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This chapter continues the discussion of the
families of compounds in Group IV

Group IV
Z=an atom

| more

C electronegative
R >Z A than carbon

O

[ |
R/C\z _Z=RorH|
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Aldehydes and Ketones

i i i
H/C ~H R/C\H R/C\R’
formaldehyde an aldehyde a ketone

Carbonyl compounds with hydrogen and alkyl groups
+ Formaldehyde: two hydrogens

* Aldehyde: a hydrogen and an alkyl group

» Ketone: two alkyl groups
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Some Aldehydes and Ketones
found in Nature

(0] 0 HsC CH,4 CH; CH;
0] 0.
wn \(‘j fj
HO I -
cinnamaldehyde 3 -3
QCH 3 cinnamon flavoring CHjy o) /( \ /( \
. — HC©  CH, H,¢" CH,
vanlraravenng (R)-(-)-carvone (5)-(+)-carvone
spearmint oil caraway seed oil
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Biologically Important Ketones

progesterone testosterone

© 2016 Pearson Education, Inc.

Naming Aldehydes

8/15/2016

O (0] O
g g 'c'
H~ H CH;y" OH CH;CH~ H
systematic name: methanal ethanal l|3r
common name: formaldehyde acetaldehyde

2-bromopropanal
a-bromopropionaldehyde

(6] (0]
I I 5
CH;CIHCHz/ ~H CH;?HCHZ/ SH H\(\/\)\H
Cl CH; O
systematic name: 3-chlorobutanal 3-methylbutanal hexanedial
common name: B-chlorobutyraldehyde isovaleraldehyde
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Naming Ketones

o) 0
! ! g
CH;” SCH; CH;CH3;  CH,CH,CHj M

systematic name: propanone 3-hexanone 6-methyl-2-heptanone
common name: acetone
derived name:  dimethyl ketone ethyl propyl ketone isohexyl methyl ketone

the carbonyl is assumed to be at the 1-position in cyclic ketones

(0}
(@ [
¢ CH; O O
é CHy” \ﬁ/ I I
& G
o) CH;” “CH;  CH,
systematic name: cyclohexanone butanedione 2,4-pentanedione
common name: acetylacetone
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Aldehydes and Ketones are
attacked by Nucleophiles

The partial positive charge on the carbonyl carbon causes it to
be attacked by nucleophiles:
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Aldehydes are more
reactive than Ketones

Electronic Reason:

An aldehyde has a greater partial positive charge on its
carbonyl carbon than does a ketone because a
hydrogen is more electron withdrawing than an an alkyl

group.
relative reactivities
(0] O (0]
@ b B
H- SH R™ OH R~ R
formaldehyde an aldehyde a ketone
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Aldehydes are more
reactive than Ketones

Steric Reason:

The carbonyl carbon of an aldehyde is more
accessible to the nucleophile.

relative reactivities

O O O
J R . N
CH3 CH,4 CH3 (fHCH; (,‘H;(ITH (l“,HCH;
CH; CH; CHj,

ketones with larger R groups are even less reactive
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Aldehydes and Ketones are
moderately reactive Carbonyl Compounds

relative reactivities of carbonyl compounds

acyl halide > acid anhydride >(aldehyde > ketone)> ester ~ carboxylic acid > amide > carboxylate ion

least reactive

Aldehydes and ketones are less reactive than acyl halides and
acid anhydrides.

most reactive

Aldehydes and ketones are more reactive than esters,
carboxylic acids, amides, and carboxylate ions.
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Aldehydes and Ketones react differently
than do Carboxylic Acid Derivatives
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. _ Z has substituted for Y
i 1 |
C + & = R—C—Y = C + Y
~ ~
R~y I R~ Tz
Z
duct of
a group that can be replaced nplrze;;hinlic
by another group acyl substitution
0 [on OH
< , e o oL
IQ/(%\ + ZJ. — R—(J —R R— l.—R
S~ S Z Z

R’ is too basic to

be eliminated
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product of nucleophilic
addition

In a carboxylic acid
derivative, Y- can leave.

Nucleophilic acyl
substitution is observed.

In aldehydes and
ketones, neither alkyl
nor hydride groups
can leave.

