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Amphidinolides

Amphidinolides are secondary metabolites isolated from Amphidinium sp.
collected from Okinawa Island (Kobayashi). Marine dinoflagellates from the
genus Amphdinium are found in the inner tissue of symbiotic flatworm
Amphiscolops.

The family of amphidinolides consists of more than 30 members characterized

by macrocyclic highly oxygenated lactone ring.

Amphidinolides B, H and N show potent cytotoxic activity against murine

~ Amphidinium

Lymphoma L1210 cells and human epidermoid carcinoma KB cells. Amph H is www.mbl.edu

F-actin stabilizer covalently binding to Tyr200 of actin subdomain 4. For comparison, other actin inhibitors
such as mycalolide B, swinholide A, aplyronine A and misakinolide A destabilize actin cytoskeleton, while

jasplakinolide, a cyclodepsipeptide, binds F-actin and promotes polymerization.

Representative Articles:
Nat. Prod. Rep. 2004, 21, 77; Curr. Med. Chem.: Anti-Cancer Agents
2001,7,131; Comprehensive Natural Products Chemistry 1999, 619
Org. Biomol. Chem. 2005, 3, 2675; Chem. & Biol. 2004, 11, 1269

F-actin

www.wikipedia.com

Maciej Walczak @ Wipf Group 2 7/1/2006



Amphidinolides — Some Representative Examples
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Total syntheses: A: Trost J. Am. Chem. Soc. 2005, 127, 13598; Trost J. Am. Chem. Soc. 2005, 127, 13589; Trost J. Am. Chem.
Soc. 2004, 126, 5028; Trost J. Am. Chem. Soc. 2002, 124, 12420; Maleczka Org. Lett. 2002, 4, 2841; Pattenden Angew. Chem., Int.
Ed. 2002, 41, 508. J: Williams J. Am. Chem. Soc. 1998, 120, 11198. K: Williams J. Am. Chem. Soc. 2001, 123, 765. P: Trost J. Am.
Chem. Soc. 2005, 127, 17921; Trost J. Am. Chem. Soc. 2004, 126, 13618; Williams Org. Lett. 2000, 2, 945. T: Jamison J. Am. Chem.
Soc. 2005, 127, 4297; Jamison J. Am. Chem. Soc. 2004, 126, 998; Furstner J. Am. Chem. Soc. 2003, 125, 15512; Ghosh J. Am.
Chem. Soc. 2003, 125, 2374; Flurstner Angew. Chem., Int. Ed., 2002, 41, 4763. W: Ghosh J. Am. Chem. Soc. 2004, 126, 3704.

Partial syntheses: Nicolaou Org. Biomol. Chem. 2006, 4, 2119 and references therein
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Amphidinolide P
Alkene-Alkyne Coupling as a Linchpin —Trost

J. Am. Chem. Soc. 2004, 126, 13618
J. Am. Chem. Soc. 2005, 127, 17921

TMS
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e Me TMS S (E)Bn Me
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0 SnCl,, CH,Cly/pentane, H
OH TIPSO

-110 °C, 0.25 h, 77%, dr 9:1

t-BuLi, then (2-Th)Cu(CN)Li,

o OH 1. TBSOTH, 2,6-lutidine, CH,Cl,
/\)I\ then TsO_<] /\)I\/V\/\ 2. TBAF, AcOH, DMF, 77% (2 steps) O=-C OH
TBDPSO Br » TBDPSO X

Me 2L, BF; ELO, THF, 71% Me 3. Swern ox. z X
4. Me,AlICI, TMS-ketene, CH,ClI, Me
5. KF, MeCN then HF, 69%, dr 1.6:1 B
SCN Bu, Bu
Me 1. Buzsﬁ-o Sn NCS Me
0 SCN-Sn-0-$nBu, = C
1.4, ECpR“iMfsC: )3152/':6)(10/")’ Bd By RCS ivte 1- TBAF, THF, 1 h, 95%
acetone, 1, 151, /9% “"Me 5%, hexane, 1L, 1 h, 93% 2. C (25%), hexane, M, 8 h, 84% Amphidinolide

L
-

MmO OTIPS P

2. Ti(Oi-Pr)4, D-(-)-DET, Me OTIPS
t-BuO,H, 4A MS, CH,Cl,,

-20°C, 2 h, 83% 0

2. DMP, CH,Cl,, 3 h, 82%

Me O

Otera’s Catalyst: X, Y = OH, Cl, NCS; R = Bu, Me; ca. 100x faster in hydro(halo)carbons

X
/7 -~ ~
Sn—O—Sn—Y Sn—O0—Sn—OR _ >_
R T |\R¥»R'l | l\\R¥> S” OR/ O%D
Y—Sn—O—Sn' RO—Sn—O—Snv o Sn,,
4~ | "R R &R | "R | "R RCOOR
X p X X

