Chapter 22 - Carbonyl Alpha-Substitution Reactions

Chapter Outline

I. Keto-enol tautomerism (Section 22.1).
A. Nature of tautomerism.
1. Carbonyl compounds with hydrogens bonded to their o carbons equilibrate with
their corresponding enols.
2. This rapid equilibration is called tautomerism, and the individual isomers are
tautomers.
3. Unlike resonance forms, tautomers are isomers.
4. Despite the fact that very little of the enol isomer is present at room temperature,
enols are very important because they are reactive.
B. Mechanism of tautomerism.
1. In acid-catalyzed enolization, the carbonyl carbon is protonated to form an
intermediate that can lose a hydrogen from its « carbon to yield a neutral enol.
2. In base-catalyzed enol formation, an acid-base reaction occurs between a base and
an o hydrogen.

a. The resultant enolate ion is protonated to yield an enol.

b. Protonation can occur either on carbon or on oxygen.

c¢. Only hydrogens on the a positions of carbonyl compounds are acidic.

I1. Enols (Sections 22.2 — 22.4).
A. Reactivity of enols (Section 22.2). '
1. The electron-rich double bonds of enols cause them to behave as nucleophiles.
The electron-donating enol ~OH groups make enols more reactive than alkenes.
2. When an enol reacts with an electrophile, the initial adduct loses —H from oxygen to
give a substituted carbonyl compound.
B. Reactions of enols (Sections 22.3 — 22.4).
1. Alpha halogenation of aldehydes and ketones (Section 22.3).

a. Aldehydes and ketones can be halogenated at their a positions by reaction of X3
in acidic solution.

b. The reaction proceeds by acid-catalyzed formation of an enol intermediate.

c. Halogen isn't involved in the rate-limiting step: the rate doesn't depend on the
identity of the halogen, but only on [ketone] and [H'].

d. o-Bromo ketones are useful in syntheses because they can be
dehydrobrominated by base treatment to form a,p-unsaturated ketones.

2. Alpha-bromination of carboxylic acids (Section 22.4).

a. Inthe Hell-Volhard—Zelinskii (HVZ) reaction, a mixture of Br, and PBr; can
be used to brominate carboxylic acids in the o position.

b. The initially formed acid bromide reacts with Bry to form an a-bromo acid
bromide, which is hydrolyzed by water to give the a-bromo carboxylic acid.

c. The reaction proceeds through an acid bromide enol.

I11. Enolates (Sections 22.5 — 22.7).
A. Enolate ion formation (Section 22.5).
1. Hydrogens o to a carbonyl group are weakly acidic.

a. This acidity is due to overlap of a filled p orbital with the carbonyl group p
orbitals, allowing the carbonyl group to stabilize the negative charge by
resonance.

b. The two resonance forms aren't equivalent; the form with the negative charge
on oxygen is of lower energy.
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2. Strong bases are needed for enolate ion formation.
a. Alkoxide ions are often too weak to use in enolate formation.
b. Lithium diisopropylamide can be used to form the enolates of many different
carbonyl compounds.
3. When a hydrogen is flanked by two carbony! groups, it is much more acidic.
Both carbonyl groups can stabilize the negative charge.
B. Reactivity of enolate ions (Section 22.6).
1. Enolates are more useful than enols for two reasons:
a. Unlike enols, stable solutions of enolates are easily prepared.
b. Enolates are more reactive than enols because they are more nucleophilic.
2. Enolates can react either at carbon or at oxygen.
a. Reaction at carbon yields an o-substituted carbonyl compound.
b. Reaction at oxygen yields an enol derivative.
C Reactions of enolate ions (Sections 22.6 — 22.7).
1. Base-promoted a-halogenation.
a. Base-promoted halogenation of aldehydes and ketones proceeds readily because
each halogen added makes the carbonyl compound more reactive.
b. Consequently, polyhalogenated compounds are usually produced.
c. This reaction is only useful with methyl ketones, which form HCX3 when
reacted with halogens.
d. This reaction is known as the haloform reaction.
i. The HCX3 is a solid that can be identified.
ii. The last step of the reaction involves a carbanion leaving group.
2. Alkylation reactions of enolates (Section 22.7).
a. General features.
i. Alkylations are useful because they form a new C-C bond.
ii. Alkylations have the same limitations as SN2 reactions; the alkyl groups
must be methyl, primary, allylic or benzylic.
b. The malonic ester synthesis.
i. The malonic ester synthesis is used for preparing a carboxylic acid from a
halide while lengthening the chain by two carbon atoms.
ii. Diethyl malonate is useful because its enolate is easily prepared by reaction
with sodium ethoxide.
iii. Since diethyl malonate has two acidic hydrogens, two alkylations can take
place.
iv. Heating in aqueous HCI causes hydrolysis and decarboxylation of the
alkylated malonate.
Decarboxylations are common only to B-keto acids and malonic acids.
v. Cycloalkanecarboxylic acids can also be prepared.
c. The acetoacetic ester synthesis.
i. The acetoacetic ester synthesis is used for converting an alkyl halide to a
methyl ketone, while lengthening the carbon chain by 3 atoms.
ii. As with malonic ester, acetoacetic ester has two acidic hydrogens which are
flanked by a ketone and an ester, and two alkylations can take place.
iii. Heating in aqueous HCI hydrolyzes the ester and decarboxylates the acid to
yield the ketone.
iv. Most B-keto esters can undergo this type of reaction.
d. Direct alkylation of ketones, esters, and nitriles.
i. LDA in a nonprotic solvent can be used to convert the above compounds to
their enolates.
ii. Alkylation of an unsymmetrical ketone leads to a mixture of products, but
the major product is alkylated at the less hindered position.
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Solutions to Problems

