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Synthesis of (-)-Berkelic Acid

2Me 1. formaldehyde

TfHO CaCly2H,0
COeMe 2,6-lutidine COMe C, DIPEA KOH, MeOH
CHClz  Ho. OH [PdClx(dppf)] (5 mol%) 0°Ctor.t.
_0°Ctort MeOH, 65 °C 2. MnOy, CH,Clp

81 % _/_/%BFgK 84%
OTf g
88% CsHi1
Suzuki-Miyaura

cross-coupling CO,Me

EtO,C CO,Et

diethyl malonate
OMs CsF, THF, 45 °C
Y >
N 7d x
G

F 90%

Hy, Pd/C (5 mol%)

MeOH, -5 °C
83% over 2 steps
(from E/H)
dr=2:1
2.4 g isolated

I, PhsP, imidazole | minor isomer
Et,O-MeCN (3:1) | removed by N OTES
50% crystallization 00,C

MeO,C OH

LiAIH, HO OH

THF  HO OH

75°C . H
N

81% X

H 0 Il E
er=98:2
AgOTf (5 mol% CsHy1
THF, 0°C
MeOZC
/ ;
CsHi1 CsHyy

one-pot multicomponent
catalytic cycloisomerization

1. N, LDA, DMPU (Bu3Sn)20
THF, 78 °C PhMe
then M 115°C
—_—— -
. 2. TBAF-3H,0 55% 3
MeOH . )
M S M 5
! A S H CsHi eOZC%\%O H CsHyy
H CsHyy e ¢

M (-)-Berkelic Acid Methyl Ester (-)-Berkelic Acid

1.6 g isolated

1.2 g isolated

Significance: (-)-Berkelic acid was isolated from
an extremophilic Penicillium species in 2006 by
Stierle and co-workers from the surface waters of
Berkeley Pit Lake, Butte, Montana, USA. This nat-
ural product has been the subject of much interest
to the synthetic community due to its unusual
structure and diverse range of biological activity.
Whilst this is not the first synthesis of this natural
product, this route is shown to be highly scalable,
with each step leading to the (-)-berkelic acid
methyl ester performed on >1 g scale. Due to the
reported instability of (-)-berkelic acid, the last
step was conducted on a 50 mg scale.
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Comment: The key step involved the formation of
spiroketal K in a one-pot multicomponent cyclo-
isomerization between alkynes E and H in the
presence of catalytic AgOTf. This is thought to
proceed via formation of ortho-quinonemethide 1
and exocyclic enol ether J, which undergo a for-
mal cycloaddition to give product K. Subsequent
hydrogenation provided L as a mixture of only two
diastereomers (2:1) in impressive yield in favor of
the desired product. This allowed the rapid com-
pletion of (-)-berkelic acid in a further four steps.
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