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UCTGUE Grignard a Organolithium Reagents

—MgX —Li
» General procedures for their synthesis
* Acid-base reactions * Reaction with metals
H RM oy 4 ReH —x M (O
M=Li, Mg M = Li, Mg, In
X =Br, |

Halogen—metal exchange reactions

_y RmM

X =Cl, Br, |
M = Li, MgX

—M

+

RX

Pfechodné kovy v organické syntéze



UCT PRAGUE

Functionalized Organolithium Compounds

n
ed | Ni
Mg
.

—Li

» General procedures for the synthesis of organolithium reagents

* Acid-base reactions

RLi

—H —Li + R-H

©:cozu
Li

-100 °C

O
Li

-100 °C

Reaction with metals .
NV R N
X =Cl, Br, |

Halogen—Lithium exchange reactions

X RLi

X=Cl,Br I

—Li + RX

Et,N__O
Li o(k_'—')= Li Li
O,N NO,

Me

-100 °C -110 °C -78 °C
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Functionalized Organolithium Compounds

* Acid-base reactions

RLi L

+ R-H
(o) o/%
N i sBuLi N 1. ZnCl, AN
NN _ .
oA (-)-sparteine J~° 2 cucNziic J°
}0 w . 3. Br : nC8H17 w\&
Li \\
"CgHq7
90%
Org. Lett. 2002, 4, 119
OMe o OMe /©/\Br OMe o
@:f(/o LDA /@:‘éo MeO O 0
MeO THF, -78 °C MeO 56% MeO

Li

(0

MeO
J. Chem. Soc., Perkin Trans. 1 2001, 3017.
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Functionalized Organolithium Compounds
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* Halogen—metal exchange reactions

—x RL_ i+ RX
X =Cl, Br, |

Br  nguLi Y pn,co
-100°C 86%

CN CN

J. Org. Chem. 1976, 41, 1187

TBSO i
U MelLi _
THF, -78 to 0 °C

ril Sn"Buj
Ts

"YoH

Ph

CN

"Bu3San\

* Metal-metal exchange reactions

RLi

-X — —Li

X ="Bu3Sn or "Me3Sn

Cl

1. MgBr,

MeLi
THF, -78 °C |Li

TBSO

Cl

2. B
=

|| OH

Ts
89%

Org. Lett. 2003, 5, 4313.

1. CuCN- L|CI

2. BF3 Et,0
3.

69%

Synthesis 2001, 2138
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Functionalized Organolithium Compounds

* Halogen—metal exchange reactions

_CH2|

2 ekv. tBuLi'

-78°C

G

—CH,Li -S> ( )—CH,E

<:Z)—/_\—Br (92%)
\|/\N (89%)
OH

©/\)\Ph (91%)

ANTMs (88%)

J. Org. Chem. 1990, 55, 5404; J. Org. Chem. 1990, 55, 5406
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Functionalized Organolithium Compounds
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» Advanced functionalized organolithium reagents formation in a flow microreactor

Et,N_O
CO,Li ©:CN Li oik_u)= Li Li
Li Li OzNji;LNo2
Me

-100 °C -100 °C -100 °C -110 °C .78 °C
sec-BulLi
CN CN
n s — | FR1 FR 2
MeOH

o-bromobenzonitrile 90%, residence time = 0.01 s (20 °C)
m-bromobenzonitrile 82% residence time = 0.01 s (0 °C)
p-bromobenzonitrile 88% residence time = 0.01 s (0 °C)

Org. Biomol. Chem. 2010, 8, 1212-1217

https://www.mersen.com/products/graphite-specialties/boostecr-silicon-carbide-
sic/continuous-flow-reactors-chemical-industry

Pfechodné kovy v organické syntéze



UCT PRAGUE

Functionalized Organolithium Compounds

» Advanced functionalized organolithium reagents formation in a flow microreactor

Me

88%, 0.01 s (0 °C), Mel

Me

82%, 0.01 s (-28 °C), MeOTf

Me

65%, 0.01 s (-48 °C), MeOTf

"BulLi

CO,R
FR 1 m_> @(

} e

Br

Mel or MeOTf

Angew. Chem. Int. Ed. 2008, 47, 7833-7836.

https://www.mersen.com/products/graphite-specialties/boostecr-silicon-carbide-
sic/continuous-flow-reactors-chemical-industry
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Functionalized Grignard reagents
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Zn
Pd | NI
Mg
.

