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Carbon-carbon bonds...

v Carbon-carbon bons are ubiquitous in natural products and drugs
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| Carbon-carbon bonds...

v Some general information...

C-C C=C C=C
Bond lengths (A) 1.53 1.32 1.18
Bond energies (kJ.mol?) 345-355 610-630 835
Geometry tetrahedral planar trigonal linear
Hybridization sp? sp? sp

Hybridation sp Hybridation sp? Hybridation sp?
) o P ? -
-
sp sp R \ 7 S,,.«\\ ) "
p wp? i
Linéaire Planaire Tétraéclirique
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|. Carbon-carbon bonds formation

Enols, enolates and related compounds
a. Formation
b. Alkylation
c. Reactivity with carbonyl moities

Organometallic reagents
a. Organomagnesium compounds
b. Organolithium and related compounds

Pericyclic reactions
a. Definition
b. Diels-Alder reaction
c. Sigmatropic reaction

. “One word” about cross-coupling reactions



I. Carbon-carbon bonds formation

I
v" 1. 1. Enols, enolates and related compounds

Keto-enol equilibria

H
o} (o)
i}H — ij i
H
Koq = 4.2 X107
keto form EnOI form
| J
Y
Tautomers

v" The conversion of a carbonyl compound into its enol form : enolization

v" Particular case of 1,3-dicarbonyl compounds (B-dicarbonyl compounds)

o o oMo Stabilizing effects of the enol form :

¢
|
¥

» Conjugation, resonance

» Intramolecular hydrogen bond



I. Carbon-carbon bonds formation

|
v

I. 1. Enols, enolates and related compounds

> 1. 1. a. Formation
base — R
R G 2 R 2
R1)0“S(+2 E= R1/\[( 2 L R1/E
S
enolate

Usually : strong base

The pKa of the base must be stronger then the pKa of the removed H.

A
S) - n-BuLi NaNH, LDA LiIHMDS KH
B ——
BN 50 38 36 35 35
|
A
& )\NLi /S"rTlLi
A T AH Si
A s



I. Carbon-carbon bonds formation

I
v" 1. 1. Enols, enolates and related compounds pKa

Base effect ; n-BuLi
CH, —»
o) o)
9@
NaOEt O\% 16
ol
9@

50

CH,

BENS

CH, oM 14
To)
=0
Acidity scale:
Ry Ry o Ry O R Ry
R2+N02 > Rzﬁ'_% > R24'_< il RZA":N > R2+302R3 >
H H R; H OR, H H
pKa =10 pKa = 20-25 pKa = 25



I. Carbon-carbon bonds formation

I
v" 1. 1. Enols, enolates and related compounds

Racemization :

KOH H,0*
-H,0

Isomerization :

O 4
KOH
- H,0

thermodynamic ketone




I. Carbon-carbon bonds formation

I
v" 1. 1. Enols, enolates and related compounds

Unsymmetrical substrates, selectivity ?

The selectivity depends on reaction conditions :
Kinetic versus thermodynamic control

Kinetic control : Thermodynamic control :
the more acidic and accessible H the less acidic and accessible H

Low temperature
Base excess

> Higher temperature
>

» Short reaction time

>

>

Ketone excess
Long reaction time
Mild base

Protic solvent

Strong base
Aprotic solvent

YV VVY

10



I. Carbon-carbon bonds formation

I
v" 1. 1. Enols, enolates and related compounds

Unsymmetrical substrates, selectivity ?

