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Table 24.1 | Basicity of Some Common Amines

Name Structure pK; of ammonium ion
Ammonia NH, 9.26
Primary alkylamine

Methylamine CH3NH, 10.64

Ethylamine CH3CH,NH, 10.75
Secondary alkylamine

Diethylamine (CH3CH,),NH 10.98

Pyrrolidine CN H 11.7}
Tertiary alkylamine

Triethylamine (CH3CH3)3N 10.76
Arylamine

Aniline 4.63

® 2007 Thomson Higher Education

ol pKa J) ad A4 Jgaall Jaxy m
oz oo Aadll) a sx sa¥) 2 ) o
+ axLAl iy

Aoyl LSV LY o 50 gal 3 ) o1 W

oaxa 11-10 ox b 7555 pKa a8
LS 5 oo bl

G oln¥) Jie dshall cliwy! ol =

il g ALKV Gl (e camacal
5 253 pKa a8

19



¢ ALY Al (e chaal gual & 4G el Gy

) yas Gl g dnin gaia pue 4 yhael) LS 3 jad) 405 9 yiSIV) Cila 0 )l
Gila 53 jall o8 8 L g 4y yhaall 31 63ll p Sl g SV e Ledalad]
Hosisn g delaill (Luws 3855 50 o) JalS JS& dalia e

. saal)
ALY Gl e UL ST 4G jlaall i) Gl daunlall Lall) e W
u\_mjj.\ﬁ\ d (MJJAJJMM j‘) @j}ﬁ&\ cAAJA.\M elﬂ: a)ALL (EEFSE)

:NH, QN}—iQ *NH, "NH, "NH,

1 C@ @ ib

® 2007 Thomson Higher Education

20



Amides <oy

c
pasall e Jelini W, 4l ddmn @S 0 (4 RCONH, <lueY) m

5l G0 Ak 1 A2 sanl 050

Ainids JIE) sae @l LesY CilieY) (pe Aallad J8) 5 ULS i) CilaY! m

Electron-rich :0:

3 C/C\ﬁl\]/H Electron-poor
3
I
H
N |
HsC~ ** H
Methylamine 10t
(an amine) |
Cit+ _H
HsC™ \'TJ/ Acetamide
H (an amide)

® 2007 Thomson Higher Education 21



b dd e laldde) chlia¥) (Jiad g 418t

(e lehad g ey Glilee 4 Gl 4y 5lal) Gl gl aladdnl (Sedll (0 B
Aaial) Leadla) ) Leb gathy Slla g (5 JAY) LS )

Amine + Neutral compound g

<

Dissolve in ether;
add HCI, H,0

I !

Ether layer +Aqueous layer
_ (neutral compound)J ‘L (R-NH3 CI7; amine salt)

Add NaOH, ether

! !

Ether layer Aqueous layer

. (amine) | . (NaCl)

® 2007 Thomson Higher Education

22



Aaliall 4 ylaall CiliseY) Ay o8

(o sl JB o) 4l SIS) 5 6S5 o) Aaldal) 4y plaall Gl (S
A yhall ) gl e 3 ga gall Jaluiall dandal e i)

BEYY L;.J\ CH3 ,OCH3 ,NH Jie Gliy 2SI dsilel) Yalidld m
Y A ol i il g KT 4\_\;.&\ Jalill e lds slat 4y ylaall 3) 4l

(38 gall L..SJ.LuJ\

adall Jeas Al Cl ,CN ,NO, Jie &l S dalod) SYaliall
) A g8 1addn c_mhj).\ﬁ)d dasall d\a..mw Ol slad 4 ylaall
s hall

23



Jaliall pli¥) Gilaiiad pKg 3l s a4 )las
b @JA‘ L.sj‘:

Table 24.2 I_ Base Strength of Some p-Substituted Anilines

Y—@—NHZ + Hy0

- = Y@—Kj% + ~OH

Electron-donating
substituents (such as - bhsa
CH,, -NH,, -OCH,)

increase the basicity of

the corresponding

arylamine

Electron-withdrawing
substituents (such as -
Cl, -NO,, -CN) decrease |
arylamine basicity

Substituent, Y pK,
Stronger —NH, 6.15
—OCHj3 5.34 ; Activating groups
—CH3j 5.08
—H 4.63
—Cl 3.98
—Br 3.86
Deactivating groups
—CN 1.74
— Weaker
base —NO, 1.00
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NH2 +NEN
HSO,™
HNO, Cu0 |
H,SO, Cu(NO3),, Hy0
CHg CHs

p-Methylaniline p-Cresol
(p-Toluidine) (93%)
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OH

CHs
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e psig )bl mle Jeldi JAA e H @ NL* 4e sene Jlaiul (S W

NH,

2 Br2
—

CHs

p-Methylaniline
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Br

NH,
Br
CH3
CH3
Toluene

HNO,

B
H,S0y4

2 Br2
FeBr3

2,4-Dibromotoluene

Br

3
N=N HSO4~

H;PO, oaea
O

Br Br Br
HaPO, \Q/
CH3 CH3

Br

CH3

Br

3,5-Dibromotoluene
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a5 5 Jaall =Y o ol il Cile L
Diazonium Coupling Reactions

ej.ajjj\_d\ o)) C)u\ Ol 3l gill s al) Jlaniay) EBlelell 4dlayL m
u‘ﬁjﬂ\@aw\j\d\aﬂ\m#\gﬂ\ Cj\)ﬂ\a“_\v\.c\s.\giau
GJU Ar—N=N—Ar" 4o, ol ‘_;Luul Aol iy
At gl \_u\_\;gﬂduu.u\]\ 3 )8 b slal) e i Jia0

.
N=N HSO4 Y N§N©/

An azo compound

where Y = —OH or —NR32
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a s g )bl =3l J o ¢ 3l SOl las 44l

s Jaadl ofolss af oo SRR og ;s\ el )
Tl 31 43 e il SIS

4 ke Bl 51 ae Lulag) 45 gadiall a2 g 9 5ball o)) 23kl Lgd Jelili G
omY) a6 Jelil) Cuany s e e o) sia iy SSINL At
b sl e

k/ OH2

R et

Benzenediazonium Phenol
bisulfate l

p-Hydroxyazobenzene
(orange crystals, mp 152 °C)
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A5 ) ¢ Yl

Ostall e JBe sa ¢l o)) sl diiae JUE 1L o) JBal Jis (ed m
o) el 313 G sleS e Lad addil g3 g Lalll jiiaY)
el

N
Cl:Hs /©/ \CH3
[il.—N N N
"\CH3 %N
HSO4_ + —_—

Benzenediazonium N,N-Dimethylaniline p-(Dimethylamino)azobenzene
bisulfate (yellow crystals, mp 127 °C)
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Heterocycles 4wilaiadl) Gilalall

L,’J.c L..gj.maq 4\_@; u\_\SJAu.DaJ\_\.G D M\A.\AM\ clalall m
J.».AU:J\O..AA UJSJLAMLCJ\.@_“\SSAUAAA‘):\S“}‘UJ‘}&AJQ
SHN, O & CunSlgesle

= CH3
H3C AN
CH,0P03%~
CHO
| =
0=S
— +N //\N/\’
H” N oH 0 HsC CHs
LN
CHj CHs HO,C COzH
Pyridoxal phosphate Sildenafil Heme

(a coenzyme) (Viagra)
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Polycyclic Heterocycles

<,
6 Ry 6 3 3 5 N\
b
7 4~ 2 7 ZNy 6 N'g
8 ] 8 1 7 \
H
Quinoline Isoquinoline Indole
H CH=CH,
H H
CH30 N
N
\
N H
Quinine Tryptophan
(antimalarial) (amino acid)
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6
TIN5 S
2 8</ | )
9N 4 N/ 2
/
. 3

Purine
COZ_
o NH,
NH3 "
=
a4
N N
/
H
Adenine

(DNA constituent)
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Amide R/C\.;~“‘ H
A Lq
€ Base abstracts an acidic N-H proton, o |
yielding an amide anion. )
i
Co = + HsO
R™ N 2

© The anion reacts with bronine in an
a-substitution reaction to give an el Br—Br
N-bromoamide.

i
Bromoamide R/C\_ _~Br
~N
THY :0H
© Abstraction of the remaining N-H proton
by base gives a resonance-stabilized (3] “
bromoamide anion. ..
:0: ~:0%
Il = A
R/C\‘:‘."/B' ~—.- R/C-\\“/Br + H50
© ... which rearranges when the R group
attached to the carbonyl carbon migrates o l
to nitrogen at the same time the bromide
ion leaves.
O
Il ==
£ ~c
HO% ;l e
R "HO _H
O
© The isocyanate formed on rearrangement
adds water in a nucleophilic addition step (5]
to yield a carbamic acid.
il / “HO _H
H ,‘/C\/:'/R >
!
‘ {
Carbamic acid
| SN —
© The carbamic acid spontaneously loses
CO; to give an amine. el
{ R
NT + O=C=

® 2007 Thomson Higher Education

Olal g sl i Bule )

Hofmann Rearrangement

sale)  Jels  Chaay
Hofmann Olad 98
Lae &by Rearrangement
R-CO-NH, sl il gl
$sB 225 Bry, asnl aa
()

)
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Carboxylic Acid Derivatives:

Nucleophilic Acyl
Substitution Reactions




Carboxylic Acid Derivatives

JauY) Ao gana lgad 685 S jo (A LS gy S [ seall) Cliida
B Balen de gana 50 by ) (S ol 5l Al )68 8 0 A e
Ay adle s

O 0
1’-|:|' + Nu™ il:|, + N
‘Nu - :
R A
R Y R Nu
O @) 0 @) 0]
| ! - |
R” “OH R WX B 50" B R TOR’
Carboxylic acid Acid halide Acid anhydride Ester
(X = CI, Br)
0 O @) O
I g I I
e P
R™ “NH, R~ SR’ R D07 | YO~ (orOR)
O~

Amide Thioester Acyl phosphate
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Naming Carboxylic Acid Derivatives
Acid Halides

Coa el &5 (e s Jaal) Ao gane 2aa Vgl (a geall Cladly caus
- Al Jlaiuly LS g0 SI Graead) sl (e Jial) de gana anl (310
Llalb-carboxylic acid 4l Jaiul o) —yl 4Ll jc acid

Alledl aaai 5 (e 9 —carbonyl

O O
g !
G
HC”™  Cl
Acetyl Benzoyl Cyclohexanecarbonyl

chloride bromide chloride

® 2007 Thomson Higher Education



Naming Carboxylic Acid Derivatives
Acid Anhydrides

umwow\uﬂl\d\) o).’a\_\ﬁ\ UA:}Q;M Saleladl (5 DAS )
5, Adaball e Ja g0 SH B 5 (da gaall ((alilaia (i o3 S
anhydride S acid 4.8

0 O
0 C | |
]

)
[ CRD,C .
C & ' 0 ' 0
——  H3yC” 07 TCHj :L\/‘

Acetic anhydride Benzoic anhydride Succinic anhydride



Naming Carboxylic Acid Derivatives
Acid Anhydrides

U:\MUAOJAAAM @Jﬁdi) 'SJL\.A.LJ‘ Pr= uaj.qaj\ Gl Wl
ey gVl i il Guaead) S S84 candid ((pilite GulinS o S
anhydride 4«lS sl

Wl Acetic benzoic anhydride



Naming Carboxylic Acid Derivatives
Amides

-amide 4l -oic acid 4l 5 -ic acid

I
O O
f'% L
HaC” “NH; CH3CH9CH2CHoCHy™ “NH»
Acetamide Hexanamide Cyclopentane-

carboxamide



Naming Carboxylic Acid Derivatives
Amides

el Jasinly NH,, e sene o ALl je Clasel) aws
-amide 4l -oic acid 4\ 5 -ic acid
—carboxamide 4L -carboxylic acid Al Jladul dau 50

| 0
C
c Lol sy
HaC” “NHy CH3CH9CHoCH,CHy™ NH»

Acetamide Hexanamide Cyclopentane-
carboxamide



Naming Carboxylic Acid Derivatives
Amides

A Y gl emn S pall la daliia e gy 3 IS 1) Ll
8 all OYaldal) Glan) Al s 2aa¥) sty &3 (ha g Aaliial) de el

G il (e 3 il ddas je L € Je il N

@)
ﬁ [

CH-CH
/C\ _CH3 C\N/ o
CH3CH2 ’TI |
; CH,CH3

N-Methylpropanamide N,N-Diethylcyclohexanecarboxamide
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Naming Carboxylic Acid Derivatives
Esters

o9 panSY) e ddasi pall JSIV) de gane dnaais W gl <l jiud) o
~ate Ll -jic acid Lled) Janud dua  Ju gy KU yaeall A

O HC CH
10 Lo¥
0 R C >0~ CH
[ CH30™ . D6~ ~OCH; ,
A T
H3C OCH,CHg H''H
Ethyl acetate Dimethyl malonate tert-Butyl cyclohexane-

carboxylate
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Nucleophtlic Acyl Substitution

U saall Cliidia 5 @l sSIClan Y1 G le & gladl 8 CDERY) o
LegasS 55 CANERY 3 g Al 5y K1

A s pe ) G50 S e (5583 Al 50 I i gasll i
CS el JSAT Lallad A5 Al 30 LIS aled o) Wiy Al Y Ae sense
ES e JSER] Lo jha o 3 algall de el Gl o a5l ol (ol
Ao g S

5 yaleall de sanall sda (Jio @lliad Y b gKT) g laaaly) o)) us 3
238 1) cleld Jidl it o) (Sa Y Ll Jul

_ Aleaving group y , NOT a leaving group |
o / o / 0\
N Y 9
TN s TNy
R b i R H R R’
A carboxylic acid An aldehyde A ketone
derivative ) -

©2004 Thomson - Brooks/Cole
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Nucleophilic Acyl Substitution

=l e sl S pall 8 S 5 aall () 8 5alSe5 ddlial o5 Laie
YﬁMM}MWu\u\Mu&:\M\oPJ\

(a) Aldehyde or ketone: nucleophilic addition

Illl-- -H.i

HD :ff"" ~*Nu- :0: OH
| | H.Ot |
fci e AL ——5 PN
R R’ RJHI’ Nu R ‘H{ Nu

Alkoxide ion
i intermediate d
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Nucleophilic Acyl Substitution

M\oﬁﬂ\éhjéuﬂ\usﬂ\g@w;@&s@d@
Lage Jui g Sl de gana Je paal siall Guunla) cpdaliial) aa 83

Bl Cina ol Jladid Jelal
(b) Carboxylic acid derivative: nucleophilic acyl substitution
(N i Nu™ -
\:0: / ~:0% 0
TIANLe N e W
) .
R™ Y H;;/-«,RMU R “Nu

Alkoxide ion
intermediate
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Nucleophilic Acyl Substitution

Lt sl Jlasin a Cadall/Ailay) Jelal dleil) eana) of £33l
alanay Jelall o) L s Jas) (52 8 G Sl ddaii jall Y- de sandl
S\ 2 Jeld JoA uany (A L Kl Jlagn) Jelal b jalls 4l

LIS oishisa cplelal) i Ad) o) 4ssad) 8 (S

1l Allaall dgall (e Baal g3 (8 sy S 2 Jeldl o) (s 48

Negatively charged Neutral °J~;\'€-‘“M ‘“"}“%‘M
nucleophile \ / product
LN
Hl | : R + H—.Y —_— H || _+. \r" i

Neutral Positively
nucleophile charged product
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Nucleophilic Acyl Substitution

JET Laata 1 gadly Chasy 3) il sl &MY\ iy Jelss oj\d
el el Pu s oS

g
g/+\:NL1_ (or :Nu—H)
< N
R -
€@ Addition of a nucleophile to the carbony!
group occurs, yielding a tetrahedral o ”

intermediate.

e
R7~ >Nu
Yo
@ An electron pair from oxygen displaces
the leaving Y group, generating a new 9 1
carbonyl compound as product.
@)
=" ¢
R™ “Nu

Y is a leaving group:
-OR, -NRy, —CI

® 2007 Thomson Higher Education
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Relative Reactivity of Carboxylic Acid
Derivatives

mdmumjﬁ\amum}s\@yﬂ\mwdmd@@
A g S 3) gl sl i) Jlagiuy

MM\LMGSLA\A \J}JM@\)QS\}MJJJSSY\JAUA\UAJ&SLJ\
b€ gy S m el latdia e Aol 8 aad doe) Hal) 4aalil) pad

uﬂ\)ﬂMJJAS\JJQLALGM‘U\ m\ﬁmaﬂ\ﬁjc\.@w\

‘_;\_J\Sc\_d\.u]\j\ .L\.u.d\ L_u.u.au&q.m_u;.a
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Relative Reactivity of Carboxylic Acid

Derivatives
———

Je et Clagtny) suad Juw¥) GlS ja Gl ass @sz's‘m alil) e m
Uageall Culay 5 oIS ol A g Ulaiial JBY) @B e S A geny

5 (S Al yeSIE 61003 50 (Y Ul g dallad HiS) () 65 4SS
Gide s mY) ) G A dis SN (g S 5,0 g Sl J ala

Malds JEV) 4ol g0 SI (i gaall

0 0 0 (@)
2 g @ L g
< = < <
R™ “NH, R” “OR R” SR R” 07 R s
Amide Ester Thioester Acid anhydride Acid chloride

TN T 1 a DI MO

© 2007 Thomson Higher Education
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Substitution In Synthesis

Uaeal) Bidia Jygad Saall (g 4l Aladl) L8 CUEDEAY) o3¢] AaiS
Alad J8) idia ) Adlad Y1 LS g S

More ﬁ
reactive (g
R™ Cl J
Acid chloride
0
L ]
R N0~ R
Acid anhydride
g
R” SR l
Thioester
(@)
(Ll
RS NOR'
Ester ;
0
g
R” “NH,
Less

reactive Amide
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General Reactions of Carboxylic Acid
Derivatives

o ety S S i S g KU1 (gl il claasS Al )y
SOl Wl e daatll s Gl (6 yhe g Dl KAl e d3aa J3e DI L
»Llle oy

o€ g SN ymeal aad el as Jelss Hydrolysis dealall

) ) el Jsasll s Jelis Alcoholysis A s=<ll

aal ard fpal ge 5l ol ae Jel& Aminolysis iy

Y& had aa e dale 38 ae Jel& Reduction gl Y)

(s s pac (0l xe Jeld Grignard reaction Dby Jelds

YJLGL:LJ

oA WN P
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General Reactions of Carboxylic Acid
Derivatives

O O O A H
(I:I g g [H] \C/
R™ TOR R™ NH, R H R TOH
Alcoholysis Aminolysis Reduction
R'OIY—\ TNH3 A_]
I ] I KA
’ : \ /
PO - L — 5 PN — E L
R OH R Y R R R OH
Hydrolysis Acid Grignard reaction
derivative

© 2007 Thomson Higher Education
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Nucleophilic Acyl Substitution Reactions of
Carboxylic Acids

o saall e il 3l Caall L) Jladay) Jelas o)
OH- e sann (Y @lli s i) anm Jelis 58 A <1
Ad1%,n LI ZSJJULA:\.G A (D

Lol @ld g Gmaad) 4allad 30L ) Bale (5 )9 piall (e asld L
ARERE

Lelza 5 JauS 50 SI Ao gane 455l @lld g (5 8 (ann (o Jara g Ll
(had) 3 galen de sane (M -OH 4e gana Jasad ddaid o0 Wl
Bl o S gl o Tt e L yiant (e )
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Conversion of Carboxylic Acids Into
Acid Chlorides

o geall dallaa Ll ) 6lS A g0 )SI i gaadl o a5 (S
SOCI, Jsisall a5 o 4lausS 50 SN

O% O%
S0Cly .
“CHCIS 2

2,4,6-Trimethylbenzoic acid 2,4,6-Trimethylbenzoyl
chloride (90%)

@ 2007 Thomson Higher Education
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Mechanism of Thionyl Chloride
Reaction

E
"
i i i i
SOCly / -
T C S. — > C./ w5/} —s C
R™ TOH RJR07 TC o i v R™ ™
~ I Cl
Cl
Carboxylic A chlorosulfite Acid chloride
acid
[ o o ]
@ Cl
0/\?')7 o/S\m L\s//)
I o~ | 07 Cl| —He
Vil —_ o * —_— | gy
T N e TN
R O: R 0 56,
| | R 0
H i H |
Carboxylic
acid
. ﬁ ﬁ 4
S S/ 0
/ \CI ?/ \CI T T
— —_— — C + S
/—jc 3 £ ) R Cl [
~0 R O 0
Cl Acid chloride
An acyl chlorosulfite

