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dichloroisobutane has shown it to contaiin an unsaturated
impurity,’ the aryloxy derivatives prepared by us probably
contain some ethylenic admixture, as. would be indicated
by the molecular refractivities.

1-Chloro-2-methyl-3-o-cresoxypropane.—The procedure
described above but with 108 g. of o-cresol in place of the
phenol gave 117 g. (699) of product of b. p. 112.8-114.5°
at 6 mm.; d%°, 1.0898; n2'p 1.53377.-

Anal, Caled. for CiyHyisOCl: Cl, 17.86; MRp, 55.91.
Found: Cl, 17.91; MRp, 56.53.

1-Chloro-2-methyl-3-p-i-amylphenoxypropane.—The
use of 164 g, of p-t-amylphenol gave 81 g. of product of
b. p. 135-147° at 3 mm.
Amnal. Caled. for ClngaOCI:
14.18.

Action of Cuprous Cyanide on Eastman 1,3-Dichloro-~
isobutane,®.2—A mixture of 90 g. (1 mole) of cuprous
cyanide and 762 g. (6 moles) of Eastman practical 1,3-
dichloroisobutane® was stirred and refluxed for twenty-four
hours.. During the course of the reaction a large lump of
tarry material appeared in the flask and the liquid turned
dark brown. The liquid was filtered into a distilling flask
and the tar washed with a little dichloride. The mixed
liquid was distilled at atmospheric pressure to about 140°
and the residue fractionated under diminished pressure.
In one run in which 2 g. each of the bromides of cobalt,
copper and nickel were added, 25.5 g. of liquid 4-chloro-3-
methyl-3-butenonitrile and 6.5 g. of solid nitrile (m. p.
51.5-52.5°) were obtained.

The liquid chloronitrile, b. p. 69-70° at 10 mm., has a
somewhat ethereal odor and lachrymatory effect. In con-
tact with the skin it gives a stinging burning sensation.

Anal. Caled. for CiH¢NCI: N, 12.12; Cl, 30.68.
Found: N, 11.78, 11.07; Cl, 30.72, 29.79.

Imido-ester.—A mixture of 9.9 g. of chloronitrile and 5
g. of absolute ethanol was treated with dry hydrogen chlo-
ride and poured into 100 cc. of absolute ether. A yield of

3 g. (86.89,) of product was obtained. This was re-
crystallized by dissolving in anhydrous acetic acid and
reprecipitated by the addition of anhydrous ether.

Anal. Caled. for GGHNOCL: N, 7.07. Found: N,
7.46, 7.28, 7.41.

Cl, 13.96. Found: Cl,
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Hartigan by a differential thermocouple method,3® found
that the compound melts at 102°, uncor., with decomposi-
tion to give an amide, a white crystalline solid of m. p.
156-157°, cor.

Unlike (IV) the new chloromtrlle gave a black resinous
mass with sodium amide in liquid ammonia and similar
material with phenylmagnesium bromide.?

Summary

1, B-Methyl-4-chlorobutyronitrile and §-
methylglutaronitrile may be prepared by the ac-
tion of sodium cyanide on 1,3-dichloro-2-methyl-
propane,

2. 2-Methylcyclopropanecarbonitrile, whose
structure has been established by its transforma-
tion into the corresponding amide, has been made
in a 609% yield by the action of sodium amide on
B-methyl-y-chlorobutyronitrile in liquid ammonia
solution.

3. B-Methyl-y-aminobutyric acid and ea-sub-
stituted-y-methylpyrrolines may also be prepared
from the B8-methyl-y-chlorobutyronitrile,

4. 2-Phenylpyrroline may be obtained in small
yield by the action of phenylmagnesium bromide
on +y-phenoxybutyronitrile. Similarly, 2,3-di-
phenylpyrroline is formed by the reaction of this
Grignard reagent with a-phenyl-y-ethoxybutyro-
nitrile, which may be made from benzylcyanide,
sodium amide and cellosolve bromide.

5. The 1,3-dichloro-2-methylpropane reacts
with sodium aryloxides to give 1-chloro-2-methyl-
3-aryloxypropanes.

6. An impurity in the 1,3-dichloro-2-methyl-
propane will react with cuprous cyanide to give a
new chloronitrile and a solid dinitrile,

(30) Hartigan and Cloke, THIS JOURNAL, 67, 709 (1945).
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The recent discovery of the outstanding insec-
ticidal properties of the product known as DDT

(1) These researches were carried out under a transfer of funds to
the Bureau of Entomology and Plant Quarantine from the Office of
Scientific Research and Development, as recommended by the Com-
mittee on Medical Research, and under contracts between Harvard
University, University of Maryland, and The Ohio State University,
and the Office of Scientific Research and Development, ‘as recom-
mended by the National Defense Research Committee,

(2) Bureau of Entomology and Plant Quarantine, Agricultural Re-
search Administration, U. S. Department of Agriculture, Beltsville,
Md.

(3) Department of Chemistry, Harvard University, Cambridge,
Mass.

(4) Department of Chemistry, University of Maryland, College
Park, Md.

(5) Department of Chemistry, The Ohio State University, Cotum-
bus, Ohio.

and its successful application against the body
louse and other disease-carrying insects have
aroused considerable interest. Numerous articles
praising its merits have appeared in scientific and
trade magazines, as well as in newspapers and
popular magazines. These usually include the
history of its introduction into this country and,
as might be expected, the stories are not always in
agreement. Probably the ost accurate account
is given by Froelicher.® The studies leading to
the discovery of DDT as an insecticide are pre-
sented by Liuger, Martin, and Miiller.”

The symbol “DDT” is a contraction for di-

(6) Froelicher, Soap and Sanit. Chem., 20 (7), 115 (1944).
(7) Lauger, Martin and Miller, Helv. Chim. Acta, 37, 892 (1944).
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chloro-diphenyl-trichloroethane, the geineric name
of the active insecticidal principle. Theorectically
tliere are forty-five possible dichlorodiphenyltri-
chloroethanes. However, the term “DDT" is
confined to the product obtained on condensation
of chloral (or its alcoholate or hydrate) with chilo-
robenzene in the presence of sulfuric acid,

At the present time (spring 19415) three grades
of DDT are recognized by the War Production
Board and the armed forces of this country ——teclt-
nical DDT, purificd or acrosol DDT, and purc
DDT. As its name implics, technical DDT 1s a
commercial grade complying with all the speeifi-
cations outlined in the Joint Armv-Navy Specifi-
cations (JAN-D-364, Mar. 16, 1945). As will be
sliown in this report, it 1s a complex mixture coti-
tamning upwards of 7007 of 1-trichlora-2,2-bis-f p-
chlorophenyl)-ethunc (hereinafter  called  p.p'-
DDT) (1), the major impurity being the o,p’-

DDT  isomer, i-trichloro-2-o-cliloropheny!-2-p-
chlorophenvlethane (IT).
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Since technical DDT 1nelts over a range, the
sctting point is used rather than melting pouit to
give an indication of its purity.® Purified or
aerosol DDT is a partially refined grade, contain-
ing greater amounts of p,p’-DDT than the teclni-
cal grade and having a melting point of not less
than 103°. Pure DDT is a highly purified grade
of 1-trichloro-2,2-bis-(p-chlorophenyl)-etlrane, 1.
p. 108.5-109.0° (cor.), and is intended as a
standard of comparison for special physiologicul
and pharmacological studies.

Insecticidal preparations contaming DDT wcre
first brought to the attention of the United States
Department of Agriculture in October, 1042, by
the Geigy Co., Inc.,, New York, N. Y. At that
time concerted efforts were being made by the
entomologists of the Bureau of Entomology and
Plant Quarantine to find suitable substitutes for
pyrethrum and derris, the imports of the former
being mnsufficient to meet wartime demands and
the supply of the latter having been completely
curtailed since the fall of Singapore to tie Japa-
nese. The first entomological tests in this country
were made in October, 1942, against a number
of leaf-eating insects. In Noveinber tests were
mmade against the body louse. Some of the
carly results were published in February, 1944
{(Anunand, e/ al®. The results were so prowu-
ising that DDT louse powder was adopted in
May, 1943, and one company was requested to
undertake the manufacture of DDT on a sizable

scale.  Pilot-plant production was begun in May,
(&) Tleck and Prestoo, Stuep woed Sawdr. Cnesoo 21, 00]0 101
11945).

O sunawl, J. Loeen Lfomol 37, 025 (10141
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1943, and by July a creditable showing was being
made on a practical scale. Until early in 1944 this
company was the sole producer of DDT in this
country. By that time the demand had so in-
creased that three other companies were asked
to undertake its manufacture. To this group
have siee been added a number of other com-
pasies.

The rapid acceptance of DDT by the arimed
Torces made it imperative to study the composi-
tion of the technical product in order that the na-
ture and amount of the by-product materials
might be determined and that these products
miight be compared insccticidally and pharmaco-
logreally with p,p’-DDT.  Accordingly, in April,
1944 the studies on DDT under way in the Burean
ol Entomology amml Plant Quarantine were aug-
mented by studies at Huorvard University, the
Untversity of Marvland, and the Olhio State Unti-
versity under o progratn sponsore:l by the Offiee
of Scientific Researcitand Developiment.  Because
ot the complete coaperation wmong these groups,
it was decemed advisable to present some of their
findings in this jonit report.,

When the expanded progran was imtiated, only
forr companies were authorized by the War Pro-
ductionn Board ta produce DDT. For this reason
thie studies were limited to products obtained from
tliem.,

Of the four codperating groups, three worked
on different samnples of technical DDT made from
chloral and chlorobenzene, while the fourth
worked on a sample of “by-product oil” from
which much of the p,p’-DDT had been removed
by refinciment during isolation. In the latter case
the process involved condensation of “‘chlort-
nated alcoho!” and chlorobenzene. The method of
attack varied somewhat in the different labora-
tories; fractional crystallization and chromato-
graphic scparations were employed r.ither gen-
erully by all, supplemented in one mstance by
crvoscopic analysis. Distillation in high vacuum
was thoroughly explored as a means of separating
the by-product oil into its components. In the
experinental section the separation of one of the
saimples 1s described in detail; important devia-
tions wade in treatment »f the other samples arc
also deseribed.

