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The present invention is concsrned with a procegss for the
production of alkenyl and cycloalkenyl phenols.

It is knovn to split dihydroxzy-dieryl-alkanes by heating
to temperatures over BOOOC., possibly in the presence of acidic
5 | catalysts, phenols and the corresponding alkyl phenols being
obtained as mein reaction products. In some cases, the Tormat-
ion of small amounts of alkenyl phenols is also observed but,
nevertheless, considerable amounts of non-distillable resinous
regidues also result. Particularly in the case of the techni-
10 || cally very important 2,2-(4,4'-dinydroxy-diphenyl)-propane
(visphenol A), which is produced in large gquantities, the pre-
viously known splitting processes have proved to be completely
unsatisfactory. The p-isopropenyl phenol which is to be expected
from the decomposition of this dihydroxy-diaryl-alkane has
.:15 hitherto not been producible, only isopropyl phenol being Tformed
5 together with lerge amounts of useless resinous residues.

e have now found a process for the production of alkenyl
and cycloalkenyl phenols by the thermal splitting of dihydroxy-—

diaryl alkanes and cycloalkanes which is characterized by carry-

20 || ing out the splitting by heating with the addition of alksline-
‘ acting materials and the reaction product cooled, if desired,
quickly, to temperstures below its melting point.

According to this process, it is possible to deconpose

ol pnh {
prerny
dihydroxy-&opheanyl alkanes and cycloalkanes by a particularly

25 || smooth reaction into corxrresponding alkenyl end cycloalkenyl

phenols and phenol without appreciable emounts of non-distill- |

| able repidues being forwed. By re-distillation, possibly with |

the Further addition of alkaline-zcting matsrials, alkenyl i

3

G ppenols of hizh ourity are orizinsd in zood yields.
ol < -~ (=)

i |

e

iy,
Vi
-




10

15

20

25

'droxy—phenyl)-3-methy1-but—2—ene from 2,2—(4,4'—&1hydroky~di—

-

Disproportionate reactions which are usual in the purely
thermal splitting and which lead to the formation of alkyl phe-
nols, are not observed in this case. It is particularly sur-
prising that, according to the process of the invention, it is
possible, for the first time, to produce pure p-~isopropenyl
phenol in good yields and in crystalline form because. .. it was
hitherto supposed that this compound is so unstable that it
polymerises Or resinifies at the moment of its formation.

Thus, for example, according bto the process of the presentd
invention the following alkenyl and cycloalkenyl phenols can be
obtained: 1-{p-hydroxy-phenyl)-ethene from 1,1-(4,4"'-dihydroxy—
diphenyl)—ethane, 1-(p-hydroxy-phenyl)~prop~1-ene from 1,1~(4,4"
dihydroxy-diphényl)-propane, p-isopropenyl-phenol from 2,2-(4,4"'
dihydroxy—diphenyl)—propane, 1-(p-hydroxy-phenyl)-but-1-ene
from 1,1—(4,4'—dihydroxy-diphenyl)-butane, 2-(p-hydroxy-phenyl)-
butf2—ene from 2,2-(4,4'-dihydroxy-diphenyl)-butane, .2—(p-hy-

phenyl)-3-methyl-~butane, 1—(E—hydroxy—phenyl)—isobut—1~ene from
1,1-(4,4'-dihydroxy-diphenyl)~2~methyl-propane, 2—(p~-hydroxy-
phenyl)-pent~2-ene from 2,2-(4,4'-dihydroxy~diphenyl)~pentane,
3—(thydroxy—phenyl)—pent—B—ene from 3,3-(4,4'-dihydroxy—-di-
phenyl)-pentane, 2-(p-hydroxy-phenyl)-4-nethyl-pent—-2-ene from
2,2-(4,4'-dihydroxy-diphenyl)—4-methyl-pentane, 4—(p-hydroxy-
phenyl)-nept-4-ene from 4,4-(4,4'-dihydroxy-diphenyl)-heptane,

o—isopropenyl-phenol from 2,2~(2,2'-dihydroxy-diphenyl)-propane,

1-(4~hydroxy-phenyl)-cyclohex—1-ene from 1,1-(4,4'-dihydroxy—

diphenyl)-cyolohexane,13—(2ghydroxmﬁ§henyl)— ethene from 1,1,1—~ |

(4,4'-dihydroxy-tripnhenyl)=ethane, p-isopropenyl-o-cresol from

2,2-(4,4’—dihydroxy—3,3’—dimethyl-diphenyl)~propane and o-iso-
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propenyl-p-tert.butyl-phenol from 2,2-(2,2'-dihydroxy-4,4-di-
tert.outyl-diphenyl)-propane.

