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Synthetic Approaches towards Azaspiracid

Jeromy Cottell
Sept. 11, 2001

     In November, 1995, at least eight people in the Netherlands
became ill after eating mussels (Mytilus edulis) cultivated at
Killary Harbor, Ireland. Although human symptoms such as
nausea, vomiting, severe diarrhea, and stomach cramps were
reminiscent of diarrhetic shellfish poisoning (DSP), contaminations
of the major DSP toxins okadaic acid (OA) and dinophysistoxins
(DTXs) were very low.

Isolation/ Structure elucidation:Yasumoto, JACS, 98, 120, 9967.
-2 mg isolated for 20 kg of whole mussel meat
-mouse lethality = 0.2 mg/kg

Mode of action is different from known shellfish toxins

Okadaic acid (OA)

Dinophysistoxin-1

Dinophysistoxin-2

Dinophysistoxin-3
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Configuration / Conformation
Molecular Formula: C47H71NO12 (HR-FAB MS)
Extensive NMR and MS investigation use in structure determination
(1H, 13C, HMQC, HMBC, HSQC, COSY, TOCSY, ROESY)

Absolute configuration and relative configuration 
between the north and south half is known
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2)n-BuLi, MeP(O)(OMe)2

3) Dess-Martin Per.

77%

DIPEA, LiCl
MeCN, rt, 5h

92%

1) HF-pyr

2) TEMPO 
   oxidation

85%

1) 
     CrCl2, NiCl2(1%)
    THF, 15m

2) TPAP, NMO
3) DDQ

86%, 75%, 90%

South Section - Forsyth

4040

40
40

40

40
40

37

37 37

37

37

37 37

3434

34

34

28 28

28

28

11



i-Pr

O OH O

Brönstad acids,
Lewis acids,

or bases

No ketal observed

Trapped as mixed
ketal with MeOH

South Section - Forsyth

4040

40

40

40

40

37

37 37 37

37
37

34

3434

34

34
34

28
28

28

2828
28

Epimerization

12



13

O

O

O OTBDPS

THPO

O
O

O

NH H

H

X

TESO

OTBS

OH

BzO
OBz

PMB

OH
OH

O

NH H

H
O

X

HO

TES

TBDPSO OH OH
O

BzO
OBz

O

OTBS

N3

O OH OH

OH

TESO

OTBS

O PMB

TESOH

OTBS

O

BzO
OBz

O
O

OTBDPSO

double
michael add. aminalization

South Section - Forsyth (revised)

37
34

40

28

CSA, CH2Cl2 /
MeOH (5/1)

TsOH
Benzene

90% (2 steps)

1) n-BuLi, TESCl
    THF, -78 °C

2) PPTS, MeOH
       rt

1) TPAP, NMO
    CH2Cl2, rt
2) Cy2BCl, Et3N
     Et2O

74%
72%

'single diastereomer'

1) PMBOC(=NH)CCl3
BF3•OEt2, CH2Cl2 , rt

2) NaBH4, MeOH, rt

1) EtMgBr,
   THF, 0 °C

2) NaIO4, MeOH/
H2O (2/1), rt

40
40

37
3734

34

34
34

34

34

28
28

2828

28
2828

87%, 98% 70%



AcO OH

TESO

OTBS

O PMB

O

O

PMB
BzO

OMe

NHBoc

TESO

OTBS

OH PMBO

N3

N3 OH

O

O

PMB
BzO

BocN

N3

O

O

O

PMB
HO

OMe

N3

1) TBSCl, Et3N
     CH2Cl2, rt
2) LiAlH4, THF, rt

3) (PhO)2P(=O)N3
     Ph3P, DEAD
4) TBAF, THF, rt

68%

1) (COCl)2, DMSO
     CH2Cl2, -78 °C
2) MeMgBr, THF, 0 °C

3) (COCl)2, DMSO
     CH2Cl2, -78 °C

62%

LDA, THF, -78 °C

South Section - Forsyth (revised)

37

34

40

28

1) TBAF/AcOH (5/1)
      THF, rt

2) PPTS, MeOH, rt

1) Ph3P, DEAD
     BzOH, THF, rt

2) Bu3P, BocON
    tolene, -20Æ0 °C

Yb(OTf)2
MeCN, rt

78%

82%

62%, 82%

72%

1) CsOH
    MeOH, rt

2) TBSOTf,
    2,6-lut, 0 °C

98%

40

40

40

404040
37 37

37
37

37

37

34

34

34

34

28

28
28

28

14



15

O

O

PMB
TBSO

BocN

TBSO

O

TBSO

BocN

OO
O

O

NBoc H

H
O

O
O

NBoc H

H

TBSO

O

TBSO

BocN

O

South Section - Forsyth (revised)

37

34

40

28

1) DDQ, t-BuOH
   pH 9, )))

2) TBSOTf, 2,6-lut

82%

1) EtMgBr, MeCHO
   THF, -78 °C

2) MnO2, hex, rt

TBAF, THF, rt

85%

Ph3PCH3Br, n-BuLi
THF, 0 °CÆrt

72%

40

404040 37 37

3737
34

343434

28

28
2828

98%, 78%



OH

BnO
OH

OH
OH

OH

O

HO HO OTBDPSH

O

O

BnO
OH

OH O

BnO

KHMDS

O

O O OTBDPSH

O

O O OTBDPSH

O

BnO HO OHH

propionyl
chloride

pyr, CH2Cl2

95%

1) KHMDS
     TBSCl, THF
     -78 °CÆrt
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   with Pb, Ben
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up to 85%
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X-ray deterimation

6
6

6
6

6

10
10

1010

1010

13
13

1313

131313

19
19

1919

191919

Minor pdt is of
unknown config.

Observed diastereomer is found to be 2-3 kcal/mol
     lower than the natural configuration

axial-type stabilization
(5-membered ring)

Axial attack of O-C(10) on oxomium ion C(13)
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Observed diastereomer is found to be 7 kcal/mol
lower than the natural configuration (ab initio calc)



Synthetic Approaches towards Azaspiracid
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Successful Syntheses:

Nicolaou 27 total steps

23 steps (1.88%) from O O

O

Forsyth 29 total steps

22 steps (2.80%) from THPO

Natural products do not always have the most stable configuration

R

Unsuccessful Syntheses:

Forsyth

Carter

Prepared 10R, 13S diastereomer

Prepared both 10R, 13S and
10S, 13S diastereomers

Cannot assume that the configuration present in a natural product will be the
preferred one, even with most of the architecture intact

10R, 13R

10 13
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