Asymmetric Total Synthesis of (-)-Amphidinolide V through
Effective Combinations of Catalytic Transformations

lvan Volchkov and Daesung Lee. J. Am. Chem. Soc. 2013, 135, 5324-5327

Ph, Metal catalysis Ph, Organocatalysis
Si. H HO,,
PMPO | a) LCuO'Bu -
b) LRu=CHPh | L-proline

A » OPMP

OH c) Re,0; -
N .

| SiMej (-)-Amphidinolide V

Ph

Liming Cao
Wipf Group Current Literature
4/20/2011

Liiming Cao @ Wipf Group Page 1 of 22

4/21/2013



Amphidinolide V

 Amphidinolides: secondary metabolites from symbiotic dinoflagellates
Amphidinium sp.

* (+)-Amphidinolide V: Amphidinium strain Y-15 with other 14 members

* Plankton: flatworm Amphiscolops sp. at Chatan beach, Okinawa

* Cytotoxicity: murine lymphoma L1210 (IC;,, 3.2 pg/mL) and human
epidermoid carcinoma KB cells (IC.,, 7 pg/mL) in vitro

(+)-Amphidinolide V Amphidinium sp. flatworm Amphiscolops sp.

Kobayashi, J.; Tsuda, M. Nat. Prod. Rep. 2004, 21, 77
http://www.pirx.com/droplet/gallery/amphidinium.html
http://www.wetwebmedia.com/fltwmidfag3.html
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(-)-Amphidinolide V

Structure:

14-membered macrolactone
* A syn-epoxyalcohol subunit
Three isolated and two vicinal exo-methylene groups

An unsaturated side chain

Stereogenic centers:

* H-H coupling constants and NOESY data

* First total synthesis by Flrstner et al (=}-Amphidinolide V

Volchkoy, I.; Lee, D. J. Am. Chem. Soc. 2013, 135, 5324-5327

Kubota, T.; Tsuda, M.; Kobayashi, J. Tetrahedron Lett. 2000, 41, 713

Flirstner, A.; Larionov, O.; Fliigge, S.Angew. Chem., Int. Ed. 2007, 46, 5545

Fiirstner, A.; Fliigge, S.; Larionov, O.; Takahashi, Y.; Kubota, T.; Kobayashi, J. J. Chem.-Eur. J. 2009, 15, 4011
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Flrstner retrosynthetic analysis of (-)-Amphidinolide V
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Ring-closing alkyne metathesis
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* Stereoselective alkylation
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Fiirstner, A.; Fliigge, S.; Larionov, O.; Takahashi, Y.; Kubota, T.; Kobayashi, J. Chem.-Eur. J. 2009, 15, 4011
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Key Steps in Furstner’s Synthesis
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Fiirstner, A.; Fliigge, S.; Larionov, O.; Takahashi, Y.; Kubota, T.; Kobayashi, J. Chem.-Eur. J. 2009, 15, 4011
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Intramolecular Allylation—-Alcoholysis Catalyzed by Gold

Phy Ph;
Si Ph;PAUCI/AgSbFg Sio R
F |
MeO\/ J MeO
rt, CH,Cl,, ROH =
Mechanism:
R = " @ R\ ,R ] R\ /R
ol — A Si Si\
R 24 | @ |
1 8 / R3 R1 R1 =
R2 Rz F32
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Mes—N>~ N-Mes
Utility expansion: CI:Y
'Ru:.:'\ '?h
e2 CI" | pn Ph~gi-0
PP Mpaliic |
MeO R =~ MeO Vi R
N CH,Cly, 40 °C
R =Me R =Me, 85%
R =Bu R = Bu, 83%

Park, S.; Lee, D. J. Am. Chem. Soc. 2006, 128, 10664—10665
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Ring Contraction of Eight-Membered Siloxacycles

Allylic transposition Ph,
R2 O_S|Ph2 Re2O7 /\/();Sl)\

| - :

N\ R’ RZ7NX R’
Mechanism:
- OReO -
,ReO3 T 3

OSR?1? Ph,Si ReOs

N s @)
O—SiPhy I O.Re” ~\.Ph
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Volchkov, I.; Park, S.; Lee, D. Org. Lett. 2011, 13, 3530.
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Au(l)-Xantphos-Catalyzed Dehydrogenative Silylation

AuCl(xantphos) (1 mol %) ,
Ph/\/OH + HSIEty - Ph/\/OSIEtg + H,

(0.5 mmol) 2 equiv 50°C

Mechanism :
echanism ROH (
( u-Cl R'3SiH -
Fi
(Au H (Au—OR
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Ito, H.; Takagi, K.; Miyahara, T.; Sawamura, M. Org. Lett. 2005, 7, 3001
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Versatile Dehydrogenative Alcohol Silylation Catalyzed by Cu(l)

—Phosphine Complex
OH CUO'BU (2 mol%) OSiEtg
Ligand (2 mo%)

C8H17/\ + C8|"l|7/K HSIEt - C8H17/\ + CBH17
OH H )3
- 112

Ar2P pAf2

68 : 32
Ligand = Ar = wnh CISIEty/Et;N/DMAP

DTBM-Xantphos

Mechanism : ROH R

(C\: "H ) ( — H —
u / Cu—H

\ - -
’ H.

