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INTRODUCTION

The aluminum chloride-catalyzed reactions of 1 ,1 ,l«trichloro-

2-methyl propanol-2, more commonly called chloretone, with ben-

zene, toluene, and xylene* were first studied by Willgerodt and

Oenieaer (10) • As a result of their investigation they believed

that chloretone behaved like chloroform and formed various sub-

stituted aryl chloretones

•

Investigations in this laboratory by Rtoloff (8) Indicated

that when ohlorobensene and phenol were the aromatic reaetants

analogous reactions did not take place* When phenol was used, the

primary product formed was assumed to be the 1,1,1-trichloro-

tert-butyl phenyl ether. However, when this ether was treated

with aluminum chloride, another compound was formed* The latter

compound also was synthesized by a reaction between chloretone

and phenol* The structure proposed for this product was that of

a substituted indane. Further work in this laboratory showed

that the 1,1,1-trichloro-tert-butyl phenyl ether was really a co-

distilled mixture of chloretone and phenol*

In another Investigation in this laboratory, Madison (7) ob-

tained a product by reacting chloretone and phenol in the presence

of aluminum chloride* This product was similar to that reported

by stoloff • These two products differed, however, in some of

their physical and chemical characteristics*

The effects of various reagents upon chloretone have been

studied by other workers. IfteElvain and Stevens (4) and also
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Pledger (6) have shown that chloretone is dehydrated by thlonyl

chloride to give l,l,l-trichloro-2-methyl propene-2. Under suit-

able conditions an allylic rearrangement occurs to Rive 1,1,5-

trichloro-2-methyl propene-1. Jacob (2) has shown that when

chloretone is heated with phosphoric acid anhydride 1,1,5-trl-

chloro-2-methyl propene-1 is obtained in a 57 percent yield and

a 15 percent yield of 1 ,1 ,l-trichloro-2-methyl propene-2 and some

alpha-chloroisobutyric acid were formed.

ledger (7), a co-worker of the writer, has shown that under

the influence of aluminum chloride and in the presence of chloro-

benzene, two products were formed from chloretone monohydrate.

The lower boiling product was alpha-chloroisobutyric acir* while

the higher boiling product was 5-(p-chlorophenyl)-l,l-dichloro-

2-methyl propene-1. This latter product arose from the condensa-

tion of l,l,5-trichloro-2-methyl propene-1 and chlorobenzene. The

aluminum chloride-catalyzed reactions of chloretone are therefore

considerably more complex and fundamentally different from those

of chloroform.

The scope of the present work included (a) the successful

preparations and identifications of condensation products of

chloretone and a variety of phenols, (b) purification of these

products to a state of analytical purity, and (c) especially the

synthesizing of new condensation products of chlorophenols since

many other derivatives of chlorophenols exhibit insecticldal

properties (1). Preliminary toxicity tests showed that the con-

densation product of phenol and chloretone possessed insecti-
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cldal properties.

The insecticldal properties of the chlorophenols and their

derivatives, suggests a particular interest in the condensation

of chloretone and pentachlorophenol . r entachlorophenol la quite

toxic, and some of its derivatives exhibit marked ineecticidal

properties (1).

1SXFERIMENTAL

Preparation of Starting Materials

Chloretone ( Trlchlorobutanol ) was purchased from the Givau-

don-Delawanna Co., Inc. It was found to melt at 80.0-81.5° C.

This showed that It oontained one mole equivalent of water of

hydration. The hydrated chloretone was distilled and the portion

boiling at 168.0-169.5° C. (m.p. 96.0-97.0° C.) was collected as

the anhydrous chloretone.

Phenol was purchased from the Mallinckrodt Chenrical Co. as

analytical reagent grade. A sample was also obtained from Dow

Chemical Co. as Ordinance #75749M.

p-Chlorophenol was obtained as a sample from Dow Chemical

Co. The melting point of the sample was 41.0-45.0° C.

2 ,4-Dichlorophenol was obtained as a sample from Dow Chemi-

cal Co. The melting point of the sample was 45.5-45.0° C.

2.4.6-Tr 1chlorophenol was purchased from the Kastraan Kodak

Co. code #1469. The material was white lable grade and had a

melting point of 67.6-69.0° C.
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o-Nltrophenol was purchased from the Eastman Kodak Co. code

#191, The material was white labia grade and had a melting point

Of 44.0-45 ,5° C.

Pentachlorophenol was recovered from Dowielde 7 furnished

by the Dow Chemical Co. A total of 566 gm of Dowicide 7 was dis-

solved in 1500 ml of hot ohlorobensene and 100 gm of activated

charcoal was added. The solution was filtered, using a steam-

heated hot-water funnel. The filtrate was stirred and allowed

to cool. The crystals which formed were collected on a filter

and washed with cold ohlorobensene. The crystals, dried over

calcium chloride, melted at 139.0-191.50 C.

Aluminum Chloride was purchased from the General Chemioal

Co. (3aker and Adams), and was sublimed anhydrous material.

Anhydrous "a^nesluro Sulfate was purchased from the General

Chemical Co. (3aker and Adams), and was dried powder.

Ether was commercial U.S. P.

Apparatus and General Procedure

Apparatus for Reactions . The apparatus consisted of a three-

neck, round-bottom flask equipped with a mercury-sealed, motor-

driven stirrer; a water condenser vented through a suitable hydro-

gen chloride absorber employing water i and an ^rlenmeyer flask

containing the catalyst and attached to a side arm by a large

rubber tube. The reaction vessel was heated by an oil bath while

the temperature of the reaction mixture was determined by a ther-

aometer suspended through the condenser.



5

Apparatus for Either Removal . The apparatus consisted of a

suitable sise round-bottom flask connected to a water cooled con-

denser leading to an ice-cooled receiver. The entire apparatus

was made of glass with standard-taper connections to nermit the

removal of the last traces of ether at reduced pressure.

Apparatus for Fractionation . The apparatus consisted of a

suitable si«e three-neck, round-bottom flask connected to a glass-

helices packed column (120 mm in length and SO mm in diameter)

provided with an electrical heating element which could be used

for adjusting the temperature of the column. To this column was

attaohed a total-reflux variable-take-off still head and a suit-

able fraction cutter. A Hi-Vac oil pump with a MeLeod gauge was

used in all fractionations. An oil bath was used as a source of

heat.

