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Grignard reagents react with:

formaldehyde to give primary alcohols
aldehydes to give secondary alcohols
ketones to give tertiary alcohols
esters to give tertiary alcohols

CO, to give acids

o) : : :
f E epoxides give primary alcohols
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Organolithium Reagents

R-Cl + L] » RLi+ LiCl
THF

R can be alkyl aryl or alkenyl
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Gilman Reagents

2 RLi + Cul > R,CuLi + Lil
THF

R can be alkyl aryl or alkenyl

@\ + (CH;CH, CH,)CulLi1 > @\)
|
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Oxygen Nucleophiles
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Alcohols React with Aldehydes
and Ketones in two steps...first

. Product is called
_(|3 O a hemiacetal.
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Hemiacetal reacts further in acid to yield an acetal

R

This product is
called an acetal.

_C_

This hemiacetal
reacts further.
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Example

O
|

CH *+ 2CH,CH,OH

Q— H HCl
O

CH(OCH,CH,), + H,0O

Benzaldehyde diethyl acetal
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Diols Form Cyclic Acetals

O
H

CH4(CH,)sCH + HOCH,CH,OH

benzene
acid catalyst

0
NI T oy
H/ \(CH2)5CH3

Chemistry 328N '



Mechanism of Acetal Formation
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Mechanism

/ ..\
\_ 3y,
Resonance stabilized cation
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Mechanism

«Ooe

y/ /N

pu— R\ /\-F\C—O —_—
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Mechanism

Chemistry 328N '



Mechanism
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Mechanism

C—O0O: Hemi acetal!
\H
H?
— R—6:

+
O |
R/..\H ¥

Catalyst regenerated!
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Mechanism of Acetal Formation

Second stage Is hemiacetal-to-acetal conversion

Involves carbocation chemistry
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Hemiacetal-to-acetal Stage

These are not separate reactions...
this 1s all one big equilibrium
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Hemiacetal-to-acetal Stage
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Hemiacetal-to-acetal Stage

‘A h
\

. /
O—C+
N\
/ Here is the water!

—C

»
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Hemiacetal-to-acetal Stage
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Hemiacetal-to-acetal Stage
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Hemiacetal-to-acetal Stage

R R

\& o/

|
— O—C—0 R
o0 | (X J ../
H—O
N

Regeneration of catalyst

The acetal
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Note that EVERY step Is an equilibrium

Therefore, the reaction can be pushed
forward or backward by appropriate
choice of conditions

The forward reaction Is synthesis
The backward reaction Is hydrolysis

See Page 6/3 - Mechanisn 16.7
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Hydrolysis of Acetals

OR"

|
R— Cll— R' +H,0
OR"

mechanism:

reverse of acetal formation ...hemiacetal IS Intermediate.

application:

aldehydes and ketones can be "protected" as acetals.

Chemistry 328N '



— —_
s
C=0 + 2 ROH —_— )
A . Water-jacket condenser
Aldehyde  Alcohol p R
or ketone Al }
{153y T
Condensing vapor
N o
(& + H»O
7% Ul ] e
OR N7 Cold H,0O
| Acetal n

Dean-Stark trap

\

Vapor rising toward condenser
contains 91% benzene and
9% water

Upper layer contains 99.94% benzene

i /and 0.06% water

— ) Lower layer contains 0.07% benzene
\ | and 99.93% water

Reaction takes place
in the benzene layer

/'r

Stopcock to withdraw lower layer

@ Brooks/Cole, Cengage Learning



Hydrolysis

H,0*
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Suppose you want to make this

o H
@‘@H + BrCHCHCH ——> @‘gHCb—CHgH

4-Hydroxy-4-phenylbutar

It’s an alcohol. Use the Grignard Reaction!! m

Secret Is....Acetals as protecting Groups
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Acetals as Protecting Groups

e If the Grignard reagent were prepared from
3-bromopropanal, it would self-destruct!
e First protect the -CHO group as an acetal

?I) H' O~cH
BrCHCHCH + HOCH CHOH==>= BrCH CH CH !
2 2 2 2 2 2 ‘O/CH
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Acetals as Protecting Groups

e Then do the Grignard reaction

- +
O~ O [MgBr] = 4

CH, 1. Mg, ether | ~~CH
BrCH;CHy CH | >©-CHCH2CHZC 2

'0—CH2 2. CgH5 CHO CH,

O/

Hydrolysis in dilute acid gives the desired product
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Acetals as Protecting Groups

e Hydrolysis (deprotection) regenerates the -CHO group
and the hydroxyl group

@—CHCH CH,CH +

HOCH,CH, OH

O [MgBr] " O

I ’ CH HCI, H2 O
@—CHCHZCH2CH o
N /CHZ

O

Valuable and important trick!!

Chemistry 328N '




~or example, the conversion shown cannot

be carried out directly.....why??

I
CH,CCH,CH,C =CH

1. NaNH,
2. CH,l

i
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because the carbonyl group and the
carbanion are incompatible

I
CH,CCH,CH,C=C:
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Strategy

1) protect C=0

2) alkylate
3) restore C=0




Protect

O

|
CH,CCH,CH,C=CH * HOCH,CH,OH

benzene
H,S0,, Cat.

CH,CH,C=CH
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Alkylate

HZ/C— C\H2

N A

C
7\ —

O

1. NaNH,
2. CH,l

H2/c3— C\H2

O

N A

C
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Deprotect

HCI

0
N .
C
ch” \CH,CH,C=CCH,

O

|
HOCH,CH,OH +  CH,CCH,CH,C =CCH,

Desired product
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The Nobel Prize in Chemistry 1979

Georg Wittig 1897-1987
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http://almaz.com/nobel/chemistry/chemistry.html

The Wittig Reaction

.

+  (CgHs5)sP—C:
‘¢ . ’) \B
viide

+
t (CeHs)sP—

Chemistry 328N '



Preparation of Ylides

The ylid is made In a two step process. The first
step Is a nucleophilic substitution reaction that
Forms a phosphonium salt

A
+

A
(C6H5)3P:/"_'\\>CHQX —— (C4zHg);P —CH
B
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Preparation of Ylides

In the second step, the phosphonium salt Is
treated with a strong base in order to remove
a proton from the carbon bonded to phosphorus.

A
+ m + N /
(CeHs)sP —C—H - (CgHs)sP —C:

N\

B )

A

base_: + base — H
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Phosphonium ylides

Resonance stabilized
R is usually C,H: (phenyl)

Carbon Is negatively polarized and nucleophilic
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The Wittig Reaction

.

+  (CgHs5)sP—C:
‘¢ . ’) \B
viide

+
t (CeHs)sP—
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Mechanism

R

|
R—C—

B
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Mechanism

‘Step 2

R

R'— C

B
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Triphenylphosphine oxide

4 0)-

This substance is very stable

Nearly insoluble in many solvents, I.e. pentane

Oral, mouse: LD50 = 1380 mg/kg;Chemistry . Y