Nucleophilic addition is
observed.
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Organometallic Compounds

than carbon

carbon is an
electrophile =
/ more electronegatlve

5+ o

CH:CH,—Z + Y- —> CH;CH,—Y + Z~

electrophile nucleophile

CHyCl

carbon is a -
nucleophile less electronegative
than carbon
¥ 5- 5t

CH}CHa_M + E* _— CH;CHg—E + Mt

nucleophilel Ielectrophile}

CH,Li
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Organometallic Compounds:
Grignard Reagents

CH3CH2BI' CH3CH2MgBr

Mg
—
Et,0

.s +
CH;CH,MgBr reacts as if it were CH3;CH, MgBr

Grignard reagents react as carbanions.

M H,O0
CH;CHzCleCH:; ﬁ) CH';CHz(l:HCH‘} ;) CH}CHECHECH;

2
Br MgBr

They are strong bases and react vigorously with water.
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Mechanism for the reaction of an Aldehyde
or a Ketone with a Grignard Reagent

Grignard reagents react with aldehydes, ketones, and
carboxylic acid derivatives.

0
Cg (|y MgBr (|)H
R A>RMH) + R'>MgBr —> R—C—RaH) M0, R—C—RH)
R’ R’

Addition of dilute acid breaks up the complex.
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Grignard Reagents are used
to prepare alcohols

~0
G

le
H™ QH

+ CHyCH,—MgBr —— CH;CH,CH,0” MgBr 129, CH,CH,CH,OH

o

formaldehyde ethylmagnesium an alkoxide ion 1-propanol
bromide a primary alcohol
_ -
~0 O~ MgBr OH
“ H30°* |
G, + CH;5MgBr — CH;CH,CHCH; ——— CH;CH,CHCH;
CH;CH; 4 'H
7'//
propanal methylmagnesium 2-butanol
bromide a secondary alcohol
#0 O™ MgBr OH
~ | H;0*
L + CH3;CH;—MgBr — CH;CCH,CH,CH; ——— CH;3CCH,CH,CHj;4
CHY 4 “CH,CH,CH4 4 [ I
i CH,CH; CH,CH;
2-pentanone i - ethylmagnesium 3-methyl-3-hexanol
bromide a tertiary alcohol
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Grignard Reagents form Carboxylic Acids
by reaction with Carbon Dioxide

Y | H;0' [l
O0=C=0 + CH;3CH,CH,—MgBr — /(‘\ i —2 /(V\
e e~ olae CH;CH,CH,; O MgBr CH;CH,CH; OH
carbon propylmagnesium butanoic acid
dioxide bromide

The carboxylic acid has one more carbon than the Grignard
reagent.
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Examples of reactions
with Grignard Reagents

0
I 1. QMgBr (le
CL. o CH;CH3CH3CH~©

CH5CH,CH; H
butanal 1-phenyl-1-butanol

The numbers above and below the arrows mean the acid is

not added until the Grignard reagent has reacted with the
carbonyl compound.

The product of this reaction is a racemic mixture because a
compound with an asymmetric center was created from a
reactant without an asymmetric center.
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Esters react with Grignard Reagents
to form alcohols

product of
product of nucleophilic nucleophilic
addition-elimination addition
I CH3MgBr CH3MgBr H30"
GL 30, CHaMoBr, (o CH; -3 R— c— CH4
R OCH; R” CH; | |
CH; CH;
an ester a ketone a tertiary alcohol
a second addition of the
Grignard reagent occurs
'6‘5: 0 MgBr "i'li: \ :i[if‘ MgBr :(‘SH
| H;0°
C . . + CHyMgBr — R— ( OCH; —> _C__ SHy—Mobr, g ¢ cHy —225 R—C—cH,
R” X OCH; R7X ™~ CHyj | |

- ( Hy 3 CH, CH;3
an ester S a ketone .

a group is eliminated from +
the tetrahedral intermediate +:CH;0
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Acyl Chlorides react with
Grignard Reagents to form alcohols

| (I)H
1. 2 CH3CH,MgB
_C ot CHyCH,CH,CCH,CH;
CH,;CH,CH, £l "Es I
: CH,CH;
butyryl chloride 3-ethyl-3-hexanol

© 2016 Pearson Education, Inc.

a tertiary alcohol

+ CH;OH
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Reaction of Aldehydes and Ketones
with Cyanide lon

