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Outline ST22:0

HiStOI’y: some non-aldol approaches to the synthesis of polypropionates

O OF OF OF

R R
Me Me Me

Development: discovery, stereoselectivity and scope of the cycloaddition with allylic alcohols

R1\m/0|-
3 N-O
N _OF +I\,O R, )
I | g

R [3+2]

R: R, OH

nitrile oxide

Reactivity: from oxazolines to -amino acids and polypropionates

Bafilomycin A4 Me R=H, Epothilone A
Erythronolide A R=Me, Epothilone B



Non-aldol approaches to the synthesis of polypropionates  ........ ... ..
— s
Histor Development | Reactivity [Total synthesis] =% Sé %

Rychnovsky: cyanohydrin acetonide alkylation?

- CN N 3
+ L NEt, DMPU /YY\A/Y\/ o)
Cm 2 KEMDS ayC c Me\fo —C/L
M SN
Me><l\lle Me><l\lle Me><l\/|e ‘V

equatarial alkylation

Smith Ill: Anion Relay Chemistry via dithiane linchpin and Brook rearrangment?

<\ * {-BuL Et,0 FMPA PO RO &ss O OF . :
SYS — = s = See Marc’s seminar
O R R
TBS R/\/\\l (2 3 ecuv) R=TBS

Nelson: acyl halide / aldehyde [2+2] cyclocondensation3

B
i-Pr Nn P
0 0] “Cmo%A cat O o OF
Hkx ) I—J\R Finc s base )ii E mo % La(Ot-Bu), r\u)K(LR _. N—A—NE
Me
CF,C, -EC<C Me R Nuk base
M
e © Al cat.

1. Rychnovsky et al., J. Org. Chem. 1990, 55, 5550.
2. Smith Il et al., J. Am. Chem. Soc. 1997, 119, 6925. 3
3. Nelson et al., J. Am. Chem. Soc. 1999, 121, 9742.



Non aldol approaches to the synthesis of polypropionates  ........ ... ..

‘F«_

DevelopmentI Reactivity [ Total synthesis) . % -5

Leighton: Alkyne silylformylation / allylation*

\L J/ * * mo % Rh(acac)(CO); or 0 or 7 Ay

1CCC s CO 6C C Ceke : AEEVOIIA Major o5/
/ P X ] | : : y
PPt 7" 2 k,0, NaFCO; heat a E > Stericrepulsion y NN\
Me i-Pr with i-Pr group  /-Pr
Me Me Me

Lautens: enantioselective seven-membered ring opening®
OF

n “4 mo % N (COD), =
* base mo % N ( ) =
o) . 9 ve 4% o Vg 24 mo % (R)-BINAP ~ Me., Me Na%?—( OF OP Ok Ok
\\ ; 4 W)K/ 4
2 recucton 7 Me DIBAL-H OH
X 3 protecton OP touene 6C°C Me Me

And also®: - Meso tetrahydropyranyl diols desymmetrization (Bressy)
- Hemiacetal oxymercuration (Leighton)
- Asymmetric methylketene dimerization (Calter)
- Hydroformylation (Breit)
- Non-aldol aldol (Jung)
- Conjugate addition / Enolate oxidation (Hanessian)
- Silirane ring opening (Woerpel)
- Nitrile oxide 1,3-dipolar cycloaddition (Kanemasa)
4. Leighton et al., Angew. Chem. Int. Ed. 2001, 40, 2915.

5. Lautens et al., J. Am. Chem. Soc. 1997, 119, 11090. 4
6. On line Evans group seminar, by Travis Dunn (2001-2002).



Kanemasa hydroxy- dlrected nitrile oxide cycloaddition

History (DEYEONaa®. Reactivity [Total synthesis] 2.5
At the beginning...
R R - Me“/\(OH N-0 N-0
>/_<+ dimerization /'\/O R/&;}\{Ei . R 4 Me
NgNo = g7 o
@ R [3+2] Me CH(OR)Et

decomposition

R—N=C=0
Limitations

- Nitrile oxides very unstable, rapid dimerization, decomposition, synthetic method

- Poor yields
- Low regioselectivity

- Low stereoselectivity

- Internal alkenes much less reactive than terminal alkenes



Kanemasa hydroxy-directed nitrile oxide cycloaddition Syminess Totare o

-

. S d . . NS T22aC
History  @BIEVEIeJenlElsl® Reactivity ITotaI syntheS|s] 208 50

