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® Architecturally complex marine neurotoxin. 2, 9-DIOXA CYCLO[3.3.1INONANE

® Azaspiracid syndrome declared in 1998.

® Isolated from mussels Mytilus edulis cultivated in Killary Harbour, Ireland.

® People in Netherlands became ill after ingestion, symptoms included vomiting, severe diarrhea.

® Unprecedented molecular framework with nine rings and twenty stereocenters. Reporter: Yuejun Ma

® The absolute stereochemistry and relative stereochemistry between the ABCDE and FGHI Supervisor: Saiyong Pan

domains remain unknown. N Date: 2024.06.05
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Total syntheses of Azaspiracid 1-3
Azasapiracid 1: four originally proposed structures

Satake, K. Ofuji, et al., . Am. Chem. Soc. 1998, 120, 9967

Their total syntheses by Nicolaou et al. and degradation exeriments indicated wrong assignments.
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Azasapiracid-1: revised structures

Total syntheses of Azaspiracid 1-3

or

First total syntheses and structural revision by Nicholaou et al. (2004)

K. C. Nicolaou et al.
Angew. Chem. Int. Ed. 2004, 43, 4312 -4318

Angew. Chem. Int. Ed. 2004, 43, 4318 -4324
J. Am. Chem. Soc. 2006, 128, 2859-2872
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eSS Total syntheses of Azaspiracid 1-3 SERIZ 2024.06.05

+K.C. NicolaouiBRRARITIE ( /. Am. Chem. Soc. 2006, 128, 2859-2872 )
¢ Total Synthesis and Structural Elucidation of Azaspiracid-1. Final Assignment and Total Synthesis of the Correct Structure of Azaspiracid-1

Construction of ABCD ring system
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21) Swern [O] <\

22) Ph3PCH;*Br

D /-

o W OTBDPS o H OTBDPS

23) Grubbs II cat.
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o 24) PIDA o
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+K.C. NicolaouiRRREHAITAE ( /. Am. Chem. Soc. 2006, 128, 2859-2872)
+ Total Synthesis and Structural Elucidation of Azaspiracid-1. Final Assignment and Total Synthesis of the Correct Structure of Azaspiracid-1

Construction of ABCD ring system 4) Nicl,, CrCl
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o) OH Hs ™" sH . TBSO/\"/
o Ve 1) DIBAL-H g~\wMe BF3-OEt, /\/\)\/j 3) Swern [O] /j .
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Construction of FHI ring system

Total syntheses of Azaspiracid 1-3
HO OH " i
Y Pfibbs,_eorsg 0w INAO4 meorsg o
o_ 0 - OH — > '
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from L-tartaric acid
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BRI AZ/iHuman/SPST

6) Grubbs I
-«

13) PPTS, MeOH
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+K.C. NicolaouiRBBRITIE ( /. Am. Chem. Soc. 2006, 128, 2859-2872 )
¢ Total Synthesis and Structural Elucidation of Azaspiracid-1. Final Assignment and Total Synthesis of the Correct Structure of Azaspiracid-1

Construction of FHI ring system

0Bz 0 17) DIBAL-H 19) DMP
Me o 18) NIS, TBAI 20) L-Selectride
> y
Me
21) TESOTF
AcO 22) Comins reagent,
KHMDS
23) SnzMGG, sz(dba)3
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R N 3
+ Me
39) sz(dba)3, ASPh3
Me
Y

H H 43) TESOTf
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—_— 47) TBAF

Me
Azaspiracid-1
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+ K.C. NicolaouiRRRBRITAE ( Chem. Asian. J. 2006, 245, 1-2.)
+Second-Generation Total Synthesis of Azaspiracids-1, -2, and -3

Construction of ABCDE ring system
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BiEREAE/iHuman/SPST (c.f. 32 steps in 1st route)



