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TRO DERIVATLIVES
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Organic Chemistry of the WMilitary

Aeademy imeni K. #, Voroshil®oe V
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The present worlk represents the practical application of our theory
for nitrating paraffins and the alkyl-benzene gide chain for ‘the purpose of
developing nethods for obtaining mono-nitro derivatives.
7111 recently the only lmown way of nitrating toluene and other allkyl-
benzene side chains has been the classical method of . L. Konovalov. The lat-

ter obtained phenyl—nitro—ﬁi%h&me by heating & mixture of hydrocarbon and ni-
;

tric acid &t specific gravity 1,12 in a sealed tube over a waberbath for 48

hours.
The obscure reaction mechanism has prevented Konovalov from describ-
- \ 0 "
Ve 4y R e e whoty P i T e, TpYEE v e B CER veosutid
. \ . ' - ¢ s
ing the synthesls adequetely. Thus, the Konovalov experlmenkshuxgboen per=

v dseh
“Golleman and Ven Raalte, who either did not ob-

i
formed independently by\&gnéh,

tain phenyl-nitro—meth&ne at all, or at most obteined 1-2 droos of it. Neither
vesve o 8% )

could P. P. Shorygin (1) repeal. the results obtained by Lenovalov, despite the

fact that his data were more favorable than the data of the others. Shorygin's

attemplts to account for the reasons of the failure werse not successfule.

Continuing our rasearch in nitrating toluene‘in%o the side chain, we
,Si cvele {: «© :&, £.0 oot oy e oy
st ined by now satisfactory methods for wroducing the feaction in open con-

tainers so as to obbain hundreds of grams of phenyl—nitro—mcthane. As & ni-

‘\I‘J‘I\:J’\~ ..A;P__.
trating agent, nitrogen @i&axide :hn be used as well as nitric acid é@ gpecific
gravity 1.5; to be heated at 90 - 100 degrees /bentigradq/ for a_period of 4 hours.
B \M‘/Qs*w‘o\"r‘\o“")
These results, very different from the data of previous rogoarch, “have been achiev-
om the Cosrn O
ed cProm-the following theoretical analysis.

According To our first reports (2,3) the mechanism of forming mononitro

compounds Y nitrating pereffins and their derivatives with nitrogen oxides and

- e
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o ? pitric acid is os follows:
| Wﬁvw%mi\d”‘“(“
i ! i (a) EIn-fevsming the r’aical by

meric nitrogen dioxide:

RE+WOz = R+ HNOz

Ahe Vﬁac4la~‘¢4-qu
rescting hydrocarbon with mono=

goan AmeD

(b) Subsequently, alkyl mixds

| RH-+ N0p = ]

. The most important reaction competing with the ls

”

R .
vy v oty s™m

e o

S0

Lowing nitro-compound which subsequently is

1 (=}

methane as was shovn in the provious report (3). In

&

up the conversion conditions for nitroso~-compounds

/

tives and other products. \/

£

of the radical with dimeric nitrogen dioxide ¥g O4 o giving

will be the misebure of allyl with niltrogen oxide.

A supplementaly accessory reaction appears to

oy

with the radical molecule 2
o bber procoss

This yields ‘the fol-
converted into phenyl-dinitro-

- L v g d v

'ig were also cleared
p

into mono=nitro derive-

he the interaction

oxidized pro=

ducts which will be explained in detail in anothev chapter.

Prom the foregoing it follows,

Lhat for accelerating the nitration

of nitric oxide in the 1iquid phase and cuiding 1% into the direction of

forming mono-nitro derivatives, we should puild up during the reaction

a sufficient quantity of

of NO and Wp 04 . Yorking with open

; cess of solvent or still better the hydrocarbon itself.

and reduce as far as possible the concentration

containers we succseded in performing

the reaction at a Genperature of about 100 degrees and by employing an ex-

The utilization

of a large quantity of hydrocarbon guarantees sufficient concentration of

Nop during the reaction, and the temperature rise ig of minor importance

in relation to NO/NOz

bility of nitric oxide and th

of WMo 04 which a orocches 100 percent under these conditions.
. <) B I >

the yield of the mono-nitro derivative

We Q4 /NOQ due to the sharp decrease in the solu-

the considerable increase in the dissociation

The de-

duction about the effoct of temperature and the quanbtity of hydrocarbon on

: i ' - .
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XCOBS hydrocarbon, a counsiderable in-

Parsllel with the usp of e

} cresse in ‘the yield of mono-nitro compounds hes also been brought about z
; ]
= N E . . . . . 4