_0 _0
o] Ol |Ol
H H H H
—_— +
LDA, DME, -78 °C 99% 1%
Et;N, DMF 22% 78%
Kinetic control : Thermodynamic control :
the more acidic and accessible H the less acidic and accessible H
» Low temperature » Higher temperature
> Base excess > Ketone excess
» Short reaction time » Long reaction time
» Strong base » Mild base
» Aprotic solvent » Protic solvent



I. Carbon-carbon bonds formation

|
v

I. 1. Enols, enolates and related compounds
> |. 1. b. Alkylation

Bis-activated reagent

R R 1. NaH
Malonic synthesis
EtOWOEt 1. NaOEt
2. RX

O O

1. NaOH

2. H,0*

HO\[H

12



I. Carbon-carbon bonds formation

|
v

I. 1. Enols, enolates and related compounds

Nucleophilic conjugate addition = Mickael addition

Rl
1. base
hae
R R
O O 2. Z R
O O
Arthur Michael
Electrophile : (1853-1942)
R3 R; Rs R; American chemist
R R R N R
ZW 4 ZWC Rz\%\Noz 2\%\802R4
Ry O R, O R, R,

Mechanism :

13



I. Carbon-carbon bonds formation

|
v

I. 1. Enols, enolates and related compounds

Enamine alkylation

Preparation : secondary amine + carbonyl derivative :

H H

H+ AN R2
R)QH/Rz + NHR;R, =— R1/\(
1 H,0 NR;R,
o enamine
Mechanism :
H H
(0]
H+

14



I. Carbon-carbon bonds formation

I
v" 1. 1. Enols, enolates and related compounds

Enamine alkylation
Alkylation :

/&
H,O
R1%> + R&—X — 2

The enamine is more nucleophilic than the enol.

15



I. Carbon-carbon bonds formation

I
v" 1. 1. Enols, enolates and related compounds

» |. 1. c. Reactivity with carbonyl moities

Aldol addition / condensation : acid catalyzed

The formation of the conjugated system is the driving

force for this spontaneous dehydration.

16



I. Carbon-carbon bonds formation

I
v" 1. 1. Enols, enolates and related compounds

Aldol addition / condensation : based catalyzed

17



I. Carbon-carbon bonds formation

|
v

I. 1. Enols, enolates and related compounds

Mixed condensation

2 ketones under basic conditions = 4 products !

The most reactive enolate will react with the most electrophilic carbonyl.

One solution : 1 aldehyde (with no enolization) + 1 ketone = Claisen-Schmidt condensation

- The C=0 from the aldehyde is the most electrophilic moiety.
- The enolate from the keton is the most nucleophilic moiety.

] R
Ph\ﬂ/H N RAWR' B, Ph%(R'
o}

o H O

18



I. Carbon-carbon bonds formation

|
v

I. 1. Enols, enolates and related compounds

Claisen condensation

Dieckmann condensation

COOR

[;/«\/COOR

1. NaOR

_ R

o o
RJJ\OR' ' R%OR' 2. H,0*

1. NaOR

R

2. H;0*

OR'

Ludwig Claisen
(1851-1930)
German chemist

@
Walter Dieckmann

(1869-1925)
German chemist

19



I. Carbon-carbon bonds formation

|
v

I. 1. Enols, enolates and related compounds

Intramolecular condensation

5 or 6 member rings formation

R
H H H OH- o ! H H,O H R
A = eyt =

crotonisation

o

H OQ
RMH ——> 4 member ring, not favored

(0 o

Robinson annelation

0 Sir Robert Robinson
Base (1886-1975)
= — English chemist
(@)

20



I. Carbon-carbon bonds formation

I
v" 1. 1. Enols, enolates and related compounds

Application:

CHO
DN
CHO )

: ~S0,Cl

> -

OH pyridine

1. NaOH (2 éq)
2. H30" (2 éq)
3. Chauffage

COOEt
= COOEt
EtONa, EtOH

21



I. Carbon-carbon bonds formation

I
v" 1. 1. Enols, enolates and related compounds

Application:

CHO o
@ * \)J\/ =R OO ©

CHO

\© COOEt
S0,ClI Mcooa

> . D .