RResults obtained in the isolation of the compo-
nents of technical DDT are indicated in Table T,
as well as values for the p.p’-DDT content meas-
ured by recrystallization from 75% aqueous
ethanol previously saturated with p,p’-DDT.
This method is reported® to give results accurate
to within [ /.

The occurrence of the fourteen compounds iso-
lated may be explained from a consideration of the
main and side reactions of chloral (and possible
impurities in teclinical chloral) and chlorobenzene
(aud possible hmpurities in tecluical chloroberm-
zene) 11 the presence of sulluric acid, followed by
treatient of the product mixture with an alkaline
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TaBLE I
ComposiTion oF TECcHNICAL DDT
Sampte 1 Sample 2 Sample 3 Sample 4
(Setting point, (Setting point, (Setting point, (By-product
Compound 91.2°), %, 88.6°), % 91.4°), 7%, oil), %
1-Trichloro-2,2-bis-(p-chlorophenyl)-ethane (p.p’-DDT)* (a) 66.7, () 70.5, (a) 72.7,
() 72.9 (c) 63.5, (b) 76.7
(d) 64.5.
(e) 67.9
1-Trichloro-2-¢-chlorophenyl-2-p-chlorophentylethatte (0,p’-12DT) 19.0 (¢) 7.9, 11.9° 74.8°
) 15.3,

. (£) 20.9
1,1-Dichloro-2.2-bis-(p-chlorophenyl)-ethatte (p.p’-DDD) 0.3 4.0 0.17¢
1,1-Dichloro-2-o-chlorophettyl-2-p-chloroplienyletlianc (0.p’-DDD)  ...... ..., 0.044 o
2-Trichloro-1-o-chlorophenylethyl p-chlorobetzencsulfonate 0.4 1.85 0.57 0.11
2-Trichloro-1-p-chlorophenylethanol 0.2 oo L
Bis-(p-chlorophettyl)-sulfone 0.6G 0.1 0.034
a-Chloro-a-p-clilorophettylacetatnide ... 0.01 0.006
«-Chloro-a-o-chiloroplientylacetantide ..., 0.007 L. .
Clilorobenizente s o 2. 44
p-Dichlorobettzene o 0.73
1,1,1,2-Tetracliloro-2-p-clilorophettylethate ... o0 L 4
Sodium p-chlorobenzene-sulfonate 0.02 oo
Ammmonium p-chlorobeuzene-sulfonate ..o 0.005
Ittorganic 0.1/ 0.047 0.01* o
Unidentified and losses 6.5 5.1 10.6 19.4

e Letters in parentheses refer to analytical niethods as follows: (a)' Isolation from technical DDT, (b) .recrystallizat.ion
from 757, aqueous ethanol previously saturated with p,p’-DDT .(Crxst_ol, Hayes and Haller!?), (¢) frar.:txonal crystalliza-
tion, (d) adsorption analysis and fractional crystallization, (e) isolation, sgpplemepted by cryoscopic analysis on the
residue.  ® This value does not represent all the 0,p’-DDT present, as all oily fractions were not exhaustively studied.
¢ Miscellanteous fractions containing p,p’-DDT, 0,p’-DDT, and p,p’-DDD. ¢ Inclqdes.0.06%‘ of p,g’-DDD isolated as
siich and 0.11¢% of the corresponding olefin. ¢ Isolated as nitro Qerivative fr.om an oil mixture aqalyzmg fora mixtur_e of
CsHCl, and CsH;Cl; and representing 2.54C; of original material. / Qualitative tests for ferric, lead and agnesium

carbonates were obtained.
sulfate iotts were obtainted.

wush miaterial. These reactions iay be sum-
marized as follows

CeH,Cl + CCLCHO —> Cl@CHOHCCIs II1

CeH.Cl + CCLCHO —> @CHOHCCls v
€1

III + CsH;Cl —> $,4’-DDT I

111 or I\ 4 CsH;Cl —> 0,5"-DDT 11

CeH:Cl + Hi;SO, —> c1©sosH v

V' + Na:COs (or NHy) —> Cl@sosNa(or NHJ)

VI

2CH,Cl + H.S0, —> c1®so2 CTya i

IV 4+ v —> {_>—CH(CCOSO__ »Cl Vi
Cl

I + HCl —> c1®CHC1CC13 IX

B NH
III — HCl + CI__»>CHCICOC! —>

ClK,  pCHCICONH: X

(10) Cristol, Hayes and Haller, Ind. Eng. Chem.. Anul, Ld.,
17, 470 (1943).

7 Insoluble in boiling 959, etharnol.

A Qualitative tests for ferrie, amntonium, halide and

U NH
IV —» HCl + & >CHCICOC1 =

al
{ _)CHCICONHy XI

ad N
2 C4H,Cl + CHCLCHO —> — CHCHCl,
Sa
cl N
2 CsH;Cl + CHCLCHO —> CHCHCI,
/ XII1
Cl

All the compounds 1solated from technical DDT
have been tested as insecticides, as have the un-
crystallizable oils. Although some of the by-
products are active insecticides, none of them are
so toxic as p,p’-DDT.!

Of the fourteen compounds isolated from the
various samples of technical DDT, seven have
been described in the previous literature. These
include chlorobenzene, p-dichlorobenzene, p,p’-
DDT (I), 2-trichloro-p-chlorophenylethanol (I11)

(11) The entomological testing of these compounds has been car-

ried out in severul luboratories of the Bureau of Entomology and
Plant Quarantine.

»
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bis-(p-chlorophenyl)-sulfone (VII), and the so-
dium and ammonium salts of p-chlorobenzene-
sulfonic acid (VI). Chlorobenzene was identified
by boiling point and conversion to p-nitrochloro-
benzene. p-Dichlorobenzene was identified by
its boiling point, melting point and mixed melting
point. The structure of p,p’-DDT was estab-
lished by degradation to p,p’-dichlorobenzophe-
none. The carbinol (III) was converted to its p-
chlorobenzenesulfonate and this derivative was
identical with the ester prepared from a known
sample of carbinol.?* The sulfone (VII) was iden-
tified by a mixed melting point witlt an authentic
specimen and by conversion to its dinitro deriva-
tive.® The cations of the salts of p-chloroben-
zenesulfonic acid were identified in the usual
fashion; the organic portion was identified by
conversion to p-chlorobenzenesulfonamide and
the corresponding anilide.

The remaining compounds isolated apparently
have not been described previously. The struc-
ture of each of these was established by elemental
analysis and degradation to known materials and
was confirmed by synthesis.

0,p'-DDT (II), I,1-dichloro-2,2-bis-(p-chloro-
phenyl)-ethane (XII) and 1,1-dichloro-2-o-chloro-
phenyl-2-p-chlorophenylethane (XIII) were de-
graded to the corresponding dichlorobenzophe-
nones and were synthesized by the condensation of
chlorobenzene with 2-trichloro-1-o-chlorophenyl-
ethanol,'*  2,2-dichloro-1-p-chlorophenylethanol
and 2,2-dichloro-1-o-chlorophenylethanol, respec-
tively.

2-Trichloro-1-o-chlorophenylethyl  #-chloro-
benzenesulfonate was degraded to o-chlorobenzoic
acid and to p-chlorobenzenesulfonic acid and its
structure was established by synthesis from 2-
trichloro-1-o-chlorophenylethanol'* and p-chloro-
benzenesulfonyl chloride.
a-Chloro-a-p-chlorophenylacetamide was de-
graded to p-chlorobenzoic acid and to ammonia
and was synthesized by ammonolysis of its actd
chloride which was in turn prepared by the reac-
tion of phosphorus pentachloride on p-chloroman-
delic acid. The corresponding o-amide, which
was not isolated in pure state, was synthesized
from o-chloromandelic acid in a similar fashion,
1,1,1,2-Tetrachloro-2-p-chlorophenylethane was
not isolated in pure state, but the nitro derivative
of isolated material was shown to be identical with
the nitro derivative of the synthetic material ob-
tained by the action of phosphorus pentachloride
on 2-trichloro-1-p-chlorophenylethanol.

The details of the isolation and synthesis of
these compounds are given in the experimental
section. Also included in the experimental section
are descriptions of a number of compounds pre-
pared either as derivatives or intermediates in the
synthesis of the isolated compounds. These in-
clude the dinitro derivatives and the olefins ob-

(12) Howard, THis JournaL, 57, 2317 (1935).
(13} Ullmann and Korselt, Ber., 40, 643 (1907).
{13) Howard and Castles, THrs JourwaL, §7, 376 (1035).
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tained by dehydrochlorination of 0,p’-DDT and
£,»'-DDD, and a-chloro-a-p-chlorophenylacetic
acid. 1-Trichloro-2-m-chlorophenyl-2-p-chloro-
phenylethane (m,p’-DDT) and its olefin and di-
nitro derivative are also described.

In the course of this work it was necessary to
prepare all of the six isomeric dichlorobenzophe-
nones with one chlorine atom on each ring. Of
these, the o0,p’- and p,p’-dichlorobenzophenones
were already known. m,p’-Dichlorobenzophe-
none was prepared by degradation of m,p’-DDT.
o,m'- and m,m'-dichlorobenzophenones were pre-
pared by the addition of m-chlorophenylmagne-
siunt bromide to the appropriate chlorobenzoni-
trile.  0,0'-Dichlorobenzophenone was prepared
by oxidation of o,0’-diclilorobenzilic acid or bis-
(o-chlorophenyl)-carbinol. The acid was pre-
pared by the reaction series, aldehyde, benzoin,
benzil, benzilic acid, starting with o-chloro-
benzaldehyde, and the carbinol was prepared by
the addition of o-chlorophenylmagnesiun: bromide
to o-chlorobenzaldehyde. The preparation and
properties of the 2,4-dinitrophenylhydrazones of
the six isomeric dichlorobenzophenones are also
described.

The recovery of known compounds in the sam-
ples varied from 80.6 to 93.5%. It should be
noted that the recovery of by-product materials,
notably the 0,p’-DDT isomer, was probably not
cotplete in all cases as in some samples all of the
by-product oils were not exhaustively studied.
Of the material listed as unidentified, a large
part consisted of an uncrystallizable oil which
had total and hydrolyzable chlorine analyses
equivalent to that of a DDT isomer or isomers.
Degradation of two of these oils to olefin by de-
hydrochlorination and oxidation of the olefinic
material with chromic anhydride did not lead to
the formation of any solid dichlorobenzophenones
other than p,p’- and o,p’-dichlorobenzophenone,
nor did nitration lead to isolation of new solid
nitro compounds. The evidence available sug-
gests that these oils were mixtures of DDT iso-
mers.