Higher Aggregates C ROSnR'

=

Ito, H.; Watanabe, A.; Sawamura, M. Org. Lett. 2005, 7, 1869
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Cross-Aldol condesation of Nonequivalent Aldehydes

* The direct organocatalytic cross-aldol reaction of two nonequivalent aldehydes:

10 Mol & O OH Me O  OH

mo

O Me ® SN NCOH W MMe
Ve H H™ ™ Me H Y

H H : Me PN

DMF, +4°C Me Me
Aldol Donor Aldol Acceptor 88% yield, 97% ee not observed

* The direct cross-condensation to form the corresponding a,B-unsaturated aldehyde:

pyrrolidine/
O M propionic acid (0]
+ catalyst (10 mol%)
H)LH y _ . Y _
i-PrOH, 2.5 h,
100 mol% 100 mol% 45 °C
88%

Northrup, A. B.; MacMillan, D. W. C. J. Am. Chem. Soc. 2002, 124, 6798
Erkkila, A.; Pihko, P. M. J. Org. Chem. 2006, 71, 2538
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Possible mechanisms for the a-methylenation reaction

e Text book mechanisms:

. . LI N~ A N Hx
* An enamine-catalyzed aldol reaction ~— 1ILH A —= H
: H™ ™ om
followed by an acid- or o f R
base-catalyzed elimination LA M\ Aldol mechanism \
of the B-hydroxy group. A N7
. -
£ H 0
"N R AR
H H
HX
X '
H"H  H™ H ’
* The enol form of the donor aldehyde reacts \ 2 H P ,
with the iminium compound formed bythe | =~ ™ w~ {'H\ —= L)
H ™= =/ N
acceptor aldehyde (usually formaldehyde). L la Ho

rManvnch mechamsm

Erkkila, A.; Pihko, P. M. Eur. J. Org. Chem. 2007, 4205.
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Double activation of the reaction components

Knoevenagel-Mannich-type mechanism :

* Iminium species of formaldehyde (the acceptor aldehyde) reacts with the enamine
species of the donor aldehyde. -

X" —

0 [ o\ [\
* Second-order dependence || N SN H,_ll__R;
of the reaction rate on A ;‘ ~ H'_..J..g"'_, H, H,_L o \
. T =
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Erkkila, A.; Pihko, P. M. Eur. J. Org. Chem. 2007, 4205.
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Alkene moities:
enyne metathesis

* Transition metal-
catalyzed reactions
* Proline-mediated
cross-condensation

Retrosynthetic Analysis

Macrolactonization

> O
Allylic transposition
X SiMeg

CO,H

(1) Organocatalytic aldol ﬂ Desilylation
condensation

Allylic transposition

<
Ny

Two carbon
homologation

Alcoholysis & RCM

Ph,
Si. Me
+ N N “Me
N Ph N . i
Ring cleavage If
OPMP 7 6 SiMe; 8 |

Volchkoy, I.; Lee, D. J. Am. Chem. Soc. 2013, 135, 5324-5327
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Substrate for Allylic Transposition Precursor

e
Ph._~ M
Me. Me H NaH (10 mol %) I~Me
PN N ' >
+
7 \ Ph 10 N hexanes-THF (12:1) 8 ‘ ’ |
9 rt, 12 h, 96%
Gl (15 mol %)
MLE=CH, MeLi, THF, -50 °C H
> - > .
(o)
DCM (0.01 M), 55 °C 1.5 h, 80% Ph X
12 h, 88% 6 SiMe,

Volchkoy, I.; Lee, D. J. Am. Chem. Soc. 2013, 135, 5324-5327
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Substrate for Allylic Transposition Precursor

H
AN
Ph N
Pha Ph,PAUCI 6 SiMe
- _ . u 3
P _Si n-Buli, THF 3
PMPO.__%# ., MeO : ,
_~’ -30°Ctort,5h AgSbF,, DCE ]
12 13 84% OPMP i
v
PhOH
Ph;PAuCI (1 mol %)
Red-Al (3 equiv) Phg AgSbFg (1 mol %)
EtZO, 0°C,0.5h DCE, rt, 10 min
82%
89% < -

OPMP 15

Volchkoy, I.; Lee, D. J. Am. Chem. Soc. 2013, 135, 5324-5327
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Preparation of Acceptor Aldehyde

