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7 < 5y BIOMIMETIC TOTAL SYNTHESIS OF ENDIANDRIC ACIDS A-G[1982]
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TOTAL SYNTHESIS OF EFROTOMYCIN [1984]
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OH @ potent ® /solated from
anticancer agent Micromonospora
cleaving DNA via chinospora ssp
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® Elucidation of chemical and biological highly potent DNA cleaving and
properties of cyclic enediynes HO antitumor properties



% 4 : ’. TOTAL SYNTHESIS OF AMPHOTERICIN B [1987] [
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TOTAL SYNTHESIS OF TAXOL™ [1994]
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s 4\ |l OTAL SYNTHESIS OF BREVETOXINS B AND A [1982-1998]

® Marine neurotoxins isolated
from the algae Gymnodinium brevis  HQ
associated with the “red tide” phenomenon

Brevetoxin B [1995]

Brevetoxin A [1998] 1°
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%6 4y CHEMICAL SYNTHESIS AND BIOLOGY OF EPOTHILONES [1996-2003] 7
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TOTAL SYNTHESIS OF SANGLIFEHRIN A [1999]
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7 < 5 4\ BIOMIMETIC TOTAL SYNTHESIS OF BISORBICILLINOIDS [1999] }
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7. o¥. OPTICALLY ENCODED COMBINATORIAL CHEMISTRY:
) BENZOPYRANS[2000]
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| - Isolated from
an unidentified

fungus by o
Pfizer scientists
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® Inhibits squalene
synthase and RAS
farnesyl transferase

TOTAL SYNTHESIS OF THE CP MOLECULES [1999]




7 4 ;,’,i TOTAL SYNTHESIS OF COLOMBIASIN A [2001 ] L
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";“ ; TOTAL SYNTHESIS OF HYBOCARPONE [2001] |
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g’i”:ﬁ, TOTAL SYNTHESIS OF APOPTOLIDIN [2001] |
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?3 ﬁ TOTAL SYNTHESIS OF COLEOPHOMONES B AND C [2002]
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Sml,-DMA;
FmocValOH, EDC, HOBt

® Hetero pinacol
macrocyclization

Me
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m TOTAL SYNTHESIS OF 1-O-METHYL LATERIFLORONE [2003]
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;:45‘5 /, TOTAL SYNTHESIS OF THIOSTREPTON [2004]
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The Azaspiracid-1 Saga



7 iag \i SPIRACID-1: PROPOSED STRUCTURE (
gﬁ? CARBOXYLIC TRIOXADISPIROKETAL

ACID N
1 . OH HEMIKETAL
, M MOIETY

e

AZASPIROKETAL  “~—__*
® Architecturally complex marine neurotoxin. 2,9-DIOXACYCLO[3.3.1][NONANE

® 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.

® The absolute stereochemistry and relative stereochemistry between the ABCDE and FGHI

domains remain unknown.

Satake, M.; Ofuji, K.; Naoki, H.; James, K.J.; Furey, A.; McMahon, T.; Silke, J.; Yasumoto, T. J. Am. Chem.
Soc. 1998. 120. 9967.




13(R) [DESIRED] 13(S) [UNDESIRED]
FAVORED BY SINGLE ANOMERIC EFFECT FAVORED BY DOUBLE ANOMERIC EFFECT



INSTALLATION OF THE C-13 STEREOCENTER:
“IRST GENERATION APPROACH - STERIC CONTRO!

® BULKY
SUBSTITUENT,

13(R)-ISOMER
[DESIRED]

® COULD STERIC CONGESTION OVERRIDE THE DOUBLE ANOMERIC
EFFECT AND DRIVE EQUILIBRIUM TO THE 13(R)-ISOMER ?