J. Org. Chem. 1989, 54, 4013; J. Org. Chem. 1991, 56, 5307
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Amphidinolide T1
Ghosh

J. Am. Chem. Soc. 2003, 125, 2374

Tos 1. TICl,, DIPEA, 1. DIBAI-H, -78 °C, TMS(CH,),OH,
NH o BnO(CH,),CHO, 90% o on 1. PhLi, TrisCl, THF, -78 °C to rt, 86% PTSA, MgSOy, 91% T™S
J_ 2. LAH, THF, rt, 91% _ 2. NaCN, DMSO, 80°C, 95% Me 2. Hy, PdIC, EtOAC, 98% Me
0 OBn - /\I%O >
A Me 3. aq HCI, MeOH, rt, 98% (0] 3. Swern ox. o

BnO

Grubbs's cat. \\‘TMS 1. H,, Pd/C, EtOAc

CH,Cl,, 40°C, 96% Me

L.
-

2. BnOH, n-BuLi, THF, 0 °C, 85%
3. HSO,Ph, CaCly, CHyCly, rt, 95%

4. PhyP=CH,, THF, 84% 7

S02Ph

Bn,

/,

Me ™%
A
9] 0]

1. t-BuLi, Et,0, -78 to 23 °C,

)

1. TiCly4, BnOCH,CHO,

oTBS
DIPEA, 93% OTIPS z OBn Me OTBS
2. TIPSOTY, DIPEA, 95% : OHC AN pr wl\;\
ent-A » | z > x n-Pr
3.DIBALH,-40°C,91%  Me OBn , toio i OTIPS

4.1, PPhs, ImH, rt, 95% 3.Cp,ZrMe,, THF, 80 °C, 84%

1. B, DTBMP, AICl,, -35 °C, 73%
2. H,, 10% Pd-C

3. 2,4,6-CgH,Cl;COCI, DIPEA, DMAP
PhMe, 71%
4. Zn, NH,CI, EtOH, 80 °C, 61%
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1. Li/NHg3, -33 °C, THF
2. LAH, THF, 23 °C, 90%
3.NBS, 0 to 23 °C, 91%

\

4. TPAP, NMO

5. MeMgBr, -78 to 23 °C

6. TPAP, NMO

7. LIHMDS, TBSCI, HMPA, 95%

> Amphidinolide T1
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Amphidinolide T1
Ni-catalyzed Reductive Macrocyclization —
Jamison

TBSO/Y\

Me

Me
(0]

2. BH3 THF, H,O,, NaOH
3. TPAP, NMO, 31% (3 steps)

1. 15, PPh3, ImH, 73%

1. (+)—IpczB/\/ 0]
H 3 OTBS >

J. Am. Chem. Soc. 2004, 126, 998
J. Am. Chem. Soc. 2005, 127, 4297

l>/n-Pr
(@) -
, > TBSO n-Pr
pr, Ni(cod), (10%), BusP (20%) Me |
EtsB, 81%, >99% dr Ph OH
A

1. DIBAI-H, 97%
Ph,Sn
2

(CH,),0TBS

3. Phl, Cul, Pd(PPhj),, pyrolidine, 98%

"BF; EL,0, CH,Cly, -78 to rt, 88%, >95:5 == O
o 3 Eb 2Cl2 o %o =Ph/ Q<(CH2)4OTBS
Me

Me

2. LDA, LiCl, Ph \
Me O \
Ph\/'\NJ\,Me o
O 2 i
1. A, DCC, 4-PPy, 92% Me O Ni(cod),, PBuU
OH Megqgy, 5955 Y. 5en (o

Me 2. TBAF

3. NaOH, t-BuOH, MeOH

1. TBSOTH, 2,6-Iutidine
2. 03, Me,S, 36%

» Amphidinolide T1
3. CHyly, Zn, ZrCl,, PdCl,
2. HF Py, 70%
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3. DMP, 80%

_OHC 0 EtsB, PhMe, 44%, dr >10:1
- I H z > Ph
Me APro Tt e

Ph NicgMe | Ni(cod)y, PBus  Ni(cod),, PBus
\ Et;B, PhMe Et;B, PhMe

J‘ B -

major diastereomer

—> 13-epi-C

minor diastereomer
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Amphidinolide K
Revision of Absolute Stereochemistry — Williams

J. Am. Chem. Soc. 2001, 123, 765

Bu33n/\( o 1. TIPSOT, collidine, CH,Cly, 97% o
0 SnBuj 2. NaOH, EtOH, 50°C CHO

AL~ > - OTBDPS > v

ORC OTBDPS  BF3Et,0,CHCh, g on Gy BusSn  OTIPS
78 °C. 70% Uzon 3. DMP, 80% (2 steps) uzon A