OH pyridine OTs  EtONa, EtOH

1. NaOH (2 éq)

2. H;0" (2 éq) o
3. Chauffage
—_—

COOH



I. Carbon-carbon bonds formation

I
v" 1. 1. Enols, enolates and related compounds

Mannich reaction

Aminomethylation: “-CH,-NR,”

Ry

o
R
R1W 2 + H)J\H + HE
4

o

Mechanism :

1. H,0*

2. OH-, H,0

Carl Mannich
(1877-1947)
German chemist

23



I. Carbon-carbon bonds formation

I
v" 1. 1. Enols, enolates and related compounds

Knoevenagel Condensation

BuNH
R1 Rz (o) 2 - |
m ' H)J\Ar H* (if primary R Rz

or secondary amine) o) (o)

Emil Knoevenagel
(1865-1921)

Only with bis-activated substrate :
German chemist

Mechanism :



I. Carbon-carbon bonds formation

|
v

I. 2. Organometallic reagents

» |. 2. 1. Organomagnesium compounds

4 .
organometallic compound
compound with a metal-carbon bond
.
—(|:—M M = metal = K, Na, Li, Mg, Zn, Cd, Cu, Ce...
| v The carbon bears a negative charge
EE |5 &
_cl: M <« _‘f—"" v Basic and nucleophilic reagent
ionic bond covalent bond
There is a huge among of organometallic compounds
Metal K Na Li Mg Zn Cd Cu
Electronegativity 0,82 0,93 0,98 1,31 1,65 1,69 2,5
% ionic caracter 51 47 43 35 18 15 0

25



I. Carbon-carbon bonds formation

v' 1 example in 1901 from Victor Grignard, Nobel Prize in chemistry 1912 :

Victor Grignard
1871-1935

v" General reaction : Nobel Prize 1912
French chemist

St 5 5 &F y 4 N
R—X +Mg —> R—MgX [ A
solvant UL e

v The carbon polarization is reverse : « umpolung » phenomenon in German
v Solvent : no trace of water, anhydrous conditions

v" Solvent : ether to stabilize the species : Et,O, THF

v Leaving group reacticity : Rl > RBr > RCI >> R

26



I. Carbon-carbon bonds formation

|
v" Hydrolysis :

H,0
R—Mg-X >  R—H + 1/, MgX, + '/, Mg(OH),

X=Br |, CI

v’ Basic reagents : deprotonation of carboxylic acids, phenols, amines ... and alkynes

v Important case with alkynes :

N Et,O
R—Mg-X H—=——R'

XM ——R' +RH
W g

27



I. Carbon-carbon bonds formation

v Reactivity with ketones et aldehydes

RMgX

v Mechanism :

OH

R'4'7H

R

alcohols

28



I. Carbon-carbon bonds formation

v Reactivity with esters

RMgX

v Mechanism :

No mono-addition

alcohols

29



I. Carbon-carbon bonds formation

v Reactivity with ethyl formiate

Et,0
RMgX -
2. H,0, H*

v" Reactivity with carbonate esters :

1 o
Eto)kOEt
Et,0
RMgX -
2. H,0, H*

No possibility to create a carbonyl moiety...

alcohols

30



I. Carbon-carbon bonds formation

v" The solution ;: Weinreb amides

(0]
1. R')J\N/O\
| o ketones
RMgX > R R’
2. H,0, H*
e
o /OMe
>TN\
R RI

One limitation : demethoxylation

Steven M. Weinreb
(1941)
American chemist

Key intermediate

31



I. Carbon-carbon bonds formation

v Reactivity with carbon dioxide

RMgX > carboxylic acids

v" Reactivity with nitriles :

Et,0 ketones
RMgX -
2. H,0, H*

v" Reactivity with epoxydes :

J.

Et,0

Y

RMgX
alcohols
2. H,0, H*

32



I. Carbon-carbon bonds formation

v' Conjugate additions :

Very often : mixture of « 1,2 » vs « 1,4 » additions

33



I. Carbon-carbon bonds formation

v' Synthesis of Xestodecalactone A:

CH;NHOMe.HCI, base

o}
P H,, PdIC
EtOJ\/j
BTDPSO~ " (100%)
OMe
o}
=
AcO
0-/~o BTDPSO .
2@ (79%)
1. LiOH, H,0
2. PPh;, DEAD
(54%)

AcO

(96%)

OSPDTB
OMe

(o)

(0]
Ko

BCl,

_—

(58%)

