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CHAPTER 1
INTRODUCTION

The high insecticidal activity of 2,2~bisw(4~chloro=
phenyl)~1,1,1l«trichloroethane (DDT) and related prcductsl
has led to the synthesis of many types of compounds siruce

turally related to DDT. Woodburn and Sroega

investigated
the synthesis and insecticidal activity of a large group of
chloroalkyl chlorobenzoates, including 2,2,2=-trichloroethyl
4-chlorobenzoate, None of these compounds were active
against the mexican bean beetle, greenhogse gpider, the conm=
fused flour beetle, and German cockroach, /

Despite the lack of activity of these compounds, it
seemed worthwhile to synthesize various derivatives of the
closely related 2,2-(4y4'~disubstituted) diphenylacetic
acids {111)« In order to find the effect of varing,ﬁaﬁﬁtitn
uents in the phenyl rings, it was declded to make 2-(4A¢hioro~
phenyl)—2-(4n%ramophenyl)acetic acid, 2—(4~ch10rophéﬁy1)h2-
(4=tolyl)acetic acid, 2,2=bis=(4~chlorophenyl)acetic acid,

and various derivatives,

(1) L. Lauger, He Martin, and F. Muller, Helv, Chems.
Acta., 27, 892 (1944),

{2) H. Me Woodburn and Ces Es Sro0og,; JeheCeSes Z_&; 1709
(1249),




The most direct route to these aclds appesred to be to
synthesize first the corresponding unsymmetrical analogs of
mr‘" {11} sand subsequently hydrolyge these compounds to the
desired substituted diphenylacetic miﬁaﬁ {111 )s

In addition to Insecilcldal action, the various derivae

tives of these aclds might possess interesting physioclogical
, activity.
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(3] O He Schneller and G4 He Le Smithy J,,
4057 (1948},

(4) Os Grummiti, M. Buck, and C. Egans Orge Synes 26,
21 {19446),




CHAPTER 11
EXPERIMENTAL

1—{4~Ch10r0pheny1)wluhyﬂroxyuz,z,z,ntrichioroethanes

H

]
- - ect,
}
cL OH

A mixture of 1000 g. of chlorobenzene and 200 g, of
chléral was treated under vigorous stirring with 33 g. of
freshly powdered anhydrous aluminum chloride, added in
small amounts over a period of one hour, This mixture was
allowed to stir for twelve hours, The reaction mixture was
then allowed to stand for ten hours. The product mixture
was poured into cold water and the oil washed with dilute
hydrochloric acld and water., The chlorobenzene layer was
separated and the excess chlorobenzene was distilled under
vacuum. A good yield of thick, crude, black liquid wés obm
tained, This compound was used in the crude form as the

starting material for other reactions,

(5) wvon Leuthold, French Patent 791,172 (Dec. 5, 1935);
Ce Ass 30, 3157 (1936).



Preparation of DDT as Derivative to Check the
Structure of l={4~Chlorophenyl)=lehydroxy=

ReRsls=trichloroethane

H

A ¢
} I ¥
ct -I\y C.C,?@ clL

A small, three-necked round-bottom flask was fitted
with a mechanical stirrer, thermometer, and a dropping fune
nely, Twenty~six grams {0O,1 mole)} of le(4-chlorophenyl)=la=
hydroxy=2,2,2,-trichloroethane were dissolved in 62 ml, of
concentrated sulfuric acid and the solution was placed in
the flask, With the temperature at 90°, 22,1 g« (0.2 mole)
of chlorobenzene was added rapidly, followed by the dropwise
addition of 50 ml, of concentrated sulfuric acid over a
period of one and one~half hours, This mixture was then
stirred for an additional six and one-half hours. The prode
uct mixture was poured over ice, and a light brown solid
precipitated, The solid was filtered, washed until neutral
to litmus paper, and dissolved in alcohol, The alcoholic
solution was treated with Norite, filtered, and cooled, The
crude product was recrystallized from alcohol, fliltered, and
dried. When pure it melted at 78°, DDT is reported to melt
at 78°,



