


Organometallic Compounds

Organometallic compounds 5 &+

are characterized by the C—M

presence of a polarized The electronegativity

carbon-metal bond: differences make the carbon
carbanionic.

The degree of charge separation (polar character) in the
carbon-metal bond depends on the metal, the structure
around carbon, and the solvent.

. 5-| &+ o-| ot
—¢: M —ﬁi—l\/l _(F_M
lonic bond Polar covalent Mostly covalent
(Na*, KY) (Mg, Li) (Pb, Sn, Hg)



Reactivitx of Organometallics

Their reactivity parallels the degree of ionic character in the
carbon-metal bond. Alkylsodium and alkylpotassium reagents
are very powerful bases that react explosively with water.
Organomercury and organolead compounds are much more
stable. Organolithium and organomagnesium halides are of
intermediate reactivity. They require careful handling but find
wide use in organic synthesis. All organometallics tend to be
highly poisonous and harmful.

Pregaration

Because of their high reactivity, most organometallic
compounds are prepared and used in solvents that are very
inert to nucleophilic attack. Ether solvents are typically used
because of their good solubility properties for organometallics.

CH3CH,OCH,CH; Q

Diethyl ether ( Et,0) Tetrahydrofu ran
"Ether" "THF"



Reactions of Organolithium and Organomagnesium Halides

These organometallic reagents are strong bases and good
nucleophiles in accord with the carbanionic character of the
carbon atom:

S- o+ o0- ot
C—MgX C—Li

Reactions as Bases
With Water and Alcohols
(require caution) : .
R-Li |[+| HOR' —>| R-H [+ |ROLI
R-MgX | +| HOR' [ —>| R-H |+ [ROMgX

pK, = 16 PKa > 40
stronger stronger weaker weaker
base acid acid base
With Weaker Acids
RC=CH + R-MgX ~ R-H + R'C=C-MgX
PKa =25
VR

R'-N- + R-Li » R-H + R-N: Li"

pK, =38



Preparation of Alkyl- and Aryllithiums

Organolithium compounds are prepared by reacting alkyl and aryl
halides with two equivalents of lithium in a redox reaction:
R-X + 2Li = » R-LI + LiX
t,0 _
(or Ar-X) (or Ar-Lli)

The reactivity order of R-X (or Ar-X) in this reaction is:
R-1 > R-Br > R-Cl (fluorides are not used)
Note that this is in the reverse order of the C-X bond strengths.

Stability of R-Li Compounds

Organolithium (especially R-Li) compounds are exceptionally
strong bases and react slowly with ethers in an E2 reaction:

s

;HSL * gﬂ}c:Hz-%-c:Hch3 — R-H + CH,=CH, + LIOCH,CHs
Therefore organolithium compounds prepared in ether solvents are
typically used immediately. Organolithium compounds are relatively
stable in hydrocarbon solvents under inert gases.



One-Pot Reactions

Because of their reactivity and sensitivity to trace amounts of water,
Grignard (organomagnesium) and organolithium reagents are seldom
isolated. Typically, they are used in the same solvent in which they are
prepared and are kept under an inert and dry atmosphere during their
preparation and use.

The Role of Ether Solvents

Because they are Lewis bases, ethers interact with the
electropositive metals in organometallic reagents, which promotes
charge polarization in the C-M bond and increases reactivity.

A 0
_ Ot K Y ;
‘c—Li” TR S C-MgEx

R/ R R/&R

The carbon centers in these organometallic reagents are very
good nucleophiles in reactions with carbonyl compounds.



Organomagnesium Halides (Grignard Reagents)

The utility of these reagents was discovered by French chemist
Victor Grignard in 1900. For the work, he received a Nobel Prize
In 1912, and organomagnesium halides (RMgX and ArMgX) are
referred to as ""Grignard reagents" in his honor. They are

prepared in an ether solvent in a manner similar to that used for
organolithium reagents.

RX + Mg——— R-Mg-X
(or Ar-X) 2 (or Ar-Mg-X)

The reactivity order of R-X (or Ar-X) in the metallation
reaction is:
faction’s: p| > R-Br > R-Cl

Aryl chlorides react very slowly, so aryl magnesium iodides
and bromides are more often used in syntheses.