Ph
Sj 2 (Xantphos)CuCl (5 mol %) X

'H OH t-BuOLi (0.7 equiv, slow addition) P.h2 :
| + S g > SLO SiMe,
X Ph A PhMe, 85 °C, 5.5 h, 97% |

OPMP - 6 SiMe, X Ph

Gll (5 mol %)
BQ (20 mol %)

Re,0, (10 mol %), Et,0

E/Z = 85:1
> po /Z = 85:15

0°C, 16 h, 85%

DCM (0.005 M), 40 °C (E/Z = 85:15)

12 h, 96%

SiMe;

CAN (3 equiv)
2-methyl-2-butene (20 equiv) 17, P = PMP
acetone-H,0 (9:1),0°C,0.5 h 18,P=H
54% (64% BORSM)

Volchkoy, I.; Lee, D. J. Am. Chem. Soc. 2013, 135, 5324-5327
Ito, H.; Takagi, K.; Miyahara, T.; Sawamura, M. Org. Lett. 2005, 7, 3001
Ito, H.; Watanabe, A.; Sawamura, M. Org. Lett. 2005, 7, 1869
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Preparation of Acceptor Aldehyde

1. 1BX, DMSO, rt, 1 h; Ph,
2. (EtO),P(O)CH,CO,Et, NaHMDS, Si
THF, -78 °Cto 0 °C, 3 h, 79% (2 steps) S

3. DIBAL-H, THF, =50 °C, 1.5 h, 91% Oy
4. Ti(i-PrO), (10 mol %), (-)-d-DIPT (15 mol %) '

OH X SiMey
d.r.=88:12

SO,-Py, DMSO, Et;N, DCM

10 °C, 3 h, 94% (2 steps)

Volchkoy, I.; Lee, D. J. Am. Chem. Soc. 2013, 135, 5324-5327
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Preparation of Donor Aldehyde

BOP (1.1 equiv)

MeO,C KOH (1 equiv) HO,C
% MeOH-H,0 (2:1) % -Pr,NEt 0.5 h, then NaBH,
Cone ) > COZMG ) >

20 12 h, 54% 21 94%
(77% BORSM)

HO H,C=CH, (2 atm)
CO,Me Gl (10 mol %) HO CO,Me
Z : >
BQ (20 mol %), DCM 23

22
50°C, 12 h, 76%

N
. N ©
~ SO5-Py, DMSO, EtsN . o ©:N,N PF,
DCM, 0°Ctort, 2 h X 2vie P @
79% 4 BOP O-P(NMe,);

Volchkoy, I.; Lee, D. J. Am. Chem. Soc. 2013, 135, 5324-5327
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Cross-Aldol Condensation and Completion of the Synthesis

L-proline (1 equiv), MS (4 A), DMF
0 °C, slow addition of 4 over 24 h

- >
(E/Z=12.5:1), 60% E

oH Cl,C,H,COCl, i-Pr,NEt
: THF, 2 h; then DMAP,
PhMe (0.002M), O

AgF (4 equiv)
Et;N-3HF

THF, rt, 0.5 h

77% x_ SiMe,; 61%, (50% of 26);

CO,R

Me,SnOH (10 equiv)
DCE, 100 °C, 2.5 h 25 R =Me
quantitative 2,R=H

Volchkoy, I.; Lee, D. J. Am. Chem. Soc. 2013, 135, 5324-5327
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Cross-Aldol Condensation and Completion of the Synthesis

Qn, Ti(i-Pr0), (10 mol %)

SiMe; (-)-d-DIPT (15 mol %) X
t-BuOOH, MS (4 A)

9'//,, 9”0,

DCM, -20°C, 12 h

© o!
NaBH,, MeOH 26, X=0 l,, PPhs, imidazole, DCM 28, X=0OH
0°C, 91% 27, X =H, OH rt, 1.5 h, 85% (2 steps) 29 X =|

HO/,,h
t-Buli, Et,0 (0.002 M) S

-120 °C, 80%

AgF (5 equiv) 30, R = SiMe,

THF-MeOH-H,0 (10:9:1) s o
1. R=H, (-)-
rt, 3 h, 62% , , (=)-Amphidinolide V

Volchkoy, I.; Lee, D. J. Am. Chem. Soc. 2013, 135, 5324-5327
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Conclusion

e 22 steps (LLS) to (-)-amphidinolide with 3.3% overall yield

* Silicon-tethered ring-closing enyne and diene metathesis as
well as the allylic transposition of silyl ethers for construction
of 1,3- and 1.5-diene motifs

* Silicon tether as efficient protecting group

* Direct proline-mediated cross-aldol condensation of
nonequivalent aldehydes

Volchkoy, I.; Lee, D. J. Am. Chem. Soc. 2013, 135, 5324-5327
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