22.1-22.2 Acidic hydrogens in the keto form of each of these compounds are bold.

Number of
Keto Form Enol Form Acidic Hydrogens
@) 0 OH 4
H H
H H
(b) 0 H
3
. .l
e VscHy \clzé SSCH4
H H H
© H
3
. !
H
NC” NOCH,CHg %7 0CH,CHy
/\ I
H H H
(d) ﬂ ?H 2
H3C\C/C\H H3C éC\H
N [
H H H
(e) ﬂ (PH 4
H C H H C
\C 7 \O 7 \Cé \OH
N |
H H H
49) 5
OH OH
ﬁ ©\ L ©\ l
C/C\C/H CéC\C/H C/C§C/H
/NN | A\ N |
H HH H H H H H H R

In (d) and (f), cis and trans enolates are possible.
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22.3
o o OH 0 OH
@—"— ét*‘— (iz @z @
o . OH So OH o

v
equivalent; equivalent;
more stable less stable

The first two monoenols are more stable because the enol double bond is conjugated with
the carbonyl group.

22.4
(\ +
D—OD2 ae +
qr U Do0: C
ﬂ 2 /vq/iC?D . H 6 D2
C = H == c
HaC” “CHg e. CHg HCZ CHg
deuteration H H loss of proton enol
of carbonyl at alpha position
oxygen
£ . s
D—QQDQ N D/'\: 0D,
LA . /
Q?D . ﬁ-’- ﬁ + D O+
Co == D C == D C ?
H,C” “CHs ~C7 NCHy ~c” CHy
enol deuteration H/ \H H/ \H
of enol - }
double bond loss of deuterium

on carbonyl oxygen

22.5 Alpha-bromination, followed by dehydration using pyridine, yields the enone pictured.

; ; fe.
C CH Br C CH5 pyridine ] CH
CHiCHF NG~ 2 s CHyOH5 ~G7 O ——= GHaCHy G772
N CH3COH N heat l
H H H Br H

1-Penten-3-one
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22.6
0] O OH
. PBra_| H g H é
ngfc‘mﬁ”_iL ~el e == \?4 Br
H CH(CH3)CHyCH3 | H CH(CH3)CHoCHy enolization CH(CH3)CH,CHs
formgtion ' Br, alpha.- .
of acid bromide substitution
I I
Br\C/C\OCH M— Bro .-C«
/A 3 reaction L& B
H CH(CH3)CH,CHy  with H  CH(CH3)CHoCHs
Methyl 2-bromo methanol

-3-methylpentanoate

The mechanism of the ester-forming step is a nucleophilic acyl substitution, which was
described in Chapter 21.

jok Z?: QE?.:— i

Br —= | B .G~ ~ B~ ~C=gr |—Br O«

Il
o7 e ¢\, C
S AN AN % EVAN

HOCHg

=0

OCHjy

addition ( H loss of elimination * Br
of methanol ‘Base  proton of bromide

22.7 Hydrogens a to one carbonyl group are weakly acidic. Hydrogens « to two carbonyl
groups are much more acidic, but they are not as acidic as carboxylic acid protons.

(a) (b) ©

O
o A Low wl
3 Ne”  SH (CH3)3C/ Ne” N7 No” )
N\ N\ N
H H H H H H most
weakly acidic weakly acidic weakly acidic acidic
(d) © ) o)
ﬁ CHac{"z Il
NP o—o=n H_Cu,-CHa
| /N |
H H H H H  CH,

weakly acidic weakly acidic weakly acidic
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22.8 Nitriles are weakly acidic because the nitrile anion can be stabilized by resonance involving
the z bond of the nitrile group.

