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INTRODUCTION

The research dlscussed iIn this thesis 1s a contin-
uation of the work started in this laboratory in 1931
on (1) the methods of preparation, and (2) a study of
-ths action of aqueoﬁs sodium hydroxlde solution upon
nitrcmethane(l). The first work, designed to ascertaln
the best laboratory method for the prepsaration of nitro-
methane and to investigate the possibility of its reduc=-
tion to an aliphatic azoxy compound by sodium methylate
in a methyl alcohol solution, gave unexpected results,
which in turn led to an investigation of the action of
aqueous sodium hydroxide upon nitromethane.

v‘ It was found that in the standard laboratory me-
thod of Fo Co and M. G. Whitmore(z) which called for equi-
molar quantities of the reacting reagents, i.e., chlor-
acetic acld and sodium nitrite, that the quantity of
sodium nitrite used could be reduced to twq-thirds the
quantity called for without reducing the ylelds of nlitro-
methane to any appreciable extent. BSecondly, sodium
methylate in methyl alcohol was found to convert to an
undetermined extent nitromethane to ammonia and sodium

formate. During sn alkaline steam distillation in the
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second stage of this previous investigation the ammonia

did not distill in a brief interval of time, but contin-
ued to come over for several hours. Thils fact suggested

that the aqueous godium hydroxide formed from the hy-

drolysis of sodlum methylate was reacting with the nitro=-
methane causing the slow contlnuous formation of ammonia.
Upon investigation of the action of concentrated aqueous
sodium hydroxide ﬁpon nitromethane, it was found that not
only ammoﬁia but also sodium carbonate were the products
of the reaction. They were also found to be present in a
one to one molar ratio according to the regquirements of
an equation derived for the reaction, namely:
CHzNOg + 2NaOH — NagCOz; —+NHz 4 Ho0
This reaction was explalned in terms of a previous-
ly postulated reaction mechanism which arose from the
gquantitative study of the action of fused anhydrous caus-
tic alkalles upon a variety of carbon compounds(S). Two
general type reactions for the abundant liberation of hy-
drogen or methane, and in some cases both hydrogen and
methane, were found to conform to the following eguations
in which M = Na or X, and R(OM)n was an alkall carbonate:
R(H),+ nMOH -—? R(OM), + nHp
R(CH;)p+ nMOH —» R(OM) + nCH,
In proposing an explanation for the mechanism of
these reactlons, 1t was assumed that the alkall hydroxides
apparently underwent an acidic dissociation, MOH—} H + OM.
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The reactions of twenty-two carbon compounds, Investigated
from this point of view, were shown to conform to the
following generalization or rule(4). "Each hydrogen atom
or each methyl radical, which in the carbon compound is
united to a carbon atom, which carbon atom is in turn
united to an oxygen atom, is liberated as a molecule of
hydrogen or as a molecule of methane, respectively,
through its combination with an atom of hydrogen the an=-
hydrous caustic alkali, MOH". Furthermore, each compound
to which the rule was not directly appliceble was shown
to react as if it suffered an oxidation-reduction reaction,
yielding its equivalents of products to each of which the
rule is applicable.

Now 1f the general type reaction R(H), + nNaoOH —
R(ONa)n + nHy, 1s applied to the hydrogen atoms of the
methyl radical of nitromethane, a reaction represented by
the following equation may be assumed to occur:

CHZNOy + 3NaOH —>  C(ONa),NO, + 3Hj (a)

The hydrogen thus avallable is not liberated but
may reduce the intermediately formed compound C(ONa)zNOg,
thus:

C(ONa)zNOp + 3Hy —> C(ONa)zNHp + 2H,0 ()

The saponification of the latter intermediate come
pound C(ONa), NHp, would yield sodium ortho cerbonate and

liberate ammonisa:
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C(ONa)sﬂﬂg'f NaOH — C(Oﬂa)4-+ NHz (c)
The hydrolysis of sodium ortho carbonate then
follows:
c(oma)4-+ Eéo - Nazcc3 + 2NaOH , (a)

The summation of equations (a), (b), (e¢), and (4)
of the above reaction mechanism scheme gives the follow-
ing simplified equation, (e), for the oxidation-reduc-
tion of nitromethane by concentrated aqueous sodium hy=-
droxide(s):

CHSNOZ'f 2NaOH — »Nazcos-* NH3'* H20 (e)

The experimental data, based upon the reaction of

0.25 mole of nitromethane according to the equation,

CHNO, 1 2NaOH — NagCOz + NH; + H;0, were as follows:

Run Normality Yields of Yields of Mol N »
" “of NaOH GOz (Moles) NHz (Moles) o "Bop & N o -

Ia 5 0.1163 0.1115 1 : 0.958
0.1167 0.1112 1 : 0.955
ib 5 0.1140 0.1175 1: 1.031
0.1139 0.1173 1 : 1.029
IIa 10 0.1239 0.1295 1 : 1.045
0.1240 0.1292 1 : 1.042
IIb 10 0.1236 0.1233 1: 0.998
0.1238 0.1235 1 : 0.997
IIIa 15 041206 0.1240 1 : 1.029
0.1205 0.1240 1: 1.021
IITb 15 0.118% 0.1139 1 : 0.959
0.1186 0.1141 1: 0,962
Average 0.1196 0.1199 l1: 1.002
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Since the use of 5N, 1ON, and 15N sodium hydroxide
gave about the same yields, l.e., about 50% of the theory,
of ammonlia and sodium carbonate, it was one purpose of
the present 1nveétigation (A) to determine the extent of
the occurrence of the postulated reaction, when aqueous
sodium hydroxlde solutions of lower concentrations were
reacted with nitromethane.

The other objectives of this research were to
investigate the nature and the extent of the action of
agueous sodium hydroxlide upon other aliphatic nit:o com=
pounds, namely, (B) nitrourea, (C) nitroguanidine, (D)
nitrobarbituric acid, and (E) chlorpicrin. |
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HISTORICAL

The historical pert of this thesis resolved 1tselfl
into two parts for each of the five nitro compounds studied;
namely, nitromethasne, nitrourea, nitroguanidine, nitro-
barblturic aclid and chlorpicrin. With the exception of
nitromethane which was reported in a previous thesis (1),
the literature was searched for the reduction of these
nitro compounds by various reagents and the extent of these
reductions. 8Secondly, the literature was reviewed for the
action of alkalies upon all five of these aliphatic nitro
compounds.

A. The Actlon of Alkalies upon Nitromethane

P. Friese(s) was apparently the first to investi-
gate any reaction between an alkali and nitrometheane. In
1876 he obtained a white crystalline powder, the sodium
salt of nitromethane, by the action of alcoholic sodium
hydroxide upon nitromethane.

By the use of sodium ethylate upon nitro methane
and evaporating from ether;‘V. Meyer(7) in 1894 obtained
the free sodium salt of nltromethane and not the double
salt of sodium nitromethane with water or alcohol as 1s

obtained with alcoholic sodium hydroxide.
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(8) obtained the sodlum salt

Likewise 1in 1894 Nef
of nitromethane by adding sodium to an ethereal solution
of nitromethane and evaporatlng to dryness.

Furthermore Nef showed that the sodium salt of
isonitromethane and not the sodium salt of nitromethane
was the correct one formed. That 1s, the formula was

0
found to be E?%3N=0Na and not H-§;N§8 « Nef proved

this to be true from the followingafacts:
l. When a cold agueous solution of a salt of
a nitroparaffine was decomposed by cold dilute
acids, the nitroparaffine was regenerated to a
very small extent, the larger part was decom~
posed into nitrous oxide and aldehyde (from
primary nitro compounds) or ketones (from se-
condary nltro compounds) according to the

following equations:

-0
2Rﬁ=N—ONa + 2HC1 2R%=O + N20 + HéO‘+ 2NaCl

Ry

2 R’

0
C=N-ONa +2HC1 — 2 RG=0 + N,0+ H,0 +2NaCl
R

This indicated that the salts did not have the
same constitution as the original compounds,
for if this had been the case the sodium salts
would have been completely reverted to the ori-
ginal nitro compound upon the addition of the
acid.
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With sodium isonitroethane and d;lute sulfuric
aclid the following reaction was almost quanti-
tative:

250,

g A H ,0
2 H- -Q;N‘ONa t+ Hy80, = 2 H -C=N— OH + Na
ﬁ H HH
Intramolecular oxidation-reduction then occurred
forming acetaldehyde and an intermediate compound
which decomposed into nitrous oxide and water,
according to the following equation:

H o S -0H
2 H-G{= N~OH -+ 2 H-G-G=0+ { o 7 Np0 + Hg0
2', When agueous mercuric chloride was added to

aqueous sodlum isonltromethane, mercuric fulminate

was formed according to the following equations:

H L0 g .9

H-C=N— 0-fNa H-C=N-0
+ 'Hg——) SHg +2 NaCl

H-C*Ng . O{Na - H-C=N-0

H O H 'O

This compound lost water forming mercuric ful-
minate, as follows:
é;@:%—o\% R C=N-0_
/ 7
N0 C=N-0
H O

3« The action of methyl iodide upon the sllver

Hg + 2 HyO

salt of dinitromethane to give ethyl nltrollc
acld and formaldehyde was readlly explained by
the application of this formula, as follows:
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I[o

2o
H N= 0O
+ (XH, S H-G-C 4+ HI
'% “N o I “1§~-O—CH5

This intermediate compound underwent intramolecular
oxidation-reduction, giving ethyl nitrolic acid

and formaldehyde, as follows:
NO
2 H H /yoz "
- =y—3§[ﬂ — H¢-C=NOH + HC=0
0

In 1876 Lecco(g) discovered a light brqwn powdser,
the sodium salt of methazonic¢ acid, by heating nitromethane
with sodium ethylate. Lecco proposed the following correct
empirical equation for the formation of methazoniec acid:

2 CHzNOp —> Hp0 + CoHyNy04

However he erroneously supposed methazonic acid to

have the following structural formula: H-? Nfo

0
H-C-N{
H Yo

This erroneous supposition was based upon the false for-
mula for sodium nitromethans, which lead to the following

equation for the formation of the sodium salt of methazonic

acld:
0 Ne o
H-é— N(’ H-C- N + NaOH
BN
H-~C-N7 Y0
H Y0
(10)

Dunstan and Dymand found there was no reaction

between dry sodium or potassium carbonate and nitroethane.
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Theyvfound however that if they let nitroethane stand with
a strong aqueous solution of potassium carbonate that the
mixture beceme yellow and crystals of potassium aclid car-
bonate separated. Upon warming the mixture, it darkened
and separated into two layers. The top olly layer con-
tained methyl c¢yanide, while the lower agqueous layer con-
tained nitrite, ammonia, and a new compound which was
proven to be trimethyl-isoxazole, CHs—C=C-CHz .

b

CHy~C, P

Dunstan and Goulding(ll) offered the following

mechanism for the reaction of alkalies on nitroethane:
Representing the sodium salt of nitroethane
as sodlium lisonitroethane, based upon Nef's formula
for the isonitroparaffines, the sodium derivative
of acetaldoxime was formed together with sodium

’nitrite’and a residue, CHSC:

H 0
BG =N"—0Na
gl t HH . H
= N — -t =N~ + -
HO tCs N5 0Na "‘fH% C-N-ONa + 2NaNOp + Hp0 +2 HE-C (a)
H-I'

HC-C>N—QNa
HH

The sodium derivative of acetaldoxime dissociated in the
presence of water and the oxlme seemed to change into 1its
- tautomeric form, as follows:

HH H
— =N — 4 —3 =N <+
HG-C=N-ONa. + 50 7Hj c\g H + NaOH (b)
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This then combined with the CH, C residue forming tri-

3
methyl isoxazoline, thus:
g-c + -1l HG-G— N-E (e)
2 HC-C HC ~ N~ -C— N- ¢
H \%‘ —7* E | 6
A_*H H ¢
H” H% C=C-CHg

which in the presence of unaltered sodium nitroethane
was immediately oxidiz‘ed’, yielding trimethyl isoxazole

and acetaldoxime, according to the following equation:
H H

e HH
i lvgo%(H + HC-C= N-ONa —>

'-C"Nl H it
I%HH 0
ch C gﬂ
t=0¢-—- HH
H \ + (N~ N
gl o HG-C—N-H 4 veoxm (a)

The acetaldoxime was dehydrated forming the acetonitrile:
H H H
HC-C—N-H HC-C= N+ H,O
H.C‘O’ — HG 2 (e)

The summation of equations (a - e) gave the following
completed equation:

4 CH5-GH=¥§-0N& - CGHQON + CHSCN + 2 NaNO,+ 2 NaOH t Hy0 (£)

10
Although Dunstan( ) clalmed the reaction was in

stoicimetric relation, I was unable to find in his work
the extent of ylelds of more than one of his products.
Furthermore, his mechanism of reaction does not seem to be

very sound since he has postulated univalent carbon.
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Dunstan(lo) likewlse determined qualitatively
the action of several other alkalies upon nitroethane.