Even the non-crystalline residues obtained in the pro-
duction of dihydroxy-diphenyl-alkanes by the condensation of
aldehydeés or ketones with phenols, are suitable starting materi-
als for the process.

Suitable basic catalysts are, for example, alkali metal
or alkaline earth metal oxides, hydroxides, alcoholates, pheno-
lates, alkyl-carboxylates, carbonates, amides and hydridés,
as well as aluminium, zinc, cadmivm and lead or the above-
mentioned compounds of these metals.

Por carrying out the splitting, it is preferably to add
between 0.01 per cent and 10 per éent of the catalyst,referred
to the amount of dihydroxy-diphenyl-alkane used. In the case
of using alkali metal compounds, the reaction températures.are
particularly low, being between about 150 and 250°¢. Waen’
using other catalysts, temperatures of 220—30000. are necessary.
According to these reaction temperstures, the splitting can be
carried out either in the presence of very effective catalysts
with the use of reduced pressure or in the presence of less
effective catalysts under normal pressure, the reaction compo-
nents being heated together in a simple distillation apparatus.
In the case of carrying out the reaction in a continuous manner,

it can be expedient to pass the dihydroxy-diphenyl-alkene in

the Form of vapour &t temperztures of 300-600°C. over a solid
catalyst and subsequently to quench the split products to
temneraiures velow the melting pofnt.

"he sesaration of the split products, alirenyl phenol and

hanol, tzkes wnlace either by recrystsllisstiion from suiltable
; js) ) s
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‘distillation velocity is so controlled that the transition

solvents or by & second distillation, if desired again in the
presence of alkaline-acting materials.

The alkenyl phenols obhtained according to the process are,
for example, intermediate products and adjuvants for the pro-
duction of plastics, ovesticides, stabilizers and dyestulffs.

The following Examples are given for the purpose of
illustrating the present invention:

Bxample 1

provmiuinduhinmes® s Du IR
300 grams 2,2-(4,4'-dihydroxy-diphenyl)-propane are heated
in a distillation apparatué with stirring and at a pressure of
18 mms mercury sgauge after the addition of 3 grams sodium hy-
droxide, the split products being collected in an ice cooled
receiver. As soon as the internal tempersture has reached

18000., the distillation of the split products commences. The

temperature does not exceed 15000, Toward the end of the
distillation, the distillation vessel reaches a temperature of
260°¢. 270 grams of a distillate are obtained which, for the
greater part, solidifies. A sample recrystallized from cyclo-
hexane gives yellowish leaflets of p-isopropenyl phenol with
a melting point of 85°¢.
Analysis:

09H100 molecular weignt 134,17

Ot ’
ro- (O
\ cH
N CH,
Calculated: C = 80.56 % ; H = T.51 %
Found ¢ = 80.%5 % 3 H = T7.63 %
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The distillate which consists of phenol and p-isopropenyl-
phenol is subjected to a second distillation with the ad@ition
of 0.5 grams sodium hydroxide. At 85—11000./18 mmg mercury
zauge 120 grams phenol distil over and at 110—1300C./18 mas
mercury gauge 145 grams p-isopropenyl phenol distil over which
s0l1idify to a2 yellowish crystalline mass.

The total yield amounts to 82 per cent of theory.

Example 2

Aftér the addition of 0.5 grams potassium hydroxide, 100
grams 2,2-(4,4Wihydroxy-diphenyl)~butane are distilled at a
pressure of 20 mms mercury gauge in such a manner that the
transition btemperature doeg not exceed 150°C. The amount of
crystalline solid distillate, consisting of phenol ahd 2= (p=
hydroxy—phenyl)-but-2-ene, amounts to 94 grams. The 2-(p-hy-
droxy-phenyl)-but-2-ene can be obtained in pure form bybre—
crystallisation from cyclohexane'qr by re-—-distillation.

5% grams, corresponding to a yield of 86 per cent theory,
of 2—(E—hydroxy—phenyl)—but—Z—ene with a melting point of 83-
84°C. are obtained.

Anslysiss
C1OH120 molecular weizht 148.2

CH

3
HO—<::>—C
> e
CH-CHs
Calculated: C = 81.04 %3 H = 8.15 %

Found:

Q

i

80,78% 3 11 = 8.17 %
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D Y
Exanmple 3

After the addition of 2 grams of the sodiunm salt of 2,2-
(4,4'-dinydroxy-diphenyl)-pentane, 100 grams 2,2-(4,4'-dihy-
droxy-diphenyl)-pentane are heated at a pressure df%ZO nns
mercury gauge in such a manner that the transition ‘temperature
does not exceed 150°C. The liguid distillate ( 98 grams) con-—
sisting of phenol and 2—(Q-hydroxy—phenyl)—pent—E—ene is re-
distilled. 56 grams corresponding to 89 wer cent of theory,
of 2—(R—hydroxy—phanyl)—?eﬁt—Z—ene are obitained as a liquid.

