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INTXODUCTION

Although previous workers in this laboratory have condensed
8lkyl phenyl carbinole with phenol, the study of these condensa-
tiens was still incomplete.

The ertho alkylphenol was reported only in the condensatiom
of propyl phenyl carbinel with phencl. Its foarmation may be ex-
pected in all condensations of this type. For this reason it
was considered desirable to continue the atudy of the condensa-
tion of alkyl phenyl carbinols with phenol. Kethyl through amyl
phenyl earbinols were prepared, and condensed with phenol in the
presence of aluminum chloride.



HISTORICAL

A complete review of the literature dealing with the alkyla~
tion of arematic compounds would be needless repetition. Many
previous papers have furnished tirief and fairly complete surveys
(1), (2), and (3). An extensive survey on the rele of aluainum
chloride in organic chemistry has been made by Thomas (k).

Since this werk is a study of the condensation of alkyl
phenyl carbincls with phenel in the presence of aluminum chloride,
only those researches dealing with this subject will be summarised.

Earlier workers in this laboratory who econdensed alcohols
with phenol, used two methods. Huston and Hsieh (20) devised a
proocedure where the alcohal and phenocl were dissolved in petroleum
ether, and the aluminum chloride was added in portions. Esterdahl
(21) modified the procedure of Huston and Hsieh by using no selvent
to condense scme secondary alcohals with phencl. Ereiter (22) used
this method to condonse octyl ‘alcohals with phencl. The second pro-
cedure developed by Huston and Hedrick (23) consisted of suspending
the aluminum chloride in petroleum ether and adding a sclution of
phenol and carbinel in petreleum ether dropwise from a dropping
funnel.

Aromatic alcohals had not been condensed with aromatic com-
pounds in the presence of aluminum chloride until Hustom and
Friedmann (24) began their investigations in 1916. Later, they
extended their experiment (25) to secondary alcohols with bensene
and aluminue ehloride using methyl phenyl carbinol, ethyl phenyl
carbinol and benshydrol, obtaining diphenylmethane, diphenylpropane
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and triphenylmethane respectively. The temperature and amounts

of reagents were varied to find conditions for the greatest yield.
In preparing 1l,l-diphenylethane they obtained the best yield (65%)
by keeping the temperature below 10°C and using cne half of a
molecular equivalent of methyl phenyl carbinocl and five moles of
bensene. Under thess conditions they also obtained a 4O yield of
1,1-diphenylpropane. Huston and Friedmann (Loc.cit.) report that
an excess of aluminum chloride tends to elininate & phenyl or an
‘aliyl radical from the product especially 1f the temperaturs is
not kept low.

Alkylation of phenol by means of methyl and ethylphenyl car-
binols was reported by Huston, Lewis, and Grotemut (5) im 1927,

They obtained 33-357 p-hydroxy-l,l-diphenylethane, and 27-30%
| p-hydroxy-l,l-diphenylpropane from the two carbinals. Proof that
the entering group takes the para position on phenol was obtained
by oxidising the methyl ether to p-methexybensophenone.

In 1926 Bartlett (6), working in this labaratory condensed
butyl phenyl carbinol with phencl. He obtained & 33% yield of
p=~hydraxy-l,l-diphenylpentane, but it was not pure enocugh to re-
crystallise or form & derivative. He made no mention of the ortho
isomer.

Hustom and Strickler (7) condensed propyl phemyl carbinol
with phenol in 1927 to obtain 20% p-hydroxy~l,l-diphenylbutans and
6% o-hydroxy-l,l-diphenylbutane. Up to this time the preparation

of the ertho alkylphenocl had not been reported. They also
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prepared the ortho isomer by Claisen's (§) method of ring alkyla-
tion, as additional evidence of its farmation.

Thus, & study of the alkylation of phenol with alkyl phenyl
carbinols, initiated by Hultn and chers included the first
four alkyl phenyl carbinols with the publication of Huston and
Strickler in 1933.



EXPLRIMENTAL

I Preparation of Aromatic- Aliphatic Carbinols

Amyl phenyl carbinol can be eonveniently prepared by the
addition of a Grignard reagent to bensaldehyde the best results
are obtained when heat is not applied (9) and particularly by
cantrolling the relative proportion of the reactants. In study-
ing ethyl phenyl carbinol, Meisenheimer (10) found that the best
results could be obtained when the Grignard reagent and the ben-
saldehyde were in the proportion 3:2, otherwise large quantities
of bensyl alcohol and high beiling by-products are obtained.

The preparation of amyl phenyl cardbinol will be described
in detail, the other carbincls were prepared by the sama method.
See Table I for data.

Preparation of Amyl Phernyl Carbinol

The reaction was carried ocut in a S liter three-neck flask
fitted with a mechanical stirrer, reflux condenser, and dropping
funnel. The condenser and dropping fumnel were fitted with cal-
ciun chlaride tubes filled with a calciwm chloride-soda lime mix-
ture to protect the reaction mixture from moisture and carbom di~-
oxide.

Into the dry flask was placed 6.4 males (153.6 g.) magnesium
‘turnings with 500 ml. anhydrous ether. To start the reaction
25 ml. of an syl bromide (B.P. 128-129 ﬁhOm..“xz)ol.u;h) was
added. The remainder of the 6 moles (941g.) of amyl bromide mixed
with one liter of anhydrous ether, was added dropwise when it was
evident that the reaction had started. The mixture was stirred
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for two hours after additien of the bromide then allowed to’atand
overnight. |

The Grignard reagent was analysed by Gilman's (11) method
in which an aliquot was hydrolysed with standard acid, and back
titrated with standard base. Stsrting with 6 moles amyl bromide,
S.T moles (95%7) Orignard resgent was obtained.