In the case of sample 2 (Table I) the amounts
of p,p'DDT and 0,p’-DDT in the oil and oily
solid remaining from the fractional crystalliza-
tion were estimated cryoscopically. A general
method for determining the composition of a mix-
ture is the determination of the freezing point
depression produced by that mixture in a series
of solvents known or suspected to be components
of the nuxture. If 1g. of a mixtureof A, Band C
is dissolved in a known weight of the solvent X,
which is not a component of the mixture, the
freezing point depression gives directly m, the
total number of moles in a gram of the mixture.
On the other hand, if the same mixture is dissolved
in pure A, the freezing point depression gives the
total number of moles per gram which is not A,
i.e.,, m — a. The difference between these two
figures is a, the number of nioles of A in 1 g. of the
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CHarT 1
FRACTIONAL SEPARATION OF TECHNICAL DDT
Technical DDT (9000 g.)
2 ethanol
recrystn,
$,p’-DDT Mother liquors Insoluble inorganic niaterial
5430 g. { 8.50 g.
Solid A 0il B
Pentane
recrystn. l
»,6’-DDT  310g.
0,p’-DDT 1070¢g. Solid B-1 OilyC
Oil A-1 120g. Pentane i Pentane pptu
recrystn. s 4
£,'DDT 35g.
0,p’-DDT 185¢.
0il B-1.1 41g, Solid C-1 0Oil D
(CICsH,):S0;, 2.6g.
Pentane Chromatographic
recrystn. analysis, misc.
$,6'DDT 140 g. $,0’-DDT 20g.
0,p’-DDT 120g.  0,p’-DDT 340g.
Oil C-1.1 48g.  p,p’-DDD 35g.
(CICgH,);S0.  47g. Oils 329 ¢g.
CIC{H,SO;Na  1.8¢g. (CIC4H,),S0, 5.6¢g.
C1HO;CL:S 33.4g.
CICH,CHOHCCI; 21.6¢g.

mixture. In principle this niethod may be ap-
plied repeatedly for each component of the mix-
ture, but a practical limit to its application is set
by the difficulty of determining accurately a small
difference between two large mnumbers. The
method is therefore useful only for components
present in substantial amounts. A recent precise
application of this method is described by Streiff
and Rossini.’®

By application of this method an oil comprising
16.89, of sample 2 was found to contain 139, of
p,p'-DDT and 439, of 0,p’-DDT, and a crude,
oily solid, representing 11.6%, of sample 2, was
found to contain 199, of ,p’-DDT and 499, of
0,p'-DDT. 'This indicates 4.4% and 13.09, re-
spectively, of these two isomers in the original
sample in addition to the amounts isolated di-
rectly by fractional crystallization. All except
about 59 of sample 2 was thus accounted for,

Experimental

Separation of Technical DDT

The separation procedure described below is sunimar-
ized in Chart 1. Ninc kilograms of a sample of technical
DDT was reerystallized twice from 959, ethanol (7.5
liters of solvenr per kilogram of teclmical DDT). There
was obtained directly 5.43 kg. of $,p’-DDT,8 m1. p. 107~
108° (cor.). Further recrystallization from ethanol or
ligroin gave a product meclting at 108.5-109.0° (cor.).

The strueture of p,p’-DDT was confirmed by dehydro-

(15) Streiff and Rossini, J. Resenrch Natl. Bur. Standards, 83, 185
(1944).
{16) Zeidler, Ber., 7, 1180 (1874).

chlorination with ethatolic potassiumt liydroxide to 1,1-
dichloro-2,2-bis-(p-chlorophenyl)-ethylene, ni. p. 88-89°
(cor.) and by oxidation of this compound with chromic
anhydride in glacial acetic acid to p,p’-dichlorobenzophe-
none, which melted alotte annd when tnixed witlt a1t authentic
sample, at 146.5-147.5° (cor.)."?

Concentration of the mother liquors gave about 1.5 kg.
of a solid fraction (solid A on chart 1), whiclt melted at
54-68°, and about 1.4 kg. of a red-brown oil, B. Frac-
tional crystallization of solid A from #u-peutane gave 310
g. of ,p"-DDT and 1070 g. of 0,p’-DDT. The latter com-
pound, 1-trichloro-2-o-chlorophenyl-2-p-chlorophenyletl:-
ane, which has not been previously described, melted after
recrystallization from methanol at 74.0-74.5° (cor.).

Amnal, Caled. for CiHeCly: C, 47.43; H, 2.56;
50.01. Found: C,47.35; H, 2.64; Cl, 49.84, 50.02.

The structure of this product was proved by dehydro-
chlorination to the corresponding 1,1-dicltloro-2-o-chloro-
phenyl-2-p-chlorophenylethylene ntelting at 78.4-79.5°
(cor.), and oxidation of this product with chromic an-
hydride to the known o,p’-dichlorobenzophenone, which
melted, alone and when mixed with an authentic sample,
at 64.2-65.2° (cor.). The melting point of the isolated
0,p’-DDT was not depressed when a sample was nixed
with a sample prepared by the condensation of 2-trichloro-
1-o-chlorophenylethanol with chlorobenzene. Upon ni-
tration with fuming nitric acid at 50°, 0,p’-DDT gave a
dinitro derivative which, after recrystallization from 95,
cthanol, melted at 148-148.5° (cor.).

Separation of p,p’-DDT from 0,p’-DDT in n-pentane
was aided by the fact that p,p’-DD'T crystallized in soft
needles or clusters whereas 0,p’-DDT crystallized in hard
rhombs,

In addition to the solid fractions isolated it this frac-

Cl,

(17) After this work had been completed and while this report
was in preparation, proof of this structure was reported by Grummitt
Buck and Jenkins.1

(18) Grummitt, Buck and Jenkins, THIs JOURNAL, 67, 155 (1045).
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CHART 2
FRACTIONATION OF REStpUAL O1L D
Ol D 10.00 g.
Chro:ntatograplic separation
‘ . B I T ; 1
v V { v
-1 1)-2 D-3 D4 D-5
i Oil G 30y, ! { :
| Pentanc | Peutane - Pentance
| TECTYSL. i reerystm. \L ! fractiottation
pp-DLT 1. 2ag. pp’-DDOD D31y CuHO.CLS 0.13g. fee
o.p-DDT 3. 24¢g. ol D31 D 42g. {
Ol D-1.1 +.06g.
(CICeH ), 80, 70 myg. 0il D-5.1
CLuHOCLS 294 mg. j distillation
270 mg. 260 mg.
0il D-5.11 Ol -5.12
CICH,CHOHCCl,
\tiontation, there was 120 g. of oil A-1 (#%p 1.612). Thts Fractiott D-1 upott reerystallization fromt pentate gave

oil, npon dehydrochlorination and oxidation, gave a bettzo-
plientone mixture from which 509, of p,p’-dichlorobeiizo-
plicnione was separated, indicating that at least 60 g. of
this oil was probably p,p-DDT.

0il B slowly deposited crystalline material, After
standing for several weeks in a refrigerator, the mixture
was filtered, and tlie separated solid was washed with cold
n-pentanc. This solid (B-1), m. p. 68-72° represented
200 of oil B. Crystallization of this solid fraction froin
n-pentane gave 35 g. of p,p’-DDT, 185 g. of 0,p’-DDT, 41
g. of oil B-1.1 (»*p 1.612), and 2.6 g. of bis-(p-chloro-
phenyl)-sulfone, m. p. and mixed m. p. 148-149° (cor.);
dinitro derivative,!® n1., p. and mixed nt. p. 201-202° (cor.).

0il C, the filtrate from solid B-1, was treated with twice
its weight of n-pentane and placed in a refrigerator. After
a weeck the precipitated solid was separated by filtration,
viclding solid C-1. After removal of the solvent by dis-
tillation, oil D resulted.

Solid C-1 yielded 1.8 g. of an cther-insoluble, water-
soluble solid. Tlis solid gave a sodium flame test and
left a basic asli upon ignition. A qualitative test (after
sodium fusion) indicated the presence of organic chlorine
and sulfur. Treatment of the solid with phosphoris
pentachloride, followed by treatment with concentrated
aqueous ammtonia gave p-clilorobenzenesulfonamide, mi.
p. and tnixed m. p, 144-143° (cor.). The anilide was also
prepared in tlie usual fashion, m. p. 103-104° This
solid was thercfore sodiuin p-chlorobenzenesulfonate.

The rentainder of C-1 upon recrystallization fromt z-
pentane gave 47 g. of bis-(p-chlorophentyl)-sulfoue, 140 g.
of p,p’-DDT, 120 g. of 0,4-DDT and 48 g. of oil C-1.1
in?p 1.612;.

The fraction of oil D) is outlinted o1t cliart 2.

As oil D did not deposit atty solid tipon standing with
pentae in a refrigerator, an aliquot portion was subinitted
to adsorptiont analysis. A 10.00-g. sauple (total ma-
terial 765 g.) was dissolved int 25 ml. of carboit tetrachloride
and subjected to adsorption on an activated alumina
columnn 31 by 200 mni, and cluted as follows, 100 ml. of
cInting solvent being used for cach fraction:

Fraction Eluting solvent Residue, g.
D-1 Carbon t tracliloride 7.52
D-2 Carbo ; tracliloride 0.30
D-3 Benzene .73
D-4 Benzene antd 59 ethanol .12
D-5 Absolute ethanol 90

(19) Wallach and Huth, Rer.. 8, 424 (1876)

0.25 g. of p,p’-DDT, 3.24 g. of 0,p’-DDT, and $.06 g. of
oil D-1 (#%p 1.613). Although 1o more solid could he
isolated from oil D-1, nitration gave a mixturc containing
23%% of dinitro-0,p’-DDT, and oxidation of the deliydro-
chlorinated product gave a trace of p,p’-dichlorobenzo-
plientone.

Fraction D-2 was an oil (#%b 1.615) which conld not be
ntade to crystallize.

Fraction D-3, upon recrystallization from pentane, gave
0.31 g. of solid, mt. p. after several recrystallizations froin
959 ctlianol 109.5-110° (cor.). Tlie analysis indicated
that this compound was a tetrachlorodiplienylethane.