B ANNT T o mon L2k e = e & o enbS o s



Conversion of Carboxylic Acids Into
Acid Anhydrides

i (e sle A a0 AlaS g SI (a sead) Gleladl juiaad (Sa
Ao 3 Alall Bl padl il 53 g Cpandl) Aaud 50 LS 5 S (aea
A da sl Syl ga Jash JAU mes eLdL olé Jelail) 13a jlasy
| A3kl 23y juany

O O O
] 800 °C ] ]

2 C
HsC~  TOH H4C 0 CHs

+ HzO

Acetic acid Acetic anhydride

© 2007 Thomson Higher Education
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Conversion of Carboxylic Acids Into
Esters

lebisad Jelii 58 ()5S Lan) AbausS 50 K1) (im genll Tpaal SSYI Jelill o
<l il I

Jeldi Led Loy B satl) 1aa JlasY sanae (3 )k clia o) ) HSAIL joaad) (e g
DAl oY) JSIY) Gladle ae S3LS o S o LA SN2 reaction

/—\ Sl
C + chfl1 8 2

i : ¢
s reaction CH3CH2CH2/ \O

CHs + Nal
0: Na*t %

CH3CH,CH3

Sodium butanoate Methyl butanoate (97%)

® 2007 Thomson Higher Education
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Conversion of Carboxylic Acids
Into Esters

3sall Gl Lo Sl Jelis 3as 5o <l i) jumat Loa)l (Ko
I SR Aga (e e 5 dea (e (A 5 S s G e dll
)u:ﬁo)iu\ d.cl.s.it_iz\_iluj\ XYY Lssm&l\:\;g;m;huj

Fischer Esterification

I 1
~_ _C. HCI - C.
= ~  TOH catalyst &1 ~0OCH5CH4
| + - CH3CH,0H ' | + H,0
. M:“ﬁ

"o "o

Benzoic acid Ethyl benzoate (91%)
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Mechanism of the Fischer Esterification

a8l Jelail aadd] CalS JS0) dllad jue 40l gy SI i gasdl )
aaaS (5 8 e 3 g S S ala ) Letalled (S8 pdlae J8 sl
H2S04 <8 (aes 5l HCL slall kS
&mb@udﬂ.\yﬂ‘@wu@\DJJM}J({}SJLE.\J&AJ\UAAAMU\
Adlad SIS jo 4ie Slela g doa g0 dind LS g S el

35 o s sl ool (s ol S el (e ele A3 Jad BaY plasd 5 (e g
(Y iiall

aa) b Jeldl da g oS L 5 A Ko Jelaill 13 il gha guea
Miada yiwW BS54 S dua Jelaill gyl HUis) A e cpalasy)
paeall JS38 5 S o (8 JaaS Jgall (e 3 paS BaL ) aloadiil e
el (pe B30 40aS aal g8 dic Muiais
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Mechanism of the Fischer Esterification

[l Protonation of the carbonyl oxygen 7
activates the carboxylic acid . .. ”

E1. .. toward nucleophilic attack by alcohol, 2
yielding a tetrahedral intermediate. ”

[EJ Transfer of a proton from one oxygen
atom to another yields a second 3
tetrahedral intermediate and converts H
the OH group into a good leaving group.

I Loss of a proton and expulsion of H,O
regenerates the acid catalyst and gives ﬂ”
the ester product.



Mechanism of the Fischer Esterification

Gl LA sl e e b oMle ) dediall AN pey (530 Julall
180-labeled adball julailly o gu gall J gilisall Jelaly Ladie aily ax 5 238
A gus 9o (9 585 Aadlil) Jrnall ol 5 33 8 @l g 31l (aes ae methanol

Ll b (e e asuse g2 058 @l elall (K15 180 adiall lailly
S g3 S 20l C-OH Lyl )l s Jelall JOA aadll (4 ja5 A
el J38 availl a3 3 T 5l ) O s CO-H Bl adl

R-OH Ll pal s RO-H Ll 1) g8 J gl 4l

_These bonds are broken

C “// \ \"\ C
\OH ) Al \(j)(‘u,
+ CH.O—H = « + HOH
catalyst
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Conversion of Carboxylic Acids Into
Amides

sasel Sl i o f A i i s S
Aladl ey Al Tindl i S 58 3 g ) ki 53 S

Jasadl (55858 jalga de gana 0 Jaind ) cany OH- 4 g o8 JUlL
A A (e duada e gden (e

re oy U el Alelnay Bale el omas daleal) Lalil ye
paaall Uadie 50 caxly 3l)) DDC dicyclohexylcarbodiimide
a1 Aial I3 a3 ey (Lo 3 I
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onversion of Carboxylic Acids Into
mides

DCC
(0] :N
1o X",
H/ \O/
[l Dicyclohexylcarbodiimide
is first protonated by the a
carboxylic acid to make it a ”
better acceptor.
CgHu
ot |,)
Il H;N‘EC
R \0 :—\—// %T
CgHn
A The carboxylate then adds
to the protonated Bl
carbodiimide to yield a
ti lati t.
reactive acylating agen Q . H\N/CGHH
Il |
R7F o7 CSy
/ CgH1
E3 Nucleophilic attack of the R'—NH;
amine on the acylating H
agent gives a tetrahedral l
intermediate.
e CgH1q
L? \N/ 61
|
R-CYCT Tl
RN, )
A CeH1
A The intermediate loses
dicyclohexylurea and gives nu
the amide.
0 0
I - [
R” TNHR NIC\N
I |
H H

Amide Dicyclohexylurea



Conversion of Carboxylic Acids Into
Alcohols

S ) V1) s LAIHA A 53 2l 53 S (i sanll £la )l ()
s 5 3) Al ana A Jlasiul Jeld e 3 ke 8 gla Y Jelani] £8) )
o5 s lawall Jgl dls ja (8 aad -OH @ H- Jladiul 48 &4
Adla) Jolis Ao (381 pall 31 Jpil) Lana A gl ) Jolis cpa e

O ) O | H H H H
é ‘H ‘1:! 'H~ xC;‘ Hz0% xc,r
R” ~oH (LiAlHY R RHsGILIAHS F g~ o R~ TOH
A carboxylic An aldehyde An alkoxide A 1° alcohol
acid (not isolated) ion

Allad HiS) (068 JSEl) (gawal¥l el oS jall gl L SAIL Hoaall (e
¥ Sl LIAIHA ae 158 delity 43ld 1A Aol L 5 jSH (aesll 04
e (Sa
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Chemistry of Acid Halides

ddan) 52 4S9 S (a geall (e i gaall il ) 5IS jaiaa (S
thionyl chloride SOCI2 g el

Aa 9 (N ae Al g S (m gl (g 4aldie Je s 18 Liayl
aeall Glasa s g ary ) sds 6l

0 0 0 0
[ sQCl, I | PBr |
R OH R Cl R OH  Ether R Br
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Reactions of Acid Halides

Al 50 Sl (n gaal) i SIS) G (e (i seall Cladls Caias
ddas) oo daliaal) LS yall e oS e ) Ly gat oS e Ul
Bl el L) Jlafinl) Jelis
G Jatey o (S Sl
Ll g0 S Liass o= d-OH

gaaall el Ja-OCOR <

) il el -OR <

Jal (ard NH, <

Lol Y s oy Gaeall alla pla ) (é

LalE Y e ary i e Cadl S e Jelill

o U A W N PR
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Reactions of Acid Halides

Ester

Acid anhydride '\
R'OH

R'CO,™

O
| H,0

™~

~ " OH

R

Carboxylic
acid

© 2007 Thomson Higher Education

e =

[n WA

Amide

Acid
chloride

O H H
| [H7] N
S X /C =
H R OH
Aldehyde 1° Alcohol
B B
\C/
R” J oM
3° Alcohol
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Hydrolysis: Conversion of Acid
Halides into Acids

iS5 S Lia gan claal elall aa (a geall Gilay ) IS e Las
il LY i) Auland 23 5i gt 130 dgalal Je s
258 drig S Ae gana o elall o gangs oy (530l 31 5l
ool el ol S jall 8 &5 (g paeall
aeall Llara (589 ull (lasd 4aly ) ISH B0 LG Cods dleal
HCI slall )5S (aea I 48Vl (38) sall LS 50 ST

] o — ] :Base
>:0: :0: 10 A 0
Cg/s..dH - (—>(|: o~ g +{)H/ " g
R cl y R"’/P\é/ B 07 R~ NOH
Cl l |
An acid i H H ] A carboxylic
acid

chloride
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Conversion of Acid Halides to Acid
Anhydrides

B )Ll g aead) 4y 5 oIS Le 813l sl L) Jlastal) Jelas o
(e DS piaad (S dus aealdl ela3b JS55 1 258 GBS 5 S
4\.9:1#\ VR o).L:\_\M\ Pr=g 'BJ.L\_\.\AM UAJAAM Gleladl

Benzoyl chloride Sodium acetate Acetic benzoic anhydride
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Conversion of Acid Halides to
Esters: Alcoholysis

Agiliie dalaxy Ol yins) aatl J) 2 V) QA o saall Dl )5S Jelas
rcaail le gl YY) Agy yhal) 4 JM\UAJ;M\ 128 ld 28 Sl

A1 Al sl e el (b dgaladl 8 Jadl s LSy | piall 8 &l i)
uAdSu.\.d\ HCI @dcmuﬁdhj NaOH ) oyl JP)LS.:J\.C
Lasl

C OH »
" ~N
@/ Cl O/ Pyridine ©/ 0
+ .
Benzoyl Cyclohexanol Cyclohexyl benzoate (97 %)

chlorlde

ooooooooooooooooooooooooo
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Conversion of Acid Halides to
Esters: Alcoholysis

u\ﬁ\&uyu)ﬁd&m;mum\a\m,jss@dpss\d;mu\
ﬁ@@h&@\@(d)ﬂ\j\u@\mwﬁ

Jse¥ <ad ¥ Jlse) : JUIK J) e W) Allad (s 5 Glld fe andy
Jeldi o) jal Wle Saall (e 4ild ol o L0 J) e W) < 4 Al
Llsa )l A1 Al Jee an s be) B ann e e Je J Alab) 3yl

Lel
Primary alcohol
(less hindered
and more reactive)
I
CHon O /C\
] Pyridine Q CHs
+ & Y ey
)
H3C Cl
HO HO

/

Secondary alcohol
(more hindered

and less reactive)
© 2007 Thomson Higher Education
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Aminolysis: Conversion of Acid
Halides into Amides

Gl aatl Gl ma g LAY aa Ly pur iaeald) il IS Je e
3348 gall
Jsall g saeaad)l a4 Jeldi e ) pu) jucasai 4y ya Jls g8 WS
Laladtin) V) 45, Hlall a8 i) aw iaeald) il ) IS Jela

O o)

.{,
CH3$HCCI + 2NH3 — CH3?HCNH2 + NHyCIm

CH3 CHs

2-Methylpropanoyl 2-Methylpropanamide
chloride (83%)
O 0
¢ Co ok
e SN +

+ 2NH(CH3), —— , + (CH3)oNH, CIT
CHj
Benzoyl chloride N,N-Dimethylbenzamide

(92%)

© 2007 Thomson Higher Education
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Aminolysis: Conversion of Acid
Halides into Amides

Al Clina) Gadd (S5 45 ol

(o Ol aladtil G Jeladl) JOA JSEal) eladl oIS (maa cran g
Loty (aeadl ) 6lS e dal g o A8 Jelil Cua L)y a6 el
Jeliall (5 5 ) HCI oLl IS (e aa JAY) e dlSal Jelit
a5 9] 2 ) 5lS mla ozl

2 g lidaial & Gl 85y Jelall A aadiiad)l Gual¥l ¢ &S Ladie

s ia AL sSAal e (e aal g e lSa aladiuly o5 Le Lile
ss3gall O JUall Juw =8 NaOH. & sl (e A
3,4,5-trimethoxybenzoyl Jdel& (e Ljlad passTrimetozine
(e a5 6 A6 3 2 smorpholine o s 54l (el awchloride
NaOH
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Aminolysis: Conversion of Acid
Halides into Amides

) glilaal b Gl &85 Jelall 8 st Gual) 5 5S Laie
NaOH. & _slal e A

Jeld (1 Llad e Trimetozine sced) o) Jhall Juw s
Gl g8y sall () xachloride 3,4,5-trimethoxybenzoyl
NaOH (» aal ¢85 2 52 smorpholine

CH,0 (”) ¢ CH,0 Tl)
CH,0 C—Cl+H-—N _ O Ng—g‘» CH,0 C—N O + NaCl
% -
CH;0 Morpholine CH;0

3,4,5-Trimethoxybenzoyl Trlmeto.zme
i (an amide)
chloride

©2004 Thomson - Brooks/Cole
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Reduction: Conversion of Acid
Chlorides into Alcohols

2= LIAIH, 4o 5 4lauS o SI (i geasldl il ) 1S £ s ) )
R

O H H
| \J/

G »
e =
Cl 4. LiAHy, ether OH
— 2. H30% .

Benzoyl chloride Benzyl alcohol (96%)
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Reaction of Acid Chlorides with
Organometallic Reagents

5 53 A4 Y e ) il (ja geal) Culay 5 6IS ae i e (il S Jelim

Clilaie Cplaliie e
O R' R’
g b Rk Mixin ether \C/
P | 9 + g AR
R Cl 2. H30 R OH
Acid 3° Alcohol
chloride
O [ O | HsC CH
'c' @ N
e = NG
Ch " eHaMgBr CH3 1. CH3MgBr OH
é >
Ether 2. H30*
Benzoyl chloride Acetophenone 2-Phenyl-2-propanol

(NOT isolated) (92%)

© 2007 Thomson Higher Education



Formation of Ketones from Acid
Chlorides

Gilman «ilS aa (aeall 36l Jelis, QU @Sl st (Say
uaseall Gl ) 6lS 2s ithium diorganocopper Lit R,Cu-
Al 5 S

paaall 58 e Ll L lSe Jlagil Jelds JMA (e Jelddl) o,

R'Cu Js_lua &b iy diorganocopper (o s oS e o

O JS55
I T T

Ro'Culi ; :

— o N R — + R'Cu
R™ >Cl  Ether R/C\cu/ |

|
- R’ -

An acid An acyl A ketone

chloride diorganocopper

@ 2007 Thomson Higher Education
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Chemistry of Acid Anhydrides

u\)\_\...us yJ\Sj\ EJJ\JL — :“,J.\.u.. ‘ L“f,J-‘SJ-‘SS-“

O
| | ]
C

O C o
b Sogmea? Ny
Cl ¢ g Ether O i
HaC” O~ Nat

Benzoyl chloride Sodium acetate Acetic benzoic anhydride

@ 2007 Thomson Higher Education
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Reactions of Acid Anhydrides

e s All OOl laill 4gilin (a geall Dilela3ly O3l
Je il a seall Cileladly 8 Elld xa g (agaaldl Gy ) IS
Uasaall Gl ) oIS e e aal (S5

O

R/C\

Alcoholysis

R’OH\

O
(I:I Hy0

%
P T N

R OH

Hydrolysis

® 2007 Thomson Higher Education

OR’

R

O O
| I
A T

O

Acid
anhydride

R

Aminolysis

=

Reduction
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Conversion of Acid Anhydrides
Into Esters

- A Cal oy J.\m:ﬂ JAll s ¢Sl dale em
AW

aspirin - cpowma¥) sy JUall Juw ad

J acetylation Jelii (acetylsalicylic acid)

Jall mes L3 ae salicylic acid

0 I
C 0 0 c o
“OH |l NaOH OH H
+ CHyCOCCH3  —5> bl ]
OH .
o . . C
Salicylic acid Acetic 07 \CH3

(o-hydroxybenzoic acid) anhydride
Aspirin (an ester)

Thomson Higher Education
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Conversion of Acid Anhydrides
Into Amides

N-substituted past Jall mes L3l aadboy
by (w acetamides

H
|
NH, OO N 40 @)
+1 CH3COCEH4 /—— | + CH3CO™
H,0 CH3
HO HO
p-Hydroxyaniline Acetic Acetaminophen

anhydride

© 2007 Thomson Higher Education
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Chemistry of Esters

Gaplall & LAY daild LS el e oa Sl i)
)\.A:\ﬂ M\J; c_\\jJ Sl 4dil C.\L\)A Lf‘t’ :\.Laﬁ.m.\j‘ | 4 ,“,Y\ S

I
CH3CH,CHoCOCH3

— [Methyl butanoate
(from pineapples)

® 2007 Thomson Higher Education

.
|
CH3COCH,CH,CHCH3

Isopentyl acetate
(from bananas)

BESME
I
CH,OCR
@)
CHOCR
0
CH,OCR

A fat
(R = C11_17 chains)
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Preparation of Esters

Adlide (3 k) 4l g K (a gead) o il i) jucast (K

T T
SOCI
/C\ E /C\
R OH R e
R'OH R'OH
HCI Pyridine
(@) O O
4,1 4,1 z:'
R” "SR’ RZ @R R~ TOR'
Method limited to Method limited to Method is

primary alkyl halides simple alcohols very general

® 2007 Thomson Higher Education



Reactions of Esters

AaluS oo S (a geal) Glaidia SOl il &) i) aads
5 o sanll a5 (e Al Allad JB1 int LS (5 AV
A 53 S (m geal) CleLedy
e o) dalall e Gl i) e g gu dalia G3lelaill xuea
el g an e dnalall ¢l jiany)

loychc ester)

E:\T;-‘ A lactone
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Hydrolysis: Conversion of Esters
Into Carboxylic Acids

PR PN @ SR § IO W TN LT
G31sall J il 8 pall L€ 0 S sl pillad) S Tan

O @)
g H,0, NaOH _ g + kon
-
R/ \OR’ or H30 R/ \OH
Ester | Acid Alcohol

This bond is broken.

0 ;
| 1. NaOH, H50 -
C el AN C +  HOCH,CHs

CH4CH3  “OCH,CHs 2 HsO” CHaCH;  OH
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Mechanism of Ester Hydrolysis

X

:0: F.
-C:ﬁ/:_QH
C
R” TOR’
I} Nucleophilic addition of hydroxide ion to

the ester carbonyl group gives the usual nﬁ
tetrahedral alkoxide intermediate.

E Elimination of alkoxide ion then Hl
generates the carboxylic acid.