The Grignard reagent was packed in ice and 3_.8 moles (L4L02.8g.)
freshly redistilled benzaldehyde (B.P. 174-178°C./7L43 mm.) in ome
liter anhydrous ether was added dropwise., After addition was can-
pPlete the mixture was stirred far two hours and allowed to stand
overnight. After hydrolysis with ice and dilute hydrochlaric acid,
the organic layer was separated. The water layer was extracted
four times with 150 ml, ether. The ether extracts were cambined,
washed with 107 sodium bicarbonate then water and dried over anhy-
drous sodium sulphate. The ether was removed (distilled)at atmoe-
pheric pressure and the residus fractionated at reduced pressure.

After three distillations, 473.5g. 70% amyl phenyl carbinol
was obtained, boiling at 128-131°C./6em.
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EXPiRIKENTAL

II Aluminum Chloride Condensations

To ascertain which method would give better yields in condens-
ing secondary aliphatic-aromatic alcchals with phenol, two condensa=-
tions were carried out. (me mole of butyl phenyl carbinol was con-
densed with phenol accarding to the method of Huston and Hsieh (20).
The carbinol and phenol were dissolved in anhydrous petroleum ether,
and the aluminum chloride adied in portions. The result was (86.18g.)
36% crude alkylphenol, boiling st 155-166°C. /lmm. A second conden-
sation was carried out using the method of Huston and Hedrick (23).
The alurninum chloride was suspended in mhydroua petroleun ether and
8 mixture of phenol and carbinol in petroleum ether added dropwise.
Cne mole of butyl phenyl carbinol by this method produced omly
(56.96g.) 2L% crude alkylphenol, beiling at 155-166°C./1 mu. The
tenperature during the condensations was not allowed to rise above
30°c.

To determine the effect of tempersture on the yield of @lkyl-
phenol, two condensations were carried out. Oné-fonfth mole of
methyl phenyl carbinol wes condensed I‘.lth‘ one-fourth mole phenol
using one-eighth mole aluminum chloride sccording to the procedure
of Huston, Lewis and Orotemut (5) modified by using anhydrous
petroleum ether as & solvent. When the temperature was kept below
L0° C. during addition of the aluminum chloride (20.L45 g.) k1%
p-hydroxy-l,l-diphenylethane was produced. A second condensation

was carried out under similar conditions but the temperature during
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addition of the aluminum chlaride was not allowed to exceed 10°C.,
the yield of p-hydraxy-l,l-diphenylethane increased to (22.58g.)
Lé%.

* To determine the effect of low temperature on the condensa-
tion of longer chain carbinals, cne-half male butyl phenyl car-
binol was condensed with .6 mole phenol using .25 mole dﬁinm
chleride and petroleum ether. The temperature was held under 10°C.
Under these conditioms phenol crystallised on the side of the flask
and t-he Mﬁm mixture remained yellow, After eight hours at
10°C. the reaction mixture was allowed to warm up to roama tempersa~
ture and stirred for four hours. The characteristic deep red addi-
tion product was farmed and & 36f yleld of alkylphencl resulted.
This 1s evidence that a longer carbon chain alcohol, requires a
higher temperature for condensation.

A - Condensation of Methyl Phenyl Carbinel With Phenal

A ene liter three-neck flask was fitted with a mercury sealed
mechanical stirrer, @dmsc containing a thermometer and an addi-
tion tube for introduction of the anhydrous aluminum chloride from
a shaker, The following reagents were introduced into the flask:
o4l mole (50 g.) methyl phenyl carbinol, .50 mole (47.50 g.) phenol
and 40O ml. anhydrous petroleum ether. The anhydrous aluminum
chloride was added in small partiens over a peried of two hours
while the temperature was held below 10° C. using an ice bath.

A pink coler was first produced, then as the coler deepened to an

orange, gaseous hydrogen chloride was given off and a gummy addition
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product formed, The mixture was stirred for eight hours and then
allowed to stand twelve hours before hydrolysis with ice and dilute
hydrochloric acid. The organic layer was separated, and the water
layer extracted three times with 50ml. of ether. The ether extracts
were combined and washed with 107 sodiuxm bicarbonate to remove the
acid and then water to remove the base.

The ether extract was dried over anhydrous sodium sulphate.
The ether was distilled off at atmospheric pressure and the residus
fractionated at reduced pressure using & 10 in. heated Vigreux
column,.

The following fractions were ebtained:

up to 83°C./18mm.  7.10 g. phenol discarded

(1) 75 - 93°C./1mm, 20.22 g. phencl and carbincl

(2) 131 - 150°C./lmm.  43.30 g. alkyl phenocl

(3) 148 - 150°C./1rm. S.16 g. alkyl phenol

(4) Residue 1.42 g.
Fraction (2) partially solidified, fraction (3) solidified imme-
diately, Fraction (2) on redistillation crystallised giving 41.22 g.
boiling at 148-150°C./lum. This gives & total yield ef (k6.LS g.)
57% p-hydraxy=-1,l-diphenylethane. The sclid was recrystallised from
petroleum ether to a constant melting point, forming needles melt-
ing at 57-57.5°C. Huston, Lewis and Grotemut (5) prepared
p-hydroxy-1,1-diphenylethane, obtained 33-35% yield and report a
melting point of 57-58°C. and @ boiling point of 168-170°C./Smm.
The ertho substitution product was expected but net formed in
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quantities sufficient for isclation.

