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Wittig R MRIEFFiR

Formation of Ylides

PhLi, nBuLi, LDA +

ether * p
PhsP + X-CH,R ——» CPhsP-CH,R X' =  PhsPH,~CH3R
LA or MeS(O)CH,Na
strong electron-withdrawing group pKa~18-20 Ph.P=CHR
(R=alkyl, H) e

-Unstablized ylides are sensitive to H,0, O,

Wittig, Schollkopf Chem. Ber. 1954, 87, 1318.



WittigRMIIEFFEIR : IFEEYlideRVIRiE=FEE

Stereoselectivity of the Wittig Reaction

RCHO

Ph;P=CHCH; ~ /N

cis olefin from nonstabilized ylides

1) NaN(SiMGB)Z > /\/\:/\/\/\/\/COZCH3
2) OHC(CH,)gCO,CHs

-78 °C, THF

Besterman Chem. Ber. 1976, 109, 1694.



WittigieM: eEfCiRIESpk/Stork-Zhao olefination

1) NaHMDS
(PhzPCH,)I ) > R/\ Stork, G., Zhao, K. Tetrahedron Lett. 1989, 30, 2173.
2) RCHO !
Me  Me > COOMe OTBS
Coowe e SN
CHO * g N > X
LDA
o L
B /
H

(PhsPCHo,l)I, NaHMDS Stork, G., Zhao, K. J. Am. Chem. Soc. 1990, 112, 5876.

o )

=

histrionicotoxin



WittigRR M : ECIEERIS B

Corey-Fuchs reaction
0 PPhs, CBr, BrI Br BuLi

Js .

Pd(PPh,),, BusSnH

Br\

R” OH

Corey, E. J.; Fuchs, P. L. Tetrahedron Lett. 1972, 13, 3769.

Takai olefination “

0 CrCl,, CHX
1 - I

R™ H R™ H

Takai, K.; Nitta, K.; Utimoto, K. J. Am. Chem. Soc. 1986, 108, 7408.



Seyferth—Gilbert homologation R

O 0 o 7o M o?‘P’O R
MeO-p__H ] MeO~p MeO~p; R © Y<Ar
MeO Ot-Bu MeO \[— - MeO Ar — MeO

+ ~— | i N+
1 'ﬁ“ 'ﬁ“ I _
- N- N- N
Ny
R _Ar A\ R\n,Ar R\n/Ar
Ar—R -
\ﬂ/ - C- C
] B I—— I
N* N+
M Il
N—
Bestmann modification
o]
MeO<p
MeO” Me
N+
0 N-
)j\ Y R—

R H K2003, MeOH

D. Seyferth, R. S. Marmor and P. Hilbert J. Org. Chem. 1971, 36, 1379.
S. Miller, B. Liepold, G. Roth and H. J. Bestmann Synlett 1996, 521.



Wittig RMEIEFFIR : BEylide

Stabilized Ylides

O PP h3 + O N 32003 + O
B ater LN o Pth’QJ\OR
or
benzene f

Has two electron-withdrawing
groups so the pKj is very low. Ph;P=CHCOOR

- Stabilized ylides are solid; stable to storage, not particularly sensitive to moisture, and can even be
purified by chromatography.

- Because they are stabilized, they are much less reactive than alkyl ylides. They react well with
aldehydes, but only slowly with ketones.

- The first step, involving the addition to the aldehyde, is slow and reversible with stabilized ylides.



Wittig R MR)—LE354E

H Me H Me
s\( : Sﬁ PhMe, 90 °C, . S
JN. 9 - /l/:N ° B Ny Me
RO,C RO,C COR

Woodward J. Am. Chem. Soc. 1979, 101, 6301.

OH 1) NaH O o) 0.
- 1, ~— 1 - @]
+ - =~ !
1 2 2 pph, | PPh | PPh e
O 0 O

2 carbon unit

4 carbon unit
Me /

Me COZ Et



Horner-Wadsworth-Emmons M

Arbuzov (Michaelis—Arbuzov) Reaction: Preparation of Phosphonate Esters

O OEt
o) ' O O
B - P_OEt 'EtCl o 1
(EtO)sP:  + CMOEt - EtO)K/(C'} - J_Foen,
\/4 “"CH,CH,
Cl™
Arbuzov Pure Appl. Chem. 1964, 9, 307.
H R
O O O O
T NaH, THF T RCHO >—<
+ E-selective
Na (trans)
EtO
EtO-P~ "W W =CN, COOR, C(O)R, CHO, SO,Ph, Ph
o W not = alkyl, H

Wadsworth, Emmons J. Am. Chem. Soc. 1961, 83, 1733.



Horner-Wadsworth-EmmonszM : gl

Masamune-Roush conditions
- LiCl/tertiary amines (DBU, 'ProNEt, EtsN)

Masamune, Roush Tetrahedron Lett. 1984, 25, 2183.
Can substitute for conventional conditions and is especially good for base sensitive substrates
(epimerization, elimination).

—+

CH; O O H “ICH, CHsCN CH; O OMTM
(o}

0 icl, i
§\:/ \HAP(OEt)g O OMTM LiCl, 'PrNEt PPN CHj

subject to B-elimination

Still-Gennari Olefination

0
Il
RCHO + (F3CH,CO)P-__CO,Me KHMDS R./\(R
h 18-c-6 CoMe
R THF 2
R=H, Me Z:E>10:1

Still Tetrahedron Lett. 1983, 24, 4405.