R7 SOH + T:OR

[E] Alkoxide ion abstracts the acidic proton
from the carboxylic acid and yields a Bl
carboxylate ion.
0
(|'_|: + HOR’
R/ "‘\.(-)_
] Protonation of the carboxylate ion : '
by addition of aqueous mineral acid ancoJr
in a separate step then gives the L
free carboxylic acid. »
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Mechanism of Ester Hydrolysis

A )
~H-—0*
:0 g g
I H
R NOR'
I Protonation of the carbonyl group 1]
activatesit... H
r H 1
-
10
C¥||‘/ _"' ~. _/H
- :0
R OR |
H
E ... for nucleophilic attack by water EH
to yield a tetrahedral intermediate.
?H
R"'/C“‘[lh
R'O H
[El Transfer of a proton then converts BH
the OR" into a good leaving group.
oM “:0H,
</
R =~OH
R —+ﬁ):+3
H
I Expulsion of alcohol yields the free
carboxylic acid product and HH
regenerates the acid catalyst.
i
C + ROH + Hz0*
R” OH :
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Conversion of Esters Into
Amides: Aminolysis

O
|
C

O
y:
@/ \OCH3 NHa ©/ \NH2
—_—
Ether

Methyl benzoate Benzamide

ooooooooooooooooooooooooo

“h=

CH3OH



Conversion of Esters into Alcohols :
Reduction

add) gall A1 W) JI s W) aadlLJAIH, ao A sgn Gl i) g la )l o3

O
| 1. LiAlHg4, ether
CH3CH,CH=CHCOCH,CH  ——— > CH3CH,CH=CHCH,OH + CH3CH,0H
- A3
Ethyl 2-pentenoate 2-Penten-1-ol (91%)
0O
(I)H
1. LiAlH4, eth
O X H|3O+4 =5 Hoeh,cHcHiCcHaH,
1,4-Pentanediol (86%)
CHs3

A lactone

® 2007 Thomson Higher Education
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Mechanism of Reduction of Esters

dc gana JAeHydride ion 3a_Ld 4dlaal JOA (e &l )Yl dalac AT
L;Lauj alkox|de ion A.quSN\ aJJ\.uJ &J_\ “\_\LQ.C \.@_a_u.d Ju g2

dﬂ‘j-d‘
:Of :0: OH
CII /,\  LiAlH C-’C' g . ro- | JLLAH, (|:
L Ether R /% W S 2. H;0% Rz H
R R’ { R H 3 {
. | RO« | H

A primary
alcohol

I
® 2007 Thomson Higher Education



Conversion of Esters into Alcohols:
Grignard Reaction

JIse Y axdl iy 6 adl S (g (1S 2 e Gl V) Jolis
Oailaie cplaliia el i) g 4680 gall 2N

@ o T OO

2. H;0%

Methyl benzoate Triphenylmethanol (96%)
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Chemistry of Amides

|
tg @AWN\'
@ A
\ O/
B I
A protein segment Benzylpenicillin
(penicillin G)
@)
N
R
~“OPOCH, N 0
| (@)
o
OH OH

Uridine 5'-phosphate
(a ribonucleotide)

© 2007 Thomson Higher Education
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Preparation of Amides

Cilise¥) 5 LIl ae (s geall Gl o Jeli e Calase¥) uiaat Sy
A gl Al Slasel st A e Laail 2 8 cilise¥) 5 A V)

0
g

(I? e \g© y) Ry ﬁ

C C

R™ “NH, lR’NHZ R™ “NR’,
0
g
R TNHR’
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Reactions of Amides
Conversion of Amides into Carboxylic
Acids: Hydrolysis

5 438) gall AlaS g0 SI (ia gaall  laal dgalall Jelail CilaeY) aads
TaaYl g g jabaal ) i)

/~+0H,
oe ws_ 01
>
:0: :0 :0 :0
»

.OH2 e R/'C\.O._*_/H <:) R,—)C\Q/H

An amide

A carboxylic acid
® 2007 Thomson Higher Education
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Reactions of Amides
Conversion of Amides into Carboxylic

Acids: Hydrolysis

9 488) gall LS g3 S (i gaall aatl Agalall Jelal] o) pads
TaaYl g g jabaal ) i)

% | X N )~ ;

S s — R—C~g—H = __C{M\H + :NH| — #Cs... * HNHg
R NH» L R 0 R 0
HaN2
An amide - 3 A carboxylate
ion

E—— © 2007 Thomson Higher Education
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Conversion of Amides into Amines:

Reduction
x
O
| 1. LIAIH, in ether _ H\ /H
CH3(CHZ)gCH, ™ \l\ll/ X CH3(CH)gCH, ™ \ITI/ :
i H
N-Methyldodecanamide Dédecylmethylamine (95%)
{o} .6/'&”*3 Ho 1 "
il —— ) N\ SN e (Lg H
R/C\NH 2 H Ether ? R_‘)C\H R/ \A/H\ = WY R/’IC\H
’ H2N:b ‘- H
Amide

Iminium ion
© 2007 Thomson Higher Education
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Uses of Reduction of Amides

0
|
.--"C‘“x -
CHs(CHy)gCH, N
H

N-Methyldodecanamide

s N
H3C O

A lactam

@ 2007 Thomson Higher Education

1. LiAlHg in ether

-

1. LiAlH,, ether
2. H»0 q

H H
N/

C
CH5(CHp)gCHy ™ N
H

_CH3

Dodecylmethylamine (95%)

ol X
H3C N H

|
H

A cyclic amine (80%)
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Phenols
Y gl

- o B A \é
Nl 2 sl K

S Jadll iy gumall oLuaH
u.éjﬂ\ JQ\_J




Phenols Y gl

) Jlarial) 48 o3 (oM elall &) gme Cilaiial GV gudll 5 JI eV et W
il e Ar 5l R 4 sae Ao ganay Silia 5 el

Lt 0S5 Al QLS el e 4 ol de ganall i dplesll 4alill (0
=3 Lain SP3 (pagd Dl Axndie (50 83,0 ) Adasi 4o OH e sens
SP2 (L 55 L S AL e OH 2o saae leh (oS5 A1 S 5ol
Enols &Y s o

OH OH i I

OH
| N\ /

kA VAR

An alcohol A phenol An enol

® 2007 Thomson Higher Education




Phenols Y gl

) Bl Al o JuS g )2 Ao ganae o (5500 CLS jo & DY il
Ay g dala ) ol (50

a5 oJsidl) dliy e ds de ganall o2 & L) oS el CH.OH
L lia daled) ilal) ¢S ) aal

Al e Sy o Jlse D Al el ABlas Y il ailiad e Bl
" S SO PR SN (PN JRER T I DR O

Al S 4 arylamines  aball Gl Jie &Y sl
S 5 el de gane (30 S ) Cua - difunctional 4 sl de saall
sl lagany e ) i Cusy b gty OAINT 4y ylaall da8ls)

&) 535 Ay ylaall Aalal 5 JouS 5 Huel) Ao sana (e IS g W JAJA) 12a
duaall ailladll pasil Y g1l QLK



Phenols Y gl

o Adas 5 3l a8 228005 Cua Daplal) L d 5 IS i) Y gidl) sl 55
) A5y 3 geS Laakinall LS all (o aaall Leliall juaaill g ¢ LilaaY

laaa g O yedaaS

axill (gl 8 3 sn e ale edae 4313 aay il m

4 il jladll 8 aal 6 4Sie e 3 ke methyl salicylate (b =

L gl 2 aa) o8 il dias Jul 2 (e 8 5le 2 5 Urushiols g4 L) m
. poison ivy abudl 3N S Jd 5 poison oak el

OH OH OH
i .CO,CH3 i :OH
R
Phenol Methyl salicylate Urushiols
(also known as (R = different Cq5 alkyl 4

carbolic acid) and alkenyl chains)
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Morphine is obtained
from the
Opium Poppy

morphine oxycodone



Nomenclature Y ghal) dpaus

S 5 Huel) adifia o gllal 238 Sl cphene e Lo cpyull oIS
J il an

ZEa) a3 oy Cua, Jgdl] CilEEeS Wlaiul Y LS jall dan o
& el Al Qb o) (o JiS 5 hnell de ganal Aldladl 50 SI 33 (e Jelaiyl
o YAl S e AU Jalialls g )SH dae jpial any (Al olasY]

gy i il
OH OH

Phenol 3-Methylphenol 5-Chloro-2-methylphenol




Nomenclature Y ghal) dpaus

vS] ul° Ol oS 5 el 4005 el sl O Sy
1:2- Benzenediol »
13- Benzenediol »

1<4- Benzenediol »
Lo 3 sSAall 5 dailil) Leilanly Juadl JS (o yry Leia IS (K1 ¢ M sil) e
O 98 (o

OH

1.2-Benzenediol 1.3-Benzenediol 1.4-Benzenediol -
(pyrocatechol) (resorcinol) (hydroquinone)



Nomenclature Y ghal) dpaus

de sana Ao Ayl W) Jand) Cile saad s JauS 0 Sl e ganal O m
JiuS 5 Hnell de gana pa Jaladll oy Cus W) 223 8 43 531 J1uS 5 el
YA s2a Lsﬂ JuiueS 44l gl

. OH
O : 2/ )

HO A \\} {|'|'{'3II—I H;C 4< \: |:|'|'r H
_ i 3 / N £
N\ \ /

&

p-Hydroxybenzoic acid 2-Hydroxy-4-methylacetophenone



Structure and Bonding
Lol 5l 5 4l

BLeal09 s C-O-H sl e (ssimsal) (i g J gl 3 a5 m
108.5 Ayl e | i< Caliag ¥ g alatiall o o gl el ) Ayl ) udil Ly i
J sl & C-O-H !

Phenol Methanol



Structure and Bonding
Ll 5l 5 4l

& Al e uadl asp2-hybridized G 53 058 ) calis )
05 SN ALl 5 e liia) Cund Y gl Alls ssp3-hybridized o5 S
CJslinall 8 el e DU 8 J gidl) 8 S
gl I Jsidll  cpanS gl - a8 Adlaal) (5 jay dyiiilall Lalill e
OeansSOU all g SV 2 g0 3l 2 ) 38 e iy s Gl Caeliadl) Loy )l
W MERI

- OH OH

H H. \)\/H H__.. ,flL H
=
T A T
~ - o, - "
H H
Most stable Lewis Dipolar resonance confributors of phenol

structure for

phenol



Physical Properties

u‘)_{j.\.\sﬂc.a.u.\‘.;\j\j cMJJJ@\MWOMuY@M\AJﬂ\w\}Q\ J.ﬂ_u [
slall 5 Jgiil) e sOAT il Ja ae At g e dail 5y JiSS

(a) A hydrogen bond between two phenol
molecules; (b) hydrogen bonds between
water and phenol molecules.

(@)

11




Physical Properties
Al 3l al 520
YOail ) 588 A el e il jay leail cula o Y il elliad MLy
Agebiial Ay 5all o) 3 V) cld Jo Y Cladle 5 4y jlaall Clalall (e oLl

o3¢ (Slxy Lasd () 5ill )51 5 ccp ol gill s Joidll e 22.1 Jsaall sy m
AL 58l patladl

TABLE 22.1 Comparison of Physical Properties of an Arene, a Phenol, and an Aryl Halide

Compound
Toluene, Phenol, Fluorobenzene,
Physical property CgHsCH; CgHs0H CoHsF
Molecular weight 92 94 9%
Melting point =95°C 43°C =41°C
Boiling point (1 atm) 111°C 132°C 85°C

Solubility in water (25°C) 0.05 g/100 mL 8.2 g/100 mL 0.2g/100 mL




Physical Properties

Al jdl) (el A

a5 ¢ J s gyt -0 Jie ¢ 55l pamgall 8 Aaliial) Y gidll sy
oyl 501 Gy G35, Liae a1l 8 Alabiall <Y 53l (e G B e il o
Intramolecular hydrogen bond ) sl es jall (paa diia 5 0l

A8Uall Loy (m g2 Lae Jaliall 5 JuS 5506l de gane (o le JSI35 A1) 5 W

i
NN
Y . i ___—Intramolecular hydrogen bond
H in o-nitrophenol
~

O



Phenol Acidity

dia geall dpals o &Y 438l 3 jaaall ailadll aal (e m
Ua sandl (e dacada J8l g J) e V) e dacadla ST Y gualls
S 5 S

5 253n pKa ad @lliad ale JC0 Ll g Sl (g seallé m
16-20 293 pKa ad JseVl el s 4 m

10 253 pKa ad clliad O gl adaas ) oAl m
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5 253a PKa ad clliad ale JS54 4l g3 U (i geall

Pk

Structure Ky
CF;CO5H 0.59 0.23 Stronger
acid
HCO.H 1.77 x 104 3.75
HOCH,CO5H 1.5 x 104 3.84
GE]'IEE'DEH 6.46 = 10—3 4.19
H,C=CHCO,H 5.6 x 10-3 4.25
CHzCOzH 1.75 x 102 4.76
» CH3CH,COoH 1.34 x 102 4.87
Weaker
CH3CH20H (ethanol) (1.00 x 10~1#& (16.00) acid
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Compound pK,
(CH3)3COH 18.00 Weaker
acid
CH3CH20H l6.00
H-0O 15.74
CH3z0OH 15.54
CF3CH20OH 12.43
p-Aminophenol 10.46
CH35H 10.3
 p-Methylphenol 10.17
Phenol 9.89
p-Chlorophenol 9.38
Stronger
p-Nitrophenol 7.15 acid

16



¢ Jl o2l e ducadla ST Y gidll 13l

OO O A s e pmda ST Y sidll 13 agh & Liaclud m
& AN & il (e gadll aa g o J el g Jsnall ol )
phenoxide xS sudl 33 L3 5 ethoxide 32l & Jeall X jai axe

H H
" / = /
CH,CH,— O~ H + 0; == CHCH,—Q: + H—ﬁtz-\; pK, = 16
H H

H H
=N\ A B M —a g ./
0L = ::":/_\71::1: + H—O; pK, = 10
N\ /- \ NT ZA T \

H H



¢ Il e dada ST LY gudl) 13l

i OeS g CpanSY) ul:: )S)A.U ethoxide oJJ\.u Lsﬁ w\ PRERA L
Solvatation Jdai¥l (s s Jady Jaa

MJAAY\&)SUA)SMMJM\MJMGSMM\M‘MM

alida G e Guiday alfiad (S 2 g3l o HLE 8 S iSIY) S Al aae
UA)\Su.u\.AJ.\MSJ.\.\SMoJJMEMM‘M‘JJMuJ&Y\

o Amsi b g 55l G sall 8

:[:}

oJPjAM UJAJS]\ u‘JJju.\MS\)”

Sy
MS)M‘&JJM&L‘)JAS\J\AJM@}J&Y‘)SM\(:JS U\

'[}



5 4hS g Sl (a gaadl (e OV gl Jiad
eV

ol 4ild 3 e ) saler JSY) e Aasen ST sa sl ) e pe N e s m
CJAN Gmea (e e 8 ge Al A gan

a5 LS Aumgan ST Y Jsasll e Lgloab (Say ¥ 5iaills I3Sa 5 m
Apmala J8 LY Ll g1 KU o geall e Leliad

(o das Jslase ae Jsidll 5 JoaSll e IS (e (558 (5 8) Jslan ads

By (sl 5 (g3 peall dala ) LiaS Jgiadl) Jysad oy | o 500 saaall 2uiS g a8
Ag,aY) dadall 8 Jeadl Ly ey dgla) dddall e 4iadlail

. . K= 107 i g

Phenol Hydroxide ion Phenoxide 1on Water
(stronger acid: pK, = 10) (stronger base) (weaker base) (weaker acid; pK, = 15.7)




5 AkiS o S (a gasldl e DY gl Juad
eV

slae o (AnS 0 S (aen g J gl (0 S e (5 58n (5 08 Jslae 2t m
3 yall 028 Jsudll ) (pa A ALl Al e 4aBAS (S (531 5 (52 puall
EENECRREREN

O

O
_j "a}% A\ || K =10"3¢ af “\H v n
O1H+ 0COH — & 0: + H—OCOH
— —/
Phenol Bicarbonate 1on Phenoxide 1on Carbonic acid
(weaker acid; pK, = 10) (weaker base) (stronger base) (stronger acid; pK, = 6.4)
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Substituent Effects on the Acidity of Phenols

Jgiall 5 85 Al Alilea (w\—\) 3 i Cul B Y gudl) alaas g

Cld sale (o S Y 5udll 4y jlaal) Aalad) e 5 gas gall caValiiall (ld ale <

lly Jlall o A A ganll o Con S5 i JuSI Jlaginls
A kel dalal e 30 g sall g Al Al <Dl 3 Cile ganll

dﬁm‘_b\-ﬁji d}‘d‘ ')Z’Jj\ddﬁﬂ\ LL\,\\}SOG ‘j)j:,_"j\j\_c 2 @L_“Aj\
Jsidll & ade & Lee & yall Cliay 5S)
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Compound name
Monosubstituted phenols
Phenol

o-Cresol

m~Cresol

p-Cresol
o-Chlorophenol
m-Chlorophenol
p-Chlorophenol

DI- and trinltrophenols
2, 4=Dinitrophenol
3,5-Dinitrophenol
Naphthols
1-Naphthol

10.0
W3
10.1
8Fs
8.6
9.1

9.4

4.0

0./

9.2

Compound name

o-Methoxyphenol
m-Methoxyphenol
p=-Methoxyphenol
o-Nitrophenol
m-Nitrophenol

p-Nitrophenol

2,4,6-Trinitrophenol

Z2-Naphthol

Pk,

10.0
9.6
10.2
/.2
8.4
1.2

0.4

9.5



Substituent Effects on the Acidity of Phenols

u.\A.uS\ JJLSJ;\GJ:_h\yuhdu\w\wgﬁcw\d)\;w)ﬁ

sl Ao sana
CD: o: O
>
Y xﬁ;:ff”’
B "ﬁ \‘ e - Electron delocalization in o-nitrophenoxide ion

Electron delocalization in p-nitrophenoxide ion
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Substituent Effects on the Acidity of Phenols

5l (aasS) e pllae JS5y da gl Jia OS5 Y g i — U de sana o) m
Loe 8 S il 50 L5 il | 1 ity a5 o il
S gidl) gy b gl gy — i) (S sli Al A Ja) e

— 150 sl 58— i) Amsan (e B Jsidl) 5 i — L dagen )l m

Compound name pk, Jsiall 5 i
o-Methoxyphenol 10.0
m=-Methoxyphenol 9.6
p-Methoxyphenol 10.2
o-Nitrophenol 7.2
m-Nitrophenol 2.4

24

p-Nitrophenol 7.2



Sources of Phenols

axdll Gl yhad (e e il o 8l Ji) ) 88 e J5Y st e
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il s Adlie (3 5k g lilaialVl 3 jians by jlad dadiall J il ClweS JS Ly 8
AL NS PREN|FRFICEEN Lo
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Synthesis of Phenols

Reactlon and comments Chemlcal equatlon

Reactlon of benzenesulfonle acld with sodlum hydroxide SOsH 1. NaoH OH
This is the oldest method for the preparation of phenal. 300-350°C

Benzene is sulfonated and the benzenesulfonic acid 2. Hy0'

heated with molten sodium hydroxide. Acidification of
the reaction mixture gives phenol.

Benzenesulfonic acid Phenol
Hydrolysis of chlorohenzene Heating chlorobenzene 1. NaOH
with aqueous sodium hydroxide at high pressure gives Cl e
phenol after acidification. 3 D
? Hs0~
Chlorobenzene Phenol

From cumene Almost all the phenol produced in the

United States is prepared by this method. Oxidation of
cumene takes place at the benzylic position to give a CH(CH3)3. —= CH3}2
hydroperoxide. On treatment with dilute sulfuric acid,

this hydroperoxide is converted to phenol and acetone.

Isopropylbenzene 1-Methyl-1-phenylethyl
(cumene) hydroperoxide
<_>*C{CH Jo H SD <_>*DI~ + (CH3).C==0
1-Methyl-1-phenylethyl Phenol Acetone

hydroperoxide




Synthesis of Phenols
Reactlon and comments

Reactlon of henzenesulfonlc acld with sodlum hydroxlde
This Is the oldest method for the preparation of phenol.
Benzene is sulfonated and the benzenesulfonic acid
heated with molten sodium hydroxide. Acidification of
the reaction mixture gives phenaol.

Chemlcal equatlon

SOsH 1. NaoH OH
300-350°C_
2. Hs0" °

Benzenesulfonic acid Fhenol




Synthesis of Phenols

Hydrolysis of chlorobenzene Heating chlorobenzene
with aqueous sodium hydroxide at high pressure gives

phenol after acidification.

1. NaOH,

Cl H,0 |
370°C R >~ ‘. |
2. H0" * "

Chlorobenzene Phenol




From cumene Almost all the phenol produced in the
United States Is prepared by this method. Oxidation of
cumene takes place at the benzylic position to give a
hydroperoxide. On treatment with dilute sulfuric acid,
this hydroperoxide is converted to phenol and acetone.