; by introduction of oxygen during the recction. This 1s oxplained by the §
: 1
: ; s : e Ak A \ | ' c o4 . . 3
: following considerations. A48 it is shovmn by the stoichiometric cquations i
4

of the nitrating and oxidizing reactions with nitrogen dioxide, as follows: i
&

1
i

2("\'} H ,5(3}'[;? -+ :)\‘CZ = ’?'CG 115 CH’E NOE + H EO+ e

o Blo, = Gy Hy COOH + fHy O 43N0

9 Z

211 of them form nitric oxide by the unproductive consumpbion of nitrogen

dioxide. This circunstance involves a reduced partisl pressure snd con-
sequently & concentrebion of W0z in the hydrocarbon, which decrenses the

rapidity of the reaction. The introduction of oxygzen, transforming the

nitric oxide into dioxide, ough= to contribute bo the more evbensive and

complete use of the bound nitrogen and o the acceleration of the reaction

rate, a fact confirmed by experiment. The oxidizing under these conditions

in the final analysis took plece exclusively &t the expense of the oOXyien.

For offective nitration of ‘tolucne side-chains by nitric acid, &c-

i
cording to our theory, the Tollowing should be provided:
(1) HavE O3fEE 0XLDES FRESLL Y Al S START OF THE RiaC TLOMN o

TH

HOLD

) HELP Of WITRIC ACLU BULLD UP AD

TR

T i
BXIEST

OF 10y TO

TOWS TO STOP THE M TRIC

MYL-

X

[ TRATLON

DEVELOPED FOR TH

AT TH L
7o fulfillthe first condition it is sufficient to add initielly &
or substances which can produce the

certain quantity of nitrogen dioxide

s
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ric acid, suoh ws

£ 1abter easily Dy reacting with ni’ joxynethylens,

required concenbration of mitrogen dioxide ‘o corraspond i

i / to &58Ura

i with the equilibriuwn ed

SHop 4+ 1 0 > 2 HNO5 7o

13

Tt wes necessaly o maintain & sufficiont concentration of nitric

acid in this cas@e This has been achisgved ghrouph the gradual addition

of nitric acid of specific pravity 1.5. In order to avoid nitrating to-

Juene into ‘the naclous with such £trong pibric acid, the labber should

he coaverted immodiately into the inorid

yic phase ond not allowed Lo come

into contact with the hydrocarbon. Using ©XCEsS hydrocarhon gives in

[

addition to the adventages formerly mentioned the possibility oft decreas-

o

ing the destructive effect of the nitric acid on the mono-nitro derivetive.

i

3 It is interesting ©o note T

in all exporiments flor

oluene at 100 de 1208 centigrade with the vsc of oxygen, e always et

o LY

a noticeable and suf ficiently constant quanti ;heﬂyl*dinitTOﬂnemuwuy

perhaps due to the inability vnder these conditions of glimineting nitric

oxide comp

1etely throughout the reactions wor is ‘the following

ibs evolution excluded

: : g, g Ch = 1O ( He 2 4 N0
‘ ; Cy e GE w, o s Ug 5 2 ) + 2
the reaction of alkyl with ¢lectrophylic molecvl. 1O at en increased

tempera ture at times split of f hydrogen jon and forms she anion of the

acifora, Which,subsequently oy reacting with @XCBss dioxide can be transfor-

med into & dinitro derivative. The said conclusion 18 confirmed experimen-
tallye

BXPERIE

SITAL ]

The nitration Was effocted in @ double-necked Plesk. Into the
central opening was inserted 2 separufory funmnel, The end of which reaches

the bottom of the f1ask; the side extension of the inlet tube and Tthe neck

X
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of' the fumel were connected, if necessary, with the help of a T-connection
o o source of oxygen. The offset neck of the flask was connected with a

reflux condenser, <o which were consecutively attoched two Tishcheuko corm—

> i 3
‘,’.‘lo\:\\-“-. ol cu‘

dénser, with nitro=henzine, surrounded by a cooling mixture. A bubble count-
ing device with v rogulating tap, and, finally, a pasometer for the rosidus
ol guses and added to the apparatus.

The processing of the rezction mass and the recovery of its com-

yonents was accomg by a mebhod similar to the one described earlier.
: !

