Chapter 11

Organometallic compounds

Organometallics
Reactions using organometallics



Organometallic compounds

= comp’s containing a carbon-metal bond

Ch 11 #2

CH;CH,CH,CH,Li  CH;CH,MgBr (CH;CH,CH,),Cd

butyllithium ethylmagnesium dipropylcadmium
bromide

CHLi

o C in organometallic comp’ds are nucleophilic.

= Cin organic comp’d (like ROH, RNH,, and RX)
are electrophilic.

= due to AEN . CHycl
2.1
Lol Be B C N 0] F
1.0 [ 1.5 20 | 25 | 3.0 | 35 | 4.0
Na | Mg Al Si P S Cl
09 | 1.2 1.5 1.8 | 2.1 | 25 | 3.0
K Ca | Co Ni Cu Zn Ga | Ge Br
08 | 1.0 | 1.7 1.7 | 1.8 | 1.7 1.8 | 2.0 2.8
Rh | Pd | Ag | Cd Sn |
24 [ 24 | 1.8 1.5 1.7 2.5
Hg Pb
1.5 1.6
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0 In substitution reactions

more electronegative
than carbon
o+ o—

CH;CH,—Z + Y ——— CH,CH,—Y + Z-

CH,Cl

(electrophile) nucleophile

less electronegative
than carbon
&— o+

CH3CH2_M 5f E+ E— CH3CH2_E + M+

/[ \

(n ucIeophiIe) (electrophile)

a carbon Nu:




R-LI and R-MgX 1

0 (used to be) the two most common organometallics

0 organolithium comp’ds
BuLi = an alkyl lithium
hexane

CH3CH2CH2CH2B1‘ + 2Li — CH3CH2CH2CH2L1 + LiBr
1-bromobutane butyllithium

O organomagnesium comp’ds = Grignard reagents

1912

Qgr o v diethylether QMgBr Nobel Prize
cyclohexyl cyclohexylmagnesium
bromide bromide
CH,=CH—Br + Mg BLLLN CH,=CH—MgBr [ )
vinyl vinylmagnesium O
bromide bromide
_ ] CH;CH, CH,CHj4
o R, Ar, vinyl all possible; Br (as X) popular N6/
. e CH;—Mg—Br
= Ether (solvent) coordinates Mg, stabilizing it. AN

CH;CH, CH,CH;




Reactions of R-Li and R-MgX T

O reacts like a carbanion C:— — a C Nu:

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

@—Li reacts as if it were @:‘ Lit

phenyllithium

= reactions as C Nu: (like Sy(2))

= nucleophilic addition to carbonyls ~ more often
Chapt 16

0
Cg O~ MgBr OH

| + |
RARMH) + R>-MgBr —> R—C—R(H) S R—C—R(H

R’ R’
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o R-Li and R-MgX are very strong B: | strong? pK_?

= react even with very weak acid stronger than “OH? “NH,?

HzO/I CH3CH2CH2CH3
Mg
CH3CH2CHCH3 — CH3CH2CHCH3
| THF | \Dzo
Br MgBr CH3CH2(|3HCH3
D
useful for preparing deuterated HC

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




Transmetal(l)ation

0 R-Li Is more reactive than R-MgX is.
= C—LI more polar than C—Mg

Ch 11 #7

= C of R-Li more nu-philic [better Nu:]

O transmetalation [metal exchange]

= to less reactive [more stable] organometallic

2CH3CH2MgC1 + CdC12 — (CH3CH2)2Cd + 2MgC12

ethylmagnesium diethylcadmium
chloride
H
2.1
Li | Be B|c|[N|[oO]|TF
1.0 | 15 20 | 25 303540
Na | Mg Al [ si | P | s |c
09 | 12 15 | 1.8 | 21 | 25 | 30
K Ca | Co | Ni Cu | Zn | Ga | Ge Br
08 |10 |17 |17 |18 |17 |18]20 2.8
Rh | Pd | Ag | Cd Sn I
24 | 24 |18 | 15 1.7 2.5
Hg Pb
1.5 1.6




Coupling using Gilman reagent

Ch 11 #8
0O coupling reaction (in organic chemistry)
= two hydrocarbon fragments are coupled (to form C-C)
= with the aid of a (transition) metal catalyst
O Gilman reagent
THF © OHs
2 CH;Li + Cul ——— (CH;),CuLi + LiI ©Hs—Cu
an organolithium an organocuprate |_i|5:I
compound a Gilman reagent

0 coupling of R of R-X and R’ of Gilman reagent

/ / (new C-C bond)