» Structure of Grignard reagents in solution

—MgX

e Basic Schlenk equilibrium

2 RMgX R,Mg + MgX,

* Extended Schlenk equilibrium

@
R-Mg + X@

X X

/7 /7
R-Mg yg—R R-MgX R-Mg‘yg—x

L) \R

polymer

polymer

R2Mg

+ MgX,
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. Functionalized Grignard reagents
. —MgX
> Structure of Grignard reagents in solution
e E e Dynamic equilibria in allyl Grignard reagents
g M% Et,0” ‘x {'Mg X+
E,0 X R 2 OEt, "
X =F, CI X<3?|'\’,’I' X = Br, | r H _ H cC H mgx
: ~0.1M XMQWH 1,3-Mg shift R%\;ng bond rotation R%\?H
e THF H H H H
cc 1,3-Mg shift
bond rotation
R X JTHF Xmg H Xmg H
Mg Mg 2 RMgX =—— R;Mg + MgX, HE S H REAH
F X R X = Cl, Br, | R H H H
_ c-C
11 3-Mg shift bond rotation
H H
H 1,3-Mg shift H
MgX < XMQWH
H

X=F OR’
H\H\rH bond rotatlonl_lj)\r
R H R
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Functionalized Grignard reagents
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> 1H and 3C NMR of selected organomagnesium compounds

6 —, 8.9 ppm O(THF) -0.44, 9.6 ppm

T

Me\ngBr Me\ngCI
I\ile I\ile
o —, 22.9 ppm o(thF) 1.20, 26.3 ppm

» 25Mg NMR parameters:
spin 5/2
Natural abundance 10.13%

M
CI” " 9~CI (8,74r Mg 16.4)

O(tHF) -0.75, 9.6 ppm
Mg_. _Me

T

Me Me

!

8(THF) 1.13, 26.3 pPpm

Me

Me—MgBr (5tF)>°Mg 67.8) O—MgBr (8THF)2°Mg -26.8)

—MgX
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Functionalized Grignard reagents
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» General procedures for the synthesis of organomagnesium reagents

 Acid—base reaction

M
base. ™ _mgx + R-H -X o

X=Cl,Br |

—H

* Halogen—Magnesium exchange reaction

RMgX

—MgX + RX
X = Cl, Br, |

* Reaction with metal

—MgX

—MgX
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Functionalized Grignard reagents
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» Formation of Grignard reagents by insertion of Mg into C—halogen bond

Br Mg MgBr
©/ Et,0, rtsreflux @

* Mechanism of Mg insertion into C—halogen bond

—X + Mg —>[ —X]._+ Mg® —_— .+ X@+ .Mg®

a *\-Mg@ — (_—MgX

Mg

X=Cl,Brl

—MgX
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Functionalized Grignard reagents
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» Functionalized Grignard reagents by insertion of Mg into C—halogen bond

Mg/LiCl .
—X T’ —MgXoLIC|
©:Mg|3r.LiC| ﬁMgBroLiCI MgBreLiCl MgBreLiCl
i & X
CF, CI”N? NC CN
0 °C, 30 min 0 °C, 30 min 25 °C, 45 min 25 °C, 35 min
o
/©/\MQCIoLiCI Etozc\©/\MgCIoLiCI ©/\MQCIoLiCI
F
25 °C, 0.75 h 25°C,2h 25 °C, 0.75 h
C02M9 COZMG C02M9

Br Mg, LiCl, ZnCl;,_ MgBreLiCl ZnClIsLiCl
0>25°C,3h

Mg

X=Cl,Brl

Me

©)\M9CIoLiCI

25°C,1h

Chem. Eur. J. 2009, 15, 7192-7202

Pfechodné kovy v organické syntéze



Functionalized Grignard reagents "":“S
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: : . . : . —x M. mgx
» Functionalized Grignard reagents by insertion of Mg into C—halogen bond g
X =Cl,Br, |
BVD/Br Mg, LiCl ij@/Mng"-iC' t-BuO,C.  CO,t-Bu Ma. LicC| t-BuO,C.  CO,t-Bu
THF, -20 °C,1 h g, LI .
PivO PivO C,/Z/_\S\C, THF, -50 °C, 3 h [\ :
S Cl—~\g” ~MgClsLiCl
Angew. Chem. Int. Ed. 2008, 47, 6802
Al (3 equiv) | . Znl.LiCl
Cl . A Cl
L.|CI (1.5 equiv) _ MeO ZL?C?('? gg::il\\llg MeO
Br H.ﬁ!“ 5(;% TC?IOGA)L Aly3X THF, 25°C, 12 h
OMe ’ ’ OMe MeO CHO MeO CHO
Angew. Chem. Int. Ed. 2006, 45, 6040
Al (3 equiv) :
Et0,C~~g” ~Br  PDbCl; (3 mol%) Et0,C™ g7 ~Aly;X | THF, 25°C,1h |
THF,’50 °C, 6 h Br ’ ’ ZnBr.LiCl
Nat. Chem. 2010, 3, 6802 Angew. Chem. Int. Ed. 2013, 52, 9495
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Functionalized Grignard reagents

