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19.7 Hydrolysis of Acetals, Imines, and Enamines

The treatment of an acetal with aqueous acid affords the
corresponding aldehyde or ketone:

RO_. . OR HY) O
>< + Hy0 . )k +  2ROH
Acetal Ketone

This process is called a hydrolysis reaction

RO OR
NaOH No reaction
H,O
f y ' Nuc ‘ — 0 ; — Nuc
O | +H"| lattlack| |[-H'| o oy +HT LG | | attack H" | Ro OR
)J\\ > 2 > 3 3 > ——5=3 > 63 > 7 3 ‘)&




L\ MECHANISM 19.9 HYDROLYSIS OF ACETALS

Proton transfer
Loss of a

leaving group

H
H
oo. ..(\H_[}O@B A |@
R ).zﬁ Y R%HR o /

Nucleophilic attack

)<U Proton transfer

Acetal The acetal is A molepulg of alcohol Water funct!ons asa Water functions as a
protonated, (ROH) is ejected as a nucleophile and s base and removes a
generating an leaving group attacks the powerful PG proton, giving a
excellent leaving electrophile H H hemicacetal
group

| Hemiacetal

Proton transfer
Proton transfer ?(l)\ Th%ﬁ?@fgf s
Loss of a H®H generating an
TN leaving group excellent leaving
e ) 0. H\ @ H group
.0. H/ \H O :

Water functions as a A molecule of alcohol

Ketone base and removes a (ROH) is ejected as a

proton, giving a leaving group
ketone

)K -ROH H@éjgg_l



Imines and enamines also undergo hydrolysis when treated with
agueous acid, and the red wavy lines (below) indicate the bonds

that undergo cleavage:

R
N~ - O
Moo s M A
R_ _R o

N [H*]

19.5 drawing the products of a hydrolysis reaction

O ==




19.8 Sulfur Nucleophiles

In acidic conditions, an aldehyde or ketone will react with two
equivalents of a thiol to form a thioacetal:

O
(H*+] RS SR
+ 2 RSH p— )& + H50
Thioacetal

This transformation proceeds via a mechanism that is directly
analogous to acetal formation, with sulfur atoms taking the place
of oxygen atoms. If a compound with two SH groups is used, a
cyclic thioacetal is formed:

@] Sﬁ Sﬁt
/T \ [H]
Cyclic

thioacetal



When treated with Raney nickel, thioacetals undergo
desulfurization, yielding an alkane:

H H

S S Raney Ni
& X

g R~ "R

The reactions above provide us with another two- step method
for the reduction of a ketone:

0 H H

1) [HT], HS SH
2) Raney Ni .

This method involves formation of the thioacetal followed by
desulfurization with Raney nickel.



19.9 Hydrogen Nucleophiles

When treated with a hydride reducing agent, such as lithium
aluminum hydride (LiAlH;) or sodium borohydride (NaBH,),
aldehydes and ketones are reduced to alcohols:

1) LiAIH,

o / 2) HyO™ (or Hgo\ on
L A
\ NaBH,, MeOH /'

{3 MECHANISM 19.10 THE REDUCTION OF KETONES OR ALDEHYDES
WITH HYDRIDE AGENTS

R

Nucleophilic attack Proton transfer
S !y
Jok :c)/:\ ?O.:\ :OH
S’I\ ) H”®>H )
R R Lithium aluminum hydride (LiAIH,) R —H As a workup step, R H
H functions as a delivery agent R acid is introduced R
| o of hydride ions (H™) into the reaction flask,
H—AI=—H and the alkoxide ion is protonated
to give an alcohol



when an unsymmetrical ketone is reduced with a hydride
reducing agent, such as LiAlH, or NaBH,, a new chiral center is
generated, and a pair of stereocisomers is obtained.

O 1) LiAH, OH OH
\)k 2)H0* \/!\ TN A

Racemic mixture

19.28 Predict the major product(s) for each of the following
reactions:

O
1) LiAIH,
—_—
2)H;0" g



19.10 Carbon Nucleophiles

Grignard Reagents

When treated with a Grighard reagent, aldehydes and ketones
are converted into alcohols, accompanied by the formation of a
new C-C bond:

O H,C OH
1) CH;MgBr
2)Hz0*t
O OH
/\)J\ T /\/{\
H 2 HO" CH,
H

(Racemic)



