Total Syntheses of (+)-Dactylolide and (+)-
Zampanolide

(+)-zampanolide (+)-dactylolide

Mariam Shamszad
August 31, 2005



"
Background

o

(+)-dactylolide (+)-zampanolide

m Zampanolide was first isolated in 1996 by Tanaka and Higa from
Fasciospongia rimosa, an Okinawan sponge.

m Zampanolide is extremely scarce and displays impressive
cytotoxicity against a variety of tumor cells (i.e., P388, HT29,
A549, and MEL28 cell lines.) Extensive biological tests have not
been performed due to lack of material.

m Dactylolide was isolated in 2001 by Riccio and coworkers from a
marine sponge of the genus Dactylospongia, collected off the
North coast of the Vanuatu islands.

m Dactylolide displays moderate cytotoxicity toward L1210
(lymphatic leukemia) and SK-OV-3 (ovarian cancer) cell lines.
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Timeline of Synthetic Efforts

m 2002: Amos Smith and coworkers establish the relative
configuration of the dactylolide stereocenters and complete the first
total syntheses of both zampanolide and dactylolide.

m 2003: Hoye and Hu disclose a unified synthesis using dactylolide as
a precursor to zampanolide.

m 2005: The groups of Floreancig, Jennings, and Keck report separate
syntheses of dactylolide.
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Retrosynthetic Strategy of Smith et. al. (2002)

zampanolide
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(Smith) Construction of Aldehyde (Fragment A)

OBn
78%

TBSOTf

A N ﬁ/
2,6-lutidine
OH OH k[OTBS

CH,Cl,, -78°C  TBSO

(88%)

OBn OBn

N

CHO

Swern [O]
(97%)

5 steps, 58% overall yield

DIBAL-H, THF
-78°C (96%)

OBn

N
LDBB, THF
-78°C (91%)  TBSO OTBS

OH



"
(Smith) Construction of Sulfone (Fragment B)
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...Continued...
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Completion of Sulfone (Fragment B)

B OH B
OBPS r\@ FJ 1) DEAD, PPh3 r@ L 0.0
1) CHp=PPhy, THF L. J_O.J THF, 0°C to r.t. (95%) O\YA/\SY/N\

- N
0°C to r.t. (98%) HS. N
2) HF, CH,CN TP Ph

(97%) Ph N-N

2) MO7024(NH4)6'4H20 13 steps, 12% overall yield
H,0,, EtOH (69%)

Construction of Epoxide (Fragment C)

OPMB
OH DMBOW OPMB
__CO,Me 1) 4 steps (58%) Y H,SO4, MeOH _ DMBO,_ -
MeOC™ 2) NaH, DMBCI o/ (98%) N
H / :

PMBO
PPh3, DEAD, PhH -

DMBO
150°C, 1 mm Hg V\VO

(88%)

3 steps from diethyl ketal, 79% overall yield
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Union of Fragments A and B

» Kocienski Modified Julia Olefination:

Br
'H _H o, O a) KHMDS (1.2 equiv), THF,
O\V/\/SY/N\ -78°C, 30 min _
/N\NN b) §/ -78°C to r.t. (88%)
i TBSO OTBS
Fragment B
CHO

Fragment AB
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Union of Fragments AB and C

Modest yields were obtained (16-38%)

a) t-BulLi 3 byproducts were obtained

b) (2-Th)CuCNLi Ln
ABC Fragment
Revised strategy:
a) t-BuLi (1,7 equiv), Et,0 PMB? TBSOW

-78 to -45 to -78°C PMBO TBSO

b) (2-Th)CuCNLi (1.05 equiv) :
Et,O/THF, -78 to 45°C

C) PMBO (2.5 equiv),

DMBO 04510 0°c
\/\V (69-72%)

OTBY

ABC Fragment
Byproduct: 3% yield when 1.7 equiv t-BuLi used



Esterification of ABC Fragment

PO(OEt),

CO,H
PPhs, DEAD
PhH, 40-50°C

PMBO TBSOW

OTBS
‘ undesired side product

DMBO =

'H _H
.




Revised Esterification of ABC Fragment

PMBQ  TBSO-_ PO(OEt) PMBO O~ po(0E),
: -0  TBSO,

OTBS COoH (15 equiv)
- PPh3 (6.5 equiv) DMBO /

DEAD (7 equiv)

PhH (99%)
[retention of configuration \ HH

* Did not realize that complete retention of configuration had occurred.

* Problem went unnoticed until completion of synthesis when NMR did not match
literature data.



Completion of Macrolide

=~ "CHO
NaHMDS (1 equiv)

PMBO O
1) HFWPyr., THF ® | POEY,

OTBS ™ 4y (750) O  TBSO,

PMBO OYPO(OEt)z

O  TBSO,

THF (0.006 M)
-78 to 0°C (66%)

2) Dess-Martin

DMBO [O] (93%) DMBO |
H
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Installation of N-Acyl Hemiaminal Moiety

OTBS

DDQ, CH,CI, 1) Dess-Martin [O]

2) NaClO,, 2-methyl-2-butene
NaH2PO4, t-BuOH, Hzo
(87%, 2 steps)

H,0, 0°C (67%)

OTBS
a) Hunig's base, i-BUOCOCI, 0.5 h

b) NaN3, H,0, 0°C, 100 min
c) PhCHg; !, 15 min.
d) TMSCH,CH,O0H, ! , 5 h (66%)
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Construction of Acid Chloride (Fragment D) and
Completion of Synthesis

HO,C.__CO,H HO,C. _CO,H N a) n-BuLi, THF
+ pyridine | quinoline, 130°C  coM__TB0C | = .
5 days; (7%) 3 h; (79%) .