1,1,1=Trichloro=2~{4=chlorophenyl)=2«(4-tolyl)ethane
H
S
cL (E,CL3 ; CH3

A small, threeenecked, roundebottom flask was fitted
with a mechanical stirrer, thermometer, and a dropping fune
neles A solution of 26 g. (Osl mole) of l=(4e-chlorophenyl)els
hydroxy=£,2,2,=trichloroethane in 62 ml. of concentrated
sulfuric acld was placed in the flask, With the temperature
at 90°, 18,4 g« of toluene was added rapidly. This addition
was followed by the addition of 50 ml, of concentrated sul-
furic acid, This acid was added dropwise over a period of
one and one-half hours, The product mixture was poured over
ice, and a light brown solid precipitated, The solid was
filtered, washed until neutral to litmus, and dissolved in
alcohol. The alcoholic solution was treated with Norite,
filtered, and cooled., The crude product was recrystallized
from alcohol and dried, Long, clear, needle-1like crystals
were obtained, m. pe. 84°, The yield was 82°/c,

Anal, Calcds for CpsHipClgt Cl, 42,5, Found: Cl, 42,2,



2={4=Chlorophenyl)«=2«{4=tolyl)acetic Acid

H

,/l.___g
{
(N CODH CHy

A mixture of 400 ml, of diethylene glycol and 46.8 g.
(0. 14 mole) of l={4~chlorophenyl)eletolyl=2,2,2,~trichloro~
ethane was placed in a l-l., flask fitted with a stirrer, re=
flux condenser and a thermometer., To this mixture was added
a solution of 63 ge (1.12 moles) of potassium hydroxide in
35 ml, of water, The mixture was stirred and refluxed for
six hours at a temperature of 134-137°, The mass was then
allowed to cool and was poured into 1000 mi., of cold water,
filtered, and the precipitate washed twice with warm water,
The filtrate was bolled gently with 2 grams of Norite for
five minutes, The solution was filtered and acidified to
litmus paper with 20%/, sulfuric acid (approximately 120 ml,)
and an additional 30 ml. of the acid was added, The mixture
was then cooled to 0-5°, the precipitate filltered, washed free
of the $ulfate ions with water, and dried at 100~110%. A

yield of 99.2°/o of pure product was obtained, m, p. 155%



2={4=Chlorophenyl)-2=(4=tolyl)acetyl Chloride and
Z2={4=Chlorophenyl)=2={4=tolyl)acetanide

H H
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A nixture of 50,5 ge {(0ul mole) of Z«{4~chlorophenyl)e
Z={4=tolyl)acetic acid and 20 mls (32 ge, 027 mole) of
" thionyl chloride was® heated on a steam bath until the acid
had melted, The reaction was allowed to proceed without
further application of heat untll hydrogen chloride was no
longer evolved, This required about thirty minutes. The
reaction mass was then heated to reflux for ten minutes, The
excess thionyl chlorlde was distilled in vacuo, The expected
acid chloride crystallized on cooling, me p. 180%

The corresponding amide was prepared from the acld
chloride by the general procedure for this reactt one The
aﬁ:id chioride (2 g.) was melted and poured intoe 20 ml, of
conc, ammonium hydroxide, The precipitate was collected by
filtration and dried, m. pe. 162%, Further purification was
not necessarye

Anale. Calcd, for Cyefi3sCINO; N, 5,40, Found: N, 50384



151, 1, ~Trichioro=Z«={4=chlorophenyl }~Z={d=bromophenyl )=
ethane

"
A N——1=C
1
el | cet, B

A small, three-nechked, round-botiom flask was {itted
with a mechanical stirrer, thernmometer, and a dropping fune
nols Twenlyvwesix grams {O.] mole) of i={4-chlorophenyl)elie
hydroxy-2,2,2-trichloroethane were dissolved in 62 mnl, of
concentrated sulfuric acid and the solution was placed In
the flaske With the temperature gt 20%, 31,4 g« (02 nole)
of bromobengene were added rapldly, followed by the sddition
of 50 mle of concentrated sulfuric acld, dropuise, cver a
period of one and one~half hours. This mixture was stirred
for an additional six and one-half hourss The product nixe
ture was poured over ice and 2 light brown solld precipie
tateds, The solld wer filtered, woshed until neutral 10 lite
mus paper, and dissolved in alcohel. 7The alcoholic solution
was treated with Norite, filtered and cooled, The crude prode
uct was pecrystallized from alcohol, flitered, and drieds A
vield of 78°/, was obtained. VWhen pure It melted st 120°,
Schneller and Snmith reported this compound to melt at 1244.&“}