General Procedure . The desired amount of the phenol was

placed in the reaction flask in the molten or solid state. To

this was added the proper amount of anhydrous chloretone in the

molten state. The mixture was stirred and heated to the desired

temperature. The catalyst was placed in an Erlenmeyer flaak at-

tached to the reaction vessel. When the desired temperature was

reached, the slow addition of the catalyst was started. The rate

of addition was dependent upon the amount of hydrogen chloride

gas evolved and the ability of the condenser and the gas absorber

to handle the evolved gas. After the addition of the catalyst

was completed, the reaction was allowed to continue until the

amount of the hydrogen chloride gas evolved had decreased con-



siderably. The reaction was stopped by mixing the reaction mix-

ture with crushed ice and concentrated hydrochloric acid* At

this point the reaction was allowed to stand in some cases, or

treated further directly. The organic materials were extracted

from the water mixture by treatment with ether. The emulsion

which usually formed at this point was broken by adding excess

concentrated hydrochloric acid. This ether solution was then

dried over anhydrous magnesium sulfato after being washed with

water. The magnesium sulfate was removed by filtration and the

dried ether solution placed in the apparatus for the removal of

ether. The ether was distilled from the residual organic prod-

ucts. The final traces of ether were removed under reduced pres-

sure maintained by a water aspirator. The residual organic

liquid was placed in the apparatus previously described and sep-

arated into component fractions by vacuum fractionation*

The Aluminum Chloride-Catalyzed Reaction of Phenol
and Anhydrous Chloretone

A mixture of 101 gm (0.6 mole) of anhydrous chloretone and

57 gm (0.6 mole) of phenol was heated in the reaction flask to

68° C. A total of 79 gm (0.59 mole) of aluminum chloride was

added to the stirred reaction mixture over a period of one hour

while the reaction temperature was 68-72° C. The reaction was

allowed to continue at this temperature for two additional hours.

The reaction was stopped by pouring the reaotants over a

mixture of 600 gm of crushed ioe and 60 ml of concentrated hydro-

chloric acid. A red water-insoluble oily layer was formed below



the acidic water solution. The organic material was extracted

from the water mixture with two 200 ml and two 100 ml portions

of ether. The oombined ether solution was then washed with three

75 ml portions of water and dried over 50 gm of anhydrous mag-

nesium sulfate for 18 hours. The magnesium sulfate was removed

by filtration and the ether was removed by distillation. The

residual oil separated by distillation with a Claisen flask and

a water aspirator, into gross fractions as listed in Table 1.

Table 1. Preliminary fractionation of products resulting from
the aluminum chloride-catalysed reaction of phenol and
anhydrous chloretone.

Fraction
• Dittil 1 lag
: temperature

: Pressure
: in mm Hg

1 f%< In
: grams

t

i Identity

I Up to 98 58-70 2.88 Kther, forerun of
fraction 2

• 99-153 48 34.89 Phenol, chloretone,
and product II*

5 157-147 49-50 40.22 Crude product IVD

4 Above 147 27.22 Unidentified tars

a - Product II is alpha-chloroisobutyric acid.
b - Product IV is phenyl alpha-chloroisobutyrate. The yield

of IV was 54 percent.

The crude product IV (fraction 5, Table 1) was refractionated

using the fractionation apparatus described on page 5 at 7 mm of

mercury pressure. The semi-pure product boiled at 95-97° C. at

this pressure and amounted to 24.15 gm (20 percent yield). Since

this corresponded roughly with the boiling point reported by
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Stoloff (Table 9) at a lower pressure, the material was again

fractionated using a lower pressure. The fractions collected

are listed in Table 2.

Table 2. The fractionation of the semi-mire produot IV obtained
from the aluminum chloride-catalyzed reaction of phenol
and anhydrous chloretone.

Fraction
:Distilling t Pressure:
: temperature tin an 1 |l

Wt.in
M • |

tRefractive
: index(20©C.

t

): Identity

1 67-69 0.3 4.27 — Product IV*

2 67-68 0.3 5.04 1.5023 Pure Product IV

3 66-71 0.3 4.44 1.5023 Pure Product IV

I 76-85 0.5 4.91 1.5028 Pure Product IV

5 72-76 0.3 4.68 — Product IV

A - Product IV Is phenyl alpha-chloroisobutyrate.

The Aluminum Chloride-Catalysed Reaction of Phenol
and Chloretone Monohydrate

A mixture of 141 gm (1.5 moles) of phenol and 266 gm (1.37

moles) of chloretone monohydrate was placed In the reaction flask

and heated to 70° C. Addition of 195 gm (1.46 moles) of catalyst

was done In one and one-half hours while the stirred rsaction mix-

ture was held at 67-73° C. The reaction was allowed to continue

at this temperature an additional three hours.

The dark viscous mass remaining was decomposed by pouring it

over a mixture of 1300 gm of crushed ice and 130 ml of concen-

trated hydrochloric acid. The mixture was heated to 80° C. to



9

complete the hydrolysis of the hard mass of aluminum chloride

complex which formed. The organic material was extracted from

the water mixture by six 100 ml portions of ether. The combined

ether solution was treated as in the previous experiment.

The forerun of product II, phenol and chloretone boiled at

94-151° C. (42 mm) and amounted to 75 #7 gm. The crude product IV

boiled at 129°-144° C. (40 mm) and amounted to 75.0 gm (27 per-

cent) while 95.6 gm of unidentified tars were obtained. The

crude product IV was separated into its component parts as listed

in Table 3 by fractional distillation.
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Table |« Fractionation of the crude product IV obtained from the
aluminum chloride-catalyzed reaction of phenol and
chloretone mcnehydra +

»Distilling t Pressure: Wt.in tRefractive :

Tract I cm ite»peraturetin em !' ind«(20t>( . }: Identity

1 57.5-75.0 0,7 8.22 1.4998 Forerun

2 72.0-75. C 0.5 5.91 1.4980 Seiuipure
Product IVa

3* 72.5-74.0 0.4 5.92 1.5021 Pure Prod-
uct IV

I 71.0-73.0 0.5 9.07 1.5023 Pure Prod-
uct IV

5 72.0-75.0 0. 8.15 1.5020 Pure Prod-
uct IV

6 75. 0-7°.. 0.6 9.07 1.5025 l*ure Prod-
uct IV

7 75.0-76.0 0.5 10.40 1 .5039 Pure Prod-
uct IV

8 73.0-79.0 0.5 6.56 1.5003 Soinlpure
Product IV

9 90.0-100.0 0.5 5.91 1.5374 Crude Prod-
uot IV

10 1.70 Residue

ft - Produot IV is phenyl alpha-chloroisobutyrcte.
b - Fractions 3 through 6 combined with fractions 2 and 3,

Table 2, had a density of 1.125 and a micro boiling point
of 231.0-231.5° G. The other plr, properties listed
In Table 10 were determined using an analytically purified

' 3»raple. Yield oi
r total practical grade IV was II percent,

yield of pure IV was 13 percent.
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The Aluminum Chloride-Catalysed Reaction of p-Chlorophenol
and Anhydrous Chloretone

A mixture of 193 gm (1.5 moles) of p-chlorophenol and 266 gm

(1.5 moles) of anhydrous chloretone was heated to 70° C. The ad-

dition of 200 gm (1.5 moles) of the catalyst was done in one and

one-half hours. The reaction was allowed to continue for an ad-

ditional one and one-half hours at 65-70° C.