Anal. Caled. for C(HpCly; Cl, 44.32, Found: CI,
44.66.

Oxidation with chromic anhydride after deliydrochlori-
nation gave p,p’-dichlorobenzophenotte. Tliese data sug-
gested that this compound was 1,1-dichloro-2,2-bis-(p-
chlorophenyl)-ethane (hercinafter called p.p’-DDD), wliich
might arise in teclinical DDT from an tmpurity of di-
cliloroacetaldehyde in the starting chloral. The isolated
compound did not depress tlie melting point of saples
synthesized front dichloroacetaldehyde and chloroben-
zene?® or from 2,2-dichloro-1-p-chlorophenylcthanol, as
described in a later section,

Identical dinitro derivatives, ni. p. and mixed m. p.
178-179° (cor.), were obtained from the isolated material
and the syntlietic material upon treatment witl fumting
nitric acid at 50 ° and recrystallization from 95} ethanol.

The residual portion from fraction D-3 was att oil,
D-3.1 (n®p 1.607), which did ot crystallize and was 1ot
further investigated.

Fraction D-4 crystallized upon removal of tlie solvent
and was rcerystallized from 959, ethanol, 1. p. 106.9-
107.4° (cor.). The product depressed the ntelting poitts
of p,p-DDT and p.p-DDD. It was soluble int ctlter and
insoluble i1t water, dilute alkali or acid, and concenttrated
sulfuric acid; it wuas stable to boiling for fourteen lhotirs
with 1095 aqueotnt= pntassium hydroxide; it did not distill
at 250° (1 mmn.  An clemental analysis indicated the
formula C;41{,0,CLS.

Awnel.  Caled. for CiyHeQ:CLS: C, 38.69; H, 2.09: Cl,
40.80. S, 7.38. Found: C, 33.82, 38.91; H, 2.4, 2.48;
Cl, 40.43, 40.65; 3, 7.20.

Treatnient of this material with ethanolic alkali gave a
water-soluble acidic material, which was shown to be
p-chlorobenzenesulfonic acid by conversion of its sodimm
salt throtiglt the acid chloride to p-chlorobenzencsulfon-

(20) This sample was kindly sapplied by H. S. Mosher, of the
Provpsylvania Stute College.
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amide, nt, p. and mixed m. p. with an authentic specimen
144-146°." The oil-soluble material separated from alkali
treatment was oxidized with alkaline permanuganate to a
acidic material, which upon recrystallization from water
gave long, white prisms, m, p. 130-139°. This behavior
was suggestive of o-chlorobenzoic acid {m. p. 142°).

The isolation of these two materials indicated that the
C1sH¢O3CL;S compound was the p-chlorobenzenesulfonate
of 2-trichloro-1-o-chlorophenylethanol. This conipound
was shown to be identical with synthetic 2-trichloro-1-o-
chlorophenylethyl p-chlorobenzenesulforate.

Fraction D-5 was fractionally crystallized from ether-
pentane solution, giving 70 mg. of bis-(p-chlorophenyl)-
sulfone and 294 mg. of 2-trichloro-1-o-chlorophenylethyl
p-clilorobenzenesulfonate. The residual oil was distilled
at 1 mm. in a vacuum sublimation apparatus. The dis-
tillate, b. p. 140-170° (bath temperature), was a mobile
oil {n®p 1.080) weighing 270 mg. It gave a positive test
for the CCl;CHO-grouping with pyridine and concentrated
sodiumt hydroxide solution,?! and was shiown to contain
2-trichloro-1-p-chlorophenylethanol,!?* the half-condensa-
tiont product of p,p’-DDT, by subjecting the alcohol to a
Schottett—-Baumntanun reaction with p-chlorobenzenesulfonyl
chloride, attd tlie isolation of slightly iinpurce sulfonate
ester, m. p. 137-139° (cor.). This sulfonate ester was
synthesized from known 2-trichloro-1-p-chlorophenyl-
cthanol, m. p. 141.3-142.0° (cor.), and a mixed melting
point with the product from the isolated fraction was 137-
141° (cor.). 'The residual oil from the distillation, oil
D-5.12 (n¥p 1.589), weighed 266 ing.; it was not further
investigated.

Resilts obtained front the chromatographic analysis of
10 g. of oil D have becn recalculated on the basis of the
total antount isolated, and are shown in Chart 1.

In the original ethanol recrystallizations 8.5 g. of in-
organic materials insoluble in ethanol was recovered.
Qualitative tests showed the presence of ferric, lead, mag-
ntesium and carbonate ions.

A study was made of some of the residual oils in order
to determine whether other DDT isomers could be de-
tected. Of special interest was oil D-1.1. This oil was
nitrated with fuming nitric acid to give a mixture from
which 239, of dinitro-0,p’-DDT could be isolated, but no
other pure compound. Further nitration with concen-
trated sulfuric acid—funiing nitric acid (1:1 by volunte) at
100° gave an intractable mixture.

Another sample (183 ing.) of this oil was treated with
excess alcoholic potassiunt hydroxide at reflux for one
liour. The aqueous extract was titrated for chloride ion
and gave 9.59, of hydrolyzable chlorine (theoretical for
DDT isomers 10.09;). The ecther-soluble fraction was
oxidized with chromic anhydride in glacial acctic acid;
75 mg. of base-insoluble product, m. p. 47-100 °, was formed,
from: which a trace of p,p’-dichlorobenzophetone could be
isolated. No other piire compound could be isolated.
Only 1 mg. of base-soluble niatcrial was isolated from the
oxidation.

Treatinent of tlie other two samples of techinical DDT
followed fairly siinilar schetttes,  Certain other contpounds
were isolated front tle oily fractions in addition to thosc
obtained froin sample 1. Instead of sodiumt p-chloro-
Dbenzenesulfonate, the atnmoniunt salt was obtained int one
of thesce samples.  Both saniples yiclded siiall ainounts of
a solid, m. p. 134-135°, which was shown to be «-chloro-
a-p-chlorophentylacetamide.  This compound was isolated
fromt oils sitnilar to oil C (Chart 1) cither by crystallization
or by chromatographic adsorption. After repeated re-
crystallization front ctlanol, white ncedles were obtaitted.

Anel. Caled. for CGGHCLNO: C, 47.08; 1, 3.46; CI,
34.75; N, .86 1mol. wt., 204, Found: C, 47.29, 47.37,
11, 3.69, 3.45; Cl. 34.43; N, 6.64; mol. wt., 210, 218.

A 060-mg. sample of this material was oxidized with
alkaline peritanganate in the usual manner to give 29.4
mg. (645.) of purc p-chlorobenzoic acid identified by
mcelting point, mixed tneltintg point, and nentral cquiva-

(21) Snell and Snell, **Colorimetric Methods of Analysis.’* Vol. 2,
Vun Nostrand Co., New York, N. Y., 1837, p. 360

THe CrEMIcAL CoMPosITION OF TECHNICAL DDT

1597

lent. Alkaline hydrolysis gave a steam-distillable base
which was shown to be ammonia by the preparation of
benzamide (identified by melting point and mixed melt-
ing point) from it by standard procedures.

The foregoing data suggested a-chloro-a-p-chlorophenyl-
acetamide as the only reasonable structure for this com-
pound. This was confirmed by synthesis of this com-
pound by ammonolysis of the acid chloride prepared by
the action of phosphorus pentachloride on p-chloro-
mandelic acid. The melting point of the isolated material
was not depressed by the synthetic material.

In connection with this compound, the corresponding
acid, a-chloro-a-p-chlorophenylacetic acid, was syuthe-
sized by hydrolysis of the acid chloride. This acid melted
at 75~76° and had the correct analysis for carbon, hydro-
gen, and chlorine. v. Walther and Raetze?? have reported
the synthesis of this substance by the action of boiling
concentrated hydrochloric acid on p-chloromandelonitrile,
Their product melted at 118° It should be noted that
this method is similar to that described for the synthesis
of p-chloromandelic acid, which melts at about 120°.23.2¢
It scems likely that v. Walther and Ractze may have had
p-chloromandelic acid rather than o-chloro-a-p-chloro-
phenylacetic acid. Unfortunately, these authors did not
report any derivatives of their product, nor was a chlorine
analysis given.

In one casc this material was accompanied by a small
ammount (0.007% of the original technical DDT) of a ma-
terial, m. p. 87.8-90.5°, which gave analytical results for a

dichlorophenylacetantide and which resisted further
purification.
Anal. Caled. for CsH:ONCl,: C, 47.08: H, 3.46; XN,

6.89;, Cl, 34.75. Found: C, 46.97; H, 3.91,
Cl, 34.42.

The meltittg point of this product was raised to 94-100°
by admixture with synthetic o-chloro-a-o-chlorophenyl-
acctamide, m. p. 104-105°. It was probably a mixture
of the o- and p- isonters.

The oily fractions from sample 3 gave, as fractions in
the chroniatographic separation, small amounts of two
materials not isolated in the other samples. One of these
was the olefin related to p,p-DDD, 2-chloro-1,1-bis-(p-
chlorophenyl)-ethylene, m. p. after recrystallization from
petroleunt ether and absolute ethanol 64-65°,

Anal.  Caled. for CiHoCl: C, 59.29; H, 3.20: ClI,
37.51. Found: C, 59.40. 59.53; H, 3.55, 3.51. Cl, 37.33.

This compound, which represented 0.119; of the origi-
nal technical DDT, did not depress the melting point of a
sample prepared by the deliydrochlorination of p,p’-DDD
with cthanolic alkali. Data are not at hand on which to
determine whether or not this olefin was present as such
in the technical DDT sample or was fornted by the degra-
dation of p,p’-DDD in tle isolation procednre. We have
noted that some batches of alumina cause the formation of
gleﬁn from p,p’- and 0,p’-DDT, antd such may be the case

ere.

The other tnaterial was isolated front an eluate fraction,
and after recrystallization from petroleum ether and from
nicthanol was obtainted as fine white clongated prisnts,
ni. p. 74.5-75.5°. The material depressed the ielting
points of both 0.p’-DDT and its corrcsponding olefin.
The analytical data suggested thiat it was a DDD tsomter.

Anal. Caled. for CisHioCli: C, 52.54; H, 3.15; (I,
44.32. Found: C, 52.53, 52.41; H, 3.33, 3.35; Cl, 44.19.

