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The Identification, and the
Quantitative Estimation of Nitrodicyandiamidine.

In the investigation of the progerties of nitrodi-
cyandiamidine, a flashless propellant component, it was found
that the susbstance is a weak acid since a number of stable
metal salts could be isolated. Salt formation of nitrodicyan-
diamidine may be used as a basis for its quantitative estimation.
Similar to other urea and guanidine derivatives it couples with
aryldiazotates to yield arylazo substituted nitrodicyandiamidine,
reacts with hydrazine hydrate to form N (1,1 bishydrazino)

methyl Nl

nitrourea, and decomposes when formaldehyde is
added to its agqueous alkaline solution. Also at elevated
temperatures it undergoes Bearrangement reactions. The
formation of the N (1,1 bishydrazino) methyl ML nitrourea
can be used for the identification of nitrodicyandiamidine.
In one of a geries of attempts to prove the gtructure of

nitrodicyandiamidine by synthetie methods, the phenyl sub-

stituted nitrodicyandiamidine was preparede
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GENERAL INTRODUCTION

The importance of a flashless propellant is self
evident even %o the non military man, especially so in night
combat. Just after the last "Great War" it was found that
nitroguanidine, a pf%viously known compéund of only acadenmic
interest had an explosive power equal to T.N.T. Furthermore
it had the exceptional property of exploding with a cool flame,
and hardly any visible flash (l). When this compound was
incorporated with nitrocellulose and nitroglycerine, the re-
gulting cordite was found to possess both the cool explosion
temperature of nitroguanidine and the same propellant power

of ordinary cordite.

But picrite, as nitroguanidine is industrially
called, crystallizes out of the reaction mixture in large
crystals and is difficult to incorporate uniformly with or-
dinary cordite. This presented the problem of either improving
the picrite or of findiﬁg a substitute for it. It was during
the investigation of the latter proposal that nitrodicyan-
diamidine was proposed as a substitute for it. This com=-
pound previously reported in the literature (2)(3) has been
thoroughly studied both from the technical and ballistic
points of view by the Department of Munitions and Supply and
has been found to fulfil all the specifications required of

flashless cordite., Furthermore, it is prepared from the same
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primary products as that used for pierite, by a much simpler pro-
cegs with a production cost of less than one third the cost of
pierite, It also possesses many of the desired properties of bulk

and eorystal strueture which are lacking in the latter.

Thug several tons were prepared industrially for large
gcale tests. This preparation was carried out in vats which had
previousgly been used for dye production and thus the crystalline
product was yellow in colour instead of the white crystals which
are degeribed in the literature. Also the product obtained did
not appear to be of uniform purity. Therefore a request was made
for the developement of a quantitative method for the estimation

of nitrodicyandiamidine.,

In conjunction with this problem an attempt was made to
prove the structure of nitrodicyandiamidine. Although many methods
were tried with this objJjest in mind, none of them were successful.
But in the course of these studies, several reactions of nitré-
dicyandiamidine which up to now have been unknown, have been
alucidated. Thus the first part of the theses will deal with the
study of the reactions of nitrodicyandiamidine.whose chemical for-
mula is written as follows:=-

From an examination of its chemical structure it can be
gseen that this compound can undergo three types of chemical reac-
tions.

(L)e The reactions of the nitramide group

(2). The reactions of an amido group of the guanidine and urea series



(111). The reactions of the "Urea Dearrangement.w4)

The second part will discuss the attempts to prove

the structure of nitrodicyandiamidine.
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HISTORICAL INTRODTCUION

Thie Chemistry of Nitro Derivatives

(a). Nitropsreffins

The nitroparaffins were first prepared by Victor
Veyer (5) by replacing a halogen atom by a metallic nitrite,
His method was to heat an alkyl halide with silver nitrite.
In the case of methiyl iodide the product is almost entirely
nitromethane (I} but in all other cases the isomeric alkyl

nitrite RONQ ig formed as well.
CHzI —+ AgNOs —_— CEzNOs -+ Agl I

These compounds are insoluble in water, and are
slowly soluble in sodium carbvonate, from which the free compound
can be obhtained by acidifying with dilute acid, or by passing
through carbon dioxide gas. The fact that they cannot be re-
erystallized from sodium carbonate solution by diluting with
water conveyed to Victor Meyer tne idea, that the solubility of
the nitroparaffing in base is due to salt formation, which, in
turn, is due to the acidie propertiez of the nitro group.

It was evident that primary and secondary aliphatic
nitro compounds differ from the aromatie and tertiary ones by
having a hydrogen attached to the same earbon atom as the upitro
group. The explanation offered by Victor lNeyer was tihat the hizhly
negative nature of the nitro group renders the hydrogen attachel to
tne saxe carbon atom acidie, but that its influence does not extend

over to %the next carbon atom. Hisg esvidence (6) for t.is theory was,



that the tertiary subgtituted carbon atoms were not acidie,

and even though the monobromo compounds RCHBrNOg were stronéer
acids than the unsubstituted ones, the dibromo compounds,
RGBrgNOg d4id not exhibit any acidie properties at all, and were

neutral.

The sodium salt of these nitro derivatives can be
igsolated by treating an alcoholic solution of the nitro compound
with sodium ethoxide, or with sodium hydroxide in methanol.

It crystallizes out with one molecule of alcohol in which form

it is fairly stable (5).

It explodes upon heating, and it is unstéble in water
in which it decomposes very readily giving off heat. The
potassium salt can be prepared in the same manner as the sodium
salt. From a water solution of the alkali metal salts the
ingoluble mercury, silver, copper, iron, lead and barium salts
can be prepared. Similar metallic derivatives can be obtained
from secondary nitro paraffins, and from the monobromo sub-

stituted compounds (5).

As the acidic properties of these nitro derivatives
were thought to be due to the hydrogen attached to the same
carbon atom ag the nitro group, Victor Meyer reasoned that the
godium atom was attached to this carbon atom, and thus gave the

following structure (ll) for these sodium galts (5).

/Na Na
R.CH.JO
CH.NO, or Rg €.N0z I



Victor Meyer's theory was challenged by Nef who made
the following observétions (7).
I. Although the sodium salt behaves as though it were derived
from a strong acid, the free nitro compound exhibits no acidiec
properties and only dissolves in caustic alkali quite slowly.
II. Upon acidification of tne sodium salt by either hydro-
chloric or sulfuric acid an aldehyde (III) or ketone (IV)

is obtained.,
ZRCH.NoaNa + 2HC1 —= 2RCHO 4= 1N20 -~ 2NalL 21T
2RoC.NOgNa + 2HCLl —>» 2RgCO 4+ Ng20 <= 2NaCl Iv

thug Nef suggested, that the salt is derived from
a tautomeric form of the nitro compound (V) for which he

proposed the following structure.

‘ _ OH

RCHzfv 0s @ RCH=N §O v
),OH

or RyCHNOy —= R20==N§§O ¥

It was from this tautemer that the sodium salt (VI) was formed.

Although Nef's theory was criticized by ueyer who
showed that his formula could also give rise to aldehydes

or ketones (VII) (8}



(Za cl)
5

CHg.C.H H
NxO
0
c > 2CHzCHO + NgO t+ Hg0 + 2NaCl VII
0

3
(Na Cl)

Cl,,e \‘J.H

support for ilef's views was rapidly fortncoming.

It was found by Holleman (39) that p-nitropioenyl-
pitremethane g=ve a yellow sodium sslt. Waen a dilute agueous
solutior of this salt is treated with sn equivalent amount of
hyaroctloric acid, the yellow colour does not immedi=tely dig=

appear but on the contr-ry, decending on the concentration, it

4
o)
o
D
163}
0}
H
Q
=
%

nd disappears after o few minutes. ilso, the
conductivity of this yellow salt is zre<ter thsn csn "¢ ex-
plained by its sodium chloride content. On stsnding, the
enlour dicanpears and Tus conauctivi:y falls to wnat »f godium
ehloride, i'his shows thst the first effect of auainz the mincral
acid is to oroduce a yellow acidic compound, which in time gogs
over 10 thne colourless non-ilssocisted nitro comsound. agnce,
the =alt must de dsrived not from tn€ orainary non scidic, non
concacting compound, bdbut from & more acidic tauatom:=r,

dlmost immedistely these tvo forms were isolated in

two cases (LO0). If carbon dioxide g=s is nassed into an agueous
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gsodium hydroxidz solutior of phenylrnitrowuetaane, an 211, willan
ig tue true nitro form, sep-rstes glowly. But, i1f to the ice

2nld solution a minersl acid is =dded, =2 white crystalline
golid is precipsted wnich, when rapidly hezted, melts at 840
Both compounds were shown 5o nave the geme molecular welghts

and composition., On standirz, the solid tautomer chanzed irtn
the ordinary ligquid form.

Jith p-tromophenylnitromethane the two isomers,
similarly obtained, are both solids. The npitro form melts at
60°, and the isonitro at 89-90°

Both compounds exhibit different solubilities and
rezactions. The true nitro form ig only slowly soluble in
caustic =lkalis, ziveg no colour with ferric chloride, and
forms no salt with dry aunonia in a solution of dry benzene.
Tne aei form is a strong acid, which digsolves immeaiztely
in agquedous sodium hydroxide or sodium carbonate, It gives
a browrn red colour witn ferric cunloride, and forms salt with

dry amuwonia, T Lso rescts with bromine (VIII).

()51
" < + Bry—— 3 CBr—NO, + BT VIII
The precence of =n active hydrogen in the acidiec
tautomer ig shown by the fact that it rescts witi phenyl-
isocyanate and yields methane when treated with methyl-
magnesiumiodiae,
In both cases tne scidic tautomer reverts to the

true nitro form upon standing (ll). 4> a class, these zcids

were called pseudo acids because here ionization and neutral-



much alowser raite Lhann witn ordin:ry =cids.

8]

ization procesa et
this difference in rates of protoslytic transfsr

i1 fferentiste be btween

F_
o
s
z
o~
73}
fey
—
,—J
&
1
»)
P

has been emnloyed by

a pgeudo acid, where salt formetion is a2 function of time,

and 2 true acid where neutralization is sssentially instent-

aneous. r€ stetes further taat, "If the salt formation ig &

j&¥)

function of time, then it is evidence that the molecule unaer-

goes a caanse in tre salt formation orocesg; it 1s =alsd evidernce

0

[

for tne faet thel the undissociated substance znd 1te iong 2re
congtitutioneglly different.”

1wo structures have been pronosed Ior tre acidic
tantomer (IX) (X).
0

RQEE—N—0H  1X  rCE=N(
/ OH

P

v

Formula (IX) hze been put forward by -~antzsch since
it was his belief that thie structure wes snalosous to cortain
oxime derivaiives (10). «whisg structure heos always been regard-
ed as a possibility, but never received zenersl acceptance
chiefly Dbecause thne exisbence of such carbazoxy rings has
not been absolutely established. rurthermore, it was noticed
that an isonitro compound re=dily reverts to tne true nitro
form on standinz and this seems hardly compatitle with a
structure in which the carcon ana oxygen stoms are united by
a covalency link. Also, this structure does not satisfectorily
explain thne ready conversicn of the szlts into the bromo nitro

comnounds.
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Taus thie formuls wss later zbandoned by Hantzsen |

~ormula (X) hss besrn prosoged by wichaels (14)

and represents the structure wnicn iz ~everslly aceepted

¢

two tautomeric forms (XI) (XII).

]
b
-
b
—

nitro tautomer aci or isonitro Sautomer

In order to stuuy the various fsctvors ~hich affect
the equilibrium between %:e aci ana anitro f{orm, a methnoa hsad
to Le ooteined by which tue =amdunt of one isomzr coula be

eatimated in tne dresence of twe oOtner, Tue {zc¢t that the sei

forw reacted instantaneously with bromine <t r>dm lemoerature,

(1l), while the true nitro compoune did not, was used by Jeyer gnd

Jertheimer =zs a method for ectimsating tue amount of the aci form
(L2). Jtilizineg this methoa, the followirgs fsctors were found
to influence tre eguilicrium:-

1. The effect of solvente on tue equilibrium is xnowxn

to ve deendent on tne relstive golubilities 27 %4 two tau-

tomere ir the solvent., wiils relationship ic ~iven by tne van't

Hoff-Dimr-th relstion, i.e., if on: form (A) is more soluble tioan

the oth-r (3) ir one solvent, bat lesg soluble in s seconi sol-

L

vent, then on ~oinz from the firct zolvent to the second, the

equilibrium will saift in £ vor of (2) (1d). 1% tiersfore ~112vs
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from this relationship that the position of the equilibrium
ig affected by solvents and by substituent groups (which
affect the solubility of a compound).