CH}CHECHECHE_BF == (CH'{CHQCHE CULI E— CH;CH CH- CHQ CHECHECH?- + CH?CHECHECU
heptane + LiBr

= RX + R,CuLi 2 R-R’

= mechanism? substitution of X with R’? not clear
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0 R can be alkyl, aryl, or alkenyl [vinyl]

H\ Br H\ /CHZCH3
/czc\ +  (CHsCH,),CuLi — /c=c\ + CH;CH,Cu + LiBr
CH; CH, CH, CH,

a vinylic halide

O/ +  (CH,=CH),Culi ——— O/ + CH,=CHCu + Lil

an aryl halide

= which is not possible by R-Li or R-MgX
Is R of Gilman
o why? they are Sy(2). reagent a Nu:?
= not for (2°or) 3° alkyl maybe yes and
maybe no
o why? E intervenes; then mechanism S, 2?
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0 stereospecific Rr Br R CH,
P R T T ——

H H H H
cis cis

R H R H
>C=C< + (CH;),CuLli —— >C=C<
H Br H CH;

trans trans

0O not sensitive to other functional groups
O O
(": !
CH3(IZH/ SCH; + (CH3),CuLi — CH3(|3H/ SCH; + CH;Cu + LiBr
Br CH;

0 also undergo S, reaction (as a Nu:) with EO

/ N\ HCl
(CH3CH2)2CUL1 + HzC_CHQ —_— CH3CH2CH2CH20_ — CH3CH2CH2CH20H

+ CH;CH,Cu + Li* a higher alcohol




Pd-catalyzed couplings S

O Suzuki rxn and Heck rxn representative

0 couples (new) R with R of
= vinyl or aryl halide (w/ sp? C) (only*)

The Nobel Prize in
Chemistry 2010
£ / N\ 4
/C=C\ — /C=C\
Br R

a vinylic halide

P + [P
\ Ao
t - |
e
Photo: U. Montan Photo: U. Montan Photo: U. Montan
Richard F. Heck Ei-ichi Negishi Akira Suzuki

an aryl halide

m not* for sp3 C — X
*others becoming possible
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o why not for sp3 C—-X?
m Rxn start with formation of

/
R—X + LPd —— LPd__
X

= L = ligand (with :) like PPh, (\ \O
= X=Brorl

= B-elimination (may) occur on sp3 C—X
CH,CH,R

/ b = - 0
L2Pd\ B-elimination R— CH=CH,
x (B-hydrogens

m becoming possible by varying catalyst [L]

O Insensitive to other groups, stereospecific
= why Pd? (instead of Cu, despite --) ~ high yield




Suzuki reaction [coupling]
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0 couples R of R-X and R’ of organoborane [R’-BY,]

OR
R—X + R’ B/ LN S
\ HO™ N
OR (new —cC bond)
a vinylic halide an organoboron
or compound

an aryl halide

» R = (usually) aryl or vinyl (not alkyl)
= R’ can be alkyl, alkenyl, or aryl

=Y ~ H, OH, OR, --

= L ~ ligand ~ PPhg, CI, ---

= in basic condition ~ NaOH, K,CO,, --
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O examples
H;C H

22N Y, OR

/C = C\ + CH3CH2CH2 —B
H Br OR

alkyl-organoboron

compound

E /OR

alkenyl-organoboron
compound

o O
* \
OR

aryl-organoboron
compound

L,Pd
ﬁ

HO

L,Pd
ﬁ

HO

L,Pd
HO

H,C H
# >C=C< new C—C bond)
H CH,CH,CHj,

stereospecific

o
(T eecoons

O \new CcC—C bond)

always trans
why?
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O preparation of organoboron comp’d

0 0
RCH=CH, + H—B j@ — RCH,CH,—B{ :O
0 0

catecholborane an alkyl-organoboron
compound
O E i O
R
RC=CH + H—B :O — \(J\l{ D
O H O

H and B add to
the same side of
the triple bond

syn addition
- trans

an alkenyl-organoboron
compound See §6.8

Li B(OCH3),
@f + B(OCHj3); —— @ + LiOCHj;4

trimethylborate an aryl-organoboron
compound




Ch 11 #16

0 mechanism L,Pd
m not clear yet; *L|IL in situ prep’n of cat

the (current) LsPd

most plausible is: Lt R—Br
L,Pd

reductive elimination oxidative addition
Pd" to Pd° Pd° to Pd"
_R
Lde L,Pd

(RO),BOH
transmetalation (substitution)
B (2.0) to Pd (2.4) Lde

:Br?




