Total Synthesis of Peluroside A

Me Me OH

-Isolated from a marine sponge, mycole

-Reported in 2000 by Northcote and co-workers

-A potent cytotoxic agent with paclitaxel-like microtubule-stabilizing activity
-First total synthesis by De Brabander in 2003

-Synthetic efforts by Crimmins, Ghosh, Paterson, Roush, Smith, and Taylor

Paterson, I; Di Francesco, M. E.; Kuhn, T. Org. Lett. 2003, 5, 599;
Liao, X.; Wu, Y.; De Brabander, J. K. Angew. Chem. Int. Ed. 2003, 42, 1648.

Jin, M.; Taylor, R. E. Org. Lett. 2003, 5, 4959;
Jin, M.; Taylor, R. E. Org. Lett. ASAP.



Paterson’s Retrosynthetic Analysis
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Paterson’s Partial Synthesis

1. PMBBr, NaH, TBAI, 0 °C

2. (COCI),, EtzN, DMSO, (DHQ)PHN, K,COsg,
Cﬂ )OH CH,Cl,, -78 °C PMBO o) K3Fe(CN)g, K,0sO,, PMBO  OH O
> K NN > -
Me Me 3. (EtO),P(0)CH,CO,Et, NaH, Me Me '\"5502'\”"21 t-BUOH/H;0,  Mme Me o
0,
Ph-Me/THF, 0 °C, 72% 47C, 95%
Me OH O PMP
DDQ, 4 A MS, \
Q Mez/\)kogt o/io O 1. TBSOT, 2,6-lutidine, CH,Cl,, 0 °C
> - + E .
CH,Cl,, 70% o%o K/\/\AOEt
bMP Me Me o 2. DIBAL-H, CH,Cl,/hexane, -50 °C

| CSA, 4 AMS, CH,Cly T

A
Me Me OTBS

Paterson, I; D1 Francesco, M. E.; Kuhn, T. Org. Lett. 2003, 5, 599.



Synthesis of Methyl Ketone

1. (MeO)sCH, CSA, MeOH

M 2. LiAlH4, THF, 0 °C MeO OMe O 1. DIBAL, CH,Cl,, -78 °C
. \/ -
e oMe MG/MOM'& 2. PMBBr, NaH. THF, 0 °C, 85%
3. PDC, 4 A MS, CH,Cl, : r, NaH, : , 85%
4. (MeO),P(O)CH,CO,Me,
NaH, THF, 0 °C, 71%
(DHQ)PHN, K,COs,
MeO_OMe K3Fe(CN)g, Ko0sOy, Me O

1. PPTS, MeOH
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OH 2. NaH, Mel, THF, 0 °C, 92%
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Another Methyl Ketone Fragment

1. TIPSCI, imid., DMAP, CH,Cl,

o) c-Hex,BCl, Me,NEt, Et,0; O 2. NaBH,, MeOH
. OB .
R S '
Me HCHO, -78 °C; MeOH, H,0,, Mo _—~ Me 3. K,CO3, MeOH
pH 7 buffer, 82% d.r. 92:8 4. Pb(OAc)s, Na,CO3, CH,Cl,,
0 °C, 88%
Me OTIPS o
O (CF3CH,0),P(0)CHMeCO,Me, | 1. DIBAL-H, CH,ClI,, -40 °C
> v @) >
TIPSO“AH
_ 18-crown-6, KHMDS, THF, -"S0OMe 2. DMP, CH,Cl,, 94%
Me 78 °C, 94% Me
Me OTIPS
Me OTIPS (-)-lpc,BCl, Me,CO, Et3N,
, PMBTCA, TfOH,
/) ') > -
N Et,0, -78 °C; MeOH, H,0y, Me  Et0,78%
Me pH 7 buffer, 65% d.r. 83:17




Studies for Aldol Stereoinduction

Enolate Stereoinduction

O OPMB
Me OTIPS H X
Me/ Me Me OTIPS I\‘/Ie OTIPS L|v|e
. O OH OPMB sSml, EtCHO,
c-Hex,BCl, EtsN I ’ . ob 0O 0
M 2 y 31N, > I
Et,O, -78 °C, A THF, 88% X OPMB
Me Me Me Me Me Me
88% d.r. 955
P=PMB
Enolate Stereoinduction
0
HJJvMe
O OMe |\‘/| CI)H O OMe
- e -
M > Me \A/\A
Me - oPMB c-Hex,BCl, EtsN, i - OPMB
OTBS . Me OTBS
Et,0, -78 °C,

61% d.r. 75:25

Paterson, I.; Gibson, K. R.; Oballa, R. M. Tet. Lett. 1996, 37, 8585;
Evans, D. A.; Hoveyda, A. H. J. Am. Chem. Soc. 1990, 112, 6447.



