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% Stepwise Synergy: Introducing Trans-Metal-Trapping g
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(i) increases solubility
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(iii) high selectivity
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products Chem. Sci. 2014, 5, 3031
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; Extending TMT to Gallium Chemistry ;

» Ga has similar size to Al, but is more electronegative

GaR, « forms more covalent (less polar) M-C bonds
(R =CH,SiMe;) greater potential to stabilize sensitive carbanions
« hardly been used in metalation chemistry
3 (CH,SiMe3)MgCI + GaCls

Et,0 l 3 MgCl,

+ Ga(CH,SIM
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; Applying TMT for functionalisation of diazines ; ; Applying TMT for functionalisation of diazines ;
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; Metallation of fluoroaromatics ;
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Knochel et al, Angew. Chem. Int. Ed. 2009, 48, 9717

Interlocking co-complexation approach
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; Alkali-metal mediated ferration (AMMFe) of fluorobenzene ;
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AMMFe of fluoroarenes
i ;
14 examples
yields 50-91%
FG ‘

(i) [(dioxane)NaFe{N(SiMejz),}3]

16 h, benzene, T (i)

regioselective control

no benzyne formation
at RT!

(0°C, 80%)

(0°C, 58%) (RT, 80%)
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(RT, 91%

(RT, 88% 0°C, 68%
(50°C, 55%) (50°C, 50%)

(50°C, 78%)
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differration
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preferred o-F
regioselectivity
Angew. Chem. Int. Ed. 2018, 57, 187
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/ Polar Organometallic \

Reagents in Deep Eutectic

Solvents

i under air!
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\ / Joaquin Garcia-Alvarez,
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room temperature

Deep Eutectic Solvents (DESs)

Combination of two components:
H-bond donor (urea, gly, H,0) and H-bond acceptor (ammonium salt)

Hydrogen-Bond-Acceptor (HBA, ChCl)

/®—H

Hydrogen-Bond-Donor (HBD, Urea)

. : I bonding
/®7H /®H

i Electrostatic
H H interaction

Hydrogen

133°C
(mp)

< cheap % renewable components
+“* non-toxic + wealth of applications

+« biodegradable < non-conventional solvents

302 °C |1ChCli2Urea
(mp) 12 °C (mp)

A. P. Abbott et al, Chem. Commun., 2003, 70

Mixed Ammonium-Magnesiate Salts

| Addition of ammonium salts can greatly enhance the reactivity of Grignard reagents N
1 O :
1
1 . OH o 1o |
! Ph)l\ + nBuMgBr additive (x eq) /& ‘ additive yield(%) o E
i THF. 0°c  Ph none 49 activating effect |
’ nhBu . 1
! NBu,Cl (1eq) 91 remains unclear! .
' NBu,CI (0.1 eq) 89 :
\ L. Song etal, J. Org. Chem. 2012, 77, 4645 S
(\ R=CH,SiMe,
\ ocl
RMgCI + NBu,Cl % °
P Mg
THF N /A ﬁ ° . H DOSY NMR
‘_jﬁc c structure retained in
| THF solutions
{NBug} C|\,\7| WR Ce si
9 [ ] 07 s J
c UNTHE
ammonium magnesiate Ate formation = kinetic activation

enhanced Nu power over neutral RMgX’s
better regioselectivity control

Alberto Hernan-Gomez

; Deep Eutectic Solvents (DESs) in organic chemistry ;

| Eur/OC

Microreview

@"ﬂ:hemﬁ-bSoc
bedd Europe DOI: 10.1002/ej0c.201501197

|l Sustainable Chemistry
Deep Eutectic Solvents: The Organic Reaction Medium of the Eur. J. O,—g_ Chem.

Century 2016, 612
Diego A. Alonso*® Alejandro Baeza*®! Rafael Chinchilla*®® Gabriela Guillena*! !
Isidro M. Pastor*® and Diego J. Ramén*(!