Thus in hydroxylic solvents, especially so in
aqueous methyl alcohol, the equilibrium of the aci form of
p-nitrophenylnitromethane is higher than in hydrocarbon
solvents. This is in agreement with the fact that a hydroxylie
subgstance, such as the aci form, would be expected to show a
greater solubility in hydroxylic solvents thanrthe isomerie
true nitro form, and an abnormally small solubility in hydro-
carbons. In pyridine, 1l6% of p-nitrophenylnitromethane exists
as the aci form.

Nitroacetophenone shows the opposite behaviour.

In toluene there exists 10.3% of the aci form at egquilibriunm,
and in aguous methyl aleohol only 2.7%. -Thus, with the nitro-
ketone the relative solubilities are exactly the reverée of
p-nitrophenylnitromethane, and the aci form does not behave

as a hydroxylie solute. <he reason for this behaviour is
thnat a six membered chelated ring can be formed between the
hydrogen atom of the hydroxyl group (XIII) (XIV) and the

oxygen atom of the carbonyl group.

Cs%"ﬁ -CH=1|v—>o or N c|:= c-1i:—-> 0
O-~H=0 0~H~0

LIIT LIV
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The structure of the chelated ring can be re-
presented by either of tnese formulae, The first is an aci
nitro compound with a hydrogen bond to the ketonic oxyszen
atom of the nitro group (XIV), and the gecond, an enol with
tne hydrogen bond to the oxygen atom of the nitro group.

Thus, Meyer (15) found it impossgible to decide whether the
acidic tautomer was due to the agci form of the nitro group, or
to the enolic form of the ketone group. According to the
regonance theory this difficultyAdoes not exist since both
formulae are identical. Hence, when the nitro ketone is
treated with diazomethane, both esters are formed. The enol
is converted into its methyl ester (XV) and the aci nitro form

gives its ester derivative (XVI) (17).

06H5CQH:CHN02'+ CHZN2 — C6H5000H3:CHN02 iV
C6H5COCH:N02H+CH2N2 — C6H5000H:NOOCH5 AVI

The latter compriges about two thirds of the total product.
2. ' The rate at which the aci tautomer of a nitro
compound changes into the true nitro form, is affected to
an enormous extent by traces of acids and bases which act
as catalysts. 1This was most clearly shown by Lowry and
magson (18) (19) with nitrocamphor. As nitrocamphor is
optically active, the two tautomers can be conveniently
followed in tne polarimeter. Hence, it was obgerved that
in carefully purified benzene, twelve days were required

for 99.5% change of the aci to the nitro form. The time
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necﬁisary ig hglved if piperidine is added in a conceﬁtration
oflgv. If the piperidine concentration is raised tolgl, the
the period is ten minutes. Traces of alkali from glass have
an enormoug effect, as one solution gave a period of sixty-six
days in glass and six years in silica. The result of this
effeet, ig that the addition of a trace of an acidice substance
to a solution in a glass vegsel reduces the rate of change
because it neutralizes the alkali from the glass. The further
addition of acid accelerates the change as the acid itself can
act as a catalyst. It was abserved that in chloroform with

N trichloracetic acid the rate of change wasg infinitely
slow, while the period for N acid wasg five and one half
hours, and for one tenth normal acid, thirty-three minutes.

The rate of change of the aci into the nitro form
can be measured by Meyer's titration method (20} and by
conductivity methods, taking advantage of the fact that the
aci tautomer is an electrolyte and the nitro form is not
(10) (21) (=22).
The first kinetic studies of the isomerization

of nitroparaffing were carried out by Hantzsch and Ley (23).
They have postulated that the primary and rate determining
step in the neutralization of a nitroparaffin by a base is

the isomerization of the nitro to the aci form with sub-

gequent rapid neutralization of the latter (XVII).
RCHoNOs + B RCH:NOOH + B RCH:NOO™ 4 BH? _XVII:
M Ve —Efa *EE) —_—

and ky  kg. In this mechanism the sequence of transformation



14.

is nitroparaffin —— undissociated aci acid —2> aci ion.
However, Pedersen (24) has shown that thig view is
inconsistent with present ideas of acid-base catalysis as
outlined by Bronsted (25). The igomerization of a nitro-
paraffin must be considered as a prototropiec process, and
as such it cannot take place sgpontaneously, but must involve
the intermediary of an acid or basic catalyst. In conformity
with this view he actually found the isomerization of nitro-
methane to the aci form to be a reaction subject to general
base catalysis. He consequently postulated as the mechanism

of neutralization (XVIII)

RCHgNO, + B —» RUHENO, + BHY ——3 RCH:NOp + BEY  XVIII
ky kz |

i.e, the nitro form donates a proton to the bage, and the
regidue is converted rapidly by an electron shift to the ion.
Thus k) <{(ky and is rate determining, The aci ion may
associate under the proper conditions to form the aci acid.
In this scheme the sequence is nitroparaffin 3 aei ion
—> aci acid.

Pedersen's formulation of the mechanism of
isomerization of the nitroparaffins‘has been accepted by
Junell (26)(27), Wynne-Jones (28), Reitz (23), and Maron and
La ikar (30).

The mechanism of regemeration of nitroethane from
the aci form was first proposed by Ley and Hantzsch (23), to

proceed according to the scheme (XIX}).
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R R
~ - % ~ ~
JOiNO0T 4 Hp0¥ == TC:NOE — CORNO;  AIX

However Junell (27), studied the kinetics of this reaction
at a later date and he found that the reisomerization of aci-
nitroethane proceeds through the nitroethane ion rather

than the undisgsociated acid according to (XX).

(YT . i o +
CHSCH.NOOH + HZO —_—> CHch.I\IOO'-!— H30 —_— CH30H2N02 XX

These results were later confirmed by Maron and La Mer (31).

The structure of the salts of nitro derivatives
were studied by Kuhn and Albrecht (32), by investigating the
effect of salt formation on optically active 2-nitrobutane.
They observed that if excess sodium hydroxide was added to
an alcoholic solution of the optically active nitro com-
pound, the resulting sodium salt was inactive. If the alkali
was not in excess, there was an aciivity due to incomplete
salt formation. If however, a methyl alecoholic solution
of godium or potagsium hydroxide was added, then an
optically active salt resulted. Thisg activity could be shown
to be due to the salt of the nitro compound, since the
optically active nitro eompound could be regenerated from it.

These results were confirmed by Schriner and
Young with a different optically active nitro compound,
2-nitrooctane (33), and by Mills (34), who resolved
phenyleyanonitromethane, and converted it into the active

godium salt.
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It was pointed out by Kuhn (32), tnast according

to the classical structure of the aci sodium galt, no
optically active salt is possible as it contains a double
bond (XXI).

CH. 0
?::C:N<; Na*
CoHg + >0 XXT

Therefore; it was assumed that tne aci compounds can
exist in another form which give optically active salts.
Kuhn proposed the following structure to represent the

otner aci form(XXII).

Ciy .0 ]

.oo. - +
CZH5 ..(Z.L'T:" Na XXII
\ T

The presence of two forms of the aci tautomer
is in agreement with the experiments of Branch and Deelman (22).
They studied the change in conductivity which takes place
on the addition of hydrochloric acid to the sodium salt
of the aci nitro derivative, ‘hey noticed an abnormal
conductance drop at the start, followed by a slow gradual
drop for the conversion of the greater part of the aci
nitro salt back to the normal nitro form,

Hence, the experimental data on the conductivity
and optical activity of the salts indicate the presence of two
different forms of the negative ion in solution. The chief

objection to such an agsumption, is the fact that racemizaticn
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does not oseur readily. This may be due to tne stabiliza-
tion of the aci form by combination with the solvent (the

anion forming a hydrogen bond with the ethanol) (XXIII).

R - f IiL -
\
R=G-NO, | Na'+ CoH OH —3 R-?-NOZ Na® XXIII
H
|
H
\ 0CoH, |

This explanation is supported by the fact that some sodium

salts retain a molecule of alcohol in the solid sgtate (5) (33).
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(B)., Aliphatic Nitramines

The aliphatic nitramines were first prepared
by Fraenchimont by passing ammonia gas through a solution

of N-alkylnitrourethane (XXIV)(35).
CHSN( l\TOz) C OOCH3+ 2NH5 ———> DNH;COO0CH3 i CHgN:N OONH,4
CHBN:NOONH4 _— CHzNHNOZ + NHS XXIV

The primary nitramines are gcidic like the
primary and secondary nitroparaffing. ~Their aqueous
golution turns blue litmus red. They also form lithium,
sodium, potagsium, copper, barium, zinc, nickel and cobalt
salts. A solution in water of the potassimm and sodium

salts reacts basicec to litmus (36},
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(C}) Nitro Derivatives of the Urea Series

The nitrocompounds of the urea series are nitramides
and contzin the typicszl structure - NH - NOg. The general
procedure for their preparation consists in treating the
parent compound at temperatures close to OOC with either
(a) fuming nitric acid (b) a mixture of concentrated sul-
furiec or nitric acids or (¢) treating the nitrate galt of
the derivative with concentrated sulfuric acid.

The mechanism through which nitration occurs
would appear to be; first, the formation of the nitrate
galt, then the dehydration of this salt by either sulfuriec
or fuming nitric acides Although this has been the generally
accepted mechanism, it does not explain all the known facts
concerning the nitration of these compounds.

The introduction of an alkyl group into the
guanidine (or urea) molecule would be expected to increase
the basicity of the nitrogen and hence that of the whole
molecule. If nitration oceurs through salt formation, then
the nitro group should be attached to the same carvon atom
as the alkyl group. But this is found to be contrary to
most of the experimental evidence since further investiga-
tion of alkylated ureas, guanidines and biurets (37)(38)
(39) has shown that when a nitro derivative of these com-
pounds has been formed by direct nitration, the nitro
group entered the non-alkylated amino group. <There is

one exception and that is methyl urea which forms N nitro
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N metayl area (40). It would then appesr thot zenerally

{

<

the nitro group may entsr only the non alkylated amino group.
This is furtner substaantiated by the fact that N,Nl di
alkyl ure=s and guanidines canndotv be nitrated at all.

rrom all this data, bavis has concluded that the
mechanism of nitration in this ssries is not necegsarily the
dehydration of the nitrate salt and suggests that tne basicity
of urea, guanidine, biuret{ and thelr alkyl derivatives, is
distribated throuzh the molecule as a whole., This is sub-
stantiated.by the faet tust hHoth urea and guanidine can exist
in maeny resonating forms, ana in tue czse of guaniaine, its
strength as a base is »eartially due to regdonance., Thus, mono
methyl and YN,N dimethylguanidine are slightly weaker bases
than zuanidine itegelf, while N,Nl di alkyl guznidines sare
weax bascs, Paulinz h~s heen abls to explain this throush
tne consideration of the effect ol the substituernts on
resonance (4l). It is wecause of regonasnce in the suan-
1dine and urea molscules that no simple mechanism can oe

formuloted for the form=3ion of its nitro derivassives.

is nearly four times as strong en acid ns asc2tiz acid and
like other nitro derivstives, it forms potsseium, silver, mireury

and zmronium salte, Its potassium salt resct

i

neutral in
aguedous solution (42).

The reducztion of nitrourea to semicarhazide takes
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place guite readily and is carried out inuwustrislly by means
of an electrolytic proecess (42). Tuls reduetion can also be
geeomolished witn ammonium amalgam (47) and with zine in
secidic media (43).

rree nitrogo urea is not known but on tae reduction
of nitrourea with zinec and codium hydroxide at lov tempsratures
Thiele obtained for a stort period of time a pogitive test for
a nitroso group (a2 red ceolour with a ferrous sulfate solution)
(42), This colour rapidly disa pesrs indicating that the nit-
roso caompound i1g t00 unstable =nu decomposges very readily.
The methyl substituted nitrosourea darivative (N nitroso N
methylurea) can be prepared by 4dissolvins the mstuylures in
dilute sulfuric =cid and then =ddins sodium nitrite at a low
temperasure (49),

.