He found that warm aqueous sodium hydroxide or potassium
hydroxide acted upon nitroethane to give a nitrite, tri-
methyl isoxazole, ammonia, acetate, and an undetermined
brown resin. The ammonia and acetic acid resulting from
the hydrolysis of acetonitrile which was first formed.
Alcoholic soda or potash with nltroethane gave trimethyl
isoxazole, an aldehyde, nitrlite and the brown resin.
Calcium hydroxide gave no reaction with nitroethane. Dry
emmonia at 0°C. readily united with nltroethane to give a
snow white mass of tabular crystals of the following com-
position, CgﬁSNoz'Nﬂs‘ Aqueous ammonia and aqueous ethyl-
amine acted much less energetically upon nitroethane.
Concentrated aqueous ammonia heated with nitroethane in

a sealed tube at 110° - 120°C. gave ammonium nitrite,
acetonltrile, and trimethyl isoxazole. Alcoholic ammonia
with nitroethane produced aldehyde, ammonium nitrite,
acetonitrile and trimethyl 1soxazole.

When Dunstan(lo) mixed aqueous ammonla or potassium
carbonate wlith nitroethane he obtained an immediate reac-
tion and dérkening in color to almost black. The products
consisted of nitrite, hydrogen cyanide and methazonic acid.

(11)

Dunstan postulated the following mechanism of reaction,

based upon Nef'!s formula for sodium isonitromethene:
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H g= N--ONa
0
+ —_> H-g;- N-ONa + HoO + C = N~ONsa, (a)
C= 'I:I—ONa 8 :

The sodium salt of formaldoxime thus generated then dis-

H
soclated into the tautomeric form of oxime, H-C— N-H
No/

which condensed with the nitromethane residue yielding
the sodium salt of methazonie acid, as follows:

H H
H-C—N-H + C=N-ONa —> HC-N-H (b)
0 0 Neo-N= C -0
{
0

The summation of these equations gave the following
equation:

2 CHg" N”—OONa —>» CgHz0zNoNa + NaOH

Dunstan based this formula of the sodium salt of
methazonic acid upon the products of hydrolysis of sodium
methazonate, 1l.e., carbon dioxide, hydrogen cyanide,
and hydroxyl amine. The equations were represented as
follows:

H-G- N-E

I 0+ HCN ;. 0 =C=N-OH (a)
HO-N=C- 0 > t

0

0=C =N-OH + Ho0 — COpy + NHgOH (v)
The summation of (&) and (b) gave the following equation.
The ylelds were about 96% of the theory in conformity
with this equation:
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CoHyNy0; ——> COp+ NH,O0H + HON

Upon continued heating of methazonic acid with
aqueous alkalies, the hydroxylamine formed decomposed
into nitrate and ammonia éccording to the following
equation:

4 NH;OH —> HNO,+ 3 NH, + Hy0

Although Dunstan showed the percentage yield of
the decomposition products of methazonlec acid, he did not
show the percentage yield of methazonic scid from the
original nitromethane. Furthermore his structursal
formula for methazonlic acid is in disagreement with
Hantzsch's formula for methazonic acid based upon ab-
sorption curves and with Meister's chemical reactions
of methazonic acid.

Dunstan(ll) obtained the ammonium salt of meth-
azonle acid by passing ammonia into a solution of agueous
ammonia and nitromethane below 10°C. until the solution
was saturated with ammonisa.

)umstan(lo) found that alkalies acted upon primary
nitropropane at 10006. to give triethyl isoxazole, ethyl
cyanlde and nitrous acid according to the following
equation:

4 65H7H02‘—4709H15N0 + 02H50H~k 2 HN02-+ 3 H20

However like the rest of his work Dunstan did not
quantitatively prove this resction.
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Secondary nitropropane with aqueous sodium hydrox-

idé in a sealed tube at 11500. gave acetone, nitrous acid,
hydroxylamine and cyanide. -

(12)

Melster obtained good ylelds of free methazonic

acid by neutralizing the sodium salt with sulfuric acid.
Steinkopf and Bohman(ls) obtained 90% free methazoniec

acid by just neutralizing the sodium methazonate with sul-
furic acid and then evaporating the crystals from ether in
a vacuum desiccator containing sulfuric acid.

Steinkopf(lé) obtained free methazonic aclid from
nitromethane by heating it with sodium hydroxide below 55 C.
The solutlion was neutralized directly with hydrochlorie
acid, separated, strongly acidified and dried upon a porous
plate in a desiccator. It was purified by crystallization
from ether end dried over calcium chloride.

Scholl(ls) attacked Dunstan's formula for methazonic
acid from the standpolint that Dunstan's theory for the
production of methazonlc acid was too involved and further-
more that the formula did not best explain the products
of hydrolysis. Scholl believed under these conditions of
hydrolysis that there would not be a carbon-carbon rupture
but some other type of rupture. 8Scholl believed the
formation should show a nitrogen analogue to acetlc acid

(16)

and be monobasic, since Schultze showed methazonic

acld to be monobasic in character.
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Scholl represented the formation of methazonle acid

in the following simple manner:

0
ngﬂ’/—OH ,O0H 0
—?H-g.——N—Cﬁ:N—OH -+ H20
HC:N“_O
H Yo

He also explained the hydrolysis to hydroxylamine,
carbon dioxide, and hydrogen cyanide according to the fol-
lowing equations. The methazonle acld first hydrolyzed
to the nitrogen analogue pyruvie acild and hydroxylamine

as follows:

H-C=N-C=N-0H + H0 —HC=N-C-0H+ NI-I2 OH
This nitrogen analogue of pyruvic acid then decomposed
into formaldoxime and carbon dioxlde:
E ,0 0 H
H-C=N- C—-0OH —>COp+ H-C =N—OH
The formaldoxime then decomposed Into hydrogen cyanids,
and water:
H
H-C=N—- OH — HCN + H50

(17) thought it existed as tautomers of the

Melster
following forms:

H?—-N=0 = HC=N=-O0H

HC-N\\:O H =Nf0
B "o oH
However, from hls data, the formula HC=N-OH
/
HC-N=0
 H o}

seems to be the tautomer in preponderance.
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Meister showed the radical i OH to be present

from the reaction of methazonic acid with aniline, chlor-
‘aniline, and phenylhydrazine. A nitro group ( N g) was
indicated by the fact that these derivatives reacted with
nitrous acid to give a nitrolic acld test. A carbon-car-
bon iinkage was shown by the fact that hydrolysis of the
derivatives ylelded acetaldehyde.

Meister found that lodoacetaldoxime reacted with
sllver nitrite to give & siliver salt of aldoxime, this in-
dicated that the nitrogens were attached to two different
carbon atoms, furthermore it conformed with the above
stated formule, H-C=N-—OH ,of methazonlc acid.

H-—é -Nz O
H 0

The reaction may be indicated as follows:

E _,0
B8 -0 H-C mN7
| v @0, — | 0 4 agI
H-C= N-OH H-C=N—OH
E 0 H 0
H-C =n{, H-C —N{
' + AgNo, —> ! + mvo,
H-C=N— OH H-C= N—OAg

The reaction of anliline wlth methazonic acid ylelding
nitro ethylidineanil and hydroxylamine was indicated

as follows:

//o /,O

H H
H-C— N{ H-C — N{
i ‘o \0
‘ y @ . +
H-C—~ N— B¢ H-C=N—¢§ NHp0H
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This compound then reacted with nitrous acid in-
dicating a primery nitro group. Furthermore upon reduc-
tion ammonia was split off leaving the anil according to
the following equation:

CH, — NO CH
iz %2y B,~7 V% 4 N
HC = N-§ HC =¥— ¢

This anil in neutral solution then hydrolyzed to
acetaldehyde eand aniline, indicating a carbon-carbon link=-
age of two carbon atoms in methazonic acid. The hydrolysis
mey be represented thus:

HgH
Hé‘:N”@

Fehloraniline and b-nitrosniline gave similar

+ Hy0 — H§—§=o + Hﬁ@

results.

Meister furthermore showed that methazonlec acid
reacted with phenyl hydrazine yielding nltroacetalde~
hyde‘phenylhydrazone, sccording to the following equation;

40
- g H—C N,
° +’N § — -0 + NH,0H
-GN H-C= N—N- $

H
This derivative also gave a nitrolic acid test indicating
& primary nitro group.
Meister showed the following set of equations to
explain the hydrolysis of methazonic acid to hydroxylamlne,

carbon dioxide and hydrogen cyanide:
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H H i}
? N— OH >c=N OH (§=N OH |
P | _0 EZQ; + NH,0H
HC = I(—OH c:———N’;H ¢=0 o
bu OH

The oxamlido acetic acid then decomposed into hydrogen

cyeanide, carbon dloxide and water:
H

C=N}OH ,OH
—> HON -+ ¢-0
cC=0 0H
OH | J
Hy0 + CO,

18
Hantzsch( ) by spectral analysls showed methazonic
acld to be present in the following two forms:
H-C=N—0H _, H-C=N—-OH
] //0 <

{
H-C— Nz H-C
g 0

=M om

It seems very pleusible to me that the following
four tautomers might be present at various times depending
upon the prevalling conditions. The fourth tautomer has

not been postulated any place in the literaturs.

