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IRTRODUCTION



OBJEGTIVE

Nitrated diohlorodiphenyls having repog}

ed
nitrogen contents corresponding to ﬁrinitre&iéhlan
rodiphenyl have beagwyroparod by direot nitration
of 4, 4tediohlorodiphenyl (1). The two prodicts
seoured by this nitration, one melting at 164-1650
aﬁﬂﬁhaving & nitrogen content of 11.64-11.71 per
oent, the other melting at 143-147° and having a
nitrogen ocontent of 11,03-11.19 percent, were
thought to be isomers. 8ince the one melting

8t 143-147° has a range of several degreea in
melting point along with a nitrogen content ap- -
proximately .62 per cent below that of the theo-
retical for dichlorotrinitrodiphenyl, 1t'waa POKB-
ible that the lower melting compound was identical
with the higher one but less pure.

The prime purpose 0f ths work to be desoribed
in this thesis was to determine the positions of
the nitro-groups in 4 4i.dichlorotrinitrodiphenyl,
melting point 164-.165 , and to study further the
lower melting compound with a view of deSermining
whether ox no% it was truly isomeric with the first.
In addition, a study of the physical and ohemiocal
properties of both nitro-derivatives was projected
'in order to inoresse the relatively low yield of
the higher melting compound through the application
of such knowledge.



It was proposed also %o ocheck the method of
nitration previously referred to, as well as the
analytical method, which was more or less new, in

application to this type of nitrogen compounds.



HISTORICAL

The first diphenyl derivatives of the type
to be studied were prepared by a reaction in which
substituted aryl halides were treated with copper,
thus coupling the benzene nuclei at the point
occupied by the halogena, The yields obtained by
this method were very low, and in proportion, the
coat was 8o great that only a limited amount of
research was carried on. Fo commercial applica-
tions were possible under such conditions.

Recently diphenyl has been made by passing
benzene and steam over a oracking surface such
as pumice at a high temperature and pressure (2).
A large yileld was obtained by this method at a

relatively low cost, and derivatives of

are now made from diphenyl itself, by using ths
well known substitution reactions. A commercial
outlet for the ochloro~ and nitro-derivatives was
soon found in the production of stable ghms,
resins, and dye intermediates. Thus was opened
a field of research with seemingly unlimited
poasibilities.



THEORETICAL

On oxidation of diphenyl, banzoic acld is
produced; therefore, on oxidation of a trinitro-
derivative of 4,4'wdichlorodiphenyl in which two
nitro-groups are on one ring and one nitro~group
on the other a 4-chlorodinitrobenzoic acid should
be produced. The reason for believing the nitro-
groups are distriduted in such manner will be
readily understood after reading the discuasion
in regard to the orientationcof the firast two
nitro-groups mentioned later in this section,
oomparison of the 4-chloro-XY-dinitrobenzoic acid,
8o produced, with known 4-chlorodinitrobenzoloe
acids should be sufficient in determining the
positions of two of the nitro-groups on one ring.

It has been shown by Erlenmeyer and Graebe
that a nitro-group on & benzene ring renders that
ring stable toward oxidation, whlle an amino-~group
makes the ring more susceptible to oxidation (3).
On oxidation of nitronapthalene, nitrophthalic
acid was produced, but when aminonapthalene was
oxidized phthalic acid was produced.

COQH
Oxidation N 000K
CO0H
Oxidation > COOH

NH



Therefore di- and trinitro-derivatives of
diphenyl in which there is at least one nitro-group
engeacﬁ ring, wuuid not be expected to readily under-~
go oxldation. On the other hand it has been shown
that 4, 4'-dichlorodinitrodiphenyl, which was also
prepared by:direet nitration, reacts with alcohol-
io ammonia and §1peridine, under normal conditions,
to form ljeohloro-dt~aminodinitrodiphenyl and
Lechloro-4'~piperidinodinitrodiphenyl respectively.
These reactions being typioal of aliphatic groups,
(4), it was thought that one

gl v el

NOQ ' Noe

+ NHz + HOl

NOp RO,
Cl NH,



cl | cl1
No2 . %9
Hy
+ jof Hé ) <+ HO
KOZ NO 5
o1
N
H 2
H 2
Ha

of the ringe may act as an aliphatio grouping, o8~
peoially when certain groups are present on the
ring, Thus it was thought that 4,4'~dichlorotri-
nitrodiphenyl, prepared by direct nitration,

w&uld have the same properties anq poasibly under-
go direct oxidation, If the #,4'~dichlorotrinitro-
“diphenyl would not undergoe direct oxidation, then
one or more of the nitro-groups could be reduced to
the corresponding amino-groups, forming, as men-
tioned before, a compound which should be quite
susceptible to oxidation., However, the location of
the position of the third nitrO-group necessitates
an entirely different and more complicated proced-
ure.