~._CHO | b) (COCI),
R 0°Cror.t.
Completion of Synthesis: Fragment D
OTBS
a) NaHMDS, THF
-78°C, 23 min

b) 78 to 0°C (59%)
\\\s/coa
Fragment D

PMBO O
: DDQ, wet CH,Cly,

50°C, 3 h ‘
(56% after HPLC)

a) TBAF, 0°C to r.t. (84%) HN
b) Dess-Martin [O] (100%)

-Mixture of 2 polar compounds was obtained

-NMR revealed that removal of PMB occurred in both compounds,
suggesting that the two compounds were epimeric at C(20)

-'H NMR data of the C(20) both epimers did NOT match literature data for
(-)-zampanolide



Mitsunobu Revisited

o)
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in question

2 explanations for retention:
1) Failure of PPh3-DEAD complex to activate C(19) hydroxyl:
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Solution to Mitsunobu Problem and
Completion of Synthesis

TBSO N

Br =
H H
ﬁ%

PMBO O
~_O

DMBO

TBSO
a) t-BuLi (1,7 equiv), Et,0 PMBO

-78 to -45 to -78°C
b) (2-Th)CuCNLi (1.05 equiv)
Et,O/THF, -78 to 45°C

OTBS

(E1O220P.__copm

PO(OEt),

>

c) PMBO (1.5 equiv),

DMBO - WO-45to 0°C
ﬁ/ (69-72%)

DCC, DMAP, CH,Cl, (94%)

OTBS

same strategy as before

(+)-zampanolide
(+)-C(20)-epi-zampanolide
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Smith 2002: Retrosynthetic Strategy towards
Dactylolide o

O
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Fragment AB (from synthesis of zampanolide)



Synthesis of Dactylolide (Smith, 2002)

TBSO
TN a) t-BulLi (1,7 equiv), Et,0O

OTBS 7810 -45 to -78°C
_ ~ DMBO
_— b) (2-Th)CuCNLi (1.05 equiv)
Et,O/THF, -78 to 45°C
(1.5 equiv),
-45 to 0°C
(40%)

c)

DMBO HHO

DMBO
1) HRPyr., 4 h (62%)
2) Dess-Matrtin [O] (95%)
3) NaHMDS (1 equiv),
THF (0.006 M)
-78 to 0°C (72%)

OTBS

(Eto)zop\/cozH

DCC, DMAP, CH,Cl, (96%)

OTBS
1) TBAF, THF(62%)

2) Dess-Martin [O]
(80%)

1) DDQ, wet CH,CI, (90%)
2) Dess-Martin [O] (77%)

(+)-dactylolide
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Floreancig 2005: Retrosynthetic Strategy Towards
Dactylolide
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Construction of Enal and Diol Fragments

CONSTRUCTION OF ENAL

~OH . LOTBS
OPMB PMBO 1) TBSCI, imidazole PMBO
o * Cu-pybox cat. DMF (89%)
X_~OTMS  CH,Cl,, -78°C | ot 2 LA, EGO | H
H OEt (82%) 3) MnO,, CH,Cly, (80%)
o)
CONSTRUCTION OF DIOL
1) TBDPSCI, imidazole TBDPSO X
Red-Al, THF
HO\ s HON DME, 87%
BUsSn 2) Pz OMe
SnBuz Brw H
OMe
[(CH3CN),PdCl,], PPhg, CHCl, O
65°C, then HCO,H, CH,Cl,, 80%
TBDPSO TBDPSO

Denmark's bisphosphoramide cat.

1) nBuOH, reflux, (74%)

SiCly, then
O O

TMSO)\VJ\

(67%)

CH,Cl,, -78°C

2) Et,BOMe, NaBH,, THF
-78°C, (83%)




Formation of Acetal Linkage between Enal and

Diol Fragments

TBDPSO._~_ 1) Me3SiCH,MgCl

1) TMSCI, imidazole, CeCls, THF
DMAP, DMF PMBO™ " -78°Ctor.t.
| 2) Py-HOTY, MgSO,,
HO,, CH,Cl,, (75%)
BuO
(@]
R, O_ R R, O_ R

H"’ E . .
. o E Lewis Acid
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Completion of Synthesis

TBDPSO. .~

~OH
1) PhSeCN, BugP, THF

2) H,0,, py, THF, -30°C
(62%)

OPMB
WO— 1) (EOR0P (o

DCC, DMAP, CH,Cl, (95%)
2) NaHMDS, THF, -78 to 0°C
(73%)

1) PMBOCH,CI, DIEA
CH,Cl,

2) HF Pyr, py, THF, 80%

3) PhI(OAc),, TEMPO, CH,Cl,
(87%)

O._OPMB
1) DDQ, CH,Cl,, buffer (pH 7), (63%)
2) Dess-Martin [O], CH,Cl,, 77%

(+)-dactylolide

Floreancig then uses Hoye’'s aza-aldol reaction to convert dactylolide to zampanolide
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Hoye 2003: Use of Dactylolide as a
Precursor to Zampanolide
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MeCH=CHCH=CHCONH,, THF
DIBALH/hexanes

(+)-dactylolide (+)-zampanolide
(+)-C(20)-epi-zampanolide
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