Felkin-Ahn product
1. Swern ox. 1. n-BuLi, TMEDA, Et,O/THF

2. Ph;PC(Me)CO,Et, 82% BusSnl, 50%

OH oTBS 3. DIBAIH, -78 °C, 93% otes % (B:ZHzfdzE A
TBSO XN — oA > )I\/\/-\/\/ i

Y

3 4. SEA, L-(+)DET, 89%

Qm

5. MsCl, Et;N then Nal, Zn, H
butanone, 80 °C, 90%
Ph,  Ph
SnBu Tos~ N N~ 1. MsCl, Et;N H
> oTBS B~ 108 e o)
M ér 2. K;COs, MeOH, 60 °C, 82%
X >~ - -
~ - = = o = 0 7
&5 ;hzi;‘ ‘:‘j’r‘zg_:c BusSn  OTIPS OBz 3. PPTS, EtOH, 50 °C, 76% BusSn ~ OTIPS = %
0, :
HO
1. TrCl, Et3N, CH,Cl,, 97% Me Me 1. NalOy, THF/H,0
Me 2. MeCuli, BF3 Et;0, CH,Cl, ~ N _A_oTBDPS 2 CBry, PPhy, CH,Cly, 81% (2 steps) Me Me Me
o7~ S OTBDPS > HO™ - IS A _OTBDPS
= = i o
’O 3. BCI , M OH, CH-CI , -78 OC, H 3. n-BULI, THF, -78 oC then Mel, 99%
e (ovee 2 stops) © 4. Cp,ZrHCI, CH,Cl, then 1, 92%
1. TBAF, THF 1. B, sz(dba)3, Ph3AS, CuTC
2. PDC, wet DMF, 82% NMP, 35°C, 50%
(2 steps) Me Ne Me 2. DIAD, PPhs, PhH, rt, 65%

- )\/'\/\n/OH > Amphidinolide K
o) 3. TBAF, THF, 95%
Maciej Walczak @ Wipf Group 7



Amphidinolide X

Synthesis of Coupling Fragments — Furstner

1. PMBCI, NaH, TBAI, DMF, 94%

Et,Zn, Pd(OAc),, PPhg,

o)@‘o‘ THF, 65%, anti:syn=451 0_ o 1
CHO -

2. LIHMDS, Mel, THF, 95%
3. Cp,ZrHCI, PhH then Iy, CH,Cly, 61% Q. .0

£

Z
\‘// Me

OMs

1. Ti(Oi-Pr),, L-(+)-DET,

t-BuO,H, 97% (83%ee) n-PrMgCl, Fe(acac)s,

| 2. Swern ox. “5 PhMe, 62%
TBDPSO » TBDPSO ' >
3. (MeO),P(O)C(N,)COMe, I
KzCO3, MeOH, 67% Me
4. LIHMDS, MeOTH,
THF, 95%
WOH o~
AgNO3, CaCO, £ "OTBDPS 1. NBS, DMF/H,0, 65% (15:1)
TBDPSO acetone/H,0, 90% = 2. AIBN, (TMS);SiH, PhMe
\\\n-Pr o \ O >
Ve N 3. NaHCO3, MeOH, 90%
+ epimer Men-Pr (over 2 steps)

1. PMBOC(=NH)CClj,
PPTS, CH,Clo/Hx, 76%

7, I s,
[~ n-pr 2 TBAF, THF, 97% N O o
TBDPSO Me 3.1, PPhg, ImH, MeCN/Et,0 Me
HO 3 2oy, 2 B0 pvBo
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Related Applications of Iron (lll):

N = MgBr
| [(salen)FeCl] then
Z >
Cl N~ "OTf CHy=CH(CH,)MgBr
Furstner Angew. Chem. Int. Ed. 2003, 42, 308
Fel X
Ph X
MICl Fe(acac), Et
Ph AN I - » Ph
Et B Et
N . )
~90% ee Fel XX 53% ee
| PNNE

Hoffmann Chem. Comm. 2003, 732

0 PhMgBr, FeCl;,  pp,
MOMe THF/TMEDA, 74%
z OMe o
OMe

Nakamura Org. Lett. 2003, 5, 5507

OH
OMe
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Amphidinolide X

Completion of Synthesis — Furstner

Me
>(\/'\)\|

| "
O O = \/'ILO»[’]-Pr
./ C Me
OPMB PMBO
DDQ, CH,Cl,,
pH 7 buffer, 89%

CO.H t-BulLi, Et,O/THF B
2,4,6-CgH,Cl;COCI 2 OMe
Et,N, PhMe, DMAP, 96% I\‘/\/COZMG