H)C—C=N: =—> H,C=C=N:

22.9 Halogenation in acid medium is acid-catalyzed because hydrogen ions are regenerated:

@)

ﬁ HY
Hog O~ * X, —> X_ _C

c
/' \ /' \

Halogenation in basic medium is base-promoted because a stoichiometric amount of base is
consumed:

+ HY +
\H X

o

0
I _ I
H\C,C\+ Xo + BiT ——= X\C/C\+ BH + X

/' \ /\

22.10 The malonic ester synthesis converts a primary or secondary alkyl halide into a carboxylic
acid with two more carbons (a substituted acetic acid). Identify the component that
originates from malonic ester (the acid component). The rest of the molecule comes from
the alkyl halide, which should be primary or methyl.

(a) TSl LT T T

from halide { PhCHy+ CH,COZH

- ~ - -

,\" from malonic ester

~
~
'

-

1. Na* "OEt

CHo(CO,Et
200282 5 pnci,Br

PhCH2 - CH(COQEt)Z + NaBr

l HgO™, heat

@—CHZ—CchozH + CO, + 2 EtOH
3

-Phenylpropanoic acid
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(b) L= T~ .« o7 T7= ~.
iCH3CHZCHz‘:CHCO2H , from malonic ester
N - z ’i\-\: s -
from halide "9_H,3z'
1. Na* "OFEt
CHo(COLE), = »  CHaCHoCHy—CH(COoEt)y + NaBr

2. CH3CH,CH,Br
1. Na* ~OFEt
2. CHgBr

g
CH3CH2CH2 — ?HCOQH ‘—THGSZ_ CH3CH20H2 - CI;(C02ET)2 + NaBr

CHs CH3
2-Methylpentanoic acid
+ CO, + 2 EtOH

© e =

\\\ .
+ from malonic ester

- -
—— N e

CHp(COpEYy —N&" OBt (o) CHCHay—CH(COsEY, + Nabr
2. (CHa)oCHCH,Br

l H30™, heat

(CH3)2CHCH2—CH2002H + 002 + 2 EtOH
4-Methylpentanoic acid

22.11 Since malonic ester has only two acidic hydrogen atoms, it can be alkylated only two
times. Formation of trialkylated acetic acids is thus not possible.

22.12
from malonic ester

'I’, \\‘ ¢C02H
' '

Aot

from halides —
1. Na* "OEt
CH»(CO5Et > CH/CHCH, — CH(CO»Et + NaBr
2(COzEN, 2. CHaCHCH,Br 372 (CO2ED,
CIJH CHgl| 1. Na* ~OEt
3 2. CHgBr

+
CHs?HCHQ - ?HCOzH <—:e—3aot_— CchTCHz - C|3(002Et)2 + NaBr

CHj CHg CHz  CHs
2,4-Dimethylpentanoic acid
+ CO, + 2 EtOH
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22.13 As in the malonic ester synthesis, you should identify the structural fragments of the target
compound. The acetoacetic ester synthesis converts an alkyl halide to a methyl ketone
("substituted acetone"). The methyl ketone component comes from acetoacetic ester; the
other component comes from a halide.

(a) ”t— O—-N\\‘

P
- -~/

,’ ~ 1 ‘ )
from halide { (CH3)pCHCHy 7*CHoCCHg," from acetoacetic ester

CH iicH 1.Na" OBt _ o GHOH —CH@CH + NaBr
[ 2773 2. (CHg)oCHCH,Br 32 2 8

CO,Et CO,E
l Hz0", heat

I
(CHg)pCHCHy —CH,CCHg + CO, +  EtOH
5-Methyl-2-hexanone

b LAt
(b) o e 6™
from halide (:(’35H50H20H2>-L\QHZCCH3,; from acetoacetic ester
CH ECH 1 Na" OBl ot GHp— CHOGH, + NaBr
2778 2.CgHgCH,CHoBr 87972772 7 3
CO,E! CO,Et
l H30*, heat

0
I
CGHscHQCHz _CH2CCH3 + COz + EtOH
5-Phenyl-2-pentanone
22.14 The acetoacetic ester synthesis can only be used for certain products:

(1) Three carbons must originate from acetoacetic ester. In other words, compounds of
the type RCOCH3 can't be synthesized by the reaction of RX with acetoacetic ester.

(2) Alkyl halides must be primary or methyl.

(3) The acetoacetic ester synthesis can't be used to prepare compounds that are
trisubstituted at the o position.

(@ (b) (©)
H H 9 0
\C/ CH 2 HsC (I‘l
NAo U3 ~ 3 ~
C CHg CHg
Il H (?<CH
0 3 3
Phenylacetone Acetophenone 3,3-Dimethylbutan-2-one

(a) Phenylacetone can't be produced by an acetoacetic ester synthesis because
bromobenzene, the necessary halide, does not enter into SN2 reactions. [See (2)
above.]
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(b) Acetophenone can't be produced by an acetoacetic ester synthesis. [See (1) above.]