Construction of ABCDE ring syste(r)n

Me . u
o] N 9 steps O,Slf
—_—
: —
Me

PivO
22) BulLi-Bu,Mg

21 steps
(c.f. 32 steps in 1st route)

v o
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o p

Fragment coupling

HO
H
AcO (0]
,1€°¢ OTES SnMe
N e 27) szdba3 ASPh3

—> Me

—_—

PMP
from L-tartaric acid

y
Me

Me



EEEIRMA Total syntheses of Azaspiracid 1-3
+K.C. NicolaouiRRRABRITAE ( Chem. Asian. J. 2006, 245, 1-2.)
+Second-Generation Total Synthesis of Azaspiracids-1, -2, and -3

28) TBAF
29) NIS

30) TESCI
31) n-Bus3SnH,
Et;B, O,

32) K,CO3 MeOH
33) DMP
34) NaClO,

35) TBAF
-«

R1=H, R?=Me :Azaspiracid-1
R1=R?=Me :Azaspiracid-2
R1= R2=H :Azaspiracid-3

35 steps
(c.f. 47 steps in 1st route)
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+D.A.EvansifRRABRITIE (/. Am. Chem. Soc. 2008, 130, 16295-16309 )
¢ Total Synthesis of (+)-Azaspiracid-1. An Exhibition of the Intricacies of Complex Molecule Synthesis

Construction of ABCD ring system
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TESO
TESO
+ Me 15) LDA
O /D OTBDPS
H O H
14 steps 12 steps
16) DMP
17) Na/Hg
18) TBAF TESO
19) PPTS

-«

OTBDPS
OTBDPS
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20) TBAF, AcOH
21) SO5-py

21 steps
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+D.A.EvansiBSABTE (/. Am. Chem. Soc. 2008, 130, 16295-16309 )
¢ Total Synthesis of (+)-Azaspiracid-1. An Exhibition of the Intricacies of Complex Molecule Synthesis

Construction of EFGHI ring system o 2) IF\)IZAIEBr 4) KHBEt;
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—»TSO/\/\/\ N3 e
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Y
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EZEIRAZE  Construction of EFGHI ring system Total syntheses of Azaspiracid 1-3 TLEKIS 2024.06.05

20) TeocCl
PhS M PhS M PhO,S Me
N %y 21) Tebbe e
17) DMP reagent
18) DDQ 22) H,0,,
s 19) H,, Pd/C (NH4)gM050,4
N3 © Meln,
o .
PMBO' ““Me
Fragment coupling
+
23) n-BulLi
B SEEEE—
+
23:27 dr

Me

1) Swern [O]
2) LiBH,

24) TBAF
25) DMP
26) NaClo,

ent-Azaspiracid-1
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gntheses of Azaspiracid 1-3

+C.J).ForsythifgBHATVE ( Angew. Chem. 2018 13 818 -821)

+Stereochemical Definition of the Natural Product (6R,10R,13R, 14R, 16R,17R,19S,20S,21R,24S,25S,28S,30S,32R,33R,34R,36S,37S,39R)-
OPiv

EERIEE N S B
Azaspiracid-3 by Total Synthesis and Comparative Analyses
Construction of ABCD
Ph
6) SO3-py
) Ha Pd/C DMSO OTMSOPiv
)\) TBSO Y
OPMB  OTBS

1) HCl, MeOH
5) PivCl o OPV 5y TMSOT
>

/é 2) PhCH(OMe),,
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- /\) — -
OTBS OTBS OTBS
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8) MgBr,-OEt; 10) DDQ
OPiv

Ac O

Mo E—

OH
from L-tartaric acid
1) PMPCH(OMe), 3) SO5-py
6PMB OPMB TBSO x :
0 OTBS

11) SnC|4 EthlH
l [Kishi reduction]

