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Metallation
1. Oxidative Addition
1.1. Grignard Reagents
RX + Mg° RMg'"X

Proposed Mechanism for Grignard Formation:

O
X
R~ e
- Mg
SET Mg retention
/ ; /7 j \
RX
Mg RMgX
// \ R /
SET Mg gX racemic
/7
disproportionation, dimerization etc. MgX, + Mg°

reaction occurs with partial retention, depending on halogen

Ph.,  .CHj; M 1. THF, 65 °C Ph.,  .CHj
PR/ >x * Mg 2.CO, ~  Ph\/ YCOH

Bond energy and reduction

R yield [%] ee [%] potential of C-X bond
Cl 81 27
Br 70 19
I 40 2

the weaker the bond, the greater the amount of loose radical pairsl

E. M. Carreira

Acc. Chem. Res. 1990, 23, 286.

50



oc E. M. Carreira

1.2. Organozinc Reagents

2RX + 2Zn°® —— RyZn + ZnX,

activationof Zn°-dust necessary:

1. dilute HCI, TMSCI or TMSCl/dibromoethane
2. Rieke-zinc:

ZnCl, + 2 naphthalene + 2Li —— Zn*

Examples:
1.0 equiv. PhCHO
1.25 equiv. Br.__CO,Et Ph
- S~ T CoE
Et,O
90%
Organometallics 1986, 5, 1257.
N/ THF 25°, 3h
> 80%

Krause, N. (Ed.) Modern Organocopper Chemistry 2002, p. 56.

1.3. Organopalladium

PdOL,

RX RL,Pd"X

reactivity: I > OTf > Br >>> C(l
electron-deficient halides >  electron-rich halides

problem: B-H-elimination; traditionally only aryl or alkenyl substrates
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1.4. Organoiron: Coliman-Reagent

oxidative
reduction addition
Fe(CO)s ———— Nay[Fe(CO)4] Na[RFe(CO),4]
(Na/Hg) RX
migratory | donor
insertion | ligand L
o 9 g® o
[Fe(CO)sL] + — | -~ Na
R)kE R™ "Fe(CO)sL R)kFe(CO)3L
E
Reactions:
X

S} F‘y’ R™ R
O

0]
R)kFe(CO)3L —_— )L

1.5. Organochromium: Nozaki-Hiyama-Kishi Reaction

ol
ZX ZNiX el
o
Ni® l N
ol

E. M. Carreira
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2. Transmetallation

Transmetallation always proceeds in the direction of placing the more electropositive metal on
the more electronegative (acidic) carbon!

2.1. Cuprates

RLi + CuX —_— RCu-LiX assumed structure of RCu-MX:

RoCuli + LiX chmx
Cu

RM + CuX _— RCu'MX

2RLi + CuX

M =B, Al, Zn, Sn, Pb, Te, Ti, Mn, Zr, Sm

All organometallics in which the metal M is less electronegative than Cu, and all
organometallic species of similar electronegativity but with weaker carbon-metal bonds, are
potential candidates for transmetallation reactions.

from organolithium reagents:
mainly alkenyl- and aryllithiums; not all functional groups tolerated (low temperature in certain cases)

@)
@)

1."BuLi, -100 °C, 5 min _
/©/Bf 2. CuCN2 LiCl /©/Cu-L|x
NC NC TMSCI, NG

-78°C ->rt
93%

from organomagnesium compounds:
they are less reactive, therefore more functional groups tolerated, especially for magnesium-halogen exchange

1. 'PrMgBr, THF CO,Et
Cl Cl 25 °C. 2h Cl Cl A B Cl Cl
ClI~" g~ Cl  2.CuCN2LiCl Clm " Ng” ~CuMgX, 96%  Cl7 g CO,Et

from organoboranes:
they have similar bond energies and electronegativities as cuprates;
therefore limited to the formation of alkenyl- and unfunctionalized alkyl-copper compounds

sometimes better: ] > RCu
m‘ R,Zn mQ Licl
2
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from organozinc compounds:

reagents undergo smooth transmetallations to a broad range of other metals and tolerate many
functional groups as a consequence of their low-lying empty p-orbitals

CuCN-=2 LiX g®
RCu(CN)ZnX
THF

RZnX

RE

exceptions: epoxides and alkyl halides do not react with RCu(CN)ZnX

two classes of reagents: RZnX and R,Zn; reactivity of diorganozincs is slightly higher

Schlenk-Equilibrium: 2 RZnX

RZZn + an2

can be affect by the choice of solvent, e.g. dioxane:
precipitation of ZnX,dioxane