/Q/ A& substantial improvement was introduced for the extruction of phonyl -

nitro-methine. To accelorate and expedite the mexi

n recovery of phenyl-

nitro-methane, which wis exceptionully difficult in the presence of excess

toluene, several grams of diethylamine were added. The latter, as shown

itro-n

by special experiments, reacts rapidly with phensrl - thane, even in
J Sk L A J I 7 >

the toluens solution, with the formation of crystalline diethyleammoniun

salts of "aciform". Due to the low solubility of

ne in 10 per-

used for the recovery, the amine was almost entirely

B

found in the hydrocarbon layer, where it reacted with phenyl-nitro-methane,

as was showvm directly above:

Cy Hy CHo (Cy *

5 )2 )
The formed salt, passing, as an ionic compound, into the alkaline

solution, was trausformed there into & sodium derivative with simultan-

gous rogeneration of diethylamine, which again entered the cycle. The
eddition of diethylumine hss, in a number of experiments, permitted short-
tening the time/necessary for obtaining phenyl-nitro-methane to one hour,
instead of the 20 to 30 hours which were necessary while working in the
usual way. L still greater eff'ect was observed in the recovery of diphenyl
nitro-methane and methyl-phenyl-nitro-methsne.

Let us check some instances of the isolation and identification of
phenyl-nitro-methene. Thus, for example, it is revealed that before the
acidification of the solubion of phenyl-nitro-methine salts, which always
contain a large quantity of nitrate, we add a small quantity of potassium

bicarbonate and carbamide with the hope of diminishing the harmful action

- Z-
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of tho liberated nitric oxides and the strong acidity of' the acinitro

compound.
|
The success of <the distillation of phenyl-nitro-methane in vecaum

depends on sccidentul, still not altogether expluined circumstances. 1In

the majority of cases it is porforned successiully even when we use more

than one hundred grems of the substance, and signs of the dissolution were
< 2

obgerved only towards the end of the process. Never has o sudden strong

dissolution of the substances daken place even during the experiments when

the used product had been successfully distilled earlier. Tater, we found

out that enalogous phenomens has been observed by Komovalov and Goim. /5/

ot once the phenyl—nitro—methune in & pure and

in order to separs u

occeeded as follows: 'The alkaline exbtroct was bodll-

recctive aciform, we

ed in o water bath to the point of crystallization, which subsequently was

allowodito.complete itself in tho cold. The released colorless sodium salt

of aci~phenyl-nitro-methane is drawn off in a glass filter, and is washed

with a 20 percent solution of sodium chloride. In repeating the process

with the mother solution we can obtain a certain quantity of the products

Thus more than 80 percent of the formed phenyl—nitro~mothane could be fraeed.

The obtained phenyl-nitro-methane was distilled at 10 mm pressure

and 105 - 107 degreecs Centiprade into a light yellowish oil with a specific

gravity of 1.5341. Tts exact identification hus been achieved by reduction

with zinc dust in an alkaline solubion with & quantitative dischavge into

amine, and then in the absence of & depressed temperature for the fusion

of ‘the oxalate and picrate of the latter, in the mixture of the product

with the respective salts of benzylemine obtained from benzyl chloride, as

per Kanitzuro. For the identification of phenyl-nitro—dibromomethane, it

is converted into phenyl-nitro-methane, sccording to Ter-Meer Dby heating

it with alcoholic alkaline solution and pottassium nitrite.

The surplus toluene, is distilled from the reactbion mass, alter

the exbtraction of phenyl-nitro—methane, at the remaining pressure of 40 -

50 wm end & temperature of the water bath not more than 50 degrees Centigrade.
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of the liberated nitric oxides and the strong acidity of the acinitro

compound.

cess of tne distillation of phenyl-nitro-methane in vacaum 1 e

til1l not altogether explained circunstances. In i i

The suc
depends on sccidentel, s

the nejority ol cases it is performed successfully even when Wwe use more

of +he substance, and signs of the dissolution were i

than one hundred grans

observed only towards the end of the process. Never hos & sudden strong ;

dissolubion of the substances taken place even during the experiments when

the used product had been successfully distilled eurlier. Later, we found

out that enalogous phenonens has been observed by FKonovalov and Golm. /5/
‘the phonyl—nitro—methun@ in & pure and

I order to separsce at once

reactive aciform, we proceeded as follows: The allkalinc cxtract was boil-

which subsequently was

ed in o waber bath to the point of erystallization,

allowed:to.complete itself in the cold. The released colorless sodium salt

of aci—phomyl—nitro—methane is drawn off in a glass filter, and is washed

with a 20 percent solution of sodium chloride. In repeating the process
ntity of the product.

with the mother solution we can obtain a certain qua

Thus more than 80 percent of the formed phenyl—nitro—meth&ne could be freed.