Further nitration of a 4,4'~dichlorodinitro-
diphenyl, prepared by direct nitration of 4,4'-
dichlorodiphenyl, might reasonably be expected to
give & trinitro-body corresponding to one of those

under consideration. This, if successful, would



fix the positions of two of the nitro-groups, pro-
vided these positions were known prior to the in-
troduction of the third. Such a dinitrodichloro-
body‘waa available inv4,4'~dichloro~2,3'~din1tro~
diphenyl, sc this means of attack was used aimul—
taneously with the one first mentioned,

In connectibn with the positions of the nitro-~
groups in the above mentioned ocompound, a controver-
8y has arisen which it is necessary to disouss
briefly. .Direot nitration of 4,4'-dibrompdiphenyl
by Lellman's Method produces & mononitro-compound,
melting at 124°, which is identical with U4, 4¢-di-
bromo-2-nitrodiphenyl prepared with 2-nitro-benzi-
ddne (5). On further nitration of Lellman's mono-
nitro-compound a dinitro-compound was formed, which
corresponded with the dinitro-derivative of 4,4
dibromodiphenyl prepared by Schultz and on reduct-
ion a diamine, melting at 89°, was formed which was
identiocal with the diamine prepared by Schultz (6).

The latter diamine would not undergo condensa-
tion of the type to be expected of a symmetrical
diamine. This peculiarity led Dennet and Turner to
believe that the dinitro-derivative was unsymmet-
rical, (7), and on further study it was found that
the dinitro~-compound depressed the melting point
of the 4,4'-dibromo~-2,2'=-dinitrodiphenyl prepared
from 2,5-dibromonitrobenzene (2). The unsymmetri-

cal dinitro-compound reacted vigorously with pip-



eridine to give a bromopiperidino-nitrodiphenyl,
"4 Yredibromo~2-nitrodiphenyl and 4,4'~dibromo-
2,2'-dinitrodiphenyl were not affected by piperi-
dine, and it is therefore clear that the above
piperidino-derivative is 4,4'-dibromo-2,3'-dini-
trodiphenyl, and that the original dinitro-compound
is the 2,3'=derivative."

The dinitro~derivative of 4,4'-~dichlorodi-
phenyl, malting at 1409, descrived by Schmidt an

i naign S
o s

schulz was similarly found to be 4,4'~dichloro-2,3'=
dinitrodiphenyl (9).

Hodgeon also prepared a dinitro-derivative of
4,41~dichlorodiphenyl from 3,3*(2,3!?)-dinitroben~zid
zidine which was ldentical with the directly nitra-
ted 4,4t~dichloro-dinitrodiphenyl (10). On treat-
ing the dinitro~compound with an excess of alcohol-
ic ammonia he found that only one of the chlorine
atoms was readily displaced by ammonia. Therefore,
if the dinitro-derivative of benzidine was either
of the two possible isomers mentioned, it must
have been the unsymmetrical one, (11), as only one
chlorine atom reacted with ammonia to form Y-chlo-

ro-4teaminodinitrodiphenyl.
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EXPERIMENTS
OXIDATION OF Y4 4'~DICHLOROTRINITROD IPHERYL

A mixture composed of 3.5 grams (.01 mol) of
%,4'~dichlorotrinitrodiphenyl, melting at 164-165°,
4.7 grams (.03 mol) of potassium permanganate, and
54 grams (3.0 mol) of water was placed in & 200 c.o.
flask fitted with & stirrer and a reflux condenser.
The mixture was heated on a water-bath with contin-
uous stirring until the permanganate color dis-
appeared, which took 3.5 hours (12).

The mixture was filtered, and the manganese
dioxide that remained as a residue wae disgoarded.
The filtrate was olarified'byﬁ&xaating with animal
charcoal, acidified with hydroshloric acid and ex-
tracted with ether. After the sther had evaporaw-
ted a few colorleass cryatals remained, but the juan-
tity was 1asuffioiont for analysis.