(c) 3,3-Dimethyl-2-butanone can't be prepared because it is trisubstituted at the o position.

[See (3) above.]
22.15
0 o)
CHoCCH 1.2 Na' “OFt > g CO,Et  +2NaB
[ 27773 2. BrCHaCHCHoCHBr 07 2 s
CO,Et
o l H30", heat

C + COp + EtOH

22.16 Direct alkylation is used to introduce substituents a to an ester, ketone or nitrile. Look at
the target molecule to identify these substituents. Alkylation is achieved by treating the
starting material with LDA, followed by a primary halide.

(@) o) 0
CH (I3ICH 1. LDA CHgCH
———
278 2 CHyl ;s
CHg

3-Phenyl-2-butanone

Alkylation occurs at the carbon next to the phenyl group because the phenyl group can help
stabilize the enolate anion intermediate.

() 1. LDA
CH30H2CHQCH20 =N — CH30H2CH20HC =N
2. CHaCH,I l
CH,CHg

2-Ethylpentanenitrile

© CHyCH=CH,
1. LDA N
2.ICH,CH=CH,
0 o)

2-Allyleyclohexanone

@ o
1. excess K¥ "OC(CHg)g HaC CHgz

2. excess CH3l

2,2,6,6-Tetramethylcyclohexanone
This alkylation can also be carried out using LDA as the base.
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9 i
Co CJ
CHoCHz 1. LDA CHCHj
2. CHgl !
. 3 CH3
Isopropyl phenyl ketone
®  chy o CHz O
I ; : 1. LDA C CI) ZHgOC
HCH,COCH —_— HzCH H
CHaCHCH, 3 2. CH3CH,l St 3
CHoCHg

Methyl 2-ethyl-3-methylbutanoate

Visualizing Chemistry

22.17 (a) Check to see if the target molecule is a methyl ketone or a substituted carboxylic acid.
(The target molecule is a methyl ketone, and the reaction is an acetoacetic ester synthesis.)
Next, identify the halide or halides that react with acetoacetic ester. (The halide is 1-bromo-
3-methyl-2-butene.) Formulate the reaction, remembering to include a decarboxylation
step.

, ~
—————— N

I
from halide ('CH3)20 CHCHZ, \CHQCCH;;, from acetoacetic ester

S~o _ e Sec-”

] 1. Na* ~OEt I
H >  (CHg),C=CHCH,—CHCCH NaB
FH2CCHs 5 Chg)sC=CHCH,Br (CHa)2 2 QHCCHg + NaBr

CO,Et CO,Et
l H30*, heat

0
I
CO, + EtOH + (CHg)yC=CHCH,—CH,CCHs

6-Methyl-S-hepten-2-one

(b) This product is formed from the reaction of malonic ester with both benzyl bromide and
bromomethane

,’ - ’— ~q

'CeHscHz; fiHCozH "y from malonic ester

from hzlﬂ&es \CH3’
1. Na* "OEt

2. CGHsonBr o

CHQ(CO2Et)2 C6H5CH2 - CH(COzEt)z + NaBr

1. Na* "OFEt
2. CHsBT
H30*
CSHSCHZ_(I:HCOZH heat C6H5CH2-?(002ET)2 + NaBr
CHj CHj
2-Methyl-3-phenylpropanoic acid + CO, + 2 EtOH



588 Chapter 22

22.18

0 W E O

Ordinarily, p-diketones are acidic because they can form enolates that can be stabilized by
delocalization over both carbonyl groups. In this case, loss of the proton at the bridgehead
carbon doesn't occur because the strained ring system doesn’t allow formation of the
bridgehead double bond. Instead, enolization takes place in the opposite direction, and the
diketone resembles acetone, rather than a p-diketone, in it pK, and degree of dissociation.

22.19

Enolization can occur on only one side of the carbonyl group because of the two methyl
groups on the other side. The circled axial hydrogen is more acidic because the p orbital
that remains after its removal is aligned for optimum overlap with the = electrons of the

carbonyl oxygen.

Additional Problems

22.20 Acidic hydrogens are bold. The most acidic hydrogens are the two between the carbonyl
groups in (b) and the hydroxyl hydrogen in (c). The hydrogens in (c) that are bonded to
the methyl group are acidic (draw resonance forms to prove it).

(@)

I
CHaCHoCHCCHg

CHg

(d)

@[COZCHS
CH,CN

(b)

(e

Cl

I O=0
/

(©) (ﬁ
HOCH,CH,CC=CCHy

® o
Il
CH3CH20(|3= CH2

CHa
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22.21 Check your answer by using Table 22.1.