¥ nitro U methylurea cannot be prepar=d by tne direct

methylation of nitrourea. This was obsgerved by ilhiele wno
found th-t methyliodide haed n- =ffeet >n tue potassium salt of
nitrourea (42). Diazomethane was then used se the methylating
agent, but this reagens caussed the decomposition of the

<

nitrourea (42)(XXV).

NHZCO.NHNOZ.f CHzNg.____, ANCO04 NHpNO, ALV

)

Witrodiuret whicn is formed in the same manner
as nitroures also exhibites neidic vproperties. TIts ovot:ogsium
salt like tne potagsiwn derivative of nitrourea rzacts neutral
(50},

Tltrozuanidine ig prepasred from its nitrate szlt by
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the action of cold concentrated sulfuriec acid (51)(52)(53)
(54) (55) (56) (57)(58)s It exhibits both acid and basiec
properties, It is soluble in basic solutions, from which
it can Dbe reprecipitated by passing through carbon dioxide
gas. It forms both hydrochloric and nitric acid salts from
hot concentrated hydrochloric and nitric acid solutions (53).
It can be reduced to both the nitroso and the
amino derivative, The reduction to the nitroso derivative
can be carried out with zinec and sulfuric acid (53), zine
and ammonium chloride (58) and by catalytic hydrogenations
over Adams platinum (59) and over Raney nickel catalyst (60}.
The amino derivative can be prepared from nitroguanidihe

by reducing with zinc and acetic ascid (53)(6Ll)(62).
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(D). Nitrodicyandiamidine

My

repared by Phiele

G

-
ISR

L

¥itrodicyandiamidine was fi

e}

by tne action of concentrated sulfuric acid snd nitric -c¢ids
on dicyandiamides st -49C with a 955 yield (XAVI)(2).

HaS04
NH,C(NH)NECY + HNOg ———> NH,. C(NH)NH. CO.NH.NOp  XXVI
It can also be obtained by the action of (i) mixed acids on
the sulfonic 2cid of dieyandiamidine (63) (ii) of fuminz, 2nd
of dilute nitric =cid on diecyzndiamide (64). It is insoluble
in water, ethanol, ether, (2) benzene, carboniisulfide, csrb-
ontetrachloride, chloroform, petroleum sther, accltone, acetic
acid, sniline, pyridine, dioxane, ethyl acctate (65), forma-

miae and ligquid ammonia. It ie soluble in alksline solutions

-

from which it can be reprecipitated by szeidifying with mineral

=

3
o

acidg or with carbon dloxide gss.e 1t 19 slso soluble in cone-
centrsted mineral scids =nd in warm squeous sodium carvons

Like other nitro d:.rivatives, 1t forms & gilver salt when
silver nitrate is added to nitrodicyandiamidine-sodium hy-
droxide solusion.(2). It can be reduced w0 aminodicyan=-

dismidine with zine and hyarochloric acid. (2) {é5).

te (=),
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Reactions of ‘the Amido Group of the Urea and Guanidine Series

(4). With Aromatic Diazotates

ihe coupling of aromatic dimzotates with dicyan-
dismide was discovered by Walther and Greishammer {67). This
coupling occurs in the following manner:-

An ice cold solution of an aromatic diazomium
chloride is added to an equivalent amount of dicyandiamide
dissolved in water. This solution is made basic with a amall
excess of agueous sodium hydroxide whereby the colour of the
gsolution changes from yellow.to red. After about thirty
seconds the solution becomes turbid and it is then acidified
with dilute hydrochloric acid. This causes the precipitation
of the aliphatic-aromatic diazo amido compound. The pre-
cipitate is collected on a filter but here only part of the
reactants undergo the coupling reaction. It is necessary to
repeat the process of alkalination and acidification of the
filtrate several times in order to obtain the full yisld of
product. No satisfactory explaration has been proposed for the
fact that the full yield of the product is not obtained upon
the first alkalination and acidification. The reaction between
dicyandiamide and the diazotate was represented to occur in

the following manner (XXVII).
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NI (NH) NECN + CgH N:NONa —— 3 CgHgl:NiNa. C(NH)NECN + Hp0

06H5N:NNNa.C(NH)NHCN —_— C6H5N:NNH.C(NH)NHCN XXVIT
phenylazodicyandiamide or
1 phenyltriazeno 2 cyanoiminoasminomethane

Following this procedure the o, m, p, tolulazo;
p-chlor and p=bromo benzeneazo and o-carbonic ecid benzeneazo
derivativesof dieyandiamide were prepared.

These compounds are acids and form sodium and
ammonium salts. The methyl derivative can be prepared by
reacting the sodium salt with methyl iodide (XXVIII) or

dimethylsulfate.

CgHsN(Na)N:NC(NH)NH.CM-CHzI —» CgHgN.N:NC(NH)NH,CN XXVIII
2 éﬁs
2 phenyl 2 methyliriazeno
1l cyanoiminoaminome thane
The benzyl and the nitrobenzyl derivative can also
be prepared from the sodium salt by reacting it with benzyl

chloride (XXIX) or with p-nitrobenzylehloride (XXX).

06H5N(Na)N:NC(NH)NHCN4-Céﬂscﬁzcl —_— CGHsNN:NC(NH)NHCN XXIX

C6H5N(Na)N:NC(NH)NHCN—FpaH0206H5CHZCI —_— C6H5TN:NC(NH)NHCN XX
p=NO0aCgHzCHg
These diazo compounds undergo two types of decompostion.

One of the decompostiomsoccurs when it reacts in the anti form

(XXXI).



26

CgHs

ml‘\, 41,0 - CgHgOH =+ Ng + NHpC(NE)NHCN XXX
WHC(NH) NHCN

anti form

and the other when it reacts in the syn form. (XXX1l1l)

?6H5 ?GHsNHC(NH)NHUN
N:N +HCl — N:N ___fg_a_9 C6H5NHC(NH)NHCN
NHC(NH) NECN HCl 2 XXX11
syn form phenyldicyandiamide

In ethanol-hydrogen chloride solution the product
" of the decomposition of the syn isomer is hydroiysed to

phenyldicyandiamidine (XxXX11l).

QQ?5$HC(NH)NHCN
N:N + Hzo-——€> UGHSNH.C(NH)NH.CONﬁz XXX111
syn form phenyldicyandiamidine

vecompogition (XXX1) occurs when the diazo
compoumnd is bolled with water or with dilute sulfuric acid.
In order to explain the two different types of decomposi-
tions, this type of reaction is said to oceur from the
anti form which is the more stable of the two.

vecomposition (XXXx11l) occurs when the hydrogen
chloride salt, which has been formed by passing hydrogen
chloride gas through a suspengsion of the diaszo compound in

ether, is gently heated with water.



Decompogition (XXXIII) occurs by
diazo compound with dilute hydrochloric ~2id, with a solu-

tion of hydrogen cnloride in abgolute ethanol, or with a

4

golution of hydroczhloric =cid in 2957 eth-nol.

™

Ry the sgzoplication of these decompositiong the

D
=

phenyl; p-chloro and p-bromo benzene; o, m and p-tolyl;
and o-benzoic acid dieysndiamiding; phenyl, m and D=t
p-chloro and bromo dicyandiamide derivatives were prepared,
The structuwre of thess compounds was proven by
synthesizing phenyldicyundianide following the procedure

outlined by +heeler and Jamieson (63), and htydrolysing it

to phenyldicyrunuiamidins.
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(B) . With Hydrazine Hydrate

Hydrazine hydrate reacts with urea and guanidine
and its derivatives by replacing an amido and, or imido
group by a hydrazino or a hydrazono group. The products
obtained depend upon the proportions used and the tem-
perature at which the reaction is carried out,since certain
conditions may cause cyclization of the products.

When equivalent amounts of urea and hydrazine
hydrate are heated, semicarbazide and hydrazodicarbonamide
are formed (69)(70)., When guanidine is treated with
hydrazine hydrate the product is triamino guanidine (71).
The product with dicyandiamide depends upon the temperature
and the proportions used. When dicyandiamide is treated
with hydrazine hydrate, aminodicyandiamidine, aminobiguanide;
amino, diamino and triamino guanidine can be obtained
depending on the reaction condition (72). These products
may cyclise to give cyclic compounds (73). Similarly biuret

gives aminobiuret and other dearrangement products (72).
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(C) With Formaldehyde

The general reaction tetween formaldehyde and an
amido group entails the formation of methylolamines. These
are unstable and lose water forming higher products derived

from the corresponding methyleneamines (XXXIV)(74).

RNH; + CH30 ———» RNHCH5OH

ZRNHCHy OF —— (R-N: CHJx  + 0 XEKTV

Thus the first condensation products of urea and
formaldehyde were isolated as regins. But monomethylol urea
can be prepared from a neutral solution of urea and

formaldehyde (XXXV)(75).

NHz.co.Nﬂz-l- HCHO —— NH,C0.NH.CH,0H XXXV

If thig addition is made at an acidic pH a high molecular

weight product is obtained (75). A different substance has

been obtained from the same materials by Halzer (76) and by

Ludy (77)(78) in the form of methylene urea. This compound

can be represented in two different ways, namely (XXXVI) (XXXVII).

NH NH.
2

|

co and CHz/ \co

] \

NH:CH, XXXVI NE XXXVII

Nitroguanidine undergoes a condensation with

formgldehyde similar to that of urea. This was observed by
Bowen (79) in the polymerization of nitroguanidine and

formaldehyde, when the methylol derivative of nitroguanidine
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was isolated. A gimilar reaction was observed by Phillips

and Williams with N nitro NI aminoguanidine. In this case

the methylene derivative was isolated (80) (XXXVIII).

NHNOp /////NHN02
(NH) + HCHO ——> (EH)

NHNH NEN: CHp XXKVIIT

Dicyandiamide also undergoes a similar condensation

to form methyloldicyandiamide (8l)(82).
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The Urea Dearrangement

The conversion of the cyanates of ammonia and
primary amines to urea and substituted ureas by the evapor-
ation of their asgueous solutions has long been known as
examples of the "Urea rearrangement.'" This type of reaction

is best exemplified in Wohler's preparation of Urea (83) (XXIX).

NH,OCN —> NH

4 EQCO.NH

5 XXXIX

This reaction can proceed along two lines.
(I). The cyanic acid functions as an acid and the ammonia

as a base in which case ammonium cyanate is first formed (XL).

NHg + HOCN —s NH, OCN XL,

(2). Cyanic acid reacts in its unsaturated character and an
addition occeurs of an amine type compound to the igocyanate

linkage (XLI).
H.lHg 4+ HN:C:0 —» NHpCO.NHg  XLI

The latter mechanism portrays the addition of
ammonia to isocyanic acid. This changes from the enol (or
normal) to the keto (or iso) form, was postulated by Werner (84).
This has been confirmed by recent Raman spectrum studies in
which it was found that cyanic acid exists and reacts solely
in its unsaturated character i.e. as isocyanic (85)(86).

Similar "Urea rearrangementsg" occur when isocyanic

acid is treated with substituted amines or an isocyanate with
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ammonia. Two examples of this rearrangement are the
preparation of methylurea from ammonia and methylisocyanate
(87)(88).
Thusg it can be said that the Urea rearrangement
congists of two types of reactions;
(a) “he reaction between a substitwted amine and iso-

eyanic aeid (XLII).

R.NH; + HNCO —> RNH.CO.NHy XLIT

(b) The reaction between a substituted isocyanate and

ammonia (XLIII).

R.NCO + NHz ——> RNH.CO.NHg XLIIY

The Urea rearrangement can be applied to the form-
ation of guanidine and thiourea and their derivatives. In
the case of guénidine, cyanamide (89) is used instead of
igocyanic acid, and in the case of thiourea, isothiocyanic
acid is used (90).

The reverge of the urea rearrangement does also
occur, and has long been known. AsS early as 1838 it was
noted that a boiling zgueous solution of urea gave a precip-
itate of silver cyanate when silver nitrate was added to it
(91)(92). Additional examples of this type of reaction were
Observed when urea wags heated above its melting point. Here,
certain compounds were formz2d in sddition to biuret which
could only result from the dry heating of ammonium cyanate

(93)(94)(95). The implications of these reactions caused
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Emil Werner to suggest that the "Urea rearrangement”
represented a reversible system (84). Although Werner in his
many publications has contributed greatly to the knowledge
of the gtructure of the chemistry of the urea series, he
failed to give a simple picture of the mechanism of reaction
in thig series:~ one, which would explaim the many apparent
complex reactions which occur.