H B
H-C N oo . H—(’B ~N=0
— P
H—c; N, H-C=NZg.
M‘ Ty
QH )

C =N- OH H-C =N— OH
0 2 0
H“C"N‘so H-C ——N\OH
¢ |

9)

(1
Pritzl determined that the loss of formation of
nltromethane from chlorsascetic acid and sodlum nitrite due

presumsbly to the formation of methazonie acid was 23 - 24 % .
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(26) found at-33°C. and 105

Franklin and Krause
millimeters that liquid ammonlia formed a crystalline
addition compound with nitromethane of the formula
CH5N02.2NH5. Furthermore he found at a pressure of a _
few millimeters and -33"C. the compound was CH5N02.NH5 o

B. Nltrouresa

Thiele and Lachman(zl)

thought that they obtained
nitroso-urea by the action of 20% NaOH and zine or alumi-
num in the cold upon nitrourea. Although they could not
isolate the compound nor any nickel or copper derivatives
nor any benzoyl derivative, they obtained a purple red
coloration upon the addition of ferrous sulfate and upon
acidifying the solution supposed to contain nitrosoursa
noted a yellow coloration similar to nitrosoguanidine

and nitrous acid. These latter facts indicated quali-
tatively the following reaction in which nitrourea was

reduced to nitrosouresa:

H o H
2 B KOS ,N-N=-0
O:C‘N’H + 2H— O:C‘Nﬁ ~+ H50
N\ N

Nitrourea has been reduced to semicarblzide by
(o)
Thiele and Lachman(zé) and extracted as the benzaldehyde
compound, i.e., benzglldine semlicarbizide. Thiele and

(23)

Heuser added ice cold nitrourea and concentrated hy-

drochloric acid to & paste of zinc dust and ice.
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After standing, filtering, addition of sodium chloride and
sodium aceteate and the addition of acetone they obtained
acetone semicarbizide. The theoretical ylelds as the doulle
salt with zinec chloride, according to the following equa-
tions, were from 40 - 55% :

H o B H
AN N
0=C" =H +6 H-—>0= C JH H +2HO0
\H \H
H E{ H _CHg
N—N CH =§=C{ * 4 n,0
o=¢’ u \& 4 g]:c\’ R 0=C\/NH YoBg
N CH N
N\H 5 \H
g 0 GH H 0
2)0-& N— N —¢= NH, + ZnCly—> ¢S N—N—-G{——NH?) - ZnCl,
CH
3 3

Holyrod(24) electrolytically reduced nitrourea in
an agqueous solution of NH4C1 to semicarblzide. He obtained
66% yields of benzylidine semicarbizide when recrystall-
ized from commercial alcohol. From the solution of, unpuri-
fied benzyllidine semicarbizide with concentrated hydrochlor-
ic acid he obtained 89% semicarbizide hydrochloride asc-

cording to the method of Thiele and Stange(zs)
(26)

Cardler decomposed nltrourea with sodium hypo-
bromite obtaining nitrogen.
(22)

Thiele and Lachmen obtalned some nitroamide

(NH,NOp) by the action of hypochlorous acid on nitrourea.
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(27)

Thiele and Lachman observed that nitrouree, a
strong acld easlly expelling cerbonic acid, formed neutral
alkali salts end decomposed in the presence of warm alkae

(22)

lies with the formation of a gas. They also observed
that nitrourea decomposed upon melting or evaporation and
that a concentrated aqueous solution decomposed above 60 C.

22
Thiele and Lachman( ) also found that the potaessium salt
of nitrourea separated if alcoholic potash were added to
& solution of nitrouresa.

Willstatter and Pramnenste1l(?8) observea only
quallitatively that aqueous sodium hydroxide with nitrourea
evolved nitrous oxide in the cold, and ammonia upon
warming.

(29)

Davis and Blanchard heated aqueous nitrourea

in a sealed tube and obtained nitroamide and eyanic acid

quantitatively according to the following equation:
: H

_x A0

0= c/lsz HNQO ?

N/ <
Ny

H 0
H‘N-N§0 -+ HNCO

H20 +-N20

They found that bases promoted the previous re-~
actlon while aclds hindered it. The above reaction 1is
1rreversible'ip so far as nitrourea_is produced from
sllver cyanate, nitroamide and hydrochloriec acid.

Davls and Blanchard found that nitrourea heated to

170 C. in vacuum decomposed giving a sublimate and a resddue.
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The gases consisted of water, nltrous oxide, cyanle acld,

carbon dioxlde and ammonia, while the solids found were

_ ’NHZ - #0 ;i f/o »
urea (0"C‘NH ), biluret (HéN C- N— C—VNHy), emmonium
2 —¢-0H ' Chey
cyanurate (NH,0-¢” “/N ), and emmelide (N] /‘/c ©H) .
N= C~pg C—N

b
From ﬁhe gbove products they believed only from qualita=-

tive datas that nitrourea also decomposed according to the

following equation ylelding ammonia and nltrocyanlc acid:

H o

_ /N—N‘:O 0+ I

o-c\N,H SN o N"N=C=0 + NH
“H

C. Nitroguanidine
Pellizzari(so) warmed nitroguanidine with a dilute
solution of stammous chloride in an attempt to obtain
aminoguénidine. However instead he found guanidine and

ammonia which was represented by the following assumed

equation:
H o
JN—N{ NE,
H-N=¢] g © + 4 H,—> HN= Q »f NH 42 HyO
N
H

(31

Thiele ) succeeded in reducing nitrogusnidine
to eminoguanidine by adding nitroguenidine to a paste of
zinc dust ice and glacial acetic acid. Although nitro-

guenidine was first reduced to nitrosoguenidine he was
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unable to isolate it. The equation for the formation of

aminoguanidine was proposed as:

H 0
N—- N N N
H~N:C//H °+ 3 H -3 H—NG /HH2+2HO
“NZ 2 MWy 2
H

However the following year Thiele(Ez) isolated
nitrosoguanidine by reducing nitrogusnidine with zine

dust and sulfuric acid. The equation was represented

thus: H 0 H
/H-BE’O ,N-—Nz 0
H‘N=C\N<H -+ H2 —> HB-N= C\N(H -+ Hzo
H H
Friedlander(gs) reported that Boehringer electro-

lytically reduced nitroguanidine to aminoguanidine to
an extent of 81.3% by using a zinc cathode in a sulfuric
acid bath.

Smith and Sabetta(54) reduced nitroguanidine to
nitrosoguanidine in a solution of emmonium chloride and
zinc. Then they determined the oxlidatlon~reduction po=
tential of nitro = nitrosoguanidine.

Cardier(zs) split off two atoms of nitrogen from
nitroguanidine with sodium hypobromite.

The following Ilnvestigators reported that nitro-
guanidine melted with decamposition, giving off ammonia:

Jousselein (35) at 220 Pelltzzari(30) at gos)

(36) (34)

Franchimont at 222; and Thiele

at 250.
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(38) noticed that a concentrated solution

Jousselein
of potessium hydroxide, sodium hydroxide or barium hydrox-
ide with nitrogusnidine, (he erringly thought it was nitroso-
guanidine), immediately evolved ammonia.

Pellizzari(se) found in an alkaline solutlion that
nitroguanidine decomposed td nitrous'oxide, ammonia and
cerbon dioxide. However he reported that he could not
get any constant quentitative results.

Franchimont(36) found that nitrogusnidine dissolved
readily in aqueous ammonia and that this solutlon evolved
nitrous oxide at ordinary temperatures. Furthermore he
reported that nitroguanidine dissolved in an aqueous solu-
tion of potash or bharyte also evolved nitrous oxide, that
in the latter case there was a precipltate of barium car-
bonate and that the liquid smelled strongly of ammonia.

He proposed the following equation which was not quanti-
tatively verified:

NHp N H _,0
H-N=¢C’ + 50 - 0=0{ "2 t+ H-N-N
\§-ne° “NH, 0
H ~0 ‘L \L
Cos + NH$ NoO -+ HoO
(37) |
Thiele discovered that upon warming an alka=-

line solution of nitroguanidine there was a lively evolu-
tion of nitrous oxide and ammonia and that the llquld re-

sidue contained carbonate. He offered the following
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equation, but did not perform and quantitative experi-
ments to verifﬁﬁthiostoichimetrie relation:

Hall =G/ :Hn*o + B0 —> €O, + N0 + 2 Ny

N\H

7. L. Davis{®®) found that nitroguenidine when
heated decomposed, yielded cyanamide, cyanlc aqid, carbon
dioxide, prussic acid, cyanurlc acid, melamine, melem,
melem, ammeline, ammellde, mellon, cyanogen, paracyanogen
and nitroguanidine.

Davis(zg)

expected nitroguanidine to decompose in
two different ways. The first wgs to yleld nitramide and

cyanamide according to the followlng equation:

N’H
H-N=C// % o> NHENOp+ H-N=C= N-H
g‘mo B 2
In the second, it decomposed to yield smmonias and nitro-
cyanamide:
= —> NH.+ H-N=C=N-KO
H-N= 3t HN=C=N-1N,

He believed that the second resctlon occurred from
the fact thet methylamine with aqueous nitrdguanidine
produced ammonia and methyl nitroguanidine, according to

the following qualitative equation:

H NG 0
" 9" N¢ —> NH, + H—N—*G:N—H\"o
. NH 0 3 ‘o
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B o
H~N=C=NH ——90&—%—0 N- W,

NH

Davis offered the decomposition of nitroguanidine
in concentrated sulfuric acld in support of his first re-
action. He noticed that if nitroguanidine were heated
with concentrated sulfuric aclid for a long time at an
elevated temperature, thatvnitrous oxide, ammonia, and
carbon dioxide were formed. He claimed that the ammonia
and carbon dioxide were produced quantitatively in ac-

cordance with the following equatlon:

H,N-l%‘"ﬂ —¥° + HO—> X

0 9 O*ZHHS‘&COz

2

Since hls reaction was in an acid medium thls
ammonia would have been retained in the reaction mixture
and would have necessitated a Kjeldahl determination to
estimate the mmmoniaQ He did not describe or mentlon
this or any other method for the determination of em-
monia, i.e., he did not determine the ammonisa at all.

He claimed that from 380 milligrams of nitroguani-
dine, using oxygen to sweep out the system, he obtained
thévfollowing results:

79.0 c.c. of COg; 44.5 c.c. of Og;
77.0 cec. of Ny0;5 31.0 c.c. of Hz;

Davis does not describe how he analytically de-

termined the amounts of these various gases. He contended
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that the yield of nitrous oxide was not quantitative
since there was elementary nitrogen present. For 380
milligrems of nitroguanidine there should have been 81l.8 c.cC.

of N,0 present (104.08/ 0.380 =22,412/x, x =81.8 c.c.;

NHoNOp — No0 +HgO)e  go found 77 cec. N,0, therefore there

was a shortage of 4.8 c.¢c. Thlis would correspond to 5.6 c.c.
of nitrogen according to the following equations which

were previously described by Davis(40):

6 NHZNO2 + 6 H20-—? 6 NHs-f 6 HNO5

6 HNOz — 3 Hp0 + 6 NOg+ 1F Op

61‘102 + 81\153 —>7 Nz

Therefore 6 NO, == 6 NHNO,=<=7 N,, 80 4.8 c.c. NOp

4'12,H20

would be equivalent to 7/6 X 4.8 c.c. =5.6 c.cs Ny. Davis
found 31.0 c.c. of nitrogen.

It thus appears that the occurrence of this reaction
was not quentitatively verified.

