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Introduction

N

Crinipellin A

Crinipellis

® [solated from Crinipellis stipitaria in 1979;
® Exhibiting antibiotic activities;

® Inhibiting the syntheses of DNA, RNA, and proteins in Ehrlich
carcinoma cells;

® A unique tetraquinane core, eight stereogenic centers, three
contiguous quaternary carbon atoms.

Steglich, W. J. et al. Antibiot. 1979, 32, 130.




Introduction

Selected tetraquinane crinipellins
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Tetracyclic core of crinipellins
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Retrosynthetic analysis
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The synthesis of 8

O

(a) PhsPCH3Br, tBuOK (COC),, D':)/'SO’ THF
SN _-OTBS tBuOH, Et,0, RT TEA, -78 °C to RT o

(b) TBAF, THF, RT

o
iPr 98% yield over two steps ipr
1 2
D-DET, TBHP, Ti(OiPr),
OH DCM, -30 °C to RT o OH

(a) PhsPCCH3CO,Et, THF
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(a) (COCIl),, DMSO, DCM (a) Fe(acac);, THF MeO OMe
TEA, -78 °C to RT Toluene, -15°C _ OTBDPS
(b) Bestmann-Ohira reagent ""u//ﬂ/ (b) TBDPSCI, imidazole ", *

(b) LAH, Et,0, 0 °C to RT
87% yield over three steps

K2CO3, MeOH, RT DMAP, DCM. -15 °C

87% yield over two steps 90% yield over two steps i-Pr

Seyferth-Gilbert Homologation 6 7
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Seyferth-Gilbert Homologation
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Tandem Cycloaddition Reaction
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The synthesis of 14

(a) KHMDS, THF, -78 °C
Davis' oxaziridine

(b) DMP, pyr., DCM, RT
79% over two steps

a-Hydroxylation using
Davis' oxaziridine

(a) TBAF, THF, 60 °C

(b) PCC, DCM, RT
79% over two steps

I-Pr nBuLi, (+)-(S)-N, S-dimethyl-

S-phenyl-suifoximine
80% (87% brsm)

NaBH(OAc);, DCM, RT
80% (90% brsm)

>
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i-Pr. i-Pr.
.- Ph
(a) 2,6-lutidine, TBSOTf, DCM I
HO™ (b) PDC, TBHP, PhH TBSO™ o Aol \

39% over two steps




a-Hydroxylation using Davis’ oxaziridine

iPr iPr
(a) KHMDS, THF, -78 °C, Davis' oxaziridine
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(b) DMP, pyr., DCM, RT
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Completion of the Synthesis

i-Pr. i-Pr.

toluene, 125 °C
69% (81% brsm)

(a) H202, NaHCO3, THF, Hzo
y
0 (b) LIHMDS, Eschenmoser's salt

52% over two steps
Eschenmoser Methylenation

i-Pr i-Pr

TASF, DMF, RT

-
@) 40% with 35% conversation HO™"
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16 (-) Crinipellin A




Eschenmoser Methylenation
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Completion of the Synthesis

i-Pr. i-Pr.

toluene, 125 °C
69% (81% brsm)

(a) H202, NaHCO3, THF, Hzo
y
0 (b) LIHMDS, Eschenmoser's salt

52% over two steps
Eschenmoser Methylenation
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TASF, DMF, RT
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O 40% with 35% conversion HO™"
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16 (-) Crinipellin A




Retrosynthetic analysis
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Yang, Z. et al. Angew. Chem. Int. Ed. 2018, 57, 8874.




Synthesis of the enyne

/ . (COzH)2'2H20, THF
» MeO i-Pr >
/ 70% over three steps

wod \_.p (a) Me,S0O,, Cs,CO3, THF
_ (b) Na, t-BuOH, THF, NH,

1 2

cat. (15 mol%)
CICH,CO,H (30 mol%)
O i-Pr o O ----- i j-Pr
PhF, -30 °C, 60%

Enantioselective Isomerization

3 4 (89% ee) \
p-NO2ArSOZNHNH2 Ph3P=CH2 then
H202, NaOH . NaHCO, _ n-BuLi, CICO,Et
» 0= ) wj-Pr > Py >
72% 4 o 75%
o Eschenmoser fragmentation
5 6
\\\\i'Pr
// = j-Pr - Co,(CO)g, NMO, CO
» = A i
(98% ee, 40% yield)
EtO,C EtO,C

Pauson-Khand reaction




Enantioselective Isomerization

cat. (15 mol%)

CICH,CO,H (30 mol%)
0 i-Pr = > 0= )wm ni-pr i 7
PhF, -30 °C, 60% :

C i-Pr x
L /. NH
L/N\C/

Deng, L. et al. J. Am. Chem. Soc. 2012, 134, 18209.