B - Condensation of Ethyl Phenyl Carbinel With Phenol

The condensation was carried out using the same procedure as
in the condensation of methyl phenyl carbinol with phenol, except
that the temperature of the reaction mixture was held under 15°C.

when the aluminum chloride was added. 7The reagents were as follows:

75 mole (102 g.) ethyl phenyl carbinol
«875 mole (82.3 g.) phenol

«750 ml. snhydrous petroleum ether
«375 mole (50.0 g.) aluminum chloride

The first addition of aluminum chloride produced a yellow
color which changed to orange then to blue. Gaseous hydrogen
chloride was given off and the caler remained purple, after two-
thirds of the aluminmm chloride had been added. The following frac-
tions were obtained from the first distillation:

(1) wp to 83°C./Abum. 17.36 g. phenol

(2) 65=50°./Lum, 10.84 g. phencl and carbinol
(3) 133-170°C./6um, 12.77 g.

(4) 170-175°./6mn. 66.2} g.

(5) Residus 53.75 g.

Fractions (3) and (L) were redistilled giving the following
fractiens:



(1) 145-147%./lome  2.82 g.  m31.5628
(2) 147-154%C.Am.  2.18 g. n201.5658
(3) 154-157°C./1rm.  36.83 g. n%1.5864
(L) 157°Cc./Lum, 25.18 g.
(5) Residue 12.53 g.

Fraction (1) was undoubtedly the artho substituted phenol but
it is formed in such & small amount it is impractical to work with.
Fraction (2) was a mixture of ortho and para substituted phenol.
Fractions (3) and (L) solidified, they were the main product,
p-hydroxy-1,1-diphenylpropane. The overall yield of ertho and para
substituted phencl was (67.61 g.) L3f with (2.82 g.) 2% o-hydroxy-l,
1-diphenylpropane and (62.31 g.) 39% p-hydroxy-1,l-diphenylpropane.,

The salid was recrystallised from ligroin to a constant melt-
ing point of 66-67°C., forming very fine crystals having a powdery
appearance. The bensoyl derivative formed rectangular crystals
xelting at 67°C.

Huston, Lewis and Grotemut (5) prepared p-hydrexy-l1,l-diphenyl-
propane, cbtained a 27-30% yield and repart a boiling point of
175-177°C./6mm. and & melting point of 64.5°C. The bensoyl deriva-
tive melted at 67°%.

C - Condensation of Propyl Phenyl Carbinel #ith Phenal

The condensation was carried out using a procedure similar to
previcus condensations, but the temperature of the reaction mixture
was not allowed to rise above 25°C. The following reagents were used:
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.60 mole (81.2 g.) propyl phenyl carbinol
+72 mole (67.68 g.) phenol

500 ml. anhydrous petroleum ether

«30 mole (40.00 g.) aluminum chloride

The first &ddit..ion of aluninum chlaride produced & pink
color which turned to purpie on addition- of mare alwminum chlorids.
Gaseous hydrogen chloride was given off and the usual gunmy red-
purple addition product was formed,

The following fractions were obtained from the first distilla-

tion:
(1) up to 83°C./18ma. (75.72 g.) ether & phenol
(2) 60-89°C./1m, (25.04 g.) phenol & carbinel
(3) 97-148°C./1mm. (15.57 g.)
(k) 148-151°C./1xm, (22.147 ¢.)
(5) 151-159°C./1mn, (32.12 g.)
(6) Residue (28.67 g.)

Fractions (3) (L) and (5) were refracticnated several times.
The ortho and para substituted phencls were difficuit to separate
by distillation because of the ease with which they superheat.
The following fractions were finally cbtained:
(1) W-151°%./lm. (1375 g.) n2%1.5830
(2) 150257%./1mm.  ( he38 g.)  na 1.5800
(3) 157-159%C./1mm.  (32.18 g.)  mpL.5770
Fractiem (1) was o-hydroxy=-l,l-diphenylbutane, fractien (2)
& mixture of the ortho and para substituted phenal and fraction
-13-



(3) p~hydroxy-1,l-diphenylbutane. This last fraction solidified
on cooling. The overall yield of lllqlated phenol was (50.61 g.)
374 with (13.75 g.) 103 o-hydroxy-l,l-diphenylbutane and (22.L8 g.)
244 p-hydroxy-l,l-diphenylbutane,

The solid para substituted phencl was recrystallised from
petroleun ether to & constant melting point of L6-47°C. The ben-
soyl derivative farms long rectangular crystals melting at 70-71°C.

" Huston and Strickler (7) prepared o-hydraxy-l,1-dephenyl-
butane by two methods. They cbtained & 6% yield using aluminua
chloride and a 12-13% yield by the Claisen rearrangement of the
‘ather. They repart a boiling point of 144-146%C./6an. Hustom and
Strickler (Loc.cit.) also prepared p-hydroxy-l,l-diphenylbutane.
They obtained & yield of 20% and report the dboiling point as
154-156°C. /6un. and the melting peint as 49-50°C. The bensoyl da-

rivative melted at 70-T1°C.

D ~ Condensation of Butyl Phemyl Ca.rbinql With Phenol
The first eondonntim was carried out in the usual manner,
the temperature being held under 30°C. during additiom of aluminum
chloride. The following reagents were used:
1.0 mole (164 g.) butyl phenyl carbinol
1.2 mole (112.8 g.) phenal
1000 ml. anhydrous petroleum ether
«5 mole (66.6 g.) aluminum chloride
The first addition of llminun chloride produced a violet
color which deepened on addition of more aluminum chloride to a
“Lh=



red-violet. Gaseous hydrogen chloride was liberated and the usual
gumy-red addition product farmed. The following fractions were

cbtained for the first fractionation:

(1) 60-85°C./18mm. 34.58 g. phencl

(2) 74-86°C./1mm, 17.75 g. phenoi & carbinol
(3) 125-133%./1ma. 8.15 g.

(4) 150-180°C./Lmm. 96.08 go
(5) 160-200%./lm.  13.58 g.

{6) Residue 68.33 g.