This method of oxidation was repeated four
times, each time the oconditions being varied, ad
shown in Table 1, but none of the extractions con-
tained organic matter,

Since these results were negative, it seemed
necessary that one or more of the nitro-groups
would have to be reduced before the compound would
undergo oxidation, as was previously mentioned in
the theoretical éiscussion,

\



Run Subsatances used {Jranms

1

OXIDATION OF 4,4'~DICHLOROTRINITRODIPHENYL

4,4t.dichloro-
trinitrodiphenyl z.?
K¥noy i,

4 41-dichloro-
trinitrodiphenyl
KunOy

Ho0

§,4twdichloro-
trinitrodiphenyl 7.1

KMnO L8
4,41~dichloro=
trinitrodiphenyl 10.
KMnOy 4,74
H20 11.5
4,4v-dichloro-

trinitrodiphenyl 10.

0
9-2
H50 4,6

o1
Lk
ot

¥ola Time Temp.
0.01

0.03

3' 305 hro 1000
0.02

0,06

3. 4,0 hr, 100°
0.02

0.06

3. 5.0 hr. 100°
0.028

0.0R

0.045

0.6 2.0 hr, 100°
0.024

0.06

0.09

0.25 2.0 hr,

1000

10

Yield

.00 gr,

.00 gr,

.00 gr.

.00 gr,

.00 gr.
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ATTEMPTED REDUCTION OF ONE NITRO-GROUP

OF 4 ,4*~DICHLOROTRINITRODIPHERYL.

The following method was used in an attempt
to re-duce only one nitro-group:~ a mixture made
up of 3.5 grams (.01 mol) of 4,4'~dicholrotrini-
trodiphenyl, 41.5 grams (.9 mol) of alcohol, and
7 grams (.2 mol) of ammonium hydroxide was placed
in a flask and heated. Hydrogen sulfide waa then
added until the weight had inoreased 3 grams .(.085
mol), Then 100 grame (5.55 mole) of water was add-
sd and the solution neutralized with sodium hydrox
ide to precipitate the amine (13).

The preoipitate, a mizxture composed of a red-
dish brown powder and a small quantity of yellow
crystals, was dried and waahed with acetones. After
the acetone had evaporated, a mixture of brown and
yellow orystals remained., The product melted at
1122-1350,

There i8 no doubt that a reaction had taken
place in this reduction, as the solutions obtained
on dissolving the monoamine in various golvents
were highly colored while the solutions made of
the same solvents and trinitro coampound were clear
or slightly yellow. Due to the similarity of
4, 4v.dichlorodinitroaminodiphenyl and 4,4'wdichlo=-
rotrinitrodiphenyl, it was imposasible to obtain
the amine in a pure state. A reduotion by the use
of tin and \hydrochloric acid was then attempted,

as such a reaction should produce & triamine have



ing properties sufficiently different from the
mother substance to make a complete separation

possible.

12
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ATTEMPTED PREPARATION OF 4 ,4%~DICHLORTRIAMIN-
PHERTL

A mixture of 3.5 grams (.03 mol) of tin,

2.16 grams (.12 mol) of water, and 10 grams (.028
mol) ofili,4'~diohlorotrinitrodiphenyl was placed
in a 200 c.0. flask fitted with a reflux condenser
and stirrer. Then 2.16 grams (.06 mol) of hydro=-
¢hleric aold were added, énd the contents werse
heated to 70° with constant stirting for 1.5 hours.

The solution was then filtered, and the fLé}o
esoent filtrate was neutralized with sodium hydrox-
ide and saturated with sodium ohloride. On stande
ing, 2.5 grams of a dark brown resinous product
precipitated out,

This method of reduction was repeated several
times, being modified each time as shown in table II,
in an attempt to increase the yield of 4,4'wdichlore ﬂ
otriaminodiphenyl.

In run number two the reduction was carried
out the same as in the first, but was refluxed for
1 hour instead of 1.5 hours, On purification g
larger quantity of unchanged tin and 4,48-dichlo-
rotrinitrodiphenyl remained in the residue,

' In run number three the entirs residue was
dried, washed with acetone, and diluted with hydro-
chloric acid to precip;tate out the trinitro-ocom-
pound, The solution was then filtered, and the
filtrate was evaporated to dryness on a steam-bath,

In run number four the solution was filtered,
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and the filtrate was evaporated to dryness on a
steam-bath and vacuum distilled, The distillate
solidified, forming a yellow powder which melted
at 125-133,5°, This product was not easily con~
densed, much of it being carried over into the
vacuum pump. |

Runs numbers five and six wers purified the
same as run number three,

Runs numbers seven and eight were purified
ag follows:~ the entire solution was diluted to
500 ¢.0. and hydrogen sulfide was added until the
tin had completely precipitated. The solution
was then filtered and the filtrate dried on a
steam-bath, There was a small quantity of ime
purities in the amine, most of which was thought
to be free sulphur.