Least Acidic —» Most Acidic
0 0
11 I I I I
(CHyCHo)pNH < CHGCCHg < CHaOHzOH < CHgCCHZCCHs < CHgCHoCOH < CCIaCOH
22.22
(@) 0 :O: 0 :0: 0: 0%
I ) G
HaC” ‘c|5/ ~CHg HaC” Q?/ “CH, HaC” \<|:/’ “CH,
H H H
®) HooO H o 0t H O
N SR P
H - H e
3 \?// \?/ CH3 3 \|// \Clé \CH3 3 \?/ chz/ \CH3
H H H H H H
(C)'N yl N % N
Ny~ - A3 SN
C.— C - C C -—— C C
\(f/ \CH3 \?4 \CH3 QCI/ \CH3
H H H
O i i )
G Ot G o CHs Ca o O3 Csgr
|| - | - | - |
0 :0 101 01
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©) 10t : 0t :0:

0 HoH 0
P L P A
C =-=—> C —=—» C -
\ \ \
OCH3 OCHg OCHg
0. :0:
108 :0: ) o )
oK o} 0]
/] / /
O‘ C\ - C\ e C\<—>
OCHg OCHg OCHj
:0: MoK
0

22.23
® CO,H
2 COoH
COoH  heat
_— + CO,
(b) CHg
0§Q¢o . Nat omt  © 0
2. CHgl
© PBrg H,0
CH3CH2CH2C02H '—B"r"—) CH3CH20|HCOBF — CH3CH2CI;H002H
2
Br A Br B
(d) o o
g i
“CHz  “OH, H,0 ~o
+ HCIS
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22.24
(a) 1. Na* “OEt
H Et - HaCH,CHy, —
CH5(COoEY), 2.CH3CH20H287 CH3CH,CH,— CH(CO%Et), +  NaBr
l H30+, heat
EtOH
CH30H20H2CH2C02Et H‘;T_ CH3CH20H20H2002H
catalyst
Ethyl pentanoate y + CO, + 2 EtOH
(b) 1. Na* “OEt
CH Et - - CH3),CH— CH(CO5Et NaB
2(COxEN, 2. (CHag)oCHBr (Cg)a (COzENp + Nabr
l H30", heat
EtOH
(CH3)2CHCH2002Et ﬁ—t‘ (CH3)2CHCH2C02H
catalys
Ethyl 3-methylbutanoate + CO, + 2 EtOH
Some elimination product will also be formed.
(©) CHg
+ - 1. Na* "OEt I
CHa(COZE, % CHyCHaCH(COzE) 5= CHaCH,C(COEN,
i + NaBr e + NaBr
+
?Ha ?HG} l H30", heat
EtOH
CH30H2CHC02Et “—+—'— CHSCHQCH002H + COQ + 2 EtOH
H™ catalyst

Ethyl 2-methylbutanoate

(d) The malonic acid synthesis can't be used to synthesize carboxylic acids that are
trisubstituted at the alpha position.

22.25 Look back to Problem 22.14, which describes compounds that can be prepared by an
acetoacetic ester synthesis. Neither (a) or (c) are products of an acetoacetic ester synthesis
because the halide component that would be needed for each synthesis doesn’t undergo
Sn2 reactions. Compound (b) can be prepared by the reaction of acetoacetic ester with 1,5-

dibromopentane.
22.26
(a) 0 0
.2 Na" " Hz0" I
CHaCCHg ;_ 2 "C’; c:Er;r= (CHaCH)20CCH 3 (CH3CHg),CHCCHg
COEt ' 3 COLEt 3-Ethyl-2-pentanone

+ 2 NaBr + CO, + EtOH
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(b) 0
1. Na* “OFEt
H,CCH » CH3CH>,CH,CHCCH + NaBr
HaCCHs 5 CHaCH,CHoBr o~ 27 2] 3
CO,E CO,Et
1. Na* “OEt
2. CH3BI’
HiC¢ O HsC O
3 I Hy0* 3T 1
CHscHchch—CCHQ W CHSCH2CH20| "'CCH3 + NaBr
3-Methyl-2-hexanone CO,Et

+ COp + EtOH

22.27 Use a malonic ester synthesis if the product you want is an a-substituted carboxylic acid or
derivative. Use an acetoacetic acid synthesis if the product you want is an o-substituted
methyl ketone.

(a) + 5
1.2 Na* "OEt
»  CH3C(CO.Et), +2NaB
CHa(COEN2 55 Griagr 3Q(COEN) asr
CHg
(b) Q
I
8 _ CCH
+ 3
CHaCCHg 1.2 Na” "OFEt - + NaBr
I 2. BrCHo(CHy)4CHBr CO,Et
CO,Et 2
l H30™, heat
i
CCH3 + CO, + EtOH
H
© 1.2 Na* ~OEt COE
CHy(COEN, - + 2 NaBr
2. BTCHQCHchzBl’ COzEt
l Ha0*, heat

COH + CO, + 2 EtOH
C :H
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(d) ﬁ
CH,CCH, —Na’ Ot » H,C=CHCH,CHCCH; + NaB
27778 T H,C=CHCHBr 2 2] 3 r
COLEt COLE

lH3O+, heat
Il
H20=CHCH20H2CCH3 + 002 + EtOH

22.28 The haloform reaction (Problem 22.23d) is an alpha-substitution reaction in which a
methyl ketone is trihalogenated at the alpha position, and the trihalomethyl group is
displaced by —OH. It is a test for methyl ketones.

