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Process for the preparation of substituted phenols

Abstract of the Disclosure

The substituent X in the phenols of formula

wherein R, to R, are hydrogen or unsubstituted or substituted aikyl, alkenyl or alkynyl,
and X is secondary or tertiary alkyl of 3 to 9 carbon atoms, can be removed by heating

said phenols in the presence of an alkali metal hydrogensulfate.
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Process for the preparation of substituted phenols

The present invention relates to a novel process for the preparation of substituted phenols.

Phenols which are substituted in specific positions are often used as starting materials or
‘intermediates for the synthesis of final products having a wide range of properties. kor
example, substituted phenols having a free ortho-position are much 1in demand as starting
materials for the preparation of UV absorbers of the benzotriazole type, as described, for
example, in European patent application 0 157 160.

Such phenols are usually prepared by dealkylation of ortho-substituted phenols which are
ordinarily obtainable from the coal-tar industry, or they are obtained, for example, by
Michael addition of olefinic compounds to appropriate phenols. Reference is made in this
connection to US patent speciﬁcations 4 085 132 and 4 228 297. |

The dealkylation, spemﬁcally debutylation, of substituted phenols has been described by
‘D.R. Stevens in Ind.Eng.Chem. 35, No. 6, 655 (1943) and by G.H. Stlllson et al in JACS
67 305 (1945) using o-butylated cresols They found that these debutylation reactions are
catalysed by sulfuric acid, sulfuric acid esters and aromatic sulfonic acids. The removal of
methyl groups from the 1nvest1gated 0- butylated cresols, however, has not been observed.
A similar result also is described in British patent 1 183 984, where the debutylation of

B phenols substituted in ortho-position by tert-butyl is carried out using Fe2(804)3-tzO

The drawback of these processes is, however that they do not proceed selectively enough
with respect to the often- desired dealkylation of only one smglc ortho-position. The
consequence is that the resultant products are consistently mixtures of compounds which-

are dealkylated in one ortho-position and in both ortho-positions. This mhomogenelty of

the products often prevents their direct further processing and requires troublesome

separation operations to isolate the desired product which is dealkylated in one
ortho-position. |

Hence it is the object of this invention to provide a process for the preparation of
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substituted phenols in which the dealkylation proceeds more

selectively than the aforementiond processes and by means of

which phenols which are dealkylated in only one ortho-position

are obtained in high yield.

S This object is attained in the practice of this

invention by using an alkali metal hydrogensulfate as catalyst

for dealkylating substituted phenols.

Accordingly, the present invention relates to a

process for the preparation of phenols of formula

10 OH

wherein R;, R,, R3 and Ry are each independently of one another

15 hydrogen, benzyl, phenylethyl, phenylpropyl unsubstituted or
substituted alkyl of 1 to 12 carbon atoms or unsubstituted or

substituted alkenyl or alkynyl of 2 to 12 carbon atoms, Dby

heating phenols of formula

OH

20

wherein X is a secondary or tertiary alkyl group of 3 to 12
carbon atoms, and R;, R, R3; and Ry have the given meanings,

25 which process comprises heating said phenols of formula (2) to

a temperature above their melting point to remove the

substituent X, in the presence of sodium hydrogensulfate as
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catalyst which is not fixed on a carrier material, allowing the

melt to cool and, if desired, isolating the phenols of formula

(1) .

The invention further relates to the substituted

phenols so obtained and to the use thereof for the synthesis of

UV absorbers of the benzotriazole type.
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In the phenols of formula (1), the substituents Ry, Ry, Ry and R4 are each independently of
one another, unsubstituted or substituted alkyl of 1 to 12 carbon atoms or unsubstituted or
substituted alkenyl or alkynyl each of 2 to 12 carbon atoms. Suitable alkyl groups are,
typically, methyl, ethyl, propyl, butyl, hexyl, octyl, decyl and dodecyl as well as
corresponding branched isomers. These alkyl groups may carry those substituents which
do not interfere with the reaction of this invention, typically hydroxyl, alkoxy,
alkoxycarbonyl, -CO,Z, wherein Z is hydrogen, alkyl of 1 to 18 carbon atoms or

—CH4 O—H |, wherein nis 1 to 12, and phenyl. Exemplary of suitable alkenyl groups

are ethenyl, propenyl, butenyl, pentenyl, hexenyl, octenyl and dodecenyl, as well as the
corresponding branched isomers and isomers which contain more than one double bond.
Typical examples of suitable alkynyl groups are groups analogous to the aforementioned
alkenyl groups, viz. ethynyl, propynyl and the like. The alkenyl and alkynyl groups may
be substituted and carry the substituents mentioned in connection with the alkyl groups.