Fractions (1) and (2) were discarded after several distilla-
tions the foliowing fractions were obtained.
(1) 155-157°C./1mm., 16.65 g.
(2) 158-162°C./1m, 12.06 g.
(3) 163-165%./lmm.  20.32 g.
(L) 165-166°C./1mm. 37.15 g.

Fraction (1) was o-hydroxy-l,l-diphenylpentane, fractiomns (2)
and (3) a mixture of ortho and para substituted phenol, and frac-
tion (4) p-hydroxy-l,l-diphenylpentane. The para alkylphenol sol-
idified on standing. The overall yield of alkylphenol was (86.18 g.)
36%, with (16.65 g.) 7% pure o-hydroxy-l,l-diphenylpentane and
(37.15 g.) 155 pure p-hydroxy=-l,l-diphenylpentane.

A second condensation was carried out using the method of
Huston and Hedrick (23). The apparatus was the same as in previous
condensations except that a dropping funnsl was substituted for the

aluminum chloride addition tube. Cne-half mole (66.6 g.) aluminum
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chloride was suspenced in 700 ml. anhydrous petroleum ether in a
‘tvo-liter three-neck flask. A mixture cf 1.2 male (112.8 g.)
phenol, 1 mole (164 g.) butyl phenyl carbinol and 200 ml. anhy-
drous petroleum ether was added dropwise over a period of 6 hours.
4fter one hour a yellow solid adhered to the sides of the flask,
and gaseous hydrogen chloride was evolved., Twenty minutes later
the color deepened to & red-violet. The mixture was stirred 4
hours after the addition was complete, and allowed to stand 10
hours before hydrolysis. Fractions obtained from the first distil-

lation are as followss

(1) 60-£5°C./18 =m. 29.56 g. phenal,

(2) 80-90°C./1nn. 17.30 g. phenol & carbinol
(3) 145-175°C./Lum, 64.54 go

(4) 160-230°C. /inau. 12.86 ge.

(5) Residue 53.60 g.

Fractions (1) and (2) were discarded and the others redis-
tilled several times. The following fractions were isolated:

(1) 155-156°C./Lmm. 11.82 g.
(2) 159-162°C./1ms, 3.67 g
(3) 161-163°C./1m. 28.27 g.
(4) 163-166°C./1an. 7.57 ge

Fraction (1) was o-hydroxy-l,l-diphenylpentane, Fraction (2)
a mixture of ortho and para substituted phenols, and fraction (3)
and (4) p-hydroxy-1,l-diphenylpentane. Fractions (3) and (L)
16~



solidified on standing. The overalli yield of alkylphenol was
(56.96 g.) 24! with (11.62 g.) 5% pure o-hydroxy-1,1-diphenyl-
pentane and (36.24 g.) 15% pure para isomer,

The carresponding fractions of alkylphenol fraom the two
condensations of butyl phenyl carbinal a.nd. phenocl were combined and
redistilled in an attempt to separate the ortho and pars alkyl-
phenols more completely. The following fractions were obtained
from two moles of carbinols

(1) 155-157%./1ame 52425 g.  Ba1.5685
(2) 157-164°C./1ma. 5.72 g.  n51.5665
(3) 164-166°C./Amms 86,16 g.  (solid)

From two moles of the carbinol, the two methods of prepara~
tion gave an overall yield of alkyl phenal of (1LkL.13 g.) 30%
with fraction (1) (52.25 g.) 108 o-hydroxy-l,l-diphenylpentane
and fraction (3) (86.16 g.) 20% p-hydraxy-1,l-diphenylpentane.
The solid para isomer was recrystallised from petroleum ether
forming fine needles melting at 35-36°C.

Bartlett (6) eondensed butyl phenyl ecarbinal with phenol in
this laboratory in 1926. He reported a boiling point of 170-171°C.
/Sum. for p-hydroxy-l,l~-diphenylpentane but no melting point, and
did not identify the ortho isomer.

Since o-hydroxy-l,l-diphenylpentane has not been reported in
the literature, & carbon hydrogen analysis was carried out with

the following results:
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Sample I 0047838 €Oy, 014794 Hp04 4003510
Sample II  .005276g  COpy4OLl64LL  H,04 .003916

Calculated for 017 Hzo (0] C, 81&-9111 Hq 8.39,4;
Sample I found Csy 8Us75¢ H, B.21%

E - Condensation of Anyl Pheryl Carbinol with Phenol

This condensation was carried out under conditions identical
with the first condensation ef butyl phenyl carbinol, the tempera-
ture was held under 30°C. while the aluminus chloride was added
over & period of two hours. The raguito used were as followss

1 mole (178g.) mmyl phemyl earbinol
1.2 mole (112.8 g.) phenol |

1000 ml. anhydrous petroleum etner
«5 mole (66.6g.) aluminum chloride.

The fractions isclated from the first distillation were as

followss |
(1) up to 85°C./1éum. 56.73g. some ether & phenolv
(2) 74=105°C./lmm, 11.20 g. carbinol
(3) 106-172°C./1lmm, 35.7h g.
(L) 172-173°C. /lma, 21.62 g.

(5) 173-175°C./1mm, 61.20 ge
(6) 175-230°C./1mm. = 66.94 g.
(7) Residue 2.30 g.

Fractions (1) and (2) were discarded, the others were redistilled
several times resulting in the following fractions:
«]18=



(1) 115‘166000/1“!10 5.38g.

(2) 166-171°C./1mm. 9.05g.
(3) 1T-173°C./1mn.  39.23g. n2° 1.5600
(L) 178-178°C./lmm.  6L.38g. 020 1,560}
(5) 178-183°C./lmm. 9.8lg.
(6) Residue 52.3g.