- ,!,i‘i PIRACID-1: INSTALLATION OF THE C-13 STEREOCE

éﬁ‘f’gﬂ ~IRST GENERATION APPROACH - STERIC CONTRO,  C\
- Me Me
® MIXTURE OF
-0 /©/ DIASTEREOMERIC
AN ' """S Ve  SULFOXIDES
g e TMSOTF
; w (62%)
OTBDPS  HO {8
®DEPROTECTION 1 H OTBDPS
® DOUBLE SPIROKETALIZATION
072 1. BzCl-py (96%)
2. (MeO)3P, 110 °C (45%)
[ELIMINATION OF
AXIAL SULFOXIDE]
®KEY NOE
CORRELATIONS ! 0 y ® STERIC CONTROL
BzO \/H IDEA FAILS!
13(S)-ISOMER v
[UNDESIRED] H OTBDPS

K.C. Nicolaou, W. Qian, F. Bernal, N. Uesaka, P. M. Pihko, J. Hinrichs, Angew. Chem. Int. Ed. 2001,40,4068



:INSTALLATION OF THE C-13 STEREOCENTER:} 1’
=COND GENERATION APPROACH - H-BONDING CONTR (\,

TBDPSO TBDPSO

“
-
-
‘O
-

3740 8 )
@ 13(R)-ISOMER [DESIRED] ® 13(S)-ISOMER [UNDESIRED]

FAVORED BY SINGLE ANOMERIC EFFECT AND FAVORED BY DOUBLE ANOMERIC EFFECT
H-BONDING



ADUVY YYEYIE

(J b 21"v27 £ -KING FKE(;URSOR

AND ENAN TIOMER

v15“v4u i 15 W I MININMIIN -

AND ENANTIOMER



(s ‘ AZASPIRACID-1: SYNTHESIS OF "ABCD" RING SYSTEM:
o ggA ’REPARATION OF LINEAR CYCLIZATION PRECURSOR

CO,H 1. MeOH, AcClI (95%) MeO
HOzC/\é/ " 2. BHy+Me,S, NaBH, (77%) ('V'eo)zpCHzL' (MeO)a
3. Me(OMe)C=CH, (84 %)
D-MALIC ACID PPTS (85%)
\/I\ﬂe LiCl, iPr,NEt
BnO MeCN

BnO

(97%)

LIAIH4, Lil
( 98%) BNO

K.C. Nicolaou, W. Qian, F. Bernal, N. Uesaka, P. M. Pihko, J. Hinrichs, Angew. Chem. Int. Ed. 2001, 40,4068

G Oy PR CUS [ca 10:1 syn:anti;
: :anti;

chelation control]




C10-C20 FRAGMENT

K.C. Nicolaou, W. Qian, F. Bernal, N. Uesaka, P. M. Pihko, J. Hinrichs, Angew. Chem. Int. Ed. 2001, 40, 4068



IRACID-1: CONSTRUCTION OF THE "ABCD" RING SYST)

TBSO Vo0
\Y[S 1. DMP (95%)
——

2. HO(CH,),OH,
TsOH (98%)

H OTBDPS

Os 04-NM O,'
NalO4(100%)

. ol

1. nBuLi (87%)  1BSO
2. DMP (88%)

OTBDPS

icolaou, W. Qian, F. Bernal, N. Uesaka, P. M. Pihko, J. Hinrichs, Angew. Chem. Int. Ed. 2001,



TMSOTf
é

(85%)
N OTRDPS i
HO OTBDPS
IODOETHERIFICATION 1. PivCl-py
GRIGNARD ADDITION 2. NBS (75%, 2 steps)
4 3. NaBH, (87%, 90% ds)
TFA =

el

—
_ g~ [ca 2:1 RATIO] &
PVO—"H “MESERn —  otBDPS  (92%, PVO—sH MEEEEHT OTBDPS
13R [DESIRED ISOMER] 3 cycles) 13S [UNDESIRED ISOMER]
{ ) 8 9
g

Cl \Q\ 1. Swern [O] (94%)
NTf,

2. KHMDS, Comin's reagent (92%)
Comin's reagent

3. Pd(PPh3)s, nBu3SnH (95%) pivo—1 Mé H -
Cs-C20 FRAGMENT




j 1 AZASPIRACID-1:
g A AL FOR THE REVERSAL OF C-13 STEREOCHEMI:

H OTBDPS

(13S) FAVORED BY DOUBLE ANOMERIC EFFECT  (13R) FAVORED BY H - BONDING AND SINGLE
[UNDESIRED] ANOMERIC EFFECT
[DESIRED]

PvO—"H ME |~ OrpPS

H M
13R [DESIRED ISOMER] OPiv UA

KEY NOE CORRELATIONS

K.C. Nicolaou, W. Qian, F. Bernal, N. Uesaka, P. M. Pihko, J. Hinrichs, Angew. Chem. Int. Ed. 2001,40, 4068