Evans-Tishchenko Reduction

Me OTIPS M
i Me OTIPS °
“ OP O (I)H OPMB  Sml,, EtCHO, .,
- > ’ P
o)
Me e e THF, 88% \/\/\OPMB

Me Me Me

R=PMB

OPMB



More Aldol Studies

Aldehyde Stereoinduction

PMP %OM I:DMP PMP

A M -
SRS J WS 3J

A Me K/\/\/\AMe
Me Me OTBS |v|e |v|e OTBS Me Me OTBS
Reaction Conditions Yield (%) 1,3-anti : 1,3-syn

(-78 °C)
c-Hex,BCl, Et,N, Et,0 87 57:43
LiHMDS, THF 57 25:75

SiMe,, BF,-OEt,, CH,Cl, 54 7:93
(-)-Ipc,BCl, Et;N, Et,0 88 10:90
(+)-Ipc,BCl, Et,N, Et,0 69 75:25




De Brabander’s Retrosynthetic Analysis
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Liao, X.; Wu, Y.; De Brabander, J. K. Angew. Chem. Int. Ed. 2003, 42, 1648.



Synthesis of Methyl Ketone

OH | 1. CH,CMeC(O)ClI, DIEA,
@ EtMgBr, (S)-(EBTHI)-Zr-binol, Q DMAP, CH,Cl,, 75% OKJ:(MG

THF, 65% >99%ee Me™ 2. G-2, CH,Cl,, 50-70%

|
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Me
Me

1. MelLi, THF, -78 °C Me
» O ‘
2. TBSCI, imid., DMAP,  TBsO

DMF, 52-63% :

Me/

THF, 40% >95%ee

OH ‘ OH ‘
/O: n-PrMgCl, (S)-(EBTHI)-Zr-binol, Q ) U
23 1 1

Morken, J. P.; Didiuk, M. T.; Hoveyda, A. H. J. Am. Chem. Soc. 1993, 115, 6997;
Xu, Z.; Johannes, C. W.; Hoveyda, A. H. J. Am. Chem. Soc. 1997, 119, 10302.
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Synthesis of Pyran

1. (-)-lpcoBOMe, AllylMgBr,

o)
PMBO/\\/J\H

2. TESOTH, 2,6-Iutidine, 2. Pb(OAC), pyr., CH2Cly, 80%
CH,Cl,, 97% Z

IpCZBj

MOMO
PMBO OTES 1. DDQ, CH,CI,/H,0,
PMBO  OTES s-BuLi, THF, -78 °C; - 0°C, 88%
o o OMOM
o (+)-Ipc,BOMe, -78 °C to 0 °C; MeO 2. py-SOg, EtzN, DMSO,
H,0,, NaOH, 91% = CH,Cl,, 0 °C, 87%
2. NaH, Mel, DMF, -5 °C, 89%
1 0
O OTES Me)k/\AOB”
N Me Me
H LDA, THF, -78 °C, 94% PTSA, Ph-Me, 92%
OMOM
MeO
= 2. Dess-Martin, CH,Cl,,

-10 °C, 81%

1. NaBH4, CEC|3-H20,
MeOH, -30 °C

2. m-CPBA, NaHCOj,
MeO OMOM CH,Cl,/MeOH, 0 °C, 72% MeO
= %

OMOM

Smith III, A. B.; Minbiole, K. P.; Verhoest,M. S. J. Am. Chem. Soc. 2001, 123, 10942.



Completion of Aldehyde Fragment

. 0OsO,4, NMO, acetone/H,0O

OBn
Me | 2. Pb(OAC)4, pyr., CH,Cl
1. +BuOK, Mel, THF, 0 °C TESO., OMe (OAC)4, py 2Cly

,,,,, 3. NaClO,, NaH,PO,,

2. TESOTF, 2,6-lutidine, MeO" | Moo bt
-ivVie-Z-putene
CH,Cl,, 75% OMOM ’
-2 'V'eo/j/ £-BUOH/H,O
= 4. CH,N,, Et,0, -10 °C, 80%
M Me |
e e
Me— OB ° =0
TESO, 8'\"6 1. Hy, Pd/C, MeOH TESO. (j'\/'e allylBEt,, Et,0, -10 °C, 94%
MeO" J 2. py-SOs, EtsN, DMSO, MeO"
OMOM 0
MeO I CH,Cl,, 0 °C, 90% VO OMOM
O OMe O OMe
HO
Me g\A 1. TESOTY, 2-naphthaldehyde, -78 °C;
Me/ M _ R H (0] 0,
TESO, 8 e 2,6-lutidine, TESOTT, 0 °C, 81%

MeO\\\\Q //// 2. 0sO4, NMO, acetone/H,0

OMOM 3. NalO, on silica gel, CH,Cl,, 90%




Aldol and a Roadblock
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aen TBSO
SO - !
MeO - O/\Q /E
‘ - H Me
H O
210 1 Me o TMSOTF, EtsN, CH,Cly, -10 °C;
OMOM
- _7Q 0 o ]
MeO OMe BF3-Et,0, -78 °C, 80% d.r. 14:1
o)

