Olefination Reactions

AL — X



Olefination Reactions

AL — I

- Wittig Reaction (Phosphorous ylides)
- Horner-Wadsworth-Emmons Reaction (Phosphonates)

- Peterson Olefination (Silanes) Mechani
echanism

- Julia-Lythgoe (Sulphones) Stereochemistry (Z / E)

- McMurry Coupling (Titanium complexes) Experimental Examples

- Petasis / Tebbe Olefination (Carbene complexes)



Olefination Reactions

Wittig Reaction

X: Cl, Br, 1, OTs
1 2 3) )J\ R Ro
Rs, R,: alkyl, aryl Ry™ R4



Olefination Reactions

Wittig Reaction

Mechanism:
1.Deprotonation

2.Coupling of the ylide to
the carbonyl compound
(RL step) to form the
betaine

3.Cyclation to the
oxaphosphetane

4.Rearrangement to the
olefins

—»)\—»

+ +
PR, PR’ Base PR

3 PR’z
Rl)_\H Rl)J\H

A \
/ 0 o
JJ\ Rate limitating step

-
-

O—‘\PR'3 O—PR’;
’ \' | oxaphophetane ’ \'4\
H'Y "Ry R,''4 'R,
Ro l H H l H
H R; R, R
R2 H H H
Z major

E minor
(thermod. product) (kinetic product)



Olefination Reactions

R2
*PPh;
6’ I <
Stereochemistry: =,
1
1.the cis product is h
favoured due to steric pRh
inderance during the Ph—\\PT\O
attack of the carbonyl to N
the ylide. A LR
R1/\/R2

PR o ok
Ph—P——0O Ph—P——0O -
| L
Al N y
H H H' H '
R R, R4 R, R

Antara-supra
Constricted
(higher selectivity)

Supra-supra
forbidden



Olefination Reactions

Stereochemistry:

1.the cis product is
favoured due to steric
inderance during the
attack of the carbonyl to
the ylide.

2.Non polar solvents and
salt free conditions induce
Z-olefin formation due to
the destabiliyation of the
betaines.

PR PR3 B PR3 PR3
3 3 Base )\ )J\
Ry H R~ H Ry H
b4
O e
JJ\ Rate limitating step
H R>
+
PR3 PR5
Re7~y R~y
O betaines o
H R H™ "R,

-
-

O_PR’S
J\'_‘\L oxaphophetane J\'_tt
H\Y "Ry R,''4 ¥:

R l H H l H
H R, R, R,
R2 H H H
E minor Z major

(thermod. product) (kinetic product)



Olefination

Reactions

Stereochemistry:

1.the cis product is
favoured due to steric
inderance during the
attack of the carbonyl to
the ylide.

2.Non polar solvents and
salt free conditions induce
Z-olefin formation due to
the destabiliyation of the
betaines.

3.By increasing the
stability of the ylide, the
proportion of E-olefin
increases.

PhyP—
3 Alkyl
Labile ylide

Preparation In situ

nBuLi
NaNH,
KBuO

Base used

Selectivity > 90% cis

Ph‘°’P+ﬂ‘\\:ryl Ph?’IDJrﬂ\\\Acc
Semistable ylide  Stable ylide
In situ isolated
NaEtO NaOH
Ag. NaOH
cis, trans > 90% trans



Olefination Reactions

Wittig Reaction

Examples:

0
PPh3z=CH, o ;
O O - O O Wittig, 1950's

.CHO

Ph\ﬁ,/Ph CH,l, N R Z N )
Bh PhLj > 3 R Wittig-Stor

CHO
Phe _Ph  ~-~Ng~ @ €O H+
~p- cl” o PhLi N~ — >
U ———— PP N0 > pPhpT 0T T T | MeOH
Ph H -Me ©/\CHO

Wittig Homologation



Olefination Reactions

Horner-Wadsworth-Emmons

Reaction
@)

Base
R1\/P(O)(OEt)2 + Rz)J\H

R
>R/\/z

1

E product
R4 is an electronwithdrawing

group



Olefination Reactions

Mechanism

1. nucleophilic subs.