One mole of carbinol gave an overall yield of (103.61g.) L1% sub-
stituted phenol (fraction 3 and L), with fraction (3) representing
(39.23g.) 15% o=hydroxy-l,l-diphenylhexane and fraction (4) repre-
senting (6L4.38g.) 25% p-hydroxy=-l,l-diphenylhexane. The para
isomer solidified in the ice box but remainz an oil at room tempera-
ture. It would not crystallisze from petroleum ether or hexane
like similar eompounds, but formed a crystalline of-naphthylure-
thane like other para substituted phenols.

Neither ortho nor para hydroxy-l,l-diphenylhexane has been
reported in the literature, carbon-hydrogen analysis were carried
out as fellows: |

o-hydroxy-1,l-diphenylhexane

Sample I «00L4736g. COpq +0Lk693  H,0p +003595

Sample II  .00L332g. COpy 01345  H,0, 003303

Semple I found Cy 84.61%  H, B8.56%

Sample IT found Cy 8L.58% H, 8.52%
p-hydroxy-l,l-diphenylhexane

Sample I +003478g. COyy +010830g. Hy0, 002778

Sample II «003393g. COp, +010586g. H,0, .002666
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Slmpl. I found C, 81}.925 g, 8-92;
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EXPERILENTAL

II1I Claisen Rearrangement

A. Preparation of o-Hydroxy-l,l-diphenylpentane

In order to determine the characteristic difference between
the ortho and para substituted phenals, the ortho compound was
prepared by Claisen's method of ring alkylation. () He shows
that ortho alkylation of phenocls result when sodium phenolate is
heated with certain alkyl halides in a non-dissociating medium.

Preparation of «-Chloroamylbensens

This cempound was prepared by the method of Kharash and
Kleiman (26). Dry hydrogen chleride was bubbled thru .5 mole
(82g.) of butyl phenyl carbinol, a water layer farmed after the
second hour, hydrogen chloride was bubbled thru for one howr more
and the mixture was allowed to stand overnight at -10°C. The
water layer was separated, and the «-chloroamylbensene washed with
water and dried over a anhydrous calcium chloride to remove water
and unreacted earbinol. The «-chloroamylbenzene was used in the
following condensation without further purification.

Condensation of 9-Chloroamylbenzene and Sodium Phenolate

In a 500 ml. three-neck flask fitted with a condenser and
thermoweter, .42 mole (9.70g.) finely chopped sodium was suspended
in 150 ml. of anhydrous toluene. Then .45 mole (L42.3g.) phencl
was added, after a few minutes & vigorous reaction took place
which gradually diminished, The mixture was refluxed at 120°C,
for 3 hours until all the sodium reacted, then cooled and the

-22-



cnloroamylbenzene sdiede The resulting mixture was refluxed
for thirty~two hours. Then it was cooled and washed with water,
The mixture was distilled to 120°C. to remove water and taluene.
The residue was dissolved in 250 ml. of Claisen's (27) alcoholic
potassium hydroxide solution and extracted four times with 50 ml.
petroleum ether., Vavon and Zakaria (28) recomiend that petroleum
ether be used for the extraction of the ether and that excess
alkali bs employed. The remainder was acidified with dilute
hydrechloric acid and extracted four times with 50 ml. of diethyl
ether. Both ether axtracts were washed with water, dried over
anhydrous sodium sulphate and the solvent removed by distillation.
Isolation of o-hydraxy-l,l-diphenylpentans

The diethyl ether extract was distilled using a 10 inch
Vigreux column, resulting in the following fractiomss
(1) up to 70°C./1mm. (3.65g.) phencl

(3) 132-150°C./1um, (1L.68g.)
(4) Residue (L6.83g.)

¥ost of fractiom (3) distilled at 154-155°C./lmm., it was redis-
tilled giving (10.82g.) 9% o~hydrexy-l,l-diphenylpentane boiling
at 155-157°C. Ama., n§° 1.5682, Sp. a.§°1.031. These constants
check with those obtained when the same compound was prepared using
aluminum chloride.
A carbon~hydrogen detormination was carried out on this
sarple of o-hydroxy-l,l-diphenylpentane with the fallowing results:
-23-



Slmplo I1 o°0h972go COz) 0105h76 320, .003662

Saxple II found Cy BL.ET2 Hy 8.24%

Isolation ef 1-Phenyl-l-pentene and Phenyl Amylphenyl Ether

The petroleun ether extract of the alcoholic KOH solution
was distilled giving the follewing fractions:

(1) 70-86°C./1um, 7.86g.
(2) 90-130°C./1lmm. 6.h3g.
(3) 137-142°C./1xm, 24.04g.
(L) Residus 8.56g.

Fractions (1) and (2) gave a positive Baeyer test for unsatura-
tion, they were rociistﬂlod several times giving 10.02g. l-phenyl-
1-pentens boiling at 85-86°C./Sua., n§° 1.5310, sp.a.f® .8s01.
Prevost and Ksujat (29) report n37 1.5318, sp.a. £ .892L.

Fraction (3) was redistilled several times giving (15.67g.)
13.5% phenyl anylphenyl ether boiling 132-134°C./lmm, ny20
1.5LU6, Sp.a. 23 +9983.