1. Me3OBF4, 1,8-bis(dimethyl-

amino)naphthalene, CH,Cl,, 92% H ‘N OMe 1. PPhg, DIAD, THF, 40-50%
i "0 l\/lm\/'e 2 HF, MeCN/H,0, 88%
2. (S)-B-Me-CBS, BHz-SMe,, CH,Cl, © - aq. Hir, MeL L), 87
. OMOM
-30 °C to RT; MeOH, 83% d.r.13:1
. MeO '
3. aq. LiOH, THF, RT t. |
aq- H (Quant,) 0 TBSO Me

X-Ray confirmed incorrect C13 stereochemistry
Acetal also difficult to remove




Back on Course

Me
M
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TBSO™ -
TESO -
MeO - OMe OH Me
G\/\ M 4. DIEA EL,BOTY, CH,Cl,,
0 N/;Me o -78 °C t0 -30 °C, 87% d.r. 2:1
OMOM
MeG OMe 2. Me3zOBF4, 1,8-bis(dimethyl-
o) amino)naphthalene, CH,Cl,, 85%
1. (R)- or (S)-B-Me-CBS, TESO
o MeO -
BH3-SM62, CH2C|2, -30 °C ’
to RT; MeOH, 80-94% G\
2. aq. LiOH, THF (Quant.)
MeO

PPhs, DIAD, THF,
47%-69%

HCI, THF, 65%

(-)-peluroside A
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Taylor’s Retrosynthetic Analysis
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Synthesis of Methyl Ketone Fragment

ﬁ 0 1. TiCl,, BOMCI, 80% Me QTIPS
2 H,. P TIPSO 1. DMP
. NMMG », PdIC = v\lv : 0
L 3. TIPSCL. 95% Me OH 2. Stil-HWE, 81% X
Bn 4. LiBHy, 82% Me
Me OTIPS Me OTIPS
1. DIBAL-H, 90% (+)Ipc,Ballyl
> O > OH Purification difficult
2. DMP, (Quant.) ~ 77%, d.r. 97:3 X X
Me Me
allylMgBr
78%, d.r. 1:1
Me OTIPS Me OTIPS
OH
X X
Me Me

T

1. CICH,CO,H, PhsP, DEAD
2. K,CO3, MeOH, 88%

OMe



Synthesis of Methyl Ketone Fragment

Me OTIPS L Boc.ON. 51% Me OP O Me OTIPS
. Boc-ON, 91% 1. K,COs, MeOH, 86%
oH N oko -3 . OTBS
X w2 NIS, CHZCN, 92% X I\/l 2. TBSCI, imid., 92% X ~J
Me Me Me
P=TIPS
Me OTIPS 1. 1,3-dithiane, n-BuLi, 85% Me OTIPS
oTeS 2. KOt-Bu, CHsl, 78% . op ?Meo
N
N IVQ 3. Mel, CH3CN/H,0, 90% \)kH
Me Me
P=TBS
Me OTIPS
1,3-dithiane, n-BuLi, 'V'( OTIPS
OTBS .
_ 0 - OP OMe s@
AN HMPA, (CH30),S0,, 85% - I%s
M
€ Me
Me

OTMS
Me™ ™
Me OTIPS Me OTIPS

Me
OP OMeO BF3eOEt,, CH,Cl, OP <|)|v|e OH O
I _ g
Me -78 °C, 91% Me Me Me
P=TBS

Bartlett, P. A.; Meadows, J. D.; Brown, E. G. J. Org. Chem. 1982, 47, 4013;
Duan, J. J-W.; Smith, A. B. [l J. Org. Chem.1993, 58, 3703.



Synthesis of Aldehyde Fragment

1. n-Buli, dithiane

0 2. vinylMgBr, Cul, 65% 1. Mel, CaCOs, TESO OH O
s oTs . TESO sj .
3. TESCI, 92% Ms 2. Bu,BOTH, = Xe
Et3N, 61% PMBO
P
OPMB
Bn
TESO MeO ®) TESO MeO O

0
1. MG3OBF4, 91% 1. MOMCI, 90% _ M y
> = XC O C

2. DDQ, 75% OH 2. ozone, Ph3P, 91% MOMO



Aldol and Cyclizations

Me OTIPS Me OTIPS
1. MOMCI, DIPEA, 88%
OP OMeOH O 2. LDA, OMe O
\ | - y - |
Me € TESOMeO O X
Me Me . OMOM
o Xc ‘OTES
P=TBS MOMO
3. Dess-Martin, 85% P'=MOM
Me OTIPS
PTSA, PhMe, 60% 1. HF-pyr
2. TIPSCI, 60%
'=MOM
O OMe
Me OTIPS OMe O Me OTIPS -
OH H Xe 1. LiOH, H,0
e < OMOM .

Me 2. TCBCI, TEA, DMAP, 51%

< 0 MeO' x o
MeO Me/ Me Me Me
P'=MOM P'=MOM

Inanaga, J.; Hirata, K.; Yamaguchi, M. Bull. Chem. Soc. Jpn. 1979, 52, 1989.



Completion of the Natural Product

Me OTIPS O OMe
1. NaBH,, CeCls

’

2. m-CPBA, 52%

1. Me3OBF,4, 2,6-di-t-Bu-pyr

'

2. AN HCI, 43%

(+)-peluroside A
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