Chapter 11

Organometallic compounds

Organometallics
Reactions of organometallics
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R-LI and R-MgX h 1145

O the two most common organometallics

O organolithium comp’ds

hexane

CHBCHQCHz(:HzBI' + 2Li > CH3CH2CH2CH2L1 + LiBr
1-bromobutane butyllithium

O organomagnesium comp’ds = Grignard reagents

QBI‘ + Mg diethyl ether | <:>MgBr

cyclohexyl cyclohexylmagnesium (‘:HZCH?*
bromide bromide :0—CH,CH,
THF E
CH,—CHBr + Mg > CH, —CHMgBr :
vinyl vinylmagnesium R—Pv’!g—X
bromide bromide
:O—CH,CHs;

= Ether coordinates Mg, stabilizing it. J;HECH3




Reactions of R-Li and R-MgXx 11

O reacts like a carbanion

.e S
CH;CH,MgBr reacts as if it were CH;CH, MgBr
ethylmagnesium bromide

QLi reacts as if it were @:‘ Li*

phenyllithium

O Sy2 reaction forming C-C bond

> O~ OH
Q/ O\ | HCl |
CH;—Li + CH;CH—CHCH; —— CH3(|3HCHCH3 — > CH;CHCHCH;
[\ CH; + Lit CH;
nucleophile electrophile
@)
Q/ \ _ Ha
CH3CH2—M\gBrh+/Hz4C—CH2 — CH;CH,CH,CH,O™ —— CH;CH,CH,CH,OH

+ Mg** + Br
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Ch 11 #5

0 R-Li and R-MgX are very strong B: — a C:-

= react even with very weak acid

HzO/ CHgCHzCHzCH3
M
CH;CH,CHCH; 2> CH;CH,CHCH;
| THF | %0
Br MgBr CH3CH2(|3HCH3
D

H
|
H—C=C—H + CH;CH,MgBr —> H—C=C—MgBr + CH;CH,

Ethyne Ethylmagnesium bromide Ethane

2008 Brooks/Cole - Thomson

= Storage and reaction must be acid- and moisture-free.

» Acetylide is an another carbon Nu:.

R—CEC'(—)I'{(+\_:I\TH2 — > R—C=C: + NH,;

& 2006 Brooks/Cole - Thomson




Transmetal(l)ation

O R-Li Is more reactive than R-MgX is.
= Li (1.0)-C (2.5)vs Mg (1.2) — C (2.5)
O transmetalation

Ch 11 #6

= metal (or ligand) exchange

= to less reactive organometallic
2 CH3CH2MgC1 + CdCl2 — ¢ (CH3CH2)2Cd + 2 MgC12
ethylmagnesium diethylcadmium

~ chloride
- EN of Cd = 1.5




Coupling using Gilman reagent

Chl11#7
O coupling reaction (in organic chemistry)
= two hydrocarbon fragments are coupled [forming C-C]
= with the aid of a (transition) metal catalyst
O Gilman reagent
THF o LH:
2 CH;Li1 + Cul —> (CH;),Culli + Lil CH4;—Cu
an organolithium an organocuprate @
reagent a Gilman reagent Li

O coupling
THF
CH’;CHQCHQCHZBI' + (CH3CH2CH2)2CUL[ — CHqCHQCHQCHQCHQCHQCH3 -+ CH@CHQCHQCU
heptane + LiBr

= R of R,CuLli replaces X forming R—R’
= mechanism not clear




Ch 11 #8

O R can be alkyl, aryl, or alkenyl [vinyl]

H BI' H CHQCH?,
\ 7 . THF \ / .
/C:C\ + (CH3CH,),Culi —— C=C + CH;CH,Cu + LiBr

H,C CH,

] \
H;C CH,4
. THF CH;
C/ +  (CH3),CuLi  ——— O + CH;Cu + Lil

= which is not possible by R-Li, R-MgX or RC=C:-
o why? an Sy 2

O not sensitive to other functional groups

O O

I I
L

C HF
CH3(|ZH/ “CH; + (CHa),CuLi > CH;ﬁIH/ “CH; + CH;Cu + LiBr
Br CH3

CH3/\/ + (CH3),CuLi — CHB/\/ stereospecific




Pd-catalyzed couplings o 11 o

O coupling using Pd

= Suzuki rxn and Heck rxn representative

m start with insertion of Pd betw R—X
R X + Pd > R Pd X

= for vinyl or aryl halide (with sp? C)