The first, and only, widely applicable theory that
has been advanced was proposed by T. L. Davis (96). Davis
named the reverse reaction of Urea rearrangement, the "Ures
Dearrangement." (97). In his own words, the urea dearrange-
ment "congists of the breaking apart of the urea derivative,
(usually on heating) in such a way that the hydrogen, pre-
viously attached to one of the nitrogen atoms goes off in
eOmbination with the other, and the atoms or groups pre-
viously attached to it, deserting the rest of the molecule.”

Thus, in the case of urea, a hydrogen attached to
the o¢ nitrogen goeg off with the # nitrogen and the hydrogen
attached to it forming ammonia and leaving isocyanic acid.
In the game way, a hydrogen attached to P nitrogen can go off
with the o nitrogen and its hydrogens to form ammonia -and

leave isocyanic acid (XLIV).

It may be noted that the urea dearrangement may be

looked upon as a reversible process. This has been found to



be true. The urea, thiourea, and guanidine derivatives
dearrange to yield smaller molecules which recombine to give
other compounds (98). This theory has been found to apply to
the reactions of urea, thiourea and guanidine; in fact to all
the members of this series and their substituted derivetives.

The two compounds of mono-substituted urea which
are of sgpecial interest are nitrourea and nitroguanidine.
Davis has made a detailed study of these compounds and has
found that the introduction of a nitro grouping into the
molecule of the urea series greatly increasges its tendency to
dearrange (98)(99).

Nitrourea in boiling water dearranges in two ways
(99), forming mainly isocyanic acid and nitramide (i),
together with small amounts of ammonia and nitroisocyanic

acid (ii) (XLV).

NHz + NO5.NCO —> MH,.NO, + EHNCO

N,0+ GOy Hy0 + N g0

The ease with which nitrourea dearranges has caused
Davig to suggest it as a ready source of isocyanic acid for
gynthesis. This method has the unique advantage, that all
other compounds formed decompose into gases.

Nitroguanidine, on heating, dry or in squeois solution
dearranges along the same pattern (98) to yield nitrsmide and
cyanamide by one mode, and ammonia and nitrocyansmide by the

other (XLVI).
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N,0 + HNCO N,0+ Hy0 XLVI

u ] .
e
k ' ol

In cases where g urea derivative undergoes de-
arrangement in two modes--both reactions occur simultan-
eously. Although the velocity of one may be greater than
that of the other, this system represents a revsrsible
equilibrium reaction. For, if one of the decomposition
products is removed from the system, by taking part in some
reaction, the whole system shifts to reestablish the equi-
librium; and thus, these dearrangements can be used to
gynthesize substituted urea or guanidine derivative in good
yields. This has been illustrated by Davis who prepared
alkylnitroguanidines in good yields (98).

Nitrobiuret has been found by Davis t0 behave like
a symmetrical disubgtituted ures and on dearranging, forms
nitrous oxide, carbon dioxide, urea, and cyanic acid (100)

(XLviI).

P,

P T e e,

S NHg.CO_ |
NHg.CO.NHg + NOgNCO§" N.Co.

No0 + COg 0., HZO*N;gOX_L_\LI_;
Nitrodicyandiamidine differsg from nitrobiuret only
in having the oxygen atom furthest removed from the nitro
group replaced by an imido group. Thiele (2) has reported
"that this compound dissolves in boiling water evolving

carbon dioxide and nitrous oxide, and forming guanidine which
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can be recovered ss the carvdonate salt by evaporating tue
solution to dryness. A more detailed study of the decom-
position (95) has shown the presence of isocyanic scid
during the decomposition and thnat fthe final recsidus contains
small amounts of ammeline., Thus the dearrangement can occur

in the following manners (XLVIII), (XLIX).

NE .C{NH)NOC + NH.
Q) 2 2

XLVIII

oy M
O, —3 Hy0 + Ny0

Gi)

Y it s 2N, ofe
N o CINH)NH, +  0:2:N.N0,__3 §,0 +00p
XLIX

The experimental results of the decomposition of
nitrodicyandiamidine in water indicateg thaot dearrangement
(XLVIII) occurs. The presence of suanylisocyanate can be
proven by its reaction with ammomia to form dicyandiamidine.
This reaction takes place when the dscomposition is csrried

out in aqueous ammonium carbonate (L).

NHZ.C(NH)NCO + NHs'——ﬁ NHEC(NH).NHCO.NHZ L

Furtnermore, the dacomposition of nitrodiecyan-
Giamidine gives rise 70 carbethoxy guanidine waich c¢-n only

be formed from guanylisocyanate (101)(LI)

NAZ.C(NH)NUO +'92h50ﬁ _— NH2 C(NH)FHCO Oy 2H5 LI
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The pregence of the small amountg of ammeline can
be aexplained by assuming that a partial decomposition of
guanylisocyanate to cyanamide and isocyanic acid occurs. The
undecompoged portion of the guanylisocyanate can then react

with cyanamide to form small amounts of ammeline (65)(LII).

NH NH
g\ o
N~ \I\IHz m” NE
\ + _ | |
0:C C:NH O:G\ /C:NH
“HY HN LII

When nitrodicyandiamidine is dearranged in con-
centrated ammonium hydroxide, in which it is partly soluble,
carbon dioxide, nitrous oxide, urea and guanidine carbonate
are formed. The presence of large amounts of urea can be
explained by the dearrangement of the products of the primary
dearrangement products. This can occur in either one of the
following manners depending upon whether dearrangement (LIII)

or (LIV) is followed.

NH,'C(NH) . NH. CO.NHNOg —> NHG(NH)NCO + NH,NOg
NHp.C(NH)NCO + NHz — 3 NH,.C(NH)NH.CONH,

NHp.C(NH) NH.CO.NHy — 3 NHo.C(NH)NH, + HNCO

HNCO + NHz — 5 NH,.CO.NH, LIIT

or by considering dearrangement (LIV):-
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NHZ.C(NH)NH.CO.NH.NOZ —y HHZ.C(NH)I\TH2 + NO,.NCO

NHz‘C(NH)NHz — HN:C:NH + NHz
Hzo
HN;C:NH ————> HNCO + IHjy

HNCO + NHy — 5 I[Hy.C0.NHg LIV

In warm godium hydroxide, nitrodicyasndiamidine
yields carbon dioxide, nitrous 90xide, guanidine carbonate,
isocyanic acid and ammonia. In warm dilute sulfuric acid
the products are the same as in water'except that melamine
is formed as well as ammeline. In this case melamine can

be formed from the polymerization of cyanamide (LV)(102)(103).

HN:C:NH -+ iN;C:NH —> EHZ.C(NH)NH.CN'+ NH:C:NH

A kinetic study of the rate of decompogsition of
nitrodicyandiemidine has shown that its rate of decomposition
is dependent upon the ratio of nitrodicyandiamidine to water,

and is not affected by either acid or base (104).
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Reactions of Cyanamide

Cyanamide can exist and react according to its two
tautomeric formsg, the acidic or imide form NH:C:NH and the
bagic or nitrile form NHgCN. Raman studies have shown the
free form and various derivatives to have the nitrile struc-
ture. Instances of tne imide form are also evident (l05).
When cyanamide is heated in the dry state it polymerizes to
its dimer dicyandiamide and its trimer melamine (106)(107).
This reaction also occurs in agqueoas solution, but here there
is a simultaneous hydrolysis of cyanamide to urea. The
amount of this hydrolysis is dependent on the pH. 1In alkaline
golutions (pH 12) cyanamide is quantitavely hydrolysed to
urea whilé polymerization occurs in solutions of a pH less
than 6 {108) (109).

Cyanamide reacts with ammonia and amines to form
guanidine and subgtituted guanidines. Thus it reacts with
hydroxylamine hydrochloride to give oxyguanidines (110);
with methylamine hydrochloride to form methylguanidine
hydrochloride (1ll). A similar reaction can be carried out
with aniline hydrochloride (l1l2)(11l3); with hydrazine
hydrochloride (114)(l15); and with guanidine to give biguanide
(L16). Cyanamide also adds to many amino acids to form
guanidine derivatives (117), (118),(119), (l20).

Though the reaction of cyanamide with amines is
very well known, in no case hasg eyanamide been known to react

with an amido group of the urea geries of compounds.
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This type of reaction was first attempted by Bauman. He
attempted to form carbethoxy guanidine from urethane and
cyanamide. ‘his reaction was attempted in water, absolute
alcohol, and by fusing the reactants. In all these cases
cyanamide did not add to the urethane but dimerized to form
dicyandiamide (121). Attempts to add ecyanamide to urea also
met with similar results.
Bauman's experiments were repeated by Pink and
Blair in 1927 (122). 1In their investigation they sattempted
the synthesis of carbethoxy guanidine under the following
conditions; -~
Two moles of cyanamide + one mole of urethane
{a). at 150 in water.
{(b). anhydrous ethanol at 170
{e). fusing of the reactants.
tYhese reactions gave dicyandiamide, urea, guanidine

carbonate, ammelide, ammonium hydroxide and unreacted urethane.
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THEORETICAL DISCUSSION

Introduction

OUne of the objects of the experiments carried out
in thisg laboratory was to find a method for the gquantitative
estimation of nN.D.C.D. (In the following sections of this
thesis nitrodicyandiamidine will be denoted by nN.D.C.D.)

It can be seen from the historical survey that little is
known about the chemistry of n,u.v.Ds which can be used as a
bagis for its estimation. In the experiments carried out in
this laboratory advantage was taken of two of the known
reactions.

L. <the formation of the silver salt of n.D.C.D.

2. The solubility of n.,0.C.D, in dilute alkaline
solutions and itg insolubility in both neutral and dilute
acid solutions.

A. The formation of the silver salt of N.D.C.D.

l. Gravimetric Method. It was noticed by “hiele (2) that the

gilver salt of N.D.C.D. which was formed upon the addition of
gilver nitrate to a solution of N.D.C.D. in sodium hydroxide
wag colloidal in nature. this colloid tended to adsorb silver
iong and thus it was found that the silver content of the salt
did not agree with the calculated value.

By using equivalent amounts of sodium hydroxide and
N.D.C.D., and by adding, with vigorous stirring, less than
the equivalent amount of silver nitrate solution, a silver

salt was obtained which analyzed for the silver salt of
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N.D.CsD. But in order to dissolve gll the K.D.C.D. and to
insure the full precipitation of itsg silver galt an excess of
both sodium hydroxide and silver nitrate is necegsary. This
excess of godium hydroxide tends to cause the formation of
silver oxide instead of the gilver salt of N,D.C.D. After
several experiments it was noticed that if the mode of addi-
tion was reversed and the N,D,C.D.-sodium hydroxide solution
wag added slowly and with stirring to the silver nitrate
gsolution, there was no precipitation of silver oxide. This is
probably due to the fact that the silver salt is less soluble
than the silver oxide., Only after the formation of the salt
igs there an excess of silver ions and at that time the pH of
the mixture is 7.5 which is too low for the formation of the
gilver oxide.

The second difficulty encountered was that the silver
galt of N.D.C.D. formed a colloidal sol with the water present
which was difficult to filter and to wash. This colloid
adsorbed other ions and thus the yields obtained gave the
"purity" of N.D.C.D. to be about L06%, e.g. three samples of
N.D.G.D. were found to contain 45.07%, 45.9% and 47.7% of
silver instead of the theoretical amount of 42.5%. Although
various methods were triged it was found impossible to
coagulate the sol and ag this method gave erroneous results
any further investigation of this method was abandoned.

2. Volumetric Method. As the silver salt of N.D.C.D. is very

insoluble it was believed that a gquantitative estimation could



be evolved by noting the change in the concentration of
the silver ions during the formation of the silver salt.
Thig was done by substituting a silver electrode for the
glass electrode in a Beckman pH meter and by plotting the
change in -+ M.V. versus the number of millilitres of stan-
dard silver nitrate.