N3

Key advantages
low volatility, non-flammable, non toxic

high availability D-sorbitol:urea:NH,CI

N-—
, T 9 N
recycling capabilities + 5 ;}0‘8/500?' !
Ar—= -
Hydrogen bond Hydrogen bond A
HBA L.
acceptor (HBA) donor (HBD) Kéning et al. Green Chem. 2009, 11, 848
+ OH o
Ho ~N=c¢cr HOL_A_OH ™y OH o
choline chloride (ChCl) glycerol T RV\H\R-’: ChCl/ Gly (1:2) 1/\21\ .
non-toxic quaternary safe and renewable N R R
ammonium salt hydrogen donors R? 5 m;g /;;Lécat R2

Garcia-Alvarez et al Chem. Commun. 2014, 12927



; Introducing DES’s to Polar Organometallic Chemistry ;

Hydrogen bond Hydrogen bond
acceptor (HBA) donor (HBD)
RMgX in Deep Eutectic W ' o
9 pEu Ho ~N=Ci HO AN _OH ™y
Solvents (DESs) - -
choline chloride (ChCI) glycerol water
non-toxic quaternary safe and renewable
ammonium salt hydrogen donors
Nucleophilic additions to ketones
S o T ; OH
i i DES = 1ChCI/2H,0 Et ,'"""I{e;{h"d ””” N
' i | 2 i
i + | i ; i
| 2 EtMgBrl RT, under air, 2-3 sec | hydrolysm of EtMgBr, ;
! 1 oM 1yields below 10%
| OMe H e N ¥
,,,,,,,,,,,,,,,,,,,,,,,,, . 73%
-78°C,
dry THF under Ar
» addition favored over
OH competing hydrolysis
Et

+ kinetic activation of EtMgBr
» DES plays a major role

oM e
ER=
& < 5%) Angew. Chem. Int. Ed. 2014, 53, 5969

; Introducing DES'’s to Organolithium Chemistry ;

Highly polar RLi reagents : more reactive but less selective , low T required

under conventional inert atmosphere conditions

o OH O OH
CHs Ph
CH 780,
5, guy Jrv THF,-78°C by + Me
under Ar 62% 7%
Ishihara, Org. Lett. 2005, 7, 573 aldol condensation
1/—— _—‘\*
/ ourapproach
OH
CH room temperature CH;
+ 2BuLi under air Bu
_—_— P
2.3 sec ' neat H,0 ;
( ) i hydrolysis of BuLi, |
DES =1ChCl | 2H,0 829% | yields below 8% |
! kinetic activation of RLi greater control of
5\ enhanced Nu power chemoselectivity of RLi
\\ ’/

Angew. Chem. Int. Ed. 2014, 53, 5969

; Introducing DES’s to Polar Organometallic Chemistry ;

Working Rationale: Formation of more nucleophilic ammonium-magnesiates

dual role of ChCI

+
HO/\/N\ cr component of DES mixture {NBug}* O R
choline chloride (ChCI) ClI- source of ate alkylating reagent CI/Mg-“THF
Substrate activation H-bonding between ketone and
H20 or G|y Hydrogen bond Hydrogen bond
acceptor (HBA) donor (HBD)
+ OH
O OH o ~N<er Ho K _on O
DES choline chloride (ChCI)
3 glycerol wats
R1)I\R2 + 2 R°MgBr 1 R? non-toxic quaternary saieyand renewab\aeer
RT, in air, 2-3 sec R3 ammonium salt hydrogen donors

ey | m T w | ® | Des | viewew) [
78

ES controls competing Nu ]

1 o(MeO)CgH,; Me vinyl 1ChCI/2Gly addition over hydrolysis
2  o(MeO)CgH, Me  Et 1ChCI/2H,0 73
3 Ph Ph vinyl 1ChCI/2Gly 69 enables
4 nPr Me  vinyl 1ChCI/2Gly 79
5 nPr Me  vinyl 1ChCI/2H,0 87 RMgX reaction under air, at RT
in the presence of H,0O
6 0o(MeO)CeH, Me ethynyl 1ChCI/2Gly 77
7  0o(MeO)C¢H, Me ethynyl 1ChCI2H,0 72
Angew. Chem. Int. Ed. 2014, 53, 5969
Introducing DES'’s to Organolithium Chemistry Universi!yof
Strathclyde
Glasgow
lo) OH
)j\ + 2 RL DESs )(R 14 examples DESs |
2 i ield : 68-90Y -
R "R rt,under air g7 “g2 Vi€ % HO/\/N\ cl
choline chloride (ChCl)
OH OH OH OH
/t /g /jV HO\/\/OH H/O\H
Bu n Bu Ph Bu
Ph Ph Pr Me Ph Me Ar Me glycerol water
75% 85% 82% 84%
(1ChCI/2Gly) (1ChCI/2H,0)  (1ChCl/2H,0)  (1ChCl/2H,0)
OH OH OH OH
/lv /‘V DES controls competing Nu
npr/gMZh W=T3 M§$CH Ph Pt?h Ph)EESCH [ addition over hydrolysis ]
90% 84% 81% 79% bl
(1ChCI/2H,0)  (1ChCI/2H,0)  (1ChCI/2H,0) (1ChCI/2H,0) enables
Angew. Chem. Int. Ed. 2014, 53, 5969 [reactions under air, at RT in the]
2 . Int. Ed. , 53,
Eur. J. Org. Chem. 2015, 6779 presence of 1,0