D. Nitrobarbituric Acid

Bayer(él) found that nitrobarbituric acid was
reduced to aminobarbituric acid by hydroiodic acid, pre-
sumably according to the following equation:

H //o H //o
o-c’N Ac\gmo +6 HI—">O=C’N-C\ 8_x 2
=o{ o+6 \K_C/c Hyt 2 Hy0t 3 I,
g \\o H §()
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Bayer found that nitrobarbituric acid was reduced

to nitrosdbarbituric acid by glycerine or that the iron
salt of barbituric acid was reduced by potassium cyanide

to nitrosobarbituric acid, thus:

H /ro ' E /Q.
N H N—c” g
\ vV ‘,ﬁ -
0=C C-NOy + Hy,—>0=C  C—NO + Hg0
“\N—¢” \N;q$~

Bayer(42) obtained the mono- and di-alkaline
salts of barbituric acid. Blitz(43) claimed that nitro-
barbituric acid acted as a mono-, di-, or tribasiec acild.

Blitz and Sedlatscheck'??)

stated that nitrobarbilturic
acld was quite stable to caustic alkalies, which is con=-
tradicted by the data secured in the présent study.

E. Chlorpicrin

(45) found that chlorplcrin decomposed

Stenhouse
if warmed gently with potassium. If 1t were not heated,
then in the course of & couple of days he found potassium
chloride and potassium nitrate, Although he does not men-
tion 1t, evidently the nitrate came from previously formed
niﬁrite oxidized by the air. He claimed that chlorpicrin
was stable towards cold aqueous sodium or potassium hy-
droxlde, but decomposed yielding potassium chloride and
nitra;gfwhen warmed. Stenhouse clalmed that chlorpicrin
boiled at 120 but could be heated to 150 without suffer-

ing decomposition. If the vapor of chlorplicrin was
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passed through a heated glass tube below red heat chlorine,
nitric oxlde and perchlorethane (04016) were formed.
Cassa(46) reported that chlorpicrin exploded when _
repidly heated or when the vapor was led into a red hof tube.

Geisse(47)

used iron and acetic acld to reducse
chlorpicrin to methylamine. He claimed the product was

free from ammonia. Methylamine was also obtailned by reduc-
tion of chlorpicrin with ferrous sulfate and potassium hy-
droxide. Gelsse offered the following qualitative equatlon :

+ — + +8q
ccl,No, + 12 H CH,NH, + 3 HCL * £ H,0

(48)

Wallach also obtained methylamine from chlor-

plerin by reduction with tin and hydrochloric acid.

Frankland,'Challenger and Nicholls(4g)

used iron
filings and hydrochloric acid to obtain methylamine.
They also obtained some ammonia. The yields and purlty
depended upon conditions and concentrgtions.

Hoffman(so) heated chlorpierin with a strong alco-
holic ammonia solution and obtained guanidine and hydro-
chloric acid.

Raschig(51) by the action of stannous chloride and
hydrochloric acid upon chlorpicrin obtained trichloramino-
methane which decomposed into cyanogen chloride and hydro-
chlorlic acid. He gave no quantitative daté but offered

the followling equations:
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GCl5N02-+ 3 SnCl, +6 HC1 —3 SnCl, + CCl;NHy; + 2 H50
.._—7 » ~
CClSNHz NCCl 4f2 HC1
There were also traces of ammonia and hydroxylamlne present.

Bassett(52)

mixed 40 grams of chlorpicrin with 10 o 3z.
of anhYdrous ethyl alcohol in a flask with a vertical con~
densor. To ‘this he added 24 grams of sodium in 0.5 gram
pieces, little by little. The flask was refluzed upon
a water bath, the alcohol dlstilled off and the residue
dissolved in water, whence an oily layer of ortho ethyl
carbonate separated above. The action followed according
to the equation:

CC1,NO, +4 CZHBONa*—?a NaCl““?NaN02+G(002H5)4

Beslides the sodium chloride and sodium nitrite the
water also contained some sodium carbonate. Bassett
claimed that its formation undoubtedly depended upon a
secondary decomposition of a part of the olly product ac~-
cording to the following equation:

C(0CgHg) 4 + 2 NeOCoHg —> NagCoz + 3 (CpHg) o0

He claimed that the odor of ether was distinctly
noticeable in the first portion of the alcoholic dis-
tillation. There was also some ammonia evolved along
with the hydrogen gas. He presented no quantitative data
to verify elther of the above reactions.

Bewad(ss) let zinc methyl stand with chlorpicrin
for 2 - 5 months. He found that it formed tertiary nitro-

butene according to the following equatlion:
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CC1l,NOy + 3 ZnCHz"’(CHS)scNOZ‘F 3 ZnCHSCl

3
Also some nitromethane, nitroethane, and secondary nitro-
propane were formed.

With zinc ethyl Bewad(54) obtalined tertiary nitro-
heptane, secondary nitropentane and primary nitropropane.

Gardner and Fax(ss) slowly decomposed chlorpicrin
into phosgene and hitrosyl chloride by merely bolling 1t.
They absorbed the nitfosyl chloride in concentrated sul-
furic acid which formed nitrosyl sulfuric acid and hy-
drochloric acid. They separated the sulfuric from the
nitrosjlsulfuric by distillation. Then after hydrolysié
of the nitrosylsulfuric acid the amount of sulfuric found
was a measure of the smount of nitrosyl chloride. The
carbonyl chloride was absorbed in benzene and reacfed
with potassium hydroxlde to form potassium carbonate and
chlofide which could be quantitatively determined. The
following equation represents the chemical reaction which
ocecurrsed: |

CC1,N0, —> COCl, +NOCL

Piutti(sa) found that freshly distilled chlorpicrin
became yellow in diffused light and assumed the color of
nitrous vapors. Solutions of chlorpicrin in ethyl alcohol,
methyl alecohol, benzene, turpentine, etc., remeined un-
changed in the dark, but they all became colored in the
light except the alcohols. The solutions in alcohol con-

tained smmonla.
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(87)

Henderson and Macbeth found that hydrazine
slowly removed the chlorine atoms. Titanium chloride re-
duced the nitrogroup but had no effect upon the chlorine
atoms. Potassium ferrocyanide had no effect.

Petrov and Savel'ev(Ss)

found little decomposition
at 100 , but at the boiling point 112.7 there was a ten
fold deéomposition. Metals had little catelytic action
upon the rate of decomposition.

Chmutov ané Zhnkor(sg) stated that above 500 in
a heated tube chlorpicrin colored starch iodide paper be=-
cause of the formation of ozone. (This is doubtful).

Kretov and Melnikov(so)

found that alcoholic chlor-
plerin refluxed with sodium hydrogen sulfide gave carbon
dioxide, carbon‘monoxide, oxygen, nitric oxide, nitrogen,
sulfur, sodium chloride, sodium nitrite, ammonia and hy-
droxylamine. _ ‘
Alekseevski(sl) found that the acceleration of de=-

composition of chlorpicrin in water on exposure to actinic
rays increased in the following order of source of illu~
mination: Rontogen, voltaic arc, mercury quartz lamp.
Analogous action was effected with activated charcosal.
The reactions formulated were as follows:

CC1lzNO5—7C0C1, + NOCL

COCly + 2 Hy0 — HyCOg + 2 HCL

NOC1 + Hp0 —> HC1 t HNOg
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IIT

EXPERIMENTAL

A, Nitromethane

The nitromethane used in this part of the work was
prepared from chloracetic acid and sodium nitrite accord-
ing to directions given by the author in a previous thesia(l).
The chloracetic acid (300 grams), was dissolved in 500 c.c.
of water in a 2-litre long neck round bottom flask. This
was neutralized to methyl orange by the slow addition, with
stirring of 26.7 grams of anhydrous sodium bicarbonste.
There was considerable evolution of carbon dloxide and the
temperature of the solution dropped to 12 C. where it was
maintained throughout neutralization. The sodium nitrite
(140 grams), was dissolved in 200 c.c. of water in a 2-litre
short neck round bottom flask.

The reaction was run in a 2-litre short neck flask
which was fitted with a two-hole rubber stopper equipped
with a constant level dropping funnel, and an exit tube
connected to a long Liebig condenser. To the end of the
condenser was attached an adapter which led into a verti-
cal separatory funnel. This funnel had a two-hole rubber
stopper at the top, one of which held the end of the
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adapter and the other a plece of glass tubling that led to
a suction flask which was stoppered at the top by a one-
hole rubber stopper. The bottom of the suction flask which
caught the overflowing distilled water was covered with
so0lid sodium chloride to decrease the solublility of the re-
maining nitromethane. The lower end of the separatory fun-
nel led to an Erlenmeyer flask which received the nitro-
methane over cﬁlcium chloride.

After the chloracetic acid was neutralized it was
permitted to rise to room temperature and placed in the
dropping funnel from time to time until it had all run
into the sodium nitrite which was in the two-litre short
neck flask. The nitrite was kept at room temperature for
an hour while the acetate was slowly added. There was lit-
tle effervescence but no nitromethane appeared on the sur=-
face. The distillation tempersature was then railsed to 80 G
and permlitted to go to 106’0., where it weas maintained for
two and one-half hours by the heat of the reaction. The
solution deepened in color and the nitromethane along with
steam dlstllled over. The nltromethane was separated as
it came over and the water collected in the suction flask.
The aqueous salt solution wes then redistilled through the
same condenser, recelving a few more c.c. of nitromethane.
The nitromethane wes drled over a second portion of dry

calcium ehloride, redistilled, redried over & third portion
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of calcium chloride and redistilled. This gave a yleld
of about 67 grams of nitromethane boiling at 102 Ce

The formation of nitromethane is represented by
the following equations:
ClCH,CO H -+ NaHCO, —> C1CH COZNa +H20 + CO

2772 3 2
C1CHyCOgNa + NaNOg —> NOgCHpCOgNa + NaCl

2

NOgCHoCOoNa + Hg0 —> NOoCHz ~+ NaHCOg

Since & previous investigation(l) of tha action of
three different concentrations of aqueous sodium hydroxide
i.8., 15 N, 10 N and 5 N, upon nitromethsne gave the same
yields of ammonia and sodium carbonete it was the purpose
of thils present work to determine the reaction and yields
of more dilute solutions of aqueous sodium hydroxide,
i.e., 3 N, 1 N, and 0.5 N, upon nitromethane. ZEach con~
centration was run in simultaneous duplicates in the same
0il bath.

For the first run 250 c.c. of approximately 3 N
sodium hydroxide, 13.34 c.c. of nitromethane (4 mole) and
1.0014 grams of copper turnings were placed in a 500 c.c.
copper flask. A vertical Liebig wster concenser was con-
nected to the copper flask through & tightly fitting one-
hole rubber stopper. A plece of glass tubing led from
the top of the condenser to & safety bottle, which in

turn led to a Mulligan gas washing bottle containing a

known amount of ‘standard sulfurie acid. Previous runs

had formed ammonis so rapldly that a vacuum was formed
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which sucked the acld from the Mulligan bottle back into
the copper flask. This was overcome by meking an open
system and drawing air through the complete apparatus
while the flask was being heated inkan oil bath. Thus &
drying tube filled with calcium chloride as attached to
the open end of the Mulligan washing bottle, while the
other end of the drying tube was atteched to a safety
bottle which in turn was connected to en aspirator. A
long plece of glass tubling was inserted through the in-

' side of the inner tube of the condenser, almost to the li-
quid. The upper end of the glass tubing was connected to
a drylng tube filled with ascarite so that the air sucked
through the system would be free from carbon dioxide.

Thus when the aspirator was turned on a stream of air was
continuoﬁsly passing through the system preventing the acid
from being sucked back and aiding in the sweeping out of
the ammonla as it was formed.

