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Daphniphyllum Alkaloids

Daphniphyllum alkaloids have highly complex
polycyclic structures.

In recent years, more than 60 new Daphniphyllum

”

alkaloids were isolated from the oriental tree “Yuzuriha”.

Some of these alkaloids showed cytotoxic activities
against several tumor cell lines.

The unusual ring systems have attracted great interest
as challenging targets for total synthesis.

Yuzurimine

Daphniphylline Secodaphniphylline

Yuzuriha (Daphniphyllum macropodum;
Daphniphyllaceae)

dioecious evergreen trees and shrubs native to
Japan.

Leaves are used as a pesticide.
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Daphniglaucin A

Isolated from the leaves of Daphniphyllum glaucescens in 2003.

Unprecedented fused-polycyclic skeleton containing 1-azaniatetracyclo[5.2.2.0.160.4°Jundecane ring.

Structure elucidated by MS, 1H and 13C NMR, COSY, HMBC and NOESY

Exhibited cytotoxicity against murine lymphoma L1210 cells (ICg, 2.7 ug/mL)
and human epidermoid carcinoma KB cells (IC5, 2.0 ug/mL) in vitro.

Kobayashi, J. et al., Org. Lett., 2003, 5, 1733.
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Related Compounds Isolated from
Daphniphyllum Glaucescens

C02M9
Daphniglaucin A
A )
|
OHC
. . 0]
Daphniglaucin B
L Daphniglaucin C
cytotoxicity :
murine lymphoma L1210 cells (IC5q 3.9 ug/mL) . :
and human epidermoid carcinoma KB cells gglc)s’[(zf(é(:éyor-qu;g\ﬁnll)_/;nphoma L1210
(ICs0 10.0 ug/mL). inhibition the polymerization of tubulin
(ICs50 25 uM)
Kobayashi, J. et a/_’ Org Lett., 2003, 5, 1733. Kobayashi, J. et al., Tetrahedron Lett., 2004, 45, 901.

N
Daphniglaucin D (¢
Daphniglaucin E: R=H Daphniglaucin G: R=H
Daphniglaucin F: R=Ac Daphniglaucin H: R=Ac

Kobayashi, J. et al., Tetrahedron, 2004, 60, 6279. Daphniglaucin K R=Ac
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Proposed Biogenetic Pathway for Daphniglaucin A -1

Heathcock, C. H., etal., J. Am. Chem. Soc. 1988, 110, 8734.
Heathcock, C. H., et al., Proc. Natl. Acad. Sci. USA. 1996, 93, 14323.
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Proposed Biogenetic Pathway -2

Prins-like R R
ene reaction

R=H: Daphniglaucin A
R=0Me: Daphniglaucin B

Heathcock, C. H., Proc. Natl. Acad. Sci. USA. 1996, 93, 14323.
Kobayashi, J. et al., Org. Lett., 2003, 5, 1733.
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Total Synthesis of Methyl Homosecodaphniphyllate

- OHC
OHC"
Z Z
—> :
HN-

Daphniglaucin A

J

OBn OBn BnO

OBn
CO,Me

1) Hy, Pd/C
2) Jones ox. H
3) MeOH, H2804

' |

methyl homosecodaphniphyllate

Heathcock, C. H., etal., J. Am. Chem. Soc. 1988, 110, 8734.
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Synthetic Study on Daphnilactone B

N
(o]
_ CO,Me
O.+.0 MeO = + + 0
K | [4+2] and [3 2]> MeO,Cr
—_—
Me” X N
Daphnilactone B
\ y,
MeO MeO OH MeO (o)
| | 9-BBN | SO4/Py . eSO | z
>  TBSO
TBSO then H,0,/NaOH DMSO, Et;N
99%
CO,Me
CO,Me 1. KF/Py, 95% MO P 2
PhsPCHCO,Me MeO = 2. DMSO/SO4/Py/Et;N NO, |
> | 3. EtNO,/KOt-Bu, 72% OH
66 % TBSO Me
C02M9
MeO =
Ac,0, DMAP NO: |
79% Me™ ™

Denmark S. E., etal., J. Org. Chem. 2006, 71, 593.
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Synthetic Study on Daphnilactone B

_ COzMe _
o\ﬁ,,o MeO = SnCl,
—»

| DCM, -78 °C CeHg, 60 °C
Me™ ™S [4+2] [3+2]
Ra-Ni. H Me Me 1) DMSO, SO, Py Me

i NaOMe HO 2) MePhP*Br-
—— | MeO,C!" | S .~ !
OH HN 79% N 73% N
4 o
4 )
Ni boride , H, DIBAL-H 0
- —_—
61% N
daphnilactone B
Me \ /
~, 20%
H .
N
o

Denmark S. E., etal., J. Org. Chem. 2006, 71, 593.
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Synthetic Study on Daphniglaucin D

o) 1) (i-Pr),NMgBr 1) 04 N-En
g; I/IMI?'CtIh Mel = 2) BnhHy 3
eLl, then Vie
— Me NaBHiON
o o 85% 59%
(o) daphniglaucin D
\  / ) \ O O L phnig )
1) Hy, Pd(OH),
2) K,CO4 Lil N/Y /\(
) KoCOg Li Br/\( H ! N 4 H N
Br r 10% HCI Br  PhOK, Pd(PPhs), Me
48% 89% 45%
0" Yo H
(o) o)
"\ BH; BH, BH,
Me
NaBH, CeCl N N [Rh(NBD)(DIPHOS-4)|BF 4 N
4 3 Me > H
63% WOH Ha (400 psi), NaH WOH
= H Me ‘ 56% Me H
OH H °
1) DMSO, (COCI), EtsN N Me
2) 2N HCl H
: I
50% H
Me o Bonjoch, J., etal., Org. Lett. 2005, 7, 5461.
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Masafumi’s Work : Synthetic Strategy as a Model Study