Horner-Wadsworth-EmmonszM : gl

Palytoxin

Yoshito Kishi, et al. 1994



Horner-Wadsworth-EmmonszM : gl

NiCl/CrCl, coupling

@)
7 "OH ~OH
S Matteson
00—\ é reaction
/Q ""OH (:Q ”OH
H,N Wittig
reaction

Amide bond
formation

HO,
o\o Me OH Me OH -

NiCly/CrCl,
coupling

“OH
Wittig reaction; /
hydrogenation Horner-Wadsworth-
Emmona reaction

Palytoxin

Yoshito Kishi, et al. 1994



Julia Olefination

ORII
1) RCHO R %\ Na-Hg
R._ _SO5Ar > ' > R A ~0
~ 2) PhCOCI R R
SOLAr
exclusively or predomiantly
R" = Ms, Ts, Ac, COPh the more stable trans isomer
; ; ArCHO ; ;
S__N > S__N > S. N > M
\( OLi \f ><U Li > Ar/\/ e
Li.__SO SO (9 50,
’ Ar)\( 2 Pant 54%, 98:2 E;Z
Me Me Ar Me
Julia Bull. Soc. Chim., Fr. 1993, 130, 336.
'\;"\‘\N KN(SiMes),
Pa /L . + R'CHO > R\/\ '
R™ >s{ °N R
0”0 pn

Paul R. Blakemore, William J. Cole, Philip J. Kocienski, Andrew Morley Synlett 1998, 26.



Julia Olefination: Bryostatin 2 Synthesis

bryostatin
OTBS
o)
1. n-BuLi, THF, -78 °C
H (@) -
2. Ac,0, DMAP
SO,Ph 2%
2 H 3. Mg, 20 mol% HgCl,
Me'® o) OTBS
Me | Single Olefin Product (E)
1, y
Me” “OPMB 64% over 3 steps
D. A. Evans, P. H. Carter, E. M. Carreira, A. B. Charette,
J. A. Prunet, M. Lartens J. Am. Chem. Soc. 1999, 121, 7540.



Tebbe Reaction and Related Reactions

O

X=H, R, OR, NR, Tebbe reagent

O
—_—
65%

O 90%
') 81% JJ\
o — 1 LGN oFt



Tebbe VS Wittig

Tebbe vs Witting

Tebbe Witting

e
O
77% 4%

O

Ph
\Hk PhﬁJ\ 63% 38%

Ph Ph



Nysted Reaction

MeO,C Ty MeO,C oy
AcO AcO / \
: TiCl,, Nysted reagent
Me O 4 Br ~o? Br
Me > \Zn" \Zn/
A\ R N R )
N N
H H zn
2: R=CO,Me 4: R=CO,Me, 78 %

Y. Sun, P. Chen, D. Zhang, M. Baunach, C. Hertweck, A. Li,
Angew. Chem. Int. Ed. 2014, 53, 9012.

L. N. Nysted, US Patent, 1975, 3 865 848.
"Nysted Reagent." Comprehensive Organic Name Reactions and Reagents. 2010

John Wiley and Sons, Inc.
W. Tochtermann, S. Bruhn, M. Meints, C.Wolff, E.-M. Peters, K. Peters, H. G. von Schnering,

Tetrahedron 1995, 51, 1623.



Tebbe-Claisen Cascade

H

1. Tebbe, Py, CH,Cl,, THF

TBSO, » TBSO!

“/OBn 2. p-cymene, 120-130 °C
O

O

L. A. Paquette, et. al. J. Am. Chem. Soc. 1996, 118, 727.



Tebbe Cascade

Cl R’
KOtBu /
/\ )\ [ >

R™ ,S. R' tBuOHortuluene, A R

N

O

Chan Modification

' . 4 eq. CBryF, ,
j\ j\ KOH/AL,O5 (2g/mmol substrate) RHR---
"
R O//S\\O R tBuOH (cosolvent: CH,Cl») R R"
r.t.,1-2h
R, R"™: alkyl, Ar
R', R": H, alkyl

T. L. Chan, S. Fong, Y. Li, T. O. Man, C. D. Poon. J. Chem. Soc., Commun., 1994, 1771.



Ramberg—Backlund reaction: Hirsutellone B Synthesis

1. NaOCH, 1. KOH/AILO5
> CFzBrz
2. H,0, -
cat W 2. LIHMDS
NCCO,CHj

O
. ww H COZCH3 —; '.Q

(+)-Hirsutellone B

K. C. Nicolaou, et al. Angew. Chem. Int. Ed. 2009, 49, 6870.



Barton—-Kellogg reaction: PAE{XNEEHIHE

Cu-bronze

2 (80%)



Alkyne Prins reaction: PUER{XEAIHE

HO M Me "7 l\_/lel\?/Ie
L f) Pd(PPhs),, f
Ally CuTC, 39 ‘
: : ~ Me“ YEY > R C_)
] )/ |wc‘> 87% N
Ts
. Me
8%
7] 7 g) TiCly, | h) Mg,
AR A ST ESiH | Mook
| 89% 93%
19% 14-hydroxyaflavinine

JR45CER: H. Li, Q. Chen, Z. Lu, A. Li, J. Am. Chem. Soc. doi: 10.1021/jacs.6b10880.

23



a) TIPSOTY, EtsN
94%

Y

b) (p-CF3Ph)sPAUCI,
AgSbFg, A, 4 AMS
86%

7] R »
(1) AKIER AT A7
(2) =B H )L ART #4224 e SEBRIE )] 2

the proposed
structure of lanciferine

aspidodasicarpine lonicerine

JE4GCHk: Y. Li, S. Zhu, J. Li, A. Li, J. Am. Chem. Soc. 2016, 138, 3982. 24