Phemyl anylphenyl ether has met been reported in the litera~
ture. A cerbon-hydrogen amalysis was carried out with the follow-
ing results

Sample I -004291 ¢, €0, «013356g. 0, .003616

Sample IT  .003659g.  COp «011369g. Hy0, .00303L

Calculated for 017H200 C) 818091‘% H’ 8.39;
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B. Preparation of o-Hydrexy-l,l-diphenylhexane

This compound was prepared by the same method as o-hydroxy-l,
l-diphenylpentane. The smounts of'rugem.a used were as follows:
oS4 mole (97.11g.) amyl phenyl carbinel
5 mole (11.5g.) sodium
«6 mole (56.Lg.) phenol
150 ml, anhydrous toluene
The following fractioms were obtained from the diethyl ether
extracts
(1) 55-61°C./.5em.. (L.53g.) most phenal
(2) 157-169%./1m.  (2.31g.)
(3) 167-172°C./1mm, (11,88 g.)
(4) Residus 19.39.
Fraction (2) and (3) were redistilled several times giving
(9.74g.) 7.5% o-hydraxy-1,l-diphenylhexane boiling at 171-173°C.
[lma., ,‘20 1.5607. ﬁu index of refraction of the same compound |
prepared using aluminum chleride was a;20 1,5600.
A combustion was carried cut om this fractiom with the follow-
ing resultss '
Ssmple I = ,005137g. COps «015910 Hy0, 003935
Sample IT  ,001280g. COz1 +004003  Hy0, 001008

Sample I found Cy 8&.&7% Hy 8.57%
Sample II found C, 85.29% H, 8.81%
Calculated for C)gH,,0 Cy 8L.58% H, 8.72%
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Isolation of l-Phenyl-l-hexene and Phenyl Hexlphenyl Ether

The petroleum ether extract of the alcoholic potassium
hydroxide sclution on distillation gave the following fractions:
(1) 81-96°C./1mn, (23.19g.)
(2) 77-122%./1m. (5.20g.)
(3) 1L4-147°C./1mm.  (20.22g.)
(L4) Residue 13.93g.
Fraction (1) was redistilled several times giving 9.85 g. of
1 phenyl-l-hexens boiling at 97-98°C./irm. The index of re-
fraction was carefully determined as nD2° 1.5254, Sp.G.zg «887L.
rarvel (30) and co-workers report n]2)5 1.53717, Dis #9455,

To obtain further evidence of the formation of l-phenyl-l-
hexene, the compound was oxidised with permanganate by the method
of Shriner and Fuson. Benszolc acid, with a melting point of 121~
122°C, was isolated. The aquecus residue was extracted with ether
to remove the valeric acid. The ether extract was dried over anhy-
drous sodium sulphate and the ether removed. The amide of valeric
acid was formed by refluxing the acid with thionyl chleride, and
then pouring the reaction mixture en cold concentrated ammonia.

The salid forued was filtered off and the ammonia solution extracted
with chloroform. The chloroform solution was concentrated and the
amide of valeric acid crystallised. After recrystallisation fram
chloreform it melted &t 106°C. Shriner and Fusan (31) report the
melting point of the amide of valeric acid ss 106°C.

Fraction (3) from above was redistilled giving (14.83g.) 10%

=26



phenyl hexylphenyl ether boiling at 154-155°C./2rm. nDZO 1.5388,
SpeQe 28 « 9666,

A carbon-hydrogen determination was carried out on the ether.
with the following results:

sasple I .00430kg. COp 0L335k  Hy0y .003276

Sample IT  ,003257g.  COpy 010119  H,0y .002524

2
Sample I found Cy B8he62% Hy 8.517%
Saxple II found Cy 8L4.73% H, B8.673%
Calculated for CygH, 0 G, 8u.96% H, 8.722%
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EXPrRINENTAL

IV DERIVATIVES

The dmnaphthylurethan, 3,5 dinitrobensoate (32) and bensoste
(33) were prepared from o-hydroxy-1,l-diphenylpentane in an attempt
to obtain & crystalline derivative for the ertho substituted phencls,
but all three derivatives remained as oils.

The <-naphthylurethan derivatives were prepared from the para
substituted phencls according to the method of French and Wirtel
(34) and analysed for ritrogen.

Te ene grem of alkylphenol was added one milliliter of‘)’—uph-
thyl isecyanate. A few drops of an ether sclutiom of trimethylamine
were added to catalyse the reaction. The reaction mixture was pro-
tected from moiat;uro by & calcium chloride tube, and warmed on a
steam bath for an hour, then two milliliters of water were added to
remuove the excess 9-naphthyl isocyanste. On cooling, it sclidified.
The solid was extracted several times with boiling ligroin, in
twenty milliliter portions, and the inscluble material filtered off.
The 4 naphthylurethan crystallised as small white plates, and was
recrystallized from ligroin to constant melting point.

A sis

The o-naphthylurethans were analysed for nitrogen by the semi-
micro Kjeldahl method (35). Ten to thirty milligram samples were
used and thc_umonia evolved was absorbed in excess .0l N hydro-
chloric acid, the excess acid was back titrated with .01 N sodium
hydroxide.

-29-



of-NAPHTHYLURETHANS

TABLE IV
p-Hydroxy-1,1-  Melting Calculated Experimental
diphenyl=- Point £ N g N
Ethane 114-114.5%. 3.77 3.76
3.60
Propane 142-142.5%%. 3.64 3.63
3.61
Butane 134-135°C. 3.51 3.58
3.57
Pentane 108-109°. 3.39 3.42
3.3
Hexane 104=-104.5°C. 3.28 j.a
3.19



Y Claisen Tearrar-erents

In 1523 Claisen {36) published work on the carbon alkylstion
of pherols in the rinze He found that both exygen and carbon
aliglation of phenols took place, when &lkyl halides and socium
derivatives of monohydric pliencls were ro&cbad; %hen & dissociat=
iny medium such as methyl or ethyl alcohol was used eaxycen alkyla-
tion of phancl was favored, while in a nan-dissociating medium
such as bersens or folnono mare of the c&rbu} alkylation is pro-
duceds Claisen further noted that the unsaturated alkyls affect
the caibon alkylation to 8 greatsr extent than do saturated alkyls.
The tendency toward carbon alkylation is still further increased
if alkvl phenaols are used,

The farmation of ortho substituted phenals has been explained
accoriing to the rechanism proposed by Claisen and co-workers (&)
for the fornmation of a benzyl phencl.