L

T. Yoshino,F. Ng, S. J. Danishefsky J. Am. Chem. Soc. 2006, 128, 14185-14191.

A\

+ n-Buli

Ko
o
o

H,S0,, MeOH

(84%)

\j

(59%)

HO

OH O

Y



I. Carbon-carbon bonds formation

I
v' 1. 2. Organometallic reagents

» 1. 2. 2. Organolithium and related compounds

v The most simple : metal + halogenated derivatives

nC5H12

So~Br s 2l ——5 RN

Ar

v Very reactive reagent : anhydrous conditions, no oxygen
v Nucleophile and base

v The most used reagent : the n-butyllithium, pKa = 50

v Bulky and non-nucleophilic bases

L

LDA LTMP
pKa =35 pKa = 37

| |
Si.___Si
LN,I
L

~ 7~
7~ ~

LiHMDS
pKa = 26

+ LiBr

35



| I. Carbon-carbon bonds formation

v’ Strong base : metallation :

H _ TMEDA Li
+ S~ b T» + S~o—~_H
r
TMEDA = increase
TMEDA : | /@ the reaction rate
® \T/\/N\ H ©)
_ — e
S~ —N.® N— |
) 2T o \
H
N
v Reactivity :
(o)
. )kR" on
RLi alcohols

\
A
A

v « 1,2 » conjugate addition :

36



I. Carbon-carbon bonds formation

v" ortho-metallation :

G
DG _ . D
L, | S
. ,,Il_r
H H

v" One application :

1. nBulLi

2.E*

3. nBulLi

DG
—
Li

ortho-directed reaction

o O

V7

S.
% Ry

D

SO
O CONMe,

37



I. Carbon-carbon bonds formation

v" Organocuprate compounds :

2RLi +Cul —— R,CuLi + Lil

Et,0

v" Oligomers formation : (R,CuLi),

v S\2 type addition

Alkyl-X + R,CulLi

X = halogens

v « 1,4 » conjugate addition:

o)

1. Me,Culi
—_—
2. H,0, H*

—— Alkyl-R

(o)

e

Gilman reagent

38



I. Carbon-carbon bonds formation

v Reactivity :

Compatible with RCOCI with competition with other carbonyl groups

Reactivity order : RCOCI > RCHO > I, OTs > epoxides > Br >> ketones > esters >

nitriles

v" Tandem reaction :

(o)

C

RCulLi

- =

O-trapping OE

OLi(Cu) |
E* R

o
- E
C-trapping

R

O-trapping, E = R3SiCl, ((RO),P(O)CI
C-trapping, E = RX, Br, |, Cl, aldehyds

39



I. Carbon-carbon bonds formation

v' Come-back : « 1,2 » versus « 1,4 » conjugate additions :

HO Me 0 0
1. MeLi 1. Me,CulLi
- _— >
2. H20, H+ 2. H20, H+ Me
00 &
MeLi = Me i Me,CuLi = Me,CulLi
"strong" nucleophile "weak" nucleophile
o 8 o) &
f 5" C St
"strong" electrophile "weak" electrophile

Finally : « strong » reacts with « strong » and
« weak » reacts with « weak »

40



I. Carbon-carbon bonds formation
|

v Organocinzic compounds :

v' 1t method :

R—X +Zn —— R—7nX in situ prepared

solvent

v' 2" method :

RM +ZnX, —> RZnX +MX
M = Li, Mg

v' Reformatsky reaction (1887)

0 o R')LR" R\ R" O

Br +Zn ———  Brzn - N
\)J\OR Et,O %OR HO OR

2. H,0, H*

+ aldehyds or ketones
- No reactivity with esters

Crotonisation possible 41



I. Carbon-carbon bonds formation

v" Simmons and Smith cyclopropanation (1958)

Et,0
———— ICH,znl

— 1. CH2|2 + Zn(CU)

I
%]

(@)