This method gave the purity of N.D.C.D. to be about
91%. Previously, the same precipitation used as a gravi-
metric method for the estimation of N.D.C.D. gave the "purity"
of N.D.C.D. to be about 106%. But in the gravimetric method
there was an excesgs of silver ions during salt formation. The
galt, which was colloidal, adsorbed the silver ions and thus
gave high values. In the volumetric method there was always
an excegs of "N.D.C.D." ions during salt formation. As the
salt here was also colloidal it adsorbed N.D.C.D, ions and
hence gave low values. Conductivity measurements also gave
an apparent value of about 91%. Thus, due to the colloidal
properties of the silver salt of N.D.C.D., it was found im-
possible to base any quantitative method upon the formation
of this salt. |

{B) Formation of the Mercury, Nickel and Copper Salts of N.D.C.D.

These salts were prepared in the same manner as the
silver salt. Like the silver salt they separate out of the
golution as colloids and hence adsorb other ions. Thus it was
found that the metallic contents of the salts varied with the
conditions that is, with the initisal amount of metallic salts

added to the reaction mixture. Because of this property the
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metallic salts of N.D.C.D., cannot be used for the quantitative

estimation of N.D.C.D. However they are interesting as
possible contaminants during the manufacture of N.D.C.D., since
under the proper conditions they may be formed as impurities.

(LVI).

21\THZC(NH)NH.CO.EN02Na+Hg+ —> (Nﬂzc(NH)NH.oo.N:Noz)zHg+Na*

2M{20(NH)NH.CO.N:N02Na+m* ——->(NH2.C(NH)NH.CO.N:N02)2N1 + Ng*

2zm2c(NH)NH.co.N:N02Na+Cu* — (NHz.C(NH)l\E{.CO.N:NOE)ZCu + Nat
LVI

(C). Formation of the Sodium Salt of N.D.C.D.

As a class primary and secondary nitroparaffinsg
have long been known as pseudo acids. This property is also
exhibited by nitramines and nitramides; for example it is
found that nitro urea is four times as strong an acid as
acetic acid.

The fact, that N.D.C.D. which is a nitramide also
axhibits acid properties was first mentioned by Caro (3).
The evidence which he presented was that N.D.C.D. is soluble
in alkaline solutions from which it can be reprecipitated
with mineral acid or carbon dioxide. But the acidic char-
acter can be inferred from the faet that when N.D.C.D. is
added to distilled water and the suspension well stirred, the
pH of the gystem decreages (Table III, fig. 3.). This in-
dicates that N.D.C.D. can exist in both nitro and aci forms.

The presence of hydronium ions in a suspension of N,D.C.D.



and water is furtier demonstrated when sodium hydroxide is

added to this suspension and the change in the conductivity
denoted. Here the conductivity of the suspension decreases
at first (Table IV and Fig. 4). This obgervaition can only
he explained by assuming that sodiuwm hydroxide neutralizes

the mobile protons. Thus N.D.C.D. can exist in the follow-

ing tautomaric forms.
0 OH

nE n( T /

FLe L) -LYFC OQ,JAL...\\ IMEQC(I{I{) .NHCO.I::I{\D
0

O.; O'
ijes .c(m).mwo.rr:z:< —. ™ .c(z:zz).}r}{co.:f;?:/ 4+ E*

0 S

It nas been previously mentioned trat N, D.C.D.

dissolves in alkaline solutiosns from which it can be re-
precivitated by acidifying with dilate mineral =zcids or by
carbon dioxide (). It was this property of the nitro de-
rivatives which led Victor lMeyer to asgsums that the solubility
af nitro compounds in alkali was due to salt formation. This
samne properdy of szlt formation was demonstrated in ¥.D.C.D.
by tne cbserved changes in conductivity and pH.upon ithe addi-
tion of sodium hydroxide to an syreous suspension of N.D.C.D.
The buffer azticn revealed here (Table III and kig. 3); an

1

algc when sclutions of N.D.C.D. in godium hydroxide were buck-

titrated with standard hydrochloric acid cean only be explained

by galt formation (Teble V and VI, znd Fige

[y}

ard §),
Tt is found upon examination of the literature that

the gcidic strengto of nitro derivatives depends upon ihe



basic strength of the purent compound. Thus the nitro-

paraffins represent nitro derivitives of neutrgl compounds.

It is trherefore found tast thess nitro compounds ure eirong

acids and their alkall salis are neutrsl., This corresponds

t> tne neutralization of a strong acid witn a strong tase (7).
dn the other hand, tue nitramines typify nitro

derivatives of weak basea, ‘Thus tnese nitro derivatives ars

weaxer acids than tnc nitroparaffins. This is noted from

gt thelr alkali salts are besic (d¢), as are the

ot

the fact
salts which are formed from weax acids and strong bhasgs,
Nitrourea, a nitramide, represents a niiro dsri-
vative of a compound which is a weak monoacid bsse., Thus, it
is four times as strong -n acid ss acetic acid., sccordinsly
its pntassium salt is neutral (42).
Mtrogusnidine differs from niirourea by havirng
ar amido sroup in olace of the oxyr:n. L% represents 3 nitro
gerivative of a compound, gusnidine, which is nearly as strong
& tsce ag sodiuwnm kyuroxide. hus its nitro derivative exhitits

verties (93).

bsic proy

N.D.C.D. 2s the nitro derivative >f dicyandiamidine,
i ae nitro a:rivative of a compound which 1s s strong base,

since dlcyanaismidine adsorbg carbon aioxide from the air,

. salis,  However, 1t is notv as strong

£t

and forms various aci
a base of zuanidine, Thus W.D.C.U. is a weak acia and, aa

€iptaied, an aquelus solution of its sodium or potassium calt

ja]

rescte basic to litmus. L1t 2lso aiffers from nitrosusniaine

by not formins any stable acid salts,
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" o~ ” + 3 A4 3 L P P O R o |
It nag heen mentioned in the higtorical szotion

that N,T,C.D

N.T.C.D, is insoluble in woter 2nd in all common organic
gsolvents, btut it has been proven tnat a sonluble sodium salt

exlets. +Hence, wnen an alkaline aolution of <nic =odium

salt 1g boek-titrated with standard mineral acid, there should
exist equivelent amounts of N.,D,J.L. and sodium hydroxide, thed

is, a guantitstive umount of sodium N,2,0.0., Jjust at the

peceggary $0 prove thot even thousin sn excess of =lkall is

m
e
o

necessary to dissolve the N, D.C.D,, ounce the N,0.0.D,
solution, it will remsir in solution sg lons ag thare gre

eguivelent amosunts of N.D.C.D. and sodium hydroxide in the

In an

[Sy]

attempt to prove this, the following obser-
vations were made about tne belisviour of N,D.Cl.D. ir weter and
ir agueous alkali medium:-

1l)e When H.D.%.0. is added to water, 1%t causzs a lowering
of the pH., This shows tnat N.D.C,D. ionizeg in agueous medlum

(Table III, Fiz. 3).

an excecs of alkalil is necessary. This excess of 2lkalil
varies inversely with its concentration. 4s the conceniration
of the 2lkall dscereases, the excens of £alil necessziry for

complete solution of the M,2,.0.0. ircresges,.

AY)
—
™y
oo
P——!
s
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ts
o9
<t
jay
™

3)e When N.IZ.C.D. was digsolved irn sxcess
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golution back-titrated with standard acid the following
obgervations were made.

(a). At first, upon additian of the standard acid, the acid
neutralizes the excess base (Table V and VI, and Fig. 5 and 6).
Upon the addition of further acid the N,D.C.D. begins to
reprecipitate from the solution. If, after the precipitation
beging, more acid is added, the pH of the solution rises.

The latter part of these curves show the same buffer effect

as when N,D.C.D. is dissolved in alkali.

(b). There exists equivalent amounts of N.,D.C.D. and sodium
hydroxide, at the point where further addition of acid begins
to reprecipitate N.D.C.D. from the solution. This point will
be denoted in the following discussion as the point of
incipient cloudiness. If at the point of incipient cloudiness
the reprecipitated N.D.C.D., is ®eparated by filtration, the
addition of one drop of acid to the filtrate is sufficient to
cause incipient cloudiness.

(c). If at the point of incipient cloudiness 0.2 to 0.5 mls.
of standard acid is added, several more observations can be
made.

1. At this point there occurs a rise in the pH.

11. Yhe N,D.C.D, which has separated out is greater than
can be eaxplained by the excess of added acid. This amount, of
gxcess N.,D.C.D. i8 greater for higher concentrations of
N.D.C.D., in solution.

III. If this N,D.C.D. is separated by filtration, about

0.4 mls of acid is necessary to cause inéipient cloudiness again.
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IV. <1he amount of N.D.C.D. which has separated out is of
the same order as the amount of excess acid added after
incipient cloudiness, plus the amount of acid necessary to
cause incipient cloudiness after the ¥.D.C.D. has been se-
parated by filtration.

It must be noted that points III and IV do not
occur if a very small amount of excess acid is added (that is
at the point of incipient cloudiness).

V. When acid is added after the point of incipient
cloudiness, the first fact that is observed is a lowering of
the pH. Upon stirring for a mimute or several minutes the pH
rises to an equilibrium valus.

(d). When the conductivity is plotted against the number of
mls. of standard acid added, the part of the curve after in-
cipient cloudiness denotes the titration of the sodium salt.
After this part of the curve the conductivity rises rapidly.
This is due to the fact that all of the sodium N.,D.C.D. has
been neutralized, that is the conductivity rises because of
the further addition of mobile protons. But the titration
graph of the sodium salt should be a straisght line. Instead
a curve is obtained whose slope is greater at the beginning
of the titration of the sodium salt than it is at the end of
the titration.

(e). when N.D.C.D, is added to an equivalent amount of agqueous
alkali and the insoluble portion is separated by filtration,
the amount of acid necessary to cause incipient cloudiness is

of the same order as when upon the back-titration of
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godium N,D.C.D., acid was added, the reprecipitated N,D.C.D.
geparated, and acid added again to cause incipient cloudiness.

The firgt point that has to be explained is why an
excess of alkall is necessary for completé formation of the
godium salt of N.D.C.D. The following representation may assist
in explaining fhe observed behaviour (LVIII):

HgO
NHg. C(NH. CO. NHNOg 2> NHp. C(NH) T, CO.N: NOgH

-

NHz.C(NH)NH.CO.N:NO§ + H" if

NH,. C(NH)NH.CO.N:NOZ+ H' + Na'+ OH — NH,C(NH)FH,CO.N:NOj

+Na" + Hg0 iii
LVIII

It has been shown that step i and ii take place when
N.D.C.D. 1s added to water. Now when an equivalent amount of
aquedous alkali is added to N.D.C.D., the alkali can neutralize
all of the N.D.C.D. to form the soluble sodium N.D.C.D. But
sodium N,D.C.D. hydrolyses to give insgoluble N.D.C.D. Hence
excess alkali isg necessary to suppress the ionization of the
sodium salt, and to prevent any N.D.C.D. from separating out
of the solution. The amount of excess alkali necessary for
the suppression of the sodium N.D.C,D. will depend upon the
concentration of the solution. For, the more dilute the sol-
ution, more excess base will be necessary to reach the pH at
which the ionization of the sodium N,D.C.D. is completely

suppressed.
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Bz fore discussing the zignificance of the curves
obtained by Plotting the pH versus the amount of acid alddled

to sodium N.D.C.De in excess ageuous Siiium hydroxids, 1

Cxd

srould be pointed out that even thouzh the ordinary glass
electrode is not very accurste in alkeline golutiong above

pH 3.5, what is importart is not the absolute pH of tne golution,
but the shape of the curves. According to Dole (123), these
curves are valid and reproducible.

The next point that has to be explained is why there
is a rise in the pH at the point of incipient c¢loudinessg.
According to Clarke (124), this rise is due to supersaturation
and snould not be gradual but abrupt. Thusg this experiment was
repeated, and if at the point of incipient cloudiness the mix-
ture is allowed to stir for thirty minutes, the pH riges grad-
ually to a value which does not increase upon further gtirring.
The pH, at equilibrium, in cases wnere supe rsaturation occurs
can be expressed by the following equation (l24).

pE = Ka + log (A-)
Tat)
Where Ka = the dissociation constant of the acid, aci ¥.D.C.D.

(A-):ﬁhe concentration of the dissoeciated N.D.C.D. in solution

(AH) — the concentration of the undissociated N.D.C.D, ir
solution
But the rise in the pH is not as great as that which
is noted upon the further addition of acid. Also, it is neces-
sary to explain why the N.D.C.D. which separates out of tne

gsolution, upon the further addition of acid, beyond the point
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of incipient cloudiness, is greater than the amount that can
be expected from the amount of the added acid.