Positive haloform reaction: Negative haloform reaction:
0 I
(a) CHsCCH5 (b) CgHgCCHs (¢) CHgCH,CHO (d) CHCO,H (€) CH4CN

22.29 When a compound containing acidic hydrogen atoms is treated with NaOD in D50, all
acidic hydrogens are gradually replaced by deuteriums. For each proton (atomic weight 1)
lost, a deuteron (atomic weight 2) is added. Since the molecular weight of cyclohexanone
increases by four after NaOD/D50 treatment (from 98 to 102), cyclohexanone contains

four acidic hydrogen atoms.

0 0]
H H  NaOD, D0 D D
H H m/—/]/——— D D

22.30 Enolization at the y position produces a conjugated enolate anion that is stabilized by
delocalization of the negative charge over the = system of five atoms.

22.31 The illustrated compound, 1-phenyl-2-propenone, doesn't yield an anion when treated
with base because the hydrogen on the o carbon is vinylic and isn't acidic (check Table
22.1 for acidity constants).

0
I

O . .zCH2
©/ (|3 1-Phenyl-2-propenone
H
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22,32 Reaction of (R)-2-methylcyclohexanone with aqueous base is shown below. Reaction with
aqueous acid proceeds by a related mechanism through an enol, rather than an enolate ion,
intermediate.

Go: g
H

- -CHg

éb':

(R)-2-Methylcyclohexanone

Carbon 2 loses its chirality when the enolate ion double bond is formed. Protonation
occurs with equal probability from either side of the planar spz—hybridized carbon 2,
resulting in a racemic product.

22.33

(or i GG

CHs
(§)-3-Methylcyclohexanone

(S)-3-Methylcyclohexanone isn't racemized by base because its chirality center is not
involved in the enolization reaction.

22.34 The Hell-Volhard—Zelinskii reaction involves formation of an intermediate acid bromide
enol, with loss of stereochemical configuration at the chirality center. Bromination of (R)-
2-phenylpropanoic acid can occur from either face of the enol double bond, producing
racemic 2-bromo-2-phenylpropanoic acid. If the molecule had a chirality center that didn't
take part in enolization (Problem 22.33), the product would be optically active.

22.35

0 0O CHg (0] 0]
CO,CHj4 CO,CHg CHz HsC CHg
a b c

(a) Na* "OEt, then CHal; (b) H30%, heat; (c) LDA, then CH3l
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22.36

+
Cos N HTQH " OH

o
U C M {'OHz + Hg0"

- B
protonation of abstraction
carbonyl oxygen of a proton  enol
. YLH
*OH +: .0 HoH
C QN _:0H, 0 .
+ HSO
ﬂ —_— —
+ -— —-———
H—0H,
protonation loss of proton
aty position on oxygen

22.37

GO: oy [ .o: :0:

:0: :0: i
o H ~ _H H
-— - - (_—)'
| H—OH
H H G

. LY H .+ "OH
abstraction protonation
of o proton aty position

The enolate of 3-cyclohexenone can be protonated at three different positions. Protonation
at the y position yields the o.8-unsaturated ketone.
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22.38

CHg

—
- —

abstraction
of y proton

H

abstraction
| of aproton

H

H

H

H

H{E_)—H

All protons in the five-membered ring can be exchanged by base treatment.

protonation
at o position |

protonation
aty position H

:0:

CHg

22.39 Protons o to a carbonyl group or y to an enone carbonyl group are acidic (Problem 22.37).
Thus for 2-methyl-2-cyclopentenone, protons at the starred positions are acidic.

o
CHg

Isomerization of a 2-substituted 2-cyclohexenone to a 6-substituted 2-cyclohexenone
requires removal of a proton from the 5-position of the 2-substituted isomer. Since protons
in this position are not acidic, double bond isomerization does not occur.
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22.40
: Base
2"04POCH, 2"04POCH,

|
Z NF N 28~ -
N A

22.41 Decarboxylation, which takes place because of the stability of the resulting anion, is
followed by protonation.

0]
\ L
{ as CO2
C02 >
(\ o) + 002
0 0 10
HLA l
COy~
+ A
0]
HO

22.42 A nitroso compound is analogous to a carbonyl compound. If there are hydrogens o. to the
nitroso group, enolization similar to that observed for carbonyl compounds can occur,
leading to formation of an oxime. If no hydrogens are adjacent to the nitroso group,
enolization to the oxime can't occur, and the nitroso compound is stable.
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22.43 First, treat geraniol with PBr3 to form (CH3);C=CHCH,CH,C(CH3)=CHCH;Br

(geranyl bromide).