\

COOMe 2. H,0, H*

v" Today, Furukawa reagent : Et,Zn + CH,I,

/,I \\\

H,C
COOMe

syn addition

42



I. Carbon-carbon bonds formation

|
v

I. 3. Pericyclic reactions
» |. 3. a. Definition

Pericyclic reaction:
o The transition state of the molecule has a cyclic geometry
o Reaction progresses in a concerted fashion

o The bond orbitals involved in the reaction overlap in a continuous cycle at the transition
state

Cycloaddition: if p and g are conjugated polyenes, p + g cycloaddition is :
o A pericyclic reaction giving a cyclic adduct
o 2 simple bonds are created

o 2 double bonds are broken

43



I. Carbon-carbon bonds formation

|
v 1. 3. Pericyclic reactions

> |. 3. b. Diels-Alder reaction

The Diels-Alder reaction is a conjugate addition reaction of a conjugated diene to an alkene or
alkyne (the dienophile) to produce a cyclohexene

Q/\_ H heat @
\/‘\

Otto Diels Kurt Alder
(1876-1954) (1902-1958)
German Chemist German Chemist

Cycloaddition: if p and g are conjugated polyenes, p + g cycloaddition is :
o The reaction is usually thermodynamically favorable

o High degree of both regio- and stereoselectivity

= = .
more stable - reactive
conformation = X conformation

s-trans S-cis

44



I. Carbon-carbon bonds formation

|
v' 1. 4. “One word” about cross-coupling reactions

A cross-coupling reaction = creation of a C-C bond thanks to a metal catalysts

z The Periodic Table of the Elements £

1 13 14 15 16 17
A A IVA VA VIA VIIA

2A 3A 4A
g Be
sl
ums0 19 3 4 5 6 T 8 9 10 11 12
5 M B B IVB VB VIB ViiB Vil vil vill 1B B
mwﬁﬁ 38 48 S8 68 78 8 8 8 i 28 Aluminium
= J 5175 181
o mm it SsGREIS niss G samsiNO wss AR iy wen R ask 29 s 30 em 3]
4 Ti SV Cr Mn Fe Co Ni Cu Zn Ga
| i di Ch Cobalt Nickel ~  Copper  Zinc ~ Gallium
Afﬁ_-lsu ).'sgm mm u-ms l.gvs:_s 183 7004 mm.A utnss qm 185 588
95.96 42 (s8) 107.8882 112441 8 AURE. AL Ak 50
5 Nb " Mo Tc Rh Pd Ag "cd “ Sn
Cadﬂium Indmrn Tin
12 sl 13 s 160 63 ﬂgnz_' 150 7102 22 a7 228 s04s 183 i sm3 178 a6

;~’ 12373 56 174.9668 71 178.49 72 180.9478 73 183.84 74 186,207 75 190.23 76 mr 195.084 8” 79," som 81 w72 82 208.9804
@Ba Lu Hf Ta W Re Os |Ir Pt Au mgw Mm Pb B|

Baﬂum ngLumﬂum Hafnium Tarmhm / Tunmn Rhenium Osmlum Indmrn Phtlmm Gold Lead Bismuth
12 220 228 8901 254 10071 Aa‘ 5894 12 156 23 ™03 2w

88 1103 e 104"“’ 105""’ 106‘M 107""" 108“"' 109 FEINELI ST SRl 0 113 oo 114 W 115 @ 116

Ra “Lr " Rf Se_ Bh Hs Mt Ds Rg Cn_Uut FL Uup Lv_

naaum d Lawrencium mmm Dubmum |

Atomic mass

t
1.00794 l—-mzmmw

CMm'(IIDfM—u-H

wme—-Hydrogen
13120 2,201 Hectoneganny
h

1
Firstionization ewrgy

. Alksk metals . Alkaline metals Other metals _ Transition metals ‘ Lanthanoids . Actinaids.
= N




I. Carbon-carbon bonds formation
|

- - . H H H H H H H H H H H H H H H H
v" So many Nobel Prize in Chemistry ! U S N S S S S S S S Y S N S A
Gyf Guh Gu b G b Go R Ok G R