Two copper flasks were simultaneously charged with
nitromethane, sodium hydroxide and copper turnings, and
placed in an oil bath which was maintained between 130 -
140°C. during the course of the reasction. The first
Mulligan bottle contained 200.60 c.c. of 2.028 N sulfuric
acid while the second one contained 200.00 c.c. of 2.028 N
sulfuric acid. The aspirator was in operation during the

~period of reaction which lasted 10 hours. Air was also
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drawn through the systen for sbout 1.5 hours afterwards
until the flasks had cooled to room temperature. After
cooling both the acid solution and slkaline solution res-
pectively for each run were made up to one litre in volu~
metric flasks.

The acld solutlion was titrated with sodium hydroxide
of known strength (1 c.c. base~= 5/46.57 c.c. of 2.028 N
sulfuric acid) using methyl red as an indicator.

Since 200.60 c.c. of 2.028 N sulfuric acld were
placed in the first Mulligan bottle and 20 c.c. aliquot
portions(1/50) were withdrawn from the litre flask and
titrated with the above mentioned sodium hydroxlide using
methyl red as an indicator the following amount of ammonia

resulted from the reaction:

Run NaOH x 5/46.57 x 50 = CeCo less 200.60 =
CeCo 2.028 N
HoS0y4
left
I, 29.18 156.69
29.19 156.64
c.c. acid x 002028 = Eq. or Moles
used by NH, of NH
3
43,91 0.08905
43.96 0.08915

The determination of the ammonia in the second
run was identical in menner except 200.00 c.c. of 2.028 N

sulfuric acid was used.
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The results were as follows:

Run €.Ce X 5/46.57 x 50 =  o©.Ce less 200.00 =
NaOH 2.028 N
HoS0y
left
I 28.60 153.53
- B 28.58 153,42
c.c. acid x 002028 = Eq. or Moles
used by NH of NH
) 3
46 .47 : 0.09424
46 .58 0.09447

The ansalyses for the yields of sodium carbonate which
were expected to be equavalent to the yields of ammonia in
conformity with a previously proposed equatioh for the
reaction:

CHzNOp + 2 NaOH —» NHz +NagC0z; + HpO
were made with satisfactory results according to the di-
rections given by Foles(az). The sodium hydroxide was
analyzed for any carbonate present in 1t before the run.

A 50 c.c. aliguot of the 3 N sodium hydroxide was used.

It gave the following resultss

10 2‘
Weilght of carbon dloxide 0.0225 g. 0.0226 g.

Weilght of carbon dioxide ‘
in 250 e¢.c. of 3 N NaQOH 0.1125 go 001150 g

Average weight of carbon diloxilde 0.11275 g.
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For the carbonate analysés on the alkaline solution
50 c.ce (1/20 aliquot) portions were withdrawn from the
litre flask and determined by the above stated method of
adsorbtion in ascarite with the following results for I,:

Weight of cerbon dioxide 0.2046 g.  0.2022 g.
Total carbon dioxide 4.0920 g. 4.0440 g.

Carbon dioxide from reasction  3.9792 g. 3.951213.
Moles of carbon dioxide 0.09043 0.08979
Average Moles of carbon dioxide  0.09011 |
The results for the carbonate analysis on run IB
were as follows: |
Weight of carbon dioxide - 0.2161 g. 0,2170 g.
Total carbon dloxide 4.3220 g. 4.3400 ge.
Carbon dloxide from reaction  4.2092 g. 4.2212 g.
Moles of carbon dioxide 0.09566 0.09593
Average Moles of carbon dloxide 0.095795
For thé second run 250 c.c. of approximately 1 N
sodium hydroxlde, 13.34 c.c. of nitromethane ($ mols),
and 1.0014 grams of copper turnings were placed in a 500 c.c.
copper flask. The Mulligan bottles contained éO0.00 cC.C.
of 2.028 N sulfuric acid. The apparatus was set up and run
identical with the preceeding ruﬁ. The flasks were both
heated as befofe in the same o0il bath which Qas maintained
between 130" - 140°C. during the course of the reaction
which lested through ten hours. The acid solutions in the
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Mulligan bottles were both made up to one litre in volu-
metric flasks. The alkaeline residues were also made up
to one litre in one-litre volumetric flasks.

20 c.c. aliquot portions (1/50) of the acid solu~
tion were titrated with sodium hydroxide of lmown strength
(a fresh solution of sodium hydroxide was made; 1 c.c.
base == 5/46.34 c.c. of 2.028 N sulfuric acid) using
methyl red as an indicator.

The following results were obtained:

Run c.c. X 5/46.34 x 50 = c.c. less 200.00 =
NaOH 2.028 N
HeS04
left
I, 34.30 185.04
34.30 185.04
c.c. acid x .,002028 = Eg. or Moles
used by NHg of NH
3
14.96 0.03034
14.96 0.03034
Run c.cs X 5/46.34 x 50 = c.c. less 200.00 =
NaOH 2.028 N
H,S0
18rt4
II 34.04 183.65
B  34.04 183.65
c.c. acid x .002028 = Eq. or Moles
used by NHq of NHg
16.35 0.03316
16.35 0.13316

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



- 42 =

However unexpected difficulties were encountered
when the carbonate was anslyzed. The silver in the sil-
ver sulfate-sulfuric acid U-tube precipitated, the ase
carite in the aecarite tower turned yellow and ascarite
tower had gained conslderable more in weight thean that
corresponding to the ammonie formed. When the silver sul-
fate solution and precipitate from this U-tube were acldi-
fied the odor of hydrogen c¢yanide was quite noticeable.

It was then suspected that some meihazonic'acid was present
from a second reaction of the nitromethane since the resi-
dual alkaline solution was not homogeneous and clear as

in previous runs, but contained a brown flocculent pre-
cipitate.

If this were methazonic acld then it could have
broken dowﬁ into hydroxylamine, carbon dioxide, and hydro-
gen cyanide according to Dunstan end Goulding(63). The
equations for the formation of methazonic acid frbm nitro-
methane and the subsequent decomposition of thils product
into hydroxylamine, carbon dioxide and hydrogen are as
follows:

2 CHgNOg —> CgHyNpO0z —+ Hp0
CoH NyOz — i‘THQOH — €O, + HCN

The silver sulfate preclpitate was examined for

hydrogen cyasnide by two methods described in Prescott and

64
Jomnson's Qualitative Analysis revised by McAlpin and Soule( ).
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A smail amount of the sample is treated with
ferrous sulfate and a few drops of alkali added. After
shaking, a drop or two of ferric chloride 1s added and
the whole acidified with sulfuric acid. If cyanide 1is
present a blue precipitate of Pruséian Blue (ferric
ferrocyanide) separates.

Or secondly, to a ssmple in an evaporéting dish
is added 1 - 2 drops of eammonium polysulfide. This is
digested on a water bath until the mixture is colorless
and free from sulfide. It is slightly acidified with hy-
drochloric acid and a drop of ferrlc chloride added. The
blood red color of ferric thiocyenate will appear if cyan-
ide was present. Thls color femains upon heating but is
discharged upon addition of mercurdus chlorlde due to the
reduction of the ferric iron to the ferrous lron.

However the Prussian Blue teét was almost negative.
In spite of this test cyanide was believed to be present
because of 1ts pronounced odor. The fact that sllver cy-
anide is so slightly lonized might explain the fact that
no more then a green color is obtained at first when test-
ing for cyanide. A blank test for cyanide from known
silver cyanide gave identical results with those of the
unknown. The presence of ammonia also hinders the forma=-

tion of Prussian Blue. Weith(65) recommends & solution

of silver nitrete in emmonia for the decomposition of
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many cyaﬁogen compounds such as potassium ferrocyanide,
Prussian Blue, and potassium cobalticyanide.

The fact thet the ammonia and the carbonate do
not check does not invalidate the following equation,

CHzNO, + 2 NaOH —NayC0z + NH, +2 Hy0 ,
because the excess carbonate may be due to that formed
from the decomposition of the methazonic acid.

However there must also have been another reaction
occurring simultaneously to form methazonic acld. Tests
on the alkaline residue for methazonle acid showed that
the solution.contained a compound in accordance with those
propertias.attributed to methazonice acid by Dunstan and
Goulding(ss). The neutral solution gave & yellow preci-
pitate with silver nitrate. This was soluble in dilute
nifric acid ér ammonia. It also gave & brownish yellow
precipitate with mercuric chloride, which was soluble in
hydrochloric acid. The neutral solution gave a graylsh
yellow precipitate with lead acetate, which compound upon
heating exploded. ‘

Upon testing the residue from the carbonate deter-
mination the presence of the strong odor of hydroxylamine
was confirme@ by the fact that the solution reduced an:.

sammoniacal solution of sllver nitrate ylelding a heavy

black precipitate.
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Thus 1t has been shown that methazonlc acid was
formed during the run and that part of it decomposed into
carbonate, cyanide and hydroxylamine during the enalytical
determination for carbonate.

If the amount of hydroxylamine left in the flask
after carbonate determination corresponded with the excess
carbonate then a measure of the extent of decomposition of
methazonic acid accordiﬁg to the following equation could

be determined: ‘

CoHy N0, —7 NH,0H -+ €O, -+ HCN

The residue from a carbonate determination was fil-
tered twice and the solution evaporated to but 5«c.§. of
brown ligiud in the presence of sulfuric acld. This was
done on a glycerine bath so that it would be above the
boiling point of nitromethane (101.5°C.) and below the
melting point of hydrozylamine sulfate (140°C.). The
hydroxylamine sulfate was digested wilth copper sulfate
and potassium sulfate. By a Kjeldahl enalysis more base
was found than corresponded té the éxcess carbonate.

Thils means that either all the nitromethane or
methazonie acld had not been removed before the hydroxyl-
amihe determination. Certainly all of both of these pro-
ducts did not decomposé during the run or the carbonate

determination.
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Or it is possible that part of the hydroxylamine
decomposed during the carbonate determination to glve am=-

monia and nitrate as Dunstan and Goulding(ss)

obtained,
according to the following equation:
2 NHyOH + 0y —»NHz + HNOz + Hg0

Meller(ss)

gave the following equations for the
decomposition of hydroxylamine at 15000.:
3 NH20H "')Nz + NHS +3 HZO
4 NH,0H = Ng0 + 2 NHz + 3 Hg0
Addition of base suppresses the second reaction
in favor of the first, while addition of acld suppresses
the first in favor of the second. ‘
For the third run 250 c.c. of 0.5 N sodium hydroxide,
13.34 c.c. of nitromethane (% mole) and 1.0006 grams of
copper turnings were placed in a 500 c.c. copper flask.
The Mulligan bottles contained 100 c.c. of 2.628 N sul-
furic acid. The apparatus was set up and run identicel
as in the previous runs. The flasks were heated as before
in an oll bath which was maintained between 130 - 140 C.
for a period of ten hours. The solutions were all made

up as before in one-litre volumetric flasks.