Although the method used in the purification
of runs three, five, and six did not produce yields
which were as high as those produced by the method
used in the last two runa, the products contained
less impurities., It was not possible to purify
the compound sufficiently for analysis and complete
identification, but the general appearance and
properties of the product were such that it w&s
believed that the trinitro-compound had been at
least partly reduced. Even partial reduction
would have been sufficient for the purpose of

rendering dne ring more susceptible to oxidation
80 the next group of experiments were attempts to



oxidize the reduced product to chloronitrobven-

zoilc acida,

15



ATTEMPTED PREPARATION OF 4 ,4*~DICHLOROTRIAMING

II

DIFHERYL

Run Substances used Qrams

1

- CH,000H
é

b ,4r-diohloro~
trinitrodiphenyl 10.
Sn 3.
HOl 2,
H50 2.
4,41=dichloro~
trinitrodiphenyl 10
Sn 3
2
2

1
16

HC1
Hy0

4,4v~dichloro-
trinitrodiphenyl 5.
Sn 3.5
HCl 2,16
CH,CO0H 1.8
323

4,41 .di0Mor0~

trinitrodipnenyl 5,
Sn 7.
HCl 2.
CH.000H 2.
H,0 0.

4,41.dichloro~
trinitrodiphenyl 2
Sn 3
HCl 1
1
Hy 0

4,4'=dichloro-
trinitrodiphenyl 2.5
Sn 10.5
HC1 25.92
0330005 20,

4, 4r~dichloro~

trinitrodiphenyl 2
Sn 10
HCl 25
CHBGOOH 20
4,4r~dichloro-

trinitrodiphenyl 2
Sn 10
HC1  _ 25.
OBBGOOH 20

¥ols Time Tamp

E -» - -
O it O
o

=OOO0O
L ]

WOCOO

n

o

o
O

L
AN O
Ut
o

* »

HOOO0OO
WOOOO

-

OO0
—~ QO
pYeRe ]
O

2
0.35 5.0

0.039
0.09
0.72
0.23 9.0

0.0&9
0.09
0.72
€.33 9.0

hr,

75°

hr.100°

hr,100°

hr.

300

hr, 259

hr,

hr.

259

250

16

Yield

2.5 gr.

2.3 gr.

2.6 gr.

1.6 gr.

1.8 gr.

1.82 gr.

1.82 gr.
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OXIDATION OF REDUCED

4,49 .DICHLOROTRINITRODIPHERYL

A mixture of 3,29 grams (.01 mol) of a product
believed to be chlorotriaminodiphenyl, 1.58 grams
(.01 mol) of potassium permanganate, 3.5 grams (.935
mol) of sulphuriec acid, and lolgrams (.55 mol) of
water was placed in a 200 c.0., flask fitted with a
stirrer and & reflux condenser, and heated on a
water~bath with constant stirring until the permﬁn—
ganate color disappeared.

The mixture was filtered, and the manganese
dioxide that remained as a residue was discarded.
The filtrate was clarified by treating with animal
chargoal, acidified with hydrochloric acid, and ex-
tracted with ether. After the ether had evaporated
a small quantity of brown powder remained, which
was then analyzed, and proved to be mostly inorgan-
ic matter.

This method was used in the following oxidat-
ion, and, as the reagents and quantities are given
in tadble IlI,only the results of the purifications
will be mentioned here,

In run number two, ligroin, bengene, and chlo-
roform were used &s extraction solvents. The lig-
roin and benzene extractions were completely nega-
tive, but aﬂ evaporation of the chloroform a very
small quantity of brown resins remained. The res-
ins were soluble in concentrated hydrochloric acid,

but inaoluﬁie in both neutral and alkaline solut-
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ions. It was therefore thought to be the original
triamine~compound.

In run number three, since chromic acid was
used as the oxidizing agent instead of potassium
permanganate, an entirely new method of purifica-
tion was necessitated. The solution was made al-
kaline with ammonium hydroxide, and the chromium
hydroxide was filtered off., The red filtrate was
divided into two parts: the first was acidified
with hydrochloric acid and extraoted with ether,
The ether extraction was negafive. The seocond
portion was saturated with sodium chloride, and
a brown precipitate was throun out of solution.
on investigation the brown precipitate was be-
lieved to be the original triamine.

In run number four the solution was again neu-
tralized with ammonium hydroxide, but, instead of
a green precipitate of chromium hydroxide being
formed, a small quantity of brown substance pre-
cipitated. The brown substance was soluble in con~-
centrated hjdrocnloric acid, forming a red solu-
tion, and slightly soluble in & neutral solution.
It was therefore thought to be the original amine.
The filtrate was again acidified, shaken with ben-
zene, and the two layers separated. After the Ben-
zene had evaporated nothihg remained. The aqueous
layer was then neutralized with sodium hydroxide,

and steam distilled, but without success.