The reaction was stopped by pouring the reaction mixture

over 1000 gm of crushed ice and 100 ml of concentrated hydro-

chloric acid. The organic materials were extracted from the

water mixture by successive portions of ether totalling 800 ml.

It was necessary to add excess concentrated hydrochloric acid to

break the emulsion which formed. The combined ether extractions

were treated as before. The liquid was separated into the frac-

tions listed in Table 4 by fractional distillation.

The Aluminum Chloride-Catalysed Reaction of 2,4-Dichloro-
phenol and Anhydrous Chloretone

A mixture of 81.5 gm (0.5 mole) of 2,4-diehlorophenol and

88.75 gm (0.5 mole) of anhydrous chloretone was heated in the re-

action flask to 70° C. The addition of the 66.8 gm (0.5 mole)

of aluminum chloride oatalyst required one-third of an hour.

The atirred reaction was allowed to oontinue an additional one

and one-sixth hours at 68-72° C.
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Table 4. Fractionation of the products obtained from the alumi-
num chloride-catalysed reaction of p-chlorophenol and
anhydrous chloretone.

:Dietilling t Pressure: Wt.in »Refracti.ve :

Fraction : temperature tin mm Hgt grama x index ( 25°C. )t Identity

1 52.5- 60,0 0.5-0.6 34.7 1.4865 Crude Prod-
uct II»

2 61.0- 72.0 0.3-0.7 42.0 1.5507 Crude p-chloro-
phenol

3 72.0- 85.0 0.3-0.4 21.0 1.5300 Intermediate

4-10 85.0- 87.0 0.3-0.4 162.7 1.5150- Pure Prod-
1.5130D uct VC

11 105.0-121.0 0.4-0.8 6.4 — Crude Prod-
uct V

12 55.4 — Unidentified
tars

a - Produot II is alpha-chloroisobutyrlc acid.
b - The refractive indices of the 7 fractions were 1.5150,

1.5137, 1.5136, 1.5132, 1.5132, 1.5130, and 1.5130 at
25° C.

c - Product V Is p-chlorophenyl alpha-chloroisobutyrate. The
yield of pure produot V was 46.5 percent.

The reaction was stopped by pouring the reactants over a

mixture of 400 gm of crushed ice and 40 ml of concentrated hydro-

chloric acid. The organic materials were extracted from the

water mixture by two 300 ml and three 100 ml portions of ether.

Kxcess concentrated hydrochloric acid was added to break the

emulsion which formed. The combined ether solutions were treated

as before. The dark liquid remainin was separated into the com-

ponents listed in Table 5 by fractional distillation.
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Table 5. The fractionation of the products obtained from the

aluminum chloride-catalyzed reaction of 2,4~dichlore-
phenol and anhydrous chloretone.

sDietilling : Pressure J Wt.in {Refractive t

Fraction {temperature; In am Hg{ grams t index (25P C. ) t Identity

1 50,0- 74.0 0.8 12.52 1.5579 Product II*
and the phenol

2 74.0-105.5 0.8 4.80 1.5458 Intermediate

5-5 105.0-107.0 0.7-1.0 78.55 1.5247- Product VI C

1.5242°

6 107.0-157.0 0.7 5.98 1.5556 Crude Product
VI

7 10.90 Unidentified
tars

a - Product II is alpha-chloroisobutyric acid.
b - The refractive indices of these fractions were 1.5247,

1.5242, and 1.5245 respectively at 25° C.

c - Product VI is 2,4-dichlorophenyl alpha-chloroisobutyrate.
The yield of Product VI was 65 percent.

The Aluminum Chloride-Catalyzed Reactions of 2,4,6-Tri-
chlorophenol and Anhydrous Chloretone

Procedure One . A total of 59.1 gro (0.5 mole) of 2,4,6-tri-

chlorophenol was placed in the reaction flask and heated to 75° C.

The liquid phenol was held at 70-80° C. while 57.0 gm (0.5 mole)

of aluminum chloride was added slowly over a period of one and

one-quarter hours. The mixture became quite viscous as the cata-

lyst was added. An aliquot of the water present in the hydrogen

chloride gas absorber was titrated with standard sodium hydroxide.

The acidity found indicated that 0.125 mole of hydrogen chloride

had been evolved.



14

A total of 55,1 gm (0.5 mole) of molten chloretone was added

to the phenoxy aluminum chloride and aluminum chloride mixture.

A violent reaction in which hydrogen chloride was evolved occur-

red. The reaction mixture was stirred at 70° C. another hour.

The reaction was stopped by pouring the reactants over a

mixture of 240 gm of crushed ice and 24 ml of concentrated hydro-

chloric acid. The organic material was extracted from the water

mixture by one 200-ml and two 100-ral portions of ether. The com-

bined ether extracts were treated as before. The heavy residue

was separated into the components listed in Table 6 by fractional

distillation. Considerable difficulty was encountered in the dis-

tillation since the 2,4,6-trichlorophenol solidified In the still

head and the fraction cutter of the distillation apparatus.

Procedure Two . A mixture of 296 gm (1.5 moles) of 2,4,6-

trichlorophenol and 266 gm (1.5 moles) of anhydrous chloretone

was heated in the reaction flask to 70c C. A total of 200.0 gm

(1.5 moles) of aluminum chloride was added over a period of two

and one-quarter hours to the reaction mixture at 70° C. The

stirred reaction mixture was allowed to proceed one additional

hour.

The reaction was stopped by pouring the reactants over a

mixture of 1000 gm of crushed ice and 100 ml of concentrated hy-

drochloric acid. The organic materials were extracted from the

water mixture by two 200 ml and two 250 ml portions of ether.
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Table 6. The fractionation of the products resulting from an
aluminum chloride-catalyzed reaction of 2,4,6-tri-
chlorophenol and anhydrous chloretone.

^Distilling
Fraction i temperature tin mm Hg

tWt. in t Melting
: point

t

Identity

1 52.0- 70.0 0.65 4.24 About 27 Product II*

2 100.0-110.0 1.5-2.0 16.75 67.0-
.5

2,4,6-trichloro-
phenol

5 104.0-109.0 0.7 5.25 4M0 Intermediate

4-6 110.0-119.0 0.7-1.0 53.89 39.0-
43.00

Product VI ic

7 tm<m — 10.38 «• Unidentified
tars

a - Product II is alpha-chloroisobutyrlc acid.
b - The melting points of these fractions were 39.0-45.0,

42.0-43.0, and 39.0-41.0° G. respectively. After three
recrystallizations of a portion of fraction 5 from dilute
alcohol, the melting point of the product VII was 41.8-
42. 30 C.

c - Product VII Is 2,4,6-trlchlorophenol alpha-chloroisobuty-
rate. The yield of VII was 37 percent.

