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Structure features :

e unprecedented 5/5/5/5 fused ring

e 3 contiguous quaternary centers
(green, 2 tricyclic bridgehead
quaternary centers)

e A/B/C rings on the convex surface

o fully functionalized A-ring

e attached chiral side chain
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Table 1. Investigations of Asymmetric [6+2] Cycloaddition

MeO OMe cat.7, PhCOzH
4A MS, toluene : é@o
— >
OHC then 0.5 M HCI
variations P

Entry ®-= cat.7  PhCO,H T P vyield ee
1 Me 10 mol% 20 mol% rt 3 75% 86%
2 Me 10mol% 20mol% -30°C 3 17% 93%
, Me 20mol% 20mol% -30°C 3 30% 98%
4 Me 30 mol% 15mol% -30°C 3 77% 98%
5 Me 30mol% 20mol% -30°C 3 75% 98%
6 Me 30 mol% 30mol% -30°C 3 47% 98%
7 CH,CH,OBn 30 mol% 15mol% -30°C 3a 76% 97%
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Table 2. Optimization of Allylation Conditions to Establish
the Second Quaternary Carbon Center

TIPSO
3 8 TIPSO I -
» 9 +
base, / M%
THF : HMPA |
viv 6:1 17
Entry Variations yield (%) 9 17 recovery 3 (%)

1 LDA <56 0 0
2 MeONa 21 15 10
3 t-BuOK 25 20 12
4 t-BuOK, t-BuOH 33 16 15
5 t-BuOK (1.7 eq), t-BuOH, Cu powder 44 23 20
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°(a) Bu/NOH, dioxane, H;O (74%); (b) NaBH, (100%); (c)
TsCl, DMAP pyridine (96%); (d)!® Al,0;, CICH,CH,CI (86%); (e)
[Pd(allyl)Cl]z. (R,R)-CHIRAPHOS, Bu,NOAc, toluene (61%).

J. Org. Chem., 1991, 56, 4093.



Il Table S1. Optimization of Heck cyclization

PTIPS TIPSO TIPSO TIPSQ
51 IVIeO conditions AcO, 5 OMe . 5 OMe . 5 OIVIe
3 7 3 AcO™3 % AcO 1
9 S1 S2 S3
dppe . yield of  yield of yield of 8
_/—PPh2 entry conditions S1(%) S2(%) S3(%) (%)
PhyP 1@ Pd(PPhs)s, "BusNOAc, 60 °C 0 0 0 80
dppb 248 Pd(OAc),, PPhs, "BusNOAc 0 0 0 80
F)th\_/_\Pth 3¢ Pd(OAc),, dppe, "BusNOAc 2 35 3 0
dppp 4¢  Pd(PPhs);, "BusNOAc, AgOAc 2 36 12 0
PhoP(_~_-PPh2 5ed Pd(OAc)s, dppe, AgOAc 2 50 16 0
R-BINAP 654 Pd(OAc),, PPhs, AgOAc 3 48 16 0
7¢4  Pd(OAc),, dppb, AgOAcC 2 51 17 0
OO PPh, ged Pd(OAc),, dppp, AgOAc trace 66 11 0
PPh, 9edh— Pd(OAc),, (R)-BINAP, AgOAc trace 83 2 0
OO 109" Pd(OAc)., (R)-BINAP, AgOAc, 2 h trace 81 2 0

a. MeCN : THF =4:1; b. 1.0 equiv Pd(OAc),, 2.0 equiv Ligand; c. 1.0 equiv Pd(OAc),, 1.0 equiv Ligand; d. toluene
as solvent; e. MeCN as solvent; f 5.0 mol% Pd(OAc),, 5.0 mol% Ligand; g. 1.0 equiv Pd(OAc)>, 4.0 equiv Ligand;
h. 82 :S3 =35 :1; Unless otherwise noted, all reactions were complete at 80 °C, all reactions were complete in 0.5 h.
dppe, ethylenebis(diphenylphosphine); dppb, 1.4-Bis(diphenylphosphino)butane; dppp. 1,3-
Bis(diphenylphosphino)propane. Isolated yield.