Reaction Conditions

Grignard reactions are run in anhydrous (no water) ether solvents.
Typically, the alkyl or aryl Grignard reagent is prepared and then
immediately reacted with a carbonyl compound (e.g., an aldehyde,
ketone, or ester). After the reaction is over, the magnesium salt is
converted to the alcohol product by addition of aqueous acid.

Rl
R'R"C=0 I H,O* |
RX + Mg —perm RMgX e CIOMgX B R—CIJ:'OH
Grignard preparation Workup R

Addition reaction

In more detail:
5- &+ N
Addition R%/> — R-i:l-lo MgX

Halomagnesium alkoxide salt

/1T O\ A é
Workup Réo MgX + HO-H—= R-G-OH + MgX + H,0
Rll H R
Alcohol



Organolithium Reagents

Organolithium reagents, R-L.i, react with carbonyl compounds much as

Grignard reagents do. Overall, RMgX and RL.i reagents show parallel
reactivity .

RLI\—'*'/I9:\O) — R-C-O-L} —/m— R-(E-O-H
Lithium alkoxide Alcohol
salt

Organolithium reagents are also very strong bases and must be
prepared and used in anhydrous ether or hydrocarbon solvents.

They usually are more reactive than the corresponding Grignard
reagents.



Quiz 12.05

Provide the missing reagents and solvents for the preparation of the
following organometallic reagents.

o an ether, gBr
' usually Et,0
+ Mg >
Phenylmagnesium
bromide
an ether or
CHil *+ 2L alkane CHsLi + LiBr

:
Methyllithium
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Grignard Reagents Are Nucleophiles

Grignard reagents react with a number of functional groups as
nucleophiles. If these groups are present during the preparation or
reaction of a Grignard reagent, they all will offer sites of attack.

A (O o 2 o= \_(5_95_

- .CR -COR -CNH
CH% CO c:2¢ -

i

Grignard Reagents Are Reducing Agents

In the usual Grignard reactions, considered above, the electrophilic
carbon in the carbonyl compound or other substrate attacked is
reduced (its oxidation number is reduced).

Grignard reagents can also react, e. g. with the nitro group (-NO,), by
an apparent electron transfer reaction (redox reaction) that generates
free radicals:

1le

8- 8+/\\ + !R'NOZI_ ++|v|gx

RMgX + RNo, —= R

A radical : :
A radical anion
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Nucleophilic Additions of Grignard Reagents

To Oxiranes (Epoxides)

These three-membered cyclic ethers are highly reactive
towards nucleophiles because of the ring strain. Ordinary
ethers do not react in the same manner.

/\"i\ H 5- o+
RMgx + H=C—CH — > R.CH,CH,0MgX
5 o+ Q

: H;O"
Oxirane K
(ethylene oxide) B
R-CH,CH,OH
1° alcohol

12



Oxirane Examples

)\/\/\ H30" |
OH -

workup
5-Methyl-1-hexanol (70%0)

Regioselective Ring Opening: Sy2-like  OMgBr

O o7 a2

O Etzo
1° carbon more OH ‘

accessible than 2° H,0*
-€
workup

1-Methyl-2-phenylethanol
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Nucleophilic Additions of Grignard Reagents

To Carbonyl Compounds: Syntheses of Alcohols

The reaction with carbonyl compounds is perhaps the most useful
synthetic application of Grignard reagents .

Overall mode of
.. O+ 0O- |
the addition: R:MgX + €=0 —> R-C-O-MgX
o- ot A Salt

The nucleophile adds to the electropositive
carbon and the metal adds to the
electronegative oxygen.
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Alcohols from Aldehydes and Ketones

By proper choice of the Grignard and carbonyl compounds, a
great variety of 1°, 2° and 3° alcohols may be synthesized.

1° Alcohols from Formaldehyde

O- O+ H H H.O"
RMgX +  LIo —= RC-OMgX ——»= R-CH,OH
N 2
Formaldehyde
2° Alcohols from Aldehydes
5 &+ R! 5 Hot R
R-MgX + sz(‘) — R—¢-OMgX 3 > R-CHOH
N 3
Aldehyde
3% Alcohols from Ketones
: R' =%
o0- Ot R H,O"
R-MgX + \/C:(S —> R-G-OMgX ——» R-COH
Rll Rll Rll
30
Ketone
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3° Alcohols from Esters

Two equivalents of Grignard reagent add to esters in sequential
steps, leading to 3° alcohols.