PPTS
TBSO/\‘/\;/\OH 2) DIBAL-H _ TBSO
OH >

12) PPTS, MeOH

from Roche ester
1) BH;
OPMB 2) NaOH, OPMB 4) n-Buli i OPMB
H,0, /\/'\/\/o TMS acetylide
Q" N 3)swern [0] o™ Z" 5 5) SO3py, DMSO o
} o > : 5 13) SO5-py
from D-mannitol
9) 9-BBN 7) SO5py ¢ 6) TsOH, MeOH
PdCl,(dppf) DMSO
TBDPSO/\/ P/Mi)Ij— 8) CrCIz, CHI; pMBO
- _
T™S 17X o ——TMS T™S 13 steps
H OMe

10) DDQ 12) KHDMS,
11) SO5-py Comins'
DMSO reagent
13) n-Bu3SnH, H 14) AgOT¥, NIS
Pd(PPhs), - 5
> TMS

OTEDPS
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15) CrClz, N|C|2
[NHK reaction]
OTBS 16) MnO,

OPiv

H OMe
OTBDPS

17) (CuHPPh;)g, PhSiHs, Hzol
HO

H OMe
OTBDPS
14 steps 13 steps

[Stryker reduction]
18) K,CO3, MeOH

20) DIBAL-H
21) DMP OTBS
-
OPiv
ABCD (20R) o
21 steps 20) TBAF
21) TBDPSCI
22) TsCl

23) TBAOH

25) TESOTf
26) Swern [O]

ABCD (205) o
26 steps



Total sz
+ C.).ForsythifBHB9TE ( Angew. Chem. 2018, 13

rétlhgessezslof Azaspiracid 1-3 SERIE 2024.06.05
+ Stereochemical Definition of the Natural Product (6R,10R,13R, 14R, 16R,17R,19S,20S,21R,24S,25S,28S,30S,32R,33R,34R,36S,37S,39R)-
Azaspiracid-3 by Total Synthesis and Comparative Analyses
Construction of FGHI

3) LiBH4

2) TBSOTF
BzO 1) cy,BCl e I\glle H

5) CBry, PhsP

Me 7) TsOH Me
6) n-BuLi, TMSCI : 8 bBQ .
" 2)Nalo, A Bl o> 2 T
+ O BzO OPMB ——— I(\‘/\OPMB —>[Core “Fuch /\‘/\ TMS Z o o
I Syes y-Fuchs TMs OTBS ~
| OPMB o OH reaction] 9) DIBAL-H PMP
(o] 1) #Buli
%) SOupy 10) SO3-py, l
OTBSO 3) Lil, L|A|H4 OTBS OTBsMe TMS 5) AgOTf, oTBs oTBsMe I Me
+ \/I\gne/TMS 4) TBSCI : 4 NIS > : ; 4 : AN
9y . RALCS NG /\‘/\0
OPMB
OPMB OPMB 5 o TMS™ 10 steps B
|
11) CrCl, Nicl
" N, OTMS S 12) HF-py 2 Zl
Vv TMS 13) SO3py, OTBS oTBsMe OPMB TMS
MgBrz-OEtzM " T DMSO T f FZ
e e - B S— M

%2; TDEDSSTf OPMB O Me OPMB OH Me

N; o otEs oTBsMe OPMB __TMS 17)PPTS, MeOH N3 A

.
Me Me OH O Me Me meoMe
19) TeocOSU,
22) NIS, H PhsP
AgOTf Mme p [Staudinger
23) DDQ reaction]
24) TESOTf 20) Ph3PCH;],
-« KHMDS
gl) Nd(OTf)3
24 stepsNIe

. . .., Me 19
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Fragment coupling

+

N\
ABCD (20R) o - ABCD (205) o
21 steps 24 steps € 26 steps
¢ 25) CrCl,, NiCl, 27) CrCl,, NiCl, ¢
26) DMP 28) DMP

27) (CuHPPh)g 29) (CuHPPh;)g
BDP, PhSiH, BDP, PhSiH,
H,0 H,0

28) TBAF 30) TBAF

29) DMP 31) DMP

30) NaClO, 32) NaClo,

> -

Previously assigned structure Reassigned structure
not matching natural AZP-3 (20R)-AZP-3 (205)-AZP-3 natural AZP-3

30 steps 32 ateps
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