(a)
CH3002Et %';_Zr'%;yl_’ (CH3)2C = CHCHzCHzC(CHs) — CHCH20H2C02E'(
" bromide Ethyl geranylacetate

Alternatively:
a" “OEt
(CH3)QC = CHCHQCHzc(CHa) == CHCHzCH2(COQEt)2

CHa(COxE) 2 Geranyl
bromide l H30™, heat
CO, + 2 EtOH + (CHg)C=CHCH,CHyC(CH3) == CHCH,CH,COoH
1.S0Cl,
2. EtOH, pyridine
(CH3),C=CHCH,;CH,C(CH3)==CHCH,CH,CO5Et
Ethyl geranylacetate

b

(b) o o
CH gCH 1. Na" "OEt (CH3)»C=CHCH,CH,C(CH,) =—CHCH CH|CI20H
l 2 3 2. Geranyl 3/2 212 3 2I 3

COoEt bromide l H30+, heat CO,Et

0

(CHg)oC =CHCH,CHoC(CH3) = CHCH,CH,CCHj
Geranylacetone

o)
(:/r PhyP— CH2 O/
——'P

002 + EtOH +

22.44
(@

(b)
1. BHg, THF _

2. HyOp, “OH

CHon CHzBr
O/

product
of (a)
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© 5
CH,CgH
1. LDA 2res
2. CeHsCHzBI’
(d) CH,CH(CO,Et), CHoCHoCOoH
B 0" heat + 2 EtOH
CHo(COEY), 1. Na* ~OEt 30 . heat + CO,
2. product of (b)
©®© o HO  CN CO2H

Warm aqueous acid both hydrolyzes the nitrile and dehydrates the alcohol.

0]
Pyrldlne
CH3COZH heat

22.45 Treatment of either the cis or trans isomer with base causes enolization a to the carbonyl
group and results in loss of configuration at the o position. Reprotonation at carbon 2
produces either of the diastereomeric 4-terz-butyl-2-methylcyclohexanones. In both
diastereomers the tert-butyl group of carbon 4 occupies the equatorial position for steric
reasons. The methyl group of the cis isomer is also equatorial, but the methyl group of the
trans isomer is axial. The trans isomer is less stable because of 1,3-diaxial interactions of
the methyl group with the ring hydrogens.

20 o)
OH
(CHg)sC . CHy ™ (CHg)C ~-H
H H
H

cis H H trans CHg
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22.46 (a) Reaction with Br; at the a position occurs only with aldehydes and ketones, not with
esters.

(b) Aryl halides can't be used in malonic ester syntheses because they don't undergo Sn2
reactions.

(c) The product of this reaction sequence, H{C=CHCH,;CH,COCH3, is a methyl ketone,
not a carboxylic acid.

22.47 The reaction of cyclohexanone and tert-butylmagnesium bromide gives the expected
carbonyl addition product. The yield of the tert-butylmagnesium bromide addition product
is very low, however, because of the difficulty of approach of the bulky zerz- butyl
Grignard reagent to the carbonyl carbon. More favorable is the acid-base reaction between

the Grignard reagent and a carbony! a proton.

o: OMgB
/algBr gH(;(CH )
[SI—, +
<>Hr/\C(CH3)3 ¥3

When D30" is added to the reaction mixture, the deuterated ketone is produced.
OMgBr o]
D

/\ : Base
H

22.48

H{C—OH 1. |[H—C—O 2. c=-0: 3. c
| . <—_) ” ".‘— 2 || 2 ‘

Mif& wi;Q- A Ni:OH H:iv—OH

Step 1: Base-catalyzed enolization.
Step 2: Equilibration of two enolates by proton transfer.

Step 3: Protonation.
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22.49
H-O- —_ . . CB + Br_ -— e s
: HoH Q: oK HoHH o3|
\_>H Br _ (\Br y\: OH G 9
—-_— —_— —_—
loss of
proton at displacement nucleophilic
o position of bromide addition of "OH | ring
opening
//O //O //o
HO—C 0-C HO—C
H30+ .
H20 + - -
proton
protonation transfer
22.50
Qo: B v ] 0
y o :CHy—N=N + N,
— ——
nucleophilic addition ) " bond migration
of diazomethane and loss of Ny
22.51
J~ +Base
. CGHS —Se—Cl H —
0 OH +0 * C
[l HCl C\l / (]
/C\C/H b /CQC/ _— /C\C/Se CgHsg
acid-catalyzed | attack of enol
enolization n electrons on 1 £
(Figure 22.1) phenylselenyl :0: l 0ss of proton
chloride, with a
loss of CI- _ C\C _Se—CgHg