' R R'
5- R~
R-I\%EX + ;C:O —| R- gO-I\/IgX fast I;C:O + R"OMgX
R"QO R"
Ketone byproduct
Ester initial addition product  intermediate
(an unstable salt)
p . \ . addition of second
R NH,' R RMgX equivalent to ketone
R-C-O-H| =——— R-C-O-MgX —=
R 10 R
13° Alcohol | Salt
Overall:
(i) 2 equiv RMgX/ether [ R )
R'COR" — > [ R-C-O-H + R"OH
Ester (i) NH,/H,0 (workup) L Alcohol
3° Alcohol byproduct)
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Planning a Grignard Synthesis

Retrosynthetic analysis is very helpful in designing an alcohol
synthesis that incorporates a Grignard reaction. The alcohol
product may be deconstructed in several ways.

H
A R&CZR"

RMgX + Clcfl)_R" — R

\
R’ UB

I
R'MgX + R-C-R"

=0

R"MgX + R-

-0

The path selected often is determined by the availability of
the required starting compounds.



Synthesis Goal: 3-Phenyl-3-pentanol

MgBr
/\ ©/

Retrosynthetlc AnaIyS|s
3- Pentanone

3-Phenyl-3-pentanol

. OMgBr
Synthe5|s o T~ /\
~ A
EtzO Q e Et,0 g
Bromobenzene OH
T~ /\
‘ 4-.._ Used for 3°
workup alcohols
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An Alternative Synthesis of 3-Phenyl-3-pentanol

(@) Methyl

/?)\ /O{H\ o _ benzoate

+
j 2~ >MgBr
Retrosynthetic Analysis

Identical R groups allow ester route to be used.

Synthesis

Mg
~Br  E,0 - MgBr
Bromoethane OMgBr
~
o + 2 S MgBr ——
Et,O
Methyl benzoate
OH
/\ /\
NH,"/H,0 d-._  Used for 3°
- .
Workup alcohols
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Synthesis Example: Phenylethanal

H

i : RetrosynthetchnaIyS|s i : 2Pheny|ethano|
Phenylethanal
®—Mg5r + W
O
Synthesis

(2-phenylacetaldehyde)
MgBr
a5
Etzo Etzo

Bromobenzene

H;O"
workup

H

20



Some Limitations of the Grignard Reagents

Grignard reagents are very strong
bases and will remove H* from any
H-A with a pK, < 35.
O- O+ +

R-MgX + H-A_— R-H + MgX +A:
PK4 =40

Because of this strong basicity, the following functional groups
also cannot be present during a Grignard reaction.

OH -NH, -NH -COH -SOjH -SH -C=CH
R

Other functional groups, like carbonyl and epoxy, that will react
with nucleophiles cannot be present if they will compete with a
Grignard reaction to be employed at another site in the molecule.

Sometimes interfering groups can be ""protected."

21



Use of the Trityl Protecting Group in a Grignard Reaction

OO _
CI

Tr-ClI (trityl chloride)
Triphenylmethyl choride

o * Trcl ®
)l\/\/ =l
pyridine

@ Pyridine

N

Group that needs to be "protected.”

OH g+
and ag. EtOH
enantiomer Snl
+ TrOH .
hydrolysis

MgBr
Et,O

OMgBr

and
enantiomer

OTr
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Organosodium Compounds

Because of their very great reactivity, R:” Na" compounds often
undergo side reactions and have limited synthetic value. One
notable exception are the sodium alkynides, RC=C: Na."

PreEaration

These organosodium compounds can be prepared by proton
exchange between terminal alkynes and sodium amide:

RC=CH + Na":NH, —  » RC=C:Na" + :NH;
PKa=25 pK, =38
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An Example of a Sodium Alkynide Addition Reaction

CH3;C=CH » CH3C=C:Na"
Sodium propynide

/\CH3 CH;
CH;C=C:Na® + ;m i

=0 —— CH3C=C-G-O Na'
CHj; CHj
Sodium alkoxide salt

CHs
CHyC=C-C-OH
CHs,

NH,/H,0
-

workup

2-Methyl-3-pentyn-2-ol
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