The Daphniphyllum Alkaloids: Total
Synthesis of (—)-Calyciphylline N

Artem Shvartsbart and Amos B. Smith , Il
J. Am. Chem. Soc., 2015, 137 (10), pp 3510-3519

Ruiting Liu @ Wipf Group Page 1 of 15 5/1/2015



(-)-Calyciphylline C Calyciphylline H

(-)-Calyciphylline A

PHO CO-Me
N H
\l“l'-| H
Isolated from the leaves and vo o d
stems of Daphniphyllum Pexdaphrine ® Pepmmigaucin © peemesien®

calycinum

(-)-Daphmanidin A Daphenylline (Li)
C,4-Cy5 dehydro: (+)-Daphmanidin E (Carreira)

N H Logeracemin A

Reprensentative daphniphyllum alkaloids

J.Nat. Prod. 2008, 72, 148

Ruiting Liu @ Wipf Group Page 2 of 15 5/1/2015



(-)-Calyciphylline N

2 Dihydropyrole

Bicyclo [2.2.2]octane

Decahydrocyclopentazulene

Ruiting Liu @ Wipf Group Page 3 of 15 5/1/2015



Previous studies

» Dixon’s synthesis of the DEF ring vis IPKR

0 Co5(C0O)g, CH.Cl,, 1t cho3 0 o
EtO NMO,CH.Cl,, rt EtOH rt >\....
58% 92% EtO

» Carreira’s synthesis of Daphmanidin E via claisen
rearrangement and Heck reaction

Org. Lett., 2012, 14 (7), pp 1684-1687
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Condensation
CO-Me
N :
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Retrosynthesis

Tamao-Kumada allylation
oxidation epoxidation

O
O
o .. o O .. ,
/SI\ ",,J‘ /SI\ :
I ~._OH
cyclopentenone enolate alkylation
annulation
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Problem with the initial plan

1) LiAIH,, Et,0 PhSMo
4% n-BuLi, DABCO
: ~ 0. .
O/Si ~ - i 2)|2= PPhs, imidazole /SI < 4 THF, 0°C O/Si
COEt 85% N 81%
~ 0% O
70% s
Problem solving:
1) NaCN, o
DMSO, 60 °C
O ., " 2)DIBAL-H ~ o
OIS CH2CI2, - 78°C Sy
~| 91% “ero
18
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Problem with the initial plan

t-BuLi (2.2 equiv)
THF, -78 °C

complex

m-CPBA, o)
o) NaHCO;4 o) I, pyridine
O g " CH,Cl,, 0°C O g " ccl,
OIS, 86% A2, 86%
1) NaBH4,
o) CeCI3 -7H20 o)
| o) MeOH, 0 °C | OTBS

Og 2) TBSCI, Et3N Oy
SO, DMAP, CH2CI2 AP,

78 %, d.r. 1:1

conditions

t-BuLi; THF; —78 °C — rt

i-PtMgCl; THF; —78 °C — rt

t-BuLi, ZnCl,, Ti(OiPr),, etc; THF;
-78°C »> rt

t-BuLi, BF;-OEt,, TiCl,, Et,AlC], etc,;
THF; -78 °C

t-BuLi, Cul or CuBr or CuCN, etc,;
THE;

-78 °C > rt

or i-PrMgCl mixtures

THF, -78 °C

result

metal—halogen
exchange
exclusively

metal—halogen
exchange
exclusively

metal—halogen
exchange
exclusively

skeletal rearrangement

metal—halogen
exchange
exclusively
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Problem with the initial plan

1) NaBH4,
o 1) PPh3, TBSOTf CeCI3 -7H20 NaClO2, NaH2PO4
THF, 0 °C (o) MeOH, 0 °C OHC e 2-methyl-2-butene

I[ﬁ
. | . | .
2)LDA, -78 °C, 18 0. 2) PhLi, Et20 - t-BUOH/H20
3) 1M HCl S ﬂg 75% PhMeoSi~ =7, 80% (2 steps)

3) DMP, CH2CI2

Palladium-mediated

HOOC | 0 cascade cyclization
PhMe,Si~~ > \)é g
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Modified plan-D ring first

1)TBSCI, imidazole
DMF, 0 °C
97%

Allyl acetate
NaH, Pd(PPhg),

THF
95%, d.r.>20:1

p-TsOH

MeOH, 0 °C
92%

2) LDA, MeCHO SiTON
THF, - 78°C - i oTBS
3) DMP, NaHCO3, N~
CH.Cl,, 0°C
91%, d.r. > 20:1

lo, PPhg,
imidazole

THF, 0 °C
97%
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Formation of E F rings

9-BBN
THF, rt

then NaOH,
H202, 0 °C
71%

SnCl4

_—

CH2CI2
82%

. Zsn
1)TBSCI, imidazole

Pd(PPhag),, LiCl

12

DMF, 0 °C
94% CO balloon _
2) KHMDS, PhN(T¥), DM§’2§/° °C
THF, - 78°C °
86%
1)DMP,CH2CI2 AcOH, NaCN
91% MeOH
2) Bn2NH202CCF3 Then MnO2
PhH, 50 °C 85%

60%
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Selective reduction of the diene ester

Alternative:
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CO,Me

variety of
conditions

(cod)(Py)(PCy3)IrPFg, H, (400 psi)

CO,Me

PhthN _

MOMO

CH,Cl,

H, (900 psi)

(cod)(Py)(PCy3)IrBArFg,

1,2-DCE
84%
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Scheme 18. Proposed Mechanism for the Formation of

(+)-51
Si Si
- [(cod)(py)(PCy3)]IrPFg -
o) H, 0
—(cod)
H
CO,Me Hy
(L, — H-[Ir]H
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1,4-reductive coordination
elimination
LD
_Si
0
®
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|

migratory insertion
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Conclusion

First total synthesis of (-)-calyciphylline N
Transannular enolate alkylation to form the D
ring

One-pot Nazarov cyclization/proton-
desilylation sequence to form the E ring

Chemoselective hydrogenation of a fully
substituted diene ester
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