Preparation of nitrile oxides

1. MeONa/MeOH, rt Cl
2. TiCly CH,CI, 0°C
’ ’ X, .OH
R)\

R_CH2N02 N

Kumaran, Tet. Lett. 1996, 6407

4A MS, Et3N (cat.), CD30D, rt (Kanemasa, Tet. Lett. 2009, 2111)
CAN, MeCN, rt (Das, Arkivok, 2005 (iii), 27)

EtsN ou RMgBr, CH,Cl, rt (Kanemasa, J. Am. Chem. Soc. 1994, 2324)

(@]
Ph. _OAc 4@2//0 ~
| S\ (o)
| N—Na 1

OAc C d ///

DIB Chloramine T B

{-BuOC CF,C; -7& °C Carrera Angew. Chem. Int. Ed 2001 2C82
DIB CH;C; C “Ctort(Das Tet. Lett 2004 7247) Tf,0 EtsN -4C ‘Cto 0 °C (Carrera Org. Lett 2000 539)

Choramne T EtOK rt (Ra Arkivok 2008 (x) 7£)

0]

) )\\N/OH R)LN,OTBDPS
H



[ History ,\ Reactivity ITotaI syntheS|s] 21839

Shuji Kanemasa 1994: Preliminary results’

Et
- N-O N-O
S EENEN ) _ o
P Mo B { P oF phJ\)\(E‘ phJ’\/\(E‘ Low diastereoselectivity
C Ph CH,C, -3C°C “¢h OF OF
40% 67:33
Ph.__N. EtsN ,Q/O_ Me”or ) 3 r/w—o’
7 ok = RN Ph "Me : .
¢ Ph CH,C; 1t 7 Eh G OF Low regioselectivity
46% 46:54 i
Me
; N-O N-O N-O
o I o + 0 MeMOH M\(Me / = Me -y
hoor Eh N PR Ph Ph Me
C Ph CF;,C, 1t 2h Me OF Me OF CH(OF)Me
28% \__anti,syn anti,anti )
82 18
55:27 12:6

Low yields, low selectivities, substrate-dependant reaction
a general method is needed!

7. Kanemasa et al., J. Am. Chem. Soc. 1994, 2324.



Kanemasa hydroxy- dlrected nitrile oxide cycloaddition o o
History ,\ Reactivity ITotaI syntheS|s] 23.¢ 3¢

First metal-assisted 1,3-cycloaddition: dramatic effect of magnesium on diastereoselectivity’

1 aquiv:
1%" equiv: base 2"¢ equiv: dipolarophile

R2 RQ
/‘\/OMQBT /\/OMgBr
R1 . R /K)\Z(R,I 2 R1
Ph\r/l\ -, ///K 0 1 /k)\/
C Ck;C; -3C°C Ph CH,C, -3CC
syn-adduct anti-adduct
yield 92% 95% 94% 95% 85%
synlanti >99:1 96:4 89:11 97:3 96:4
(ratio without Mg) (67:33) (61:39) (56:44) (65:35) (60:40)

About optimization of the reaction...
- no high syn-selectivity with other metal ions: Li, EtZn, Et,Al.
- o impact on the syn-selectivity with small excess of THF (from EtMgBr solution)...
- ...but reaction performed in THF gave in 2:1 mixture of syn- and anti- isomers.
- I-PrOH (2 equiv) increased yields and property with same syn-selectivity.

7. Kanemasa et al., J. Am. Chem. Soc. 1994, 2324. 8



Kanemasa hydroxy- dlrected nitrile oxide cycloaddition ,ﬁ e
[ History ,\ Reactivity ITotaI syntheS|s] 23.¢ 3¢

First metal-assisted 1,3-cycloaddition: dramatic effect of magnesium on regioselectivity’

1¥t equiv: base 2"¢ equiv: dipalarophile
R, OMc¢Br R OM¢Br - =
INZ 3 < N-O N-O
\R‘/\/ ) l/\/ Ph/% Bh /i R
Ph.__N. 4 R +.0 4 R
Y ot ¢ ///I\ R4 R3 Ok )
C ChzC; -2C°C Ph Ck,C, -3CC OF
A B
N-O N-O N-O N-O
/ / / /
yield 82% 73% 68% 14%
(yield without Mg) (46%) (44%) (46%) (19%)
AlIB >99:1 98:2 >99:1 95:5
(ratio without Mg) (46:54) (55:45) (20:80) (1:99)

About optimization of the reaction...
- no high regioselectivity with other metal ions: Li, EtZn, Et,Al.
- o impact on the regioselectivity with use of THF as solvent.
- I-PrOH (2 equiv) increased yields and property with comparable regioselectivity.