2.2. Organopalladium

1. transmetallations from Li, Mg, Zn, Zr, B, Al, Sn, Si, Ge, Hg, TIl, Cu, Ni have been reported
2. transmetallation occurs with retention of configuration

3. most important: Sn (Stille coupling)
B (Suzuki coupling)
Zn (Negishi coupling)

Mg (Kumada)
Cu (Sonogashira)

2.3. Organozinc

Preparation of organozinc reagents:

RX R-l Olefin
Zn® Et,Zn |
_ \
ZnXy 1/2 ZnX, Et,Zn or 'ProZn
RZnX =« R-M » RyZn <« RsB
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Pd®, Et,Zn
H17Cg| > H17ngn|
THF, 25 °C, 2h
> 85%
mechanism:
; .
L_Pld'CgH17 L_Pld'CgH17
| \ Et
Et,Zn EtZnl
EtZZn
CeHi7l H,,CgZnl EtZnCgH 7
t,Z 0
L,PdX, ————» L,Pd - L-Pld-Et
/ Et
H20=CH2 + H3C-CH3
boron-zinc exchange occurs with retention of configuration:
Me Me : Me
s me _RBH BR, __n2Zn Znipr
R R R
Me Me
from Grignard reagents:
©1002'5t 1. ProMgBr, THF, -10 °C ©:CozEt
| 2. ZnBrz ZnBr
from organozirconium reagents:
CpoZr(H)Cl Me>Zn
HeCy—=—H - H.C A ZrCpoCl H.C X -ZnMe
CH,CI,, 25 °C 94 -65 °C 94
0°C | opcFh
OH
HgC4wPh
94%
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3. Metal-Halogen-Exchange

3.1. Organolithium Compounds

MeO : Br

In general:

1. "BuLi, -70 °C

1%

R2Li
R'X — RILi + R2X

reactivity: 'BuLi > *BuLi > "BulL.il

organolithium compounds form aggregates:

crystal structure of BuLi - tetramer

2. MGMMG MeO
Me 0]

E. M. Carreira

Me Me

J. Org. Chem. 1982, 47, 331.

Me OH

Note: 2 equiv of reagent are required

t-BulLi
BuLi > Br - —

n-Buli to n-BuBr: slower elimination, but
such products may still compete with
desired electrophile for reaction with the
generated organolithium reagent.

crystal structure of "BuLi - hexamer

Angew. Chem. Int. Ed. Engl. 1993, 32, 580.

in solution: RLi solvent association

MeLi hydrocarbons hexamer
THF, Et,O tetramer Organometallchemie,
TMEDA monomer ;aupner "

n . udienbicher,

BulLi cyclohexane hexamer Stuttgart, 1993, p.33.

Et,O tetramer

‘BuLi hydrocarbons tetramer

Schlosser's base: extremely strong base

"BuLi + ‘BuOK —— "BuK

‘BuOLi

Tetrahedron Lett. 1991, 32, 1483.
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lithium-halogen exchange occurs under retention of configuration:

Bra ,OMe BulLi, -78 °C Li o ,OMe
Bra OMe BulLi, -78 °C Li o OMe

Tetrahedron Lett. 1975, 16, 3685.

3.2. Organomagnesium Compounds

Br MgBr
F F EtMgBr F F exchange rate enhanced by
S T the presence of
F F -78°C, 15 min F F electronegative substituents
Br 93% MgBr

Angew. Chem. Int. Ed. 2003, 42, 4302.

reactivity: Arl > ArBr > ArCl > ArF

Schlenk-equilibrium: MgX, + R,Mg 2 RMgX

can be affect by the choice of solvent:

K = 480 (Et,0)
K= 4(THF)

for dioxane, the equilibrium is completely
on the left side due to precipitation of

MgX,
Tetrahedron 1967, 23, 4215.
pK, values in H,O:
Ve~ O Me -3.83 @ -2.08
Me” 0" Me  -3.59 @/Me - 265

J. Am. Chem. Soc. 1962, 84, 1684.
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Nitriles, esters, imines, and amids are tolerated (low temperature!):

| | MgBr
'PrMgBr
_ THF, -20 °C
'Pr
HO Jipr CO,Me COsMe
Grignard addition metal halogen exchange

but: aldehyde-containing aryl iodides undergo preferentially Grignhard addition I

chelating groups in ortho-position facilitate exchange:

E|t
.0
Br BrMg j X
OCH,OEt PrMgBr ‘ O /\/Br . OCH,OEt
NC THF, -30 °C, 2 h NC/L:E] cat. CUCN2LICl s
80% overall
o ;" EtMgCl
z - 0,

ol Cl 78 t0-30 °C Et oxidation Et 92% ee

THF
Angew. Chem. Int. Ed. 2000, 39, 3072.

