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Introduction

* From plankton: Marine
Dinoflagellate Amphidinium sp

(2000)*

* First enantioselective total
synthesis by Flirtsner (2007)?

1Kubota, T.; Tsuda, M.; Kobayashi, J. Tetrahedron Lett. 2000, 41, 713. .
2 Furstner, A.; Larionov, O.; Fligge, S. Ang. Chem. Int. Ed. 2007, 46, 5545.



b

u
Introduction

-
e 14-membered macrolactone

e 4 exocyclic methylene groups

* 4 asymmetric centers
(8R, 9S, 10S, 13R)

* An epoxi-alcohol

e An unsaturated-side chain

Firstner, A.; Larionov, O.; Fligge, S. Ang. Chem. Int. Ed. 2007, 46, 5545.
Flrstner, A.; Fligge, S.; Larionov, O.; Takahashi, Y.; Kubota, T.; Kobayashi, J. Chem.-Eur. J. 2009, 15, 4011
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First enantioselective total

1/ Brp DCM, -78%
o TMS™ 'MgBr  TMs OTBS then MeONa, MeOH, -20 °C, 91%
“~_OTBS > T}/YV -
L~ CUCN (10 mol%) OH 2/ A, Pd(OAC), (10 mol%), dppf (10 mol%),

THF, O °_C to r.t. -BuNH,, THF, reflux, 84%
quantitative

1/ Esterification o7 = OTBS
OTBS 2/ deprotection W
OH 3/ Sharpless
epoxidation R
4/ Oxidation

{TH PO~ BF3K}

A

Firstner, A.; Larionov, O.; Fligge, S. Ang. Chem. Int. Ed. 2007, 46, 5545.
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First enantioselective total
synthesis

TBSO
= OTBS 1/ B, (+)-N-methylephedrine) NG OTBS
OW Phiie. 25 °C. 6% W/
O. _O > o__0O
2/ TBSCI, imidazole, DCM
S 10 °C, 79% X

C (20 mol%)

>
DCM/PhMe, 85 °C
66%

Firstner, A.; Larionov, O.; Fligge, S. Ang. Chem. Int. Ed. 2007, 46, 5545.
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First enantioselective total
synthesis

D (2 mol%)
ethylene (1.8 atm.)

>

toluene, 45 °C
90 %

—_—
—_—
_— / \
MeSNYNMeS
Ru‘CI
/=l
ey e
|
yCy y
D

Firstner, A.; Larionov, O.; Fligge, S. Ang. Chem. Int. Ed. 2007, 46, 5545.
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Retrosynthesis

Macrolactonization

>

SIMe, Allylic transposition

th
SI'O
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Preparation of substrate 6 &+

OH / 10\ Pha o0/ GI (15 mol%) si”

NaH (10 mol%) ethylene O
Ph/\/k/ ) | | > |
hexanes-THF (12:1) | DCM (0.01 M) Ph™ ™
rt., 12 h, 96% 8 55 °C, 12 h 1
88%
OH

MelLi C
THF - ne
50 °C, 1.5 h e  SiMe; /~¢

80% PR Pe
yCy y

Gl
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Preparation of substrate 7 &+

_Z
PMP =
Ph pp 0.~ Ph Ph PhOH Ph,
_Si. 12 PhsAuCI (1 mol%) Si.
MeO j n-BuLi / J AgSbFg (1 mol%) | OPh
> >
~ o THF OPMP DCE, r.t., 10 min =
13 -30 Csth't" 5h 82% OPMP
° 15
Ph,
Red-Al (3 equiv.) SI.H
>
Et,0, 0 °C, 0.5 h N
89%
OPMP
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Preparation of Acceptor Aldehyde u
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3

Ph,

S'~H OH (XantPhos)CuCl (5 mol%) Ph, S
| t-BuOLi (0.7 eq, slow addition) Si. SiMe,
SiMe PhMe, 85 °C, 5.5 h
OPMP 6 3 97% X Ph
7 OPMP

