32.2 PHENOL

Learning outcomes
Candidates should be able to:
1. recall the reactions (reagents and conditions) by which phenol can be produced:
(a) reaction of phenylamine with HNO, or NaNO, and dilute acid below 10°C to produce the diazonium salt; further
warming of the diazonium salt with H,O to give phenol
2. recall the chemistry of phenol, as exemplified by the following reactions:
(a) with bases, for example NaOH(aq) to produce sodium phenoxide
(b) with Na(s) to produce sodium phenoxide and H2(g)
(c) in NaOH(aq) with diazonium salts, to give azo compounds
(d) nitration of the aromatic ring with dilute HNO3(aq) at room temperature to give a mixture of 2-nitrophenol and 4-
nitrophenol
(e) bromination of the aromatic ring with Br,(aq) to form 2,4,6-tribromophenol
explain the acidity of phenol
describe and explain the relative acidities of water, phenol, and ethanol
explain why the reagents and conditions for the nitration and bromination of phenol are different from those for benzene
recall that the hydroxyl group of a phenol directs to the 2-, 4-, and 6-positions
apply knowledge of the reactions of phenol to those of other phenolic compounds, e.g., naphthol
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Preparation from phenylamine

1. Phenol, C¢HsOH, is a weak acid.
(a) Phenol can be made from phenylamine, CsHsNH,.
Give the reagents and conditions for this reaction.

2. Phenol can be produced from phenylamine in a two-step synthesis.
step one step two
phenylamine ——— intermediate compound ——— phenol

Describe the reagents and conditions needed in each step.
step one:
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step two:
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3. Klis used as a source of [ ions in organic synthesis.
One example of this is shown in the synthetic route in Fig. 1.1.
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Fig. 1.1
(1) Identify the reagents required for steps 1 and 2.
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(i1) Step 3 occurs in two stages.

stage I NaNO; and HC/ undergo an acid—base reaction to produce HNO,.

stage II HNO; reacts with C, C¢HsNH,, to produce D, CsHsN>".

Complete the equations for stage I and for stage II.

Stage I NaNO2 + HC/ ..ottt st st st snenenas

SEAZE L ..ttt ettt et at e bt e e s bt e e sateeaee [2]



4. P reacts with an excess of sodium nitrite, NaNO,, and dilute HC/ at 5° C to form compound Q, C9H7N60,C! 3.
Compound Q is then converted into gallic acid.

P Q
CoH,N.0,CI,

COOC,H,

an excess of NaNO,
and dilute HClat 5°C

tep 5
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NH,
step 6
gallic acid

HO
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(v) Suggest the structure of compound Q in the box provided. [2]

(vi) State the reagents and conditions for step 6.

Reaction with Na

Acids react with the more reactive metals to give hydrogen gas. Phenol is no exception - the only difference
is the slow reaction because phenol is such a weak acid.

5. Samples of phenol, CsHsOH, are reacted separately with sodium and with dilute nitric acid.
phenol

OH

Fig. 9.1
(i) Write the equation for the reaction of C¢HsOH with Na.



6. A sample of 2-nitrophenol is reacted with sodium.
Complete the equation in Fig. 6.2 for the reaction of 2-nitrophenol with sodium.
OH

NO,

Fig. 6.2
(1]

7. 4-methylphenol reacts readily with sodium.
Complete the equation for this reaction.

[1]

Reaction with NaOH

8.  Write an equation for a neutralisation reaction in which phenol behaves as an acid.

Reaction with Diazonium salts




9. Phenylamine reacts with HNOz(aq) at 4° C to form compound P. Compound P reacts with phenol under alkaline
conditions at 4° C. The product of this reaction is acidified, forming azo compound Q.
Draw the structure of compound Q.
Circle the azo group on your structure.
State one use of an azo compound such as Q.
compound Q:

An azo compound Can be USEA .........c.eeiuieiiriiieiieieee et . [2]
10. Complete the table to show the structure of the organic product from each reaction of phenol, CsHsOH. [4]
reaction reaction mixture structure of organic product
1 phenol + NaOH(aq)
2 phenol + Na(s)
N
+ 2
N/
3 phenol + (aq)

+ NaOH, at4°C

an excess of phenol +
0 O
4 \ < > /
C C/
/ \
Cl Cl

(1) Identify two reactions from the table in which ethanol would behave in a similar way to phenol.