Zn
Pd | NI
Mg
.
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I 'PrMgCl or
» Formation of Grignard reagents by halogen—Mg exchange reaction x 'PrMgCleLiCl_ Mgl
"BulLi or
t .
—X BulLi —Li
solvent, low temp
OMe OMe MeO OMe MeO OMe
Gilman 1938 Wittig 1939
* Proposed mechanism
R-1 + R™—Li L_@ R-Li+R'—I
|
* X-ray structure
\ RAIR' /
F F FE F \,!{ ,
L (5 o)
N o= / R-I-R’ 3
/\ AN
F F F F _ <, .
R-R'+Li—l R +Li—I + R’
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Functionalized Grignard reagents "":“S
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| 'PrMgCl or
» Formation of Grignard reagents by halogen—Mg exchange reaction x 'PrMgCleLiCl_ Mgl
* Proposed structure of i-PrMgCleLiCl in solution
Pr—MgCleLiCl —— iPr—Mg=ClsLi = 1o _poCl @
g = r=V9<c--!' = 'Pr—Mg_., Li

* Proposed transition state ~ClI

FG ©
©—B'r—< EWG-Ar >>> EDG—Ar

THF\“yig\m Ar-I> Ar-Br >> Ar-Cl  Crystallographic structure of ‘PrMgCleLiCl
Cl
THF
Cl——Mg'Pr
> g
Cl |
(THF)Z/Mg— —ClI
CI%MQ(THF)Z
Pr-Mg Cl
THF
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Functionalized Grignard reagents t";%
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'PrMgCl or

» i-PrMgCl for the halogen—Mg exchange reaction 'PrMgCleLiCl_

—X

—MgCl

o & o &
I\g—CI PrigBr I\g—MgBr
oS THF, 25°C,2h . /~s

J. Org. Chem. 2000, 65, 4618

BrIBr iPrMgClI ‘ BrIMgCI
Ph” >CO,Et Et20,-50°C,1Smin  pr”>co,Et

Synthesis 2003, 1797
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Functionalized Grignard reagents
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» i-PrMgCl for the halogen—Mg exchange reaction

Mg'Pr

O\/T:

<‘ S
o Pr,Mg _
THF, -70 °C, 12 h

CO,Et CO,Et

J. Org. Chem. 1999, 64, 1080

BrMg BrM

©*O

Bng<—|O

I O \I/\MgBr
R e
©)L THF, -55—-50 °C, 3 d

i-PrMgCl or

i-PrMgCleLiCl

solvent, low temp

BrMg

@*K

S 0
Bng~<\J)J\/\ Me Bngw Me

Synlett 2002, 11, 1799

—MgCl
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Functionalized Grignard reagents "":“S
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. . 'PrmgCl or
> 'PrMgCleliCl for the halogen—Mg exchange reaction _x PrMgCleLiCl. —MgCl
5 PrMgCleLiCl MaCleLiCl OMe i
—Dr o - oLl
THF, -15—--25 °C g LiCleCIMg Bu-Ot \
z IN | H—MgCleLiCl
. . S
MgCleLiCl MgCleLiCl Br \N)\OMe -
i _ Br—Mg: 'PrMgCleLiCl
NC O Br—Mg: 'PrMgCleLiCl THF,-78 °C
THF, rt, 15 min

Tetrahedron: Asymmetry 2012, 23, 474

MgCleLiCl MgCleLiCl Org. Lett. 2006, 8, 3737
; i i MgCleLiCl
| o
cI )\CI

N._MgCleLiCl MgC|0L|C|
\ Y | N
S ~-N ,
I-Mg: 'PrMgCleLiCl

F THF, -50 °C, 15 min

Tetrahedron Lett. 2009, 50, 5040
Angew. Chem., Int. Ed. 2004, 43, 3333
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Functionalized Grignard reagents "":“S
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I 'PrMgCl or
> i-PrMgCleLiCl for the halogen—Mg exchange reaction _y PrMgCleLiCI_ MGl
RA iprMgcl-Licl R
“Br THF-dioxane (10:1) “MgeLiCl
25°C,8h
[Ph' ]';"Mg.l_im [Ph L'MgoLiCI [/(DA]';"Mg.Lim
F
MgeLiCl
[P h’A\ Ph l ) Synllet 2009, 67
OMe OMe
‘“, N Ph i %, N Ph
AR PrMgCl _ WA
S H THF, -78—0 °C MgCl H
: J. Org. Chem. 2013, 78, 844
Me
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Functionalized Grignard reagents

Zn
Pd | NI
Mg
.