H N’;
0 HCH O-C

+ sa Tobuene | @ O“*@
N N

SO HO — ¢Ho

The simplest course of the reaction would result in the forzation

of the ether. Put when tus reaction is carried out in a non-dis-
-3l-



sociating medium (toluene) the ortho substituted phenal is also
formed, this may be accounted for by assuming that the bensyl
chloride adds te the phenol in the manner shown, sodium chloride
then splits off leaving a compound of quinoid structure which
enolizes forming the ortho substituted phenal.

In 1926, Yon Auwers, Wegner, and Bahr (37) attempted to ex~
plain the ring alkylation noted in connection with the Claisen
rearrangement. They advanced three hypothesess

(1) The formation of addition products and subsequent split-
ting off of salt as indicated by Claisen,

(2) Initiadl exygen alkylation, followed by rearrangement of
the molecule te carbon alkylatiem.

(3) The separation of the metal and halogen as a metalic
halide, leaving a free alkyl radical and a free encl
radical, the two radicals then combine to foram the
alkylated phenol.

The first hypothesis agrees with Claisen. Tarbell (38) in more
recent work azrees with the second theory eof initial oxygen

alkylation. The third theory seems most reasonsble. The form-
ation of the free enal radical would require a protom shift, as

shown in the following series of reactions.

' _h___) 'n _‘_____’ A

—
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H H

*c: Cl:

‘-R' .« g R e

H H
Qsr + QiSiH — OEigD

R - R OH

This mechanisa will be used as the basis to explain the
mechanisa of Claisen's method of ring alkylatiom.

Tarbell (38) studied the thermal rearranzement of allyl
phenyl ethers. He supports the cyclis electronic mechanism pre~
posed by Hurd, and Pollack (12). They @ssume that the initial
effect of heat on the system alters the positiom of the electrom
pair which binds the allyl group te the exyzen, se that a seai-

ionization eccurs,

/7 1

oy ™ +
=C—C—0—C=C —C=C—0§ c—Cc=¢C

ve
This effect combined with the spatial proximity of the atoms at

the end of the systea, brings about a temporary ring closure and

readjustment of the electroms, :
f"'—’:;\ .- +C /’/-:‘C\\
e ™ [4 L4 \ P -
v ¢ ‘- ‘C— i0:  «C-
P C/’ . 3O " H C/
«—
H ‘v b.
(o8 o
"

O < O@@{:C <



This mecranism is only satisfactory for compounds where the alkyl
group is unsaturated. The seui-ionic positive carbon sceks to
satisfy its electron deficiency by appropriating electrons from
the neighboring double bond.

Claisen showed the effect of the medium in which the reac-
tion occurred by reacting allyl brouide with sodium phenolate in
alcohol, obtaining 90Z of the ether, while a non-dissociating
medium like bensene or toluene gave only X% ether and 70% allyl-
phenol,

kost of the work concerning alkyl phenyl ethers and alkyl-
phenols has been a study of the rearrangement of the ether, no
effort has been made to analyse the effect of a non-dissociating
medium on the reaction. The most generally accepted views con-
sider ether formation as the first step with subsequent rearrange-
ment to an alkyl phenol in a dissocisting medium. Also direct
carbon alkylation is considered to take place in a non-dissociat-
inz wediume. These theories are not coupletely satisfactory be-
cause they fail to explain the effect of the medium on carbon
and axygen alkylation,

A more plausible reaction mechanisu involves the formation
of a carbonium ion from the halide and & carbanion from the
sodium phenolate. The cafbanion exists in equilibriuw of two

forms due to a proton shift,

L X J - L X J
<Z:j§>: Q ] c > (i::j}: 0 B

[ X v oo

H —



A dissociating medium (alcohol) favors ether formation by union
of the carboniws ion with the ether form of the carbanion. The
proton shift of the carbanion is inhibited by the polarity of its

environient.
R

5+ B0 — O 2O

A non-dissociating medium (toluene or benzene) favors phenol
formation by union of the ecarbonium ion with the phenol form of
the carbanion. A proton shift of the carbanion activates the

ortho position of the aranatic nucleus.
H

LXK 4

t O3

Qi * @ @

This mechanisa explains the fact of ether and phenol farmation
in both media. It also explains why phenol formation is favored
in & non-dissociating mediun, and ether formation is favored in
& dissociating medium.

The thermal rearrangement of the ether with or without sol-
vent as reparted by Tarbell can be explhined by a shift of the
equilibrium of the carbanion from the ether farm to the phenol
form under the influence of heat. Since the rearrangement is
exotheruie (3€;, a conversion to the lower energy level would be

expected.



II Alurinum Chlorice Condensations

Several theories have been proposed in attempting to explain
the mechaniem of aliylation of aramatic nuclei with alcohols in
the presence of a dehydrating catalyst as aluninum chloride. Ko
one theory seems to be completely satisfactory. These thearies
have been thoroughly discussed by previous workers in this labora-
tory and will be only mentioned here.

Huston and co-workers had observed in their early investiga-
tions that aluminum chloride favored condensation only when the
alpha carbon atom of the alcohol was double bonded or the member
of a benzens ring. Further evidence of this theory is presented
in the condensations under consideration in this paper. Welsh
and Drake (39) in condensing dimethyl phervl carbinol, and methyl
diphenyl carbinol with phenol at 100°C. using .5 mole phenol per
mole carbincl, repart the formation of an clefin from the carbinol.