The combined ether extracts were washed five times with 500 ml

portions of 2.5 percent potassium hydroxide to remove any un-

reacted phenol and any of product II, alpha-chloroisobutyrate,

formed. The ether solution was then washed with three 500 ml

portions of water followed by two 50 ml portions of 5 percent hy-

drochloric acid and two 50 ml portions of water. The ether was

removed by distillation, leaving 189.0 gm of an oily crude liquid

product VII, 2,4,6-trichlorophenyl alpha-chlorolsobutyrate. A

total of about 1*0 gm (29 percent yield) of purified product VII
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was recovered from the crude liquid by eight cryatalllzations

from dilute alcohol followed by charcoal decolorisation and con-

centration of the mother liquor. The melting point of this solid

was 41 .0-42.5° C. A portion of this material was recrystalllzed

seven times from dilute alcohol following a charcoal decoloriza-

tion. The melting point of the resulting material was 42.1-

42.9° C.

The Aluminum Chloride-Catalysed Reaction of Pentachloro-
phenol and Anhydrous Chloretone

A mixture of 66.5 gm (0.25 mole) of pentachlorophenol and

94.0 gm (0.53 mole) of anhydrous chloretone was heated to 100° C.

It had been determined that a mixture of this composition would

be a liquid at 100° C.j smaller ratios of chloretone to the phenol

were not. A total of 66.75 gm (0.5 mole) of aluminum chloride

catalyst was added over a period of two hours to the reaction

mixture while the temperature of the reaction was 97-100° C. The

reaction was continued one additional hour at 100° C.

The reaction was stopped by pouring the reactants over a

mixture of 400 gm of crushed ice and 40 ml of concentrated hydro-

chloric acid. The organic material was extracted from the water

mixture by successive portions of ether totalling 1600 ml. A

total of 45 gm of black solid tar was removed from the water and

ether solutions by filtration. The combined ether solutions were

dried over 40 gm of anhydrous magnesium sulfate.

The magnesium sulfate was removed by filtration and the ether

by distillation. An attempt to distill the remaining mixture of
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liquid and solid wee unsuccessful in that only a small amount of

liquid, probably produot II, alpha-ohloroisobutyrlo aoid, was

distillable using a large direct take-off distilling apparatus.

The remaining solid was dissolved in ether and this solution was

washed twice with 100 ml of aqueous 5 percent sodium hydroxide.

The ether solution was evaporated to dryness leaving 56. 6 gm {39

percent yield) of a brown solid. The solid was decolorised with

charcoal in an alcohol solution and then allowed to crystallise.

A total of 16.8 gm of a light brown solid was recovered having a

melting point of 74.0-82.0° C. Further purification Involving

another charcoal decolorisation and eight recrystallisatlons from

dilute alcohol produced a white crystalline solid with a melting

point of 117.3-117.9° C, Independent purification of another

sample prepared in an analogous manner yielded a white solid with

a melting point of 118.5-119.0° C. after twelve recrystallisa-

tlons.

The Aluminum Chloride-Catalysed Reaction of o-Hitrophenol
and Anhydrous Chloretone

A mixture of 69.5 gm (0.5 mole) of o-nitrophenol and 80.75

gm (0.5 mole) of anhydrous chloretone was placed in the reaction

flask and heated to 68° C. The addition of the 66.75 gm (0.5 mole)

of aluminum doloride catalyst required two hours. The reaction

temperature rose to 76° C. An lee bath was used to cool the re-

action; however, just as the cooling started the reaction mixture

solidified.
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The reaction mixture was decomposed by adding a mixture of

500 gm of crushed ice and 50 ml of concentrated hydrochloric acid

to the flask. The organic materials were extracted from the

water mixture by one 400 ml, two 200 ml and one 100 ml portion of

ether. The combined ether extracts were washed and dried aa be-

fore. The heavy residual liquid was separated into the component

parts listed in Table 7 by fractional distillation.

Table 7. Fractionation of the mixture resulting from the alumi-
num chloride-catalysed reaction of o-nitrophenol and
anhydrous chloretone.

Fraction
: Distilling
: temperature

: Pressure
t in mm Hg

r ft, la
: grams

t

j Identity

1 58.0- 64.0 0.6-1.0 28.16 Product IIa , chlore-
tone and the phenol

1 57.7- 50.5 1.0 32.47 o-5fitrophenol

3 55.0- 69.0 0.4 25.86 o-Hltrophenol

4 80,0-128.0 0.7-0,8 1.82 Unidentified

5 25.28 Unidentified tars

a - Product II is alpha-ehloroisobutyric acid.

Number of Experiments Carried Out

Besides the many degradation and characterization reactions

carried out, the following synthesis experiments weret Phenol

and chloretone monohydrate, five experiments ; phenol and an-

hydrous chloretone, five experiments ; p-ohlorophenol and anhy-

drous chloretone, two experiments; 2,4-dichlorophenol end anhy-



19

drous chloretone, two experiments j 2,4,6-trichlorophenol and an-

hydrous chloretone, two experiments J pentachlorophenol and chlorc-

tone monohydrate, two experiments % pentachlorophenol and anhydrous

chloretone, four experiments) o~nitrophenol and anhydrous chlore-

tone, two experiments. The total synthesis experiments were

twenty-four,

• DISCUSSION OF PRESENT EXPERIMENTAL RESULTS

The formation of aryl alpha-chloroisobutyrate esters by the

aluminum chloride catalysed condensation of chloretone and a phe-

nol Is a reaction that Is considerably more complex than the con-

densation of chloroform and an aromatic nucleus. The complexity

of the reaction is caused by the adjacency of two different nega-

tive groups in chloretone. This situation permits the net over-

all effect of a Whitmore Rearrangement, the general pattern of

which is well known.

The alcoholic properties of chloretone resemble those of a

primary alcohol since the trichloro group inductively decreases

the electron density of the carblnol group and thus counter-

balances the effect of the other two methyl groups attached to

the earbinol group. Thus chloretone and ethyl alcohol would be

expected to behave In an analogous manner when treated with

aluminum chloride. Norris and Sturgis (5) have shown that alumi-

num chloride forms a complex with ethyl alcohol which under the

influence of heat breaks down to ethyl chloride and aluminum

oxychlorlde. Applying this reaction to chloretone it is possible
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to propose a mechanism which leads to the observed products* The

chloretone rearrangement follows two separate paths, (a) re-

arrangement and dehydrohalogenation leads to the formation of

alpha-chloroisobutyryl chloride (I) which reacts with the phenol

to form an aryl alpha-chloroisobutyrate ester, and (b) the de-

hydration leads to 1 ,1 ,l-trichloro-2-methyl propene-2 which then

undergoes an allylic rearrangement to l,l,5-trichloro-2-methyl

propene-1 (III)* Although, in the present work, neither of the

last two compounds was isolated, Pledger (7) isolated a p-chloro-

phenyl derivative of the latter compound in good yield. The pro-

posed mechanism is indicated in the following*

CH; ?H3

CH5-C-CC15 + A1C15
-

OHj

*CH3-C-CC13 + HC1 >.CH3-C-CC15 + A10C1
Heat

0A1C12 CI

Then both (1) and (2) occur simultaneously.