Me Lg+)
Me Me i
Me Pz | E)\//,,, 0) \\n-Pr
/ Me
Q 9 MeO
/ ° ° PMBO
- CO,Me
| Me |
(dppf)PdClz, PhSAS, K3PO4,
aq. DMF, 74%
Me Me
Me N /,

o 0

Me

\E‘/\/

"J’/\O)<n-Pr
MBO Me

x_CO,Me

1. LiCl, Py, 125°C

2. aq AcOH, 53% (over 2 steps)

3. DDQ, CH2CI2, pH 7 buffer, 84%

4. 2,4,6-C4H,CI;COCI, Et,N, DMAP
PhMe, 62%

Amphidinolide X

Maciej Walczak @ Wipf Group

Suzuki Cross-Coupling - “9-MeO-9-BBN” Variant

oR @ Rum
%}B_R _MOMe__ ;\:B\ M <——— B—OMe
OMe

¥ }B—OMe
™S \/\n-su

B
r\/\n-Bu
Pd(PPhs),, THF
55%

Soderquist Tetrahedron Lett. 1995, 36, 2401

B—OMe g
OHC =z
OHC\@Br OMe
OMe

PdCl,(dppf)
609

(o]

Li

%

Furstner Tetrahedron 1995, 51, 11165
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Amphidinolide Y
Remote Stereochemical Relay
— Furstner

1. NaOMe, MeOH, -40 °C, 86%
2. [((S)-BINAP),Ru,Cls] [Et,NH,]*,

1. PMBOC(=NH)CCl,, BF; Et,0,
CH,Cl,/cyclohexane (1:2), 0°C, 84%

0
HCI (cat.), Hp, MeOH, 92%, dr >23:1 2. LiOH, MeOH/THF/H,0, (4:1:1)
TBDOPSO™ N XYy OA° (cat). e - > TBDPSO” CO-Me » TBDPSO” Y Me
Me CO,Me Me OH 3. HN(OMe)Me HCI, DCC, DIPEA, DMAP, Me OPMB
CH,Cl,, 0 °C to rt, 86% (over 2 steps)
4. MeMgBr, THF, 0°C, 91%
1,3-syn
dipolar model
1,4-anti
2N OiMesPh 1. TESCI, ImH, CH,Cl,, 0 °C to rt, 91% OTES
O OH i 2 o A, TESO, Me ©
Me Me o O 2. MeMgBr, Et,0, -78 °C, 96%, dr 15:26:1 2p - = SiMe.Ph
Et,BOTY, DIPEA, PhMe : 3. TESOTY, 2,6-Iutidine, -78 °C to rt, 92% Me OPMB Me Me
-90 °C, 84%, dr 4:1 Me OPMB Me Me
1,2-anti —/
chelate-Cram model
1. DDQ, CH,Cl,/ pH 7 buffer, N, 0 n-Pr
0°C, 92% HQ Me 1. NIS, MeCN, 0°C TMSQ Me J:)w‘
2. DMP, 93% Me = N Me 2. TBAF, THF, 72% (over 2 steps) Mewe PMBO Me
> n (@) . ' " o — >
3. CSA (cat.), MeOH/THF (5:1), Me OMe SiMesPh 3. TMSCI, ImH, CH,Clp, 0°Cro it (94% e OMe | 1. £BuLi, Et,0,/THF, then
0°C, 65%, o:p 3:1 4. Swern ox. — 9-MeO-9-BBN
’ T TBDPSO 5. LIHMDS, (EtO),P(=0)CH,CO,Me, THF CO,Me 2. (dppf)PACIy, PhaAs, K3PO,,
-78 °C to 0°C, 76 % (over 2 steps) aq. DMF, 79%
Me O, n-Pr
w, 0. n-Pr 1. DDQ, CHyClo/pH 7 buffer (1:1), 0 °C, 51-75% e
N 2. LiOH, MeOH/THF/H,O (4:1:1) then Et;N o
Me » HO' O, n-Pr
w PMBO - -~ N
OMe 3. 2,4,6-C¢H,CI3COCI, Et;N, THF then DMAP, PhMe ~ HO'Y 0 o Me
Me = 4. AcOH/THF/H,0 (4:1:1), 56% (over 3 steps Me L .
CO,Me 20 (41:1), 56% ( ) Amphidinolide
Y

Maciej Walczak @ Wipf Group
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Summary

Furstner successfully accomplished convergent total syntheses of amphidinolide X and Y

Fe(lll) was used to catalyze opening of propargylic epoxides to form allenic alcohols under mild

conditions

Future extensions may involve application to the synthesis of other members of the

amphidinolide family leading to complete elucidation of their structure
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