SPIRACID-1: ELONGATION OF THE "ABCD" SIDE CHAIN \
IRELAND-CLAISEN REARRANGEMENT

1. DIBAL-H (92%)
H 2. Swern [0] (92%) H
- H 3. vinyl Grignard :
(78%)

OTBDPS

Ac,0-py
(94%)

LDA, TBSCI
THF / HMPA,

/4 5 OTBDPS

-78 5 25°C, _<
16 h

(82%) O



1. MeOH, DCC (86%)
H 2. Superhydride (96%)

y 3. PivCl-py (95%) (Opiy B\ H

___»

H Mé ~§  OTBDPS
1. TBAF (93%)
2. Swern [O] (89%)

(82%)



.

~Me
" 1.DIBAL-H OH

—

.
Swern [O] O -
ﬁ
2. BF;OEt,, (94%) H T

Me Sse~-SH Me Me Me  Me
(99%, 2 steps)

1. TMSCI, Nal (561%) | CrCly, NiCl; (95%)
2. TBSCI, imid. (96%) NOZAKI-HIYAMA-

KISHI

1. IBX (90%)

2. Red-Al°® (80%, 90% ds) 1BSO OH

3. TBAF (99%)

Me Me 4. tBu,Si(OTf),, 2,6-lut. (75%) Me Me

C21-Co7 VITFAIANE FRAGIWVIEN |



% (o 3 AZASPIRACID-1: UNION OF Cy-Cz9 AND Cp-Co7 FRAGMENT VIA| g
f’d | DITHIANE COUPLING TECHNOLOGY (v

Me Me
C4-C,0 PENTAFLUOROPHENYL [PFP] ESTER FRAGMENT Cy4-Cy7 DITHIANE FRAGMENT
I |
2. PFP ESTER 1. nBuLi-nBu;Mg,
-100 °C, 15 min THF, 0 — 25 °C,
(63%) 1.5 h; then 2.

C4-Cy7 FRAGMENI]




e PIRACID-1: GROOMING C4-C7 DOMAIN FOR STILLE COUP!

) tBu\Si -tBu
o \ O/ sO

~ 27

O Me Me

1. DIBAL-H (single diastereomer, 55%)
2. TBAF (78%)

3. Ac,0-py (84%)

4. Phl(OCOCF3), (78%)

® ACTIVATED

\ SITE
OAc OAc

27



X-RAY STRUCTURE OF C,-C5; DOMAIN




3”"{\ AZASPIRACID-1: CONSTRUCTION OF F-RING

@@@?A VIA OLEFIN METATHESIS
oM
1. OMe TBDPSO
QH g O ; ZHI:ng'gzggyy) TBDPSO O
; e 100% 9
MeOZC\;/\COZMe (100%) a 4( ) A
6H 2. LiAIH, (98'y) OPMB

3. nBuLi, TBDPSCI (87%)

DINMETHYVI _D.TARTRATE

(-)-Ipc -Ballyl |(88%)

0 PCy3
o8 Au e ?
TBDPSO Azl en S0 O/l\/ TBDPSO OH
PCysz , (5 mol %) DCC, acrylic acid K/k/\
34 N — K/k/\ — v N
: CH,Cl,, reflux " ps (78%) :
OPMB 2 4 OPMB
4 h (87%) OPMB

Groal-, F-RING FRAGMENT

K. C. Nicolaou, P. M. Pihko, N. Diedrichs, N. Zou, F. Bernal, Angew. Chem. Int. Ed. 2001, 40,1262



4 4 ,g y % AZASPIRACID-1: CONSTRUCTION OF C,3-C40 FRAGMENT
fdﬁ AA HIGHLY SELECTIVE METHYL KETONE ALDOL REACTION

0O O
1. Me,Cu(CN)Li, (97%) 28
2. TBAF (89%) 0O
TBDPSO 3. DMP (90%)
: H734; ‘Me
OPMB OPMB
Cy,BCl, iPr,NEt
0O CH,CI,, -78 — -40 °C, : s -
Me 5 h (82%) Me Me 16PMB

3. NaN; (96%) : 35
4. MeLi (82%) Me Me

2. p-TsCl (96%) 4IO\/\/IL Ve < Cos-C40 FRAGMENT

MOST REACTIVE SITE

K. C. Nicolaou, P. M. Pihko, N. Diedrichs, N. Zou, F. Bernal, Angew. Chem. Int. Ed. 2001, 40, 1262



AZASPIRACID-1 : SELECTIVE CONSTRUCTION Of
THE HI SPIROAMINAL [FHI-RING SYSTEM]

_ 2.DDQ, H,0 (98%)
‘Me

Me I\:/Ie

1. PPTS, MeOH (92%)
2. H,, Pd/C; then

- .