O0OH
1| o |
QL%&LH;;}? m— C{EH3}2
Isopropylbenzene 1-Methyl-1-phenylethyl
(cumene) hydroperoxide
Ifiilf.]l'l
@c{cHg‘; > <_}r::+ + (CH3),C=0
. H>3504
1-Methyl-1-phenylethyl Phenol Acetone 29

hydroperoxide



Synthesis of Phenols

= Jdsall soduim hydroxide = benzenesulfonic acid Jela 2
il &y dua 4y Hhaall dalall e 3 aill s Jlaia cada-dila) 40 JNIA
Jand Lsﬂ‘ Uﬁ)ﬁ‘ '5)5 lec 803 2- U-ﬁj}mj\ 33 )Ly J_\.MSJJA.\.@J\ 33 )L
P-Toluenesulfonic acid — (iaes Jagad ah 1388 5 3 50G6l) Ae sandll

L »=a p- Cresol

iOEH OH
= 2
[”’” W 1. KOH-NaOH mixture, 330°C_ ~ ‘
2. H;O™ .
m‘?:“rf 3 %
CH; CH;

p-Toluenesulfonic acid p-Cresol (63—72%)



Synthesis of Phenols

isopropylbenzene (e 2w aul g @lai Je Jsull glihial m
(22.3) Jsaall e QAN Janall B g0 4 WS 4 ) 33lS(Cumene)
) dand ) ol Sl aaladtinl o Jelal) 3] 4nba@) &) juaall pal )
Lilaasl) o) gall an) (o cpil ety a0l Al 5 (SN (mea g GuauSY)
Osia) s sl a5 Leluall
dgala Al o i) e WUl 24y uidadl 8 Y il Uil aaf o)) w
Ll 488 gall o515 3Ll ~ Y
ﬁ \ 1. NHN;II}; H,SO0,
3
DN

2. H>0, heat

m-Nitroaniline m-Nitrophenol (81-86%)



Synthesis of Phenols
(o2 el (e il G pandl JYA e Y gl juand o Liayl Sy B
Baeyer—Villiger oxidation (1

Ester hydrolysis (2

trifluoroperoxyacetic u=<s a«p-methoxyacetophenone .S m
! g

) =S 4-methoxyphenyl acetate .|

s U =S 4-methoxyphenyl acetate I

O CI D

~_ _CCH; E}CCH \_\ﬁ CDC H,
S CF;COsH U /‘[
—_—
CH;0 = CH;0 = CH,0~

p-Methoxyacetophenone 4-Methoxyphenyl acetate (66%)  Methyl 4-methoxybenzoate (9%)



Synthesis of Phenols

4- L 4-methoxyphenyl acetate ic saxe 4 m
methoxyphenol

O
|

OCCH, oH
Q/ ].].Fdl‘ﬂl}'rﬁ‘-ir‘_l A O/
CH,O CH:O

4-Methoxyphenyl acetate 4-Methoxyphenol
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Naturally Occurring Phenols
azplall 8 3aa) giall Y giall (yan

J58 (L), dplall 8 LEGY) dail g QLS e & 4 50dl) LS )

e ) (B Jsadill Liad) 5 Ja jall cy y (A 2 sa 5e Jgtan g3 SIS caigSs Llilal

OH

I

,j}':”“ﬂvf

%{/
CH=—0

Vanillin

OCHs;

OH OH
Pz WDCH3 f}x\“/#{:H(CHg)g
S HECM “‘:_;wf

CHECHZ CHZ

Eugenol Thymol
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Naturally Occurring Phenols
dzulall L.sﬁ 3aal dall Y gual) | pamy

) (e ety 3ale e Ll e a3 33 e 3 ke 2 5-Dichlorophenol L=y =
daadll) ol LA e D gsadl e sl aA9-tetrahydrocannabinol =

S 5 o A N el 2ea20 Cm 2 9n sall da sl J gl ga cp sl m

OH OH O
P ,-"'Cl = e 4
g
. et

L,
Ccl CH;(CHy); Y ~07 “cH,

2.5-Dichlorophenol A®-Tetra hydrocannabinol
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Naturally Occurring Phenols
dzulall L.sﬁ 3aal dall Y gual) | pamy

e 5 ) I Y i e 8 le o Al BaaaY) e uall m
2SO aliae aibad o Al ) sal g (e adadi A flavanoids

Ll 8 2 5a 5e flavanoids 053834 sa 5 Catechin ol JEa) Juw (=8 m
SRl A Gl il liat dad AN A )90 caaly pea) Auill g el

L A
OH OH
OH JVC}H
,ff
HO___~ fﬂ:[ PR
I 1A
\( ~ YoH X " OH

OH OH

(+)-Catechin (—)-Catechin



Reactions of Phenols:
Electrophilic Aromatic Substitution

Halogenation Bromination and chlorination of phenols
occur readily even in the absence of a catalyst.
Substitution occurs primarily at the position para to the
hydroxyl group. When the para position is blocked,
ortho substitution Is observed.

OH OH
CICH,CHC
+  Brs b, e + HBr
Br
Phenol Bromine p-Bromophenaol Hydrogen

(93%) bromide
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Reactions of Phenols:
Electrophilic Aromatic Substitution

Nitratlon Phenols are nitrated on treatment with a
dilute solution of nitric acid in either water or acetic
acid. It is not necessary to use mixtures of nitric and
sulfuric acids, because of the high reactivity of phenols.

OH OH
NO-
HNO5
acetle acld
5°C
p-Cresol 4-Methyl-2-nitrophenal

(73—77%)
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Reactions of Phenols:
Electrophilic Aromatic Substitution

Nltrosatlon On acidification of aqueous sﬂlgtinns

of sodium nitrite, the nitrosyl cation (N=0:) is
formed, which is a weak electrophile and attacks the
strongly activated ring of a phenol. The product is a
nitroso phenol.

N=0
OH OH
— s S
H550., Ho0
0°C Z
2-Naphthol 1-Nitroso-2-naphthol

199%)
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Reactions of Phenols:
Electrophilic Aromatic Substitution

Sulfonation Heating 2 phenol with concentrated
sulfuric acid causes sulfonation of the ring.

OH OH
HsC CHs HsC CHs
H250.,
100°C
S0sH
2,6-Dimethylphenol A-Hydroxy-3,5-

dimethylbenzenesulfonic
acid (69%)
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Reactions of Phenols:
Electrophilic Aromatic Substitution

FriedelCrafts alkylation Alcohols in combination
with acids serve as sources of carbocations. Attack
of a carbocation on the electron-rich ring of a phenol

brings about its alkylation.

UH OH
HSPE'_.-I_ ‘
+  (CH5)sCOH C0°C
C(CH 1:':2'_}
o-Cresol tert-Butyl alcohol d-tert-Butyl-2-

methylphenol
(63%)
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Reactions of Phenols:
Electrophilic Aromatic Substitution

Friedel=Crafts acylatlon In the presence of aluminum
chloride, acyl chlorides and acid anhydrides acylate
the aromatic ring of phenols.

S &

Phenol p-Hydroxyaceto- o-Hydroxyaceto-
phenone phenone
(74%) (16%)
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Reactions of Phenols:
Electrophilic Aromatic Substitution

Reaction with arenediazonium salts Adding a phenol to

a solution of a diazonium salt formed from a primary
aromatic amine leads to formation of an azo compound.
The reaction is carried out at a pH such that a significant
portion of the phenol Is present as its phenoxide ion. The
diazonium ion acts as an electrophile toward the strongly
activated ring of the phenoxide ion,

— OH ) - _OH
Gt G O‘
2-Naphthol 1-Phenylazo-2-naphthol

(48%)



Reactions of Phenols:
Acylation of Phenols

el iy 58 Jie Acylating agents 4 sell cadl Sl Jelis o) (Say m
el e gl dhall A8l e L) &Y gl e i geall Clele S )
;A gl JanS 5 Huell de gana

'[:r O
Oron o Lo o ()
2B or \\ /J/Kr I
R{ DC R
Phenol Aryl ketone Aryl ester
(product of C-acylation) (product of O-acylation)
=\ [ )%
\ Y, OH + CH;3(CH;)gCCl —— \ / OC(CH,)sCH; + HCI
A "\ /
Phenol Octanoyl chlonde Phenyl octanoate Hydrogen

(95%) chloride



Reactions of Phenols:
Acylation of Phenols

salinall 1S~ 8 Je il Ja s gt Ay ylaal) Zalal e Alul) Jelii Gosy m
ATV I KPS

OH OH OH ?

i CCH5
CHsCCI
* 4
AlCI5
sE-.;,
| ','-r.w . %In

Phenol p=Hydroxyaceto- o-Hydroxyaceto-

phenone phenone

(/4%) (16%)
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Reactions of Phenols:
Acylation of Phenols

Ly i s A i) Jau g juell de gana GuannST e ALY Jeld sy W
D218 o gria V) D ga g ane Bl S -y 8 Jelas

O O
N\ | 77 I |
s\ // OH + EH;(EH:}&CE] —1* W / (:}C{CHE)E,,CHj, + HC1
i A
Phenol Octanoyl chloride Phenyl octanoate Hydrogen
(95%) chloride
— O O O O
—\ o mses . /T N L
F—{, 4, —OH + CH;COCCH; > G »—0OCCH; + CH;COH
4 N
[p-Fluorophenol Acetic p-Fluorophenyl acetate Acetic

anhydrde (81%) acid



Carboxylation of Phenols: Aspirin
and the Kolbe—-Schmitt Reaction

auly (i g yall 3 O- acetylsalicylic acid ss Jo¥) <l jiwl el v/

NUTBT
oS 5 el e gane Alind Ao 53 ASPIrin GeomsY) puasi ol v/
i
Q0 : O
H>S50 ]
| + CH,COCCH, =% | + CH,COH
~">co,H X""coH

Salicylic acid Acetic anhydride (L Acetylsalicylic Acetic acid

(0-hydroxybenzoic acid) acid (aspirin)
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Carboxylation of Phenols: Aspirin
and the Kolbe—Schmitt Reaction

LY
Salicylic Acid —ibadall (yass sa (p pal) juaad & ~Udal) S el )
Kolbe—Schmitt Reaction Jdelé caus jucass 24y (Al

ONa
,,;f\Tf CO, @J/\ H;0", ‘i
125°C_ 100 atm
X CO,Na CO.H

Sodmum phenoxide Sodmum salicylate Salicylic acid (79%)
O i_l‘lj'} _ DI—I
— —> . —— - - .
& L CE C @: 0
al"? &
H O |
O
Phenoxide Carbon Cyclohexadienone Salicylate
anion dioxide intermediate anion 8

(stronger base) (weaker base)



Preparation of Aryl Ethers

Osmalilyy Jolii A e (o8 4y V) ) 53 pulaail 43y sk Luadl
Gladla ) xe 2l gial) 30 HLE Jeld A (e Williamson Method

S
ra I (- )
ArO:” |+ R¥FX:| —\ AOR |+ :X:
Phenoxide  Alkyl halide Alkyl aryl  Halide amion
anion ether

1 ¥
\
— () ONa +  cHyl A, \  )—OCH; +  Nal
j -

Sodmum phenoxide Iodomethane Anisole (95%) Sodium 10dide
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Preparation of Aryl Ethers

LY
Williamson cuss yasy 635 o &1 oo 4l ¥ <l i) el (10
Sl Jsall e Method

CHiO -~
I e

[1IKOH g
[2] CH5l H>E _ TN
Ho' ot

morphine codeine
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Alcohols
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Alcohols I ey

) Jlarial) 48 o3 (oM elall &) gme Cilaiial GV gudll 5 JI eV et W
il e Ar 5l R 4 sae Ao ganay Silia 5 el

Lt 0S5 Al QLS el e 4 ol de ganall i dplesll 4alill (0
=3 Lain SP3 (pagd Dl Axndie (50 83,0 ) Adasi 4o OH e sens
SP2 (L 55 L S AL e OH 2o saae leh (oS5 A1 S 5ol
Enols &Y s o

OH OH i I

OH
| N\ /

kA VAR

An alcohol A phenol An enol
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Alcohols I ey

40) gl landaill (e el Gllat g Aapdall (8wl 9 S5 JI s W) 2a) 55
4aeluall g

Ll Lelia aadiin dua dpas) e liall dibiassl) 3 gall fiS) aa) J gilialld o
i) men s apall o sill £V A 53 ) Jas

il JsaS adde Gllay ol gl 5 ol sell Gl lall a0 juaad oy

2l gaal J Sh ol gla j¥) ddal g palall B ll 6 juiant Ahy o
O soued) Ol aa (s S

Gile all candl iy 5e8 il alu S je Jlall gl JSAIL paaall ey o
(de 250-100) 308N Sl jally Gigall 5 (da 15) 3 ezl

R

2006
CO + 2H, Cu/ZnO/ Al,Oj catalyst

> CH3OH v)

Copyright © 2010 Pearson Prentice Hall, Inc.



Alcohols eV
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Hydration J) Jeld ddaul s (5 pdall aladiuB el e J o0 Joaniy W
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J s Y dpans

22ad e @lld g (3) 4l (2) s (1) Wl Jse) ) e V) Cival
S 5 el e sanal Jalall 50 K1) ) Ayl 4 gunal) e sanal

OH % Or
C. .C C.
R4 "H R¢ "H R4 "R

H R R

A primary (1°) alcohol A secondary (2°) alcohol A tertiary (2°) alcohol



J s Y dpans

a2l I cliisie [UPAC J) Al caves anel J1 s Y1 e
- OL 4aa>

de gana e 4 glall g Jshat¥l 4 o0 ST Alulud) il @ 4 acll) o
Ol el (38) sl G -@ Al Jlasiuls Al (30 Cus JuS 5 H0gll
JUall o (A=d (i ea (3 s (8O0 adal @llh g @ Algdll s Gy Cas
propaneol o« s propanol
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OH
1 2|13 4 5
CH3$CH2CH2CH3
CHs

2-Methyl-2-pentanol
(New: 2-Methylpentan-2-ol)

® 2007 Thomson Higher Education

cis-1,4-Cyclohexanediol
(New: cis-Cyclohexane-1,4-diol)

oY) drans
LY
4
CHj
3l 2 1
CH?HCH3
OH

3-Phenyl-2-butanol
(New: 3-Phenylbutan-2-ol)



JUPAC J) Ja

CH,0H CH,
|
O/ H,C=CHCH,OH CH3COH

CHs

Benzyl alcohol Allyl alcohol tert-Butyl alcohol
(phenylmethanol) (2-propen-1-ol) (2-methyl-2-propanol)

HOCH,CH,0H HDCH‘E?HCHEUH
OH

Ethylene glycol Glycerol
(1,2-ethanediol) (1,2,3-propanetriol) g



Give IUPAC names for the following compounds:

(a) Cl)H (|JH

(b) cle (¢) HO
CH3CHCH,CHCHCH3 CH,CH,CCH3
| | CH3
3 CH3 CH3

CH

(d) H (e) H3C OH () Q/OH
d( Cork
Br

.
OH

Draw structures corresponding to the following IUPAC names:

(a) (£)-2-Ethyl-2-buten-1-ol (b) 3-Cyclohexen-1-ol

(c) trans-3-Chlorocycloheptanol (d) 1,4-Pentanediol

(e) 2,6-Dimethylphenol (f) o-(2-Hydroxyethyl)phenol



7
53 5m gl il A iLa (ym €Y1 Jsm Al ] b A Y il 5 J1e Y ol m
R
2 109) sl ool bl 4l ) 050 4 R-O-H Ll 405 =
slall Al 8 LS 53 Cangd a3 )0 5 (JUE) s e J 53l
Méﬂ;é;&ﬁm&\ AL Q\;JJQY}&UJ\}{:‘X\& ]

Adia g el dayl )l
| |
. B
. B H/O\
5+ 3}1\8(5’/ 5+ \8}1\)0—
| |
R R

10
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J &Y ailias

dlaid) 1 d3a0 Jslaa A Coumia (S0 0 00 L8 ddmia (ynganS 5 W
2SS B3 Ls g HyOF 83505 3] ga elall Lgigi g g i

alkoxide 1on
/\ H
Q\/H b, |
se —i +
R—O: + H/Q\H <—2J R—OF + H/Q\H
An alcohol An alkoxide ion
_ 5 )
2%y B o5 S
or Y T TN — Y + H?,O+

A phenol A phenoxide ion
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Alcohol Acidity
J s& V) dia gan

Ka da gandl 4340 Wi ey o) (S slall (8 (aes sl 58 ()

- O+
_ [AT][H307] LK. = e K,

) [HA]

A gen Jil S5 3 sl pKa J) g 3_seall Ka J) 13 LS Halle

i gen JS) 4S53 paall pKa JI g 3mS) Ka J) ld Gl al) Laiy

slall duia gan (i Ly 35 cllad J V) 5 J siliall Jia ddapead) JI 2 V)

— Ul Ji Jad Amganll o € il Alaliiall e sanall 5S5 o)) (S
2,2,2-trifluoroethanol s —wea (2es s tert-butyl alcohol o4

SR e A

SIS A gan SH (152 DU Ay S ilinlian 8 5) @Y gl g Y gidl) )
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Compound pk,
(CH3)zCOH 18.00 Weaker
acid
CH3zCH20H 1le.00
H-0 15.74
CH3zOH 15.54
CF3CH>0OH 12.43
p-Aminophenol 10.46
CH3SH 10.3
~ p-Methylphenol 10.17
Phenol 9.89
p-Chlorophenol 9.38
Stronger
p-Nitrophenol 715 acid

14



Alcohol Acidity
J s& V) dia gan

ANl ) sy IS Spms I 2 W) Am g Sl LI (i) 435 )
il e Aanlll auusS SIY) 30 )L

J.\S\ oJJ\.uJ\ XYY L.\.\\SLJS‘\J)@.&»J.\S\ J:\M:SJSS\J\::JJLJJNAJ\ u\S\.ASS ]
il LS aaalal) 4l (e iada 'BJJ\JZJ\ s 5 IS LS ¢ Wil
) Gl all J i) A g

Sterically less accessible;

more hindered and
less easily solvated.

/

Sterically accessible;
less hindered and
more easily solvated.

Methoxide ion, CH30™ tert-Butoxide ion, (CH3)3CO™ 15
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Alcohol Acidity
J s& V) dia gan

CYaliald J) g2 V) A gan apaat 8 Liay) dala dpcay jall <ol U0 diad m
Al STV 30 LS Al sl ) (e Jerd JUal) Joa (e i g i< 4l

4 gan
.1 o
Electron-withdrawing groups | |
stabilize the alkoxide ion F3C———/C\CF3 versus H3C"'/C\CH3
and lower the pKa. FaC HaC

pKa=5.4 pKa = 18.0

© 2007 Thomson Higher Education
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Alcohol AC|d|ty

Sl 3 )5 ol YIS Al Y
NaOH Jia paleall ClawsS 5508 ae Cln JS54 Je it
ae Jeldli LSl m
Na, K, Li Jie 48l paleall (1
NaH oo sl 31, iy il Gus¥l s (2
NaNH, a5 sall 2l 5 (3
RMgX b e il S5 (4
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HL,C CH H,C CH
) \\Cf y + 2 K 2 ’ \Cf ’ + H
HaC” “OH H,C™ o K+ ’
tert-Butyl alcohol Potassium tert-butoxide
(2-methyl-2-propanol) (potassium 2-methyl-

2-propanolate)

CHzOH + NaH —— CHZ0~ Na* + H,

Methanol Sodium methoxide
(sodium methanolate)

CHECHng + N-HNHE — CHECHEO_ Na+ + NH3

Ethanol Sodium ethoxide
(sodium ethanolate)

OH O~ *MgBr
+ CHsMgBr —— O/ + CHy

Cyclohexanol Bromomagnesium
cyclohexanolate



Alcohol Acidity
J s& V) dia gan

2 Jat Lald SN )52 W) (e da gan S QY g3dl) yiiat m
oo adalun Lelad (Say 5 WS NaOH J saeall Liladl Jallaall
S P ?" Y L}_‘,\_A Jolaa guu\ At Ao o B

atanl sale |
OH O~ Nat
©/ . WaOH “~—m> ©/ + H-50
Phenol Sodium phenoxide

(sodium phenolate)

® 2007 Thomson Higher Education
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Gladla UKV @l Gl yall (e 2a2ll fpe J) e W) juans (S m
X AN AL ja (g g lamaly) el i) @l gkl LSy
- S el Calial Calide (e Jilea dae I J1s2 W1 Joni o)) (e

\
(@) Ce=C O
NS s
R\ “OH R~ R
Alkene
Carboxylic Ketone
O acid O
|| \ e N/ ||
C 74 C
R~ TOR’ R~ H
\ :
Ester S = Aldehyde
ROH
RX Alcohols ROR’ 20

Alkyl halide Ether
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UK ) elall ddla) Jelds ddasl o0 152 Y) jucant Sy m
(O pile e (8 Hla Bale aadtiy m

8 K18 oS jla pu€e ddlal S e = Hydroboration—oxidation
s oK1 oS Hjla ddlial € e axd oxymercuration—demercuration

CHg CHs
| 4H | sH
Bl H202
THF ~OnH
{ YBH, i YOH
i H | H
CHg trans-2-Methylcyclohexanol
(84%)
[ CHy | CHy
1-Methylcyclohexene ! JOH i ,OH
Hg(OAc), NaBHg4
H20
| VH
HgOAc_ 21

1-Methylcyclohexanol
(90%)
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oS08 oS Hle uSe ddlal oS je = Hydroboration—oxidation
o sS4 ¢S Hle ddlial S e Ja=d oXymercuration—demercuration

CHj CHg
| JH ! JH
BH3 H,0,
THF “OH _
| YBH, i YOH
. H | H
CH3 trans-2-Methylcyclohexanol
(84%)
t CHy = | CHy
1-Methylcyclohexene i ,OH i ,OH
Hg(OAc), NaBH4
H,O
i YH
] HgOAc |

1-Methylcyclohexanol 22
(90%)
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a8l hydroxylation Alus jagll Jeldiy 1, 2-Diols spasd (Say =
NaHSO, dbaul s gla ) Jelily ¢ gia OSO4 ddassd g0 (S

€ 02 dpiaaa dgalay ] 2-Diols pasd (Say 5l m

Q/CH3

1-Methylcyclohexene

@ 2007 Thomson Higher Education

= )

.