The obtained phenyl~nitro—mcthane was distilled at 10 mm pressure

vellowish 0il with a specific

and 105 = 107 degrees Centigrade into 2 lig

gravity of 1.554L. Its exact identif'ication hes been achieved by reduction
with zinc dust in an alkaline solution with a quantitetive dischavrze into

omine, and then in the absence of & depressed temperature DT the fusion

of the oxalate and picrate of the latter, in the mixture of the product

with the respsctive salts of benzylemine obtained from benzyl chloride, as

per Kenitzaro. For the identification of phenyl—nitro—dibromomethane, it

is converted inbo phcnyl—nitvo—m@thane, sccording to Ter-leer by heating

1% with alcoholic alkaline solution snd pottassium nitrite.

The surplus toluene, is distilled from the reaction mass, after
the extraction of phenyl—nitro—methane, ot the remaining pressure of 40 -

50 mm and & bGemperature of the water bath not more than 50 degrees Centigrade.

A
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The doprees of transforming poluene into phanyl—nitvo-mathmno
are praotically ghe seme in both exporiments, but the absolute yield
of ‘the mono~nitro cowpound in this case, Sue to the great quantihy of
hydro—carbon nsad, i almost three +imes higher than in the first ex-
poriment.

WG ACLD

2, MLUR

The apparatus described earlicr 1s filled with toluene and &

puffer sslubion of B prams of mitrie acid at specific cravity 1.58,

40 prams S50 percent sulfuric acid and 0.5 grawns frioxynethylene. To this
wiile heating in e water bath for 3.5 houre, is added from the drop fun-
nel 50 williliters of nitrice geid ot specific cravity 1.5. The admission

of oXyEen, if the test ecelled for it, s slow &t pirst, bthen accelerated

b of the reaction, and 5uid@d, a8 described §DOVE .

volopr

In the most pevorable chses the oubtput of raw phenfl—ﬂitTOumethane

cric acid on toluence, ropresents 1more than 50 percent of Tthe thgoretl-

by 1

cal quanbity and the tobal utilizaetion of the Hound nitroiLen is wbout 90

percent

Ny

N
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o of weaction
fxperi- Conditbions Yield of Reocbion Products
meont
i1llegiple 1llegible i1legible illegible
1 200 milliliters
toluene'wihhout
01 28.6 £ 16.2 5
Ad B Yo 3549 5
2 500 ml. Loluene
without Og b 1447 g, 16.2 foe
3 23.5 %
3 1750 mle toluene
writhout 92 5.0 & Gl B 3L.1 3
3 10,1 - HLed e
& 500 ml. Golueno @
1iters O £Bh G 5 20,9 &
43,7 2 275 5 21
= 17 ml. boluent &}
1iters D2 143 e 39,7 ge
11t

jon of toluene into phenyl«nitro~

e rete of the tGransiort
methene 18 fairly constents 1T fluctuates within the 1imite of 45 - 55
percant; it decreases with the decrease in the quantity of toluene; mos®

probably due to Tthe acceleration in ‘the process of decomposition of the

nitro compound in the acidic layel .

Slifications, the described method for nitration

#ith certain sl

1 very good for producing phenyl—nitro—mothune.

caieLy
1. The 1ack of corvect concepts on the mechenismn of this reaction
hes 0o permitted the earlier scientific investigator
n chain, and produce suffici@nt outpus of

cribed pitration of ‘the paraffi

monomitro—compounds.

o, BPasicallys the formation of mononitro derivativesiinﬁthayparaffin

chain. passes thru the following sta.pess

-7 -
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/e intor action of the intermediatoly gonoratod rodicals with the nitric
oxide and the dimeric nitrogen pewoxide Wp Oy 88 o rule, leads to the
production of hemodinitro compounds and oxidation products «
3, 'The indicated process for nitratlon of the paraffin chein, is
further coﬁfirmed by the exp@riments for producing phenyl—nihro—m@thane,
thru nitretion of toluene with nitrogen peroxide and nitric acid at specific
sravity 1.5 in open vessels - an ontput of more than 50 percen® than stoichio-

ieally possible, was obtained.

TG

4. A method for the acceleration of the conversion of @soudo—acids

into aciform salts by the sddition of mines W&S proposed, and its applica-

bility for the extraction of priwery and seccondary mononitro compounds , Wes

established.
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