7. Kanemasa et al., J. Am. Chem. Soc. 1994, 2324. 9
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[ History  @BIEVEIeJenlElsl® Reactivity ITotaI syntheS|s] FeE S

First metal-assisted 1,3-cycloaddition: dramatic effect of magnesium on both selectivities’

Me
_ AU N—0 N-0 N-O
Fh N Et-N + 0O Me OkH / Me Pz Me / -
hor B N Ph—\ Ph Ph Me
C Ph CF;,C. 1t 2h Me OK Me OH Ck(OF)Me
28% \__anti,syn anti,anti )
82 18
55:27 12:6
1¥! equiv: base 2"¢ equiv: dipalarophile
Me Me N=-Q M N=Q M ’)_O
) e b e »
oo N MeT N ONgEr o) Me/\)\OMgBr Ph/%)\( PhJ\(\( PhJ\H b
N — T N me OF me OF CF(OF)Me
C 2C2 Ph CHzCy 1t 1h \_  anti,syn anti,anti )
53%
100 0
94:6
In summary...

- cycloaddition controlled in syn- and regio- selective manner with magnesium ions.
- allylic magnesium alkoxide much more reactive than free alcohol.

- twofold role of allylic magnesium alkoxide: base and dipolarophile.

- internal alkenes much less reactive than terminal alkenes.

7. Kanemasa et al., J. Am. Chem. Soc. 1994, 2324. 10



Kanemasa hydroxy- dlrected nitrile oxide cycloaddition Syminess Totare o

7. Kanemasa et al.,

J. Am. Chem. Soc. 1994, 2324.

.,
Lexe
History  @BIEVEIeJenlElsl® Reactivity ITotaI syntheS|s] 2180
Explanation of selectivities by chelating model”
C C
—=N— /
R 'V'C\o R—=N~0u, M{q\o\j
L ER/ / R%—«/‘ &P/
4 R4
1.1 kcal/mol
R, more stable
FAVOREDJ J STERICAL HINDRANCE
regioselective regioselective
syn-cycloadduct anti-cycloadduct
, C
n CHzc|2 ) ] ) in THF
3.8 kcalimol k20
regio- and stereoselective cycloaddition non-selective cycloaddition
11



Scope of hydroxy -directed nltrlle oxide cycloaddition R
‘l "’ ) & T
History  @BIEVEIeJenlElsl® Reactivity ITotaI syntheS|s] 21Ee0

Reversal of diastereoselectivity with Baylis-Hillman adducts®

K’_ MeO,C touene 2h &C <C N-Q COzMe N-Q CO,Me
Z + / i-Pr . i-Pr
Mes Mes
OF no Lewis acid OF OF
99 %

syn cycloadduct <5:>95 anti cycloadduct

Nitrile oxide 1,3-dipolar cycloaddition in non-conventional solvent®

MgBr; (£ ecu V)

+/6 44 I\—O I\—O
N Et scCO; (*“CC ps) 2
Ok

OF OF
92 %
syn cycloadduct 94:6 anticycloadduct

Nitrile oxide cycloaddition with cyclic allylic alcohols1®

OH * t-BuOC (1 2 equV)

-0

Py Q

TBSO N’ @ CE,C, -78 °C TBSO NI OF

2 j-PrOF (2 2 equ V) & )
EtMcBr(’J C ecuv) F \R n
2equv “Cecuv Ch,C; C°C
(" Secuv) (" Cecuv) 55.88 %

R= OH, OF single regio-
n=134 and sterecisomer

8. KrajCik et al., Tetrahedron 2000, 5465.
9. Holmes et al., Chem. Commun. 2004, 2622.
10. Carreira et al., Org. Lett. 2007, 3857.