2. dealkylation

R1\/

&L

Arbuzov Reaction

P(OEt);

Ry X Ri«_P(O)(OEY),

120-140 °C
X: Cl, Br, |



Olefination Reactions

Horner o 0 NaH )
(EtO),P orR = (EOpP OR, (EtO),P~_~ OR,
i @)
_ Rz)LH
Mechanism
. 839 >
1. deprotonation. (Eto)zo OR, (EtO),P oR,
- _O
2. Coupling with the R:™ "H H™ R, N
aldehyde and formation \ R-L step \ ( |~
of the betaine (stable) _ _ (E10)P Ry
/O /O
O——P(OEY), OjP OEt), COOR,
3. Evolution to the RZIM,H H'M,H
oxaphosphetane " COOR, "2 () CooR:
4. Rearrangement l l

Z WS



Olefination

Reactions

Horner
Example
KiOg 1o
HZSO4/ACOH
(Et0),(O)P
CHO
| Rl/( j
—
| K'BuO
P(O)(OEY),

foaes

Br (Et0)(O)P

P(OEt), '
—_— >

Br P(O)(OEY),

cruciforms



Olefination Reactions

Still-Gennari modification:

O KHMDS R,
Ry P(O)(OCH,CF3); + i )J\H 180rown>6 \/Rz
; _ _
Z product

Highly dissociative media

K+

I
7~ ~N
o



Olefination Reactions

Still-Gennari o 0 KHMD o o o o
S
(RO),P R (Ro)zF'>'\_)J\OR1 (RO)ZI':'\/\OR1
" 0]
| 7 AN
Mechanism
R-L step
. 9) O O) @)
1. Deprotonation (RO), OR, (RO),P o
(with KHMDS). -0 0 1
R” 'H H™ "R,
2. Coupling with the l l
aldehyde and formation 5 -
of the betaine (unstable) 0—P(OR), ojp’(om2
- H 0 R l(|_)|OR
3. Evolution to the COOR 2 ZZ 1
oxaphosphetane l l
4. Rearrangement R0OC ' H Ri0OG ' Ry
H R H H
2




Olefination Reactions

Still-Gennari

Example
Q\AC-)L
CF3CH20_,P
0 CF3CH,0 OMe C7H15/j\
v
C/His™ "H KHMDS, 18-Crown6 07 OMe

THF. -78 °C 90% vyield
! 12:1 ZE

0 0
O  CFsCH,0-P

CF4CH,O OMe N
H )
KHMDS, 18-Crown-6 0~ OMe
95% yield

THF, -78 °C
501 ZE




Olefination Reactions

Peterson Olefination

R,, Rj: alkyl, aryl
R,: alkyl, aryl, ester, cyano, amide...
Highly versatile



Olefination Reactions

MeChanlsm' quick evolution if Ry is EWG
R
MO
R_I H r HO base R, R,
/Slle x g 1 H/ Rl _
B Re R3 -R R" R
M-+ ,SLR s g-R Rz H
, R H,O R R y4
* — > * acid
MO
O A R]; H HO Rl H Rz_ H
M R R Ry R; R
R,” "R 8 Si— Ra R 3 1
' R ?[ o E
R R R base

B-hydroxysilanes

quick evolution if Ry is EWG

1. Adition of the carbonyl

2. Formation of the B-hydroxysilanes. Isolable only if R, is a donor
3. Elimination to the olefins. Syn or anti depending on the conditions



Olefination Reactions

Mechanism:;

QTN ik
base - R - 2 »
R3 R] H
+
H30" 0D R, E2
. > R‘q\"(1 e
acid 2 . A R



Olefination Reactions

Example:

N
SiMes COOEt OTBS
OTBS O (2 eq.)
. >
(Chx),NLi (2 eq.)

o) THF, -78 °C t0 -25 °C

This is the only methodology to
intruduce this (Z)-alkene moiety



Olefination Reactions

Julia-Lythgoe Olefination

0 H 0
+ -M
M .o @ )J\ R2 O )J\
Phsg~ Base Ph R~ H Re &
o O N S R4
O O O// \\O
0O @)
R3 X I a( g) ]\
Ph_ EtOH

N 1 Rq
O 0O

X: Cl, Br, OCOR,
R,: H, alkyl, aryl
R,: H, alkyl, aryl, alkenyl



Olefination Reactions

Julia-Lythgoe Olefination

+ O -M O
M o PIs Rz i R, OJLR3
Ph Ph R H
~eN Base ~eN 7 Ry X
Sy R S. Rt ——» Ph{ —— Ph_
O (@) O//S\\O 1 220 1
O O
it

H Row H R. H
I\) Na(Hg) [ -Na(Hg) | ’
Ph_ —— ph_ —— ph_. |
//S\\ Rl MeOH //S\\ Rl /S\ Rl : R
o’ o o’ “o 0’ "ONa !