GHs GHs
! L® i_0OH
0sOg4 C]: \_ 29 NaHSO- Cl:
— Os P
Pyridine Y B H20
¥ O | =OH
H H
An osmate A cis 1,2-diol
(1-methyl-r-1,c-2-cyclo-
hexanediol)
CHg QH
/ i _aCHs5
RCO3H - HzO*
CH2Cl>
\, i YOH
H H

1-Methyl-1,2-epoxy-
cyclohexane

A trans 1,2-diol
(1-methyl-r-1,t2-cyclo-
hexanediol)
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Problem 17.6
Predict the products of the following reactions:

(a) CH3

| 1. BH
CH3CH C — > ?
STENCPTNCH;  2.NaOH, H0,
|
H
(b)
1. Hg(OAc)y, HO -
2. NaBHy4 (D
(¢) CH3CH,CH,CH,  CH,CH,CH,CHs
\ / 1. 0sOy4

c=C
/TN
H H

2. NaHSOs3, H,0

?
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Al s SN LS el gla ) e J1 s ) s

Al g S LSl pla s oa ) SIS gl (sl
Sl )l Lay Al g SO Sl qaen pla) o o (S m
Sl yiwY) g Al g ST e gaald) U KTl

O OH
| I | where [H] is a
/C\ " /7C\H reducing agent

A carbonyl compound An alcohol

© 2007 Thomson Higher Education
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O O s Ayl Y e ) el Al g Slamal) els Sy m

A Y ) aay K el )

3

(|:|) ?H
[H]
C T 7 0
R™ H R/ H
H
An aldehyde A primary alcohol
ﬁ C|}I_|
[H]
C - A
R.r""‘ “‘HR‘. H.;{{ H“‘\-.H

A ketone A secondary alcohol
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i
Aldehyde reduction

0 OH

CH3CH2CH2(|‘1H > ﬁig‘:“’ e CH3CH2CH2(|3H
;

Butanal 1-Butanol (85%)

(a 1° alcohol)

Ketone reduction

O H OH
I N/
q ®
1. NaBHg4, ethanol _
2. H30* .
Dicyclohexyl ketone Dicyclohexylmethanol (88%)

(a 2° alcohol)

® 2007 Thomson Higher Education
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O
1. LiAlHg4, ether
2. H30*

2-Cyclohexenone 2-Cyclohexenol (94%)

sed 3y shd ) Layl a1y NaBH, ¢ 4dlad S LAIH, o) =
) J aiia aie (5 il Sy ST 5 oLl e ey Jeli
a 120 o

28



Al g0 )SI LS Hall Sl )l e ) se V) juaas
53 5 Sl gla

WLJMEJJMMLA\MSoJA&\AJY\u\JAQ@A;u\ m

- 0 7
L +
/C(L} L e L
74— f “/ H
A carbonyl An alkoxide ion An alcohol

compound intermediate

® 2007 Thomso!
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) a5 Al o0 SI) (a gasll £ La )

) Y12 e YL i 5 Al 51 S ganl dans m

0 ® OH
. : H :
or — 7 |

R~ “OH R~ “OR’ Fi’;l/ ~H

A carboxylic acid An ester A primary alcohol
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“L

Carboxylic acid reduction

O

I 1. LiAIHz, ether
CH5(CH,)7CH=CH(CH,);COH

2. H30™*

9-Octadecenoic acid 9-Octadecen-1-ol (87%)
(oleic acid)

> CH3(CH,)7CH=CH(CH,);CH,OH

Ester reduction

)

| 1. LIAIH,, ether
CH3CH,CH=CHCOCHj;

2. H30*
Methyl 2-pentenoate 2-Penten-1-ol (91%)

CH3CH,CH=CHCH,0H + CH30H

31
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<

What carbonyl compounds would you reduce to obtain the following alcohols?

N (l:Hg Cl}H T )\/\
CH3CH2CHCH2CHCH3 = CHQOH

CHy O CH; OH

| | - | |
CH3CH,CHCH,CCH3 ; ':agf“ orLiAlfs | CH4CH,CHCH,CHCH4
- Ty

32
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What carbonyl compounds would you reduce to obtain the following alcohols?

(a) f|:H3 C|JH (b) /J\/\
1. NaBH4 or LiAIH
f’fLH“J¢§?KWHﬂO 4 4

2. H30%

)\/\CO2CH3 1. LiAlHa : )\/\CHQOH

2. H30*

1. LIAIH
)\%\CC}QH [ 4

2. H30%
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Problem 17.7
What reagent would you use to accomplish each of the following reactions?

o0 e
? |
CH3CCH,CH,COCH3 ——> CH3CHCH,CH,COCH3

“og )
?
CH3CCH,CH,COCH3 ——>  CH3CHCH,CH,CH,OH

(c) O OH
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b e cadl S

LAl W se ) g la VL Gl il s bl g SI) a gand) aat m
S A s el s Jidll QoY) SV cladle Je it
RMgX i e adl & laall THE o) j o8l 508 el b

o= |\ _t R =1° 2° or 3° alkyl, aryl, inyli
R—X + Mg ——> R—MgX Yiery, BENERE
X =Cl,Br, I
- A Grignard -
reagent
@) OH

| 1. RMgX, ether (l: + HOMaX
77N 2 Hy0t / R ;
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LAl W se ) g la VL Gl il s bl g SI) a gand) aat m
S A s el s Jidll QoY) SV cladle Je it
RMgX i e adl & laall THE o) j o8l 508 el b

o= |\ _t R =1° 2° or 3° alkyl, aryl, inyli
R—X + Mg ——> R—MgX Yiery, BENERE
X =Cl,Br, I
- A Grignard -
reagent
@) OH

| 1. RMgX, ether (l: + HOMaX
77N 2 Hy0t / R ;
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-
Formaldehyde reaction
g P M 0 Br - CHE'DH
| [ A | 1. Mix in ether f v~
- I H™ THEAmS
Cyclohexyl- Formaldehyde Cyclohexylmethanol (65%)
magnesium (a 1° alcohol)
bromide
Aldehyde reaction
~_ _-MgBr (|3H3 '{lf’ (|:H3 [|}H —
~ T i 1. Mix in ether (AN
| | [ +  CHCHCHCH o CH4CHCH,CH
Phenylmagnesium 3-Methylbutanal 3-Methyl-1-phenyl-
bromide 1-butanol (73%)

(a 2° alcohol)
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Ketone reaction

0
o [_.H CH
. _ 1. Mix in ether 2113
CH3CHoMgBr  + Oﬁ - O/

Ethylmagnesium Cyclohexanone 1-Ethylcyclohexanol (89%)
bromide (a 3° alcohol)

i HEC\\‘ XCH?'
_CY - Z LHgMgPP, ¢+ CHyCH,OH
CH3CH>CH2CH2 OCH;CHg  2-H30 CH4CH;CH5CH» OH
Ethyl pentanoate 2-Methyl-2-hexanol (85%)

(a 3° alcohol)
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Y

Ketone reaction

0
1 LH CH
J _ 1. Mix in ether A 2 3

Ethylmagnesium Cyclohexanone 1-Ethylcyclohexanol (89%)
bromide (a 3° alcohol)
i HaC CHs
R c 1. 2 CH3MgBr ‘\Ef +  CHaCH-OH
CHaCH,CHoCHy™ “OCHoCHa 2. H3O* CHCHoCHoCH, ™ “OH e
Ethyl pentanoate 2-Methyl-2-hexanol (85%)

{a 3° alcohol)

39



e i 55,0 LSl el e 152 Y
b e cadl S

How could you use the reaction of a Grignard reagent with
a carbonyl compound to synthesize 2-methyl-2-pentanol?

O
g 1. CH3MgBr
CH3CH,CH,~ “CHy  2.H3O* \ R
2-Pent d \C/ j
-rFentanone
CH4CH,CH,”  ~OH
O 2-Methyl-2-pentanol
(|Jl 1. CH3CH2CH2MgBr
HsC” ~CH; 2. H30*

Acetone
40
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xil 0 dasal HBT g 5l HCI e L) 2811 J1 W) Jelisi >
4380 gall IV Cilagdla

H,0
R [ _R R R R
R\“C—OH - FL“‘c—@H N e R\“c—a (Br)
Y or HBr / 2 s\l | or Br~ / :
R R R R
A 3° alcohol A carbo- An alkyl chloride

—— cation or bromide

© 2007 Thomson Higher Education
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PBr; & s SOCI2 ge 4 g8l 5 4 ¥ J) s V) Jelasi )
381 5ol JSIV) lalla et

o
(L
leli berorelld |\ —> @—c” + so, + cr
ether / SN2
H H
~\ | Achlorosulfite | An alkyl chloride
"C—OH
/
i gk Br .
B ooper x N\ A /-
alcohol PBrg S 15 o™ W7 -
ether /C @] PBI2 S—NZ) Br C\ + BrzPO
H H
| A dibromophosphite | An alkyl bromide
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it Coa g AU Jl e W) Al Jdans JShyelag Y ab B
u'a.q;j\ A.L.m\j.\ Jelail)

Zaitsev’s saclal W g sale by (aeally laul sidl g 33 Jeldi o)
ebe) S S UL SISV ST Lilara rule

(ks CH, CH,
| H,0*, THF \ \
H3C — C — CHQCH3 5 > C — CHCH3 F C — CHQCH3
| 25" / /
OH CHj CH;
2-Methyl-2-butanol 2-Methyl-2-butene 2-Methyl-1-butene
(trisubstituted) (disubstituted)
Maior product Minor product

© 2004 Thomson/Brooks Cole
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il Loy s (S0 Lah Jelil 3] i o A i1 )23
?‘Lﬁ 8 gaw dliaad) Al sl 18 L;Ldb 3

& 3 Jelai olad 4y 61Ul J1 sV (e Allad J8) 401 W) JI 52N o) 3>
&\h\d)ﬂﬁ@\k}ﬁe‘m‘m Lay) ety Laa el
BA| & R Jelas

H H R H R/ B
\/ \g E/
R~ OH R~ oH R™ “OH

Primary < Secondary < Tertiary

201
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Jse Y (e slall g 50 plandly (5 8 paes (I Aalall aiadl 3
Adylal Apuld Jag i 8 Allad Cadl Sy ghat a3 8 A0 Y
< phosphorus oxychloride s «adl < ods aal o) 3>
ag Ul J) e W) (e clall g 3 Gilaal e 506 a5 (s jull

0 4 all & 4nllll

CH, CH,
OH POCI;

Pyridine, 0°C .

H

1-Methylcyclohexanol 1-Methylcyclohexene (96%)

© 2004 Thomson/Brooks Cole e



J) eV Gilelds
e BN g R P TN I T R P

L

@ The alcohol hydroxyl group reacts with ( Cl
POCI3 to form a dichlorophosphate &
intermediate.

HE T N// R
5 _

(JOPOCI,

@) E2 elimination then occurs by the usual
one-step mechanism as the amine base
pyridine abstracts a proton from the 2
neighboring carbon at the same time that
the dichlorophosphate group is leaving.

® 2007 Thomson Higher Education



~ What products would you obtain from reaction of 1-pentanol with the

following reagents?
(a) PBry (b) SOCI,
(€) CrO3, H>O, Ho504 (d) Dess—Martin periodinane

How would you prepare the following compounds from 2-phenylethanol?
More than one step may be required.

(a) Styrene (PhCH=CH>) (b) Phenylacetaldehyde (PhCH,CHO)
(c) Phenylacetic acid (PhCH,CO->H) (d) Benzoic acid

(e) Ethylbenzene (f) Benzaldehyde

(g) 1-Phenylethanol (h) 1-Bromo-2-phenylethane

How would you prepare the following compounds from 1-phenylethanol?
More than one step may be required.

(a) Acetophenone (PhCOCH3) (b) Benzyl alcohol

(c) m-Bromobenzoic acid (d) 2-Phenyl-2-propanol



acids (highest)

esters

aldehydes

ketones

alcohols

amines

alkenes, alkynes

alkanes

ethers

halides (lowest)

48



b il gl alyy
5) oill uaall A8LaY) Ve e

oaslll Al 3




- b g g faaaly) e dale 4024

Aol s pall S G e U KT g luaaly] e

Slamall fe 8 be oa Al il Lealing il cilS jall (o aaalla
Sl giS

a3 S e Bl ga i b JLa 5 5 2 alY) JU) Jaaws ad
Anlaiay) COle ) e S e A JAla

psdll OS] alaly (5 8 B ke ga (9 38 ) S 5 Hnedl (S 8 Lyl
Gl s Sl 5 g5yl

CH,OH
2-04PO .
I
= CQ*Q
*N
H N OH
CHj
Pyridoxal Hydrocortisone

phosphate (PLP)
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O .

citronellal
(lemony odor, isolated
from lemon grass)

H
vanilin
(flavoring agent from

vanilla beans) | "N —
—

= |

1

PSS

geranial
: ‘ (lemony odor, isolated
cinnamaldehyde from lemon grass
{odor of cinnamon) grass)
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Sl g ddavand) Gl KT g laaalVl e 35S GleS Z Ll Al LileSl) Gleliall 8 o
MJ.M\ Sy e‘.l;.h.u\_\ dylj:\.d\ % ‘;:‘33.1‘ L\...c\_\m .J.\AJM ?JJSM Po-t¥! o3
2-propanol  3auS) ety ¢ siu) t\.’iua\ G saa) Ly o

OH 0

(|: Catalyst I
Hr} —H Heat H""i H‘“‘H

H

Methanol Formaldehyde

OH O

é Zno |(|:

H3C~/"—H  380°C .7 cu-

HaC i A

2-Propanol Acetone
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Naming Aldehydes

al el &8l sall GV Y @ Akl Jlarialy Clapaly) i o
3L 5 ~CHO 4e sana o Api 1 Abubull (5 gint Cuny

T 8l de senall 38 (52 S

O O CHs O
CH3|(|IH CH3CH2gH gH3(A|;HgH2(22Hg,H
CH,CHg3
Ethanal Propanal 2-Ethyl-4-methylpentanal

(acetaldehyde) (propionaldehyde)
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Naming Aldehydes

Aalal)l o Al e o

carbaldehyde 4as3U) aaaius dalal) e 3 yili 4oy

: CHO l l1 , _CHO

Cyclohexanecarbaldehyde 2-Naphthalenecarbaldehyde
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Naming Aldehydes

JUPAC J Jé (« &

Table 191 | Common Names of Some Simple Aldehydes

Formula Common name Systematic name
HCHO Formaldehyde Methanal
CH3;CHO Acetaldehyde Ethanal
H,C=CHCHO Acrolein Propenal
CH3CH=CHCHO Crotonaldehyde 2-Butenal

CHO

Benzaldehyde Benzenecarbaldehyde

® 2007 Thomson Higher Education
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Naming Ketones

one gl @ sall HISIY) Al e Aledll Jlasiuly il i€l oand o
Sl (55t Al J ol AL o Rt AL ) oS5 Cain

OS] de sena

I I T
CH-CH-»,CCH»CH-»CH CH2,CH=CHCH-,CCH CH-CH»,CCH»CCH
1 32 234 25 26 - 6 35 4 3 221 ) 6 35 243 221 3
o 3-Hexanone 4-Hexen-2-one 2,4-Hexanedione

(New: Hexan-3-one) (New: Hex-4-en-2-one) (New: Hexane-2,4-dione)

© 2007 Thomson Higher Education
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Naming Ketones

IUPAC ) U8 (e L (i sina g Aaild el @il gl oany clliad o

O
O I
|

i
e C
CH3CCH3 ©/ CH3 ©/ \@

= Acetone Acetophenone Benzophenone
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Naming Ketones

e.u\ eJ;:\.uu Lu}ﬁ d.ﬁh.ms R—C:O L:J‘ OJLM:Y\ Lf)))‘éj‘ (e U}S" Ladie o2
-yl Al 4l leas acyl group 4e sess

O

R/C?A\

An acyl group

® 2007 Thomson Higher Education

O
]

C
HaC™

Acetyl

O O

| g

e
HT S X
Formyl Benzoyl

10
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Naming Ketones

?'M\ e.l;_mu \_1.\}3 d.l\.t.ms R-C=0 LSM BJ\.J:\]\ d)j)mj‘ Cya u)S.\ Ladic o
-yl Al a4l las acyl group e sass

O O @) @)

y; i\, @
RS HaC™ HTS ©/ S

An acyl group Acetyl Formyl Benzoyl

® 2007 Thomson Higher Education

Loyl o dadi yall S el g s Al ddiha g de sava sa s Ja A
s AUl JUdl 8 1S X0 Al aadiio Lild JoliieS Caclias
O O

IS
%H3(53H2%H2(§(23H2(130CH3 Methyl 3-oxohexanoate

® 2007 Thomson Higher Education
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Name the following aldehydes and ketones:

(a) ﬁ (b) CH,CH,CHO (c) <|:|) t|:|)
CH3CHQC(|3HCH3 O/ CH3CCH,CH,CH,CCH,CHs
CHs

(e) |C|) (f)
CH3CH=CHCH,CH,CH

Draw structures corresponding to the following names:

(a) 3-Methylbutanal (b) 4-Chloro-2-pentanone

(c) Phenylacetaldehyde (d) cis-3-tert-Butylcyclohexanecarbaldehyde
(e) 3-Methyl-3-butenal (f) 2-(1-Chloroethyl)-5-methylheptanal

12
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Preparing Aldehydes

AV J1se ) saushy o clamal) glidaaY (5 k) aaf sas) @

OAc

H
J “ '
:Ql/h“h Ny CHEDH CH,Cly T ‘“:l C []

Geraniol Geranial (84%)
M/ £ CH2C|2
Citronellol Citronellal (82%)

© 2007 Thomson Higher Education

Pyridinium chlorechromate (PCC):

__\NLH CrO.,Cl-
\  / 157

Cr0); - pyridine - HCI
or pyH" CrO;C1~

13
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Preparing Aldehydes

S A e aad g s s paa e Ay sladl GUSIYY el o) (S o
tﬂjm:\_da:.aog U)J}y\ C_\CAL’S\.AJ.&C cﬂlljolus\j\ &M\j.\).bﬁa‘\_\l«:
Ll aly)

CH3 ﬁ ﬁ

1. O3
> H H,CH
2. Zn, CH3CO,H CH3CCH2CH,CH,CHLCH

H

1-Methylcyclohexene 6-Oxoheptanal (86%)

© 2007 Thomson Higher Education
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Preparing Aldehydes

U genll e ey Gl Sl AN ucaatl R 45, 0 o
coluaall et L 5a Lela ) 25 o) (S kS 0 SU
(= 2= Diisobutylaluminum Hydride (DIBAH, or DIBAL-H)
Glaa ) juaatl 4y jdall (3 yhll aal

O @)
] 1. DIBAH, toluene, 78 °C ]
CH3(CH3)19COCH3 T >  CH3(CHj2)1oCH
2. H30
- Methyl dodecanoate Dodecanal (88%)

H

I
where DIBAH = CH3CHCH,— Al—CH,CHCH5

| |
CHg CH3

© 2007 Thomson Higher Education
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Preparing Ketones

G Gl ot 3auS gall 3 gall (e 22ay 4 GG J) 52 Y] Al ) Ky o

Q/ CH2C'2 /(:/r
H3C H3C

H3 H3

4- tert-ButylcycIohexanoI 4-tert-Butylcyclohexanone (90%)

© 2007 Thomson Hi

H50% g
HgSOs  CH4CH,CH,CH,”  CHg

Y

CH3CH2CH2CH2CECH

1-Hexyne 2-Hexanone (78%)

® 2007 Thomson Higher Education

16



b KT s

Preparing Ketones

OsosY) Akl Hhd dlee ) LSV azads o) (S o

.l )ASS\ Ay d4h=a O, (Ozonolysis)

@)
CH,
o + H,C=0
CHa 2. Zn/H30* Ha .