12



G e Scope of hydroxy-directed nitrile oxide cycloaddition Srntreee Totere o
m - < Y . NS TzZ2¢c
gﬁ“,.j[ History  @BIEVEIeJenlElsl® Reactivity ITotaI syntheS|s] Reeeiluite oTgeniane

Use of chiral nitrile oxide and allylic alcohols: the Carreira’s touch!?!

B TBSO N—O
K)\/-\/Me (\/Me K‘/k/:\/Me
Me Me Ok Me OF Me Me OF
Syn syn anti syn
82 % 87 %
TBSO I\I/Ol_ TBSO NI’OH
A A
Me Me
TBSO N—O Me o Me TBSO N—O
Me Me OF Me Me OF
anti anti 1 t-BuOC (® 3ecuv) CH;,C, -78 °C syn anti
73 % 2 j-PrOF (3 3 ecuv) EtMgBr (2 Cecuv) Ck;,C; CC 68 %

Selectively preparation of all eight possible stereocisomers

11. Carreira et al., Angew. Chem. Int. Ed. 2001, 2082. 13
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s [ History

Asymmetric version with DiisoPropyl Tartrate (DIPT): Inomata’s work!?

N-O R:=H Me CO,Et
/ Ok R;=Ar Ak
Ry~ OF R2/UV
= 15 examples
R1 35-92 %
88-98 ee%
1 E122n
2 (RR)-DIPT
3 E122n
CEC, C<C
. _ _ o _
N©) - - o) .
Et—zn" Ny~ OFPr 4 R,C(C)=NOF | R,—=N-0mizn" Ny~ OF-Pr
o) -Etk [ b
g Oi-Pr
R1\/\/O—Zn\o ,\( R1\‘:/\/O ~Zn. . \(O/ Pr
O o)
Catalytic asymmetric version!?
1 E‘ n( 2 ecuv) N-O or E1=2 (,:AOI<2E1
2 R)-DIPT (C 2 ecuv / = Ar
2 R;C(C)=NOF CFC4 C°C Ii Sg:a;gg}es
o 1€ 1 . A
oxane (1 £ ecuv) 84.93 ea%

Activation by both zinc ions
Ethereal additives to avoid formation of aggregated insoluble complex

12. Inomata et al., Tet. Asym. 2006, 3075; Synlett 2003, 1075. 14



Synthesis of tetrahydrofurans from isoxazolines?3

= EtMcBr 7 Ri=PhsC  75% 18:1
+ o / < < N_O
- = benzene C °C
Z * /W / OTBDMS
R(ﬂ7 OF R /i\
OF R=Ph” "k 71 % 25:1

Allylic alcohols more reactive than homoallylic alcohols
Diastereoselectivity improved in benzene

7 YA Y4 NC |
N-O I—C N-O It
/ _ T ~ N _ s O ../
o Ck,C, Ry
OP C “Ctort OF PO

45-79 %
2:1-29:1

Diastereoselective synthesis of tetrahydrofuran by iodoetheration
Functionalization useful in organic synthesis

13. Kim et al., Synlett 2002, 1691.

vvlt

o [ Hlstory IDeveIopmentTotal syntheS|s] Xy

15



Formation of oxazinones from isoxazolines4

5 BuOMgErc N-O

N & RA_SMe;  ChiC; -7€°C /=S Me; 32.75 %
=z H Ar : 94:1-99:1
Ar 2 ; :
OkH R Ok 75-84 ee%
R= Me, Pr

N-0 .0._0O

Ar/((‘\/s Me;  TBAF o 56-80 %
3 ) 0
oF THF 1t &h CH 2 Ar 73-82 ee%

76100%
+F l

N-O -
A ws Meq /K(\('-\ O
I’ g /Y} /Y\'
R ©O OS Me, 0S Mes

Mild conversion of isoxazolines to oxazinones via Brook rearrangment
No significant loss of optical purity

14. Kanemasa et al., Tetrahedron 2002, 9613. Y



mes [ History

From isoxazolines to B-amino acids!®

R= Ar, Alk
R,= H, Ar, Ak
N—O Boc <
| * LAk, THF ME Gl
R —

= 2 Boc,0 1 :

Rz OH R; OF
40-64 %
7:1-15:1

NI_O
R;
R; OR;
R.= Ar, Alk R,McC
R;=H, Ar, Alk BF«: OFEt,
R;=H
S THF -7€ <C
EFN—0O
8 examples _ .
70-96 % g
9:1-99:1 T
2