Chemoselective Control:

Ultrafast Addition of RLi to Imines Sfraihclyde
Glasgow
Ph
N”Ph . 1ChCI/2 Gly HN™ DESs |
)| + BulLi #» HO/\/N< cr
rt, under air
Ph 1.4 eq 0.3 sec Ph Bu choline chloride (ChCI)
95%

does not work with BuMgCl 8%

important effect of the H-bond donor of DES
1ChCl/ 2H,0 54%; 1ChCI/ 2 Urea 38%

.Ph
)| _Ph
1ChCY2Gly  pp i’l
BuLi —m
ns,rt, 3s,rt, Ph™ "Bu
under air under air

remarkable kinetic stability of RLi in DESs !

OH o)
HO\/\/OH H H

glycerol water

t(s) Yield (%)
3 89
15 89
60 63
120 42
210 2

Angew. Chem. Int. Ed. 2016, 55, 16145; Chem. Eur. J. 2018, 24, 1720

Gly as a sustainable medium in RLi chemistry:

University of

Additions of ArLi to Nitriles at RT under air g}sl;?fhclyde
—C=N + H
PRGN 2 P
SoIventJ rt, under air 1ChCl/ Gly 71
3s
NH Gly 83
PN H,0 79
Ph Ph EG 53
l Hydrolysis eI =
(0]
)k “on glycerol” conditions: nitrile is insoluble in Gly
Ph Ph
~ ~ Glycerol  Hydrolysis o
Me—C=N +2 PhLi . .
rt, under air Me Ph MeCN is soluble in Gly

3s 0%

Glycerol  Hydrolysis ]
Ph—C=N +2 PhLi Y y y

rt, under air Ph Ph
3s o,
no stirring 51%

; Chem. Eur. J. 2018, 24, 1720

reaction thought to
occur in the

organic/gly liquid
interphase

Ultrafast Addition of RLi to Imines: Substrate Scope

2

:RZ ,R

N s . 1ChCII2Gly HN
JI + 1.4 R°Li > 1
3 s, rt,underair R

20 examples
A5 Yield: 73-96%
R1

overcomes some key
limitations of RLi
chemistry

HN/Ph HN,Ph HN/Ph HN,Ph HN,Ph

PP A PN

Ph Bu Ph Me Ph”" "Bu Ph Bu Ph Ph
95% 95% 89% 94% 86% ) ) )
« air and moisture compatible
_Bu _Bu _Bu _Bu _Bu * RT chemoselective control
HN HN HN HN HN
Ph)\"Bu Ph)\Me = S Ph)\"Bu Ph)\Ph avoid dry organic solvents
91% 91% 80% 82% 83% egood FG tolerance: (Br,
OMe)

» works well for a wide range

Ph .
/©/OM8 /©/OM8 HN” HN
HN HN " . of RLi and non-activated
PL P © imines
Ph Ph Br MeO

"Bu Me

73% 96% 94% 91%
Angew. Chem. Int. Ed. 2016, 55, 16145

The Future of Polar Organometallic
Chemistry Written in Bio-Based Solvents

@

Once upon a time....

according to a Japanese
legend, the God of Water
and the Goddess of Fire
lived as one before being
turned against each other
by the Lord of Winds...

J

Chem. Eur. J. 2018, 24,
early view
(Concept Article)
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