?H3

(1) CH5-C-CC15 + A1C13

CI

CH3
O

*«CHS-C-CC12 + AICI4
©

CI

+ OH

CH,

II

.CHg-C—C-01 + HC1

» (I)

5H3

+ Aryl-OH >»CH3-C—C-0-Aryl + HC1

31
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(1) + HOH wCH5-C—C-OH + HC1

CI (ID

CH« CHS _

I © H®
(2) CH

5
-C-CC1

5
+ A1C1

S
».CH

5
-C-CG1

3
+ A1C1

4
=a-»-

9H3 CH3

CHguC-CClj *C1CH2-C=CC12 (III)

The mechanism is undoubtedly more complex than illustrated

since both the phenoxy aluminum chloride and the aluminum oxy-

chloride act similar to aluminum chloride as catalysts.

The water formed in the dehydration of the chloretone from

union of the hydroxyl and hydrogen ions competes with the phenol

for the acid chloride (I). Actually, the water would be present

for only a fleeting Instant in the presence of aluminum chlor-

ide. However, it is possible that the elements of water (H ,

0H~) may be regenerated from the aluminum oxychloride under the

influence of heat in the hydrogen chloride atmosphere provided

there is the high affinity reactor for the OH" as shown under (1)

above

•

Another possible mechanism to explain the formation of the

acid chloride (I) Is Indicated below. For the sake of compari-

son the reaction of the chloride of chloretone with a hydroxyl

ion is given first. The basis of the mechanism is the same as
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stated above. The chloride of chl oretone is formed with the sub-

sequent formation of aluminum oxychloride and hydrogen chloride

(page 20). Prom this stage the two pa-hs are indicated as

follows.

Path (1):

CH5 CHSC1

+ OH®, H ^CH
5
-C—C-C

CI CI OH

::h
3
-{:-cci

3
+ OIT, | ^ch

5
-c—C-C

CH5

CH -6—C-Cl + HC1

t (I)

Simultaneously, also path (2):

A10C1 + HC1 »-H + 0A1C12
@

CH_ CH,C1

CH_-C-CC1
3

+ AlOOlg^ Il__^CH3-C—G-Cl + HC1

CI 6l OAlClo

f

H,05
H

CH3-C—C-Cl + A1C1
5

ii (i)

This mechanism has the possible advantage that it does not

require the fleeting presence of hydroxyl ion for the formation

of I. The latter mechanism depends upon the formation of 0A1C12
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anion and its attack on the trichloromethyl group that is similar

to the attack of the hydroxyl ion as Illustrated above. However,

the actual mechanism is probably more complicated than indicated

by either of these illustrations.

The 1,1,3-trichloro-S-raethyl propene-1 (III) was not isolated

as such. However, large amounts of a polymeric tar were always

formed and may account for any of III which was formed. An at-

tempt to form a derivative of III within the reaction by employ-

ing chlorobensene was unsuccessful.

Prom a consideration of the proposed mechanism the factors

which influence the course and yield of the reaction are (a) the

acidic strength of the phenol, (b) the steric factors involved

in the formation of the ester, (c) the amount of water present

and, (d) the amount of catalyst present. The latter two factors

appeared to be of lesser importance. The effect of the catalyst

was not clear since wide variations in the amount present had

little effect on the amount and kind of products formed. Row-

ever, it was shown that at least a trace of the catalyst must be

present even at high temperatures. The amount of water present

should seriously affect the amount of aryl ester formed since the

water would compete with the phenol for the acid chloride. An-

hydrous reactants and precautions to prevent the introduction of

any external water were used to ftive as large a yield of the aryl

ester as possible. However, some acid II was always formed.

The influence of the phenol employed was much more profound

than the other factors. This influence was due to two causes,
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the acidic strength of the phenol end the steric hindrance of the

substituted phenols* The weakness of the oxygen hydrogen bond

of the phenol shifted the rearrangement of the chloretone to

give a larger amount of the acid chloride (I). The acidic

strength of the phenols which were used increased from the un-

substltuted to the pentachlorophenol . However, the amount of

aryl ester up to the trichlorophenyl ester increased proportion-

ally to the acid strength of the phenol. At this point the

steric hindrance of ortho subetituents prevented to some extent

the formation of the ester* Thus, although more acidic phenols

than the 2,4-dichlorophenol were employed, the amount of aryl

ester formed was at a maximum with this compound • A summary of

the effect of these factors follows in Table 8. It is of inter-

est to note that the amount of tar formed decreased as the yield

of the aryl ester increased* tints it was assumed that the tar

was formed by polymerised III, this is further proof that the re-

arrangement equilibrium was shifted due to the presence of a

greater amount of a reactive acceptor for the acid chloride (I).

The Friedel-Crafts reaction of an acid chloride and an aro-

matic ring to form a ketone was not observed in any of the pres-

ent reaotions* Also, no Pries rearrangement of any of the pres-

ent aryl esters was observed* This finding resulted from the

unusual stability of the esters formed and also particularly from

the low reaction temperature, which was too low for the Pries re-

arrangement. Although Pledger (7) obtained a condensation prod-

uct of III and anisole, none was obtained when a phenol was

-loyed*
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Individual considerations of the syntheses and ident if? ca-

tions of the aryl esters follow.

Products Resulting from the Aluminum Chloride-Catalyzed
Reaction of Phenol and Chloretone. Synthesis of Phenyl

Alpha-chlorolsobutyrate (IV)

The purpose of this work was the formation of the product

obtained from the condensation of chloretone monohydrate and

phenol by Stoloff (0) and also by Madison (3). The second ob-

jective was identification of this product.

The procedure reported by Stoloff was essentially reproduced

using equal molar amounts of phenol and chloretone monohydrate in-

stead of the oo-distllled anhydrous mixture of chloretone and

phenol reported by Stoloff • The product which was isolated re-

sembled that obtained by Madison very closely. It differed from

that obtained by Stoloff in various physical and chemical prop-

erties. These differences are shown in Table 9.

Repeated synthases and the identification of the product

have shown that the data and proposed structure given by Stoloff

were in error, probably because of the presence of impurities.
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Table 9, Comparison of physical and chemical properties of the
condensation product of chloretone and phenol obtained
by D. D. Wheeier and A. stoloff.

1 : Observed by
Stoloff (3)Properties : Observed by Wheeler !