O (80%)

0 Yb(OTf)3 (10 mol %)
>3 MeCN, 25 °C, 3 min

HN
(71%)

g [SPIROAMINALIZATION]
e

,1€0C /2



O

Me*"

*
‘e

Me -
FHI LACTONE Me

C,5-C4p FHI FRAGMENT

1. DIBAL-H

2. NIS, nBuyN*T (88%, 2 steps)
3. Dess-Martin [O] (95%)

4. L-Selectride (85%)
5. TESOTT, 2,6-lut. (86%)

e

Cl
; “NTF

Comin's reagent

~\

J

Me*"

KHMDS,
Comin’'s reagent

/0O10/ )




=

nBussn” NF Teoc  OTES
Pd,dbas, LiCl, (Z &’ i W Z
THF, 25°C. 1h ° Yo !

— Me\“'
(95%)

@)
—
—h

Me
1. HF *py/py
2. NIS, NaHCO3;

THF, 0°C, 16 h
(75%, 2 steps)

X-RAY STRUCTURE OF IODIDE

Et;B (cat.), Meu..
nBu;SnH:toluene 1:2
0°C, 5min

Teoc

Y

o
“‘

L4 "'

~GHI MODEL SYSTEN (94%) \Y[S



TTIEY | |
4y X-RAY STRUCTURE OF FGHI MODEL SYS

il

40 Teoc

\Vil=




R =TBS, TES
SnMej
27



AZASPIRACID-1: UNION OF C4-Cg7 AND C5-C40 FRAGMENTS
VIA STILLE COUPLING

1 OAc OAc
A : 27
R :
N H OH Me Me
f Pd,dbas, AsPh; g
Qt o| |LiCh iPr:NEt, NMP/THF {c) OH
| 1 I 0
Me SLOW ADDITION OAC "
NMP OF STANNANE (52%) ‘Me

Me :



*"@.i AZASPIRACID-1: CLOSURE OF G-RING
ﬁggﬂ AND CONFIRMATION OF STRUCTURE

1. HF *py/py
2. NIS, NaHCO3 .

(67%, 2 steps)

OAc [IODIDE]

ME el

“Me - NBu3SnH (excess),

Et;B (cat.) Meén..
(92%)

,
I',

X-RAY STRUCTURE OF IODIDE



?‘4@/!,\

m&

C16 0,

'.
‘ ClS

C41
C214 )

22
ca207%

C43 ‘, C24
ca3

C25)

012
g %,
CSO¥?
03

C49

LJC51

C26

C44

205 48 C37

014 V//
C3643

)
06 €357 7,
C34%) C
@Q
7

c28%0
279 h)
T30

ez c45

®
QI




AZASPIRACID-1: COMPLETION OF TOTAL SYNTHESIS OF
PROPOSED STRUCTURE [DIASTEREOMER 1]

1. TESOTT, 2,6-lutidine
2. K2003, MeOH

3. Swern [O]

4. NaCIlO, (48%, 4 steps)

D
J
hl
(0]
>
m
®
R
R
(-1 T

SINGLE COMPOUND ® — 3
FULLY CHARACTERIZED ® H “Me



rm 4 AZASPIRACID-1: COMPLETION OF TOTAL SYNTHESIS OF gy
£ j PROPOSED STRUCTURE [DIASTEREOMER 1]

® MIXTURE OF INSEPARABLE DIASTEREOMERS

@® DIFFICULT TO PURIFY (EVEN BY HPLC)

® NONE OF THE DIASTEREOMERS MATCHED
(TLC, HPLC, "H NMR) THE NATURAL MATERIAL

Me
AZASPIRACID-17? NO!



j 4 a/Q/ AZASPIRACID-1: TOTAL SYNTHESIS OF FGHI-epi-AZASPIRACIE
[DIASTEREOMER 2]