The amount of ammonia found was as follows:
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Run c¢.c. X 5/46.34 x 50 = CeCo less 100.00=
NaOH 2.028 N
H2304
left
III, 16.35 _ 88.28
16.35 88.28
c.¢. acid x .,002028 = Eqs. or Moles
used by NHz of NH;
11.72 0.02377
11.72 0.02377
Run c.¢. X 5/46.34 x 50 = c.c. less 100,00 =
NaOH 2.028 N
HoS0
, / left4
III_ 16.45 88.53
B 16.45 88.53
c.c. acid X 002028 = EqQ. or Moles
used by NH; of NHg
11.47 0.02326
11.47 0.02326

The results obtained for the action of 3 N, 1 N,
and 0.5 N solution of sodium hydroxide upon nitromethane
in terms of the postulated reaction,

are as follows:
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Run Concentration Moles Moles Molar Yisld Ratio
of NaOH of COy of NH, COgp : NHy
I, 1 3 N 0.09043 0.08905 1 : 0.985
2 0.08979 0.08915 1 : 0.993
Ip 1 0.09566 0.09424 1 : 0.985
2 0.09593 0.09447 1 : 0.988
II, 1 1N 0.05698 0.03034 1 : 0.532
2 0.05748 0.03034 1 : 0.528
II 1 0.06289 0.03316 1 : 0.521
B o 0.06021 0.03316 1 : 0.551
III, 1 0.5 XN 0.02377
Ag 0.02377
III_ 1 0.02326
B2 0.02326

The results obtained from the action of 3 N sodlum
hydroxide solutionlin this present work llke those obtaineal
with 15 N, 10 N and 5 N solutions in a previous investi-
gation upon nitromethane were in accordance with the above
equation. However with 3 N sodium hydroxide the extent of
the reéction was only 36% of the theoretical yield in the
one run and 38% in the other, as compared with about 48%
theoretical yields in the former runs of 15 N, 10 N and
5 N solutions.

With the 1N sodium hydroxide solution it was be-
lieved that the postulated reaction occurred to an extent
of 12 - 13% of the theoretical even though the carbonate
was in excess of the amount of the ammonia required by it.

This excess carbonate was believed to be due partially
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to the decomposition of methazonic acld which had been
formed in an undetermined extent in a side reaction from
the condensation of two moles of nitromethane. This
methazonic acid was then decomposed to an undetermined
extent into carbondioxide, hydrogen cyanide, and hy-
, droxylamine.
The postulated reaction evidently occurred to
at least an extent of 9% theory with 0.5 N sodium hy-
droxide while the side reaction forming methazonle acid
also occurred.
B. Nitrourea
The following reaction-mechanism 1s propossed to

explain the reaction between sodium hydroxide and nitro-

uresas
N\,H A
0=¢" B on +NaOH — Hy0+ 0=C¢ ¥ ona  (a)
-
\N= N< N=Nz
0 0
H
onc/ B N N8
= ONg +NaOH —7 NH; + 0=C (b)
“§- N 3 = N—ONa
0 "
0
,ONa
0=C — NagCOz ~+ Ng0 (¢)
N=1N3\ ONa
'
0
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A summary of equations (a), (b) and (c¢) gives
the followling completed equation:

CHzNzO0z + 2 NaOH —> N0 + Hp0 + NH; + Na,C0,

The formation of nitrous oxide in this reaction
seems to indicate that it has the following structural
formula; N=N=0. The ease with which nitrous oxide
loses its oxygen would also seem to support this formula.
However if the structural formula for hyponitrous acid
is HO-N= N-OH the structure of its anhydride would be

N=N. Mellor(S7)
\ ./

states that H. Henstock, K. A. Hoffman,

L. Paulding and S. B. Hendricks favor the formula N= N= 0

over N\Z;W. It may be possible that nitrous oxide exists
in two tautomeric forms, thus:
N=N=0 2 N=X

~0~

The experimental evidence confirming the occurrence
of the reaction in conformity with the derived equation
noted above 1s as follows:

The set up for the run of nitroursa and sodium hy=-
droxide was the same as that in the run with nitromethane
and sodium hydroxide except that a glass pyrex flask was
substituted for the copper flask. Moreover there was sz
constant level dropping funnel connected to this giass
flask for the introductiom of the sodium hydroxide so-

lution.
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In the first run 200 c.c¢c. of approximately S5 N
sodium hydroxide were added to the constant level drop-
ping funnel. Approximately 1/10 mole, 10.2663 grams of
Eastmen's nitrourea (10.2663 ~105=0.0977 mole) in the
first run, were placed in a 500 c.c. glass pyrex wide
mouth flask. In the second run 10.5896 grams of nltro-
urea (0.10094 mole) was used, while 11.9622 grams of
nitrourea (0.11307 mole) was used in the third run. The
Mulligan gas washing bottles each contained 200.00 c.c.
of 1.8499 N sulfuric acid. |

The sodium hydroxlde was slole run into the flask
containing the nitrourea. The flask was heated upon an
oil bath which rose from room temperature to 130 C. within
an hour and maintained between 130" - 140 C. for a period
6 hours.

The gas evolved ignited a glowing splint and sup-
ported combustion. It was quite soluble in alcohol and
did not give red fumes with nitric oxide, which showed
it to be nitrous oxide. The formation of nitrous oxide
was so great in the first part of the run that suction
was not necessary, however in the later stages the as-
pirator was turned on as in the previous runs. The nitrous
-oxide was permitted to escape. The acld solution in the
Mulligan bottle was made up to one litre in a volumetric
flask as was 8lso the alkaline residue. These were ana-

lyzed for ammonia and carbon:dioxide respectively.
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The sodium hydroxide was analyzed for the car-
bonate present before the run according to the directions

given by Fales(eg)

« A 50 coc. aliquot of 5 N sodium hy-
droxide gave the following results:
1. 2,
Weight of COg in 50 c.c. 0.0432 g. 0.0428 g.

Weight of CO5, in 200 c.c. y
of 5 N NaOH 0.1728 ge 0.01712 g.

Average weight of COg
for the analyses 0.1720 g.

For the carbonate analyses of the alkaline solu~
tion 50 c.c. (1/20 aliquot) portions were withdrawn from
the litre flask and determined as before with the fol=-
lowing results for I :

1. 2.

Weight of COo (1/20 aliguot) 0.2189 g. 0.2195 g.

Total carbon dioxide 4.3780 g 4.3900 g.
COo from reaction 4.2060 g. 4.2180 g.
Moles of COg 0.09559 0.09586
Average Moles of COo 0.09573

The carbonate results obtained for II were as

follows:
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Weight of COg (1/20 aliquot) 0.2272 g+ 0.2270 g.

Total carbon dioxide 4.5440 g. 4.5400 g.
CO, from reaction : 4.3720 g. 4.3680 g.
Moles of €Oy 0.09936 0.09929
Average Moles of €Oy 0.09933

The carbonates found in III were as follows:
1. 2
Welght of COp (1/20 aliquot) 0.2544 g. 0.2541 g.

Total carbon dioxide 5.0880 g. 5.0820 g.
COp from reaction 4.9160 g. 4.9100 g.
Moles of COg2 0.1117 0.1116

Average Moles of COo 0.1117

The ammonla was determined by titration of 20.00 c.c.
portions (1/50 aliquot) of the acid solution with standard
sodium hydroxide (1 c.c. base==5/40.65 ¢.c. of 1.8449 N
sulfurle acid) using methyl red as an indicator. The results
obtained are listed below:

Run CeCo Ce.ce HoSOy cece acld Eq. or Moles
NaOH lef used by NH, of NHg

I 23.60 145.14 54.86 0.1l012
23.60 145.14 54.86 0.1012

II 23.04 141.69 58.31 0.1076
23.04 141.69 58.31 0.1076

III 21.73 133.64 66.36 0.1224
21.73 133.64 66.36 v 0.1224

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



A summary of the results obtained with nitrourea

and 5 N sodlum hydroxide is as follows:

Run Moles Moles Moles % CO; % NHg Molar Ratio

g;gzo- COg NHg - TﬁOg $ Nﬁé
eory 1 ¥ 1

I 0.0977 0.0977 0.10121 97.97 103.49 1 : 1.055

IT 0.10094 0.1044 0.10758 99.38 106.57 1 : 1.083

IIT 0.11307 0.11307 0.12243 98.76 108.27 1 : 1.096

It has thus been shown that the following reac-
tion occurs to an extent of almost 100% in conformity
with the proposed equation:

CH3N303'+ 2 NaOH'—?NQO *‘HéO'* NHs + Na2003

C. Nitroguanidine
The following reaction mechanism 1s postulated
to expléin the reaction between sodium hydroxide and

nitroguenidine:
g N/O _ONa
~ N7 N=N
Y 4 D 0 IS 5] -+
H-N= C\N’H + NeOH — H-N —C\N,H Ho0 (a)
\H \H
___,ONa ONa
- /N— N§O s , /N:N\\e
H-N=C{ H + NaOH — H-N =¢C -+ NHz (b)
NG “ONa
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M= =x" Nao N=NyoNe
H-N=C "0 42 NaOH —> Na0-—C/ O + NH, (¢)
\QONa ONa S
Nao\ __N,ONa
/N° 0
Na0—C —7 C(oNa),* W,0 (a)
\NONa
C(ONa) —}Ho0 —» NagCOz + 2 NaOH (e)
el , 2C03

A summary of equations (a), (b), (¢), (d) and (e)
gives the following completed equation:

CH4N402-4— 2 NeOH — Na2003—+ 2 NH3‘+ N20

The formation of nitrous oxide here again supports
the possibility of the structure N=N < 0.

The experimental evidence to confirm the ocecurrence
of the reaction according to the developed equation follows.

The set up for the run of nitroguanidine and 5 N
sodium hydroxide was identical with that for nitrourea and
5 N sodium hydroxide. The charge in the first run con-
sisted of 11.5606 grams of Eastman's nitroguanidine,
(11.5606—~104 = ,11115 mole) and the charge in fhe second
run consisted of 11.8709 grams of nitroguanidine (11.8709 =~
104 = ,1142]1 mole). The Mﬂlligan bottles each contained
200.00 cece of 1.7195 N sulfuric acid. 200 c.c. of ap-
proximately 5 N sodium hydroxide were placed in the con=-
stant level dropping funnel and allowed to run into pyrex
flasks contalining the nitroguanidine. The oil bath was
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heated from room temperature to lscfc. within 1.5 hours.
The reaction was qulte vigorous at 9000. The temperature
of the bath was then maintained between 130"~ 140 C. for
8.5 hours whlle carbon didxide free air wés drawn through
the system. Air was drawn through for one hour after the
resction while the solution cooled to room temperature.
After the presence of nitrous oxlide had been proven as be=-
Each solution was made

fore, it was permitted to escape.

to one litre in a volumetric flask.

