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Abstract: Several copper and iron salts are good catalvsts for the conversion of cumene
hvdroperoxide into phenol. © 1997 Published by Elsevier Science Ltd.

The conversion of cumene hydroperoxide into phenol under acidic conditions, is an important industrial
process.' In the recent patent literature, new acid based procedures are still reported.>?

The conversion of cumene hydroperoxide into acetophenone and cumyi alcohol under the influence of
simple copper or iron salts is also a well known phenomenon.** There are not many examples of metal catalysed
reactions where phenol is formed,’® and relatively high temperatures are often involved.

We first studied the reaction of cumene hydroperoxide with Cu(Cl10,),6H,0 in acetonitrile (30 mL),

expecting to see fragmentation into acetophenone and methyl radicals. However, the product was phenol” in high
yield (Table 1).

Table 1: Formation of phenol in presence of Cu(Cl10,),6H,0

O/OH ; OH

Cu' | Yield % ta Turn over
050 T0.507 041 8T X:7)
1.00 0.10 0925 92.5 30’ 9.25
1.00 0.05 . 0.89 89 20’ 17.8

5.39 0.10 = 452 80 45 45.2
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The solvent acetonitrile has a major influence on the reaction. The addition of pyridine (2mL) or water (2
mL) completely inhibits the reaction. Likewise, ethanol and THF as solvents behaved in the same way.

The fragmentation of cumene hydroperoxide was especially efficient and fast with a variety of iron salts
(Table 2). The reactions were carried out at room temperature, but decreasing the temperature to 0°C also

permitted fast reactions (t,,, about 30 min).

Table 2: Decomposition of the hydroperoxide with different iron salts.

OH
iron salts halflife (t,,.)
Fe(ClO,); n H,O 1.01 < S5min
FeCl, 1.0 < S5min
Fe(ClO,), 1.1 < S5min
FeCl, 2 CH,CN®* | 0.97 < 5min

3

Cumene hydroperoxide | mmol, iron salt 0.1 mmol,
CH,CN 30 mL at room temperature.

Using Fe™ perchlorate, the reaction gave impressive turn-overs of nearly one thousand (Table 3).

Table 3: Use of catalytic amount of Fe™(C10,), nH,O

oM OH
Fe® yield%  Turn over
0.10 1.0 0.91 91.0 9.1
0.01* 1.08 1.04 95.6 104
0.10 9.29 8.61 92.7 86.1
0.01* 10.2 9.31 91.0 931

* A solution of tron salt (0.01 mmol) in acetonitnile was prepared (25 mL).
1 mLof the previous solution is added to the cumene hydroperoxide

in solution in 29 mL of acetonitrile.
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The volume of solvent could be decreased to 10 mL of acetonitrile. With less solvent, the reaction is
exothermic and even explosive (Table 4, entries 8 and 9), and the yields decreased.

Other solvents were also examined. Methylene dichloride was comparable to acetonitrile and toluene also
gave an excellent yield of phenol.

Table 4: Variation of the amount of solvent

oM | OH
i

Entry  Fel | CH,CN Yield%  Turnover
I~ TFACIO;nH,0" ! -

0.01 mmol 108 mmol | 30mL  1.04mmol 963 104
2 Fe(CIO,),nH,0 !

0.01 mmol 110 mmol | 10mL 101 mmol 91.8 101
3 Fe(ClO,),nH,0 |

0.01 mmol 100 mmol ' SmL  0.92 mmol 92 92
3 FoCIOJnH.0 "

0.01 mmol 10mmol 30mL 931 mmol 93.1 931
5 Fe(CIO,),nH,0

0.01 mmol 10mmol | 10mL  9.63 mmol 96.3 963
3 TeCl, j

0.01 mmol 100 mmol ' tmL 094 mmol 94 94
7 FeCl, 2 CH,CN

0.01 mmol 1.00 mmol ; 1 mL 0.88 mmol 88 88
8 FeCl, 2 CH,CN

0.01 mmol 5.00 mmol 1 mL 027 mmol 5.4 27
9 FeCl, 2 CH,CN |

0.01 mmol lmmol | OmL 0.17 mmol 17 17

In the fragmentation of cumene hydroperoxide, the second product is acetone. It would, therefore, be
advantageous to use this solvent for the reaction. As shown in Table 5, the reaction proceeds in acetone more
slowly than in acetonitrile, but the yields are comparabie. If 0.1 mmol of ferric chioride is added in acetone, then
the t, ., returns to 5 minutes.
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Table § : amount of acetone

Volumeof acetone (x) __ phenol  t,,  Yield%  Turnover

3mL 0.89 45 98.05 89
SmL 0.96 60’ 98.9 96
10 mL 0.95 60’ 91 95

Cumene hydroperoxide 1 mmol, FeCl, 0.01 mmol, Acetone x mL, at room temperature.

This method is an efficient way to produce phenol from the cumene hydroperoxide under mild
conditions. Actually, I mmol of the cumene hydroperoxide is converted into phenol with 100% yield in the
following simple and mild conditions: 0.1 mmol of FeCl, in 5 ml of acetone, at room temperature, in less than 5
minutes.
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