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Total Synthesis of Ganoapplanin Enabled by a Radical
Addition/Aldol Reaction Cascade
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® Ganoderma meroterpenoi

linear Ganoderma meroterpenoids

ds

—— dimeric Ganoderma meroterpenoids

lucidulactone B (1)

polycylic Ganoderma meroterpenoids

Pattern A
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® [solation and Activity

G. Applanatum (36 kg) (+)-ganoapplanin (10) (15.6 mg)

Inhibition of T-type voltage-gated Ca* channels
(I1C;, = 36.6 uM)

Org. Lett. 2016, 18, 6078—6081
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® Structure

® Hydroquinone fragment
6/6/6/6 tetracyclic system

® terpene fragment
dioxatricyclo[4.3.3.0]dodecane

® Spiro bis-acetal skeleton

. ®Fi
(+)-ganoapplanin (10) Five stereocenters (two quaternary)

Org. Lett. 2016, 18, 6078—6081
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® Proposed Biosynthesis

OH O OH O
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—_——
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gentisic acid (11) 12

diazotization

+ OH"

\

Gomberg-Bachmann reaction

ganoapplanin (10)

Org. Lett. 2016, 18, 6078—6081
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® Retrosynthetic analysis

e late-stage [O]
e spiro bis-acetal formation

ganoapplanin (10) 19 20

]
e radical addition MOMO A I o OBn
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e aromatization

o
©
»°

21

25 26



JIHL'R\".I OF THE AMERICAN CHEMITCAL SOCIETY

® Synthesis of the southern fragment

IJI\/OBn

26
OMe /0 NiCl,, CrCl,
0 DMF, 0 to 23 °C
o
(o) then TBSCI, imidazole, DMAP
OMe DMF, 23 °C
(57%)
25 NHK reaction
LiCl, H,O
e
DMSO, 150 °C
(87%)

r o

Krapcho reaction

27

28

I
OBn /V|/
_ MeO
Ti(Ot-Bu)y, CuO, I, < OMe
> o)\f: 4

DCM, 23 °C : o

(61%) OTBS
— 24

allyl iodide, LIHMDS
» BnO

THF, 23 °C
(94%)

29

5-exo-trig

0, H
DCM, - 78 °C

- BnO~

(o)

then PPh;
DCM, 23 °C
(85%)

23
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® Ti-mediated iodolactonization

=z

OTBDMS
33

COOMe

COOMe

I, Ti(Ot-Bu),, CuO

30

o

COOMe I,, Additive COOMe MeOOC_ COOMe
COOMe P
é
coo =
e MeOOC COOMe
32
Yield(%)
Entry Adiitive
31 32
1 LDA 60 60
2 Ti(OtBu), 74 )
3 Ti(OtBu),, CuO 83 (-)
OTBDMS COOMe MeOOC
COOMe
ﬂ'l/é —> %oom — 100 (91%)
|
I
coome TBDMSO TBDMSO
major 34
cis
meooc O
COOMe COOMe /(
— Ay
] —_— COOMe - 1
TEPHO " Coome TBDMSO I d
B TBDMSO
36
trans

37
J. Org. Chem. 1997, 62, 7384-7389
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® Ti-mediated iodolactonization

COOBn COOBn Bnooc O
l,, 41, additive
COOBn COOBn
> —> o)
. |
‘S
N H
38 39 40
ph Ph
(o) (o)
Entry Adiitive 41(mol %) Yield(%) ee(%) >< Ti
w
1 Cuo 100 96 85 o o
Ph
2 CuO 50 85 50 Ph /2

Ti(TADDOLate), (41)

CO,R
"",’ 3 (:;‘::);gl:¥
38

-I-i:>(.4 or
X Oh. .

NN ¥ g

A Y * O \

M~0

X
HI or CO,R
~—CuO + ”
X, X=0 | (high ee)

J. Org. Chem. 1997, 62, 7384-7389
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® Synthesis of the southern fragment

IJI\/OBn
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® Synthesis of the northern fragment and radical 1,4-addition/aldol reaction sequence

o] OH (o] OMOM OMOM OMOM MOMO !