Physical properties
Boiling point 67.0-68.0° C. (0.3mm) 93-96© C.(lmm)
Boiling point 231.0-251.50 C.(atm) 2250 C.(atm)
Refractive index (20° C.)

1.5025 1.5139
Density (200c.) 1.135 1.169
Percent chlorine 16.53 (16.17)* 19.58

Chemical properties
FeCl,
Alc/XsN05

negative Positive
Negative Positive

Br2/CCl4
Alk. KMH0- (cold)

Negative Negative
Negative Negative

Alk. XMNO4 (hot) Positive Positive

Solubility
5% NaOH (cold) Insoluble —
5% KaOH (hot) Soluble Partially soluble

* - Analysis by courtesy of Dow Chemical Company.

In another experiment an attempt was made to determine the

optimum reaction time for the components by analysing aliquots

withdrawn at various times during a reaction. These aliquots

were analysed for their chloretone content. Advantage was taken

of the decomposition of chloretone into acetone and carbon monox-

ide when it Is treated with 10 percent potassium hydroxide. The

method was standardized by decomposing known mixtures of chlore-

tone and phenol and collecting the gas formed over water. The

results obtained from analyses of the reaction indicated that

chloretone formed a product with aluminum chloride with about the
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same stability as the product of phenol and aluminum chloride.

No change in free chloretone was noted as the reaction proceeded.

In further studies the best general procedxxre was slow ad-

dition of the catalyat to an equal molar mixture of anhydrous

chloretone and phenol in the molten state (70° C). After de-

composition of the reaction mixture the organic components were

separated by fractional distillation under reduced pressure. By

this method it was possible to obtain a yield of 20 peroent of IV

and 10 percent of II based on starting materials.

The evidence obtained characterized the product as phenyl

alpha-chloroisobutyrate (IV), and Is shown in Table 10.

Produots Resulting from the Aluminum Chloride-Catalysed
Reaction of p-Chlorophenol and Chloretone. Synthesis

of p-Chlorophenyl Alpha-chloroisobutyrate (V)

With p-chlorophenol , which is more acidic than phenol itself,

and the procedure worked out in the case of phenol, a 47 peroent

yield of product V was obtained in a shorter reaction tir»e.

In this case the more acidic nature of the phenol, unhindered

by eterlc effects, made the higher yield possible. This situ-

ation combined with the fact that a smaller amount of tar was

formed indicated that the rearrangement of chloretone had been

shifted to favor formation of the aoid chloride (I) at the expense

of product III and subsequent tar.
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Table 10. The physical and chemical properties of product IV,
identified as» phenyl alpha-chloroisobutyrate (IV).

Properties i Observed t Theoretical

Physical properties
Boiling point 67. 0-68. 0°C. (0.3mm) 111. 0-112.0°C.

(10 mm)
Boiling point 231. 0-251. 50C. (atm)
Refractive index(25°C] 1 1.5020
Refractive index(20°C] 1 1.5025 1.4988°
Density (200(3.) 1.135
Molecular refraction 51.69 51.29
Percent Carbon 61.39a 60.46
Percent Hydrogen 5.98* 5.58
Percent Chlorine 16.17* 17.85

Chemical properties
Br2/CCl4 Negative Negative
Alc/AgNOs Negative Negative
AIICAMNO4 (cold) Negative Negative
Alk/KMN04 (warm) Positive Positive
2 ,4-DInitrophenyl-
hydrazine Negative Negative

FeCls Negative Negative
Plugge's Reagent Negative Negative
Acetyl chloride Negative Negative

Solubilities
Water Negative Negative
b% HC1 Negative Negative
Ether Positive Positive
Cone. H2S04 Positive Positive
5% NaOH'(cold) Negative Negative
5% NaOH (hot) Positive Positive
10$ KOH (refluxed) Phenol and alpha- Phenol and alpha-

hydroxyi sobutyric hydroxyi sobutyric
acidb acid

Derivatives of phenol prepared
Trlbromophenol m.p. 92.0-93.0°C. 95.0OC.
Aryloxyacetic acid m.p, 97.0-98.O°C. 99.CPC.

a - These analyses by courtesy of Dow Chemical Company differed
from the theoretical to the extent stated because it was
later found that the same sample contained traces of alpha-
chloroisobutyric acid (II). A new sample free of II has
been sent for analysis.

b - See Table 11 for identification of this acid.
c - Reported by McElvain and Stevens (4).
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Table 11. Identification of product II as alpha-chloroiaobutyric
add, and of the acid from hydrolysis of the esters as
alpha-hydroxyisobutyric acid.

Properties Observed t Theoretical

Alpha-chloroisobutyrio acid
Melting point
Alkaline hydrolysis

Alpha-hydroxyisobutyric acida

Melting point
Neutral equivalent
p-Toluidide m.p.
p-Bromophenacyl ester m.p.
Anilide m.p.

About 27° C.
Alpha-hydroxy-
isobutyric acid

80.0-82.0° C.
106.5
151.5-132.5° C.
62.5-65.0° C.
135.0-136.5° C.

51° C.

See below*

79° C.
104
133° C.
Mot reported
136° C.

I -

b -

The hydrolysis product from product II and the acid frag-
ment from hydrolysis of product IV were identical as
shown by mixed melting point.

Prepared by Pledger as he obtained the same acid as shown
by no depression in mixed melting point determinations.

The kind or class of chemical properties of the product V was

identical with those of IV previously discussed. The physical and

chemical properties that were used for the identification of V

are given in Table 12.
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Table 12* The physical and chemical properties and Identifica-
tion of V, characterized as p-chlorophenyl alpha-
ehlorolsobutyrate

.

Properties Observed Theoretical

Physical properties
Boiling point
Refraotive index (25° C.)
Refractive index (20° C.)
Density (20© C.)
Molecular refraction
Percent carbon
Percent hydrogen
Percent chlorine

Chemical properties
Hydrolysis with 10 percent
KOH (refluxed)

p-Chlorophenol
Melting point
Mixed melting point

Alpha-hydroxyisobutyric acid
Melting point
Mixed melting point

65.5-86.5°C. (0,3mm)
1.5132
1.5142
1.245
56.259
51.54&
4.48*
29.94*

p-ehlorophenol
(91 percent)
alpha-hydroxy-
isobutyric acid
(64 percent)

42.0-44.0° C.
42.0-44,0© C.

80.0-32. OO G.
80.0-81.5° C.°

Not reported
as it is a new
compound

56.10
51.53
4.S3
30.42

p-chlorophenol
(100 percent)
alpha-hydroxy-
isobutyric acid
(100 percent)

43° C.
43° C.

79° C.
79° C.

a

b

c

Analyses by courtesy of Dow Chemical Company. A newly-
purified sample has been sent for analysis.