(MeONa) NaO,SPh
2
R2 H R2 H R H R2 H
*Na(H 2 MeOH
T oy ey
Rl ) Rl N Rl H Rl

E product



Olefination Reactions

Modified Julia-Lythgoe

=+

+ O - M
PPN sTR, ——> LS

S
S o”S\\o R o’ o S % R
One-pot M
tP Ro O R, N
reaction ﬂN\ I \|L . \>_ OM
o O
| X N~N N R,: H, alkyl, aryl

N ©: N— R,: H, alkyl, aryl, alkenyl
N7 /NJ\ S

Ph
PYR PT BT

pyridin-2yl-  1-phenyl-1H-tetrazol benzothiazol-2yl-



Olefination Reactions

Modified Julia-Lythgoe

Mechanism
o)
N - M
M o. _R
Q\s Base Q\j\ .0 R)J\H S :[2
/)\/\ N/ S/\R1 » /)\
NT S5 R o o N~ 8 R
O/\O O 0
+
o_RM s o_Re s 0 _Ra
54 Y = Lo — CLY B
Z>s{ R N SR, N &
N 1 OIO I\
M v 0
S
R
Yo - o
R -

Smiles rearrangement



Olefination

Reactions

Modified Julia-Lythgoe

Example

TESO
|
OHC

NaHMDS
HMPA

DME, -78 °C




Olefination Reactions

McMurry Coupling

®) :
TiCls, K I I
2
R1)J\ R,

R: H, alkyl, aryl

Uncontrolled reaction. Random stereochemistry



Olefination

Reactions

McMurry Coupling

Mechanism

1. Re-dox over the
carbonyl group.

2. Coupling of the
radicals (Ti2*
mediated).

3. Rearrangement
with re-oxidation
of Ti(ll) to Ti(1V)

oh O«
2 + K > 2 + K

TiCl; + K — Ti2* + KCI + 2CI

2KClI

G

o ‘\\o
A



Olefination Reactions

McMurry Coupling

Exmaple
THF eflux
- @




Olefination Reactions

Takal Olefination

j\ CX3H "
>
R H CrCl, R
O
R,CHX
R1 H CrCI2



Olefination Reactions

Takai Olefination

CrC|2
CX3H —_—>

CrCl
R,CHX, ———»

CrCl,
X

CrCl,

CrCl,
R2

CrCl,

(OCrCIz
R4
H
E2 R, X
CrCly Complementary to
Wittig-Stork
(OCI‘CIZ
Ry
H E2 . _R
R2 E— Rl/\/ 2



Olefination Reactions

Takai Olefination

Example

O CfClz S
w,]/"' THF, 0 °C to r.t. N

| 2h

o)

THF, r.t.



Olefination Reactions

Tebbe/Petasis reaction

j\ " Cp,Ti=CH, " J\
y
R1 X R1 X




Olefination Reactions

Tebbe/Petasis reaction

"Tebbe" o

ﬂ Cl 2AIMe3 ﬂ /\ / Lewis base é?Ti:CHZ R1_)LX> ¢ Ti@;ﬁgx
% ~cl -AIMeZCI % -AIMezCI %& % O

-CH,

60-65°C

&7 THE
MeLi CH,

MeMgBr ﬂ
S - S
SO

"Petasis"

O Tebbe (0] Tebbe
JL JJ\ (@) Tebbe JJ\

R/ SR, Petasis R~ R, R{” TOR, Petasis R7SOR, R ON(Ry), Petasis Ry N(Ry),

aldehydes and ketones esters and lactones amides or lactams

0 Tebbe 0 Tebbe o O Petasis O
— I e AL =% I
)J\ R{” “OTi )J\ i )J\OJL R Ri o)J\

R X R,0” “OR, Petasis R,0” “OR, Ry

acid halides and anhydrides carbonates anhydrides



Olefination Reactions

Tebbe/Petasis reaction

Example:

Me
/7

%& Me

15 eq. .

THF, reflux 2d

ZT



