Phenol Nomenclature and Properties

OH When no other functional groups of higher priority are present,
A phenol  Phenolis used as the parent name rather than benzene.
OH COOH OH OH
OH
HaC OH OH @\ /
\©/ OZN/©:N02 NO, OH N OH
m-Methylphenol 2,4-Dinitrophenol CI_ OH

(m-Cresol) 4-Chloro- 3-Hvdroxybenz- 1,4-Benzenediol 1,2,3-Benzenetriol

3-nitrophenol oic acid (Hydroquinone) (Pyrogallol)

( (m-Hydroxybenzoic acid)
/%

- Nat
+ NaOH —— + H,0
4-Hydroxyphenyl-2-butanone

(Flavor of raspberries)
Phenol Sodium phenoxide

Phenols are more acidic than (sodium phenolate)
alcohols, because the negative [
charge of phenoxide is
delocalized by the phenyl ring;
thus, electron-withdraw groups
on the phenyl ring increase the
acidity of phenols.

HOH
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Phenoxide ion




Properties of Phenols

Compound pK; OH OH
NO, O,N NO,
(CH3)3COH 18.00 Weaker I ’ .
acid
CH3CH,OH 16.00 Z
H»O 15.74 NO, NO,
2.4-Dinitrophenol 2.4,6-Trinitrophenol
CH30OH 15.54 (Picric acid)
pK, = 4.09 pK, = 0.25
CF3CH,OH 12.43
Phenol is also weakly basic:
p-Aminophenol 10.46
H\+ /H
CH3SH 10.3 O :OH
p-Methylphenol 10.17 2\
‘ T~ + H7
Phenol 9.89 N
pk, = —6.7
p-Chlorophenol 9.38 H
Stronger o/ .
p-Nitrophenol 7:15 acid CH30\H ~ CHQH + H



Preparations of Phenols

H3C CHs H3C CHs

OH 0
Hz0* 5 g
e
Heat H3C/ \CH3

Cumene Cumene Phenol Acetone
(isopropylbenzene) hydroperoxide w
J\ J\ JQOH
24 4 K\ HOQ\

S o e W

(Industrial method for production of phenol and acetone)

Dakin reaction

CHO OH
R = OH, OR, NH, or NHR, alkyl, etc. H,0, N The reaction works the
(at o- or p- position) R—T >~ Rqr best for electron-rich
= NaOH/H0 Z aromatic rings.

(cf. Baeyer-Villiger reaction)
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Preparations of Phenols

OH
Hso4
HN02 CUQO
H2504 u(NO3)y, HoO
CHs _ H,0 ~-OH
R | - R
MgBr AN =
f @ B(OCHa)s
B(OCHs), B(OH), OB(OH),

H30+ H202 H30+
—_— - + B(OH)3
CH3CO H
CHs 002 002
O:N NO2  kmnoa _sncl, Ho HCI/HO0  HO OH
—_— ——
> 100 °C
NO,

COH
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Reactions of Phenols

Williamson ether synthesis: ¢ OCHCHCH,
= ) ) ] NaOH, H,O
+ CH;CHCHBr ————=>
\ Cl Cl
63%
Protection-deprotection COOH COOH
strategy for phenols:
N HBr, A N
\ 7 \ + CH,Br
or H
_ o S 0cH, Z 0H
Does not dissociate like 2° or 90%
3° C-0 bond, because phenyl
cation is unstable. Aspirin: a phenyl alkanoate drug
o)
OH O)J\
+ CO5H Ac,O CO,H
—_—
& heat

2-hydroxybenzoic acid
Phen cation Bimpty sp i (salicylic acid) 2-acetyloxybenzoic acid
orthogonal to the n-conjugation plane (acetylsalicylic acid, aspirin)



Electrophilic Substitutions of Phenols

_ TN
Nitration:
OH OH
j)H OH TH conc. H,SO, 501
N N NO, L >
ﬂ/ "N HNO, CHCL, 15°C N N ( j
; "o SO5H
_/;: . /;;’/// - _,/’/ 3
7 dilute HNO, (20%) b NG
NO ° l
conc. HNO; NO2 NaOH  H* NO, HNo, O2N NO,
L —_— -
H,O
) NO, NO, NO,
Halogenation:
OH OH
OH OH OH L 3r. A 31
“ ) 3BrBr HO,20°C N N
HOC cl ¢l R ]
—_— + “i\\\/” = w_‘\‘/‘/
3r
Cl OH OH 100%
No catalyst is needed for halogenation, and /L Brdr, P
multiple halogenations usually occur. ( 7 > o J
Monohalogenation may be achieved at Y Y
CH,

lower temperature.



Reactions of Phenols

Acylation:

OH
0
|

+  CH,CH,CCI

CH,

Fries rearrangement:

B

O

I
OCCH,CH;,

OCH;
NaOH, H,O = ‘ :
—NaCl, —HOH i
N +  CH,CCI
CH,
H
Methoxybenzene
(Anisole)
OH - HC'ILAIC[;, CS2
OH O B
OCH;
R +
O R
_C
i i O "CH
tautomerization . 3
%

- 1-(4-Methoxyphenyl)ethanone
( p-Methoxyacetophenone)




Reactions of Phenols

T
Claisen rearrangement @
0 G G O/ ’ _— HO
S5, X
:OH i
PN
= e
N7 ~N These carbon atoms tend to
\/ undergo nucleophilic attack
OH OH 101

Kolbe-Schmitt reaction EJ\ ‘(n)‘ /L\J _C—0rK*

i} KHCO,, H,0, pressure
|+ >
“‘::b ” \\\\\\J

nucleophilic addition tautomerization / aromatization



Reactions of Phenols

Reimer-Tiemann reaction:

OH

OH
CHO
+ CHCl; + 3KOH — + 3KCl + 2H,0



Hydroxymethylation of Phenol

Synthesis of phenolic resin (Bakelite, a phenol-formaldehyde copolymer) :

() :on }--:fﬁi:‘ :0: |
/IK/—( H,0:

& ph
o - :-\ : j @

) ~:OCH, H :OH
OH 0O OH (‘) - /\‘/(_ HZ()I—I
“H,C CH )\ g +
CH,OH o A -t = ‘ HO-. A HO: S
ion g —~HOH ..
: Y CH,OH
(I I I) CH,OH CH,

‘““ii “Ié Cﬂé

CH,OH HoC This mechanism is for base-catalyzed reactions;
2 2 \/\
these reactions can also be catalyzed by an
\/\()H acid. Propose a mechanism for that route.