The authentic sample of the phenol was the same as the
starting material obtained from Dow Chemical Company.

Authentic sample was obtained from previous reaction.
See Table 11 for the proof of its identity.

Products Resulting from the Aluminum Chloride-Catalysed
Reaction of 2,4-Dichlorophenol and Chloretone. Synthesis

of 2,4-Diohlorophenyl Alpha-chloroisobutyrate (VI)

The eater (VI) was obtained in a yield of 63 percent, while

only a small amount of tar (6 percent) was formed.
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The intrinsically much higher acidic strength of the phenol

correlated with the increased amount of ester (71) that formed

and the corresponding decreased tar formation. Reference to

Table 8 shows the acid dissociation constants of the phenols em-

ployed. The increased yield of VI showed that any steric hin-

drance offered hy the single ortho chloro group was greatly over-

shadowed by the increased ease of removal of the phenolic hydrogen.

The same procedure for the reaction was employed in this

case as for synthesis of V. The maximum yield of this ester VI

from the 2,4-dichlorophenol was obtained in the present case in

a shorter time (Table 8) than that required for any of the other

reactions. In general the chemical properties were the same as

those of IV. The physical and chemical properties used for the

identification of VI are given in Table 13.

Products Resulting from the Aluminum Chloride-Catalyzed Reaction
of 2,4,6-Trichlorophenol and Chloretone. Synthesis of 2,4,6-

Trichlorophenyl Alpha-chloroisobutyrate VII

Reaction of this phenol with chloretone proceeded smoothly

and the ester (VII) wa3 obtained in a yield of 3G percent. The

tar formation was 9 percent.

Since the trichlorophsnol Is more acidic than any phenol pre-

viously discussed, the lower yield observed must have been caused

by the steric hindrance offered by the two ortho chloro groups.
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Table 13. The physical and chemical properties, and the identi-
fication of VI, characterized as 2,4-dichlorophenyl
alpha-chloroisobutyrate (VI).

Properties Observed Theoretical

Physical properties
Boiling point 105.5-106.5° C.

(0.5mm)
Refractive index (25° C.) 1.5250
Refractive index (20© C.) 1.5258
Density (20° C.) 1.345
Molecular refraction 61.03
Percent carbona 44.88
Percent hydrogen^ 3.52
Percent chlorinea 39.57

Chemical properties
Hydrolysis with 10 per-
cent KOH (refluxed)

2 ,4-Dichlorophenol
Melting point
Mixed melting point

2 ,4-dichlorophenol
(93 percent)

alpha-hydroxyiso-
butyric acid
(77 percent)

44.0-44.5° C.
42.5-43.5° C.D

Alpha-hydroxyisobutyric acid
Melting point 81.0-82.0° C.
Mixed melting point 80.0-82.0° C. c

Not reported as it
is a new compound

60.91
44.89
3.39
39.76

2 ,4-dichlorophenol
(100 percent)

alpha-hydroxy! so-
butyric acid
(100 percent)

45° C.
45° C.

79° C.
79° C.

a - Analyses by courtesy of Dow Chemical Company.
b - Authentic sample was the same as the starting material ob-

tained from Dow Chemical Company,
c - Authentic sample previously described. See Table 11.

Besides the general procedure previously discussed (page 28),

a new method of synthesis was also used. The aluminum chloride

catalyst was added to the molten phenol and upon completion of

the addition it was found that not all of the phenol was tied up

by the catalyst. Molten chloretone was then added, resulting in

a vigorous reaction. The total reaction tire in this different
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procedure was one hour. Identical products and approximately

equal yields vers obtained by both procedures*

The chemical properties of the product were the same in type

as those previously discussed for the new analogs, the esters IV,

V, and VI, Table 14 gives a summary of the physical and chemi-

cal properties used for the Identification of VII*

Table 14. The physical and chemical properties used for identi-
fication of VII, characterised as 2,4,6-trichloro-
phenyl alpha-chloroisobutyrate (VII).

Properties Observed Theoretical

Physical properties
Melting point

Percent carbon*
Percent hydrogen*
Percent chlorine*

Chemical properties
Hydrolysis with 10 per-
cent KOH (refluxed)

2 ,4 ,6-Trichlorophenol
Melting point
Mixed melting point

42.1-42.9© C.

39.75
2.86
46.55

Hot reported as it
is a new compound
39.77
2.67
46.96

2,4,6-trichloro- 2,4,6-trichloro-
phenol(78 percent) phenol (100 percent)

alpha-hydroxyiso- alpha-hydroxyi so-
butyric acid butyric acid
(30 percent) (100 percent)

67.0-68.50 G.
67.0-68.5° C.

Alpha-hydroxyisobutyric acid
Melting point 81.0-82.5° C.
Mixed melting point 81.5-82.5° C.

68° C.
68° C.

79° C.
79° C.

a - Analyses by courtesy of Dow Chemical Company. A newly-
prepared sample also has been sent for analysis.

b - Authentic sample was the same as the starting material
obtained from Dow Chemical Company.

o - Authentic sample previously discussed. See Table 11.
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Products Resulting from the Aluminum Chloride-Catalyzed
Reaction of Pentachlorophenol and Chloretone. Synthesis

of Pentachlorophenyl Alpha-ohloroisobutyrate (VIII)

The high melting point of pentachlorophenol made it neces-

sary to modify the procedure previously used. A ratio of two

moles of chloretone to one mole of the chlorinated phenol was

necessary to obtain a liquid mixture of the reactants at 100° C.

The reaction time was three hours at this temperature, and re-

sulted in a yield of 39 percent of the new ester (VIII). This

yield was based on crude product since purification of the crude

solid product (VIII) Involved a long and wasteful process of

chemical separation, and eight to twelve recrystallizations were

found necessary to obtain analytically pure product.

Several other methods in the synthesis of VIII were tried

but all were unsuccessful. They involved use of inert solvents

and also high temperature reactions. No product was isolated

from these attempts.

The pentachlorophenol was the most acidic phenol studied as

shown in Table 8. Possibly, the yield of 39 percent of the char-

acteristic ester (VIII) indicated that the steric effect of the

two ortho chloro groups interferes with the smooth functioning

of that very high acidity as was also observed in the case of the

trichlorophenol (page 32). But it must be emphasized that the

modified procedure found necessary for reaction with the penta-

chlorophenol did not permit a common basis for comparison.

An important point appears to be that pure pentachlorophenol
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reacted with pure alpha-ohloroisotoutyryl chloride (I) without

the aid of aluminum chloride could result in aignlficantly higher

yields of pentachlorophenyl alpha-chloroisotoutyrate (VIII)

.

This experiment to produce VIII toy an independent synthesis will

toe tried in a later investigation.

Tatole 15 lists physical and chemical products of VIII which

in general are similar to the preceding aryl esters.

