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Synthetic studies of polyfunctionalized natural products with highly-fused ring
systems
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Synthetic studies of polyfunctionalized natural products with highly-fused
ring systems were conducted, and total syntheses of daphenylline and lycopalhine A were
accomplished. The synthesis of daphenylline features intramolecular cycloaddition of an azomethine
ylide as well as a Claisen rearrangement. In these reactions, the stereochemistries were remotely
controlled by the characteristic_conformation of the DEF tricyclic core. The synthesis of
lydopalhine A features construction of the tricyclic system via cleavage of a cyclopropane ring and
a subsequent intramolecular Michael addition. We also carried out synthetic studies of yuzurimine
and obtained a key intermediate for the total synthesis, which has a tetrasubstituted C-C double

bond in the [5-5] bicyclic system.
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a) NaBHs, CH:Cl:, MeOH, rt, 99%; b) PCls
pyridine, CH2Cls, —10 °C; ¢) 10, NiBr2 diglyme,
(9)-1Pr-Pybox, DMA, 0 °C; d) aqg NaOH, EtOH,
rt, 45% (3 steps); e) TFAA, TFA, CHsCls, rt; aq
Na2C0s, MeOH, rt, 81%; f) BBrs, CHzCls, 0 °C,
quant.; g MeMgBr, THF, 0 °C; MgBre,
TsOH ‘H20, THF, 50 °C, 68%.
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a) Tf20, pyridine, CH2Cls, 0 °C, 73%; b)
propargyl alcohol, PdClz(dppf) -CH2Cls,
pyrrolidine, TBAI, DMF, 60 °C, 86%; c¢) Has,
Lindlar catalyst, quinoline, EtOAc, rt, 98%; d)
n-butyl vinyl ether, Hg(OAc)2, 60 °C, 74%; e)
iBusAl, hexane, 10 °C, 90%, dr = 5.9:1; f) TBSC],
imidazole, DMF, rt, 96%; g) 9-BBN, THF, 0 °C;
aq H:202, aqg NaOH, 0 °C to rt, quant.; h)
AZADOL, PhI(OAc)s, phosphate buffer (pH 6.8),
MeCN, rt; 1) TFA, CH2Clz, rt, 63% (2 steps); j)
LDA, THF, —78 °C; Mel, HMPA, 0 °C, 67%.



{5 12 O F 7~ EAL 2R ITHIICBIZ L |
L ONKRBEEDO/NS Ve R Eas vl
NE—T )b UTR#E L%, SBIERSE A
WT/ Yy ra=y k14 ZEALE, bE
W15 O Ns £ (= raRUPBo A Lk=/L
) # Bockk (+7 PRI HAR=VHE) ~
EEWL, T a— L ORiER X O E
ITWT AT ERL16 #157-,16 2~ A 7 1
P R L i 200 BEICTMBAL 72 & 2 A,
Boc EDOFrE, WHEL 720 7 I VEMLE
TIVT b REML & OBKFEAIC L BT A
F oAV ROAERK, 55 FNERILAINE S 23
T 52 LT, —RIoRBE(LAw 1T %215
HZ LTI LT, BB AT LT AT IV
iz, = NI LERETHZETREL, ¥
7= U EET,

Me Me. MeOzC/\NHNs
oMY ’ ab _po M J . 14
O o
9
(@) Me TIPSO. Me
12

13
e Me
IO, ; O’
d-f
H BocN H
Me o Me
15 H 16
I

(kw2

N H
17

MeO,C MeozcW

W
N

Ns
TIPSO

M
g Me& -

CO,Me

daphenylline

a) LiAlH4, THF, 0 °C, 99%; b) TIPSC], imidazole,
DMF, rt, 64%; c¢) 21, DEAD, PhsP, toluene,
70 °C, 85%; d) PhSH, K2COs, DMF, 50 °C, 92%;
e) TBAF, THF, rt; Boc20, aq NaHCO3s, CHzCls,
rt, 83%; f) Dess—Martin periodinane, CH2Clg, rt,
93%; g NaOAc, BHT, MS4A, toluene,
microwave, 200 °C, 53%; h) NHs, MeOH, 70 °C,
79%; i) Burgess reagent, CH2Cle, rt, 94%; j)
NaBH4, MeOH, reflux, 36%.
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a) NaH, EtsN, TBSCl, THF, 40 °C, 95%; b)
lipase QLM, vinyl acetate, EtOAc, rt quant; c)
TsCl, EtsN, MesN-HCl, CHsClz, 0 °C, 95%; d)
KoCOs, MeOH, rt, 98%; e) AZADO, PhI(OAc)2,
buffer (pH 7.4), MeCN, rt; f) DBU, CH2Cls, rt,
91% (2 steps); g Io, DMAP, CHsCls, rt, 88%; h)
13, PdCla(dppf), AsPhs, KsPO4, THF-H20, rt; 1)
NaBHs, CeCl3-7H20, MeOH, 0 °C; j)
CHsC(OEt)s, o-nitrophenol, m-xylene, reflux,
58% (3 steps).
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a) LiAlHs, THF, rt, 92%; b) DMP, NaHCOs,
CH2Clg, rt, 97%; ¢) NesCHCO2Et, SnCls, CH2Cls,
rt, 98%; d) 19, EtsN, MeCN, THF, rt, 98%; e) 21,
toluene, reflux, 55%; f) aqg NaOH, EtOH, 91%; g)
CDI, THF; ArSO:NH., DBU; h) TBAF, THF,
86% (2 steps); i) DMP, pyridine, CH2Clo, rt to
40 °C, 80%.
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43 lycopalhine A

a) DIBAL, THF, —78 to 0 °C, 88%; b) PPTS,
CuSO04, acetone, rt, 80%; ¢) MsCl, EtsN, CH2Cls,
rt, 93%; d) KCN, 18-c-6, DMSO, 80 °C, 97%; €)
BF3-OEte, CH2Cls, —78 to 0 °C, 96%; f) TBSOTY,
2,6-lutidine, CH2Clz, 0 °C, 93%; g) Mg, MeOH,
40 °C, 96%:; h) BocOSu, EtsN, DMF, 40 °C, 93%:;
i) 0s04, NalOy, 2,6-lutidine, dioxane-H20, 89%;
j) NaBHs, MeOH, 74%; k) MeNHNs, PhsP,
DEAD, toluene, 97%; 1) DIBAL, toluene, —78 °C,
93%; m) NaBH4, THF, MeOH, 0 °C to rt, 97%; n)
TAS-F, DMF, rt, 97%; o) DMP, NaHCOs,
CH:Cls, rt, 98%; p) KOH, MeOH, 0 °C to rt,
98%; q BzCl, pyridine, 92%; 1) CAN,
MeCN-H:0, 0 °C, 89%; s) DMP, NaHCOs,
CH:Cls, 98%; t) TFA, CH2Cls, —78 °C to rt; w)
PhSH, KsPOs, CH3CN; AcOH, rt to 50 °C, 89%
(2 steps) ; v) K2COs, MeOH, rt, 89%.
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