They propose a mechanism whereby the aromatic compound is added to

the olefin.
C6H gH’_-—_-_-_ CH2+ HCé HhOH —_ C6H5 CH3
\é - CHB
OH

This type mechanism eould not be postulated where the alcohol is
incapable of dehydration to an olefin (bensyl alcohol). No clefins
were isolated in the condensation of secondary alkyl phenyl car-
bincls with phenol, 1t is doubtful that the condensation proceeds

by this mechanism,

~36-



Tsukervanik and Nasarova (LO) condensed phenols with seo=
ondary alcohols using excess aluminum chloride and hi’h teapera=
ture. They isolated small amounts of dialkylphen:l ethers and
alkylphemyl ethers, and proposed & mechanisa with ethers as
irtermediates,

ROH 4 ilCl3 — FCl + ALCIp(CR)

CcigOH ¢ AlCl3 — HCL + CgigOAICIy

41C1,(GR) + CgRgOAICl, HCL Cf_,hsdi +41C1y + 41C1p04
The alkyl ether is couverted to the dialkyl ether by alkylation
or rearran;e:ent (41)e

CgHgUR + KO + A1C14 — HOGHOR 4 ALCL0H ¢ HCL
2 CgHgUR £1Cly 5 RCGHOR 4 CgHgOH

The alkylphencl may foram wxier conditions of excess sluninum

2

chloride at hizh temperature by either of the fallowing methods:
306!{)‘08 $ HCA — RC6HhOR + RC2
CEOR  + Cgsh —> 2 RCH, O

This mechanism is questionable as it does not explain the
rearranzements obtained when seme pecondary alcohols are condensed
with bensene. Also Huston and co-workers in condensing alkyl
phenyl carbinols with phenol have mot isolated any of the interme-
diate ethor.

Woark carried out in this labaratory Ly bvart (1) in 1936
led to the proposal that additioﬁ caupounde of aluminus caloride,
the alcohial, and phenol are first formed.



This conplex molecule being unstable, rearranges to a more stable
configuration by splitting out aluminuu chloride and water to
yield alkylphenole.

An ionic type of mechanism has been sugzested by Price (L2)
for the alkylation of bensene. The formation of an ionic complex
between aluiinum chloride and an alkyl halide has been demon-
.atrated by Weryforoch and Firla (43). In this camplex the carbon-
hologen bond is weakened, and the campound dissociates into an
electron deficient carbonium ion and a negatively charged alum-

inum camplext

F sC1; +Cls
+_ L ¥ J LE J I.. + L X ] L X J ‘..
R tXs AlsCl|] ———> R and | s X s Al ¢ CI1:
e s ;e

The electroh deficient carbonium ion (R) campletes its octet
by association with a pair of electrons fram a double bond of
the aromatic nucleus. The alkyl bensene is formed by the loss
of a proton. Based on the wark of Huston and Awuapara (LL)
Rarrett (45) and Van Dyke (3): a mechanism was proposed in which
an initial reaction between aluminum chloride and the alcohol
Fielded a complex molecule which decamposed to produce an alkyl
cation or carbonium ion. This mechanism satisfactorily explains
the rearrangement of branched alkyl groups as well as the isola=-
tion of low molecular weight alkyl bensenes (22).

Applicd to the alcohols under consideration, the mechanism
propored =t ave would lead tq the following series of reactions.
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DISCUSSICH

Apparently the chain length of the carbinol has same affect
in determining the relative amounts of ortho and para substitution
of phenol. ‘In all the condensations under consideration the
total yield of ortho and para alkylphenols varied from 57-30: yet
the amount of ortho substituted phenol varied inversely from gero
to 15% (See Table II), as the chain length increased

The melting point of the para alkylphencls varies with the
carbon chain length. p~hydroxy-l,l-diphenylethane melts at 57°C.
while p-hydroxy-l,l-diphenylpropane melts at 66°C., a maximum.

The next two homologs melt lower, with p=hydroxy-l,l-diphenyl-
hexane remaining liquid at room temperature. The <{naphthylure-
thans show the same variation in melting point with the maximum
melting point at the ssxe compound.

The two ortho substituted phenols obtained from the aluminum
chloride condensation that have not been reported in the litera-
ture were indentified by preparing the same compounds by the
Claisen resrrangement of the ether, and camparing their physical
constants. Carbon-hydrogen analysis were also carried out as
additional proof.

In the preparation of ortho substituted phenols by the
Claisen rearrangement, & phenyl alkene was isoclated from the re-
action mixture. Strickler (7) reports the formation of l-phenyl-l-
butene from #{ chlorobutylbensene. The phenyl alkene corresponds
to the chloride and was probably formed by elimination of HC
under conditions of the reactionm.

«4i0=



The para lsowers were identified by camparison of their
ph: sical constants with those obtained by earlier workers in
tnis laboratory. Additional proof was obtained by preparation
and analysis of the - naphthylurethans of the para campounds.
The new compound p-hy&ro:q-l,l—diphexwlhexme was analyzed for
carbon hydrogen.



SuLi ARY

1. lethyl phenyl carbinol thru imyl phenyl carbinol were con-
densed with phenol in the presence of aluminum chloride.

2. The expected normal alkyl phenols were isolated from each
condensation.

3. The yield of para alkyl phenol decreased from 57% for
p-}wuw-l,ldiphavlethno to ;Qo% for p-hydroxy-l,l-di-
phenylpentane, and then increased to RUB-,‘% for p-hydroxy-l,
l-diphenylhexane. The yield of ort.ﬂo alkylphenol varied
from gero for o~hydroxy-l,l-diphenylethane to 157 for
o-hydroxy-l,l-diphenylhexane.

L. The followinz new compounds were prepared and analyzed;
o~hydroxy=l,l=-diphenylpentane, phenyl aunylphenyl ether,
o-hydroxy=l,l-diphenyl hexane, and p-hydroxy=l,l-diphenyl

hexane.
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