0.p'-DDD was prepared syntlictically from chloro-
benzette and  2.2-dicliloro-1-o-clilorophenyletlianol.  The
mielting point of this synthetic material was not depressed
when mixed witlt the isolated sample.

Santple 4, whiclt was a by-product oil, was trcated by a
differettt scheitte front tlie other saniples.

A solution of 2176 g. of the oil in 28.8 liters of petroleunt
ctlier (Skellysolve I', b. p. 35-52°) was cooled to —60°
until crystallizationn was cssentially complete (six lours).

(22) v. Wulther and Ructze, J. prakt. Chem., (2] 65, 266 (1902).
(23) Straas, Anu., 393, 320 (1912).
€24) Jeunkins, Tars Janrnac, 83, 2341 (1031).

N, 6.78;
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The mother liquor was removed by suction using a por-
celain filter-plate piece which reseinbled a Biichner funnel
with the vertical sides removed. The solid melted at
52-88° and weighed 1372 g. (63.19). Tkhis solid gave no
test for sulfur or nitrogen and, on the basis of experience
with similar crystalline material, was assumed to be a
mixture of p,p’-DDT, 0,p’-DDT, and p.p’-DDD.

The material remaining in the niother liquor, oil E, was
distilled 7 vacuo after removal of solvent. The results
are given in Table II.

TaBLE 11
FRACTIONATION OF OI1L E
Proportion

Boitling pt, of oit E,

Praction °C. Press., mm, np Wt.. g. %%
E1 ¢ 1 1.5690 93 4.27
E-2* To155° 1 1.5688 120 5.52
E-3° To165%¢ 10-* 1.5948 27 1.24
E-4° 165-170°¢ 10-® 1.6028 221 10.15
E-5° 170-180°¢ 10-®  1.8090 254  11.80
E-6 Residue .. e 44 2.02

Mixt. of solids obtained by crystallization 63.1

Recovered 98.1

8 Caught in cold trap, cooled in solid carbon dioxide.
b This fraction was removed in an ordinary modified all-
glass Claisen flask. ¢ These fractions were removed in a
special distillation flask which had a stirrer designed in
accordance with suggestions given by K. M. Hickman.
The general principle is described in ‘‘Synthetie Organic
Chemicals,” Vol. 13, No. 5, Eastman Kodak Co., Rochester,
N.Y, 1941. 9 Bath temperature,

Fraction E-1 was distilled at atmospheric pressure
through a helices-packed (55 cm.) column equipped with a
total condensation partial take-off head. Two main frac-
tions, b. p. 129.5° and 167-172° were obtained. The
former fraction, which was shown to be chlorobenzene
by nitration to p-nitrochlorobenzene, which melted at
82.5-83.2° alone and when mixed with an authentic speci-
men, represented 2.44%, of the original by-product oil.
The latter fraction, a solid which upon recrystallization
melted at 52.6-53.7°, was identified as p-dichlorobenzene
by a mixed melting point determination. ‘This fraction
represented 0.519, of the starting material.

Fraction E-2 was fractionally distilled at 1.5 mni,
through a column (40 cin.) packed with 0.25-inch Berl
ceramic saddles and equipped with a total-reflux, partial
take-off head. Two main fractions were obtained. The
first, b. p. 33-35°, which represented 0.229% of original
material, was identified as p-dichlorobenzene as above.
The second fraction, b. p. 111-113.5°, representing 2.54 %
of the by-product oil, #2°p 1.5702, proved to be a ntixture
of compounds having the cinpirical formulas CsHsCly and
CsH,4Cl, by elemental analysis and quantitative dehydro-
chlorination,

Angl.  Caled. for CsH:Cl;: C, 34.6; H, 1.8; Cl, 63.7.

On the assumption of 1 molecule of hydrogen chloride
to be removed by etlianolic alkali, the molecular weight
of this fraction was found to be 230; molecular weight
caled. for CsIH,Cl; was 278, for CsHCls was 244,

On nitration of this mixture with fumning nitric acid, a
small amount of a crystalline nitro compound, m. p. 71.3-
72.9° was obtained. The ntelting point was not de-
pressed when mixed with tlie nitro compound obtained
from pure synthetic 1,1,1,2-tetrachloro-2-p-chlorophenyl-
ethane, indicating the presence of this material in the mix-
ture.

Fraction E-3 was not examined.

Siitce preliminary work indicated that fractions E-4 and
E-5 were similar, further work was carried out only with
E-5. This fraction was investigated by chromatographic
adsorption. A typical experinient was as follows:

A column 5 cm. in diameter was packed with <80-1uesh,
grade A chrotnatographic alumina to a height of 12 cm.
with use of suction. Two-hundred milliliters of Skelly-
solve F was poured in, followed by the sample, 15.298 g.,
dissolved in 400 ml of Skellysolve F. Following this
various solvents were used for elution. No stiction was
needed. The results are given in Table I11.

The identity of these major components was cstablishe:l
by mixed melting points after recrystallization from Skelly-
solve F. The sulfur compound was identified as 2-tri-
chloro-1-o-chlorophenylethyl  p-chlorobenzenesulfonate.
When the oily materials of fraction E-5.3 were combined
and rechromatographed, further small amounts of solid
were obtained. Of the original 15.3-g. sample, therc was
isolated 55.5%, of various known crystalline niaterials
and 9.7%, of oils from fractions E-5.4 and E-5.5 (not fur-
ther investigated); 35.29; was left as noncrystallizable
oils. Several batches of these oils were contbined and dis-
tilled ¢» sacuo. This material gave the following analysis
for chlorine: Found: 49.9; caled. for CisHeClg: 50.0. A
summary of the work described above is given int Table I.

In each of the investigations of the teclutical DDT ma-
terials, after all the matertal that could be induced to
crystallize had been separated, tlicre always remained a
small amount (from 4 to 89) of residual oily fractions
which resisted crystallization, but which had analytical
propertics and boiling ranges similar to thiose of a DDT
isomter or isomers. Work ot such an oil (oil D-1.1) has
been described above.

Another such oil was obtained front the work on tlie by-
product oil dekcribed above. A sample (5.0 g.) of thrice
chromatographed oil (F), with separation and rejection of
crystalline material after vach chroniatograph, was de-
hydrochlorinated with ethanolic potassium hydroxide, and
4.5 g. of the resulting oily olefin, F-1, was oxidized by re-
fluxing for two hours with a solution of 7.3 g. of cliromic
anhydride and 8 uil. of concentrated sulfuric acid in 75 ml.
of glacial acetic acid. The neutral fraction of the reaction
products (there was no acidic fractiont) was distilled 2n
vacuo to yield 3.33 g. (919%) of "ketonic” inaterial, F-2.
From thisa total of 0.26 g. (7.19) of p,p’-dichlorobenzoplie-
notte was separated by crystallization, The remaining
oil was chrotnatographed on alumtina. ‘Tlie ouly crystal-
line fraction thus obtained was p,p’-dichlorobenzophe-

Caled. for CsHsCli: C, 39.3; H, 2.4; Cl, 538.4. Tound: none, 0.62g.,or 20.2%, making 27.39% of the ""ketonic’’ ma-
C,386.1; H,24; Cl 614, terial. Tlhe remainting fractions were treated with 2,4 -
TasLE 111

CHROMATOGRAPHIC ANALYSIS OF O1L E-3

Fraction Solvent Solvent, mt.
E-5.1° Skellysolve F 600
E-5.2 Petroleum etlier (65~110°) 700
E-5.3° Petroleum ether (65~110°) 800
E-5.4° Carbon tetrachloride 400
E-5.5 Absolute ether 500
12-5.t Mecthatol 600

¢ Crystallized upon standing.

Proportion of

Wt.. g. oil E-5, % Major component
5.337 34.9 0,p’-DDT
5.406 35.3 $,0’-DDT
1.542 10.1 p,0’-DDT
1.767 11.6 p,0’-DDD
1.133 7.4 $.p’-DDD, sulfur comnpournd
0.387 3.8 NaCl
103.1
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dinitrophenylhydrazine, but no crystalline products were
obtained. In another similar run 15.29, of p,p’-dichloro-
benzophenone was isolated directly. The residual frac-
tions from the chromatograph, upon treatment with 2,4-
dinitrophenylhydrazine, gave two crystalline products—
the 2,4-dinitrophenylhydrazone of p,p’-dichlorobenzo-
phenone (1.69,), m. p. and mixed m. p. with authentic
material 238-240° (cor.); and the 2,4-dinitrophenyl-
hydrazone of o,p’-dichlorobenzophenone (2.19,), m. p.
and mixed m. p. with authentic material 230-231° (cor.)—
as well as an additional 2.19, of a mixture of these two
compounds. No other crystalline fraction was obtained.

After all the crystalline benzophenones and their 2,4-
dinitrophenylhydrazones had been separated from the
F-2 fractions, the remainder was distilled and the clear
and the almost colorless oily distillate of each of the runs
was analyzed. Amnal. Caled. for C1HsCl: C, 52.7; H,
2.8; Cl,44.4. Found: first sample; C, 52.5; H, 2.7; C],
42.4 (total 97.69,): second sample; C, 53.3; H, 2.8; CI,
44.2 (total 100.3%,).

This indicates that there are present in fractions F not
only materials which on dehydrochlorination and oxida-
tion yield o,p’- and p,p’-dichlorobenzophenones, but also
materials of formula C;,HsCl; which are resistant to oxida-
tion with chromic acid. It is possible that these materials
may contain the 0,0’ isomer of DDT.