50 c.c. portions of the alkaline solutions (1/20

aliquot) were analyzed for carbonate as before with the

following results on run IA:

1. 2.
Weight of €Oy (1/20 aliquot) 0.2508 g. 0.2509 ge.
Total carbon dioxide 5.0160 g 5.0180 ge.
CO, from reaction 4.8440 g. 4.8460 g.
Moles of CO, 0.11008 0.11013

Average Moles Of CO,

0.110105

The results for the carbonate for IB were as

follows: 1. 2.
Weight of COg (1/20 aliquot) 0.2579 g. 0.2569 g.
Total carbon dioxide 51580 g 5.1580 g.
CO, from reaction 4.9860 g. 4.9860 g.
Moles of COg2 0.113318 0.113318

Average Moles of COg

0.113318
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The ammonia was determined by titrating the ex~
cess acid with standardized sodium hydroxide (1 c.c. base ==
5/41.24 c.c. of 1.7195 N sulfuric acid) using methyl red
for_an‘end point indicator. 20 c.c. aliquots gave the

following results:

Run ¢.c. C.C. HoS0, c.c. acid Eq. or loles
NaOH left used by NHS of NHgz

I 12.16 = 73.71 126,29 0.217156

A 32,16 73.721 126 .29 0.217156

I 11.72  71.04 128.96 0.22074%7

B 11.72 71.04 - 128.96 0.220747

A summery of the results obtained with nltroguani-
dine and 5 N sodium hydroxide is as follows:

Run Nitro- Moles Moles % GO, % NHz Moler Ratlo
guani- CO2 NBS COg : NH;
dine _ Theory 1 ¢ 2
Moles

IA 0.11115 0.11008 0,217156 99.04 97.73
0.11013 0,.217156 99.08 97.73

Average 0.110105 0.217156 1: 1.972
Ig 0.11421 0.113318 0.220747 99.21 96.64
0.113318 0.220747 09.21 96.64

: 1.948

Average 0.113318 0.220747 1l

Thus it has been shown that the reaction occurs
to an extent of almost 100% theory in conformity with the
equation:

CH,N

e
4N,05 ¥ 2 NaOH ~7 Ne,C0, ¥ NH; + NyO ¥ Hy0
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De Nitrobarbituric Acid
The following mechanism 1s postulated to explain
the reaction between nitrobarbituric acid and sodium hy-
droxide: |

t  HiQONa '
NaQ+H ! NaOtH (6 NaOH)
1}

0==C;/

0
[ I/4 __> -
5 NasCO0x +2 NH.+ CHzNO
~ 2003 3 CHghNOg

——l—-—-0> Yo (2)
1 bl < I

1
! ! NaO*H
CH,NOp + 2 NaOH ~—> NagCOz -+ NHg + Ho0 (b)
Summation of equations (a) and (b) gives the fol=-
lowing completed equation:
B 0
N-C{ H

-/ ’ &
0= C\ o C\HO 8 NaOH — 4 NachS'\’ 3 NH3+ HZO
N C§ 2

0

The first run of nitrobarbituric acid with 5 N
sodium hydroxide was identical with that used for nitro-
urea and nitroguanidine. The charge consisted of ll'ifzéuwfﬁf¢uaz
grams of Eastmen's nitrobarbituric acid (0.05042 mole].
The Mulligen gas washing bottle contained 200.00 c¢.c. of
1.8475 N sulfuric alecd. Approximately 200 c.ce of 5 N
sodium hydroxide were run from the constant level dropping
funnel into the pyrex flesk containing the nitrobarbituric
acids The flask was in an oil bath which was kept between
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1500- 14690. for 25 hours. Carbondioxide free air was
drawn through the system during the run and while cooling
to room temperature. Each solution wés mede to one litre
in a volumetrie flask.

The carbonate present in the sodium hydroxide be-~
fore the run was as follows on & 50 c.c. sliquot:

1. 2.
Weight of carbon dioxide 0;0420 g 0.0420 g.

Weight of carbon dioxide
in 250 c.c. 5 N NaOH 0.2100 e 0.2100 e

Average welght of carbon dloxide 0. 2100 g.
The carbonate analyses on run I from 50 c.c. gave
the results listed below:
1. 2.
Weight of COp (1/20 eliquot) 0.4216 g. 0.4211 g.

Total carbon diocxlde 8.4320 g. 8.4220 g.
COy from reaction 8.2200 g, 8.2120 g.
Moles of COp 0.1868  0.1866

Average Moles of CO,  0.1867

20 c.c. 8liquot portions of the litre acid solu~
tion were titrated with sodium hydroxide (1 c.c. NaOH={=
5/41.23 c.ce Of 148475 N sulfuric acid) with the follow-
ing results:
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Run c.cCe. CeCo c.c. acid Eq. or Moles
NaOH S0 used by NH of NH
12702 3 5
I 20.31 123.09 76.91 0.14409
20.31 123.15 76.85 0.14398

The second and third runs were made in 500 c.c.
copper flasks similar to the earlier runs on nitromethane.
The first flask contained 11.6730 grams of nitrobarbituric
acid (0.05211 mole) while the second flask contained
10.3489 grams of nitrobarbituric acid (0.04620 mole). The

" Mulligsn gas washing bottles contained 200.00 c.c. of stan-
dard hydrochloric acid (1 c.c. HC1 —— 2.010 c.c. of
0.48715 N sodium hydroxide). The flasks were heated for
25 hours in an oil bath which was maintained between 130 -
140 C. Air was drawn through the process. The solutions
were each made up to one litre in volumetriec flasks.

The carbonate present in the sodium hydroxide be-
fore the run determined from 50 c.c. aliquot portions
was as follows: | 1. 2.

Welght of carbon dioxlde 0,0254 g« 0.0261 ge.

Welight of carbon dioxide
in 250 c.c. 5 N NaOH 0.1270 go 041305 ge.

Average welght of carbon dloxlde 0.12875 g.

For the carbonate analyses on the alkaline solu-
tion, 50 c.c. (1/20 aliquot) were withdrawn from the
litre flask and determined with the followlng results
for II:
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1. 2.
Weight of COy (1/20 aliquot) 0.2084 g. 0.2087 g.

Total carbon dioxide 4.,1680 go 4.1740 g.
CO, from reaction 4.03925 geo 4.04525 g.
Moles of COgp 0.09180 0.09193

Aversge Moles of COp  0.09187

The carbonate results for IIT sre listed below:
1. ’ 2.
Weight of C02 (1/20 aliquot) 0.1960 8 0.1962 g.

Total carbon dioxide 39200 ge 3.9240 g.
€0, from reaction 3.79125 g. 3.79525 g.
Moles of CO, - 0.08616 0.08625

Average Moles of COg 0.08621

50 c.ce aliguot portions of the litre aciﬁ solu~
tion were titrated with 0.48715 N sodium hydroxide with
the following results:

Run c.c. NaOH c.c. NaQH NHg Total NH Eq. or Moles

0.48715 N formed | 3 of NH,
II 13.11 . 8.99 139.80 0.06810
13.11 6499 139.80 0.06810
III 13.34 6476 135.20 0.06586
13.32 6.78 135.60 0.06606
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A summery of the results obtained with nitrobar-
bituric ecid and 5 N sodium hydroxide is listed below:

Run Moles Moles Moles % GO, % NH; Molar Ratio

Nitro~- 002 NHS NH, 002
barbl- Theory
turic 1 2 1.333
acid
I 0.05042 0.1868 0.14409 92.61 95.19 1 : 1.297
Pyrex 0.1866 0.14398 92.49 95.18 l: 1.296
II 0.05211 0.09180 0.06810 44.04 43.56 1l : 1l.348
Copper 0.09193 0.06810 44.05 43.56 1 ¢ 1.349
I1I 0.04620 0.08616 0.06586 46.60 47.51 1 : 1.308
Copper 0.08625 0,06606 46.67 47.66 l: 1.305

The results show that the reaction occurs to an ei-
tent of 93% of the theoretical ylelds in a glass flask and
45% of the theoretlical ylelds in a copper flask in conform-
ity with the proposed equation:

G, HN. 0, + 8 NaOH —7 4 Na,C0, + 3 NH, ~+ H,0
From the results on nitromethane and nitrobarbiturilc
acid giving 45% - 48% yields in copper flasks and the re-
- sults on nitrourea, nitroguenidine and nitrobarbituric
acid in glass pyrex flasks gilving yields of 95% - 100%,
it appears as though the copper acts as an inhlbitor of
the reactlion or that the glass may.promote the reactlon

due to surface reactions.
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E. The Interaction of Chlorpicrin and Sodium
Methylate
In studying the action of sodium methylate upon
chlorpierin the several reaction naturally expected to
occur would be as follows:
First, the chlorine and nitro radicals would be
replaced by the oxymethyl radical, thus,
+ 4 NaOH — 3 NaCl + NaNO

CCISNO -+ C(OCH5)4 (a)

2 2
The methyl orthocarbonate formed would presumably
decompose to glve dimethyl ether and methyl carbonate:
C(OCHz) 4, — (CHz)o0 + (CHz)oC0z
This assumption is warranted by the similar de-
composition of ortho ethyl carbonate reported by Bassett(sz).
On the other hand, if only the chlorine atoms of
chlorpierin are replaced by the oxymethyl radical, nitro-
trimethyl ortho carbonate would be formed, thus,

ccl N02+5 NaOCHS-"?5 Nac1l + C(0CHg) zNO, (v)

3
If this aliphatlic nitro compound were formed, it
may be reducible by sodium methylate as are its aromatic
nitro compbunds with oxidation of sodium methylate to so-
dium formate in conformlty with the equation:
4 G(0cH,) No+ 3 NaocH,—t 2 [o(ocH,) N 0 *
3 HCOONat 3 H, 0 (e)
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In order to have sufficient methylate in the re-
action mixture to effect all of the above reasctions, the
quantity of sodium (36.8 grams) necessary was converted
into sodium methylate and solution of the same in methyl
reacted with 0.1006 mole of chlorpicrin.

Freshly prepared sodium methylate was reacted with
chlorpicrin in order to determine what reactions occur and
the extent to which they occur. 36.8 grems of sodium was
cleaned and cut into small pieces under ligroin and then
weighed under ligroin in a weighing bottle. To 250 c.c.
of Merk's C. P. methyl alcohol, free from acetone, in a
500 c.c. Kjeldahl flask, the dried sodium was added through
the top of an extra long vertical Liebig water condenser.
After all the sodium had been added the condenser was
washed down with 50 c.c. more of methyl alcohol. The so=
lution was heated on a hot plate until all the sodium
went into solution. This was done in duplicate simul~-
taneously.

The flasks containing the sodium methylate were
then lmmersed into the same water bath and 10 c¢.c.

(0.1001 moles) of Eastman's chlorpicrin slowly added from
8 constant level dropping funnel through the inside of
the condenser to esach reaction flask., A crystalline~white

precipitate was immediately formed. Since 10 c.c. of
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chlorplerin weighed 16.5419 grams, 0.1006 moles (16.5419—
164.38) were used in each run. The water was maintained
at boiling for 5 hours. Tests for the production of any
dimethyl ether formed during the run were negative.

The contents of the reaction flask were transferred
to & round bottom flask. The Kjeldahl flask was washed
with methyl alcohol whiech was also transferred to the round
bottom flask. The largest part of the excess methyl alco=-
nol was driven off by distillation on a water bath and then
an oil bath. Redistillation of the distillate using a
Glinsky fractionating column gave the entire liquid boil=~
ing from 64.5 - 64.800., showing that 1t was entirely
methyl alcohol.

The residue from which the largest quantity of
methyl alecohol had been removed by.distillation was dls-
solved in water and steam distilled until free from alco-
hol. This solution was then cooled and filtered in the
presence of nitrogen to remove any silica which might
have been present due to the strong alkali attacking the
glass. The filtrate was then made up to 500 c.c. in a
volumetric flask and analyzed for chloride, nitrite, and
formate, which was known to be present.