It has been mentioned that up to the point of in-
cipient cloudiness, the addition of acid neutralizes the excess
alkali. If at this point an excess of aecid is added, two
changes may oceur:- {i) An amount of N.D.C.D. equivalent
to the amount of acid may separate from the solution, (ii)
after which, since there is now no excess alkali to suppress
the ionization of sodium N.D.C.D., the partial hydrolysis of
this salt occurs. This liberates N.D.C.D. and sodium hyd-
roxide. This hydrolysis continuss until it has liberated
enough sodium hydroxide for the suppression of the ionization
of sodium N,D.C.D.

This explains why excess N.D.C.D. 1s obtained, why
it is necessary to add 0.4 mls. of acid to cause incipient
gloudiness, and also why upon the addition of acid after the
point of incipient cloudiness, what is noted is at first a
drop in the pH which rises slowly to an equilibrium value,

For the first addition of the acid neutralizes the excess
alkali causging a drop in the pH. The proposed scheme also ex=-
plains why the amount of N,D.C.D. that is obtained, after the
insoluble N.,D.C.D. has been separated, and excess acid is
added, is of the same order as that of the acid necessary to
cause incipient cloudiness, plus the excess of added acid;

and also why for salt formation and for the back-titration
with excegs acid the same excegs of godium hydroxide was found

to exist in suspension of N.D.C.D. in sodium N.D.C.D.
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But why do not all these observations occur at
incipient cloudiness when all of the excess alkali has been
neutralized and only a small amount of insoluble N.D.C.D, is
present? Why must there be a certain excegs of insoluble
N.D.C.D, before the hydrolysis of the sodium N.D.C.D. gives
rise to the excess sodium hydroxide? For this, the author
has no satisfactory explanation. It could be a time factor,
but as N.D.C.D. decomposes to some extent in any aqueous media
this cannot very well be investigated with any degree of
accuracy. On the whole it is the author's opinion that many
more experimental data are necesgsary before the behaviour of
NeD.C.D. and sodium N.D.C.D. can be fully explained. The
above suggestions offer an explanation for some, but not all,

of the observable facts.

(BE) Quantitative Estimation of N.D.C.D.

The purity of the N.D.C.D. which is obtained from the
reaction mixture was first discussed by Caro(3). He claimed
that the unpurified N.D.C.D., gave the following analysis:-

C, 19.8; H, 5.3; 1N, 49.4; whereas pure N.D.C.D. gives quite
a different analysis:- C, 1l6.2; H, 3.4; N, 47.6. Caro
claimed tnat the impurity was dicyandiamidine nitrate. But
how can an impurity which has a lower carbon and nitrogen con-
tent than N.D.C.D. raise the carbon and nitrogen content

of the impure product? Qualitative tests carried out in this

laboratory have ghown that dicyandiamide ig the impurity. This

impurity hasg a higher carbon, ﬁydrogen and nitrogen content
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than N.D.C.D. and hence would f£it in with Caro's analytical
data.

“he use of the precipitation of an insoluble com-
pound as an end-point has long been known in quantitative
analysis (125). It can be seen from tne preceding discussion
that, when N.D.C.D. is digsolved in an excess of godium hyd-
roxide and back titrated with acid, there exisgt equivalent
amounts of N.,D.C.D. and sodium hydroxide in the golution at
the point of incipient cloudiness. The question arises as to
what concentration of N,D.C.D. is necessary in order to give
a sharp and reproducible end point; also what concentration
of acid will give a sharp enough end point. Although usually
in acid-base titrations 0.lN standards are used ~- these stan-
dards were found to be too dilute for the estimation of N,D.C.D.
By varying the concentration of the standards it was found
that standards of 0.3-0.4N will give reproducible results.

It is inherent in the method that any compound besides
N.D.C.D. which will react with either the acid or the base will
cause an error in the results. This was borne out in ex-
periments where N.,D.C.D., which had been contaminated with
other organic compounds, was analysed. But since N.D.C.D. is
insoluble in all of the common organic solvents, any con-
taminant which might interfere with its estimation can be dis-
gsolved in a suitable solvent and the N.D.C.D. can be estimated

by the method outlined in this report.
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(F) Isclation of Sodium and Potassium N,D.C.D.

Thegse salts can be isolated when acetone and, or,
me thanol is added to concentrated ageuous solutions of N,D.C.T.
and sodium or potassium hydroxide. They separate out of tae
solution contarirated with ¥.0.C.D. This may be due to the
inability of the excess alkali in acetone or methanol to com-
pletely suppress the hydrolysis of the sodium or potagsium
NeD.C.D., hence giving rise to sodium or potassium {.D.C.D.
contaninated with N.D.C.D, This results in low sodium or
potassium contents., When provisions are madefor the con-
taminant, K.D.C.D., by separation, by filtration, and tit-
rating with acid, the sodium content is found to check with
the calculated value, while the potassium content remains low.

The titration curves of ageuous solutions of these
galts are the same as those obtained when a solution of
N.D.,C.D. in excess godium hydroxide is back titrated with acid.
For an agqeuousg solution of the contaminated product repressnts
a condition where there exists free y.,D.C.D. and sodium ¥.D,C.D,.
Here glso, when the N.D,C.D. is separated by filtration, the
presence of excess sodiwn hydroxide e¢an be demonstrated. If
the N.D.C.D. is not geparated from the solution, then the

curve is the game as during salt formation.

(G) The Formation of Nitrogodicyandiamidine

In the histrorical section it was noted that although
nitrosoguanidine is a stable compound, free nitrosourea is not

known. The only indication that such a compound does



exist isg obtained when nitrourea isg reduced with zine and

sodium hydroxide. Here the presence of this group can be noted

in the reaction mixture for a very short period of time,

This is due to the instability of the nitroso compound (142).
When N.D.C.D. is reduced with zinc and sodium

hydroxide, the presence of a nitroso group can be noted in

the reaction mixture. (LIX).

) Zn
NHZ.C(NH)NH.CO.NHNOz T NHZ.C(NH)NH.CO.NHNO LIX

As in the cage of nitrourea this test is only noted for a
short period of time for the nitroso compound is unstable in

the reaction medium.

(H) Methylation of N.D.C.D.

N.D.C.D. is similar to nitrourea (42) in the fact
that it cannot be methyiated with either methyl iodide or
methylsulfate (126).

(I) Formation of Aryl Azo Derivatives of N.D.C.D.

It has been mentioned in the historical section
that cyanamide, dicyandiamide, and dicyandiamidine couples
with aryl diazotates in basic medium (67). Two observations
were noted about this rsaction. (i) The’reaction takes place
in a basic medium. (ii) The whole product does not separate
out upon acidifying the reaction mixture.. It is necessary
to repeat the procegs of alkalinsastion and acidification of the

reaction mixture geveral times to obtain the full yield of product.



57

In the case of N.D.C.D., the N.,D.C.,D. must be dis-
solved in equeous alkali. Hence, here the coupling occurs
be tween the sodium N.D.C.D. and the aryl diazotate. Also
there must be enouzgh excess alkali to neutralize the aryl dia-
zonium chloride to the sodium diazotate, and to keep the re-
action basic for the coupling to occur.

buring the reaction the same colour changes of the
reaction medium can be obServed as with dicyandiamide., Here
upon acidification the whole product must separate out. If
not, then the product would be contaminated with N.D.C.D.

It is found that the coupling is complete when the
coupling is between N.D.C.D. and benzenediazotate. But when the
o-carbonic acid benzenediazotate or the p- tolyldiazotate is
used, the analysis indicates that the products are mixtures of
the azo compounds and N.D.C.D. <The author cannot offer any
explanation as to why with dicyandiamide it is necessary to
repeat the process of alkalination and acidification of the
reaction mixture several times to obtain the full yield of the
azo derivative. Also why, with N.D.C.D., and the benzene diazot-

ate a full yield of the derivative is obtained without having
to repeat this process, and again why the X.D.C.D., O-carboniec
acid benzene, and o-toluene azo couplings react in the same
manner as in the dicyandiamide couplings. It is impossible to
purify these compounds as they have the same solubilities as

N.D.C.D. (LX).
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Tae gtructurs of N, pheuylazo nk nitrodicyasundiamidine

cen be repressnted in the followins formula (LXI).

2 IXI

CGL5N.;.RKC(FH)R{.CO.NHIO

Thig structure is chosen becaguge in dicyandisamide
the coupling has bsen proven to occcur at that erd of the
molecule. Also in bagsie redium, sodiunm N.D.C.D. is formed, and
it is well known that 2 sodium oxy group doegs not couple with
a diazotate. Thus 1t must be the amido end of tne mclecule
winich undergoes thie couplirg.

It has been wentioned thal the aryl azo derivatives
of dicyanfiamide can decoarpoge in two diffsrent mznners to

sive either dicyandiamide or phenyldicyandiamide (67). Witu

O’Q

the aryl azo derivetives of N.,D.C.D,. only one type of Gecom-
1] e &

position occurs to give N.D.C.D., According to Hantzsci'sg

theory ths azo compound of N.D.C.D. must exist as its anti

form (67), since the syn form would zive N aryl Nl nitrodicyan=
1

dianidine. Hence the decomposition of N phenylazo N~ nitro-
dicyandianidine occurs in the following manrer. (LXVII).
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CGHSN Nsz(mx)NH.CO.ﬁ;Aoz -+ CBHSOH
&.KHC(NH)N¢.CO.NHN02
anti form XTI

If thig decompositiion is carried out in absolute
. . o .
ethenol-hydrogen chloride solution at 1007C, carbethoxy gusnidine

hydrocholoride is formed (LXIII).

0635?‘1
N, ¥HC (¥H)NH. CO. NETOg NHp C(NH) NH. CO. FHN Og

NHZ.C(NH)NH.CO.NEﬂoz + 02H5OH + HCL

HCLl.NHgC(NE)¥E.CO0.0CoHs + NHNOg

N204'H 0 IXIII

2

(J) Atteunpted Preparation of Methylol N.D.C.D.

From the historical point of view, if godium or
potassium k.D.C.D. reacts with formaldehyde in tiae same manner
as other urea and guanidine derivatives do, then the product

should be sodium or potassiuwn methylol N.D.C.,D. (LXIV).

H. CHO 1‘NHZ.C(NH)NH.CO.I\T;NOZNa ~—» HOHg e CoNH, G(NH) NE.CON;NO,Na

IXIV

The fact that some sort of a reaction does ocecur
can be observed when an eqguivalent amount of formaldehyde is
added to an ageuous golution of either sodium or potassium
N.D.C.Ds Here the reaction mixture beging to decompose giving
off a gas. The only product that can be igolated from the

decomposition is sodium carbonate.
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It may ve mentioned here that both nitroguanidine
and nitroureca decompose quantitatively to sodium carbonate
when they are treated with concentrated sodium hydroxide at
high temperatures (127). But in these cases a quantitative
amount of ammonia is also given off and in the decomposition c¢f
a sodium n.D.C.D.=-formaldehyde solution, ammonia is not one of
the decomposition products.

As salts of N.,D.C.D. are rastner sgtable, and as the
usual decomposition proaucts of 4.D.C.D. are guanidine salts,
it must be assumed timt some sort of reaction resulting in a
non gtable compound has taken place. uore evidence for this
agsumption is observed when small aliquot portions of the
regetion mixture are acidified during the course of the reac-
tion. At first tie acidification causes the separation of
unreszscted N.D.C.D., but as the decomposition prosresses the
acidification does not appear to cause any separation of
N.D.C.D., since no solid product gepnarates out. In fact tris
acidified golution decomposes in a different manner than the
basic one. Here the gassing tecomes more violent z2rd large

voclumes of nitrogen dioxiae are given off., Thig decomposition
ig exothermic since the reaction mixture becomes very not.

Tne decomposition ig not s noticesble wnen formal-
dehyde is added to a cold agqueous solution of an »,D.C.D. salte.
Thus it was thought %that perhaps the sodium or potassium
methylol derivative of N,D,C,D. could- be igolated w.uen a cold
sodium ér potassium N.D.C.D. formsldehyde solution is treated

with excessg methanol. _But tre proauct that wag obtained
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appeared to be the contaminated sodium or potassium salt of
N.D.C.D.

It is evident that not enough is known about this

decomposition to propose any mechanism for it.

(K) Reaction Between N.D.C.D. and Hydrazine Hydrate.