” OH
HCl
.y + C=N — R—C—E=0
R R(H) excess
R(H)

a cyanohydrin

C’O" O'/\ A :ilj'H

R—C—C=N + C=N

R/Qa—/ | I
R R

acetone cyanohydrin
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Reactions of Cyanohydrins

OH OHO Hydrolysis to form an
R_é_CEN HCl, H0 R_Cl_'C'OH a-hydroxycarboxylic
| A | o
% B acid.
a cyanohydrin an a-hydroxycarboxylic acid
(|)H Cl)H Reduction to a
R—CH—C=N —— " __ . R_CH—CH,NH, Primary amine with
Raney nickel i
an OH group on the
B-carbon.
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Reactions of Aldehydes and
Ketones with Hydride lon

| 1. NaBH,
_—

(& = CH;CH,CH,CH,OH
CH;CH,CH; "H 2 H0
butanal 1-butanol
an aldehyde a primary alcohol
OH

Il |
1. NaBH, . CH,CH,CH,CHCH,

CH:CH,CH; | CH; 2 MO
2-pentanone 2-pentanol
a ketone a secondary alcohol
O (on OH product of
(” = | H30* | nucleophilic
R/C\R’(H)+/H_BH3 R_CI_R(H) —> R—C|—R(H) addition
A RH H i
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Reactions of Acyl Chlorides
with Hydride lon

(": 1. 2NaBH,
CH;CH,CH;~ >Cl 2. H30'
butanoyl chloride

CH;CH,CH,CH,0OH
1-butanol

product of nucleophilic
addition-elimination product of
nucleophilic

v . addition
§ B & A
= il = H--BH H;0"
G + H—BH; — R—C—Cl — C /———25 RCH,0~ —— RCH,OH
R QC] : hd R b “H a primary alcohol
an acyl chloride +* Cl

a group is eliminated
from the tetrahedral | an aldehyde
intermediate
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Reaction of an Ester with Hydride lon

I 1. 2LiAIH
- 4, CH;CH,CH,OH + CH;0H

| - 2. H30"
CH;CH3; OCHj3 . 1-propanol methanol

methyl propanoate
an ester
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Mechanism for the reaction of an
Ester with Hydride lon

product of nucleophilic| | product of
addition—elimination nucleophilic
»O: :0: s0: 2 — addition
I ! B 7 . o e N
C + H—AlH; — R—C—OCH; —  C [ HZAMs | pemr 290 RCH,0H + CHLOH
A . 4 | 7N i - 2
R \OCH; /\ R H / a primary

s (=t
an ester agroup is analdehyde + CH;0 alcohol
eliminated
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Reactions of Carboxylic Acids
with Hydride lon

(0)
[
CH,CH;” “OH
propanoic acid

1. LiAIH
W CH;CH,CH,OH

1-propanol
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The Reactions of Amides
with Hydride lon

i
1. LiAIH
N CH;NH,
benzamide benzylamine
a primary amine
i
1. LiAIH
P 8 —+o ~ CH;CH,NHCH,
CH;3 NHCH; 112
ethylmethylamine
N-methylacetamide a secondary amine
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Aldehydes and Ketones form Imines
with Primary Amines

R trace R
N acid \
/C =0 + CH‘;CHZNHZ /C=NCH2CH3 < HZO
H H
an aldehyde a primary amine an imine
R trace R
\ acid s
/C =0 + CH,NH, — /C=NCH2 + H,O
R R
a ketone a primary amine an imine
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Bonding in an Imine

* The mbond is formed by side-to-side overlap of a p orbital
of carbon with a p orbital of nitrogen.
* The 1 bond is perpendicular to the orange orbitals.
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Mechanism for Imine Formation

HTB , HB*
/
//
O :0H :0H
() + RNH — =
NH;R ;NHR NHR
K"l_li neutral tetrahedral
B intermediate
n;deoghlle[add;to N-protonated h a carbinolamine
thecarbony icarbon carbinolamine

O-protonated
carbinolamine
NR =
o U 1 \HR elrmmatlon
ter

HB' + H,0 H_ .

an imine a protonated imine
removal of

a proton
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Intermediates in Imine
Formation are unstable

OH OH OH
R—Cl—R R—Cl—R R—Cl—R
Irll C|H3 ‘NHCH;
stable tetrahedral compounds unstable tetrahedral compound