Cryoscopic Analysis

For the melting point determinations about 20 g. of the
sample was placed in a 25 by 300 mm. test-tube within a
30 by 300 mm, test-tube, The tube was provided with a
manually operated glas$ stirrer and a Beckmann thermom-
eter. Probably the accuracy of the results could be im-
proved somewhat by the use of a thermocouple instead.
The whole was immersed in a1t electrically controlled oil-
bath, and the slow rise in tentperature of the sample was
plotted. The straight portions of the curve below and
above the bend were projected to obtain the melting point,
taken as their point of intersection. As a solvent not rep-
resented in the mixture, triphenylmethane was at first
chosen because of its convenient melting point (93.4°) and
cryoscopic constant (K, 12.45), However, it was found
that the freezing point of a solution of DDT in triphenyl-
methane changed with time, and benzil (m. p. 95°, Ky
10.50) was later adopted as a more suitable solvent. Two
determinations of the cryoscopic constant of p,p’-DDT
using 0,p’-DDT as solute gave 14.92 and 15.38°, or an
average of 15.15° per mole per 1000 g. of p,’-DDT. The
cryoscopic constant of 0,’-DDT was found to be 14.70°
per miole per 1000 g. With these data determinations
were made of the p,p’- and 0,p’-DDT contents of two ma-
terials—the solid-free residual oil from the recrystalliza-
tion of saniple 2 of Table I, representing 16.89, of the tech-
itical DDT, and the crude solids obtained in tlie crystal-
lization, comprising 11.69, of sample 2.

Cryoscopic Analysis of the Oil.—Addition of 0.7817 g.
of tlte oil to 20.06 g. of 0,p’-DDT caused a depression of
0.823° i1t the nielting point. Substitution in the formula

WAt
1000wK;

wliere M = moles of material other than solvent in 1 g. of
solute, W = weight of solvent in grams, w = weight of
solute int grams, At = freezing-point depression, and Ky =
cryoscopic constant of solvent, yields M = 0.001437. By
a determiination in benzil the total number of molesin 1 g.
of the oil was found to be 0.00268. Therefore the number
of moles of 0,p’-DDT in 1 g. of the oil is 0.00268 — 0.001437
= 0.00124. This is a weight of 0.00124 X 354.5 = 0.439
g., or 43.99; of the sample. By adding this 0.439 g., as
a correction to the weight of solvent taken in the original
calculation, a rcvised figure of 43.29, of 0,p’-DDT in the
oil is obtained.

The melting point of 18.54 g. of p,p’-DDT was de-
pressed 1.704° by 0.9127 g. of the oil. This corresponds
to 01.0229 mole per gram not p,p’-DDT, or 0.00039 (0.00-
268 — 0.00229) mole per gram of p,p’-DDT. The weight

M=
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per cent. is accordingly 13.89, (354.5 X 0.00039). The
corrected values are 0.00231 mole per gram not p,p’-DDT
and 0.00037 mole, or 13.19, of $,p’-DDT, These results
account for 0.563 g. and 0.00159 mole out of every gram of
oil. The remaining 43.7%, therefore has an average
molecular weight of 401 (0.437/0.00109). This is still near
enough to the molecular weight of DDT (354.5) to suggest
the presetice of one or more as yct unidentified isomers of
DDT in the oil.

Cryoscopic Analysis of Intermediate Solids in Crystalli-
zation of Crude DDT.—The miaterial was melted and
heated at 100° under 0.8 mm, pressure for three hours to
ensure removal of solvent. In 20.11 g. of benzil 0.9203
g. of the solid produced a depression of 1.261° in the freez-
ing point. This corresponds to 0.00262 mole per gram.
In 20.19 g. of p,p’-DDT 0.9164 g. gave a depression of
1.424°, This corresponds to 0.00207 mole per gram not
$,0’-DDT, and 0.00055 mole per gram which is $,p’-DDT.
The uncorrected and corrected contents of ,p’-DDT are
hence 19.5 and 18.89, respectively. In 0,p’-DDT (20.51
g.) a depression of 0.780° was produced by a sample of
0.8987 g. This indicates 0.00141 mole uncorrected and
0.00138 mole corrected of 6,p’-DDT in the mixture, The
corrected percentage is 48.99,. The unidentified nia-
terial here has an average molecular weight of 455.

Synthesis and Reactions of Technical DDT Components

Degradation of o,p’- and p.p’-DDT.—0,p’-DDT was
heated under reflux for tliree hiours with half its weight of
potassium hydroxide in 959, ethanol. The reaction mix-
ture was diluted with water and extracted with ether; the
ethereal extract was washed with water and dried over
anhydrous sodiumi sulfate. The solvent was removed,
giving the corresponding olefin, 1,1-dichloro-2-o-chloro-
phenyl-2-p-chlorophenylcthylene, in 979 yield. After
several recrystallizations from methanol or 959, ethanol,
it was obtained in large rectangular plates, nt. p. 784~
79.5° (cor.).

Anal. Caled. for CiHsCly: C, 52.87; H, 2.53; Cl,
44.60. Found: C, 52.68; H, 2.75; Cl, 44.40.

In the same way 1,1-dichloro-2,2-bis-(p-chlorophenyl)-
ethylcne,’® m. p. 88-83° (cor.), was obtained by the
elimination of hydrogen chloride from p,p’-DDT.

Eacl: of the olefiits was converted to the corresponding
dichlorobenzophenone by the cautions addition of about 1
part of chromic anhydride to a refluxing solution of 2 parts
of the olefin in 10 parts of glacial acetic acid. After one
ltour under reflux the reaction niixtiire was cooled and
poured into ice water, The precipitated material was
separated, dried, and recrystallized from aqueous ethanol.
The o,p’-dichlorobenzophenone, m. p, 64.2-65.2° (cor.),
did not depress the melting point of an authentic speci-
men. The p,p’-dichlorobetizophenione, m, p. 146.5-
147.5° (cor.), did not depress the mwclting point of an
autlienttic specinten.

Synthesis of 1-Trichloro-2-o-chlorophenyl-2-p-chloro-
phenylethane (0.p’-DDT).—A solution of 37 g. (0.25 mole)
of freshly distilled chloral in 130 1nl. of dry ether was
added, at 0° over a period of three hours, to 65 ml. of 1.52
N o-chlorophenylmagnesium bromide (0.25 niole) pre-
pared by the reaction of 288 g. (1.5 mole) of o-chlorobromo-
benzene® in 700 ml. of dry cther with 39 g. (1.6 mole)
of niagnesium turnings, The reaction mixture was de-
composed witlt dilute hydrochloric acid and worked up in
the usual manner. Distillation at 1 mmm. yielded 33 g.
(509%) of 2-trichloro-1-o-chlorophenylethanol, b. p. 108-
112°. This carbinol was also prepared by the basc-
catalyzed condensation of o-cldorobenzaldchyde and
chloroform. 14

The carbinol (312 g., 1.20 molcs) was added dropwisc
during one hour to a well-stirred emulsion of 260 g. of
chlorobenzene (2.33 mole) int conceutrated sulfuric acid
(160 ml. of 259, oleun:t and 480 ml. of 969 acid) with tle
temperature at 60°. After six hours of stirring the organic
layer was separated and washed witlt water. The ma-

(25) Hartwell, **Organic Syntheses,'’ 24, 22 (1043
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terial crystallized on standing and was recrystallized
twice frotn ethanol-acctone solution. It melted at 73-74°
and weighed 271 g. (64%; yicld).

Nitration of 0.p’-DDT.—A dinitro derivative was ob-
tained by the treatment of 1 part of the compound with
10 volumes of fuming nitric acid at 50° for one-half hour.
The product mixture was cooled and poured onto ice.
The separated solid was rentoved by filtration (yield, ra.
0077y and recrystallized from 957 ethasiol, mi p. 148-
148.5° {cor.}.

nal.  Caled. for C,HO4N.Cly: C, 37.8; H, 1.6; N,
6.3; Cl,39.9. Found: C, 37.9: H, 1.4; N,6.4; ClL 39.9.

The melting point of this compound was depressed upon
admixture with the dinitro compound from p,p"-DDT,
m. p. 148-148.3°, prepared in like manner '

2,2-Dichloro-1-p-chlorophenylethanol.—A solution of 1
mole of aluminum isopropoxide in 500 nl. of is0propyl alco-
hol was heated under reflux with 0.5 mole of p.a,a-tri-
chloroacetophenone (112 g.)% for eight hottrs witli partial
take-off to remove acetone. Excess solvent was rentoved,
the product treated with concentrated hydrochloric acid,
and the carbinol washed, dried, and distilled. A wvield of
75 g. (67%,) was obtained, b. p. 140-145° {2 mm.).

1,1-Dichloro-2,2-bis-(p-chlorophenyl)-ethane {p,p’-
DDD).-—Into a well-stirred niixture of 40 g. of chluro-
benzene, 40 ml. of 259, olewn and 120 ml. of 96%, sulfuric
acid, 40 g. of 2,2-dichloro-1-p-chloroplienylethanol was
added dropwise. After twenty minutes a solid began to
form. After four hours at 60° tlie mixture was filtered
and the solid recrystallized twice from 95¢7 ethanol to give
36.1 g. (639%) of long, thick prisnts, m. p. 108.5-110°.
This melting point was not depressed when the cosupound
was mixed with an analyzed sample isolated from tech-
nical DDT.

Degradation of p.p’-DDD.—p,p’-DDD was converted
to 2-chloro-1,1-bis-(p-chlorophenyl)-ethylene with etha-
nolic alkali as described above for 0,p’-DDT. A 215-mng.
saniple gave 147 mg. (77%) of thrice recrystallized (from
ligroin) product, ni. p. 64-65°. This compound did not
depress the melting point of an analyzed sample isolated
from technical DDT.

Another sample (0.5 g.) was subjected to elintination of
hydrogen cliloride, and the resulting contpound was oxi-
dized with chromic anhydride. There resulted, after one
recrystallization, an 84¢} yield of p.p’-dichlorobenzophe-
none, m. p, 145°,

Nitration of p,p’-DDD.—Nitration as described for
0,p’-DIDT gave a dinitro compouttd, pale-yellow prismatic
needles, tn, p. after recrystallization from cthauol 178
179°, in about 907, yield.

Anal, Caled. for CIT304N,Cly:
Cl, 34.72.

2,2-Dichloro-1-o-chlorophenylethanol.—To the Grig-
nard reagent prepared from 25 g. (0.13 mole) of o-bromnio-
chlorobenzene,? 3.02 g. (0.124 mole) of magnesiutn and
200 inl. of ether was added, with mechanical stirring, 13.25
g. (0.117 mole) of dichloroacetaldehyde in 80 ml. of ether.
The ether soon began to boil vigorously, and an ice bath
was applied. The aldchyde was added dropwise over a
period of forty-five miinutes. The additionn cotnpound
was decomposed with 6 &V sulfuric acid, and the prodict
was extracted with ether; tlie ethereal solutiont was dried,
and the solvent was reinoved by flask distillation. Tl
residue was distilled iz vacuo, yiclding 3 g. of forertt and
3.25 g. of fluid material, b. p. 112-125° (2-3 mu1.). The
remainder of the tnaterial was a very viscous, high-boiling
tar, Tlhie 112-125° fraction was rcdistilled to give 1.6 g.
(6S%) of product boiling at 126-129° and 3 mm.