N J:,’

.MIXT URE OF INSEPARABLE DIASTEREOMERS
® DIFFICULT TO PURIFY (EVEN BY HPLC)
® NONE OF DIASTEREOMERS MATCHED :
. < - ') \
(TLC, HPLC, "H NMR) THE NATURAL PRODUCT '/ IRACID -\t WQ\






7 s 53 AZASPIRACID-1: INVERSION AT C-20 SYNTHESIS OF C-20-epi [fj§
X AZASPIRACID-1 AND C-20-epi-FGHI AZASPIRACID -1 (\/

1. Tf,O-py, 4-DMAP (60%)
2. KNO ., 18-Crown-6 (71%)

OAc OAc



s 4y AZASPIRACID-1: STRUCTURAL REVISION. SYNTHESIS OF C-20-epi fifs
/ AZASPIRACID -1 AND C-20-epi-FGHI-AZASPIRACID -1 (\/

(7.1%, 10 step51 llM

HO,C

SPIRACID-1? NOGER==—N =30

- b f 5\ b \ 3 ;’ A w\..‘
-\ S \ i A\ v
A | Y, I
4 3 / k
N P 2 -
\ A | - N o - 4 R A TNITR AL PSR \\\’ * >
k ; C2p-epi-FGHI-epizAZASPIRACID g 5=
4 ‘\ _ . y ‘\"‘ *




AZASPIRACID-1: STRUCTURAL REVISION.

[CHEMICAL
DEGRADATION]

PROPOSED STRUCTURE FOR
AZASPIRACID-1 [1998]

Mo, 40 26,0H [FOR RELATIVE
: , STEREOCHEMISTRY
[FOR ABSOLUTE 0 DETERMINATION]
STEREOCHEMISTRY ‘
DETERMINATION] ‘Me Décc;ging,lqcﬁém

RIVED MATERIALS FOR COMPARISON WITH SYNTHETIC SAMPLES

OFESSOR MASAYUKI SATAKE, TOHOKU UNIVERSITY, JAPAN [2003]



7 e AZASPIRACID-1: STRUCTURAL REVISION.

g;{g SYNTHESIS OF C»4-C4y LACTONE:
ESTABLISHING RELATIVE STEREOCHEMISTRY

Teoc  OTES

STILLE COUPLING STILLE COUPLING
[22 %, 5 steps] ‘ 0, ,; Me [24 %, 5 steps] ‘ 0, ,, Me

Me Me
M
C21-C49 LACTONE C21-C40 FGHI-epi-LACTONE
® DOES NOT MATCH @® IDENTICAL WITH
NATURALLY DERIVED DEGRADATION PRODUCT

MATERIAL 'ELATIVE STEREOCHEMISTRY OF C34-C49 DOMAIN




i £3AZASPIRACID -1: STRUCTURAL REVISION SYNTHESIS OF C15-C..o [f8i8
Z@  AMINO ACID: ESTABLISHING ABSOLUTE STEREOCHEMISTRY (4

Teoc

1. NaClO-
lZ. TBAF

(53 %, 2 steps)

ABSOLUTE Me
STEREOCHEMISTRY OF C5-C49 DO

SYNTHETIC: [0]3°= +52 (c = 0.1, CH,Cl,)
NATURAL: [0]3°= -59 (c = 0.016, CH,Cl,,



NAVWUWRALLEYSDERIVED WA Ef"/,- L /J,-X TAK

SYINIRIENICINTERNVIEDIATEINICOLAOU GROUF/

G1=C20 FERAGNVIEN T




ASPIRACID-1: STRUCTURAL REVISION OF C;-C, DOI
[ABCD RING SYSTEM] - '"H NMR COMPARISON

600 MHz, CDCI,

H-8 H-19 H-6
5 5.97ppm & 4.60ppm § 4.48ppm| 2.3

— T}~ T T T T T T ) v T T

H-8 H-6 H-19
3 5.73ppm & 4.79ppm S 4.33ppm

T




» 4y AZASPIRACID-1: STRUCTURAL REVISION OF C4-C>o DOMAIN paes

A PLAUSIBLE STRUCTURE FOR THE RING-A SUBUNIT

® CHEMICAL SHIFTS FOR H-8 IN NATURAL AND SYNTHETIC MATERIALS ARE SIGNIFICANTLY DIFFERENT .