Birch Reduction and R:esorcinol

CO,H CO,H
Na, NH; (liq.) Na, NH; (liq.)
3

- -

EtOH EtOH

Phenols do not undergo Birch reduction, but phenyl ethers can be reduced via Birch reduction.

OCH,4 OCH,4 OH 0 0
chos Na, NH; (lig.) HBr @ H* ij
- —_— —» —
CH31 EtOH H,O

NH,

NH 0 0
R Na, NH; (liq.) R R H,0* R H+ R
- —_— —_— —_—
EtOH
. enol form ketone form
Resorcinol: R
-ff————

Behaving in the enol form:

OH OAc OH

AC2O
— + 2 CHLCO,H
OH OAc

esterification electrophilic substitution

ZnCl, / HCI
+ RCN >

OH
0" R



Reactions of Polyphenols

Mechanism of Houben-Hoesch reaction:

O
_ N d
o _ OH o NG -
Behaving like a di-ketone i @
OH O \ NHOH
!

A reaction unigue to benzene-1,3,5,-triol NHOH

OH 0 NH NH;
3 NH
/@\ ﬁ : KJ:\L /@\
HO OH o ® HN NH H2N NH,




Oxidation of Phenol Qumones

@)
Fremy’s salt
2
KSO3 2NO A HEd OH AgO_ O HNO;
Fremy’s salt

NH, WO O 1,2-benzoquinone
1,4-benzoquinone 1,4-hydroqumone
(p-benzoquinone) (p-hydroquinone)
NH,
NH,
OH  FeCly/HCI NaCr0; _HNO;
OO sto4
1,2-naphthoqumone 1,4- naphthoqumone
o OH o, 0 HO  OH
V205 0,
° (O OO0 — 4D
O,
o OH
9,10-anthraquinone 9,10-phenanthrenequinone
0
CH3O CH3
CH3 CH30 CH30
|
CH30 (CH,CH=CCHy)H NADH + H* + + NAD'
= Reduced CH30 CHBO Oxidized
feii form

Ubiquinones (n = 1-10)



Reactions of Quinones

Electrophilic addition: Nucleophilic addition: 1,2-addition of amine derivatives

oxime dioxime
NOH NHOH

o
NH,OH NH,OH
—_— —_—
HOAc HOAc H* e
O 0 NHOH
Oe Base —HBr Base - 2 HBr l / “ tautomerization

o HO-NH OH H_ N=0 NO
\ 3 Q ©
_—
Br tautomerization
o) 0] OH

o]

1,4-addition of HCI: 1,2-addition of Grignard reagents:

O 0 O 0 (@] R OMgX
sElle Ly S Q
O ® OH OH OH @]

on under acidic conditions:

Cl

R. OH R. OH R OH
_—— H*
—_—
tautomerization on
O ® OH



Reactions of Quinones

1,4-addition of HCI:

OH O OH OH O
Cl KClO, Cl H—ClI Cl Cl C
H Cl C
OH o] O OH O
TCQ

1,4-addition of HCN:

0 OH OH 0 o
KCN / H* NC HNO, NC HCI  HNO; NC Cl
2 —_— + —_— : .
g @ NCQ =
O o '®)
H

Cl

Cl

CN l HCN / HCI
OH

ﬁ DDQ NC Cl
NC Cl

G~
£ o

TCQ and DDQ are useful oxidative reagents for dehydrogenation.



Reactions of Quinones
1,4-addition of CH;OH: HOQOH HO_@_OH

O OH OH O O
CHsOH CHOH OCH3
—_— _— . - -
H3C0H H,CO / HsCO H5CO
o 0 /\/ 0 &

OH

more e-rich than hydroquinone O:©:O O:C>:0

Reaction with acetic anhydride:

0 0 o) OH
0
Ok OCH
Ac,0 H,O*
——-- O ——
OJJ\ OH



Redox Properties of Quinones and Hydroquinones

A reversible electrochemical redox process:

O dlsproportlonatlon
reaction
+ 2HY +2e

i N

— Oe o) O - - /H,'I’
guinone-hydroquinone complex [ O "0
- _c, (a charge transfer complex) |
Oe 0© 0© I
- : . B . O O -
semi-quinone ~y

Hydroquinone is a good anti-oxidant and radical inhibitor (which inhibits radical chain reactions).

OH QO OH O
O = w Q= (- ul)
OH OH OH O



Redox Properties of Quinones and Hydroquinones

Electron-deficient quinones are good dehydrogenative oxidant.

HmO Cl A
O-0-0 R — O-0<®

DDQ is an even stronger oxidative reagent
(more electron-deficient) than TCQ.

Cl
H
Cl

0

Cl

Qﬁﬁooo

0

XX

Reacting as dienophiles:

0 = o) = O
A A
_— —_—
0] ) o
0
\n/O . N o CN
0 + ﬁ:j[ s Y
O
| I CN
CN
O o)