* |mine formation is reversible because there are two
protonated intermediates in the mechanism that can

eliminate a group.
* |Imine formation can be pushed to completion by removing

water as it is formed.
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Imine Hydrolysis is Irreversible

R R
\ HCI \ +
/C:NCH2CH‘§ + Hzo —_— /C:O + CH}CHzNH;
R R

The amine is protonated in the acidic solution, so it is unable
to react with the carbonyl compound.
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Reductive Amination

The unstable imine formed from ammonia is hydrogenated to

an amine.
R\ trace 'R\ i R\
id ‘ H
C=0 + NH; —= C=NH| - CHNH,
R/ excess R/ R/

unstable
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The reaction of an Aldehyde or
Ketone with an alcohol

(”) OH

HCl |
+ CH;OH
R” TH(R)

OCH;
CH30H, Hcl
— R—C—H®)

R-—(I‘,—H(R) + H,0
OCH;

an acetal

OCH;
an aldehyde or a hemiacetal
a ketone
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Mechanism for the reaction of
an Aldehyde or Ketone with an alcohol

s H BT +
iox W >"OH
I o 33 \

C — (0] + CH;0H == R—C—R — R—C—R
ROR NI o
e »+OCHj4
the acid protonates —|
the carbonyl oxygen

. R +
. . H+B
‘OH ‘OH [

either the OH
: or the OCH3
‘OCH; | can be protonated

f

the nucleophile adds to
the carbonyl carbon

H a hemiacetal
LB H
H—B* i i

se 2] +H

‘0CH,3 > :0CH; G5 e ¢ *OH water is
N s Y

| 1 Py

:OCH; :0CH;4 ‘m.g)(‘H‘ ~OCH;
an acetal

+ H0 an O-alkylated
= intermediate
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Acid-Catalyzed Hydrolysis of an Acetal

OCH;
HCl |
R—C—R + H,0 —— /C\ + 2 CH;0H
| excess R R
OCHj
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a,B-Unsaturated Aldehydes and Ketones
have two Electrophilic Sites

:0 :07 07
= | |

B a C C &
RCH=CH” >R «— RCH=@3+\R «— RCH—CHZ ™R
+

an a, B-unsaturated
carbonyl compound
| electrophilic site | electrophilic site
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Direct addition to a,8-Unsaturated
Aldehydes and Ketones

o v

T 0 OH

= A I H,0 |

Yig RCH=CHZI™R —> RCH=CH~(|‘,~R ~2=, RCH=CH—C—R
=1 Y / Y

direct addition product |
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Conjugate addition to a,B-Unsaturated
Aldehydes and Ketones

conjugate addition
I

0 0 o
o A L !
; 4| £
Y: RCH=CH” >R — |RCH—CH~ >R «— RCH—CH?Z R
N A 3 | |
Y Y
resonance contributors
leo
OH

o)
I |
C

Co

> Gt ¥ . C
conjugate RCH—CH; R “=- RCH—CH R
addition product \I, ‘Y
keto tautomer enol tautomer
tautomerization
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Weak Bases form
Conjugate Addition products

i I
_C_ + HBr — _C
CH,=CH”~ CHj BrCH,CH;  “CH,
0 0
G —
SCH;
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Strong Bases form
Direct Addition products

direct addition
product
(0]

N~ H  1.NaBH, N0
B —
2. EtOH
direct addition
9] product
(”j 1. CHsMgBr OH

|
~ H 2. EtOH CH,=CH—CHCH,

CH,=CH
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Nucleophilic Addition to a,B-Unsaturated
Carboxylic Acid Derivatives

i
(€ C
~ B
@ d + CHOH —— O/ el

product of
nucleophilic
addition—

0 elimination

(0]
! ]
S ~
@ NHCH, | oy on C[ NHCH;
OCH;
’ product of
conjugate
addition
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Conjugate Addition Reactions in
Biological Systems

i 0
/C\ enolase C
CH,—C + H0 === CH,CH o
OPO;™ OH OPO;

i j

\ \
/C\ enoyl-CoA hydratase /C\

CH;(CH,),CH=CH SCoA + H,0O ——————————— (_‘HR(CHE)”Cl,‘H(_‘Hj SCoA

OH
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