®IN NATURAL MATERIAL: ®/[J. D. FAULKNER
* 1. WEAK COSY CORRELATION BETWEEN H-6 AND H-7. H a H 1 997],
* 2. WEAK HMBC CORRELATION BETWEEN H-9 AND C-10. H bO

8

® H-8 (8 = 5.97, CDCl3) [SYNTHETIC]
® H-8 (5 = 5.73, CDCl3) [NATURAL]

H-8 H,
(8 = 5.80, CDCl5) LISSOKETAL

® NO cOSY CORRELATION BETWEEN H-6a AND H-9.@

REVISED STRUCTURE FOR RING-A

®H-6 (5 = 4.40, CDCl3) [SYNTHETIC MATERIAL]| &\ ’t(IL
®H-6 (5 = 4.79, CDCl5) [NATURAL MATERIAL] 9 @
( 1 5100 Hgﬁ
C:;LECTRONIC DESHIELDING EFFECT MeO- X6

a

®NO COSY CORRELATION BETWEEN H-6a AND

®DOUBLE ALLYLIC SYSTEM ~ A



% 4 Q i ASPIRACID-1: STRUCTURAL REVISION OF C-C,o DOM#
‘) ﬁ” CE FOR DOUBLE ANOMERIC STABLIZED ABC RING ¢

SYNTHETIC [NICOLAOU] rH-19 (8 = 4.48, CDCl3) H-19 (8 = 4.33, coc@—;

H ‘DCI s [TRACE HCI]
—

[FACILE AND COMPLETE

OH
CO,Me C-13 EPIMERIZATION]
13(R)-STEREOCHEMISTRY 13(S)-STEREOCHEMISTRY
NATURAL [SATAKE] H-19 (6 = 4.33, CDCla)
) »
' H CDCI; [TRACEHCI] @ HENCE MUST HAVE MOST
! 20 =————- STABLE C-13 CONFIGURATION

[NO EPIMERIZATION]

ALLEGED STRUCTURE



7 % ) AZASPIRACID-1: REVISED STRUCTURE,
INCLUDING RELATIVE AND ABSOLUTE STEREOCHEMISTF

[NICOLAOU AND SATAKE GROUPS, 2003]




L___..ﬂ

MR AN e,
‘ <

Cs5-C20

- oo ’

META

o
~

. IREIA%

 REAR

NGE._",‘..A g

FIN
OHESIS

HO \ﬁ/\/\i{

“.-'" : '«E' ';.:' '?&ﬁ:@ 0 :—g’:9 ”

"ABCD " SUBUNII

T, A

~—

£21-Cyy z:”-i"‘{ll:\i(j Pi‘SI:CURSOR
AND ENANTIOMER

————— R S -

-—— - - - -




® ORIGINALLY PROPOSED STRUCTURE FOR ABCD

DOMAIN[SYNTHETIC: NOT IDENTICAL TO DEGRA-
DATION PRODUCT][YASUMOTO - SATAKE, 1998]

®RELOCATE DOUBLE BOND TO A73 POSITION

@ SECOND PROPOSED STRUCTURE FOR ABCD DOMAIN
[NICOLAOU et.al, 2003]



SYNTHESIS OF SECOND PROPOSED STRUCTURE

1. KHMDS, TMSCI
o) 2. Pd(OAc); OAc
H 3. NaBH,, CeCl; \
H 4. Ac,0, py, 4-DMAP CO,Me

——

OTBDPS

H H OTBDPS

I H

@® [FROM ORIGINAL SYNTHESIS] Pd,dbas-CHCI3
: nBusP, NaBH,

H H OTBDPS

AL TO DEGRADATION PRODUCT!] AT8:A89 (ca. 2:1)
L

® WHAT NEXT?




% 7 oo\ 4 j NON-IDENTITY OF ABCD FRAGMENTS OF AZA-1

® MORE THAN JUST THE LOCATION OF RING A DOUBLE BOND:

@ 1 ~
v O.H‘\\.\
[FROM L-MALIC ACID] \ : '

® SKELETAL PROBLEM! _ | @ STEREOCENTER(S)?

® WHAT NEXT?