The chloride was determined according to the method

of smith(68), mo 2 10 c.c. portion (1/50 aliquot) of

the solution in the 500 c.c. volumetric flask was added
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150 c.c. of water and 70 c.c. of approximately O.1 N
silver nitrate; This was heated on a hot plate almost

to boiling until the supernatant liquid was clear. The
solution was tested with silver nitrate for complete pre-
cipitation. The solution was decanted and washed while
hot with water containing nitric acid into a weighed
Gooch crucible. It was washed free of sllver and dried
to constant weight at 120 C. The following results were

obtained for the chlorldes:

Run  AgCl Total AgCl Chloride Chloride % Cl
Grams Grams Welght Moles

I 0.8531  42.6550 10.5516  0.2975 98.54
0.8522  42.6100 10.5404 0.2973 98.50

II 0.8646  43.2300 10,6938 0.30159 99.89
0.8609  43.0450 10.6481 0.30031 99.50

IIT 0.8619 43.0950 10.6604 0.30066 99.683
0.8598 42,9900 10.6344 0.29992  99.37

This datas shows that practically all of the chloride
of chlorpicrin was recovered as sodium chloride.
The nitrite yield was determined by the Devardsa

Method as deseribed by Scott(sg).

25 c.c. of the solu~-
tion (1/20 aliquot) from the 500 c.c. flask were placed
in a Kjeldshl flask with 25 c.c. of 20% NeOH, 100 c¢.c. of

~water, 3 grams of Devarda's Alloy and & piece of paraffin.

The emmonie was collected in 75 c.c. of 0.1067 N sulfuric
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acld. The excess acid was determined by titrating so-
dium hydroxide (1 c.c. NaOH =~ 0.90909 c¢.c. of 0.1067 N
sulfuric acid) using methyl red as an indicator. The fol=~

lowing amount of nitrite resulted:

Run NaQOH Acid c.c. Acid c.c. Acid Total HNO2

CeCo CeCo used by NHgz Total NHz HNO2 =gy
Theory

I 35.80 32.545 42.455 849.10 0.090599  90.05

35.70 32.455  42.545 850,90 0.090791 90.24
IT 34.25 31.136 43.864 877 .28 0.093606 93.04

33.25 30.227  44.773 895.46 0.095566 94.99
IITI 34.50 31.364 43.636 g72.72 0.093120 92.56

34.44 31.309 43.691 873.82 0.003237 92.68

These results show that while pragtically all of
the chlorine of the chlorpicrin was eliminated on interac-
tion with sodium methylate, approximately only 90 - 95%
of the nitro radical has been eliminated.

The formate was determined by the method described
in "Methods of Analysis of the Association of the Official
Agricultural Chemists“(7o). A 50 c.c. portion (1/10 aliquot)
was withdrawn from the 500 c.c., acidified with hydrochloric
acid and any sllica flltered off. To this was added 80 c.ce.
»of water, 10 c.c. sodium acetate solution, 2 c.c. of 10%
hydrochloric acid and 25 c;c. of mercuric chloride. It

was allowed to stand on a hot water bath for 2 hours,
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filtered hot into a Gooch crucible, washed with hot
water and dried to constant weight. A blank run on so-
dium to nitrite gave no precipitate of mercuric chloride.

The following results were obtained:

Run Grams HgCl Total HgCl Total Formate Moles Formate

Granms
II 0.1503 1.303 ‘ 0.14654 0.003206
0.1885 1.885 0.18379 0.003993
III  0.2606 2.606 0.25409 0.00552

0.2611 2.611 0.254587 0.00553

To this point, it is evident that chlorplerin reacts
with sodium hmethylate to give practically 100% of the theo-
retical yield of sodium chloride bhased uponlthe equation;

CCLaNO, + 4 NaOCHz;—*C(OCH;) 4+ 4 NaCl+NaNoy (a)

But as only 90 - 95% of sodium nitrite was found,
the remaining 5 - 10% of the initial chlorpicrin which did
not yield sodium nitrite must have effected oxidation of
sodium methylate to sodium formate in as ﬁuch as 6 - 7%
sodium formate was found based upon the equation:

4 C(OCHz) gNOp+ 3 NaOCHZ 2 [ C(0CHz) zN]50 +

3 HCOONa + 3 Hs0 (c)

For run II on the basis of equation (a) the average
molar yield of sodium chloride was 0.30095 mole (theory
0.3018), and the averagse yleld of sodium nitrite was
0.094586 mole (theory 0.1006).
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'If there were 0.30095 moles of chloride then there
should have been 0.30095/3 = 0.,10031 moles of nitrite; or
1f there were 0.094586 moles of nitrite then there should
have been 0.094586 x 3= 0.28376 moles of chloride.
The excess chloride presumably came from the fol-

lowing side reaction:

4
GC1.NO, 3 NaOCHs-—+> 3 NaCl —+ C(OCHs)SNOQ (b)
Moles o Moles Moles
(a) +(b) 0.10031 (a)+Hb) 0.30095 0.005724
() 0.094586 () 0.28376
(b) ~0.00572Z | (b) TO.0I7I%

Or 0.005724 x 3= 0.01717 moles of chloride formed
in equation (b), therefore 0.005724 moles of the compound
C(OCHS)SNOZ was formed in (b).

If this compound were then reduced to sodium formate
by the sodium methylate the following secbndary equation
holds true:

— g +-
4 ¢(0CH,) N0, + 3 NaoCH,— 2 (G(0CH,) ,N] ;0
Moles oL 3 HCOONa + 3 Hy0 (c)
formed in (b) 0.005724 «™
used in (c¢)

Therefore 0.005724 x £= 0.004290 moles of formate
that should have been formed in (e¢).

If the small amount of chlorpicrin that dild not
decompose according to (g) and (b) decomposed according
to the following equation,

+ —>
4 GC1,N0,+ 2 NaOCH; —> 2 [CC1,N] 50 +3 Hy0+ 3 HOOONa
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then the amount of chlorpicrin reacting according to (4)
was 0.00028 moles [10.3018-—0.50095)f'é]. If 0.00028
moles of chlorpierin reacted according to (d) then 2 x
0.00028 = 0.00021 moles of formate should have been found.
The total formate that should have been formed from (c)
and (d) was then 0.00450 moles (0.004290 +0.00021), while
0.003599 mole was found.

For run III on the basis of equation (a) the average
molar yield of sodium chloride was 0.30029 mole (theory
0.3018) and the average yleld of sodium nitrite was 0.093175
(theory 0.1006).

If there was 0.30029 mole of chloride then there
should have been 0.30029/3 = 0.10009 mole of nitrite; or
if there was 0.093175 mole of nitrite then there should
have been 0.093175 x 3= 0.279525 mole of chloride.

The excess chloride came from the following side
regctlion:

0015302 + 3 NaOCHs‘—93 NaCl‘*C(OCHS)SNOQ (b)

Moles . Moles - Moles
(2)+*(b) 0.10009 (a)+(b) 0.30095 0.006915
(a) 0.093175 (a) 0.28376
(b) 0.006915 (v) 0.020765

Or 0.006915 x 3= 0.020745 mole of chloride formed
in equation (b), therefore 0.006915 mole of the compound
C(OCH3)5N92 was formed in (b).
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If this compound were then reduced to sodium for-
mate by the sodlum methylate the following secondary re-
action holds true:

4 C(OCH,)NO,*3 NaOGH, 2 [0(0055) SN0 +

3 Hy0 * 3 HCOONa  (e)

0.006915 formed in (b) and used in (¢), therefore
0.006915 x § = 0.005186 mole of formate that should have
been formed in (c).

if the small amount of chlorpicrin that did not
react according to (a) and (b) decomposed according to
the following equation,

4 CC1zNO, + 2 NaOCH;—>2 ((CCLN|50 + 3 Hy0 +

3 HCOONa (a)
then the amount of chlorpicrin reacting according to (4)
was 0.00050 mole [ (0.3018~ 0.30029)~ 3}. If 0.00050
mole of chlorplerin reacted according to (d) then £ x
0.00050 = 0.000375 mole of formate thet should have been
formed. The total formate that should have been formed
from (¢) end (d) was then 0.005561 mole (0.005186 +
0.000375), while 0.005525 mole was found.
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SUMMARY

This investigation involved five objects: (1), a
continuation of a previous investigation of the reaction
between nitromethane and 15 N, 10 N and 5 N solutions of
sodium hydroxide, in order to determine the nature and
extent of reaction between nitromethane and 3 N, 1 N and
0.5 N sodium hydroxide. Also the nature and extent of the
reaction of 5 N sodium hydroxide solution with (2), nitro-
urea, (3), nitroguanidine, (4), nitrobarbituric acid and
finally (5), the action of methyl aleohol solutions of
sodium methylate upon chlorpicrin.

The results were respectively as follows:

1. (a) The action of 3 N sodium hydroxide solution
in this present work like the action ob=-
tained with 15 N, 10 N and 5 N solutions
in the previous investigation was in accor-
dance with the following postulated equation:
CHzNO,+ 2 NaOH —?NH, 4NayC0sz --Hy0

(b) However with 3 N sodium hydroxide the theo-
retical yields of ammonia and sodium carbon-

ate were only 36% of the theory in one run
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(a)

2. (a)

(v)

- T3 -
and 38% in the other, as compared with
about 48% of the theory in the former
runs of 15 N, 10 N and 5 N solutions.
With 1 N sodium hydroxide solution it was
apparent that the postulated reaction oc-
curred to an extent of 12% =~ 13% of theo=
retical. A concurrent reaction also oc=-
curred to an undetermined extent'producing
methazonic acid from the condensation of
two moles of nltromethane. Thls methazoniec
acld was then decomposed to an undetermined
extent into carbon dioxide, hydroxylamine
and hydrogen cyanide.
The postulated reaction occurred to an ex-
tent of 9% theory in conformity with the
postulated equetion with 0.5 N sodium hy~-
droxide. "
It was shown that the following reaction
between ﬁitronrea and sodium hydroxide oc-
curred to an extent of almost 100% theory
based upon the postulated equation:
co (NHQ)NHNOQ‘Z NaOH —? Ny0 4 NHz + NagCOx# Hy0
From the point of view of the proposed re-

action mechanism the structural formula

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



of nitrous oxlde would be N=N=0

rather then N=N.
\O 4

3. (a) It was shown that the following reaction
between nitroguanidine and sodium hydroxlde
occﬁrred to an extent of 100% based upon
the postulated equation:

HINC(NHz)NHNO 2 NaQOH —> N20 +2 NH_*Na_CO

2 3 23

(p) Again from the point of view of the pro=-
posed reactlion mechanism the structural
formula of nitrous oxide would be N=N=0

rether than N=VN.
\0/

4. (a) The following reaction between nitrobarbi-
turic acid and sodium hydroxide was shown
to occur to an extent of 95% of theory in
glass pyrex flasks and 45% of theory in
copper flasks based upon the postulated
equation:

0
CHNO, + 8 NaOH — 4 NagCOz+ 3 NHg+ Hp0

=
g

/
0C_

N\

N-C
H

pvd

(b) From the results with nitromethane and ni-
trobarbituric acid giving 45% - 48 % ylelds
in copper flasks and the results with ni-

trobarbituric acid, nitrourea and nitro-
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guanidine giving 95% - 100% in pyrex
glass flasks, it appears as though the
copper acts as an inhibitor of the re-
actions or that the glass may promote
the reaction due to surface catalysis.
(¢) A complete reaction-mechanism scheme
has been postulated to explain the re-
action.

5. (a) Chlorpicrin reacts with sodium methylate
eliminating practically all (98 - 100%)
of 1ts chlorine content as sodium chloride.

(b) About 90 =~ 95% of sodium nitrite was
found in various runs.

(¢) The formation of sodium formate shows
presumably that the nitro radical of
6 - 7% of the initial chlorpicrin oxi-

dized sodium methylate to sodium formate.
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