© R,L
BF, OEt,
PhMe -78 <C

2 TBAF
THF C<C

R.= Ar, Alk

R,=H, Ar, Alk

R,= TBS

R4= Me, Ph, HeteroAr

* LAk, THF
2 Boc;0 or ChzC

>

2 NalO4/NaC O,
2-methy -2-butene

..Isoxazoline: a powerful starting material for generatlng diversity = -e.c v o

] Development IR T otal synthesis] $T73:9

FN—20

7 examples
R4, 49-82 %
R 10:1-99:1
R, Ok

1" LAk4 THF

2 Boc;O or CkzC

2 NalQ4/NaC O,
2-methy -2-butene

R4")\‘)J\ 14 examples
R T OF 68959

Versatile and efficient approach for the synthesis of f—amino acids
Installation of a challenging amine-bearing quaternary stereocenter

15. Mapp et al., J. Am. Chem. Soc. 2003, 6846; Synlett 2004, 1409; J. Am. Chem. Soc. 2005, 5376.

17



.. Isoxazoline: a powerful starting material for generatlng diversity - rereis o

s [ History

1 Development R SAVAD [ otal synthesis] ST2:0

From isoxazolines to cyclic B-amino acids!®

NS LDA THF -7€ C H—¢

| {-BuL THF -78 °C

R1)\/H/ PN 8 R1)\£/H/

OTES R > N OTES
6 examples Br R P

R.=Et, i-Bu, Ph Br

76-91 %

Ckz

NG M
@’66% 3

B LAk, THF 70 %
Rl ] 2 CkzC
2 NalOg/NaC O;
74 E
)y \ OTES Ckz

Preparation of cis-B-proline derivatives

15. Mapp et al., J. Am. Chem. Soc. 2003, 6846..

44 %

FN—O
1 R
/3
OTES
R\—
69-93 %
Cbz

0
MOH
Q,: 61 %

Chbz

\K).i
N—S Y Ok
7 PR

o 42 %

18



,)I\/k‘/Rz Smlg THF C cC‘17 )J\/k‘/RQ
57 L 9 examples
p & 62-89 %

Ri OR; then B(OH); K;0 R OR;
R=Ak 'S' Ar
R,= Ak
R.=F 'S'

Q —_—
TBSO '\| & 3-4ecuvSml 3-4 ecuvSml;

OTES No reaction
= THF C “Ctort THF C °C to rt
Me Me Me

N /\)\/k /\)J\/k
Ph X n-Bu Ph n-Bu  THF C“Ctont PR DS i N
not observed

Mild, efficient, tolerant and chemoselective reduction of unsaturated isoxazolines

16. Carreira et al., Org. Lett. 2001, 1587. 19
17. Keck et al., Tet. Lett. 1995, 7419; Marco-Contelles et al., J. Org. Chem. 1996, 359.



-.Isoxazoline: a powerful starting material for generating diversity - f
= History | Development EEESOUINED T otal synthesis) $T73:0

From isoxazolines to polypropionatesi®

0—N PTSO; N—0
Me\/_'\)\¢0 ¥ K‘)l\/‘\/Me
OBz Me Me Me OTBDPS
KHMDS TRF Kacienski-maodified

-7€ °C €6 %  Jylia-Lythgoe olefination's

* Recucton

—_— N—2O
2 F; Raney-N Q \ 2
B(OF)s Me A o AN A Me Sml,, THF/H,0
B2 Me Me OTBDPS
Curran's conditions?¢ RES Me e Ve Carreira's conditions'®

5Bz Me Me Me OTBDPS OBz Me Me Me OTBDPS

‘ /lxlce(‘srl\l-BII\-/I(e%ANC)3 Evans' reduction?’ 1. Evans' reduction
2 Protecton 2. Protection