16

PPh, PPh,
XantPhos
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Preparation of Acceptor Aldehyde u
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3 BERN

Ph X Gll (5 mol%) Phd 5 SiMe,
2 : BQ (20 mol%) _
SLO SiMe, _ |
HT\/\ | DCM (0.005 M) y
40 °C, 12 h
~~  "Ph iyl PMPO
OPMP ¢ -
e
R6207 (10 m0|°/o) BQ
>~ I\
Et,0, 0 °C, 16 h ocN N
85% g:‘CI
B2 =855 17 SiMe, Ph/_,|':\/C'
CyCIyCy
Gll

10
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Preparation of Acceptor Aldehyde u
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CAN (3 eq)
2-methyl-2-butene (20 eq)

>

acetone-H,0 (9:1)
0°C,0.5h
54%

17 SiMe,

1/1BX, DMSO, r.t., 1h

?
2/ (EtO),P(0)CH,CO,Et, NaHMDS
THF, -78 °C 10 0 °C, 3 h

79 %

11
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Preparation of Acceptor Aldehyde u
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DIBAL-H
’ o
THF, -50 °C, 1.5 h
91 %
1/ Ti(Oi-Pr)4 (10 mol%) oh
(-)-D-DIPT (15 mol%), +-BuOOH Si 2
MS (4 A), DCM, -20 °C, 12h .
(d.r. = 88:12)
y

2/ SO4+Py, DMSO, EtzN
DCM, 10°C, 3 h

94%

12
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Preparation of Donor Aldehyde 4 @

BOP (1.1 eq)
MeO.C y KOH (1eq) HO2C i-Pr,NEt, 0.5 h
/ - % >

CO,Me MeOH-H,0 (2:1) CO,Me then NaBH,

20 A, 12 h 21 94 %
54%

H,C=CH, (2 atm)

HO Gll (10 mol%)
CO,Me BQ (20 mol%) HO CO,Me
Z >
DCM

22 50 °C, 12 h 23
76%
SO5+Py, DMSO
EtsN Ox CO,Me N O
> @ "N PFg
DCM N o
0°Cto rt., 2 h 4 BOP O*P(Me2)3

79%

13



Completion of the Synthesis

L-Proline (1 equiv)
MS (4 A)

>

DMF, 0 °C
Slow addition of 4
over 24 h
66 %
E/Z=12.5:1

u

b
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Completion of the Synthesis &

OH
O :
Me3;SnOH (10 eq) | |
> O\ 2
DCE _
100 °C, 2.5 h X SiMes
quantitative
CO,H

C|3C6H2COC|, I"Per Et
THF, 2h

>

then DMAP
PhMe (0.002M)

61%
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Completion of the Synthesis &

NaBH,  HO N\~ SiMes

MeOH
0 °C
91% O o

1/ Ti(OF-Pr)4 (10 mol%)
(-)-D-DIPT (15 mol%)
t-BuOOH, MS (4 A)
DCM, -20 °C, 12 h

>

2/ 1,,PPh3 imidazole
DCM, r.t., 1.5h

85%

16
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Completion of the Synthesis &

t-BulLi
Et,O (2 mM)
-120 °C
80%

AgF (5 equiv)
THF-MeOH-H,0
(10:9:1)
rt., 3 h
62%

17



Conclusion —

e 22 steps : overall Yield =3.3 %

e Key steps : ring closing enyne and diene
metathesis, allylic transpositions, ring
contraction, cross aldol condensation
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Thank you for your attention
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Mechanism of the Dehydrogenative
Alcohol Silylation
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R ] -
ROH F: o. 2
>'—' H ' ﬁ
Cu_
P 4 P P (’ St P
v -HL \ P - \
((I:U‘H’C\u) — ((l:U—H ((}3u—OR
A P H,
H F e
Higher Aggregates C ROSIR'y P R HSIR'3

20
Ito, H.; Watanabe, A.; Sawamura, M. Org. Lett. 2005, 7, 1869.
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Plausible Mechanism for Silyl-directed
Allylic Transposition/ Ring Contraction  *"