1,1-Dichloro-2-o-chlorophenyl-2-p-chlorophenylethane
(0.p’-DDD).—A mixture of 2,2-dichloro-1-¢-chlorophenyl-
ethanol (1.51 g., 0.0067 mtole) and chlorobenzene (0.685 g.,
0.0061 mole) was kept at 30° while 50 drops of ca. 100%,
sulfuric acid were added dropwise with stirring. The
darkened tnixture was then stirred in a bath at 60° for
about one hour. The wixture was cooled and extracted

(26) Gautier. Anwn. chim., [4] 14, 402 (1888).

Cl, 34.59. Pound:

with pentane; the pentane layer was washed with water
and with dilute ammonia. Evaporation of the pentanc
gave an oil which soon partially crystallized. Repeated
crystallization from pentane and from methanol gave
wlite crystals, m. p. 76-78°; yield 763 mg. (39%). XNo
depressiott in melting point was noted when this com-
pountd was mixed with a1t analyzed sample isolated from
techtical DDT.

Degradation of o,p’-DDD.—A sample (42.6 mg.) of
mixed synthetic and isolated o0,p’-DDD was dehydro-
chlorinated and oxidized in the usual manier. Addition
of the oxidation mixture to ice water produced a nilky
emtlsion, which crystallized ot standing. The crystalline
material was filtered, washed with water, and dried in air.
The unrecrystallized product melted at 63.2-64.2° (cor.)
and weighed 12.5 mig. (419,). The melting point was not
depressed wlient this sample was inixed with an autlientic
speciten of 0,p’-dichlorobenzophenone.

Synthesis of 1-Trichloro-2-m-chlorophenyl-2-p-chlo-
rophenylethane (m,p’-DDT).—2-Trichloro-1-m-chloro-
phenylethanol was prepared from chloral and m-chloro-
phenylniagiesinm bromide in 709 yield as described above
for the o-isomer. The carbinol was condensed with
clilorobenzence by stirrittg a mixture of the carbinol with
50¢% excess clilorobenzence attd oleum (amount such that
the final acid concentration was 100%) at room tempera-
ture for six ltours. The organic fraction was worked up to
give 48, of an oily fraction, boiling at 180-195° (1 mm.).
Redistillation gave a colorless oil, b. p. 181-185° (1 mm.),
720 1.6146.

Annl.  Caled. for CiHoCls: C, 47.4; H, 2.6; Cl, 50.0.
Yound: C,47.2,47.0; H,27,2.7; Cl, 49.6, 49.5.

The product did not yicld to crystallization attempts.

Degradation of m,p’-DDT.—m,p’-DDT was dehydro-
chlorinated with ethanolic alkali to give the corresponding
ethylene, an oil which distilled at 158-162° (1 mmn.), in
805, yield. Oxidation of this oil with cliromic atthydride
gave the corresponding m,p’-dichlorobenzophenone, which
melted at 112.6-113.4° after recrystallization frott aqucous

ethanol. This new kctone was obtained in 419, yield.
Angl. Caled. for Ci;HsOCl: C, 62.2; H, 3.2; Cl,

28.2. Found: C, 62.4; H, 3.4; Cl, 28.2.

Nitration of m.p’-DDT.—Fuming nitric acid (10 g.) was
added to 10 g. of i,p”-DDT; the hot solution was allowed
to come to room temperature and was poured onto ice.
The precipitated solid melted at 118.8-120.1° after re-
cryvstallization. The yield of dinitro-m.p’-DDT was 907%.

Anal. Caled. for CsH;O04NCls: C, 37.8; H, 1.6: Cl,
39.9; N,6.3. Tlound: C,37.8; H, 1.6; Cl, 39.5; N, 6.6.

Degradation of Isolated 2-Trichloro-1-o-chlorophenyl-
ethyl p-Chlorobenzenesulfonate.—A saniple (64 mg.) of
this material was licated at reflux for one hour with 0.57
millitnole of 0.5 N cthanolic sodium hydroxide. The
organic material was extracted. Removal of the solvent
left 25 mg, of oily naterial. This oil was oxidized witlh
alkalite perntanganatce to give 5-10 mg. of an acidic mna-
terial; this was recrystallized once from water to give long
witite pristits, m, p. 130-139°  Such belhavior was sng-
gestive af ithpure o-chlorobenzoic acid (nt. p. 1429, An-
other saittple (190 nig.) was licated at reflux for three and
a half hours with 5.0 millimtoles of ethanolic sodium hy-
droxide. After extraction of the alkaline solution to re-
move neutral material and extraction of tlic actdified solu-
tiont 1o reutove benzene-soluble acidic aterial, the
aqueous pltase was again made alkaline and cvaporated ta
dryness. Extraction of this residuc witlt hot absolutc
ethanol gave 189 mg. of inmipure material, whicli gave a
qualitative test for sulfur. On the assumption that a so-
dium sulfontate was presettt, the crude material was
treated witlt excess pliospliornts pentachloride (500 mg.\;
the benzene extract of this reaction inixture was treated
witlt an excess of ammonia. After repeated crystalliza-
tiont of the material obtained by benzene extraction of tlis
product, 8.6 mg. of fine white needles, 1. p. 144-146°, was
obtainted.  This material did 1ot depress the telting poitit
aof atthientic p-chlorohenzenesulfopaaide
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Synthesis of 2-Trichloro-1-o~chlorophenylethy! -
Chlorobenzenesulfonate.—When 25 g. (0.096 mole) of 2-
trichloro-1-o-chlorophenylethanol was mixed with 25 g. of
p-chlorobenzenesulfonyl chloride in 50 ml. of dry pyridine,
considerable heat was generated. Pouring the mixture
into water gave a product which melted at 105.5-106.5°
after recrystallization from methanol and weighed 29.8 g.
(729, yield).

This compound was also prepared by allowing a mixture
of 500 mg. of the alcohol, 1.5 g. of the acid chloride, and 10
ml. of 309, potassium hydroxide to stand for two days.
The compound was isolated in the same manner as above;
yield, 630 mg. (75%,). A sample was prepared for analysis
by repeated recrystallization from 959, ethanol, m. p.
106.9-107.4° (cor.).

Anal, -Caled. for CiH0;CLS: Cl, 40.78; S, 7.38.
Found: Cl, 40.02; S, 7.24.
2-Trichloro-1-p-chlorophenylethyl p-Chlorobenzene-
sulfonate.—This compound was prepared by the Schotten—
Baumann procedure with potassium hydroxide, as de-
scribed above, using 2-trichloro-1-p-chlorophenylethanol,?
except that the mixture was allowed to stand only two
hours. The yield was 660 mg. (789,). An analytical
sample was prepared by several recrystallizations from
959, ethanol, m. p. 141.3-142.0°,

Anal. Caled. for CiH,O3CLS: Cl, 40.78; S, 7.38.
Found: Cl, 40.26, 40.66; S, 7.20.

a-Chloro-a-p-chlorophenylacetamide.—After 3.7 g. of
p-chloromandelic acid,? had been heated with 8.3 g. of
phosphorus pentachloride for one hour at 120° and one
hour at 150°, the product was cooled and poured into con-
centrated aqueous ammonia, Three recrystallizations
from benzene gave 3.2 g. (799,) of fine needles, m. p.
133-134° alone or when mixed with an analyzed sample
isolated from technical DDT.

a-Chloro-a-p-chlorophenylacetic acid.—This compound
was prepared by warming the corresponding acid chloride
with water for two hours. Crystallization occurred on long
standing in petroleum ether. After two recrystallizations
from petroleum ether the product melted at 75-76°. The
acid gave a strong silver nitrate test on warming.

Anal, Caled. for CsHyO,Cly: C, 46.86; H, 2.95; ClI,
34.59, Found: C, 47.02; H, 3.14; Cl, 34.77.

a-Chloro-a,0-chlorophenylacetamide.—This compound
was prepared as described above for the p-isomer, starting
with o-chloromandelic acid.?* The amide was recrystal-
lized from petroleum ether and melted at 103-105°.

Anal. Caled, for CsH:OCLLN: C, 47.08; H, 3.46; N,
?:.189; Cl, 34.75. Found: C, 47.20; H, 3.53; N, 6.81;
, 34.82.

Synthesis of 1,1,1,2-Tetrachloro-2-p-chlorophenyleth-
ane.—A solution of 258 g. (1.75 mole) of freshly distilled
chloral in 400 ml. of dry ether was added over a period of
three and a half hours, at 5-10°, to approximately 830 ml.
of 2.23 N p-chlorophenylmagnesium bromide (1.75 mole)
prepared by the reaction of 335 g. (1.75 mole) of p-chloro-
bromobenzene in 750 ml. of dry ether with 44 g, (1.80
mole) of magnesium turnings. The reaction mixture was
decomposed with dilute hydrochloric acid. Distillation
at 1 mm. yielded 282 g. (629) of 2-trichloro-1-p-chloro-
phenylethanol, boiling at 123-125°. :

A solution of 26.0 g. (0.1 ntole) of 2-trichloro-1-p-chloro-
phenylethanol in 50 ml. of dry benzene was slowly added
to a suspension of 20.8 g. (0.1 mole) of phosphorus penta-
chloride in 20 nil. of dry benzene. The reaction mixture
was warmed for fifteen minutes at 50° following the initial
reaction. The benzene and phosphorus oxychloride were
removed under vacuum. The 1,1,1,2-tetrachloro-2-p-
chlorophenylethane distilled at 112-117° (1 mm.); it
weighed 24.0 g. (869).

NitroDerivative of 1,1,1,2-Tetrachloro-2-p-chlorophenyl-
ethane.—To 5 g. of 1,1,1,2-tetrachloro-2-p-chlorophenyl-
ethane was added 10 ml. of fuming nitric acid. The reac-
tion was exothermic, and the hot solution was allowed to

(27) Collet, Bull. soc, chim., [3] 21, 70 (1899).
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phenylmagnesium bromnide was added with stirring.
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cool to room temperature and then poured onto ice. The
product, when recrystallized from Skellysolve F and ben-
zene, melted at 71.9-73.0°.