Heck reaction

Ch 11 #17

0 couples R of R-X and alkene

(H is substituted by R) (R is trans to Z>
R—X H/ ot R
+ NNy (CHCHo)N V\Z
a vinylic halide
yor (new (= bond)

an aryl halide

= R = aryl or vinyl (not alkyl)
= L ~ligand ~ CI, OAc, ---
= in basic condition ~ Et;N, KOAc --

o examples Br po =
2 W,
O/ + CH,=CH, TCHCHAN O/
(CH3CH3)3N ‘the new C —C bond | |

plns two sp carbons

J— stereospecific

(trans) f\trang jOInS two sp? carbons
NN N A(OCHB L,Pd
(CH3CH,)3N

O
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O mechanism — also not clear yet

Li‘fd in situ prep’n of cat
+L|[-L
(CH;CHy):NH + B~ (HCHN LyPd R—Br
B: captures HBr (not to add to =) | - N
L,Pd oxidative addition
reductive eliminatio Pd? to Pd"
Pd! to Pd°
Br Br
L2Pd< Lde<
H R
/_/ :
e —CH,
z =
L
L
L Br L Br
“pal Spa”
Z :" N Z ‘l' N
N H \c’/R
R {1,
syn B-eliminatiok . . syn addition
r I . ..
/ & 2
Lpd;}\H tation LPd R regioselectivity”
H\“... < R s H‘“.. Ny H

Z H Z “H
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0O syn addition - high yield when
= symmetrical alkene

= one C sterically hindered (like in terminal alkene)
= Z (strongly) e-withdrawing

O . N g e N
Q)




Alkene metathesis

O metathesis = exchange of bonds between reactants

Ch 11 #20

0 olefin [alkene] metathesis ~ breaking and rejoining ='s

0 cross-metathesis

)
R—CH=CH i
2 carbons - 2 carbons
R—CH=CH, |CH CH,
R y\
I ____/ioin these R CH
v — join these )
- If join these —;_—;:»B;“CH_CHZ 2 carbons ) metathesis | [

2 carbons CH,—CH—R i |

= Terminal alkene gives high yield. < ethene (Q)
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0 OM made possible by Grubbs’ catalyst

o transition metal carbene [R,C:] complex

The Nobel Prize in
L ¢ Chemistry 2005
| & S
e
7 |
Cl 1,

Grubbs catalyst

N oto: R Paz Photo: LB. Het : ington
Wes Chauvm Robert H. Grubbs Richard R. Schrocl-:

% ,Q’Y‘@\/Q/Y

o ju_"\‘ Elth|u_
f'
PCys cl |
pcyq

Cy = cyclohexyl
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O mechanism ~ 2 phases

= 1st phase

is written

Grubbs catalyst

as M=CH@

‘the metal
bonds to the
more substituted
sp? carbon of

the alkene

ey

or

‘the metal
bonds to the
less substituted
sp? carbon of

the alkene

first phase

7z

R—CH==CH,

A
A

:j.'_;;tal;ting alke ne:':

R—CH=M + M=CH,

A

(starting alkene

I 1|
(D v
e
CH
— N -
e CH
: ||
CH,

-
7

[2+2] cycloaddition
followed by ring-opening
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O
= 2nd phase
R
—CH—R - A M L
K\ \//' N A T
CH,=CH— R N CH
R 11 l|{
starting aIkene)
— I
CH
\Iﬁ — ] —— T L rewakene)
R—CH=CH, R CH,
R
I

starting alkene

[2+2] cycloaddition
followed by ring-opening




OM reactions 11 o

0 cross-metathesis

Grubbs

2 CH;CH,CH=CH, -<talyst

CH3CH2CH:CHCH2CH3 < CHQZCHZ
both Eand Z

= not stereospecific

0 cross-metathesis btw 2 different alkenes

Grubbs

catalyst

CH;CH=CHCH; + CH;CH,CH=CHCH,CH; 2 CH;CH=CHCH,CH;

O cross-metathesis of alkynes

Schrock

catalyst
—_—

CH;CH,C=CH CH;CH,C=CCH,CH; + HC=CH
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O ring-closing metathesis
Grubbs
=
SO¢ NeQ="
X

O ring-opening metathesis (polymerization) [ROMP]




Summary ch 12 426

0 RLI and RMgX
= C Nu: (for addition to C=0)

o Gilman reagent
= RX + R,CuLi = R-R’

0 Suzuki coupling
= RX + R'B(OR), = (Pd cat) 2> R-R’
0 Heck reaction
= RX + HC=CR’ > (Pd cat) > R—C=CR’
o olefin metathesis
» RCH=CH, = (Grubbs cat) > RCH=CHR + CH,=CH,
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