The boiling point is 85—870C°/O.1 mmns mercury gauge.

Analysis
011H14O molecular weight 162.2
v /CII3
HO- ~C
O o
CH-CH,- H3

Calculated: ¢ = 8l.44 % ; H =8.70 %
Found: C = 8L.72 % 3 H = 8.79 %
Example 4 . » ' »

After the addition of 1 gram sodium methylate, 100 grams
1,1,1—(4,4'—dihydroxy—triphcnyl)—ethane are heated at a press—
ure of 20 mms mercury gauge in such & nanner that the distill-

) exceedd o
ation tempersture doeg not egesed 180°C. From the reaction

product (95 grams) there is obteined by redistillation at 149-

151°¢. /0.1 mms mercury gauge, the gradvually solidifying 1,1-

(p-hydroxy-diphenyl)-ethene in a yield of 69 grams correspond-

ing to 97 per cent of theory.

Analysiss
014H120 molecular weiznt 186.2
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OO
CH,

Calculateds ¢ = 85.68

RN

I

6.16 %

Found: ¢ 85.45 7 H=6.31 %

o
“o

After recrystallisation from cyclohexane pure 1,1-(p~
hydroxy—diphenyl)—ethene is obtained with & melting point of
59-60°C .
Example 5

After the addition of 0.5 grams sodium hydroxide, 100
grams 1,1—(4,4'—dihydroxy—diphenyl)—Z—methyl—propane are heated
at a pressure of 20 mms mercury gauge in such a manner that the
transition btemperature does not exceed 15000° The reaction pro-
duct (84 grams) is redistilled., The boiling point of the
1—(p—hydroxy—phenyl)—isobut—1—enevis 80-92°¢./0.1 mms mercury
gaﬁge and the melting point, after recrystallisation from light
petroleun ether, is 57—5800o The yield amounts to 90 per cent

of theory.

Analysis:
C1OH120 molecular weight 148.2
, YB3
HO—<::>—CH=C\\
. CHy
Calculateds C= 81.04 % ; H = 8,16 %
Tound: G= 80.69 %; H=28.12 %

After the sddition of 1 gram lead oxide, 100 grans

2,2—(4,4'—dihydroxy—diphenyl)—prOQane are neated a2t normal

pressure ian such a mzaner tnat the transition bemperature of
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the split products Goes not exceed 220°¢, The reaction product
(30 grams) is redistilled. At 70-85°0,/0.25 mms mercury gauge
40 grams phenol distil over and at 90—1ﬁ000./0.25 nmms mareury
gauge 41 grams R—isopfopenyl phenol Adistil over,

Example T | ‘

Molten 2,2-(4,4'-dihydroxy-diphenyl)-propane are placed
on a film evaporator by means of a heated dropping funnel and
evépora%ed at a pressure of 18 mms mercury gauge and an inbar~
nal wall temperature of 260°¢. The vapour is pasged, without
cooling, through a 25 mms thick and 400 mmns long horizontal
tube which is half filled with a soda-lime catalyst. The tube
is contained in a muffle furnace heated to 500°C. The reaction
products are collected in a recelver cooled with ice watber., The
distillate partially solidifies in the receiver to fine yellow-
ish crystals. It consists of phenol and p-isopropenyl phenol.
The components are expendiently separated by a gecond distillat-

ion in the manner described in Example 1.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLATIMED ARE DEFINED AS FOLLOWS:

1. Process for.the production of alkenyl and cycloalkenyl
phenols by thermal splitting of dihydroxy-diphenyl alkanes in the
presence of catalysts, characterized in that the splitting is

carried out in the presence of alkaline-acting materials.

2. Process according to claim 1, wherein the split products

are rapidly cooled to temperature below their melting point.

3. Process according to claim 1, wherein the split products

are purified by redistillation.

L. Process according to claim 3, wherein the redistillation

is carried out in the presence of an alkaline—actihg material.

5. Process according to e¢laim 1, wherein the catayst is an
alkali metal or alkaline earth metal oxide, hydroxide, alcoholate,
phenolate, a l—cafboxyiate, carbonate, amide or hydride, aluminium,
zinc, cadmium or lead or the above-mentioned compounds of these

metals.

é. Process according to claim 1, wherein the catalyst is used
in an amount of 0.0l to 10 per cent based on the amount of dihydroxy-

diaryl-alkane used,

CH
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