'PrMgCl or

» Non-cryogenic conditions for the halogen-magnesium exchange reaction _y _PrMgClsLiCl_

PrMmgCl
i N

AN
O_I NMe, NMe, O—CN:IIQ _____ g

THF, 5-25°C, 15-30 min_ <

°N

\

COzMG (@)

MeO,C_ o NEt, CN
MgCl
MeO Wl

MgCl MgCl MgCl

Org. Lett. 2006, 8, 305; Org. Lett. 2006, 8, 3141

—MgCl
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Functionalized Grignard reagents t";%
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'PrMgCl or

» Halogen—Mg exchange reaction of polyhalogenated heteroaromates 'PrMgCleLiCl_

—X

—MgCl

Bl’mBr ,PngCI.LICI . Br\(\IMgCI
-30°C, 2 h

7, 7,
N” OTs N“>OTs
= =
Br\(%/(\/ iPrMgCleLiCl C'MQ\EY\/
N“SoTs -30°C,7h N“>OTs

Chem. Chemunn. 2006, 726
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Functionalized Grignard reagents
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» Halogen—Mg exchange reaction of polyhalogenated heteroaromates

I MgCl
Stable

| N MgCl

Me Me

Unstable

—_—

'PrMgCl or

—X

PrMgCleLiCl

N\
P
N““SPh

Me

Tetrahedron 2007, 63, 2787

—MgCl
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UCTGUE Examples of Functionalized Organolithium Compounds ""i?g

'PrMgCl or
» Halogen—Mg exchange reaction of polyhalogenated aromates _y 'PrMgCleLiCl_ MGl
Br X Br . Br N MgCl CiMg N Br
P iprmgcteLict U _ . P
N THF, -55°C,1 h N
CF; CF; CF;
>27:1
MgBreLiCl

Pr< : Pr
BrﬁBr i BrﬁMgBr BngﬁBr
- +
Me;Si” “N° Me:N _~g~NMe; pe.si~~N? Me;Si” “N°

THF, -25°C, 2 h

>99:1

Chem. Eur. J. 2012, 18, 16145
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Functionalized Grignard reagents

» The synthesis of Grignard reagents by an acid—base reaction

* Acid—base reaction

—H

base
—_—

—MgX + R-H

I .
PrMgCleLiCl _ — MgClsLiCI
THF, 0 °C, 10 min

— g
— LI

F—@%MgCI-LiCI

/_\%MgCIoLiCI

@%MgCI-LiCI
=N

MePMOMygcieLicH

Synthesis 2010, 2085; Chem. Eur. J. 2011, 17, 2948

base

—MgX + R-H
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Functionalized Grignard reagents "":“S
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» The synthesis of Grignard reagents by an acid—base reaction —H Pas& (" _Mgx + R-H —H P3se. ™ mgx + R-H
"R "R
—MgX  or —MgXeLiCl —> :{  N-MgX or : °N-MgXsLiCl
Q.R Q.R
R
_NH
R
MgX MgXseLiCl THE 7y MgX or "'-R\N MgXeLiCl
— or — oLl ' - ' -
g g Y . R R’
—H
Me
Me Me Me Me Me
IN-+>Mg
Me N-MgCleLiCl [ N}MgoZLiCI
Me 2
Me Me Me Me
_(Me
Me
Me e e .
Me N-MgCleLiCl [ N}MgoZLICl
Me—( Me 2
Me Me Me

Hauser bases
Low solubility in THF Turbo—Hauser bases
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Functionalized Grignard reagents t";%
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> The synthesis of Grignard reagents by an acid—base reaction (O—H P& (O _Mgx + R-H
TMPMg
CON('Pr),
(‘Pr),NOC
MgTMP
80%

TMP,Mg, THF, reflux

J. Am. Chem. Soc. 1989, 111, 8018

| X} MgCleLiCl CO,Et
P N
N N E:>—MgChUC| Br
. BocO CO,Et
MgCleLiCl . 2
TMPMgCleLiCl ip NMgCI.L'CI TTHNII:PZIQCCI:-LZTL MgCleLiCl
THF, 55 °C, 24 h raNivigLleLi , 25 °C, .
THE, 25°C, 12 h TT"I’_'l';M(f'OC(';";'f"
TMPMgCleLiClI
TH F! 25 OC, 2 h Org. Lett. 2006, 5673

Angew. Chem. Int. Ed. 2006, 45, 2958
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