 9 KR T -2-Hi-1-BR(8) 49 & k.

TERSRY UK 2640, 1 484 mL, 1.6
mol/L in THF, 134.5 mmol, 2.5 equiv.)[{I757K THF (100
mL) R B IAL &Y 7 (9.8 g, 53.8 mmol, 1.0
equiv.)FJG7K THF (50 mL)VAW, TN EIANGE D> T 50
min. 056, CREFIZIRE AR SEEHE 30 min, BL TLC
WIRIA S T s, m EREwR P ZEE A 1
mol/L HCI (215 mL, 215 mmol, 4.0 equiv.), M5 /5#%E
FIS N 30 min, IR R SNV TR K R
N, 2.8 ZBEAEL(100 mL X 3), &HAEHAHIHFH 10 mL
VRN SA ANV MGE R, TR BRI Tk, e 28 R 250771,
Y 45 2 (PR = b R R RO A 2 AT 3 B 4l AR B TS
HOIRY 8 (5.94 g, W 89%). 'TH NMR (400 MHz, CDCl;)
5: 2.40~2.36 (m, 2H), 2.37~2.32 (m, 2H), 1.97~1.90
(m, 2H), 1.93 (s, 3H), 1.76 (d, J=0.8 Hz, 3H); *C NMR
(100 MHz, CDCl3) 6: 199.1, 155.2, 131.0, 37.6, 32.7, 22.3,
21.5, 10.7; HRMS-ESI caled for CgH;;0 [M+H ']
125.0966, found 125.0967.
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323 1,2,6-=F HE-5- A MIR[2.2.2]F b -2- F BE(3) 89
AR

ERAFAE K —78 CHRET, M5 HNKA4.16
mL, 29.6 mmol, 1.55 equiv.)fJJE7K THF (150 mL)¥ +
MG NIE T #:48(17.9 mL, 1.6 mol/L in THF, 28.6
mmol, 1.5 equiv.), TRFFIZIREDEE 30 min. 7] Lk ) BN
WA IMANLEY) 8 (2.37 g, 19.1 mmol, 1.0 equiv.)F]
Jo7K THF (40 mL)¥&EWR, RFHZIRZRS:4HE 45 min,
I ZH & fER(57.3 mL, 57.3 mmol, 3 equiv.). LA
TLC Wil s M2, 1 h 54 &) 8 Betbse e, ik M
ZER, FEARREEAGE B ARRY, A 10 mL 1E
CLpeiR A1 JE it v, JEVFA IE Cbe(10 mL X 3)ph ik, Uitk
JETRR R ARG, MR HR B BRI G 5, it
HEAT TP R M.

ERAAE R —78 CHRET, M 2-H g
(4.72 mL, 57.3 mmol, 3 equiv.)HITC/K S H %595 mL)
TR I — 23 SRR (1.0 mol/L (1 1E CUe v, 26.7
mL, 26.7 mmol, 1.4 equiv.), TRIFIZIEEHFE S min. [7)
RN I A 5 K & HE(30 mL)#E
W, RNFER 0 CHREEAEFE 30 min, DL TLC M3 v,
B 5 Ffse BT B RS 0 S mL Y ANER RSN
TR KRN, 4 MR % i 5 B 30 min, fE#E it
I8, ToKBRERAN T M, BEZSRR U R4S 20 i, FRE
AL E AT B AR 2 BRI A 3 (2.77 g,
% 79%). '"H NMR (400 MHz, CDCl;) d: 9.73 (s, 1H),
2.61 (dq, J=14.3, 3.1, 2.5 Hz, 1H), 2.42~2.39 (m, 1H),
2.10~2.01 (m, 2H), 1.86~1.78 (m, 2H), 1.37~1.30 (m,
2H), 1.17 (s, 3H), 1.14 (s, 3H), 0.99 (d, J=7.6 Hz, 3H);
C NMR (100 MHz, CDCl;) d: 217.4, 204.9, 52.8, 48.4,
42.4, 41.0, 32.3, 31.8, 22.1, 19.8, 19.2, 11.4; HRMS-ESI
caled for C,H;90, [M+H"] 195.1385, found 195.1383.
324 5-THe#-3,4,5-= 7 HMIR[2.2.2]F k-2-83(9)
EORESO

FER SR ANV AN, K BkIRER(1.42 g, 103
mmol, 2.0 equiv.)Al Ohira-Bestmann i{3f)(1.19 g, 6.18
mmol, 1.2 equiv)KZKIMAENLEY 3 (1.0 g, 5.15 mmol,
1.0 equiv.)HITE/K FIEE(52 mL)ER Y, (5% 5 ik
4 h. TLC WM, AW 3 #4b5e 5, I 50 mL Z.fF
PR N, TR BN 5% BB S R TR TE %%,
To/KBR BN TR, W78 R 250870015 B0k, AR IR ik
FEENT o B AR 2 L BRI ED) 9 (861 mg, Y
88%). '"H NMR (400 MHz, CDCl5) §: 2.81~2.72 (m, 1H),
225 (ddd, J=8.6, 5.5, 2.7 Hz, 2H), 2.15 (s, 1H), 1.80~
1.68 (m, 3H), 1.63~1.48 (m, 2H), 1.40 (s, 3H), 1.11 (d,
J=17.4 Hz, 3H), 0.98 (s, 3H); *C NMR (101 MHz, CDCl;)
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9:219.2,91.1,70.1, 48.7, 42.6, 40.7, 40.4, 36.4, 25.8, 23.8,
22.2,19.1, 10.4. Anal. caled for C;3H;50: C 82.06, H 9.54,
0 8.41; found C 81.84, H 9.57, O 8.59.
325 WTE(S-THHE-3,45-=F HEMIR[2.22]F-
2-Mh-2- ) AR ) = F A Ak (2) 89 &k