70%

® 2007 Thomson Higher Education

CH3

n 03 ’ ll ||
2.Zn, CH3COoH CH3CCH2CH,CH,CHLCH

H

1-Methylcyclohexene 6-Oxoheptanal (86%)

® 2007 Thomson Higher Education
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Preparing Ketones

Friedel—Crafts acylation Jel ddau) s &y jlaall S g€l juiant (Say o

AICl; (e s s 253 59 (el 3y 551 aa 4 Hlaal) ddlall

] AlCI
+ CHsCCl —

Benzene Acetyl Acetophenone (95%)
chloride

® 2007 Thomson Higher Education
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Oxidation of Aldehydes and Ketones

i Y G BT 3 S L gan o Jaetl Al ggany ol ) Sl o
elil 13 e (S ol 2
de gana Cpagaa b GlaaalVE oS Al I GaDBAY) 138 2 gry o
i 5l L Y Laiy 528 e SN ¢ 5 ) ey 53l CHO
O soned) 1aa Jia

Hydrogen
here
o | 0
R H R” “OH

An aldehyde

A carboxylic acid

Not hydrogen
here
o f
= L7 104 _
.C._+¥ ——= Noreaction
R R’
| A ketone |
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Oxidation of Aldehydes and Ketones

HNO; s KMNO, L Lo 320uS 5all Jal soll (e a2l (S <
B 393 e ale QG a9 48 jall 3 ) s A 3 Lay pes 30SY) haal

0 0
CH~CH-CH-,CH,CH |C|3H CrOs Hs0™ o1 CH.CH.CH,CH |C|30H
3 2 2 ) 2 Acetone, 0 °C 3 2 2 2 2
Hexanal Hexanoic acid (85%)
@) (@)

I T Tollens’ reagent

C C . h 4 - . .u
~y A ~0H A solu_hon prepared by dlslsnjlxmg
oy oﬁ "y + Ag Ag,0in aqueous ammonia; used for
N selective oxidation of an aldehyde to

a carboxylic acid.

Benzaldehyde Benzoic acid
© 2007 Thomson Higher Education
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Nucleophilic Addition Reaction of Aldehydes and Ketones

\Mﬂ Aldehyde APl e ol JSY) Jelal) o) o
NN | oTeten 3 il Camall AaLaY) Jeli g il 5ill
750 Nucleophilic Addition Reaction
o

K] An electron pair from the nucleophile adds to
07 the electrophilic carbon of the carbonyl group,
{Nuff'l{ﬂ} pushing an electron pair from the C=0 bond
v onto oxygen and giving an alkoxide ion inter-
mediate. The carbonyl carbon rehybridizes

Alkoxide ion

2 |CEC from sp? to sp-.
:I.?H
Nnu—CR  + H2O B3 Protonation of the alkoxide anion intermediate
-

gives the neutral alcohol addition product.
Alcohol 01
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Nucleophilic Addition Reaction of Aldehydes and Ketones

X

( : Nu)

O 9 s SJJJAMJ\AL\JLMEM\JLMJ:\S)M\ u\S\.A\JBA o2

HO:~ (hydroxide ion)
H:™ (hydride ion)
R3C:™ (a carbanion)
lej:i_ (an alkoxide ion)
N=C:" (cyanide ion)

Some negatively charged
nucleophiles

Coda Alae (pa liaY s o) oSy 1
III‘. L N

HEJ_H (water)

ROH (an alcohol)

HaN:(ammonia)

RNHZ (an amine)

\

Some neutral nucleophiles

22
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Nucleophilic Addition Reaction of Aldehydes and Ketones

iy G 55 ) @l S ) lanaly] e 38l elelinl (Sa o

a3y dglae e osasll el (ol S pall ey (S V) ARy Hhal) a8
Yol A3y dalee (e Alad Juisa KU GaanS) 353 )l Al Ayl ALl )
gy e il H,0 S I HO ™ S d8aY (ada dolee (e o (g

RI

sNu™
CO/
I
R/C\
H

Aldehyde :[ij ¥
or ketone \U—>

® 2007 Thomson Higher Education

:6—/’—\ \
I H—p}x

R"'/C\Nu

Rl

:Elj—

+

R")C\r’\m» H

L

Nu=C Ll

(I)H
R"'/C\Nu
RI
OH Nu
| -H,0 I
R"'/C\Nu- -H R/C\R
R.r
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Aalay) + olall 31 gall Auaall ddLaY) C)le e

Nucleophilic Addition Reaction of water (Hydration)

5 1,1-diols anil slall aa il il g Clamaly) Jelas o
geminal (gem) diols
J Sa &ua i sSe Jeld sa hydration reaction delds o <
L€ ol luaall aaa e Jaead elall Gds dulee iy o) gem diols

I T
C + HNoQmms— 0
HaC”\ YT/ » H3C¢ " ™0OH
HaC

Acetone (99.9%) Acetone hydrate (0.1%)

24



Aala¥l - olall 3) il duaall daLaY) C)le e
Nucleophilic Addition Reaction of water (Hydration)

sty Jelds sa sl 5l amal¥) e clall 51 il Conall ALaV) Jelds o) o
_wuij\um&u\ﬁd;uﬂ\ﬁgzdw\QAQSLMM\LJJ&\Q;

@ The nucleophilic hydroxide ion adds to the
aldehyde or ketone and yields a tetrahedral
alkoxide ion intermediate.

@ The alkoxide ion is protonated by water to
give the gem diol product and regenerate
the hydroxide ion catalyst.

© 2007 Thomson Higher Education

Q

0: £
| % :0H
2R\ Jelail) judat o
ol sl Ao 5,
{ :CI):/\H\N/H
-9 O
/ ~OH

A hydrate,
or gem diol
25



Aala¥l - olall 3) il duaall daLaY) C)le e

@ Acid catalyst protonates the basic
carbonyl oxygen atom, making the

aldehyde or ketone a better acceptor
for nucleophilic addition.

@ Addition of water to the protonated

carbonyl compound gives a protonated
gem diol intermediate.

€ Deprotonation of the intermediate by
reaction with water yields the neutral

gem diol and regenerates the acid
catalyst.

© 2007 Thomson Higher Education

Nucleophilic Addition Reaction of water (Hydration)

k
ol « g &
ol Jelil) a3 4
Il | 1 -
| ¢} H -2 A.L.u\j.i
o
:6/H s
“/-\ZO/
S A
e
OH st
(|: - g O
- \"/H
S @)
i~
H
o|
(I)H
-G + . H,O%
’,'/ \OH 3

A hydrate,
or gem diol

26



dalay! : elall 3) gill sl *EISAN Jelad

@ Acid catalyst protonates the basic
carbonyl oxygen atom, making the

aldehyde or ketone a better acceptor
for nucleophilic addition.

@ Addition of water to the protonated

carbonyl compound gives a protonated
gem diol intermediate.

€ Deprotonation of the intermediate by
reaction with water yields the neutral

gem diol and regenerates the acid
catalyst.

© 2007 Thomson Higher Education

Nucleophilic Addition Reaction of water (Hydration)

k
ol « g &
ol Jelil) a3 4
Il | 1 -
| ¢} H -2 A.L.u\j.i
o
:6/H s
“/-\ZO/
S A
e
OH st
(|: - g O
- \"/H
S @)
i~
H
o|
(I)H
-G + . H,O%
’,'/ \OH 3

A hydrate,
or gem diol

27



HCN 1J 3 sill casll Ay Jeld
Nucleophilic Addition of HCN: Cyanohydrin Formation

e ddla) Jelail Le ) daa el e b i€l g culauaalyl oads 4
Cyanohydrin =i HCN a= ledeli; 3 gll

Ladic de o sy 4l 33l HCN padion Ladie elayy Jel@ll (g jay o
51 5ill dnall CN- anlall 2 ) 0l 2l il (ulisW) (a3 jam 4SS il
Jelélll 3l HCN J KCN (o AL 418 ddlal oSy oy S

” -:0 : ON HO_ £N
©/ /\ - ©/C\H @/
Benzaldehyde Tetrahedral Mandelonitrile (88%)

intermediate

® 2007 Thomson Higher Education



HCN 1J 3 sill casll Ay Jeld
Nucleophilic Addition of HCN: Cyanohydrin Formation

Colelall A vie Jels aCyanohydrin ool JS&5 Jeld o) o
S (el (Fhad Ao 90 R-C=N Jp il gla ) oSy JUall Jups =8 o
Jslase Aol g dgals dlaal R-C=EN o il pady (5 (Sas WS o

HO H
R/

C\ _NH»
1. LiAlHg, THF ©/ /C\
2. H,0 H H
@) HO H
| \ 7
E—— C\ C\ Z'Amin0'1'phenY|ethan0|
H  hen Cx
sl OB \N
HO H

\/

Benzaldehyde Mandelonitrile Co 40
H30*, heat (|3
OH

Mandelic acid (90%)

L 4

<

4

)

® 2007 Thomson Higher Education
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RMgX b e adl S 15l gall canall 48l Jela
Nucleophilic Addition of Grignard Reagents

Ve s RMgX Dby adlSy oSl o amal¥) dallas of o
33_,L4) carbanion ¢t 3a LA 3] 5ill s ddlial Jelas ddau) g

+|[|: 1. R'MgX
R ™H 2. H0*
Aldehyde

O

E 1. R"MgX
R~ R’ 2. Hj0t

OH

|
m
RJ'[ ‘H“‘\I-Hll
H

2° Alcohol

(bl g5 SN

30



RMgX b e adl S 15l gall canall 48l Jela
Nucleophilic Addition of Grignard Reagents

Il The Lewis acid MgZ* first forms an
acid-base complex with the basic oxygen
atom of the aldehyde or ketone, thereby
making the carbonyl group a better
acceptor.

3 Nucleophilic addition of an alkyl group
: R~ to the aldehyde or ketone produces
a tetrahedral magnesium alkoxide
intermediate . ..

E} . . . which undergoes hydrolysis when
water is added in a separate step. The
final product is a neutral alcohol.

.-"-d--

oy
HMgX R

A tetrahedral
intermediate

+ HOMgX

An alcohol 31



2 yed) il S 15 ill ) ALY Jelis
Nucleophilic Addition of Hydride Reagents

(1)) Cadl &) daa yal) il QI U N o) Culamaly) Anllaa (o)) o
Jsel b=y NaBH, s LiAIH,

ad o) J) 52! Hydride Reagents e Gl alyl laad G o
I P ] P
C _NaBHg | C\ _NaBHg C
R~ ™H  Ethanol R4 “H R~ TR’ Ethanol R7¢ O
H R’
e Aldehyde 1° Alcohol Ketone 2° Alcohol
(b ' P
H,O™
/ > ,,C\ 3—) ,/C\ + HZO
R R' from NaBHy4 R~ H R- H
R’ R’

® 2007 Thomson Higher Education
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i ) il Canall d8LY) Jelés
Nucleophilic Addition of Amines

AL Kl ) Galua Y| u.k: RNH Al oY) Gl ddlcal Jela ‘_Q:uu
R ,C=NR Imines «-al-um\gba-d

Glvan) L;Luuluﬁé\.lum Jl R NH L £ i) cabiat Lty o
(ene + amine = unsaturated amine) Enamlnes

R,N—CR=CR,
O
|
/C\ H
RNH/ R,NH
_R / K. J. R
N A ketone or N
HO + I an aldehyde | + HZ0
/C\ A /C%C/
/ \ |

An imine An enamine

© 2007 Thomson Higher Education
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L 2
.

?f" Ketone/aldehyde
Bl Nucleophilic attack on the ketone or P
aldehyde by the lone-pair electrons of T
HH o an amine leads to a dipolar \ '
3 tetrahedral intermediate. ElH NHzR
o EJ Acid catalyst protonates the hy o
+:0H, oxygen. 1?:
-
CY. is then transferred f 4R
7 NHR E A proton is then transferred from / 2

nitrogen to oxygen, yielding a neutral

- carbinolamine.
H H—HEG g H Proton transfer

I} The nitrogen lone-pair electrons expel

R+ _H water, giving an iminium ion. L?H
N
g ~——:0H, f}F“hHR
N

. . . Carbinolamine
Iminium ion

H H I Loss of H* from nitrogen then gives the
' neutral imine product.
F
) + Hy0*
C
o T

Imine 34



i
C

Mechanism of enamine formation

e e el =
I} Nucleophilic addition of a secondary /N
amine to the ketone or aldehyde, “uHFHH
followed by proton transfer from
nitrogen to oxygen, yields an - =, !
intermediate carbinolamine in the r;I: r
P i
normal way. HEN*"' ;_F.‘\
2 || CRC
EJ Protonation of the hydroxyl by acid +OH,
oy e
catalyst converts it into a better e H
I
leaving group. Fl;_h"';i‘r- J_,-rct.\.-
Elimination of water by the lone-pair
E . s ' : £ H—H 20
electrons on nitrogen then yields an
intermediate iminium ion. R+ -5
i B L
_-"'"{: _“:"Cf,,_H H DHE
I} Loss of a proton from the alpha carbon
atom yields the enamine product and u
regenerates the acid catalyst. R_ "R
-
| + HLO™
C

o W g
|

Enamine

35



Sl CilEiia
Imine Derivatives

oY @l g lade Hydroxylamine s 2,4-dinitrophenylhydrazine
Jia pumni e Lgaa Jalall Qo 5 ) sliie G 5o 4 Al LSl
el Sl A pass o A8EN Caag AY cpa (e coliidiall o3a

Oxime UL claaalyl

0 N
“OH
+ NH,0OH — + H,0

Cyclohexanone Hydroxylamine Cyclohexanone oxime

(mp 90 °C)
© 2007 Thomson Higher Education
I
2,4-Dinitrophenyl-
hydrazone
H NO H NO
0 | 2 | 2
g N N/N
2
HsC” “CHz + — I + H,0
C
NO, HsC” CHs NO,
Acetone 2,4-Dinitrophenyl- Acetone 2,4-dinitrophenyl-

hydrazine hydrazone (mp 126 °C)

® 2007 Thomson Higher Education
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Cr a3 8 ll ol AiLaY) Jels
Nucleophilic Addition of Hydrazines

O oSl o) aaalV) Jelad s e JoSE Jelatl saddl &) o
KOH 25 & H,NNH, 32 sxel

\/

44 b s 5 Wolff—Kishner reaction deldi o Jelaill 1 ey
Alkane o\ JI &l Sl of Glamal¥) s sadl dale g dxals

O H H
| L ¥,
N “ch,CH
©/ CHyCHz  H,NNH, ©/ 2LH3 £ N, + Hy0
KOH
Propiophenone Propylbenzene (82%)
ﬁ H\ /H
HoNNH
> 3= RS B + N, + H»0

Cyclopropane- Methylcyclo-
carbaldehyde propane (72%)

37



@ Reaction of the aldehyde or ketone with
hydrazine yields a hydrazone in the
normal way.

©) Base abstracts a weakly acidic N-H proton,
yielding a hydrazone anion. This anion has
a resonance form that places the negative
charge on carbon and the double bond
between nitrogens.

© Protonation of the hydrazone anion takes
place on carbon to yield a neutral inter-
mediate.

O Deprotonation of the remaining weakly
acidic N-H occurs with simultaneous loss
of nitrogen to give a carbanion. ..

© . .. which is protonated to give the alkane
product.

© 2007 Thomson Higher Education




Jlia¥) J& 1) s Y1 1 80 il Canal) 8Ly Jelas
Nucleophilic Addition of Alcohols ( Acetal Formation)

JsaSl (e 6 HSa 2 pa usSe Sy il g clapaly) Jelis o

O OR’
” Jo—— Acid I
/C\ + 2 R'Opp—— ——

e + H,O
catalyst // \OR' %

Ketone/aldehyde An acetal

® 2004 Thomson/Brooks Cole

H H
+ LR ] /
6_'.0../\ .‘ O ; : O 7

5+ o

Neutral carbonyl group Protonated carbonyl group
(moderately electrophilic) (strongly electrophilic and highly

reactive toward nucleophiles)
©2004 Thomson - Brooks/Cole

OCHsg
) 2 CH30H OCH3
2 = + Hy0
HCI catalyst
Cyclohexanone Cyclohexanone

dimethyl acetal

© 2007 Thomson Higher Education
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Jlia¥) J& 1) s Y1 1 80 il Canal) 8Ly Jelas
Nucleophilic Addition of Alcohols ( Acetal Formation)

i () JUand S a3 elld g ade Jelii g JUa¥) J&55 Jeli o) o
AL ST g CalamalDl dgles Gile ganeS
10 I
C)
CH,CCH,CH,COCH,CH; —— CH,CCH,CH,CH,0OH

Ethyl 4-oxopentanoate 5-Hydroxy-2-pentanone
©2004 Thomson - Brooks/Cole
0 HOCH,CH,OH
2Lh2 0O O E H.O
/[k/\C/OCHZCH3 Acid catalyst ></\C/OCH2CH3 2
I I
0 0
Ethyl 4-oxopentanoate
1. LiAlH,
™. Can'tbe done 2. H30*
* directly
\N
O 4 y

O 0o

H30*
HOCH,CH,OH + /[k/\ . il ></\ + CH3CH,OH
CH,OH CH,OH

5-Hydroxy-2-pentanone o

® 2007 Thomson Higher Education



SO il g AaliaS g SI (a gesl)
Carboxylic acids and
Nitriles

daval) 44K - e dxals

oaslll Al 3




Tl g KU i geall (e dale datia

Al g S LS el G Lot ) 5 Lalay Ul 40uS g0 SI) (0 gl Jind o
A5 3 g€ 25 L K1 Lyl (S0 Ll g il L S0 L
s seall oy ) oI i Jand V) e (e ptel) g lidaial 5yl
Al ST Gl W g Glae) ) Gl i)

gllhia¥) Jow abbea A LS gy S (m gead) aal o8 Gy ) ASLaYL o
0 4 gl

An acid chloride An ester An amide A thioester



13 i) 5 Al 50 Sl (a ganl) A
Naming Carboxylic acids and Nitriles

Dol il S e il ) 3L o3 S yim panl and 0
lelly IV sy 4381 pal) @ Al Jlagioly A gidl
A el LS g SI e ganall 5 S 53 23l Cuan s -0iC acid

A 7 ) B el el
CH3CH,COH CH3CHCH,CH,COH HOCCH,CHCH,CH,CHCH,COH
5 4 3 N 1 1w, 3 4 5 6 7 8

Propanoic acid 4-Methylpentanoic acid 3-Ethyl-6-methyloctanedioic acid



Al g0 S a gaall e

Ac ganall (g0 S50 (U Sl \aa d 5 -carboxylic acid 43\
B & Jan sl C1 s Sl e ddas e S5 - COLH
carboxyl JdwsS s )lS de sene o3 JIS COLH de ganall o) <

.group
s H CO,H
5 -—-COoH L
HO 7 2 \ /
H 3 4 3

trans-4-Hydroxycyclohexanecarboxylic acid Cyclopent-1-enecarboxylic acid



D AtlisS g 81 (i gaad) dand
ALl clac)

oY) A gumnll LS el o (e AobiuS 0 ST (yin gendl (e el (S o
A2ilh clow) My (2 gaadl 38 (0 S d3e (ld Leiaii g Led e o5 Al

Structure Name Acyl group
HCO,H Formic Formyl
CH5CO»H Acetic Acetyl
CH3CH,CO5H Propionic Propionyl
CH3CH,CH,CO2oH Butyric Butyryl
HO,CCO5H Oxalic Oxalyl
HO,CCH»>CO2H Malonic Malonyl
HO,CCH>CH>CO2H Succinic Succinyl
HO,CCH,CH,CH,CO,H Glutaric Glutaryl

HO,CCH,CH,CH,CH,CO,H Adipic Adipoyl



D AtlisS g 81 (i gaad) dand
ALl clac)