/\

601
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22.52
Dialkylation of diethylmalonate:
CO,Et _ CO,Et CO,Et
< 2= 1.Na* TOE - 2~ q.Na* OBt 2
2. CH3CH,CH,CHCHg g
COLEt g2 gy 3 CO,EL 2. CH3CHoBr CO,Et
Br
Nucleophilic acyl substitution:
10: :0f 10 .ot
0\:)/0& \ JOEt o { QB
c "\ C\ / C\ /
3 NHe=G NH -C
HN  — NHy — >
COzEt cC=0 COzEt 2 COzEt NH2
/
HoN . l
) 0
A\ (l 0
©=0 - NH=C
L —NH ‘ CO,Et NHz
0]
Pentobarbital + EtOH

The series of steps is repeated to form the 6-membered ring.
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22,53 Start at the end of the sequence of reactions and work backwards.

(a) Because the keto acid CoH | 3NO;3 loses CO; on heating, it must be a B-keto acid.
Neglecting stereoisomerism, we can draw the structure of the B-keto acid as:

HaC~ HaC~ HaC—
SN COLH =N COLH N CO,CHy
H H H
0O,CPh
o] W OH H 2
keto acid Ecgonine Cocaine

(b) When ecgonine (CoH5NO3) is treated with CrOs3, the keto acid CoH3NO3 is
produced. Since CrOs is used for oxidizing alcohols to carbonyl compounds, ecgonine
has the structure shown above. Again, the stereochemistry is unspecified.

(c) Ecgonine contains carboxylic acid and alcohol functional groups. The other products of
hydroxide treatment of cocaine are a carboxylic acid (benzoic acid) and an alcohol
(methanol). Cocaine thus contains two ester functional groups, which are saponified on
reaction with hydroxide.

The complete reaction sequence:

HaC— H C\

N CO,CHy 3 CO,H
+ CH50H

“OH, H,0 3
——
+ CgHgCOLH
0,CPh
Cocame Ecgonme
CI’O3, H3O
HaC—p HyC~p

CO5H
heat

Tropinone o ketoacid O
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22.54 Laurene differs in stereochemical configuration from the observed product at the carbon o.
to the methylene group. Since this position is a to the carbonyl group in the precursor to
laurene, enolization and isomerization must have occurred during the reaction.

Isomerization of the ketone precursor is brought about by a reversible reaction with the

basic Wittig reagent, which yields an equilibrium mixture of two diastereomeric ketones.
One of the ketone isomers then reacts preferentially with the Wittig reagent to give only the
observed product.

+
Hzcl:spphs

Acid-base reaction
between the starting

material and the
Wittig reagent

Wittig
reaction

(Figure 19.13)

CHjy |

of enolate

l isomerization

o+
CH3 + HZC—PPh3
--H

-

CH3 CHS

22.55 The key step is an intramolecular alkylation reaction of the ketone o-carbon, with the
tosylate in the adjacent ring serving as the leaving group.

0 _ 0 -
Base v
—_—
abstraction -
of a proton W AN
| TosO H ]
alkylation, with
-—OT_os asa
. CHy leoavmg group
H
8 = . HsC
H 2C _PPh3

Sativene

-
Wittig reaction \[’,
+ OTos
Ao
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22.56
' 0 H 0
| * “OEt Il =
CHyCNHECOpE  ———— CHyCNHCCO,Et
formation
COoEt of enolate COE
l CH3l  alkylation
H3O+ heat [
HoNGHCOH CH3C-§NHC C-5 OEt

ester hydrolys1s

CH? amide hydrolysis CO2Et
Alanine decarboxylation

+ 2 EtOH + CO, + CH3CO,H

Acid hydrolyzes both ester bonds, as well as the amide bond, by mechanisms that were
shown in Figure 21.8 and Section 21.6. Decarboxylation of the B-keto acid produces

alanine.
22.57
CHo(CO,Et 1. Na” "ORt > (CHa)sCHCH,CH(COE
2(C0E02 5 T (CRgaCHCRBr - (CHa)2CHCHACH(COAEY,
l HgO*, heat
!?r
1. Brs, PBr
(CH3)QCHCHQCH002H 2. H220 3 (CH3)20HCHQCH2002H + CO2 + 2 EtOH
NH
l ° NH2
(CH3)oCHCH,CHCO,H
Leucine

A malonic ester synthesis is used to form 4-methylpentanoic acid. Hell-Volhard—Zelinskii
bromination of the acid, followed by reaction with ammonia, yields leucine. The last
reaction is an SN2 displacement of bromide by ammonia.
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(\
H—A
(s o -
(@]
Carvone

22.58