11. Fig. 7.1 shows some reactions of phenol.

Na(s) excess Bry(aq)

reactiy %ction 2
OzN—©—OH <O} N=N @—OH

Fig. 7.1

(i) State the reagents and conditions for reaction 1 and reaction 2 in Fig. 7.1.
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12. A reaction scheme is shown in Fig. 7.2.

tion 1
CH,CH,NO, | —=L o | CH,C.H,NH,

j reaction 2

fion 3
CHCH,OH | =—=20= | CH,C,H,N,'Cl-

N J

reaction 4

dye molecule Y

(i) Describe the reagents and conditions to produce CH3C¢HsN>*C/~ from CH3CsHsNH, in reaction 2.
TCAZCIES L.euuiiiiiiiiiiiiii ettt e et e et e e e e e e e e raa
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(i) Describe how CH3;CsH4OH can be produced from CH3;C¢HsN,*C/~ in reaction 3.

(iii) Draw the structure of the dye molecule Y formed when CH3;C¢H4N>*CI~ and CH3CsH4OH react together in
reaction 4. Describe the conditions for this reaction.
Structure

COMAITIONS ..uvieuvieiiesieesieeeiiettertee st e seteeteesteesstesseesseesseessessseanseanseenseeseenseenseesseansennseensesnsennsens (2]



13. Fig. 4.2 shows some reactions of phenylamine.

phenylamine
reaction 1

NH,
©/ excess Br,(aq)
D ———
room temperature
reaction 2 l

benzenediazonium chloride

N,ClI
reaction 3
—_— X

v

reaction 4 l

Y

(b) Benzenediazonium chloride, CsHsN>Cl, and X react together in reaction 4 to form Y, an azo compound.

(i) Name X, the organic product of reaction 3.

..................................................................................................................................... [1]
(ii) State the necessary conditions for reaction 4 to occur.
..................................................................................................................................... [1]
(ii1) Suggest a use for Y.
..................................................................................................................................... [1]



14. Fig. 5.4 shows two reactions of phenol

Q
Br,
phenol reaction 2
OH
@ Rand
NaOH(aq) S
e @N//“@O”

Fig. 5.4

(1) State the conditions for the bromination of phenol in reaction 2.
Explain why these conditions are different from those for the bromination of benzene.

CONAILIONS .eevvveeeeeeeeeeieieeeeeeeeeeeeeeeeenn

(i1) Draw the structure of organic compound Q in Fig. 5.4.
(iii) Identify organic reagent R.

(iv) Name the functional group that is formed in reaction 3.

[1]
(1]



Ring substitution of Phenol

15. Salbutamol is a pharmaceutical drug that contains a phenol functional group.

salbutamol
OH
H
N
Hoft©/j\/ \K
HO
Fig. 6.4

(i1) Salbutamol reacts with Brz(aq) to form organic product X.
Draw the structure of X.

(iii) Salbutamol reacts with an excess of SOCIl; to form organic product Y.
The molecular formula of Y is C13H19CLLNO.
Draw the structure of Y.

16. Phenol and benzene both react with nitric acid, as shown in Fig. 4.5.

OH _ OH
dilute HNO,

NO,

concentrated HNO,

Y

concentrated H,SO, NO
2

Fig. 4.5

Explain why the reagents and conditions for these two reactions are different.



19. Suggest why bromination of phenol occurs more readily than bromination of benzene. [2]

20. Phenol can be nitrated with dilute nitric acid.
Explain why the nitration of phenol occurs under milder conditions than the nitration of benzene.

21. Compare the relative ease of nitration of benzene, benzoic acid and phenol.
Explain your reasoning; include reference to the structures of the three compounds in your answer.

..................................................................................................................................................... [4]



22. Salicylic acid can be synthesised from phenol.

COOH

OH

Fig. 9.2

One of the steps in this synthesis is the electrophilic substitution reaction of carbon dioxide
_with the phenoxide ion, C¢HsO".

Complete the mechanism in Fig. 9.3 for the reaction of C¢HsO™ with CO,.

Include all relevant curly arrows, dipoles, and charges. Draw the structure of the organic
_intermediate.

organic intermediate

O===0

o~ —

COO-

23. Phenolphthalein reacts separately with the two reagents shown in the table.

phenolphthalein
O

QLy
OH
HO
Complete the table by:

e e drawing the structures of the organic products formed (part of the structure has been given for you)
e e stating the types of reaction.

-11 -

[4]



reagent organic product structure type of reaction

an excess of
hot NaOH(aq)

Q

an excess of
Bry(aq)

Relative acidities

(to be studied in 33.1 carboxylic acids)

***This is not a complete note. It is to guide you. It is recommended to study the prescribed textbooks along with this
material. ***
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