The Total Synthesis of (-)-Cyanthiwigin F by
Means of Double Catalytic Enantioselective
Alkylation
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cyanthiwigin A (1): R4=0 Rp=H
cyanthiwigin B (2): R4=R,=0
cyanthiwigin C (3): Ry1=a-OH Ry=H
cyanthiwigin D (4): Ry=a-OH R=p-OH
cyanthiwigin E (5): R4=0 Ry=p-OH
cyanthiwigin F (6): Rq1=H R;=0

cyanthiwigin H (8): R=0 cyanth!wigfn 1(9): R=0
cyanthiwigin K (11): R=a-OH cyanthiwigin L (12): R=a-t

cyanthiwigin J (10)

Peng, J. et al. Tetrahedron 2002 58 7809
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cyanthiwigin G

HO H

Cyanthiwigin F

cyanthiwigin M (13): Ry=a-OH R;=H R3=-OH
cyanthiwigin N (14): R4=0O R,=0 R3=B-OH
cyanthiwigin O (15): R1=0 R,=0 R3=0
cyanthiwigin P (16): Ry=0 Ry=H R3=p-OH
cyanthiwigin Q (17): R1=0 Rp=H R3=0

cyanthiwigin R (18): R1=0 Rz=0 R3=00H

cyanthiwigin S (19): R4=0 R»=0 R3=OH

cyanthiwigin T (20): R4=0 Rp=B-OH R3=00H

cyanthiwigin U (21): R{=0 Ry=H R3=0H

cyanthiwigin V (22): Ry=a-OH R>=0 R3=0H

cyanthiwigin W (23): R{=a-OH Ry=H R3=0H

cyanthiwigin X (24): Ry=a-OH Ry=p-OH R3=0OH

» Isolated from the Jamaican sponge Myrmekioderma
styx in 2002.

« One of the 30 known cyanthiwigin natural products, all
of which belong to cyathins.

« Cytotoxic against human primary tumour cells (with a
half-maximal inhibitory concentration of 3.1 ug ml-1).
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Cyanthin Synthesis: Previous Works

1. CAN; 82%
2. LAH; 99%

3. (COCI),, DMSO, EtsN; 84% ~CHO
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N opw o
O TfOH (2eq.) OPiv
-78 °C; 70%
Xc=
OH;
1. Vinylmagnesium = Grubbs' Il
2. %r'\c;lrglde, CeCl3 N 43% (three steps
X
o

Cyathiwigin U
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Philips, A. J. et al J. Am. Chem. Soc., 2005 127, 5334
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Cyanthin Synthesis: Previous Works

SOCly, py, OMPM OMPM

DCM, 0 oC to rt,
2h;

OMPM
t-BuOK, Bezene,
0°Ctort, 2h; 94%

0
o 71% 17%

2-Bromoproene
t-BULi, Et20,
-78 oC 2h; 72%

1. SOCls, py, DCM,

1. Hy, Pd/C, MeCOH,
0oCtort, 2 h; 90%

rt, 6h, 96%

2. DMP, DCM, rt, 92% 2. pTSA, CgHg, reflux,

6 h; 85%

o _I Sml,, HMPA,
1. LHMDS, NCCO,Me, Co,Me THF,-78°C,
THF, -78 oC, 0.5 h; 87% 10 min: 91% CHO

COMe —

2. CHalo, TBAF, THF,
0 0C to rt, 0.5 h; 86%

Allocyathin B,

Nakada, M. et al Org. Lett. 2004, 6, 4897.
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Cyanthin Synthesis: Previous Works

« Allocyathin B2
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CH,

Carbonyl ene
reaction

» Allocyathin B2

Tori, M. et al. J. Org. Chem. 1998, 63, 306.