19

In this group of experimenits it was shown that

the reduction was not sufficient to render one ring
susceptible to oxidation., It was possible that the
oxidations attempted merely changed any amino-group

baock to the original nitro-group.



III

ATTEMPTED OXIDATION OF PRODUCT IDENTIFIED A8
4,4'wxcﬁmamxmmwwamm

Run Substances used (rama

1

4, 4t-dicholrotri-

aminodiphenyl 3.
KMnOy 1,
Ho0 10,

4, hv~diochlorotri-
aminodiphenyl

29
58
5

L) 4
WO

3.

3.
10
u,u'~diohlarotr1~
aminodiphenyl

Cx0
0333003

4,4vedichlorotri-
aminodiphenyl

0338003 12

1.6
1.85
60.

2.1“'
3.65
0.

Mols Time Temp.

0.01
0.01

0.035

0.55 @2 hr, 8§°

0.01
0.02
0307
0.55 2.5 hr. 85°

0.00
0.01
1, 2.5 hr, 90°

0.0075%
0.03
2. 1.5 hr. 90°

20

Yield

.00

.00

.00
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NITRATIOKS

PREPARATION OF 4, 4'<DICHLORO=2,3'«DINITRODIPHENYL

A mixture of 1.96 grams (.02 mol) of concen=-
trated sulphuric acid, specific gravity 1.84, and
7.56 grams (.12 mol) of red fuming nitrio esoid,
specific gravityl.45, placed in a 2000.c. flask
and cooled 0%, Then 14.05 grams (.0606 mol) of
b,41.41chlorodiphenyl were slowly added. When the
addition was completed the contents were heated on
& water-bath at 85-90° with constant stirring for
2 hours (14). ,

The product was washed with water, dried, and
divided into two portions, The first was recry-
stalized from ether, The first fraction to ory-
stalize melted at 127-130%, while the second frao-
tion melted at 76-80°, The second portion was re-
crystalized from benzene. The first fraction to
crystalize, a white powder, melted at 90-1159,
while the second fraction, a pale yellow powder,
melted at 85-879, The fraction melting at 90-1150
wee further purified by the use of benzene, and a
new product melting at 131-133° was obtained.

A 50% mixture of 4,4'.dichloro=2,3'=dinitrodi-
phenyl, melting at 136°, and the product melting at
131-133% inoreased the melting point of the latter
to 132.5-134°,

The U4,4'~dichloro-2,3'=-dinitrodiphenyl, melting
at 136°, was a commercial product, which had been

purified by vacuum distillation; but on further
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purification by recrystallization from glacial acet-

ic acid, its melting point has been brought up to
140°, The nitrogen oontent of the dinitro-compound
melting at 136° was ohecked by the Kjedahl method
and was foun& to be 8.7%, while the theoretiocal is
8.,9%.

This method of nitration was alaso used for the
following preparations, the modifiocations in guanti-
tiea and oonditions being given in table IV:

In fun number two, the product was also divided
into two portions, The first was reorystallized from
glaocialacetic acid, The firet fraction to orystal-
1ize melted at 86-920, while the second fraction
melted at 85.96°, The seocond portion was reorystale
lized from aloohol, The first fraction to corystal-
lize melted at 97-101°, while the second fraction
melted at 94-97°,

In run number three, the vibration of the stir-
rer cragked the condenser two hours after the run was
started, and water ran down into the flask. There
was an extreme heat produced by the resotion of the
water and the fuming acids, but the heat did not
seem to have had any effeot on the reaction products
as will be seen later,

The product was recrystallized from alcohol,
The first fraction to crystaliize melted at 126-135°
while the second fraction melted at 95-108°,

A 50% mixture of U,lht.dichloro-2,3'~dinitrodi-
phenyl and the product melting at 126~1359 increased
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the melting point of the latter to 128.1340,

The latter nitrations proved sufficient insofar
as only one dinitro~compound was produced, and the
melting point of the slightly impure dinitro«gom~
pound was not depressed but raised when ml;ad with
a more pure sample of 4, lUt~dichloro-2,3'-dinitrodi-
phenyl., This compound was prepared for further ni-
tration in an attempt to secure produots identiocal
to those formed by uninterrupted nitration of U, U4¢ .
diohlorodiphenyl, the nextgroup of experiments being
along that line.