from Nicolaou's synthesis of Vancomycin:

0. cl
oTBS oTBS
(@] H H (@] Boc
N N N N N "Me
H o " o " Me
CONHDdm CONHDdm

MeMgBr, THF, -50 to -20 °C, 1 h;
'PrMgCl, -60to -40 °C,2 h

Angew. Chem. Int. Ed. 1998, 37, 2717.
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4. Directed Metallation

0 .
1. sBuLi, TMEDA, -78 °C
@NEQ 2. Mel NEt,
75 %

Me

Org. React., Vol. 26,1979, 1.
1. "BuLi, (2 equiv.), Et,0

Me Me

92 %

Org. React., Vol. 47,1995, 1.

in general:

H H Li - -X
X "BuLi X
H Li of H
Me Me Me Me Me Me
lateral lithiation ortho lithiation
E® ®

éiI
m X
I X

Me Me Me Me

mechanism:

Li
OMe Me~q (R Me~o.

fast H slow CLi

+ RL = —

1. acceleration of deprotonation by Lewis-base coordination
2. strong bases used, like "BuLi, SBulLi, 'BuLi, LDA
3. often additives used (TMEDA, DABCO e. g.) to break up aggregates
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directing groups:

examples:

carbon based

Strong:

CONR
CSNR

CONR;

CON(R)CH(Z)TMS, Z = H,TMS
CH=NR

(CHs),NRz, n=1,2
CH{OH)CH,NR;

1

Moderate:

Weak:

CF,

o]

§)LNR2

C(OTMS)=CH
CH(OR);
C=C~

Ph R
N
§_<P<j<
N

=

1. "BuLi, THF, -15 °C

2. Mel

¢!
W

89%

"BuLi, Et,0
35 °C, 2h

"BuLi, HMPA
then Mel

Li

MeO

heteroatom based

Strong:

Moderate:

Weak:

N-COR
N-CO:R
OCONR;
OPO(NR),
OCH:OMe
OTHP
OPh

SO4R
SO;NR
SO.NR
S04
SO,Bu
SOBu

NR;

N=C

OMe

OCH=CH,

OPO(OR)2

O(CH3)2X, X = OMe, NR»
F

cl
PO(NR);
PS(Ph)NR;

o-
=

E. M. Carreira

Snieckus Chem. Rev. 1990, 90, 879.

Helv. Chim. Acta 1977, 60, 2085.

minor

J. Org. Chem. 1996, 31, 1221.

0 H

/I\OEtv""V'F’A O‘ >N Bu
then Mel MeO Me

Meyers

Tetrahedron Lett. 1997, 38, 5415.
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directed metallation of non-aromatic substrates

Li
tBuLi, THF, 0 °C
Z0Me - %\OMe
Baldwin J. Am. Chem. Soc. 1974, 96, 7125.
Me>'\£e Li% Me Me
0] 0] (0] 0]
= NMe; qpp 7g-C 5 l
OBn OBn OEt
Me
PhW/YO
0, OH
’ OAc
zaragozic acid C H(I—)IOC%C OO Ph
2
HOCOH Me

Carreira J. Am. Chem. Soc. 1995, 117, 8106.

m "BulLi N m

S._S THF,-40to-15°C  S._S
Li H
Corey-Seebach method J. Org. Chem. 1975, 40, 231.

5. Lithiation via the Shapiro Reaction

Me Me Me

Bu Bu Bu
J. Org. Chem. 1981, 46, 1315.

for more references, see: J. Chem. Soc. 1952, 4735.
Org. React., Vol 23, 1976, 405.
Org. React., Vol. 39, 1990, 1.
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6. Hydrometallation
6.1. Hydroboration

H
R + R, BH — Me)VBRE detailed discussion later in this lecture

6.2. Hydrozirconation
most commonly used reagent: Cp,ZrHCI (Schwartz's reagent)

preparation:

CpZrCly  + LiAHy; — CpyZrHCI
addition occurs in a syn-fashion:

R! R?

= reR R
RZ R 7_(

X XCpoZr H

Cp,2r<
G R R
R—R XCp,z'”  H

Zr migrates along alkyl chains to the terminal position:

MeW

HZrCp,ClI
Me/\:/\Me >

NN
Me ZrCp,Cl

for alkynes: no migration away from sp?-carbons observed
terminal addition is preferred

HZrCp,Cl H R > 98% terminal
> 98% E-olefin
XCp,Zr H
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