" MECHANISM 19.11 THE REACTION BETWEEN A GRIGNARD
REAGENT AND A KETONE OR ALDEHYDE

Nucleophilic attack Proton transfer

'6\ |I| —~
-IO'. :O: ?0” :OH
1 [ e v
> RW"7 > RV
The Grignard reagent R As a workup step, R

R R . : awa
functions as a nucleophile R acid is introduced R
S) and attacks the carbonyl group, into the reaction flask,
. forming an alkoxide ion and the alkoxide ion is protonated

to give an alcohol

19.30 Predict the major product(s) for each of the following:

0

1) EtMgBr 9

2) HyO* §




Cyanohydrin Formation

When treated with hydrogen cyanide (HCN), aldehydes and
ketones are converted into cyanohydrins, which are
characterized by the presence of a cyano group and a hydroxyl
group connected to the same carbon atom:

/ch — IT

A cyanohydrin

This reaction was studied extensively by Arthur Lapworth
(University of Manchester) and was found to occur more rapidly
in mildly basic conditions.



MECHANISM 19.12 CYANOHYDRIN FORMATION

Nucleophilic attack Proton transfer

.-e -

HEN :OH

e
M W CN N w CN

The cyanide ion functions Protonation generates
as a nucleophile and attacks a cyanohydrin
the carbonyl group

Rather than using a catalytic amount of base to form cyanide ions,
the reaction can simply be performed in a mixture of HCN and
cyanide ions (from KCN).

O HO CN
)J\ KCN, HCN _
HaC CH, HaC CHj
78%
HO CN

KCN HCN _
{Fiacemlc}

88%



HCN is a liquid at room temperature and is extremely hazardous
to handle because it is highly toxic and volatile (b.p. = 26°C). To
avoid the dangers associated with handling HCN, cyanohydrins
can also be prepared by treating a ketone or aldehyde with
potassium cyanide and an alternate source of protons, such as

HCI:
)OJ\ KCN, HCI HO CN
//N
: . HO C/ 1) LiaH,  HO NH;
Cyanohydrins are useful in > ><_ (Racemic)
syntheses, because the F{XH 2) H0 R H

cyano group can be further

treated to yield a range of
O
products.
H,O*

HO gx
Hoat X OH (Racemic)
R™ H




19.32 Predict the major product for each of the following
reaction sequences:

0 1) KCN, HCN ?
2)LAH,
3) H,0 -
O HO NH-
1) KCN, HCN
r
2) LiAlH4
. 2 H-0O
Solution JHz 4
HC CN
KCN, 1) LIAIH
HCN 2) Hs0



Wittig Reactions

Georg Wittig, a German chemist, was awarded the 1979 Nobel
Prize in Chemistry for his work with phosphorus compounds and
his discovery of a reaction with enormous synthetic utility. This
reaction is called the Wittig reaction (pronounced Vittig):

H\g I(ijph H ’
" R~Ph o
A
R R R i

Because it forms an alkene product, this reaction is also known
as the Wittig olefination reaction (the term “olefin” was once
commonly used for unsaturated compounds such as alkenes).

/169 H\
—PPh; <«—— C—=PPh,
/

H H
Wittig reagent




"\ MECHANISM 19.13 THE WITTIG REACTION

Ph  Ph _
Ph—\P/(% [2+2] Cycloaddition ~ Fragmentation

N Ph
u"O'. H ® e H H O
M O j E\CM“HH + ||:l
\\c\( \H The oxaphosphetane Ph” | ~Ph
attacks the electrophilic carbonyl A intemediate undergoes

The nucleophilic Wittig reagent

Ph
group of a ketone or aldehydeto  — - fragmentation to give an alkene,
give an oxaphosphetane as well as PhyP=0 as a by-product
H H H
| 1) PPh, \.[\Gr) \
H—-C—Br - > @C—PPhB — C=PPh,
| 2) n-BulLi / /
H H H
An alkyl halide A Wittig reagent
H
FoPMs H—C—PPh, BY
—C— r
(Sn2) A S ®
H CHZCH,CH,CH, Li

A phosphonium salt

Since the first step is an S, 2 process, the regular restrictions of

Sy2 processes apply. Specifically, primary alkyl halides will react

more readily than secondary alkyl halides, and tertiary alkyl
halides cannot be used.



A variety of strong bases can be used to deprotonate the
phosphonium salt intermediate, including NaH, NaNH,, and
PhLi.