3. Curran's conditions

Me Me Me_ Me Me Me

OBz Me Me Me OTBDPS OBz Me Me Me OTBDPS

18. Carreira et al., Org. Lett. 2004, 2485.

19. Kocienski et al., Synlett 2000, 365.

20. Curran et al., J. Am. Chem. Soc. 1983, 5826.
21. Evans et al., J. Am. Chem. Soc. 1988, 3560.

20



From bis(isoxazolines) to polypropionates!8

syn syn
OH OH OH OH
R R'
Me Me Me

8 possible stereoisomers

OF O O OF
Me Me Me
anti ' anti
OH OH OH OH
R ' R
Me Me Me

8 possible stereoisomers

o) |\:/|e I\:/|e Me Me

C22-C33 fragment of aplyronine A

bis chemoselective
opening O—N ring opening

Me Me Me

All 128 stereoisomers of this skeleton
could be easily accessible

Extremely versatile methodology

Modular non-aldol strategy for efficient
polypropionates synthesis

18. Carreira et al., Org. Lett. 2004, 2485.

anti syn
OH OH OH OH
RW R'
Me Me Me

8 possible stereoisomers

OF O Nl—Q
A A A A
Me Me Me
syn Y anti
OH OH OH OH
R R’
Me Me Me

8 possible stereoisomers

21



Application: from methodology to total synthesis ~ «roee e

History IDeveIopmentI Reactivity REIEESIQES] 2180

Isolated from Carribean sponge Splrastrella coccinea
by Andersen?3in 2003. : :

Potent and selective
phosphatase inhibitory properties

Spirastrellolide A

Retrosynthetic pathway of northern hemisphere

X X
OF O 0 om&EF O—N  TMSQ_CN ome?F”
38 |::> 38
35 Y 31 OF 35 31 OTBDPS
OF Me C OTES Me
22. Furstner et al., Angew. Chem. Int. Ed. 2006, 5510. 22

23. Andersen et al., J. Am. Chem. Soc. 2003, 5296.



Application: from methodology to total synthesis

Synthesis of northern fragment of Spirastrellolide A%2

1 {-BuOC -78 °C
BnO FO. Ch,C BnO BnO

N EtMgBr i-PrOk O—N O—N
_ | |
j\‘/\ + lKL/\/OTIPS N —

2 TBAF THF

Ok Me OF Me OTES  Me
76 % (two steps)

5”0% TMSO OMe & LDA THF BIS O0—N TMSO CN OMe®#
| 78 °C 1
I + —_— 38
NC OTBDPS :
: 52 9% 35 Y 31 OTBDPS

OTES Me C OTES Me Cl

History IDeveIopmentI Reactivity REJEISMIGESS S,“

[Mo(CO)g]
66 % | H,O/MeCN
90 °C
OMS * TASF ac DMF BnO
ac n 26
) 2 PPTS cat CH,C, OH O TMSO CN OMe™ =
(C 38
61 % 35 31 OTBDPS
OTES  Me Cl

D-E-F bis-spiroacetal of
Spirastrellolide A

22. Furstner et al., Angew. Chem. Int. Ed. 2006, 5510.

23




Application: from methodology to total synthesis ~ «roee e

History | Development | Reactivity RESCTEAMEST - S’

Isolated from culture of Streptomyces griseus sp.
sulphurus by Drautz2°in 1983. ,'-,-

, .....
Antibacterial and antifungal activity q
Inhibition of V-type ATPases C

Bafilomycin A4

Retrosynthetic pathway of C14-C19 polypropionate fragment

Me Me q
TBDFSO O Ok TBDP N—0O

n
10

TBDPSO 07 O A)H/k‘/\ |
= = 14
- ' TR ) HETH —> Me/19\;)\‘)\‘/\
Me 18~ Me Me OK< Ve Me OF OTr
Me Me O

24. Carreira et al., Angew. Chem. Int. Ed. 2009, 578. 24

25. Drautz et al., Tet. Lett. 1983, 5193.



Application: from methodology to total synthesis
History

) ‘ese Totilef::f
= = J
IDeveIopmentI Reactivity REJEIRSIQESE -5 ¢ oot
Synthesis of Bafilomycin A%
1 {-BuOC Cl‘gCQ
.78 °C Raney-N B(OF);
TBDPSO N-oh 2 EtM¢Br i-PrOk TBDPSO N—O F, MeOk/t,0 TBDPSO O Ok
- = cC : | Curran's conditions -
| N K\‘/\OTI‘ Me/\)Yk‘/\ Me
Me™ = F  Me Ok 74 % - oTr
Me >95:5 Me Me OK

I\i/Ie Me OK<O
0

Me,NBH(OAC);
AcOH/MeOH, -5 °C

Evans' reduction

Me)(l\/le
TBDPSO O O
= = H
oy
OTES Zn(OTf); (+)-NME Me Me O
DIPEA touene rt "
O OTES
MeO
Bafilomycin A,

7 Y H = \\
OMe Me Me Me Me

24. Carreira et al., Angew. Chem. Int. Ed. 2009, 578

25
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Application: from methodology to total synthesis

eeeeeeeeeeeeee

ﬁfglﬂlué[ History | Development | Reactivity RESCIENMES r’

Epothilones A and B: Carreira2t

Hofle?” in 1987.