When N.D.C.D. is added to a five times eXcess sol-
ution of 100% hydrazine hydrate, the N.,D.C.D. dissolves com-
pletely in the hydrazine hydrate giving off a gas. This re-
action is exothermic as the resulting solution becomes warm.
When this solution is shaken for geveral minutes, a white
erystalline product separates out of the solution.

From a historical point of view, asgsuming the accep~
ted gtructure of N.D.,C.D., this type of a reaction should give

1

rise to either N(l hydrazino 1l imido) methyl N nitrourea (LXV)

or N(1 hydrazino 1 hydrazono) methyl N nitrourea {LxvI).
NHgNH.C(NH)NH.CO.NHNOZ LXV
NH
Joe
NHgNH.C.NH.CO.NHNOp LXVI

But the observed carbon, hydrogen and nitrogen content
of the product did not agree with the calculated values of
either one of these compounds. Assuming the analysis to be
correct, it is the author's opinion that the following compound

represents the product of the resction (LXVII).
NHNHz

/

H  N(1,1 vis hydrazino) methyl Ntnitroures



If the above formula represents the structure of
the product, then the hydrazine hydrate has acted as a re-
ducing agent. This would represent a different type of a
reaction from the usual reactions of hydrazine hydrate with
members of the guanidine and urea series.

1t can be noted from the formula that this compound
has two hydrazino groups. Hence, the compound would be ex-
pected to form derivatives with aldehydes and ketones. <Lhis
was found to be the case as it very easgily forms an acetone

(LXVIII) and a benzaldehyde derivative (LXIX).

- NHIH
/NI-ioNHZ / B 2 )
H H IXVIIT
N(1 acetohydrazo 1 hydﬁgzino)meﬁwl
N nitromrea
NHNH o NHNH o
/ /
+ e Lol » . ) . » . .
06H5CHO NHaNH f NH.CO NHIOz > 0635CH NNH fNH co NHN02 LXTX
H H

N(l benzalhydrazo 1 hydrazino) methyl

Nlnitrourea

The analysis of the acetone derivative agreed very
well with the calculated value, but the analysis of the benz-
aldehyde derivative gave a higher carbon and a lower nitrogen
content. It has been the author's experience that the benzal
dehyde derivatives of these nitrogen compounds adsorb ben-~
zaldehyde and this would cause high carbon and low nitrogen
values. This seems to be wnat happened here. The benzalde-
hyde derivative gave a molecular weight of 250.

The compound also forms a di hydrochloride salt (LXX).
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NHZNH.CNH.CO.NHNOZ'f 2HCL —> Cl.NHzNH.é.NH.CO.NHNOZ
i } 1xx
Here the analysis doeg not agree very well with the calcul-
ated values.
It was noticed tnat these derivatives had lower
melting points than the parent compound. Since K(l,1 bishyad-

1'm’.trourea has both an acidic and a basic

razina)methyl N
group it was suspected that this compound was a "zwitterion."
When the titration curve of an agueoas golution was
determined it was noticed that this compound behaved as a
"zwitterion", that is, it exhibited a buffer effect in both the

acid and the basic regions. Thus N(l,l bishydrazino) methyl
1

N*nitrourea can be represented in the following formula (ILXXI).
JEE o
+

Hence, it appears that this compound exists in its aci form,
whereas nitro derivatives usually exist in the nitro form,

It is well known that the addition of acid to an
amino acid causes the suppression of the negative charge, until
finally the equilibrium mixture contains the amino acid in its

purely cationic form (LXXII).

+ - o
NHs.CHR.002-+ e/ NHz.CHR.COZH LLXIY

The addition of alkali to this gystem can be repres-
ented by the following equation (LXXIII):-

OH" OH™
pHZ pH4 pH7.6
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Thus in the case of the salts of the amino acids
the first step in its neutralization is that of the carboxyl
group, followed by that of the amino group (128). However,
with N{1,l bishydrazino) methyl Nlnitrourea the first step is
the neutralization of the amino group followed by the neutral-
ization of the nitro group. This is probably due to the fact
that the nitro group is a pseudo acid.

Another point which can be noted upon examination of
the titration curve is the fact that the solution acts as a
buffer even when excess acid, over the amount necessary for
galt formation is added. This makes it difficult to determine

the pKIValue which appears to be about 4.5. It appears as

this excass acid reacts with the nitrourea derivative. This
may be the reason for the poor agreement between the calculated
and the observed analytical values of the dihydrochloride
salt. For the fact that the carbon, hydrogen, nitrogen and
chlorine contents are greater than the calculated values
suggests some sort of a reaction involving the logs of oxygen.
If a reaction doesg occur it must be a reversible one for the
curve can be retraced if alkali is added to this solution.
Here, it appears that the compound has a pK, value of about
11. This is difficult to determine correctly because the
buffer action occursg at such a high pH. Hence the neutraliz-
ation of this compound can be presented in the following

manner (LXXIV):-
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NHNH? NHNH
5 alkali / g B
H6.65
pH4 P
alkali acid
NHNHQ

7
NHENHZ.C.NHCO.N:NOé + Na* LXXIV

H  pH11

N(1,L bishydrszino) methyl Nlnitrourea is formed in
very good yields in a very short period of time. It can be
recrystallized very easily to its pure state, since only one
recrystallization from agweous ethanol or methanol is necessary.
It has a characteristic melting point and readily forms recog-
nizable derivatives. Also, it is a "zwitterion”. All thege
properties mgke this reaction an ideal one for the identific-

ation of N.D.C.D.

Dearrangement of N.D.C.D.

{a) In Ethanol liedium

It has been noted by Savard (10L) that when N.D.C.D.
is decomposed in aqueous alcohol, carbethoxy guanidine is
formed.(LI). A similar reaction occurs when N,D.C.D. is de-
compoged in absolute ethanol and in abgolute ethanol-hydrogen
chloride solution, In the case of the hydrogen chloride sol-
ution, the hydrochloride salt of carbethoxy guanidine is the
product.

Actually these experiments were carried out in the

presence of hydrazine dihydrochloride. It was hoped that
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this decomposition would result in the formation of

aminodicyandiamidine dihydrochloride (LXXV).

M‘Iz.C(NH)NH.CO.NHNOg _— NHg.C(NH)N:C:O + EHzNOZ

NHE.C(NH)N:C:O + NH,NH,.2HCL —> NHzc(NH)I\]H’.CO.I\IHNH 2HCL

a4 2

LXXV

However, when the reaction was carried out in ab-
solute ethanol or in ethanol-hydrogen chloride, most of the
hydrazine salt was recovered unchanged and carbethoxy gua-
nidine was the product. When the reaction was carried out
in ethanol which had been saturated with ammonia, a high
melting point compound was obtained as the product.

(b) In Hydrochloric Acid-Aniline Hydrochloride ifedium

When N,D.C.D. is added to hot hydrochloric acid, it
dearranges to give guanidine hydrochloride (65). When this
dearrangement ig carried out at a lower temperature in a
hydrochloric acid solution which contains an equivalent amount
of aniline hydrochloride, & different product is obtained.

From a theoretical viewpoint, the product that was
expected was phenyldicyandiamidine hydrochloride. It was
thought that this product would be formed in the following
menner (LXXVI);:-

NHg.C(NH)NH.CO.NHNOg —_—_9NH2.C(M'I)N:C:O + NHpNOp
NHZC(NH)N:C:O + CGH5NH2‘HC1 -_> NHzc(NH)NH.CO.NH.CGHa.HCl

LXXVI

Hence this reaction entails the addition of aniline hydro-

chloride to guanylisocyanate in the same manner as ethanol adds



to it to give carbethoxy guanidine (1lOl)(LI).

Actually it has been found that it is very diffi-
cult to purify this produet since it has the same solubili-
ties as the contaminant, aniline hydrochloride. Thus the
quantitative analysis of the product does not specifically
indicate any definite compound. 3But, taking into consider-
ation that there is present a small amount of aniline hydro-
chloride as a contaminant, it does indicate a compound of
the composition of CgHizNzClg. 'his indicates a compound of
the following structure (IXXVII):-

HCL.CgHgNH. C(NH) NH. CHz . HCL LXXVII

N phenyl Nlmethylguanidine dihydrochloride

The following can be proposed as a possible mechanism for the

formation of this compound;- (LXXVIII).

i
NHz.C(NH)NH.CO.NHNOZ + C6H5NH2-———9 CGH5NH.C(NH)NHCO.NHN02 NHg

N ii
CﬁHSNH.C(NH)NHCO.NHNOz _— CGH5NHC(NH)N:C:O + NH2N02

CollghH. C(NE)N: 6:0 —2 5 ¢ m . o () mcH, LXXVITI

Phere is a pogsibility that dearrangement i and ii oceur, since
gimilar dearrangements occur with nitroguanidine (98) (37)(38);
but the author cannot offer any explanation as to how step iii
takes place, for this involves the reduction of subgtituted
isocyanate to an amine derivative. But from the analysis it
can be ascertained that the product does not contain any oxygen.

If this dearrangement is carried out in the presence
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of either o-toluidine hydrochloride, or methyl or butylamine
hydrochloride, then N,D.C.D, dearranges in the usual manner to
give guanidine hydrochloride (10l), and the substituted amines

are recovered unchanged.

Attempted Structure Proof of N.D.C.D.

N.D.C.D. was first prepared by treating dicyandiamide
with cold, concentrated, sulfuric and nitric acids (2). Two
mechanisms can be postulated for this reaction. 7The first con-
gists of the addition of nitric acid in its pseudo form to the
eyano group followed by rearrangement to the nitrourea form (65)

(LXXIX)., -

/
/ .
NHg.C(NH)NH. . N:Nop 1=% SBiLE wyo c(ma)mm.co.mumo,  LxxIX

The second mechanism agsumes that first the dicyan-
diamide is hydrolysed to dicyandiamidine, and the mixed acids
react with this intermediate to form N.D.C.D. If this mechanism
is the correct one, then N.D.C.D. can be either one of two

compounds (LXXX);-

NHz.C(NH)NH.CN + H,0 —> NHz.C(NH)NH.CONH2 (1)

2
NHo,C(NH)NH,CONHs, + HN NHo.C(NH)NH, CONH. NO (i1)
2 2 05353529 2 2

(111)  Lxx

NHa.C(NH)NH.COu‘Iﬂz + HNO3 m Ole\TH.C(NH)NH.CONH

2

The only indication as to the structure of N,D.C.D. is

obtained from the dearrangement of the N,D.C.D. in various
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media (2)(65). These dearrangements show that w.D.C.D. dearranges
to give rise {0 either guanylisocyanate or guanidime. This
indicates that H.D.C.D. has structure (ii). But the question
was raised whether N.D.C.D. could be synthesized in a manner
which would conclusively prove its structure, namely, on which
side of the molecule the nitro group is on. ror experimental
purposes, it was assumed that N.D.C.D. has structure (ii).

Upon examination of the accepted structure of
NeDsCoDs Or its reduced form, aminodicyandiamidine, sgeveral
methods sugsest themsélves for the gynthesis of this compound

(LXXXT),

NH,. C(NH) |NH!CO:NHNO, or KH,.C{NH VH}COINHNE, pryyxT

Thus, for synthetic purposes, the molecule can be
divided in three ways. . 'he first method can be carried out

when cyanamid is reacted with nitrourea or semicarbazide (IXXXII)a

NH_.CN + NH .CONHNO2 — M

. « CORHN
2 5 C(NH)NH,.COr hOz

2

NH2.CN'+ NH .COI\THNH2 —_— NHaoC(NH)NH.CONHNH2

CIXXATI

2

In the case of gsemicarbazide, acetone semicarbazone was

used to protect the hydrazino group.
The second method pre-supposes a reaction between

N-nitrouretnane or carbethoxy hydrazine with guanidine (LXXXIII)
OzNNHCO.002H5'+ NHZ.C(NH)NHz ____9NH2.C(NH)NH.CONHN02

HzNNHCO.OCZH5 + NHa.C(NH)NHZ ___9.NH2.C(NH)NHCONHNH2 LXXXTTT
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Wnile the third method assumes a reaction between carbethoxy

guanidine and hydrazine (LXXXIV}.