The substituent X in the phenols of formula (2) is secondary or tertiary alkyl of 3 to 12
carbon atoms and is, therefore, typically isopropyl, tert-butyl, isohexyl and isooctyl. A

preferred meaning of X is tert-butyl.

In the process of this invention it is preferred to use phenols of formula

wherein Ry, Ry and X have the given meanings.

Among these phenols, those compounds are preferred in which R, is hydrogen, alkyl of 1
to 12 carbon atoms, benzyl, phenylethyl or phenylpropyl, preferably 2-phenylpropyl, Rs 1s
alkyl of 1 to 8 carbon atoms which is unsubstituted or substituted by phenyl, -CO,Z,

wherein Z is hydrogen, alkyl of 1 to 18 carbon atoms or —CH O H | wherein n is

1 to 12, and X is tertiary alkyl of 4 to 9 carbon atoms.
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Among these phenols, particularly suitable compounds are those wherein R3 1s methyl,
tert-butyl or -CH,CH,CO,Z, wherein Z has the given meaning.

Particularly preferred phenols are those of formula

CH3  OH

wherein R, is hydrogen or alkyl of 1 to 5 carbon atoms,preferably methyl or tert-butyl and
R,is alkyl of 1 to 4 carbon atoms, preferably methyl or tert-butyl or -CH,CH;CO,CHas.

The substituent X can be removed from the aromatic syStem by heating the appropriate
vhenol of formula (2) to above its melting point, in the presence of an alkali metal
hydrogensulfate as catalyst. The corresponding phenol of formula (1) can be isolated in a
manner known per se from the resultant melt, for example by filtration of the th melt.

It 1s preferred to use sodlurn or potassmm hydrogensulfate as catalyst, conveniently in
anhydmus form.

In addition to the greater selectivity of the reaction course, a further advantage of the
‘process of this invention is that, for most purposes, the isolation of the product and the
separation of the catalyst and of any by-products can be dispensed with, as the catalyst
does not interfere with further reactions and by-products occur in negligibly small
concentration. Further, the reaction product is almost colourless and contains no polymers
formed by the removal of X. '

The process of this invention is ordinarily carried out such that a phenol of formula (2) 1s
fused in a reactor which can be evacuated. The catalyst is then added, preferably in an
amount of 0.5 to 10 mol %, most preferably of 1.5 to 2 mol %, based on the phenol
employed, while stirring the melt, and the temperature is then raised for 2 to 6 hours to
preferably 120-70°C. Gaseous elimination product is preferably removed by reducing the
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pressure in the reactor, for example to pressures in the range from 10 to 300 mbar. T he
melt is then allowed to cool, affording a product which can be reacted direct without
further purification operations.

Suitable stirrers for stirring the melt are the known types such as anchor and gate paddie
agitators, impellers and, preferably, cyclone impeller mixers.

The expulsion of gaseous elimination products from the melt with nitrogen or a boiling
inert entrainer can speed up the reaction course.

It has previously been mentioned that the phenols obtainable in the process of this

invention can be used for the synthesis of UV absorbers of the benzotriazole type. This
procedure usually comprises coupling a diazonium salt of formula

. wherein R is a substituent and mis 1 to 4, with a phenol to give

NO,

a o-nitroazo compound of formuia

K wherein Y is a substituent and ris 1 to 4 and

T

R and m have the given meanings, and cyclising this compound to a benzotriazole of
formula |

HO |
=N\ isclosed, £ e,
R) N 0 Such processes are disclosed, for example,
m . \N/ T

in European patent application 0 571 60, US patent specifications 3 978 074 and
4 219 480, and GB patent specifications 1 494 823, 1 494 824 and 1 494 825.
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The invention is illustrated by the following Examples in which percentages are by
weight.

Example 1: In a reactor, 438 g of methyl 3-(2,6-di-tert-butyl-4-hydroxyphenyl)propionate
are fused at 80°C in a nitrogen atmosphere. Then 4.14 g of sodium hydrogensulfate are

added. The pressure in the reactor is adjusted to 50 mbar. The reaction mixture is heated to
150°C and this temperature is kept constant for 4 hours, while the pressure remains at

50 mbar. After cooling the melt to room temperature, analysis of the reaction mixture
gives the following composition:

methyl 3-(2,6-di-tert-butyl-4-hydroxyphenyl)pro-

pionate . 3.8 %
methyl 3-(2-tert-butyl-4-hydroxyphenyl)propionate 85.6 %
methyl phlorethinate ' 2.9 %
dimeric compound 6.0 %

After working up by hydrolysis, the monobutylated product has a purity of 92.0 % and the
melting point is 55-60°C.