Products Resulting from the Aluminum Chloride-Catalyzed
Reaction of o-Nitrophenol and Chloretone

The general procedure was applied to the condensation of

chloretone and o-nitrophenol tout no ester product was obtained.

This result was Interpreted as toeing eaused toy ohelation of the

ortho nitro group with the phenolic hydroxyl. At the same time

a considerable amount of tar was formed toy rearrangement of

chloretone to l,l,l-trlchloro-2-methyl propene-2 and its allylic

rearrangement product, l,l,3-trichloro-2-methyl propene-1 and

their polymerisation to tar toy the effects of the aluminum chlor-

ide.
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Table 15 . The physical and chemical propertieis of VIII used for
Its Identification as pentachlorophenyl alpha-chloro-
isobutyrate (VIII).

Properties i Observed » Theoretical

Physical properties
Melting point 118.5-119.00 C. Hot reported as It

is a new compound
Percent carbon* 32.65 32.38
Percent hydrogen* 1.95 1.63
Percent chlorine* 56.46 57.36

Chemical properties
Hydrolysis with 10 per- Pentachlorophenol Pentachlorophenol
cent KOH(refluxed) (99 percent) (100 percent)

Alpha-hydroxyiso- Alpha-hydroxyiso-
butyric acid butyric acid
(61 percent) (100 percent)

Pentachlorophenol
Melting point 187.5-189.5° C. 191° C.
Mixed melting point" 187.5-189.0° C. 191° C.

Alpha-hydroxyisobutyric acid
Melting point 80.0-81.0° C. 79° C.
Mixed melting pointc 80.5-81.5° C. 79° C.

a - Analyses by courtesy of Dow Chemical Company. A newly-
prepared sample has been sent for analysis*

b - Authentic sample prepared from Dowlclde 8 obtained from
Dow Chemical Company,

c - Authentic sample previously prepared. See Table 11.
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SUMMARY

Table 8 contains the reactions run in this investigation

along with the products and the yields resulting from the re-

action*

Reaction of ohloretone (anhydrous or monohydrate) with

phenol gave alpha-chloroisobutyric acid and phenyl-alpha-ohloro-

iaobutyrate.

Reaction of anhydrous chloretone and p-chlorophenol gave

p-chlorophenyl alpha-chloroisobutyrate.

Reaction of anhydrous chloretone and 2,4-dichlorophenol

gave 2,4-dichlorophenyl alpha-chloroisobutyrate.

Reaction of anhydrous chloretone and 2,4,6-trichlorophenol

gave 2,4,6-trichlorophenyl alpha-chloroisobutyrate.

Reaction of anhydrous chloretone and pentachlorophenol gave

pentachlorophenyl alpha-chloroisobutyrate

•

Reaction of anhydrous chloretone and o-nitrophenol did not

result in the formation of any aryl ester of alpha-chloroiso-

butyric acid.

In each of the reactions listed above, some alpha-chloro-

isobutyric acid probably was formed. Since the yield of this

acid was small and since a better method of synthesizing this

acid was known from work at Kansas State College, the isolation

and identification of this acid was made only in the case of the

reaction with phenol as described above. It is of interest that

by saponification of Product VI, obtained in a 63 percent yield,

there was obtained a high yield, 77 percent, of alpha-hydroxy-
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isobutyric acid for formation of an amino acid or other useful

products*

Probably the yield of each of the aryl esters could be in-

creased by reacting each appropriate phenol with pure alpha-

chloroisobutyryl chloride. In this way there should be reduc-

tions in amounts of tar formed because of aluminum chloride being

absent. However, in the new syntheses described in this thesis,

aluminum chloride was necessary for forming the alpha-chloro-

isobutyryl chloride in aitu from chloretone.
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A study of aluminum chloride-catalyzed reactions of chlore-

tone with a variety of phenols was undertaken (a) to investigate

the manner in which chloretone reacts in a Friedel-Crafts type

reaction and (b) to produce and identify new chlorinated organic

compounds which would possibly be useful inseotlcidea. A search

of the literature showed that reaction between chloretone and a

phenol had not been reported.

The writer and co-workers have shown that chloretone (1)

rearranges to yield alpha-chloroisobutyryl chloride and (2) de-

hydrates with subsequent rearrangement to yield 1,1,3-trlchloro-

2-methyl propene-1 when a variety of substituted benzenes and

phenols and when aluminum chloride were present, A meohanism was

proposed to explain the formation of these products.

In the present work large amounts of polymeric tar were

formed and were assumed to be composed mainly of polymerized

1 ,1 ,l-trichloro-2-methyl propene-2 and l,l,5-triohloro-2-methyl

propene-1 since none of these compounds were isolated.

Several new compounds resulted from this work and new syn-

theses of alpha-hydroxyisobutyric acid (49 percent yield) and

phenyl alpha-chloroisobutyrio acid (10 percent or less) was a

by-product of all the reactions that were studied Involving

chloretone

•

The compound resulting from the aluminum chloride-catalyzed

reaction of chloretone and phenol was phenyl alpha-chloroisobuty-
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rate (20 percent yield), identified by analytical results for car-

bon, hydrogen, and chlorine; molecular refraction, saponification

and identification of the fragments so produced; and by char-

acterization tests*

The new compound resulting from the aluminum chloride-cata-

lysed reaction of ohloretone and p-ohlorophenol was p-chlorophenyl

alpha-chloroisobutyrate (47 percent yield), identified by ana-

lytical results for carbon, hydrogen, and ohlorine; molecular re-

fraction; saponification and identification of the fragments so

produced.

The new compound resulting from the aluminum chloride-cata-

lysed reaction of chloretone and 2,4-dlohlorophenol was 2,4-di-

chlorophenyl alpha-chloroisobutyrate (63 percent yield), identi-

fied by analytical results for carbon, hydrogen, and chlorine;

molecular refraction; saponification and identification of the

fragments so produced.

The new compound resulting from the aluminum chloride-cata-

lyzed reaction of chloretone and 2,4,6-trichlorophenol was 2,4,6-

trichlorophenyl alpha-chloroisobutyrate (56 percent yield),

Identified by analytical results for carbon, hydrogen, and chlor-

ine; saponification and characterization of the fragments so

produced.

The new compound resulting from the aluminum chloride-cata-

lyzed reaction of chloretone and pentachlorophenol was pentachloro-

phenyl alpha-chloroisobutyrate (39 percent yield), identified by

analytical results for carbon, hydrogen, and chlorine; saponifi-



s

cation and characterization of the fragments so produced.

The aluminum chloride-catalyzed reaction of chloretone and

o-nitrophenol did not result in the formation of the correspond-

ing aryl alpha-ohloroisobutyrate ester.

The relationship between the yields of aryl alpha-chloro-

isobutyrate esters obtained and the acidic and steric character-

istics of the phenols used was noted.