MOMBYr, NaH DIBAL-H MsClI, Et;N, KBr 1,4-hydrochinone, K,CO; o
HO » MeO » HO > Br r
I :] DMF, 0 to 23 °C l :l DCM, - 78 to 23 °C I :] THF, 0 to 23 °C I :] acetone, 60 °C
I | (71% over 2 steps) I |

(70%) (79%)

42 43 44 45
OH

MOMO I
PIDA o Et;B, air, Bu3SnH, 23 aldol addition
> OMe >
MeOH, 23 °C toluene, -50 °C
(82%) (81%)
(0]

22

21
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OMOM
MOMO I
(o) MeO O
OMe —mMm8™Mm>» ‘
o
o
22 S11 21
Entry Conditions Temp. Result Entry Conditions Temp. Result
1 t-BulLi, THF -78°C  Decomposition 1 LDA, THF -78t023°C  no consumption of S11 and 23
2 t-BuLi, HMPA, THF -78°C  Decomposition 2 LiIHMDS,THF -78t023°C  no consumption of S11 and 23
3 iPrMgCl, THF 0°C Decomposition
4 AIBN, HSnBuj;, toluene 50 °C S$11 (70%)
5 BEt;, air, toluene -50°C Decomposition
6 HSnBuj;, BEt;, air, toluene  -50°C  S11 (up to 90%)
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MOMO

22

I oMOM
23 MeO
OMe > +
S11
Entry Conditions Temp. Result

1 AIBN, HSnBuj;, toluene 50 °C S11 (70%)

2 AIBN, HSnBuj;, BEt; toluene 50 °C Decomposition

3 BEt;, HSnBu;, air, toluene -50°C 21 (up to 81%) + S11

21
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® Radical addition followed by an intermolecular aldol reaction

— OMOM
OMOM
BnO )
BnO |
o Et3B, air, BusSnH, 23 MeO. 5 6-exo-trig aldol addition
OMe > —_—
toluene
(81%) \)
I
O-..
(o] '?Etz
_ Et
S20 S22
23
Entry Temp. Result
1 -78°C recovered 23 + S21 (not isolated), S22 not formed
2 -50°C recovered 23 + S21 (40%), S22 not formed
3 0°C recovered 23 + S21 (not isolated), S22 not formed
4 23 °C recovered 23 + decomposed, S22 not formed

15



16

JIHL'R\ ALOFTHE AMERICAN CHEMICAL 50CIETY

® Et.B-Mediated Reformatsky type reaction

o) o) Et;B, Ph;SnH

PhsSnBr O o
i RN RA
R/U\/Br : Et3B
Ph3SnH Ph3Sn-
} OB
Et3B ~. Ete R’%
EtH

PthﬂH

Tetrahedron Lett., 1988, 29, 1041-1044
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OMOM

DMP DBU, toluene, 23 °C Pd(OH),/C, H, (50 bar) Ac,0, Et;N
DCM, 23 °C pTsOH, toluene, 23 °C THF, 23 °C THF, 23 °C
49% over 3 steps (53%) (98%)
21 47 48
DMP TMSBr HF+Pyridine PIFA Na,S,0,
—_— ' ? o
DCM, 23 °C DCM, 23 °C THF, 23 °C acetone, MeCN, H,0, 23 °C EtOAc, H,0, 23 °C
(99%) (74%) (81%) (81%) (81%)
51 52 53
spiro bis-acetalization CH(OMe);, pTsOH Ac,0, Et;N CuCl, TBHP K,CO3
- —_— _— '
MeOH, 23 °C THF, 23 °C tBuOH, 23 °C MeOH, 23 °C
(53% over 3 steps) (76%) (47%) (47%)
55 56 57 ganoapplanin (10)

17



18

J

ACS

JOURMNAL OF THE AMERICAN CHEMICAL SOCIETY

Entry Conditions

Result

1 Jones reagent

2 DDQ, MeOH

3 DDQ, TBHP

4 DDQ, CuCl, tBuOH

Decomposition

Decomposition

Decomposition

47%

O: (open air)
CuCl (10 mol%s)

- |
- H_
TBHP (0.3-3 equiv) '
t-BuOH (0.1 M), 50 °C, 12 h

tBuOH, H,0

/Z\ ref. 8
\/
)

or thermal (50 °C

-BuOOH

tBuO(0)® ==
t-BuO(O)H

Ilcull

L]
0 r—BuOD
path b

A
J path a

o

2a

@:B
oo

. Synlett 2017, 28, 1576—1580



JJAIC'S

JOURMNAL OF THE AMERICAN CHEMICAL SOCIETY

OMOM OMOM
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