| v
PREPARATION OF 4,4'~DICHLORO-2,3'~DINITRODIPHENYL

Run Substances used Grams Mols Time Temp. Yield*
1 4,kr.dichloro~

diphenyl 14,05 0.0608

Ho80y 1.96 0,02 ,

HRO 7.56 0.12 2 hr, 85-90° 9.6 gr
2 4,4r.dichloro~ )

diphenyl 13.4  0.0567

Ho80) 1.96 0.02

H 03 7.56 0,12 2.5 hr,75-850 9.3 gr
3 4, 4r1.dichloro-

diphenyl 66.9 0,299

* The yield in this table is the total yield
of all fractions melting above 1250,
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FITRATION OF 4, 4+«~DICHLORD~2,3'~DINITRODIPHENYL

A nixture composed of 36.8 grams (.375 mol) of
20-30% fuming sulpburic acid and 40 grams (.635 mol)
of rzed fuming nitric aocid, speocific gravity 1,45,
were poured into a 500 c.o. fl'ask and cooled o 0°,
Thenl4.08 grams (,.O45 mol) of 4,W'-dichloro-2,3'-di~
nitrodiphenyl were slowly added. when the addition
was complgted the contents were heated on a water-
bath at 50-60° with constant stirring for three hours.

The entire mixture was separated into two dis~
tinct portione by filtering the acld solution through
glass wool, The f11trate was then poured over oratfi-
ed ice, and a white precipitate deposited, which was
washed until free from acid. The white precipitate
was then recrystallized from glacial acetic acid and
dried on a suotion filter. The product melted at
156-1589,

The pale yellow crystalline residue retained by
the glass wool was washed until free from acid and
reorystallized from glacial acetic acid. The first
fraotion to crystalliza‘melted at 145-152°, while
the seocond fraction melted at 113-120°,

A 50% mixture of the product melting at 156w
158° and the 4,4'ediohlorotrinitrodiphenyl, melting
at 164.165°, prepared by a Rebernak, melted at 123
1299,

This method of nitration was also used for the
following nitrations, modifications in conditions be-

ing given in table V: in run number two only the acid
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soluble portion was further purified, as the res-
idue was highly contaminated with rubber fiom the
stopper on the flask. It was first recrystallized
from glacial acetio acid and dried on a suction fil-
ter. The white crystalline product melted at 158~
162,59, and, on further purification by recrystal-
lization from alcohol, the melting point was raised
to 162-1649,

A 50% mixture of the pioduct melting at 158-
162.5°, and the 4,4'-dichlorotrinitrodiphenyl melt-
ing at 164-165°, previously mentioned, melted at
139-1459, | |

In run number three the acid soluble portion
was reorystallized from glacial acetic acid. The
first fraction to crystallize melted at 161-1689,
while the second fraction melted at 153-162°, The
fraction melting at 153-162° was vaouum distilled
and a product melting at 158-163° was obtained.

The fraction melting at 161-163° was again ory-
atallized from glaclal acetie acid, and the melt-
ing point was raised to 163.5«16%.25°,

A 507 mixture of the produot, melting at 163.5.
165.25°%, and the 4,4?-dichlorotrinitrodiphenyl melt-
ing at 164«165°, melted at 163-164.5°, Thus it was
believed that the nitro-compounds were identical.
The depression in the mixed melting pointé of the
producta obtained in the two preceding runs and
4,41~dichlorotrinitrodiphenyl, melting point 1G4
1650, may have been due to insuffiocient purifica-
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tion. The reason for believing the products of the
two preceding runs were impure is shown by compar-
ing the melting points of those products with the
melting point of the product obtained from this run.

In run number four the acld soluble product
was recrystallized from glacial acetic acid., The
more insoluble fraotion melted at 117-135°,

The residue was also purified by the use of
glacial acetic acid and two fractions were obtained,
one melting at 12U~136° and the other melting at 126~
1400,

In run number fiﬁa the filtrate was again recry-
stallized from glacial acetic acid. The first frac-
tion to crystallize melted at 156~160.59, while the
second fraoction melted at 158-162°.

The residue, melted at 125-136°, after being
reorystallized from glacial acetic acid.