Daphniglaucin A

OH
N® )
\L@ — NH~oH —
OH

OH
1-Azonia-tricyclo[5.2.2.0"-®Jundecane

formal ene reaction  *"“NP(0)Ph,

AN

)

4 oP

NP(O)Ph, __ X NP(O)Ph,

Cor

l\fP(O)th

oP
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Pericyclic Cascade Reaction of (Bicyclo[1.1.0]Butylmethyl)Amine

s )
_P(O)Ph, \ P(O)Ph Me
g o ST ~<X3
Ph y
Ph . Ph N\ N,
BusNHSO, NaOH(50% aq.) < “P(O)Ph,
Ph PhMe, RT, 36h Ph Ph
63%
\_ J
-P(O)Ph,
HN Me
)\/Br Me
Ph “
——> MeO,C \ /
66% $  "P(O)Ph,
MeO,C Ph
_P(O)Ph
- (OPh2 Et
N B
Ph ‘,
51% (2.9:1dr) T p(0)Ph,
NG Ph
_P(O)Ph
un-POPh2
Ph
N.
87% :  "P(O)Ph,
MeO,C Ph

Wipf, P. and Walczak, M. A. A., Angew Chem. Int. Ed. 2006, 45, 4172.
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Pericyclic Cascade Reaction of (Bicyclo[1.1.0]Butylmethyl)Amine

C02M9
Hn-F(©Ph2 P(O)Ph
Ph A~ Br P XN OPR2 2+2]
Ph —» Ph
Bus;NHSO, NaOH(50% aq.) Ph
PhMe, RT, 2h Ar -
MeOZC N\
P(O)Ph,
72 \ F;C
Ph
N Ph Ph Ph
Ph Ph
Ph t-Bu
Ph N N
N, N CeH11 P(O)Ph, 'P(0)Ph,
P(O)Ph, ‘e
59% 54%
32% 68%

First example of the synthesis of 3-azatricyclo[5.1.1.0"%] nonanes .

Wipf, P. and Walczak, M. A. A., Angew Chem. Int. Ed. 2006, 45, 4172.
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R R? = H, or alkyl

l very fast

Me

N,
§  P(O)Ph;
Ph

Mechanistic Hypothesis

Ph

R'=Ar
R?=H

Ph
N

P(0)Ph,

Wipf, P. and Walczak, M. A. A., Angew Chem. Int. Ed. 2006, 45, 4172.
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HoNP(O)Ph,

TolSO,H
—_—
Et,0

94%

Masafumi’'s work: First Approach
to the Daphniglaucin Core

TrCl Et3N (COCl), DMSO Daphniglaucin A
NN
DCM, rt then EtzN
71% 92%
Br
NHP(O)Ph, Br\f Cl NHP(O)Ph,

/\/\)\so Tol - TrO

210 MeLi, t-BuLi,

Et,O, THF

—/JOTBS

NP Ph,(O)PN
AN Br Phy(O)PN Ph,(O)PN 2 o
TBSO 1) TBAF, THF rt, 85% /\/\f A S " %0
> H
BusNHSO, 2) TPAP, NMO, DCM, rt
50% NaOH then benzene reflux 67% OTr OTr
toluene (58% 2 steps)
Me ’ R
/Q/ + Me\/\R — R, \"'
Ry 2 Me
Entr R HOMO of R LUMO of AE (LUMO-
y 1 bicyclobutane (eV) - alkene (eV) HOMO) (eV)
1 Ph -7.95 H 5.25 13.20
2 H -9.37 H 5.25 14.62
3 CHO -9.73 H 5.25 14.98
4 H -9.37 CHO 2.95 12.32
5 H -9.37 COOCHg3 3.38 12.75
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Masafumi’s Work: Synthesis of
The Quaternary Ammonium Core

Daphniglaucin A

Ph,(O)PN

Ph,(O)PN il 1)Concd HCI, THF 86%

r >

H 2) Bn?'l;illzKlﬂHC’) 18%30%-6’ OBn  2)(Boc),0, NaHCO; MeCN,
2 o OTr H,0 69%

--n>; 1) NaBH, MeOH 79%
o

OTr

1) 0sO, NalO,

1) MsCl, Et;N, DCM 2 6-lutidine
'
2) TFA, DCM
3) EtN, MeCN 2) NaBH,; MeOH
75%
BnO
N ) MsCI, NaHCO5
oy '
“—0OH DCM/H,0
o
OH 61% (X=Cl/OMs) 18 steps:

2.4% overall yield
Ueda, M.; Walczak, M. A. A.; Wipf, P. Tetrahedron Letters 2008, 49, 5986

Highlights: Problems:

-successful application of the formal ene -high number of steps

reaction with bicyclobutane -Not the real structure of the core of the

-first synthesis of the quaternary core of the Daphniglaucin A

Daphniglaucin A -improvement in the ene reaction could be done.
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