H,C=CHCO3,H Acrylic Acryloyl
HO>,CCH=CHCO,H Maleic (cis) Maleoyl
Fumaric (trans) Fumaroyl
HOCH,CO,H Glycolic Glycoloyl
(|)H
CH3CHCO»,H Lactic Lactoyl
]
CH3CCO,H Pyruvic Pyruvoyl
OH

|
HOCH,CHCO,H Glyceric Gylceroyl



5 Al oS (i panl) e

Al el
?H
HO,CCHCH,CO,H Malic Maloyl
I
HO,CCCH,CO5H Oxaloacetic Oxaloacetyl
CO,H
Benzoic Benzoyl
CO5H
Phthalic Phthaloyl

CO,H



Ok i) A e
Naming Nitriles

dc sana (g S (e lelai) Jo il ad 5 o Euay QWY Al A nitrile
C1 a8l Joiall 5 )8 353 241 Gy 5 o il

1
C5:H3(4:H(3:H2gH2(1:N 4-Methylpentanenitrile

Ejlizw {|:|]
CH3CHCH> CH »COCH2
5 -:1 3 1

Methyl 4-cyanopentanoate



Naming Nitriles

A L e S oall Pt € TN Y S Lial o
-onitrile 4l -oic acid sl-ic acid kel Jlaginl

-carbonitrile 4L -carboxylic acid Gkl Jlagind Laul g i %
Jax Y sl CL @) o5 S e Adagi je Jy il (50 S5 )3 ugs-\ NETEN

a8 AL
C=N
K CH3

Acetonitrile Benzonitrile 2,2-Dimethylcyclohexanecarbonitrile

(from acetic acid) (from benzoic acid) (from 2,2-dimethylcyclohexane-
carboxylic acid)

® 2007 Thomson Higher Education



Give IUPAC names for the following compounds:

_ (a) (|3H3 ﬁ (b) ?r ICI}
CH3CHCH,COH CH3CHCH,CH,COH
(d) H\ /H (e) (|3H3 <|3N
£=C ‘ﬁ’ CH3CHCH,CHCH>
H5C CH,CH,COH
(c) <|302H
CH3CH,CHCH,CH,CH3
(f) H H

* £
b £

HO,,C ~CO,H




Draw structures corresponding to the following
|[UPAC names:

(a) 2,3-Dimethylhexanoic acid
(c) trans-1,2-Cyclobutanedicarboxylic acid
(e) (92,122)-9,12-Octadecadienoic acid

~ (b) 4-Methylpentanoic acid
(d) o-Hydroxybenzoic acid
(f) 2-Pentenenitrile

11



Al g0 SI (a gaaldl jaias
Preparing Carboxylic Acids

Na,Cr,0, « s KMNO, < ¢ ll LS Jabgiall 3aus] axi o
, Jaliiall @l g il oaes

LI e sanall (pe IS 320ST 48 jhall 038 Aol g Sy - 4aadla o
52uSY) o AN LS Gl gandl) il Y Laiy 4y gl 5 400 6

i
02N~<j>7c+13 H:g"ggt(:, OZNO—COH

p-Nitrotoluene p-Nitrobenzoic acid (88%)

® 2007 Thomson Higher Education
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Al g0 SI (a gaaldl jaias
Preparing Carboxylic Acids

oS 53 Sl masll asy KMNO, o 50 SIS0 gauslill jlaill o) o
JAY) (e aal s Aid fpa g a8 Jaay (S QS

0
|
CH3(CHleCH  CHa(CHa)sCH,COH 2 0 0
KMnO
C=C Tgf—) CH3(CH,)gCH,COH  +  HOCCH,(CH,)sCH,COH
H H

Oleic acid Nonanoic acid Nonanedioic acid

® 2007 Thomson Higher Education
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Al g0 SI (a gaaldl jaias

Preparing Carboxylic Acids

A5 Cun Al 50 € L gea et o a5 405V J) o2 V) 30T ()
e S Jslaa 3 CrO, ddaul 5 sale 32SY)

g
CH3CHCH,CH,CH,0H

4-Methyl-1-pentanol
I
CH3CHoCH>CH,CH,CH

Hexanal

© 2007 Thomson Higher Education

CHs 0
CI'O3 I “

—H3—O'F—) CH3CHCH2CH2COH

4-Methylpentanoic acid

0
|
2193, CHaCHyCH,CHoCH,COH
H30

Hexanoic acid

14



Al g0 SI (a gaaldl jaias
Preparing Carboxylic Acids

:Lia:ﬂ§=}lﬂ\ 3*§4J:; e
g Lede Lty 3 il (e 1 )lie ) 4l g0 SN (i gandl jucaad (Say o

o0

o0

N
cl H H C’
\Cf \Cf
.-"'ﬁ" - .,
- “CHz  nacn /[’fT CH3
1. NaOH, H,0
2. Hy0+
O,
H C—OH
‘\ll_.-"
: C.
,f“‘“”/ “CHa
/l\,ﬁ AN

Ibuprofen 15



Al g0 SI (a gaaldl jaias

Preparing Carboxylic Acids

)\.\AJ).C u.u\}s e\di:\.u;\_.\ ole

| I
MgBr O C./ J
\ gj . \O +|V|gBr H3o+
I
O e g
Phenylmagnesium Benzoic acid
bromide

© 2007 Thomson Higher Education
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Al g0 SI (a gaaldl jaias
Preparing Carboxylic Acids

O H H
e 0 i X
\/C\/ 5 \/c\/ “OH
Deprotonation Reduction
O @) O
a0 Ho L e L
/' \ / \ /' \
Alpha Carboxylic Nucleophilic acyl
substitution acid substitution

07 Thomson Higher Education
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P SO Al juaa
Preparing Nitriles

) Cua Ll g0 KUl el gnalogous lialas o <O yill o) o
D ol 28

Anlus )eS 33 e dayl 5 ) GO Aasi je (50 S 33 clllia v

NS o Al g 80 a gandly S i) S ey ALl v
Alal) Cilelal] aady Laa IS 5 il g S e LS Al e (ppdaadl

3) all dasall
@)
//
R—E=N R——C\
OH
A nitrile—three An acid—three

bonds to nitrogen bonds to two oxygens

nnnnnnnnnnnnnnnnnnnnn

18



gReay Rt

Nitriles

dnll Gl ganll 81,08 GG il sl gBY o

Cyanogenic <« =% g ma S 3 1000 e AS) clilia o
ULl e oty JS3 @35 glycosides

Acetal carbon

CH,0OH

OH

\

HsC CN

Cyanocycline A Lotaustralin
(a cyanogenic glycoside)

19



P SO Al juaa
Preparing Nitriles

33 HLa SN2 reaction Jdelé& & &4 il juasdl i) 45 jhall o
gl ol A5l O s ae CN 7 siland

N
7

Br H H C
0 \C/ 0 \C/
[::::]// \\[::::J// \\CH3 NaCN [::::]// \\[:::::(/ ‘\cH3
—

1. NaOH, H,0
2. HzO*

H

(@)
N\
H C—9
» \C/
@/ @/ \CH3
Fenoprofen
(an antiarthritis agent)

© 2007 Thomson Higher Education
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P SO Al juaa
Preparing Nitriles

Oe sl g i Jial O il sty glidaa 5 aY) Gkl e o
SOCI, 2,518 Jai sl alaaiuly Wlle @lly g RCONH, 431 5Y) CilawY)

POCI;

0
SOCl,, benzene
CH3CH2CH2CH2CIHC_NH2 80 °C > CH3CH2CH2CH2(I:HCEN + SO, + 2HCI
CHCH3 CHaCH3
2-Ethylhexanamide

2-Ethylhexanenitrile (94%)

®© 2007 Thomson Hiagher Education

Q(i? O°_ Cl (@) 0
Iy cl s o ¥ >S50 ’
O/ N J CIZ s (|: i = Cll R R—C=N
- §+/H & %*'/H gt PO «Base
él‘ ) ' I|\I " [T’ ? L'TJJ A nitrile
AN
R NH2 H H : J
An amide =

® 2007 Thomson Higher Education
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- OO0 ) O e sl
Reaction Of Nitriles

o s i A6 BN o DN L i LS
e Jelaii 3l il ld UL g il g ST daaa (90 S 3 )0 b
SP? (pagd O el 83 LS aatl 3] 5ill dasall ol S

Carbonyl
compound

Nitrile

® 2007 Thomson Higher Education

5?0 :

5+|| e Y "4

R/\

8—..

Rl

- =

N
8+Q:|/\:NUM 5

|
R

-
g
R “Nu

Imine anion

——>  Products

——>  Products

22



- OO0 ) O e sl
Reaction Of Nitriles
LY

N/

" NH,

Amine

I I
H5;0
C FEETE] C
~ " NH, R” “OH
Amide Carboxylic
acid
\12’3
’ @]
LiAIH, R—C=N R'MgX |
Nitrile R R’
Ketone

23



Hydrolysis 4gelsll Jelas
D AhS 9 S G gan (AN SO il e

L FaLaYl RS S

@) @)
o H30" | H30" |
R—C=N NaOH, H,O C NaOH, H,0 C + 'Nha
or NaOH, H, R \NHZ or NaOH, H, R~ OH
A nitrile An amide A carboxylic

acid

© 2007 Thomsen Higher Education

Qo: :01 0 0
||/\=9H < e AN i
C + GNHy, | — C +  NHa

€< — O A -H T N\_H
R/ \NH2 R O R/ \O/ R/ \O_
HoN
An amide - A carboxylate
ion

® 2007 Thomson Higher Education
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R—€=N .
<" -
(1] Nucleophilic addition of hydroxide ion to o”
the CN triple bond gives an imine anion
addition product.
OH
(|; Imine anion
R™ SN

@ Protonation of the imine anion by water
yields a hydroxyimine and regenerates the 9” H20
base catalyst.

©® Tautomerization of the hydroxyimine yields
an amide in a reaction analgous to the e”
tautomerization of an enol to give a ketone.
O
g Amide
7~

O Further hydrolysis of the amide gives the
anion of a carboxylic acid by a mechanism Ou H;0, HO™
we’ll discuss in Section 21.7.

+ NH3

Carboxylate ion

® 2007 Thomson Higher Education 25



Reduction gla ¥ Jelas
- el Dy il Jy ga

f\]
c?
LiAlH,
—_—
E—— ether

Benzonitrile

RNH, 4l clisal (any LIAIH, < @380 gla )l o o
Lyl ) Ao el 83 )Ls J 8l s3ll cane ddlial Jelds ddaid g o5 Jelal) o
Ly ) Je st Jp e g Gaal 33 L0 latie kil C =N
33 )Ld J (AU 8l sill cane Adlzal Jeldl J oy g0 pady Ay C = N

© 2007 Thomson Higher Education

|

C
@/ §N.—
AlX3

LIA!I _1
ether

H H %3

@

‘\_JM\ s i) :\_ﬁh.\ 2;3)\.:; (;Laa_\j JJ“‘)J.J..@J‘

H H
\/

G
B
H,0 @/ NH,
_—

Benzylamine

26



Grignard a8l S ae &34 il Jelas
Reaction of Nitriles with Grignard Reagents

Gdas s (el B3bd daei] el )l je Call oS Ciloai o) oSy o
sLalls dgalall Al 59 U i€ Lo g ant o ¢Sy Sl

tN:
(TR Mg “
R—C=N: = P
(2 _R R’_
Nitrile Imine anion
/4'\'

G
1. CH3CH,MgBr, ether
2. Hz0% '

Benzonitrile

@)
.
3
R g
Ketone
@

C
©/ ~eSCHA

Propiophenone
(89%) -



CH,

|
CH—CH~—CH,—CH,  CH;—CH—CH,

butane (n-butane) 1sobutane

I:i:isflﬂ gI‘DU P [I]g“‘:““_-__ —
o /

.__,..-"'“-=:=-:--- --:=--“"'--h__

CH, CH, CH, CH,
“CH— CH—CH—  CH—CH,  CH—CH— CH—
¢ / f 1 * . o ’
CH, CH, CH, CH,
isopropyl group isobutyl group 1sobutane iIsopentyl group

(isoamyl group)

CH, {|ZH3
CH—CH;—CH;—CH;—CH,  CH;—CH—CH;/—CH, CH;—C—CH,
pentane (n-pentane) isopentane (|:H3
neopentane

28



CH3CH,CH34

Propane

CH3CH,CH,CH4

Butane

e
CH3CHCH;

Isobutane

CH3CH,CHy <

Propyl

CH3CH2CH2CH2§—

Butyl

s
CH3CHCH, <

Isobutyl

A

CH3CHCH3

Isopropyl

CH5CH,CHCH3

sec-Butyl
i

CH3—(|3 <
CHs3

tert-Butyl

29



Mechanism of Diazonium
Replacement

Through radical (rather than polar or ionic) pathways

No™ HSO,~ X
©/ + guX —> @ +  Cu(HSO4)X — ©/ + CuHSO4

+ N

Diazonium Aryl

compound radical
© 2007 Thomson Higher Education
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Carbonyl Condensation

Reactions
(Piad dxala

Aldl) 4l — dauall 4l
SE Jaadl) — 45 gzanl) L)
) Al 3



Condensation Reactions
M@l e )il ) Jii g S de saaa a3 o (Kar
nucleophilic addition 3 #l 4l 48l Colelsd (1
nucleophilic acyl substitution 3/ sl sl Ja¥) Jlagu) Clels (2
o -substitution reactions Wl s gall (& Jladiul) SBlelss (3
Carbonyl condensation reactions <&l &3leldd (4

Gl S s 90 gl adty =l () (Say Al 0 ST S ) m
S Wlelss & nucleophile 3150 s 5 electrophile

% Jrisa S
(! 0¥ i Haif
E
(l:IK_\:NU_ (|: /—*
Faa s -
Electrophilic carbonyl group Nucleophilic enolate ion

reacts with nucleophiles. reacts with electrophiles.

ison Higher E



ALY Jad) (e 2paall & Ui g0 SIS C0Le L Gy
. metabolic pathways

Sl g nll 5 awall 5 SISWIS 4 ) Sy all (e 202216 m
Glilee JA (e 4 puinnlly piai la jue 5 4y 553l (im geall
s3a) L€ LI 2gm i g SN LSS il g Sl el o) m
Las O3S =058 ol 5 ) JiSE e (A1) ALY (9 plall ey

ol iy s e B pS) Sl ja ol e 5 )0 Lglaa



Carbonyl Condensation: The Aldol Reaction

Gty Gl g S (S e (O Lo i K1) EISS COle i Gt
Y g S e Jladind Jeliiy 8 pill cine dilial Jelds o Le o L
Cua 3l il dama Y gl 32 HLE N Jeathy plii g0 ST 50 yal) s o
(i 5 SIS el L 5 ST damall i g SI) de gene () alialy
]
d.c\éﬂcﬁaiﬁ'é\jlﬂ gl J oY) L“,,J.uyﬂ\ S yall Q\é&\ﬂ\_jj O
o -substitution reactions W g gall 4 Jlasial
1Ll (ol iy il I Candll S L gy S0 S el L
nucleophilic addition 3| sl casa
Ocuyjﬁ\ulc O 9 )1 oJJdL.uL;J\ L_ﬂ_\).uﬁ\j u\mﬂY\ 6.4;4

o) s sl oo SH CilSE Je & ) Ui g oS0 e gamal Zanaly
aldol reaction « Jel&ll) Jaa cns bl




Carbonyl Condensation: The Aldol Reaction

s g o 2S5 0 50d e Jie (uba) ae ued) Gl Asllas
S orsSe Jelds JOA e g J Y Jie dase (8 S g
e

ALDOL < 4233l 4l Ciad Cag y2all 5 3-hydroxybutanal =

Jels anly Jeladl) 138 daens AU La (e 5 aldehyde + alcohol !
The Aldol Reaction

H™ " ™H
—0 P,
g ;; F ,::Em _H K/NEW C-C bond
:0: :...:E]i / H ,-’Ex O | OH
o H _NeOH ed_n H H ¢ a\\c’f H -
Hf* ‘fo _ Hf %;Eff : 3 H’f HHC..HH%&EM + OH
l.-"rk"'-, Ethanol | ."r.-"'l. _r""""-.
H H H H HH H
Acetaldehyde Enolate ion 3-Hydroxybutanal

(aldol-a B-hydroxy
carbonyl compound)



TN, .
ol (& ~:Base

I} A carbonyl compound with an
e hydrogen atom is converted 1) H
by base into its enolate ion.

o ——0
An enolate c e ¥
i |2y %Cf PN
. . | / N\
B3 The enolate ion acts as a nucleophilic
donor and adds to the electrophilic 2
carbonyl group of a second carbonyl ﬂ
compound. =
O 0 +
AV T Bgee
J,..f':*-x LA >
C C
/ N\ N\

[EJ Protonation of the tetrahedral alkoxide ' '
ion intermediate gives the neutral
condensation product and regenerates 3 H
the base catalyst.
New C-C bond

O OH
E \r:f H + B
- HEx’ﬁx{:x :Base

ANV



Aldehydes

H
A
H H H HH C=0
' 7 N NS
2 | Ethanol Hf H"t[jH
Phenylacetaldehyde (90%%G)
(10%)
Ketones
O
0
MNaQH OH
2 £ -
Ethanol
Cyclohexanone (22%)

(78%)



(a) '|C|) (b) '1|3|‘ (c) Q:
O
CH-CH»CH-»CH C
3CHCH) O/ CH,



Carbonyl Condensation versus Alpha-Substitution

Craatt Jlatu) GIle e ¢ Jat g )SU CRSE OBle W8 e IS () =
(s S jaS Y ) S8

3 )) g (A (L g SIS pall JS (B sathy (Baa JlainY) SOle s m
Jad g yi<) Q,S\ RENPTNY L,,Jl_du)us\}d\ Y sn)

Jelis @y axiil 5 580 QST s A8l Jolil Cany Cun
the alkylation reaction 4%

@) G- LT O

1 equiv LDA Add CH3l -
THF, =78 °C ’

© 2007 Thomson Higher Education



Conditions for Condensations
Jﬂjﬂw\.u\ﬁ\wdahuh.qs Md.\.\})ﬁ\ u.m\s.md.c\mé\.m.u °

J.\.DLA.\JJJ‘)SMQ_\SJAMJ}AJ&A@S‘JAJL;\ML_\Y)AJY\UAMQM
Jelaidll

psadl aaa e (b e sale ] Sl Jeldi Gigan azg oy G o
4..93\}45\uyij\ij\éuyﬂ\uSﬂ\deaygﬁ\of

gD
CH3CH; / H
” ﬁ 0.05 equiv (I? 0 H ﬁ
- Na® "OCH3 | H_ % _C . 4 i
AN p” NG AT PRI NG i TN
CH3 CH3 H CH3
HCH3OH
HO H O
8+ oo
CH4CH3 ™ \/c\/ 5 2

H CHg
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Conditions for Condensations

0
gﬁ
CH5CH3 7 H
Q 0.05 equiv O 0O H O
W 1 e Z
AN < > TN ? m—— P T T
H—(|2 (S (I: HI S | CHsCHy ~c” H
CH3 CH3 H CHg
IlCHgoH
HO H O
o+ cngor
CH3CH5~ \/c:\/ “H ?