Eschenmoser fragmentation
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Pauson-Khand reaction
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Synthesis of the enyne

.«i-Pr AllyIMgCl, TMSCI, CuBreMe,S / wi-Pr
then TBAF, Me,SO,4 LIHMDS, THF, HMPA
----- mil - mun L] .
81% over two steps
EtO,C EtO,C
8 O 9 OMe
ni-Pr < i-Pr
i then Mel, -780C i ST
%
0T EtO,C
OMe
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then Mel, RT, 8 h
55%
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The intramolecular Pauson-Khand reaction

wj-Pr H e i-Pr H o i-Pr H e i-Pr /
condltlons B

CO (1 atm)
""" o) Y Vi (@) Va F (0] 7
14 OMe 15a OMe 15b OMe 15¢ O 15d O
Entry? Conditions Yield (a) Yield (b) Yield (c) Yield (d) s
1 Co0,(CO)g (10 mol%), TMTU 21 42 ] ] Me\NJ\N/Me
(60 mol%), PhMe, 60°C, 12 h |\|/| |
e Me
) [Rh(CO),CI], (10 mol%), DCE, ] 45 ) ) (TMTU)
60 °C, 12 h, S
3 [Rh(CO),Cl], (10 mol%), 5 30 ) ) P“\N*N/F’“
tBu,O, 130 °C,12 h Ve Me
[RhCI(dppp)] (10 mol%), tBu,O, ) ) (TU-1)
4 130 OC, 12 h trace trace s
. PdCl, (20 mol%), TMTU (20 ) ) "Pf\N)J\N/’Pr
mol%), THF, 50 °C, 50 h Ve Mo
%) Li (TU-2)
6 PdCI, (20 mol%), LiCl (1.2 ] ] ] 50

equiv), THF, 50 h, 50 °C

PdCI2(CHsCN)z (20 mol%), LiCl
(1.2 equiv), THF, 50 h, 50 °C




The intramolecular Pauson-Khand reaction

wj-Pr H e i-Pr H o i-Pr H e i-Pr /
condltlons B

Co(1atm)
""" o) Y Vi (@) Va F (0] 7
14 OMe 15a OMe 15b OMe 15¢ O 15d O
Entry? Conditions Yield (a) Yield (b) Yield (c) Yield (d)
PdCl, (20 mol%), TMTU (20
1 mol%), LiCl (1.2 equiv), THF, 30 20 - - S
50 °C, 50 h vew I e
N N
PdCl, (10 mol%), TU-1 (11 ) b
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PdCl, (30 mol%), TU-1 (30 Ve Me
4 mol%), Na,CO; (1.0 equiv), 49 16 - - (TU-1)
THF, 36 h, 50 °C .
PdCl, (30 mol%), TU-1 (30 pr e
5 mol%) NaHCO,, THF, 36 h, 61 16 . . N
50 OC Me Me
(TU-2)




Total Synthesis of 6
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Summary

® (-)-Crinipellin A: 25 Steps, 1.01% overall yield,;
® The first catalytic enantioselective total synthesis of
(-)-Crinipellin A;

® The tandem [2+3] cycloaddition reaction.

Lee, H.-Y. et al. J. Am. Chem. Soc. 2014, 136, 10274.

(-)-Crinipellin A: 17 Steps, 0.06% overall yield;

_,‘\\\“ i- P r

(-)-Crinipellin B: 18 Steps, 0.16% overall yield;

OH

(-) Crinipellin B

O

O

® Cobalt-catalyzed PK reaction;

® Thiourea/palladium-catalyzed PK reaction;
O

Tactical placement of substituents and functionalities.

Yang, Z. et al. Angew. Chem. Int. Ed. 2018, 57, 8874.




The first paragraph

Crinipellin A is one of several related diterpenoids isolated from the
fungus Crinipellis stipitaria (Agaricales) by Steglich and co-workers in
1979. It has an a methylene ketone motif and a unique tetraquinane
core, which bears eight stereogenic centers, of which three are
contiguous all-carbon quaternary carbon atoms. In terms of biological
activity, 1 and 2 were originally reported to have antibiotic activities. 1a
could completely inhibit the syntheses of DNA, RNA, and proteins in
Ehrlich carcinoma cells at a concentration of 5 mg/mL. The a methylene
ketone motif in crinipellins A and B makes them a potential irreversible

probes in the field of drug discovery and chemical biology.




The last paragraph

In summary, we achieved the asymmetric total syntheses
of (-)-crinipellin A and (-)-crinipellin B in 17 and 18 steps, respectively,
from the commercially available phenol. The key features of our
synthesis include use of our developed thiourea/palladium-catalyzed
intramolecular PK reaction for diastereoselective construction of the
tetraquinane core of the naturally occurring crinipellins. Tactical
placement of substituents and functionalities will enable the protocol
developed here to be used in the synthesis of tetraquinane cores
having various substituents. This strategy will therefore be useful in the

collective synthesis of analogues of the crinipellins.
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