III  Table S2. Optimization of Hydrogen transfer Reaction
TIPSO QTIPS TIPSO
0 conditions lo)
HO/ Me H/ Me * Me
H 4 o
10 11 sS4
o yield of yield of
entry contidions 10(%)
11(%) S4(%)
Cat. | = [{Ru(r%-CqoH16)(1-CI)C2]
14 Cat. I, Cs2COs, THF, 25°C, 16 h N.R N.R 100  (CigHse = 2,7-dimethylocta-2,6-diene-1,8-diyl
29 Cat. I, Cs,CO;, THF, 75°C, 16 h N.R N.R 100 tipes
3@ Cat. I, Cs2COs, mesitylene, 160 °C, 16 h trace >95 0 CysP~_ /L'
. /i \N/Ir\
4a Cat. I1, activated by Hz, THF, 25 °C, 16 h N.R N.R 100 . |
54 Cat. II, activated by H,, THF, 75 °C, 16 h ND N.D 90
6 Cat. II, activated by H,, mesitylene, 160 °C, 16 h N.D N.D 80 Gt Db catilist
Cat. III, ~BuOK., (R)-DTBM-SegPhos, toluene, 24
74 . N N.R N.R 50
C, 16 ﬁ“ i
Cat. III, AgxCO3, (R)-DTBM-SegPhos, toluene, 24 \Rh’:rj BF,
87 NR N.R 100 K AN
°C,16 h Fd V
5 Cat. III, Ag;COs, (R)-BINAP, 4 A MS, 53 0
a trace =
mesitylene, 160 °C, 16 h Gt i RNICGR e
Cat. IIL, EtsN, (R)-BINAP, 4 A MS, toluene, 120 [ tBu l
17 - 40 20 20 ) ,©[OCH3
<, <0 O pT tha |
Cat. 11, Cs,CO;3, (R)-DTBM-SegPhos, 4 A MS, ) )
18° 50 26 25 <° O P tBu
toluene, 120 °C,2 h 0 \@
OCH;
Cat. I1I, Cs,COs, (R)-BINAP, 4 A MS, toluene, tBu
19¢ 91 trace 0

120°C, 2 h

(R)-DTBM-SegPhos



H O H OH
R1MR3 R "R?
R? 2 R? 1
[Rh] * [Rh]\o
B: B: R1/\\2<R3
HB e R2
A
Y
) [Rh]-O
~. =B Rh] § RN RS
R1 R3 / R2
R2 C B

J. Am. Chem. Soc., 2017, 139, 3643.
Chem. Rev., 2003, 103, 27.



R'-B(R); +

SUZUKI CROSS-COUPLING
(SUZUKI-MIYAURA CROSS-COUPLING)

Pd© (catalytic)
R2-X - >
base, ligand

R'-R?
Coupled product

+

X—B(R)2

R' = alkyl, allyl, alkenyl, alkynyl, aryl; R = alkyl, OH, O-alkyl; R? = alkenyl, aryl, alkyl; X = Cl, Br,l, OTf, OPO(OR), (enol phosphate);

base = Na,COs, Ba(OH),, K3PO,, Cs,C04, K,CO4, TIOH, KF, CsF, Bu,F, NaOH, M*(-O-alkyl)
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TIPSO TIPSQ Me TIPSQ Me
contidions Y/
H w S, LN pres+ 8 AN
N -~
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16 S5 S6
TIPSO HO
H Me H H Me HQ
HO! Me HO ‘(Mi/—g
Me O T Me Me O o Me
S7 S8
ent contions yield of  yieldof  yieldof  yield of 16
y S5(%) S6(%) S7(%) S8(%) (%)
1 Burgess reagent, DCM, 25°C,2h N.R. N.R. N.R. N.R. 100
2 Burgess reagent, THF, 60°C, 2 h N.R. N.R. N.R. N.R. 100
3 Martin’s sulfurane, DCM, 40 °C, 2 h N.D. N.D. N.D. N.D. 87
44 THO, EtsN, DCM, -78 °C, 1 h N.D. N.D. N.D. N.D. 84
54 T£,0, Et;N, DCM, 25 °C, 10 min N.D. N.D. N.D. N.D. 0
6 1 M HCl(aq), THF, 25 °C, 10 min N.D. N.D. N.D. 91 0
7 TsOH H,O, THF, 70 °C, 2 h 50 50 0 0 0
8 TsOH-H-O, benzene, 70 °C, 2 h trace 92 0 0 0
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me”V O T Me ", Me vd Me
16 S5 S6
TIPSO HO
H Me H H Me HQ,
HO. Me HO ‘{Mi/—g
Me' Y O - Me Me \ O - Me
S7 S8
SOCl;: pyridine= 1:2.5, DCM,
9b 40 40 0 0 trace
25°C, 5 min
SOCl,, pyridine(solvent), 25 °C, 5
10° . 0 50 0 0 40
min
SOCly, pyridine, DMF(Cat.), DCM,
11° 0 0 0 0 0
25°C
SOCls, 2.6-lutidine, DCM, 25 °C, 5
12¢ . 60 35 0 0 0
min
MsCl, Et;N, DMAP, DCM, 40 °C, 2
134 30 28 0 0 33
h
14 DMSO, 150°C,2 h 0 0 89 0 0
15 DMSO, 180°C.,2 h 22 21 0 0 0
16¢ DMSO : HMPA, 180 °C.2 h trace 30 0 0 0

Reaction condition: a. THO : EtsN = 1: 2; b. SOClL> : pyridine =1 : 2.5; ¢. SOCl; : 2,6-lutidine =1 : 2.5; d. MsCl :
EtsN=1:2;e. DMSO : HMPA =10 : 1; SOCl,+ pyridine. MsCl. Et;N and 2,6-dimethylpyridine were distilled
immediately before use . Determined by 'H NMR analysis of the mixture. N.R.:no reaction; N.D.: not detected.
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Chugaev elimination reaction
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