03 Re —\IO, Pha, S| ﬁeo "
!‘l . O
O*SiPh, | )
) - O3Re’ ¥ % Ph
A | — R [3,3] J‘%;s.?
\ RI ’ g(l)lx_\—*—;l . /\\\/!\J\
’,/’l_, ~ . 'IR R. R '
f B O”I/::'e:.o B . ‘_ high ee
Re.0, O \
low ee _Si
| . o™
N Ry  ion-pair /\/,\/\
formation R, s R,

21
Volchkov, I; Park, S.; Lee, D. Org. Lett. 2011, 13, 3530
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Synthesis of compound 10 &

NI
Me, _ n-BulLi P Si ~
_Si. F - ZAR
¢~ Cl THF-Et,0 (1:1) /10\
-30°Ctort,5h
91%

22

Volchkov, [; Park, S.; Lee, D. Org. Lett. 2011, 13, 3530



b

u
Synthesis of compound 9 &

0
“ (S,S)-Ti,O (10 mol%) OH
©/\)J\H /\/SnBu3 S . Ph/\/k/\

0°C, 2d 9
whitout stirring
95%, ee = 95%

)
g &,

O,Ti:o/g\ o Q
OO (S;STiZO

23
Hanawa, H.; Hashimoto, T.; Maruoka, K. J. Am. Chem. Soc. 2003, 125, 1706.
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Synthesis of compound 13 &

Ph\ Ph
Si
Ph, Et,0 MeO’
_Si. -~ MgBr > J
MeO" ~ "OMe 0°C to r.t. =
2h
82% 13

24
Volchkov, I; Park, S.; Lee, D. Org. Lett. 2011, 13, 3530
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Synthesis of compound 20 &

K2COs MeO,C CO,Me
MGOWOMG _ \CI . 2 N 2
cl THF-DMF (1:1 N
O O o0 éh-) CO,Me CO,Me

75%

NaCN 2.5 equiv.)

H,0 (3 equiv) Meozm
/
> =
COzMe

DMSO
110 °C, 4 h 20
77%

25



Gold-Catalyzed

o _Ph
Ao s PhOH  PnQPh
— | —_— Si —
- [Au
® [Au] | © o

Park, S.; Lee, D. J. Am. Chem. Soc. 2006, 128, 10664.
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Ph

Ph.Q Ph
Si

Jy
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Knoevenagel-Mannich Type
mechanism

X" —
) — x‘l‘_ u_.)
{ ) ' N
O ‘\ ~ . —" /L
o &N - N _ H R
H _ / - \’A H‘- \ -’l‘\‘ 1
R —f H - - H """l \
R‘ X QT \
. HO HX -
r— .'\.‘;‘ /; -
() rf R*
” '
P N
H X 20 NS
) ': RH "—.._,"'
‘ X

- g i - \ ‘," ‘.'
R4 H;0 H Y Ry N\ /

27
Erkkila, A.; Pihko, P. M. Eur. J. Org. Chem. 2007, 4205.
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/ -
7N CH:’C:_ & )
_ # "O—CH, ——= O._ /g
9 L / H
O-H’ Sn(CH3):
HyC Sn polar transation state
H.‘C/ CH! \
. 0
VAR %
HOCH, *+ ¢ CH;-C
: \) OSn{CH1)y
10
28

Furlan, R. L.; Mata, E. G.; Mascaretti, O. A. J. Chem. Soc., Perkin Trans. 1 1997, 355.



Route 1

} R
Ru ZR Ph
— ——-— ( - Ry=" *+2

Mori, M. Adv. Synth. Catal. 2007, 349, 121.
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Retrosynthesis

Allylic transposition

>
Two carbon
homologation PMPO
5
Ph,
Alcoholysis M | Si..,
X X
> Ph 5 H/\/\
RCM 6 oMes OPMP
7

OH Enyne RCM Ph _ O\Si/—
Phw S | |

5 SiMé; Ring Cleavage |
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