2=(4~Chlorophenyl)=2«(4«bromophenyllacetic Acid

H

i
c
t
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A mixture of 400 ml, of diethylene glycol and 55.9 g
(Os 14 mole) of le(4~chlorophenyl)=le(4wbromophenyl}e2,2,2=
trichloroethane was placed in a l=-l,, three-necked flask
fitted with a stirrer, reflux condenser and a thermometer,
To this mixture was added a solution of 63 g. (1l.12 moles)
of potassium hydroxlde in 35 ml, of water., The mixture was
stirred and refluxed for six hours at a temperature of
134-137°, The mixture was then allowed to cool and was
poured, with vigorous stirring, into 1000 ml., of cold water,
filtered, and washed twice with warm water, The filtrate was
boiled gently with 2 g, of Norite for five minutes, The mixe
ture was filtered and acidified to litmus paper witﬁ ib5/a
sulfuric acid (approximately 120 ml,) and an additional 30 ml,
of the acid was added, The solution was then coocled to 0O=5%,
the precipitate filtered, washed free of the sulfate ions with
water, and dried at 100-110°, A yleld of 99°/, was obtatined,

When pure the melting polnt was 489,
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Z={4=Chlorophenyl)=Z~(4=bromophenyl)acetyl Chloride and
R={4=Chlorophenyl)«2=(4~bromophenyl)acetamide

H H
] ]
c | c "
) !
cL Cz=0 By Clai c=0 S AOBr
1 ] .
CL

NH,

A mixture of 65,1 g. {0s2 mole)} of 2«(4w-chlorophenyl)}=
2={4~bromophenyl)acetic acid and 20 ml. (32 g., 0,27 mole)
of thionyl chloride ‘was: heated on a steam bath until the
acid had melted, The reaciion was allowed to proceed withe
out further application of heat until hydrogen chloride was
no longer evelved, This required about thirty minutes, The
reaction mass was then heated to reflux for ten minutes,

The excess thiony! chloride was distilled in wvacuo, The ex=
pected acid chloride crystallized on cooling, m. ps 57°%

The corresponding amide was prepared from the acid
chloride by the general procedure for this reactlon, The
acid chioride (2 g.) Qas melted and poured into 20 ml, of
concentrated ammonium hydroxide. The precipitate was colw
lected by flltration and dried, me. pe. 145°, Further purifi-
cation was not necessary.

Anal. Calcd, for CyqH11C1BPNO: N, 4,27, Found: N, 2.21.



CHAPTER 111
DISCUSSION OF RESULTS

The preparation of le(4-chloro)=l-hydroxy=Z,2,2«tri=
chloroethane (1) proceeded satisfactorily although its purile
fication was not carried out since the compound decomposed
when a vacuum distillation was attempted.

The condensation of l=(4=chloro)=lehydroxy=2,2,2=tri=
chloroethane with chlorobenzene, bromobenzene, and toluene
gave satisfactory yields of DDT, 2«{4~bromophenyl)~2«={4e
chiorophenyl)~i,1,1-trichloroethane and zw(énchiorophenyl)m
2w(4=tolyl)=l,1,1«trichloroethane respectively. However,
repeated attempts to condense anisole and thiophene with the
substituted ethanol (1) resulted in complete failure.

The hydrolysis of the dlaryltrichloroethanes {I1) to the
corresponding acids (111) gave almost quantitative yields,
The one exception was the attempted hydrolysis of 2ylwhlige
(2=thienyl)«l,1, l~trichloroethane which gave only a brown
mass from which nothing crystalline could be obtained. How=
ever, different conditions for the reaction should yield the
dithlienylacetic acid. The acids, which were obtained by these
reactions, were characterized by conversion to the acld
chlorides and then to the amides. Both reactions gave satis-

factory results,

11
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