N/ N/ -~ R
VAN VAN o @
Br R X

= not for sp3 C — X ~ B-elimination (sometimes)

B-hydrogens

7 P
R CH,CH, Pd x Felimination o cH—cH,
= X can be Br, I, or OTTf.

= high yield, insensitive to other groups, stereospecific




Suzukil reaction oh 11 10

O (cross-)coupling of R-X and organoborane [R™-BY,]

OR
. / PdL; ”
B—X + R B — KR
\ HO
OR
o R must be aryl or vinyl
o R’ can be alkyl, alkenyl, or aryl
o Y ~H, OH, OR, --
o L ~ ligand ~ PPhs, Cl, ---
o in basic condition ~ NaOH, K,CO,, -- ~ role not clear
/OR /OR
RCH—CH, + H—B\ > RCH,CH, B
OR OR
an alkylborane L _~~._-B(OR),
\ + B(OR); —— H + LiOR
RCH—CH + H—B —_— C—C
% / %
OR H B(OR),

an alkenylborane
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O (3-step) mechanism

—

PdL
R—X FPdla R-PdX >R PIR > R-VR
OR
R’ B/ \
\ \
OR R Pd----X R—Pd X

1. oxidative addition — Pd° to Pd!

2. transmetalation ~ from B (2.0) to Pd (2.4)
o Sy2 of R" on Pd ~ X leaving

3. reductive elimination — Pd!! to Pd°




Heck reaction oh 11 417

O coupling of R-X and alkene

H is substituted by R Ristransto Z
R—X H/ Pdl, R /
T \/\Z (CH3CH3)3N /\/\Z
a vinylic halide new C—C bond
or

an aryl halide

R must be aryl or vinyl

alkene is ethene or monosubstituted alkene

L ~ ligand ~ CI, OAc, ---

In basic condition — Et;N, KOAc -- ~ role not clear
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O (3-step) mechanism

-

+
R\ _~., + HB

1. oxidative addition ~ Pd° to Pd!'
2. addition of R—Pd on =
3. B-elimination ~ Pd-X leaving
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tra@ %

OCH;
= > /\///\/\H/
+ /\n/ (CH3CH3)3N / 0

0O

the new C-C bond is trans to the substituent

R 7 A
A AN & \\(
--’ gA;I +

CH—CH
v + CH,—CH Pdla | :
SES2l  (CH3CHa)3N

Oren' O OO =L



Olefin metathesis 11 e

O metathesis ~ exchange of bonds between reactants
O olefin [alkene] metathesis ~ breaking and rejoining ='s

O cross-metathesis

i
R—CH—=—CH :
join these z 2; join these, Mmetathesis ‘CH . (‘:HZ
2 carbons 2 carbons
R—CH-—CH, ‘CH CH,
R
N If R CH—CH join these R CH,
join these g 2 carbons metathesis | |
2 carbons CH <+ CH
CH,—CH—R [ |

= Terminal alkene gives high yield. < ethene 7T
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O ring-closing metathesis

e Grubbs
©2011 Pearson Education, Inc \
Grubbs
S e catalyst 5 @ + CH,—CH, <:

0 OM made possible by Grubbs’ catalyst

= Ru-containing carbene [R,C:]

c, L o

\ St . &
“ - 7 FCy. N N N % ,-'g \r \g\
Ru CH 3 /g‘ Y \g\ L
, / £l

|
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O mechanism

Grubbs catalyst is written as M=CH©

pon
k__;—ﬂ..*
R—CH--CH,
m RC=C 2 RC=CR + =
M
M=CH, |
M CH,
[ 7 -
R—CH=CH, R CH,
R
. il
starting alkene
R
M—CH R " R M b
Ny s T rewalkene]
CH,=CH R (|3H
R | R

starting alkene
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I CH
— CH2 e (“jH
|
R I R
I
CH
ﬁZH
1 CH,

[2+2] cycloaddition
followed by
ring-opening
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O cross-metathesis of alkynes

Schrock
catalyst

CH3CH2CECH Z CH3CH2CECCH2CH3 + HC=CH

O ring-opening metathesis (polymerization) [ROMP]
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