A 507 mizture of the product, melting at 159-
163.59, and the nitrated 4,4'-dichlorodiphenyl, melt-
ing at 164-1650, melted at 160-162°, |

In run number six the products were again recry-
stallized from glacial acetic acld, and the fraction
having the highest melting point melted at 152-1580,

A 50% mixture of the latter product and the ni-
trated 4,4'-dichlorodiphenyl, melting point 165-1659,
melted at 159-161.59,

The results of the mixed melting points, mention-
ed in conneotion with the nitrations of 4,4'-dichlo-
ro-2,3'~dinitrodiphenyl, were sufficient indication
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that the two compounds were identical. The fact that
further nitration of 4,4'~dichloro~2,3'~dinitrodiphen~
vl yielded a compound identical with a 4, 4t.dichloro-
trinitrodiphenyl, melting at 164-165%, showed that two
of the three nitro-groups believed present were in the

2,3'=positions.
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NITRATION OF 4,4'w»DICHLORO-2,3'~DINITRODIPRERYL

Run

1 4,4v.dichloro-
2,3'«dinitro~
diphenyl

Hn80
o
2 4,4v.dichloro-

2,3'«dinitro-
diphenyl

1580
HﬁOBu
3 u ,4t~dichloro=

3'~dinitro~
diphenyl

55034

4 4§,4r.dichloro-
2,3'-dinitro-
diphenyl
Ho30
H%O 3“‘

5 L4,4r.dichloro-
2,3'=«dinitro=-
diphenyl

Ho S0y
H 03

6 4,4r-dichloro=-
2,3'-dinitro~
diphenyl

tho

Substanoces used Grams

14,08
6.8
0.

14,08

ag.s

14.08

ag.s

14,08

28.5

14,08
468

14,08
6.8
0.

28

¥ole Time Temp.

5 hr,50=-600

3.5 hr,50-60°

4 hr.50-60°

3 hr.50-60°

0.04
0&5

¢ The yield 1s in terms of total yield of
fractions melting above 1409,

0. 635 3 hr.50-60°

Yield »

9.7 gr

8.8 gr

7.5 gr

8.9 gr

9.1 gr
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PURIFICATION OF 4, 4t-DJOHLOROTRINITRODIPHENYL]
MELTING POINT 143-147°

Further purification of 4,4'-dichlorotrini=
trodiphenyl, melting point 143-147°, was attempted
by reorystallizing the product from various organic
solvents and by vacuum dietillation. None of the
préducts obtained by these methods of puiification
showed any appreciabie change in melting point, so
the following method was attempted:~ to a mixture
of 10.8 grams (.11 mol) of concentrated sulphurio'
acild, specific gravity 1,84, and 17.2 grams (.27
mol) of red fuming nitric aocid, specific gravity
1.45, 3 grams {.0084 mol) of U4,4'~dichlorotrini-
trodiphenyl, melting point 144-145°, were slowly
added. The contents were heated on a water-bath
for 2 hours,

The mixture was then filtered through a mat
of glass wool, The fllttate was poured over crack-
ed ioe, and a white crystalline product deposited.
The precipitate was washed until free from acid
and dried in a vaocuum desiccator. The product melt-
ed at’146~149°. The residue that remained on the
glass wool was also washed and dried. It melted
at 145-147°, |

In the second purification a mixture of 7.36
grams (.075 mol) of concentrated sulphuric acid,
specifio gravity 1.34, 7.2 grams (.074% mol) of 20-
304 fuming sulphuric acid, 11.6 grams (.134% mol)
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of fuming nitric acid, speocific gravity 1,39, and
11 grams (.18 mol) of red fuming nitric acid, speo~
110 gravity 1.45, were poured into a 200 c.c. flamk
and cooled to 0°, Then 5 grams (.0139 mol) of 4,i'-
dichlorotrinitrodiphenyl, melting point 145-147°,
were slowly added, When the addition was completed
the contents were heated on a water~bath for 2.5
hours.,

The mixture was then filtered through glass
wool, The filtrate was poured over oracked ice and
a white crystalline substance deposited. The pre-
oipitate was washed until free from acid and dried
in a vaocuum desicocator. It melted at 146-1519,

The residue that remained on the glass wool
was also washed and dried. It was further purified
by reorystallization from glacial acetic acid and
dried on a suction filter. It melted at 145-148°,

| The acid solution used in this purification
was made on such basis that it would not exceed
the normality of the spent acid solution obtained
from the nitration of u,u'~dichlcrodiphenyl by A.
Reberznak's meilod, which was 21-26 normal. As the
acidity of tioe latter sclution was approximately 25
normal it was believed that the purification was
due to the difference in solubility of the nitrated
bodies and further nitration had not taken place.
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PURIFICATION AND FURTHER NITRATION OF DICHLO-
ROTRINITRODIPHENYL, MELTING POINT 145-1470,

To a mixture of 110.4 grame (1.125 mols) of
20-30% fuming sulphuric acid and 120 grame (1.905
mols) of red fuming nitric acid, specific gravity
1,45, 10 grams (.028 mol) of 4,4'~dichlorotrini-
trodiphenyl, melting point 1i5-147°, were slowly
added. The contents were heated on a water-bath
for two hours.