Snider, B. B et al J. Am. Chem. Soc. 1996, 118, 7644.
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The Enantioselective Tsuji Allylation
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THF, 12 "C B diallyl carbonate
90% yield, 89% ee TBAT, THF, 25 °C

95% yield, 87% ee

Table 2. Enantioselective Tsuj £nol carponaie Allylauon* Table 3. Enantioselective Tsuji Enol Silane Allylation?
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0CO,allyl o}
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14 AN et 6 81 87
16 ne2 2 90 29 Behenna, D. C. & Stoltz, B. M. J. Am. Chem. Soc. 2004 126, 15044
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Pd-Catalyzed Decarboxylative AIIyIation of B-Ketoesters

[Pda(dba)s] (2.5 mol%)

0O O
R P (S)-tBu-phox (1, 6.25 mol%
() o7 NF INF co, ')
THF or EL,0, 25-30 °c \\)
PPhy, N—

Table 2: Enantioconvergent decarboxylative allylation of [-ketoesters. t-Bu
Entry Substrate Product T[°C] t[h] Yield [%]"! ee [%6]°) 1
0 [}
COsallyl | o~m
1 25 1.5 94 85
20l 25 24 94 86
o (o] Q o
/ J/
o o]
COzallyl R
3 \Eﬂ/ zally \w ~F 30 9 89 90
o] o}
CO;allyl NN
4 25 5 90 85
[a]

COsallyl

sldel 30 4 77 90

0
S
)
COsallyl R
= @iﬂ ~F 25 10 97 92
)

Cr

gl

080

COsallyl W
7 @ d ~F 25 95 83 87
o] 0 o]
g )'I\o’\]/ 35 6.5 87 92
CHs CHs
o o o
gide /J\O/'\( \T// 35 25 87 9
Cl ]
o - (o]
|- COzallyl S
10 25 25 91 92
N N
Bn Bn

Stoltz, B. M. et al Angew. Chem. Int. Edn Engl. 2005 44, 6924
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Title Paper: Retrosynthesis

Acyl radical chggﬁng 0
oychzanon WINF
/\\‘\‘
0]

(R,R)-6

Double

o o
allylation |
E— H Q
Y
0 O |
7

Chenbo Wang @ Wipf Group Page 8 of 12 7/22/2008



Double Catalytic Enantioselective Stereoablative Allylation

(o

o)

(1) Allyl alcohol,
NaH, Tol,
9] Tol

0 ) (2) K,CO3, Mel,
acetone, reflux
(51% vyield)
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PPh, r\}J O

| @] @]
H 0 5.5mol% (B NS
0 H P +
| Pd(dmdba),, 5 mol%
o O Et,0, 25 °C o]
7 (78% yield) (R R)-6 4.41 meso-6
1:1 mixture of 99% ee
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Catalytic Enantioselective Stereoablative Reactions

a) enantioselective
A catalyst (-)-B
(achiral) (enantioenriched)
b) enantioselective
(.t)‘A cma’yst (—)'A 3 B
(racemic) stereoablation (enantioenriched) (achiral)
c) enantioselective
(£)-A catalyst B catalyst (-)-C
(racemic) gterecablation (achiral) (enantioenriched)

Fig. 1 Strategies for enantioselective catalysis.
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VS.

RuCl5[(R)-BINAP]JEt;N, Hp,100 atm, 59%

MeO OMe MeO OMe
O O O O O OH OH O

Stoltz, B. M. et al Org. Biomol. Chem., 2007, 5, 3571
Schreiber, S. L. et al J. Am. Chem. Soc. 1993, 115, 3360

Chenbo Wang @ Wipf Group Page 10 of 12 7/22/2008



Completion of The Synthesis

!
2= 40 VB S
Cl,Ru=
(1) KHMDS |
PhN(TT), e
Q \| THF, -78 °C s
o (73% yield) ‘W (10 mol per cent)
> || =
- (2) Zn, TMSCI k‘\a'
1,2-dibromoethane ?
x O I\/\( O \/B"'O
6 4 14
THF, 65 °C PhH, 60 °C:
then Pd(PPh;), NaBO,, THF/H,0
(78% yield) (51%yield)
(1) KHMDS

PhN(TH),
t-BuSH O 5 THF, -78°c R O
OTH AIBN 4 (60% yield)
e (L ——— T
PhH, 80 °C (2) i-PrMgCl
O

(57% yield) CUCN, THF;
) O
PAAPPICL, 4 R -pr
15 16 (63% vyield) ' N
i . (-)-cyanthiwigin F
(1.8:1 mixture 17 R=H
of 1:17) T
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Summary

« The total synthesis of (-)-cyanthiwigin F was accomplished in 10 steps,
1.2% overall yield

« Key steps include a double catalytic enantioselective allylation, RCM and
acyl radical cyclization.

« The synthesis is protection-group-free.
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