- THIRD AND FOURTH ABCD PROPOSED STRUCTURES

i
MeO,
THIRD PROPOSED STRUCTURE FOURTH PROPOSED STRUCTURE
[A73 AND INVERT C-14] [A7® AND INVERT C-6, C-10 AND C-13]
~agE—anomeric
anomeric=—m { o effect  MeO =
effect O H

M./ anomeric

effect

OH anomeric *\)

effect

@ FROM MOLECULAR MODELING
@ EXPECTED THERMODYNAMIC STABILITY AND nOes

@ NEXT TARGET



EPIMERIZE[) | §‘

o H

PivO

@’'H NMR C14-Me SIGNAL (51.12)
SIGNIFICANTLY DIFFERENT FROM.THAT .
OF DEGRADATION PRODUCT (50.91)

@STOP! THINGS DO NOT LOOK RIGHT!

.\r’)

EPIMER OF EXPECTED
STRUCTURE

MAJOR I@MER - |2 nBs
3. NaBH
» $
\ %\ OH
. . H

TFA

.-THIRD PROPOSED STRUCTURE ABANDONED



1. TBAF
2. TBDPSCI
3. TESCI

4. 0sO,, NMO;
NaIO4




1. Swern [O]

+ -
H_otepps 2 PhsPCHy BY, nBe LA H oTBDPS

H
1.
' Mes—!‘l-Mes PiVO
@ cruBs's Cl
 CATALYST SRU= faxcess
Cl™ 8 . Ph
PCys

2. PhI(OCOCF3), v

", [MUKAIYAMA
. .« " METHOD

» WA

-



'14'4‘

P&ﬁ' CONSTRUCTION OF FOURTH PROPOSED STRUCTURE. Ill

, H 1. NaBH,, CeCI3
5\:_°TBPPS 2 cico,me

Pd,dbasz- CHCl,
nBusP, LiBH,

1. DIBAL-H
2. Swern [O]
3. NaCIlO,

4. CH3N;
5. TBAF

REAT NEWS!




2,9 s ’h \  THE FINAL [?] DRIVE TOWARD AZASPIRACID-1. |
e

® AN ABSOLUTE STEREOCHEMISTRY DILEMMA... BECAUSE
® OPTICAL ROTATION OF DEGRADATION PRODUCT NOT MEASURED DUE TO MINUTE AMOUNTS
® ABSOLUTE CONEIGURATION OF ABCD DOMAIN UNKNOWN

[FROM L-MALIC ACID] [FROM D-MALIC ACID]
® WHICH ENANTIOMER?

[REACHED THE END FIRST...BUT TO NO AVAIL!]

1. TBAF
2. Swern [O]

3. NaClO, ® PENTAFLUOROPHENYL

H OH prpoH, DcC
B é

GG UNISAGIVIEIN NS



C21-C27 FRAGMENT

nBulLi - nBu,Mg
-90°C

_ C1:C20FRAGMENT

r ’
§h 200 kIPY T
2 e
T v e IN



7 i f’i +\  THE FINAL [?] DRIVE TOWARD AZASPIRACID-1. |
f A’j |

-

1. AcCl, 2,4,6-col
2. TBSOTT, 2,6-lut

@ 7BS INSTEAD OF Ac TO
IMPROVE LAST STEP!

dhe o)
ACTIVATED C1-C27 FRAGMENT



1. Pd,dbas, LiCl, AsPhj, EtNiPr,
2. TBAF

. 4 '.‘..- 38

® |ODOETHERIFICATION @® ALL CARBON ATOMS IN PLACE
® C1-C40 SKELETON



Et;B

”' q
e nBu3;SnH

(excess)

1. TESOTT, 2,6-lut
2. K,CO3, MeOH
3. Swern [O]

4. NaCIO,



‘r,’,’;'f"‘i: END OF AN ODYSSEY: THE FIRST 'H NMR SPECTRI
j ﬁ
‘(:.d

P |tm>o . CHICOOH
It coniasay 1Bu,NOHY @600 MHz
\ \ ® CD;0D/CD;CO0D
"'!opa\a auta W
AN
reAe wee |
= o)
@® NATURAL
i 'S:S M 'S:T E V‘:S' s ".'.'j ) 3:3‘ S '3:.' o 2:5 i '-'2:0' o ‘l:S: ) '-l:l ppm
x ‘
@ SYNTHETIC
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THE END