Example 2: 396.6 g of 2,6-di-tert-butyl-p-cresol are fused at 150°C1n a 'nitrogeh
atmosphere. After addition of 4.97 g of sodium hydrogenphosphate, the reaction mixture 1s
kept for 3 1/2 hours at 150°C and the pressure in the reactor is adjusted to the range from

20 to 100 mbar. The melt is allowed to cool to room temperature. The analysis of the
reaction mixture gives the following values:

2,6~di-tcrt-buty1-p-cresol ' . 7.8 %

2-tert-butyl-p-cresol - 85.0 %
p-cresol | | | . | 1.0 %

The monobutylated product has a purity of 85 % and the melting point is 47-50°C.

Example 3: The procedure of Example 2 is repeated, using 396.6 g of 4,6-di-tert-butyl-

p-cresol and keeping the reaction mixture for 4 1/2 hours at 150°C after addition of 4.97 g
of sodium hydrogensulfate. After cooling to room temperature, the reaction mixture has
the following composition: '



s

4,6-di-tert-butyl-o-cresol 2.0 %
4-tert-butyl-o-cresol 97.0 %
0-Cresol | 0.6 %

The monobutylated product, which is liquid at room temperature, has a purity of 97 %.
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CLAIMS:
1. A process for the preparation of a substituted phenol
of formula
OH
R;
(1) :
R4 R;
R3

whereln R;, Rz, R3 and R4 are each independently of one

another hydrogen, benzyl, phenylethyl, phenylpropyl,

P

unsubstituted alkyl of 1 to 12 carbon atoms or unsubstituted

alkenyl or unsubstituted alkynyl of 2 to 12 carbon atoms; or
sald alkyl, said alkenyl or said alkynyl substituted by
hydroxyl, by alkoxy of 1 to 18 carbon atoms, by C0,Z, wherein 2
1s hydrogen, alkyl of 1 to 18 carbon atoms or - (C,H40),-H,
wherein n 1is 1 to 12, or by phenyl, by heating a phenol of

formula

OH
X R,

R4 R7
R3

wherein X is a secondary or tertiary alkyl group of 3 to
12 carbon atoms, and R;, R;, Rz and R; have the glven meanings,
which process comprises heating said phenol of formula (2) to a
temperature above 1ts melting point to remove the substituent
X, 1n the presence of sodium hydrogensulfate as catalyst which
1s not fixed on a carrier metal, allowing the melt to cool and,

1f desired, isolating the phenol of formula (1).

2 . A process according to claim 1, which comprises

heating a phenol of formula

R '“wwmmﬁwrﬁﬁﬂm'ﬁ”-' e e Tt s Lcumar t. . DT TR T TP Y '”‘1M“""m;-w mm B AL Ln Nred " i" l TP . 4
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(3)

wherein R;, R3 and X have the given meanings.

3. A process according to claim 2, which comprises
heating a phenol of formula (3), wherein R; 1s hydrogen, alkyl
of 1 to 12 carbon atoms, benzyl, phenylethyl or phenvylpropyl, Rj
is alkyl of 1 to 8 carbon atoms which 1s unsubstituted or
substituted by phenyl, -C0;Z, wherein Z is hydrogen, alkyl of 1
to 18 carbon atoms or —(CoH40),-H, wherein n 1s 1 to 12, and X

is tertiary alkyl of 4 to 9 carbon atoms.

4, A process according to claim 3, which comprises
heating a phenol of formula (3), wherein R3 1s methyl, tert-

butyl or -CH,CH,CO,Z, wherein Z is as defined in claim 3.

S. A process according to claim 1, which comprises

heating a phenol of formula

CH3  OH

) CHy ’

L IR A 40 A PB4+ 150 11+ o T it i e 1 en e A A S I G e TS0 A 40 e AN 4 I MDD DGR SN i e o

Praymm e euandd e e W M TR TRt rr i iy



b A1 o g 12 AR ST LY G4 15 40 A i MR AN 2415 yr s da3n Ih 20k L 05 LN st A CRTER A B HH TR 144 s g s Lo e nd

CA

23276-173

wherein R; 1s hydrogen
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or alkyl of 1 to 5 carbon atoms, and Rj

is alkyl of 1 to 4 carbon atoms or -CH,CH,CO,CHs.

6. A process according to claim 5, which comprises

heating a phenol of formula (4), wherein R; is methyl or tert-

5 butyl and R;3 is methyl,

tert-butyl or —-CH,CH,CO,CHj;.

FETHERSTONHAUGH & CO.
OTTAWA, CANADA

PATENT AGENTS
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