Amnal. Caled. for CHO,C;N: C, 29.7; H, 1.2; Cl,
54.8; N, 4.3. Found: C,29.8; H, 14; Cl, 54.8;, N, 4.7.

Synthesis of Dichlorobenzophenones.—Of the six pos-
sible isomeric dichlorobenzophenones with one chlorine in
each benzene ring, only two, the p,p’ and o,p’ isomers,
have been described in the literature. In the course of
this work it was desired to prepare the remaining four.
Of these the preparation of m,p’-dichlorobenzophenone
has been described above., The m,0’ and m,m’ isomers
were prepared by the addition of m-chlorophenylmag-
nesium bromide to the proper chlorobenzonitrile and heat-
ing under reflux in benzene for two hours. The m,o’-di-
chlorobenzophenone was an oil, b. p. 140-142° (1 mm.),
and was obtained in 739, yield.

Anal. Caled. for Ci3HsOCl: C, 62.2; H, 3.2; (I,
28.2. Found: C, 62.5; H, 3.5; Cl, 28.3.

The m,m’-dichlorobenzophenone, which was obtained
in 779, yield, distilled at 160-166° (2 mm.) and melted at
123.8-124.9°.

Anal. Caled. for Cy;3HsOCl: C, 62.2;
28.2. Found: C, 62.2; H, 3.3; Cl, 282.

0,0’-Dichlorobenzophenone was prepared by oxidatiort
of o0,0’-dichlorobenzilic acid, which was obtained by the
series of reactions o-chlorobenzaldehyde, o,0’-dichloro-
benzoin, o,0’-dichlorobenzil, 0,0’-dichlorobenzilic acid.

o0,0’-Dichlorobenzoin,—o-Chlorobenzaldehyde (technical
grade) was redistilled, and 98.5 g. (0.7 mole) of this was
heated at reflux for half an hour with 95 ml, of ethanol, 75
ml. of water and 10 g. of potassium cyanide. The orange
oil which separated upon cooling did not crystallize. It
was washed by swirling with cold water and used in the
following preparation.

0,0’-Dichlorobenzil.8—The crude o,0’-dichlorobenzoin
was placed in a 1-liter flask and 250 ml. of concentrated
nitric acid added through the condenser. An immediate
and vigorous reaction ensued. When the reaction had
quieted, the mixture was warmed on a steam-bath for five
hours and then poured into 2 liters of cold water. The
yellow product was collected and recrystallized from 1300
ml. of ethanol. Concentration of the mother liquors gave
additional material. It formed light yellow prisms, m. p.
133-135°. The total yield was 85 g., or 919, ot the basis
of the o-chlorobenzaldehyde used.

0,0’-Dichlorobenzilic Acid.—The benzil, 75 g. (0.268
mole), was heated at reflux on a steam-bath for ten minutes
in a mixture of 50 g. of potassium hydroxide, 100 m]. of
water, and 100 g. of ethanol. The mixture was evapor-
ated in a dish until only a dark-brown oil remained; it
was then dissolved in 2 liters of water and the benzilic acid
precipitated by the slow addition of dilute hydrochloric
acid. The acid was collected, dried, and recrystallized
from benzene, . p. 162-163°. The yield was 72 g.
(90%,).

Anal. Caled. for C1H1pOsClp:
Found: C, 56.92; H, 3.41.

Bis-(o-chlorophenyl)-carbinol.—To a solution of 27.0 g.
(0.192 mole) of o-chlorobenzaldehyde in 100 ml. of dry
ether 160 ml. of a 1.2 N (0.192 mole) solution of o-chloro-
The
reaction mixture was heated at reflux for one hour and was
then hydrolyzed with dilttte hydrochloric acid. Distilla-
tion of the ethereal solution gave 24.0 g. (499%) of oil, b. p.
155-165° (1.5-2 mm.). The acetate of this alcohol melted
at 137-138°.

0,0’-Dichlorobenzophenone.—An acetic acid solution of
chromic anhydride (3 g. in 20 ml. of acetic acid) was mixed
with 3 g. of o,0’-dichlorobenzilic acid. A vigorous evolu-
tion of gas occurred. After further warming, a solid was
obtained by pouring into dilute alkali. Three crystal-
lizations from ectltanol, sublimation and a further crystal-
lization gave 1.19 g. of large, octahedral crystals melting
at 45-46°.

(28) Hodgson and Rosenberg, J. Chem. Soc., 14 (1830).

4, 3.2; Cl,

C, 56.59; H, 3.39.
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Anab.  Caled. for Ci3HsCLO: C, 62.18; H, 3.21; (l, TABLE IV
28.24. Found: C, 62.41; H, 3.62; Cl, 28.35. 24.D I D

The same ketone was prepared by heating at reflux a ,4-DINITROPHENYLHYDRAZONES OF ISOMERIC Di1CHLORO-
mixture of bis-(o-chlorophenyl)-carbintol and sodium di- BENZOPHENONES
chromate in sulfuric acid and acetic acid for three hours. ~M. p. of derivative— Analyses,8 %———
The neutral fraction gave upon distillation a nearly quanti- lsomer  Crude, °C. Pure, °C. c H Cl
tative yield offoil, b. p. 127-135° {1 mum.), which upon 0,0 200-205 206-208 53.3 2.8 13.2
crystallization from etlianol, melted at 45.4-46.6 (cor.). ; o

2,4-Dinitrophenylhydrazones of the Isomeric Dichloro- 0P , 225-228 2:30 23_1_ 52.8 2.8 1?'1
benzophenones.—To 1.0 g. (0.0073 mole) of 2.4-dinitro- ~ oM ~ 263-257 255-257  52.8 3.0  12.9
phenylhydrazine dissolved in 2 ml. of concentrated sulfuric m,m’ 234-238 235-238 53.2 2.8 12.9
acid 15 ml. of 959, ethanol was added; tlis solution was mp’ 253-256 258-260 52.9 2.8 12.8
then mixed with a solution of 1.25 g. (0005 mOIC) of the P:Pl 195-203 238-240 53.3 2.8 13.2

ketone dissolved in 25 ml, of 959, ethanol. I most cases
crystallization was complete it oue to two hours; the
0,0’-dichlorobenzophenonc was allowed to stand overnight
as crystallization was very slow. Yields were not cal-
culated, but were high. The crude 2,4-dinitrophenyl-
hydrazones were dissolved in hot pyridine and recrystal-
lized by the addition of warm 959, ethanol. This is
similar to the method of Brady.?® The properties of tle
dinitrophenylhydrazones are given in Table IV.

Summary

Studies have been made of the composition of
several samples of technical DDT and a sample
of “by-product oil” recovered from a process of
refinement of crude DDT prepared from ‘‘chlorin-
ated alcohol” and chlorobenzene. Technical DDT
has been found to contain upwards of 709, of 1-
trichloro-2,2-bis-(p-chlorophenyl)-ethane  (p,p’-
DDT), the most active insecticidal ingredient.
The major impurity is 1-trichloro-2-¢-chlo-
rophenyl-2-p-chlorophenylethane  (0,p’-DDT).

(29) Brady, J. Chem. Soc.. 756 (1931).

¢ Caled. for C1oH,O4NyCly: C, 52.9; H, 2.8; N, 13.0.

Lesser amounts of twelve other organic impuri-
ties have been found, the presence of which may
be explained on the basis of side reactions involv-
ing chloral, chlorobenzene, sulfuric acid, ai«d im-
purities in the starting materials.

Work on the proof of structure, including syn-
thesis, of the by-product materials, is described.

Tle o,p’- and the m,p -1somers of p,p’-DDT and
various derivatives of these compounds are de-
scribed.

‘The synthesis of all the 1someric dichlorobenzo-
phenones with one chlorine atom on each ring and
of the 2,4-dinitrophenylhydrazones of these ke-
tones is described.
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The Reactions of Antisera Homologous to Various Azophenylarsonic Acid Groups
and the p-Azophenylmethylarsinic Acid Group with Some Heterologous Haptens*

By DavID PRESSMAN, ARTHUR B. PARDEE AND LiNUs PAULING

Recently we have made quantitative studies of
the combining powers of substituted phenylar-
sonic acids and of naphthylarsonic acids with an-
tisera homologous to the o-, m-, and p-azopheuyl-
arsonic acid groups'.2? (anti-R,, -R., and -R,
sera, respectively) and to the p-(p-azophenylazo)-
phenylarsonic acid group?* (anti-R; serum).
The quantitative studies of these antisera have
now been extended to include their reactions with
substances related to phenylarsonic acid but in
which the aromatic nucleus uttached to the ar-
senic atom of the arsonic acid group is replaced
by an aliphatic or alkaryl residue, or one of the

* The Serological Properties of Simple Substances. X1, For No.
X of this series see THIs JourNaL, 67, 1219 (1945).

(1) D. Pressman, D. H. Brown, and L. Pauling, tbid., 64, 3015
(1942),

(2) L. Pauling, D. Pressman, and A. L.. Grossberg, sbid., 66, 784
(1944).

(3) L. Pauling and D. Pressman, ibid., 87, 1003 (1945).

(4) D. Pressman, J. T. Maynard, A. L.. Grossherg, «nd L. Pauling,
thid., 6B, 728 (1043).

hydroxy groups of the arsonic acid is replaced by
a second organic residue to form an arsinic acid,
or the arsonic acid group is altered to form the
dimethylursine dihydroxide or the arsine oxide
group, or the arsenic atom is replaced by another
atom (pliosphorus, antimony, or sulfur). We
have studied also the reactions of antiserum ho-
niologous to the p-azophenylmethylarsinic acid
group (anti-Rcn, serum) with several heterologous
substances.

Some similar reactions of antisera with heterolo-
gous substances have been studied qualitatively
by other investigators. Erlenmeyer and Berger®
found that an antiserum to horse serum coupled
with diazotized p-aminophenylarsouic acid formed
precipitates with ovalbumin coupled with diazo-
tized p-aminophenylphosphonic acid as well as
with the antigen from diazotized p-aminophenyl-
arsonic acid, but not with the antigen from diazo-
tized p-aminophenylstibonic acid. Haurowitz

15) H. Erlenmever and E. Berger, Binchem. Z., 268, 429 (1932).