O Ok O Anticancer chemotherapeutic

R=H, Epothilone A
R=Me, Epothilone B

Retrosynthetic pathway of C7-C15 northern fragment for Epothilone A

OTES O OF OTIPS

g— Me Ot <~ Me TBSO Me

. O
N &

26. Carreira et al., J. Org. Chem. 2001, 6410; J. Am. Chem. Soc. 2001, 3611.
27. Hofle et al., Angew. Chem. Int. Ed. 1996, 1567.

Induction of tubulin polymerlzatlon |

Isolated from culture of Sorangium cellulosum by

N—0 OTIPS
12

Me OH Me

26



. Application: from methodology to total synthesis e
[ History IDeveIopmentI Reactivity REJEISMIGESS > e

Synthesis of Epothilones A26

.OF
I '\| 1 protecton
EtOP 2 Wtig-Forner
EtO” \%/kc EtMgBr -Prok o N—0 OTIPS  oefnaton o Ok OTIPS
Me ChzC rt Eton P! 2 $mj; TF c°C_ W 3
i Et0” 3 e
QTIPS 540, (94 % borsm) Me OF Me 53 % S Me TBSO
= A (three steps)
OF Me I
O
1]
/s\
Y K (OJNG OTIPS
OF  TBAF 2,0 N N
~ % 3
TEF ref ux Me—<q | Me TBSO Me

S
8 steps Me—<\ |
N

O Ok O O OF O
Epathilone A Epathilone B

26. Carreira et al., J. Org. Chem. 2001, 6410; J. Am. Chem. Soc. 2001, 3611. 27



Application: from methodology to total synthesis ~ «roee e

History | Development | Reactivity RESCTEAMEST - S’

Isolated from Streptomyces erythraeus by
Smith2°in 1952. {8

Antiinfective properties
Antibiotic activity

Erythronolide A

Retrosynthetic pathway of Erythronolide A using double cycloaddition

PN o

TBSO 0O~ 0 N TESO  A—0

= N

Me MePO MeMe MekO Me Me Me MeFO Me Me Me Me OF
P=TES P=TES

28. Carreira et al., Angew. Chem. Int. Ed. 2005, 4036. 28

29. Smith et al., Antibiot. Chemother. 1952, 281.



Application: from methodology to total synthesis st -
History IDeveIopmentI Reactivity REJEISYUGESS P88R¢5

Synthesis of Erythronolide A28

thése Totale et
.

TBSO I\’OI_
H)I Ph
1 {-BuOC -78 °C TBSO N—O TBSO O/'\O N,OH
Me CH202 |
. Me |
Me 2 EtMgBr C °C .z
Y -PIOF Me Me Ok Me MePO Me Me
Me OH 86 % P=TES

* t-BuOC -78 °C

Me
0, = CH"CQ
86 % (\r 2 Eih/TgBr c<C

i-Prok

Me OF

Me

P=TES

0O N—0 N—0 TORER 1 RCOC Et:N
: THF C°C

Me MePO MeMe MeFOMe Me 2 DMAF touene
EQ ¢
P=TES seC
60 %

Erythronolide A

28. Carreira et al., Angew. Chem. Int. Ed. 2005, 4036. 29



Synthése Totale et

Sl Conclusion StT2:0

Réactivité Organique

Nitrile oxides 1,3-dipolar cycloaddition with allylic alcohols

- Kanemasa: high regio- and diastereoselectivities in the presence of Mg2*ions
- Inomata: development of catalytic asymmetric version with Zn/tartrate system
- Mapp: from isoxazolines to B-amino acid derivatives

- Carreira: from isoxazoline to B-hydroxy ketones, synthesis of polypropionates with
high stereoselectivity, use of this non-aldol approach for several total syntheses...
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