TER SR FIOKIBHAE T, FRUT 2 — R =0
FRRSZ55(0.9 mL, 3.94 mmol, 1.5 equiv.)fl=Z % (1.1
mL, 78.9 mmol, 3.0 equiv.)ZZIMAFIEY) 9 (500 mg,
2.63 mmol, 1.0 equiv.)HITEK & H (26 mL)HE R,
BnEe, B B 22 = iR HE 30 min, TLC il & os
&9 #b5e 4, 18I0 20 mL M FIER R S AN TE TR
PR, A EREE(30 mLX3), & FFAHAHIEH
YRN S ALANTETROE (5 mL), To/KBREREN T, e ZEFe
ZURFIF RN S, R PO B AT 4 B A1 3 s
HARAL G 2 (760 mg, WK 95%). 'H NMR (400 MHz,
CDCly) 6: 2.15 (tt, J=4.3, 2.3 Hz, 1H), 1.95~1.90 (m,
1H), 1.82 (s, 1H), 1.47~1.32 (m, 3H), 1.30~1.22 (m,
2H), 1.10 (s, 3H), 1.03 (s, 3H), 0.85~0.81 (m, 9H),
—0.00 (s, 6H); °C NMR (100 MHz, CDCly) &: 148.4,
118.3, 93.6, 66.5, 44.8, 42.4, 38.7, 35.8, 29.0, 26.6, 25.8,
24.8, 18.6, 18.1, 11.6, —3.8, —4.1; HRMS-ESI calcd for
C1oH330Si [M+H"]305.2301, found 305.2305.
32,6 12,7-=F A -8- &7 H& =37£[3.3.1.0%°]%-6-A
(D)Fe 1,2,7-=F & -8-4H = 37 [4.3.1.0>7]5%-6-87(10) 4%
AR

RS RERFMT, =R BRI E8.1
mg, 0.0164 mmol, 0.1 equiv.)MAZ{LEY) 2 (50 mg,
0.164 mmol, 1.0 equiv.) ] — & F k- F BE[V(DCM) :
V(MeOH)=10 : 1), 16 mLIIB&¥ER T, PREFZEEH
£ 5 min, FIAPYHEMERRG mg, 0.0164 mmol, 0.1
equiv.), PREFEIRARLEAFE 15 min, TLC Il 2R &
Y2 B4R 5E 4, NN 0.5 mL YRR R AN VA AT 0.5 mL
MR T K N, A REAEEL(10 mL X 3),
G IFA PRI R A SIS (5 mL), ToKBRER
BN, BEZERR LV RS, AR PO AR E AT
B A RITC AR S 1 (18 mg, WK 71%) L&
Y110 2 mg, FE 7%).

1,2,7-=H3-8-TF 1 3£ =3£[3.3.1.0*"| F-6-Ff(1): 'H
NMR (400 MHz, CDCLy) d: 4.67 (s, 1H), 4.60 (s, 1H),
2.50~2.47(m, 1H), 2.02~1.78 (m, 3H), 1.69~1.55 (m,
2H), 1.47~1.38 (m, 1H), 1.04 (s, 3H), 1.02 (s, 3H), 0.89
(s, 3H); *C NMR (100 MHz, CDCl;) d: 214.7, 158.1, 98.6,
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67.4, 50.0, 46.6, 42.4, 38.2, 29.8, 23.5, 17.8, 15.9, 8.7;
HRMS-ESI calcd for C3H;00 [M+H'] 191.1430, found
191.1427.

1,2,7- = F 3L -8- 1 = 3£ [4.3.1.0%7] %% -6- i (10): 'H
NMR (400 MHz, CDCl;) 6: 5.71 (d, J=5.4 Hz, 1H), 5.32
(d, J=5.4 Hz, 1H), 2.49~2.46 (m, 1H), 2.04~1.88 (m,
2H), 1.79~1.68 (m, 2H), 1.63~1.55 (m, 1H), 1.47~1.43
(m, 1H), 1.12 (s, 3H), 1.03 (s, 3H), 0.83 (s, 3H); °C NMR
(100 MHz, CDCLy) d: 213.1, 142.0, 131.4, 62.7, 52.1, 47.1,
449, 42.0, 27.5, 21.8, 18.8, 17.7, 11.6; HRMS-ESI calcd
for C13H;00 [M+H'] 191.1430, found 191.1423.

4 Bh#4 &l (Supporting Information) {L&% 1~3 A
7~10 ff) "H NMR, “C NMR VLR Ab&49 3. 9 fl 1 i
YR S T X SRR AT DA 9 AN A I IR 3t (http://
sioc-journal.cn/) b F %K.
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