The mixture was then filtered through glase
wocl, The filtrate was poured over crascked ice
and a white cryetalline substance deposited, The
precipitate was washed until free from acid, dried
and recrystallized from glacial acetic acid. It
was again washed and dried in a vacuum desiccator,
The produot melted at 160,5-164°., The residue
that remsined on the glass wool was washed until
free from aolid, dried, and recrystallized from
glacial scetic acid, The oryatala were very pale
yellow and melted at 1U45,5-1430,

A 504 mixture of the fraotion, melting at
160,5-164°, and 4,k'-dichlorotrinitrodiphenyl,
melting point 164-165°, melted at 161-164°, This
melting point indicated that the 4,4'-dichlorotri-
nitrodiphenyl, &elting point 145.147°, was not an
isomer of the trinitro-compound, melting at 164
1659, but an impure fraotion of the latter.
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PURIFICATION & NITRATION OF NITRATED 4, W+~DI-
OHLORO=2,3'~DINITRODIPHENYL, MELTING POINT
110-126°

A mixture of 110.4 grams (1.125 mols) of 20=-
304 fuming sulphuric escid and 120 grams (1.905 mols)
of red fuming nitric acid, specific gravity 1.U45,
was cooled o 09, Then 10 grams (.02%2 mols) of ni-
trated U, ,4'.dichloro-2,3'~dinitrodiphenyl were slow-
ly added. After the addition was completed the ocon-
tents were heated on a water-~bath at 60-70° for
three houss.

The mixture was then filtered through glass
wool. The filtrate was poured over cracked ice
and a white oryetalline substance deposited, which
was washed until free from aoid and dried in a
vacuum desiccator. The product melted at 164,5-
1689, The residue, remaining on the glass wool,
was washed until free from acid, and dried on a
suotion filter. The dry reasidue was recryafall-
ized from glacial acetic acid and two fractions
were obtained. The first to crystallize melted
at 150.5-154°, while the second melted at 14l
1470,

This run was made to confirm the belief that
only one trinitr@~eampound is produced on direct

nitration,
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NITROGEN ANALYSIS

A8 the nitrogen analysis of 4,41-dichlorotri-
nitrodiphenyl was made by the use of the modified
Kjedahl-Gunning method, whioh was more or less new
in its application to this type of compound, it
was checked by the analyeis of known compounds (15).

A .5 to 1. gram sample of nitro-compound was
placed in a Xjedahl flask. To the sample were add-
ed 30 0.0. of concentrated sulphurio acid, 1 gram
6! salioylic acid, and 5 grams of sodium thoisule
phate. The contents were then heated until sul-
phur trioxide fumes ceased to evolve. Then 2 grams
of copper sulphate and 5 grams of potassium sul-
phate were added. The flask was heated until the
solution became clear.

Both pioric acid and 4,4'-~dichloro-2,3'~dini~-
trodiphenyl were analyzed by this method and aoour-

ate results were seoured, as shown by the following

table,

Compounds Nitrogen calculated Nitrogen found

Piorioc acid 17.5% 17.02%
Piorio aocid 17.5% 17.23%
4,4redichloro~

E,Z'odinitrodiphenyl 8.9% 8,7%

4,4rudionloro-

2,3'-dinitrodiphenyl 8.9% 4.68%

The method can therefore be considered as

being dependable,
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CONCLUSION

The data collected in this study indicated
that two of the nitro-groups in 4,4¢~dichlorotri-
nitrodiphenyl are in the 2,3'«positions, as. it has
been shown that on further nitration of 4,4'-dichle-
ro-2,3'=dinitrodiphenyl a nitro-compound was formed
whioh was identical with 4, 4'~dichlorotrinitrodi-
phenyl, melting at 164-165°, is produced,

The 4,4t-dichlorotrinitrodiphenyl, melting at
143-147°, believed to have been an isomer of 4 4~
dichlorotrinitrodiphenyl, melting at 164165°, was
shown to be a mixture of di- and trinitro~compounds.
By both veorystallization and further nitration of
the product melting at 143-147° a produot, which
was identioal with U4, 4v.dichlorotrinitrodiphenyl,
and which melted at 164-165°, was obtained.

In conclusion the evidence indicated that only
one trinitro-compound was produced by direct nitra-
tion of 4,4r'~dichlorodiphenyl, whether the reaction

took place in steps or in one operation,
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