1963 : Ziegler and Natta, olefins polymerization

1973 : Wilkinson, Wilkinson catalyst

2001 : Knowles, Sharpless and Noyori, asymmetric catalyst
2005 : Grubbs, Schrock et Chauvin, metathesis

2010 : Negishi, Heck, Suzuki, cross-coupling reaction

8000 =
= Suzuki
4 7000 { [ ® Heck
2 D Sonogashira
8 6000 1 1 o stile
S48 sp00 | | ™ Negishi |
og B Buchwald-Hartwig
© 3 4000 ® Kumada
a%e D Hiyama
L &
3000 .
% ul m Alpha ketone arylation
= 2000
= 1000 |
| - - [I:ﬂ_
Pre-1990 1991-2000 2001-2010 ~PPhs
Decades PhsP—Rh—Cl
PhsP””

46



I. Carbon-carbon bonds formation

v’ These reaction are catalyzed !

v’ sp or sp? carbon are often involved

v Applied everywhere : natural products, industry, materials, electronic,...

Himaya R-R R-R'
R'/MQCI Kumada
RI
Pd(0) “SiR, Pd(0)
ol o
. Negishi
Sonogashira Pd(0) R-X Pd(0)
base X =1, Br, Cl, OTf
- // R'—SnR;
B(OH Pd(0
R Pd(0) R’ (OH)2| pd(o) © R_R'
R' base base
Stille
Heck Y
R-R’
Suzuki

You will see mechanism in the future...

47



I. Carbon-carbon bonds formation

v" Some examples using a Suzuki cross-coupling...

89 o §L P,

Ruxolitinib Rucaparib Merestinib
(myelofibrosis) (anticancer, in Phase lll) (anticancer, in Phase Il)

N i i—Pr Cl
o
SO,Me
/>—Me N 2
’?
SOgMe \’<j©\/‘\

N~ N Abermaciclib Etoricoxib Lapatinib
(anticancer, in Phase Ill) (antiinflammatory) (anticancer)

P. Schéafer, T. Palacin, M. Sidera, S. P. Fletcher Nat. Comm. 2017, 8, 15762.

48
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Chapter I

C=C bonds formation
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[ [I. C=C bonds formation

B-H elimination

Phosphorus ylides and related compounds
a. Wittig reaction
b. Horner-Wadsworth-Emmons reaction
c. Peterson Olefination
d. Julia Olefination

Shapiro reaction

. “One word” about the Heck reaction

50



I1. C=C bonds formation

|
v" 1. 1. B-H elimination

> |l. 1. a. Generality

. _0©
H\ /X B or B Ri Rs
Ri—7—Rs > >_< B : Lewis base and/or nucleophile
R, R, R, Ry

competition between E and Sy,

> |lI. 1. b. Elimination E1, first order, 2 steps
The formed carbocation must be stable

1. Slow step : halogen ionization

H,C CH, CI S
H3C Q’Br H3C\ + Br

planar geometry

2. Fast step : nucleophilic reaction

Now P H,_ .CH;
H.C-—, H” YCH, *

B—-H



I1. C=C bonds formation

|
v

I1. 1. B-H elimination
» Zaitsev Rule

The most substituted product will be the most stable

CH
Br ) CH; -Br@ H4C,, i H3 @/'
H3C“> EHH H2C) @ H E
H,C
\_/E
» No stereospecifitity
Carbocation : planar geometry
C,H
H3C“>_<‘ 'CH3 c,HY @ H B

major

minor

mixture

52



I1. C=C bonds formation

|
v

I1. 1. B-H elimination

> |l. 1. c. Elimination E2, second order, 1 step
No carbocation

competition between E and Sy,

Mechanism : H and Br antiperiplanar

H H H H
'/_\B@ -B
B\ H (gt
H H H H

transition state

53



I1. C=C bonds formation

|
v

I1. 1. B-H elimination

» Stereospecifitity

Br.  C,Hs
Hycv)—\''CHs
CoH; H
R S
Br CzH5
C,Hs (' 'CHs
CH, H
S S

54



1. C=C bonds formation

|
v 1l. 1. B-H elimination

» Summary

First order
2 steps, 1 intermediate
Stable carbocation
Protic polar solvent

Neutral bases

No stereospecific reaction

The most substituted alkene
(Zaitsev Rule)