H CHg

© 2007 Thomson Higher Education
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Dehydration of Aldol Products: Synthesis of Enones

Jel&i e A ) (S 423Ul B-hydroxy carbonyl <bsS e ) =
conjugated Enones (=il slall &

condensation 4euw) K Jelss laat Al & clall 3 i ) m
Enones & suY) aiiell JS55 2ie (1S clall Y &l

O OH O
| e Y1/
PN AN il 2 A

/ %4 |

+ H,0

A B-hydroxy ketone A conjugated
or aldehyde enone

® 2007 Thomson Higher Education
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Dehydration of B-Hydroxy Ketones and Aldehydes
B-Hydroxy Ketones and Aldehydes (» sWll ¢ 3

| |
u\a\ﬁ\yn)ﬁ@ AN o

o hydro§en all
g_\YJ-Uy aJJLu

O JSE s TOH Ae sana yudd o)) (S

Jmmqydm))a@\jjm J_\diu

Base-
catalyzed O OH
I |
P C4 c” C Rt
/ \
H
Acid-
catalyzed O (l)H
|
- N c” C > &
/ \
H

@ 2007 Thomson Higher Education

OH™

& N

/c\/\,c
|

Enolate ion

Hoo .
Q, |3
At

Enol

il enolate ion
M\A .L)).u Al =

t_\SJAMUAC«LAMCJJAL;‘

I
/C\C/,-:;-C\ + OH
T



Driving the Equilibrium
sl JaSES gad o)) sl 4

the aldol reaction mixture (Jsa¥) Jelaill i ja (e clall & 33 ) =
Jelill ciitie JK& sai Jeliill s g o oKa

osSe Jeléi sathe initial aldol Jsd¥) Jeld ) (e a2 )l oy
slal ¢ 55 ghd o) ¥ Jelall & d3)al) 3 sall olatls 3ale CU.LU
i) gill JSEE gat ol 0 S Jeliilly a8 TaaUl

O 0
( NaOH = 2 HZO
Ethanol

OH

Cyclohexanone Cyclohexylidenecyclohexanone
(92%)
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Using Aldol Reactions in Synthesis
s sanll gLl & Aldol Reactions Jeli aladiul

B- Ll ey o) S aldol reaction  JsaY delih o)
s hydroxy aldehyde/ketone
deléill s 58 cawa &b 5 g, B-unsaturated aldehyde/ketone

conjugated hydroxy carbonyl Lol o gl S pall (5 gial 138 m
Jal ol reactlon 4.?9 ! &sd e_.fl:_x@_j\ Sl ) (S 138 enone
T ] ] ]
/ \ | 4 \

¥ Y

Aldol products Aldol reactants
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Using Aldol Reactions in Synthesis
s andl gllnaY) & Aldol Reactions delé alasiul

Jsal¥l Jels ciladia Je 48aY O s Chand o) (Say
aldol products

saturated ketone auie OG5S sy o) (Say JUall Jusw (a8
=Ll catalytic hydrogenation 4 jeaill da jagll J3A (1
aldol reaction Jsa¥) Jeldi (e Jalall s the enone (2 5uY)

16



Using Aldol Reactions in Synthesis
g panll glilhay) & Aldol Reactions Jel alasiul

O
[H] I
CH3CH2CH2CH2?HCH20H “{Industrially, Hy/Pt CH3CH2CH2CH2C|:HCH
CHoCH3 CHoCHg
Target: 2-Ethyl-1-hexanol 2-Ethylhexanal
THz/Pt
O O
I KOH PN e |IH

Butanal 2-Ethyl-2-hexenal

® 2007 Thomson Higher Education



Mixed Aldol Reactions
Ll Jgal¥) Jela

ow L A mixed aldol reaction Jalise Jsall Jelis (li ale JS50

e Jaine i je o Jgeanll ) sam (i€ ) Gaealiia cpaaal
mixture of four possible products <laiie & )

Rl A 55 ol Jolil 138 Jia 6 S0

CI)H (I)H
CH3CHCH,CHO + CH3CH2CHCIZHCHO
CHj
Base Symmetrical products
CH3CHO + CH3CH,CHO ——
OH OH

l |
CH3CHCHCHO + CH3CH,CHCH,CHO

|
CHs

Mixed products

® 2007 Thomson Higher Education



Practical Mixed Aldols

o hydrogens o (easoud e o gisa Y Guli g SU S yall as) IS
@du\@wm\ﬁ\mu\wmaf}c J ¢ Sl de gana S
benzaldehyde and formaldehyde waall a ) gall aaall jill

JJA&J\J})JSSMQ_\MJJJ&_\:JJU\USAJLAJJ}JJSMUSJAM YN u\ﬂd&\o&‘jﬁ °
USAJUJLJLU Lra\_d\ uJ.u}USS\ <yl enolates OY gl 2a Jelaly o (S dun
M\‘\.\;\.\J\whﬂu;&u\kﬂ.\;ﬂ\ djﬂ&\ ds\s.\jujs.\u\

benzaldehyde g 2-methylcyclohexanone Jelit JUall Juw A=d

L e o]
) CHO @)
H3C H H3C
H + -
Ethanol
2-Methylcyclohexanone Benzaldehyde 78%

(donor) (acceptor)
© 2007 Thomson Higher Education



Practical Mixed Aldols

b I AV e A gen S8 ki s S0 CSsall aal S 1Y) e
djﬂ‘)ﬂ df—b.\ u\auluujus\}d\ c_\Y}UY\ JJ\}ué\ ‘jj\ dj;.u.u
w@fwﬂjmj@hubmmymwjdu)&uw\
S e (e S

& LS J saias Fthyl acetoacetate (& JUall Juw =d o
S pall e dala) J8) da g i Cad enolate ion 48 sall 43V sl
monocarbonyl partners Jsi s I s g S L g S

H3C\C¢O
|
O O @) CL
] | Nat —OFt CO,CHyCH3 +  H,0
+ CH3CCH,COCH,CH3 Ethanol Es
Cyclohexanone Ethyl acetoacetate 80%

(acceptor) (donor)
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Table 22.1 Acidity Constants for Some Organic Compounds

Functional group Example pK,
i

Carboxylic acid CH3;COH 5
o

1,3-Diketone CH3CCH,CCHq 9
.

3-Keto ester CH4;CCH,COCH3 11

N

1,3-Diester CH40CCH,COCH34 13

Alcohol CH30H 16
I

Acid chloride CH4CCl 16
i

Aldehyde CH3CH 17
I

Ketone CH4CCH34 19



Table 22.1 Acidity Constants for Some Organic Compounds

Functional group

Aldehyde

Ketone

Thioester

Ester

Nitrile

N,N-Dialkylamide

Dialkylamine

Example

I
CH3CH

0

I
CH3CCHj

I
CH,CSCH,
T
CH,COCH;4

CH3C=N

0

|
CH3CN(CH3)2

HN(-C3H7)

PKa

17

19

21

25

25

30

36



Intramolecular Aldol Reactions

< dicarbonyl compounds Jsi g2 I A8l GLS jall (any allal Laaie
e dlds cyclic products daals GLS ja JE8 ) g2 o (S Lld bl
intramolecular Aldol reaction Jdeliy <o = Lo J3A

(@)
CH3 NaOH
; “Ethatlol & + HO
CH
0 3

2,5-Hexanedione 3-Methyl-2-cyclopentenone
(a 1,4-diketone)

(@)
CHj _NaOH et
Ethanol n- 2
CHj3
(@)

5 2,6-Heptanedione 3-Methyl-2-cyclohexenone
(a 1,5-diketone)



CH3 NaOH =
Ethanol

. Hzo

2,5-Hexanedione 3-Methyl-2-cyclopentenone
(a 1,4-diketone)

O O
CHj NaOH .
Ethanol ¥ 20
CHj3 CHg
O
2,6-Heptanedione 3-Methyl-2-cyclohexenone

(a 1,5-diketone)

© 2007 Thomson Higher Education



Mechanism of Intramolecular Aldol Reactions

aaildll b\j.\ﬂ‘\_\Mj\ d.\.\).\‘)ﬁ\‘\.cjmuaa)suj&dcw\ ‘M@S
S5 S daall Jiiso Sl de saaes nucleophilic carbonyl donor
S yall Lutd e laal sia electrophilic carbonyl acceptor Aliivall

& 2w B 4l Intramolecular Aldol Reactions Jel& & saa 5l 415l
) Y ) S i b I3 Aalal) LS R (g e SIS

o v 0
Ho TR
H

<—) - + HZO

0

Path a i OH ol
H NaOH, H,0
9 Cq3 2 3-Methyl-2-cyclopentenone
H CH3 Path b
H @) NaOH, HQO OH CH3

/s

2,5-Hexanedione

Q CH3
H o
w\:OH‘
CHs - CHs
i O i O

(2-Methylcyclopropenyl)ethanone
25 (NOT formed)

© 2007 Thomson Higher Education



b ]

o .

HHf“QH

A) —_— + H,0
CHa

I / o
Path a OH

CH NaOH, H,0 )
9 /83 ’ 3-Methyl-2-cyclopentenone
H “CHs Path b
H O NaOH, H,0

\ — a — CH3
2,5-Hexanedione CH3
9 H = + H-20
= [ TNOH
CH3 # CHj
. _ 0

(2-Methylcyclopropenyl)ethanone
(NOT formed)
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The Claisen Condensation Reaction

A4 ia dpnes al giy At GG ST g GlanalY) Jia Gl ) o) e
&= o hydrogen s> s dlay ester iul mllay Laaiad JlL
el andy 438 sodium ethoxide Jie psbul J asl 5 ¢ SlSa

< Jelalll s e B-keto ester = Condensation Reaction
The Claisen Condensation Reaction

I || 0
1. Na* ~OEt, ethanol
HiC” UNOEt | HMaC” NOEt 2 HiOF ST O A T
N 32 /\
v H H

2 Ethyl acetate

Ethyl acetoacetate,
a B-keto ester (75%)

© 2007 Thomson Higher Education
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= (o}
Et0O™ " ) 2 g
H
~C~  TOEt
N
H H
o Base abstracts an acidic alpha hydrogen o ]
atom from an ester molecule, yielding an

: Mechanism of the
laisen Condensation

C OE1t
N\
H H
© The enolate ion adds in a nucleophilic
addition reaction to a second ester (2]
molecule, giving a tetrahedral alkoxide
intermediate. apna
b I
| Il
HaC e~ ~C gy
EtO ) /\
J
9 The tetrahedral intermediate expels 9
ethoxide ion to yield a new carbonyl
compound, ethyl acetoacetate.
(o] (o
& ¢ + EO
t
HaC”  ~C~ TOEt
/\
H H
© But ethoxide ion is a strong enough base
to deprotonate ethyl acetoacetate, shifting o
the equilibrium and driving the overall
reaction to completion. [o]
Il Il
Cz-C + EtOH
H3C~ \tl:/ T OEt
H
6 Protonation of the enolate ion by addition 9 H-0%
R 2 3
of aqueous acid in a separate step yields
the final B-keto ester product.
(o] O
Il i
C
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Mixed Claisen Condensations

Cpoia) aa) dllay Y Ladie #lady ¢ 5008 CalSS Jelad o4 o) (Say
acceptor <Ly I e Jitiss (e 3 ke () Sl dpadla Gilina 5 )0
electrophilic

nucleophilic donor 3) sll caae il )0 HAY JIWY) 5 98y Laiy

L ethyl formate s ethyl benzoate o e Jeldlll JUall i =8 =
B-keto esters S o JuSd5 ) o s

] o0
OEt I 1. NaH, THF €7 Okt
+ C — /\ + EtOH
W3Ct Ot 2 307 H H
Ethyl benzoate Ethyl acetate Ethyl benzoylacetate

(acceptor) (donor)
@ 2007 Thomson Higher Education
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Mixed Claisen Condensations
Esters and Ketones

sl 5 ketones oS om b byl o30S Jeld &b o) (Say
B-diketones o 3 ke oA LS jo JUb el

Gl Gle s e Y 0sS Lavie Bald Jumdl <5 Jelad) 3y w
Cae ) 9h asdy O (S Y 4ld Ly o hydrogens W (s 5 e
the nucleophilic donor 3l

@) @) @)
H3C H H3C H |
Co
HsC H | 1.Na* ~OEt, ethanol  HsC H
i PO m 7
H OEt 2.H30
2,2-Dimethylcyclohexanone Ethyl formate A B-keto aldehyde

(donor) (acceptor) (91%)

© 2007 Thomson Higher Education
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Intramolecular Claisen Condensations: The
QLAS.AA calss Dieckmann Cyclization

(e gana Ao (g giad @5\ Intramolecular Clalsen condensatlon
uﬂudcmuuﬂu}ﬁw&dg\mu\ﬁdbﬂ XYY ‘_,,Aj u.u.u.u.u\

& sk Jeladl) s WY @l y Dieckmann Cyclization ol
Al o) Auwled Clila U<

T
OEt 1. Na* ~OEt, ethanol E
) s “OsdA T EtOH

OEt

Diethyl hexanedioate Ethyl 2-oxocyclopentanecarboxylate
(a 1,6-diester) (82%)

o 0
OEt Co
7 1. Nat ~OEt, ethanol BTt
2. H30*

+ EtOH

OEt

Diethyl heptanedioate Ethyl 2-oxocyclohexanecarboxylate
(a 1,7- dlester)

® 2007 Thomson Higher E



Intramolecular Claisen Condensations: The
oS (ilss Dieckmann Cyclization

o O
I
OEt 1. Nat ~OEt, ethanol C
. ; i % "
0 2. H30% OEt E1OR
OEt

Diethyl hexanedioate Ethyl 2-oxocyclopentanecarboxylate
(a 1,6-diester) (82%)
Q of rTo
g
OEt N + EtOH
3 1. Na™ ~OEt, ethanol _ OFEt
2. H30*
OEt
Diethyl heptanedioate Ethyl 2-oxocyclohexanecarboxylate

(a 1,7-diester)

@ 2007 Thomson Higher Education



OEt
=
H COZEI
€ Base abstracts an acidic « proton from

the carbon atom next to one of the ester (1] H Na* “OEt
groups, yielding an enolate ion.

Mechanism of the
S O - e B e Dieckmann

the ester enolate ion to the carbonyl

group of the second ester at the other (2] “ ( : C I I Z atl O n

end of the chain then gives a cyclic y

tetrahedral intermediate. o

J o} (?:)Et
H
COQE!

e Loss of alkoxide ion from the tetrahedral ]‘

intermediate forms a cyclic g-keto ester. (3]

(o]

©) Deprotonation of the acidic g-keto ester o l
gives an enolate ion . . .

= COzEt +_ EtOH

© ... which is protonated by addition
of aqueous acid at the end of the e lH' o+
reaction to generate the neutral 2
B-keto ester product.

® 2007 Thomson Higher Education



Alkylation of Dieckmann Product
OeSaa Jeldi (e datlil) GLS ) e JSI Has Jia

Dieckmann dels e 43Ul cyclic B-keto ester CbsS o o) =
JiS 50 S ial g e ) o5 ey A ASI Jelild mdd of (Sa
glilial 8 Jlall & WS W decarboxylation
the acetoacetic ester synthesis

+ CO, + EtOH

0 0
- CO,Et -

COZEt CH2CH:CH2
1. Na* ~OEt H30+
Heat

2. HyC=CHCH-Br

CH2CH:CH2

Ethyl 2-oxocyclo- 2-Allylcyclohexanone
hexanecarboxylate (83%)
@ 2007 Thomson Higher Education
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Conjugate Carbonyl Additions:

Jolsw Jeléi The Michael Reaction

Ol IS Folates dV 4dlcal Jelds hasy o) Sy o
Lall (e 43 i€ o) paaall <K je e nucleophiles
= ¢ =il o, B-unsaturated aldehydes and ketones
conjugate addition product 4Ll

the Michael reaction « Jelaill 1aa e

0 _" ] 0
1| —Nu—H T 4 1 \/
R/C\é\éc\ » R/C\'C_S/C\N“LU/H E R/C\C/C\Nu
| | £
L I H

Conjugate addition
product

@ 2007 Thomson Higher Education
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(@) 0O
[
EtO” C~  “CHs
%\
€ The base catalyst removes an H H

acidic alpha proton from the .
starting B-keto ester to generate (’“Na+ ~QEt M eChan ISM Of
a stabilized enolate ion

nucleophile. r ) the M |Chae|
1 Reaction

H
(@) H
@ The nucleophile adds to the I N |
AC L C
a,B-unsaturated ketone H3C C H (2)
electrophile in a Michael ||+
reaction to generate a new
enolate as product.
H 0
-7
H3C/ \'I'/ 23 I <H\CH3
H COzEt
© The enolate product abstracts an = '
acidic proton, either from solvent o UE[OH
or from starting keto ester, to
yield the final addition product.
O HH O
g \C/ ([!‘ + % Et0"
HaC” > 07 \C< ~ "
/\ ITH
H H COzEt
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Conjugate Carbonyl Additions:
Qi Jeldi The Michael Reaction

) 5d (el Al 50 S LS je 3 ga s s JS5 JilSee el oy o
stable enolate ion A0 OY sl

- Jia
Enolate from a [3-keto ester
1,3-dicarbonyl compound

H 0 O HH O
y: é g 1. Na* ~OEt, ethanol él: \C/ (I.‘!
+ . !
HaC” \(I:H2 H™ %cl:/ SCHz Hz0* HaC™ \/C\/ \/C\/ ek
it i EtO,C H H H
Ethyl 3-Buten-2-one

acetoacetate

® 2007 Thomson Higher Education
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Conjugate Carbonyl Additions:
Jil&w Jelés The Michael Reaction

O O
| | —Nu—H ||
R/C\C¢C\ h R/C\E/
® 2007 Thomson Higher Education
0O H 0]
! i
+
HaC” \C|3H2 H™ %(f/ CHz 7m0
COzEt H
Ethyl 3-Buten-2-one

acetoacetate

@ 2007 Thomson Higher Education

. T
=

C\N+ >l

1. Na* ~OEt, ethanol _

H3C

T \/
G

R/C\Q: Nu
H

Conjugate addition
product

O HH O
[ )

SN LN
EtOzC H H H

3



Conjugate Carbonyl Additions:
Jllw Jelst The Michael Reaction
Jaaill (o LS all (e e siie e sana o JilSia Jeli iy () (Say

ot o8 Ay o, B-unsaturated carbonyl compounds

(aldehydes, esters, nitriles, amides, and nitro compounds)

Do OIS Jai gd Jilie claile Ll m
B-diketones (1

B-keto esters (2

malonic esters (3

B-keto nitriles (4

and nitro compounds (5

39



Michael acceptors

Michael donors

]
H,C=CHCH Propenal

I
H,C=CHCCHj4 3-Buten-2-one
I
H,C=CHCOE1 Ethyl propenoate

O

I
HoC—=CHCNH» Propenamide

H,C=CHC=N Propenenitrile

e
H,C—CH Nitroethylene

&/ D
HECHEHH'

0 O
HECHEEDET
0 O
EJGHCHEEDEt

0
HHCHECEN

RCH,NO,

B-Diketone

B-Keto ester

Diethyl malonate

B-Keto nitrile

Nitro compound



Table 22.1 Acidity Constants for Some Organic Compounds

Functional group Example pK;
T

Carboxylic acid CH3COH S
0

1,3-Diketone CH3CCH,CCH4 9
0

3-Keto ester CH3CCH;COCH4q 11

I
1,3-Diester CH;0CCH,>COCH}4q 13



Carbonyl Condensations with Enamines:
4 siw Jeléi The Stork Reaction

lBlelsd 4 enolates J! equivalent 48lSs &LS o 4 Enamines o) =
Ainn 5 Ala] Jo s du g 55 Cind JilSin ol oLy 203505 o)) oy ML 5
milder conditions

The Stork Reaction ax) 4le @lay Jeldill Glé dag il oda on m

secondary U Ol Jel& (wEnamines <Lyl juiast Koy =
ketone (S ae amine

H
O | N
N ::
O/ + Q — O/ + HsD

Cyclohexanone Pyrrolidine 1-Pyrrolidino-
cyclohexene (87%)
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Enamines Are Nucleophilic

An enolate Cfl)_ :clf:
ion
naEs 2
Nucleophilic
alpha carbon
An enamine QTRZ "‘II\IIRZ
/C%fg/ PR

® 2007 Thomson Higher Education
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Enamine Addition and Hydrolysis

il Jattis J Enamine 3 4dlal Jel&d Cuasy
o, 3-unsaturated carbonyl product

1,5- s S S 5l hydrolysis  dgals Alac o35 o5 ey @

dicarbonyl
0 :N " o
(P ¢ A IN ) ] \ |
é |;—1 § N ij/\)\ @/\*
HaC=CHCCHz C .
Cyclohexanone An enamine Y Ol
2

2R P
N
| +

A 1,5-diketone (71%)

© 2007 Thomson Higher Education



The Robinson Annulation Reaction
O 9y Al Je s

43Ul s Michael reaction (2 (Js¥) O sha (o aligall Jelall o) o
intramolecular aldol reaction Jel& 4

dalal) S8 ) gy gy ddals Jeldly ey,
The Robinson Annulation Reaction

CO,Et 5 CO,Et | CO,Et
= i NaS OEt Na* “OEt
Micheal reaction y 37 Aldol reaction i
0] 0] (0] (@] O

3-Buten- Ethyl Michael product Annulation product

2-one acetoacetate
® 2007 Thomson Higher Education
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The Robinson Annulation Reaction

Michael acceptor
(an a,B-unsaturated
ketone)

Base

CH40

H4C ¥

H

0 Base /@ 0

—_—
CH40 T~
Michael donor Michael product
(a B-diketone)
CHg 7

Robinson annulation product