The Wittig reaction is useful for preparing mono-, di-, or
trisubstituted alkenes. Tetrasubstituted alkenes are more
difficult to prepare due to steric hindrance in the transition
states. H,C

H,C
0 >/ i -
Ph,P ‘
] (£)
H H

Major
)
H _ H o H c\nj H @)
}—\ COEt | = Hﬁ e e>—<- 7 /\—e’\
Ph,P ﬂ Ph,P OEt Ph,R, OEt Ph,Ry OEt

An electron-withdrawing

group This additional resonance structure

stabilizes the Wittig reagent

H : H H H
>—<: :} —> @_—@ —> >:© —> etc.
PhP” | Ph,P = Ph,P \7() PhyP - =

These additional resonance structures
stabilize the Wittig reagent



CO,Et
PhgP

L 4

Ph,P

w




Many variations of the Wittig reaction are also commonly used.
For example, in the Horner—Wadsworth— Emmons reaction (or
HWE reaction), a phosphonate ester carbanion reagent (HWE
reagent) is used instead of a stabilized Wittig reagent, although
these reagents are very similar in structure:

Ph O O O

I [
Ph— PUOM MeO— P\)\OM
e e
Ph 5 MeO g
A stabilized Wittig reagent HWE reagent
(resonance-stabilized by ester group) (a resonance-stabilized phosphonate ester carbanion)

o (Meo)zp\)L f_L
RJMRH (E)

Major



19.6 predicting the major product of a wittig or hwe reaction

O
CH3 PhyP—CHCH,CH,4 ?
’ |
O — -
ra | N H @ H
9+ ]>CH,4 Ph,P <« PhP—<©
‘% CH,CH, f CH,CH,
Electrophile ) Nucleophile :
H

@
Ph,P—O This group does not

"CH,GH, | stabilize the carbanion

Y . CHCH, _H ‘

o r Dbt o
+  PhyP=C +  PhgPEO
CH, 8 \ CH, st

CH,CH,

(2)




When an alkene is made via a Wittig or HWE reaction, a
retrosynthetic analysis will always reveal two possibilities to
consider, as illustrated in the following case:

4>:0 + PhsP=CH, Alkene 4>:PPh3 + o:<
(target molecule) H

A ketone A Wittig reagent
CH..X 1) PPhg Ph.,P—CH
3 2) n-BuLi - & 72
A methyl
halide

2) n-BulLi

A Wittig reagent Formaldehyde

« _NPPhg oon
2) n-BuLi 3

A 2° alkyl halide

O
1) PPhg 4>:



19.11 Baeyer- Villiger Oxidation of Aldehydes
and Ketones

When treated with a peroxy acid, ketones can be converted into
esters via the insertion of an oxygen atom. 0

)L RCOH )L R

R R

MECHANISM 19.14 THE BAEYER-VILLIGER OXIDATION

Nucleophilic attack

Proton transfer o o Proton transfer o
T e o M >_n S—r
. . b @ I
‘0" nlA \Oi/l—lf ~0o” "R Qe /_‘\ o=
)L )k H—o SJH 7 H—@ o
R™ TR o N R” "R _ A
Under acidic conditions, The protonated ketone is a R R The charged tetrahedral R R
the ketone is first protonated powerful electrophile and can intermediate is then
by an acid (HA), where HA represents be attacked by the peroxy acid deprotonated by A~ (the
either the peroxy acid (RCO3zH) or a (which functions as a conjugate base of HA) to give Rearrangement
carboxylic acid (RCOsH, which nucleophile) to generate a an uncharged tetrahedral
accumulates as a by-product as the charged tetrahedral intermediate The carbonvl arou
reaction proceeds) intermediate is reformedyvii thcf
migration of an R
group

Proton transfer H
o o} gléf—\ o
A n v A o ¢ o,
R

R o HO R A proton is transferred
to give the product
(an ester), as well as
carboxylic acid by-product



In much the same way, treatment of a cyclic ketone with a
peroxy acid yields a cyclic ester, or lactone.

O
O
% RCO,H 6}3
_—

A lactone

When an unsymmetrical ketone is treated with a peroxy acid,
formation of the ester is regioselective; for example:

@]
O The isopropyl group migrates more rapidly
RCO,H than the methyl group during the
EE— 0 rearrangement step of the mechanism

The migration rates of different groups, or migratory aptitude,
can be summarized as follows:

H > 3°> 2° Ph > 1° > methyl



O O
H
~
@)‘LH RCO,H @)\0
_—

19.39 Predict the major product of each reaction below:

RCOGH