Second Order
1 step
No carbocation
Aprotic polar solvent

Strong and charged bases

Stereospecific reaction
(H and Br antiperiplanar)

It depends

55



I1. C=C bonds formation

I
v 1l. 2. Phosphorus ylides and related compounds

> |l. 2. a. Wittig reaction

R1 RI R4 R1 R4
jR o — =
R2 R R3 R2 R3
phosphonium ylide aldehyde alkene

ketone

Mechanism :

Nobel Prize in Chemistry
in 1979

56



I1. C=C bonds formation

Exercise : total synthesis of (+)-neocryptolepine

(L o
N
H
@Br PPh, Et;N, CHCI,
—» :
NO,
Fe/HCI CHl
_— _—
120 °C THF

antimicrobial and cytotoxic activity

P. T. Parvatkar, S. G. Tilve Tetrahedron Lett. 2011, 52, 6594-6596.

57



I1. C=C bonds formation

I
v 1l. 2. Phosphorus ylides and related compounds

> |l. 2. b. Horner-Wadsworth-Emmons reaction

1. Base
2. R,
0 o=
H
RO-P COOR; COOR
Rd ~ —_— Rz/\/ 1

alkene E>> Z

58



I1. C=C bonds formation

|
v" 1. 4. “One word” about the Heck reaction

R-X + H\/\R- cat. Pd(0) R'\/\R, + base-HX
base
X =1, Br, Cl, OTf
Nobel Prize in Chemistry
v Mizoroki-Heck coupling (1971-1972) — historical examples in 2010

Pd(OAc), (5 mol%)
Br P(o-Tol); (20 mol%) x. _COOEt
+ ookt -
Et;N, DMF

Pd(OAc), (5 mol%)

[\ + ~>cooet PloTol)s (20 mol%) T~
/O\Br ~ Hooc— o>~ COOEt

HOOC g -
Et;N

Pd,(dba); (3 mol%)
OTf D L* (6 mol%) (j
+
©/ o i-Pr,NEt, THF 0 @ L* =

98% ee

PPh,

C



I1. C=C bonds formation

v" Heck reaction

t. Pd(0
R-x + Huong S24PIO -
base
v" Wittig reaction
o +
R,. _PPh; ——  »
R1)J\R2 N

A short comparison... The Heck reaction :

- is often more stereoselective
- requiers only one step

- involves simple reagents

- generates less by-products

RI

+ base-HX
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I11. C=C bonds formation

v"11l. 1. Dihaloalkane elimination
Br
©
R' -2 Br R
R)\( X '
Br R
Br S
R/\K ' -2 Br R S
BrR \R'

E2 elimination, usually in the presence of a strong base such as NaNH.,.

Br 1. NaNH, (3 equiv), NH;
R/\ﬁ
H >~ N
Br \

2.E® E
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I11. C=C bonds formation

|
v' 1II 3. “One word” about the Sonogashira reaction

cat. Pd(0 R’
R-X + N _cat- PO =~ +baseHX
R base R’

X =1, Br, Cl, OTf

v Extremely versatile reaction, broad scope and potential synthetic transformations. ..

Total synthesis of natural products involving Sonogashira coupling

MBO\H/ NH cortistatin J (123)
K. C. Nicolaou, David Y.K. Chen, et al., 2009
neopeltolide (122) ©O ( ’ ’ ! ) bryostatin 7 (124)
(Martin E. Maier, et al., 2008) (Michael J. Krische, et al., 2011)

Me OMeO OMe

HO

OH O
8-deshydroxyajudazol B (125)

(Mark A. Rizzacasa, et al., 2011) psymberin = irciniastatin A (126)

(Jef K. De Brabander, et al., 2012)

D. Wang, S. Gao Org. Chem. Front. 2014, 1, 556-566. 63