NHg, C{NE)NHCO.0CoH5 + NHolHo 5 NHg. C(NH)NHCONHNHZ
LXXXIV

(a) Reactions With Cyanamide

It is well known that cyanamide reacts with anines
and subgtituted amines to form guanidine derivatives. Thus,
it was thought that cyanamide would react with amides, that
ig, nitrourea, and acetone semicarbazbne to give rise %o
N.,D.C.D. or acetoneaminodicyandiamidine (LXXXII).

However, as was nentioned in the historical section,
previous attempts to react cyanamide wi th amides were not
guccessful and similar results were obtained here., 1In these
attempted structure proofs of N.D,C.D. varioug compounds were
isolated. In mosgt cases no attempts were made to identify these
products. The reason for this is because this is a war problem,
and in such problems, the stregs is laid upon results. Thus,
if one method failed, another method was trizd without fully
investigating the previous one.

(b) Reaction With S-Methylisothiourea

Instead of cyanamide, g-methylisothiourea was used.
This compound also adds to amines to form guanidine derivatives

(L29) (130) (13l) (LxxXvV).

RNHg + NHZ.C(NH).SCHz —_— RNH.C(NH)NHE LXXXV
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But when this compound was reacted with amide deriv-
atives, the expected reaction d4id not take place.

(¢). Reaction With Cyanogen Bromide

Another well known resction which was tried was to
use cyanogen bromide instead of cyanamide. This reagent
reacts with amines and amides to form eyanogen derivatives
(132)(133), which adds ammonia to form guanidine derivatives

(131) (ILxxXVI).
R.Ihz + CNBr —> RNH.CN + NHy —> RNHC(NH)NEH, LXXXVI

But no reaction occurred between cyanogen bromide and nitrourea.

(d) Reaction With Guanidine

The reaction between guanidine and esters to give
guanidino derivatives is well known (134)(135)(136)(137)(138).
Most of these reactions occur gquite readily at room tempera-
tures. ‘‘hus, it was thought that guanidine would react with
N-nitrourethane or qarbethoxy hydrazine to form N,D,C.b, oOr
aminodieyandiamidine (ILXXXII).

But nitrourethane is not like an ordinary ester of a
mono carboxyli¢ acid., ror here the acid properties of the
nitro group are greater than those of the carboxylic group.
Thus no noiiceable reaction was observed here., An attempt
was made to overcome this apparent hindrance to the reaction
by using N-ammonium nitrourethane, but here again no apparent
reaction was observed.

Similarly, carbethoxy hydrazine is not an ordinary

ester. 4this compound is basic and reacts with acids to form
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acid salts. It decomposes when treated with hot alkali, in the
game way as carbomethoxy hydrazine decomposes wien treated with
hot alkali to give hydrazine and biscarbometnoxy hydrazine

(133) (LXXXVII).

2NEQNH.CO.0CH; —fios MHpWI, +  IECO.OCHg

NHCO. OCHg LXXXVIT

A similar reaction appears to take place when car-
bethoxy hydrazine is treated with ageuous guanidine, for hyd-

razine can be igolated as one of the products (LXXXVIII).

NH., . C{NE)NH NH, CO. OC,H
2 8y NHy+ | 245

NH,C0,0CgH; LXXXVIII

2NHBNH.CO.OCZH5

If anhydrous guanidine is used, no apparent reaction occurs.
Since it was believed that perhaps this reaction d4id
not occur because carbethoxy hydrazine was a basgse, its nhydro-
cnloride salt was used instead of the unsubgtututed compound,
but the reaction that d4id occur did not give rise to amino-
dicyandiemidine,

(&) Reaction With Hydrazine Hydrate

The reaction between an ethyl ester and hydrazine or
hydrazine hydrate is very well known and has been worked on
intensively by Curtius (140). This reaction liberates ethanol
and gives rise to nydrazides (LXXXIV)., When carbethoxy guanidins
is used thig reaction snould give aminodicyandiamidine. But here
again carbethoxy guanidine is not an ordinary egter type of

compound. It is a base and forms acid salts. Thus the product
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of this reaction was not aminodicyandiamidine. Here, as in
the case of carbethoxy hydrazine hydrochloride, the hydro-
chloride salt was used, with similar results.

It may be mentioned here that Curtius attempted to
react hydrazine with urethane (141) in order to form semi-

carbazide. Curtius also did not obtain the expected product.

(e) Fusion Reaction

The preparation of biuret or biguanide salts by

heating urea or guanidine salts is well known (142)(143) (LXXXIX).

aNH,.CONH; —> NH,.CONH.CO.NH, + NHg4
2NH,. C(NH)NH, HCL ~—> NHg.C(NH)NH,C(NH)NH,,HCL + NH,CL

LXXXIX

a

This type of a reaction can be applied to the syn-
thesgis of N.,D.CeD. Or its reduced form if one supposes that a
reaction between guanidine and nitrourea, or semicarbazide

would react in a similar manner (XC).

NHz.C(NH)NH2'+ NH .CO.NHNOE __9.NH2.C(NH)NH.CONH.N02 + NH:5

2

+ NH2

+ NH XC

NH . C (JH ) NE z XC

2
For experimental purposes guanidine hydrochloride,
semicarbazide hydrochloride and acetonesemicarbazone were used.
Here the reaction can give rise to more diverse products because
ingtead of urea, a substituted urea is necessary. Also this is
a reaction between a guanidine salt and substituted urea, where-

as previously the reaction was between either two molecules of

guanidine or two molecules of urea.
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There has been reported in the literature two
reactions of a guanidine salt with urea. In one case the cor-
regponding salt of dicyandiamidine was the product, and in
the other fusion diguanylbiuret was the product (144). The
fugion of acetonegemicarbazone with amines is also well known

(145) (XCI).

(CH5)2C:NNH.CONH2 + RNHz —_— (CHs)EC:NNH.CO.NHR'T' NHg XCI

But no mention has been found in the literature of s reaction
between a guanidine salt and a subgtituted urea. Under the
conditions reported in the experimental section, this reaction
did not give the expected product, Here an attempt was made to
prepare N.D.C.D. by fusing guanidine hydrochloride with nitro-
urea (XC). An interesting observation was made here gince
hydrogen chloride is evolved upon mixing of the reagents.
Upon the application of heat the mixture decomposes to gaseous
products. |

It was then thought that perhaps a reaction between

nitroguanidine and urea would form the isomer of N,D.C.D,(XCII).
OzNNH.C(NH)NHz + NHch.NHg _— OZNNH.C(NH)NHCO.NHg XCII

Although a large volume of ammonia was given off
very readily during the reaction, the analysis did not indicate

any such product.

(f) Formation of N-Phenyl NlNitrodicyandiamidine

It has been mentioned that Walther and Greishammer (67)
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have prepared phenyldicyandiamidine hydrochloride by the
decomposition and hydrolysis of phenylazodicyandiamide.

It was thought that if from this compound N-phenyl
Nlnitrodicyandiamidine could be prepared, and if from pheny-

1820 N.D.C.D. N-phenyl NV

nitrodicyandiamidine could also be
prepared, then if both were the same this would prove the
gstructure of N.D.C.D. It has been previously mentioned that
phenylazo N.D.C.D., does not decompose to give N phenyl Nlnitro-
dicyandiamidine this compound was prepared from phenyldicyan-
diamidine by treating the hydrochloride salt with silver nit-
rate to form the nitrate salt, and then dehydrating the nitrate

galt with sulfuric acid. The product that was obtained was

N-phenyl Nlnitrodicyandiamidine sulfate (XCIII).

CgHgNEL G (NE) NH. COLNHHCL + AgNOy 3 G H NH.C(IH) CO.NH,.ENO,

C H_NH.C(NH)NH.CO.FH. + HNO, —2°94 (¢ H WH.G(NH)CO.THNO. ) .H. S0

65 TR T T T2 Vet T a2t eR e
XCIII

When this compound is heated in water or in dilute
acid for a short while, it converts into a compound of differ-
ent melting point. The anmalysis of this compound indicated it

to be the hydrate salt of N-phenyl Nlnitrodicyandiamidinesulfate.
the fact that the phenyl derivative of N.,D.C.D.

forms a sulfate salt and N.D.C.D. does not, indicates that
phenyl N,D.C.D. can act as base whereas N.D.C.D. cannct. The
only difference between the, two compounds isg that one has a
phenyl group instead of a hydrogen, that is one is a di sub-

gtituted guanidine whereas N.D.C.D. is a mono substituted



76

guanidine., It is well known th-t a mono subgtituted guanidine
is not as strong a base as guanidine, Pauling =xslainsd this
by showing that the basic strength of zuanidine is partly due
to regonance (41). ‘'ne number of resonsting forms is de-
cregsed in a mono gubstituted guanidine giving rise to a
weaker base, Following the same reasoning this explains for
the fact that XN, Nldi gubstituted guanidines are weaker bases
than the mono substituted ones. Sinee H¥.D.C,D. can be con-
sidered 2 mono substituted guanidine, phenyl 4,2,C.0, is a
di substituted guanidine sgnd should be legs bssice. But this
is contrary to some of the experimental facts.

Contrary to the guanidinesg substituted amines are
gstronger bases than the non substitutéd ones due to the greater
tendency of the nitrogen jo share its free electrons. hzence,
the amino group of phenyl N.D,C,D. reacts more like an amine
than a guanidine derivative., Thig would indicate that in
NeD.CeDe and in phenyl N.D,C .U, resonanc:s does not play a

very great role in determining the basicity of the compound.

(g) Experimental Procedure

It will be poted in the experimental section on
the zttempted structure proof of N.,D,C.D, that the following
properties of N,D,0,D, and aminodicyandiamidine dinydrochloride
were taken advantage of in order to identify these compounds;-
(1) When the expected product was the reduced derivative,
advantaze was taken of, (a) the ecsy formation of the ben-

zaldehyde derivative of this compound, (b) the insolubility

of this benzaldehyde derivative in ether, in methsanol and in
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ethanol, (e¢) and of the insolubility of aminodieyandiamidine
dihydrochloride in methanol. The benzaldehyde derivatives
of the products were always decomposed in the usual manner,
with hydrochloric acid.
(i} In working up of the reaction mixtures, when the expected
product was N.D.C.D., the insolubilities of ¥.D.C.D, in all
common organic solvents was used as a meang of its identi-
fication.

¥rom the preceeding discussion, it can be noted thal
no further proof wag found as to the structure of N,D.C.D.
All that can be gaid is that all the resctions of N.D.C.D. can

be explained by assuming the”accepted structure of N.D.C.D.
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overnight, it was filtered, washed with alcohol and ether and
dried in a desiccator. Like N,D.C.D. tune silver salt has no
melting point but explodes upon heating. A yield of 90% was
obtained in this reaction.

b. i'he above method was modified in order to digsgolve
all the N.,D.C.D. and to ingsure the full precipitation of the
N.,D.C.D. as the sodium salt, e.g. l.42 g. of N.,D.C.D. (.01 M)
was dissolved in 10 ce. of 5% NaOH (0.,0125 i) and to it was
added 40 3. of 5% silver nitrate (0.0103 ). But this
method gave a salt which was colloidal and absorbed other
ions, e.g. three samples of N.D.C.D. prepared by this method
were found to contain 45.07%, 45.9% and 47.74% of silver
instead of the theoretical amount of 42.5%. The weight of the
silver salt was 2.68 g., which represents a yield of 106%.
Lo The following attempts were made to coagulate the
colloid.

1. Thiele's method of vigorousstirring was tried;

2. 1The silver salt which wag formed at room temperature

was Dboiled for several minutes.

5. The N.D.,C.D. in the sodium hydroxide solution was added
to a hot silver nitrate solution and aillowed to cool slowly
with continuous stirring. 1he precipitate which formed was
chocolate brown in colour and was assumed to be silver oxide
(the silver salt of n.D.C.D. is white)., As the mixture
cooled the silver salt of ~.D.C.D. was formed. ‘his salt

nhad the same colloidal properties as the one which was

formed at room temperature.



4. Silver acetate was used instead of silver nitrate.
5. Various ions were added to the silver salt in order to co-
agulate it, i.e. sodium carbonate, sodium chloride, nitrie acid
and acetic acid. Upon acidification the salt decomposed into
N.D.CoD. and the silver salt of the anion used,

None of the above attempts had any effect on the

colloidal properties of the silver salt of N.D.C.D,.

be Change in the concentration of tne silver iong upon the

addition of silver nitrate to a solution of N.D.C.D. and

gsodium hydroxide.

In a typical experiment 0.289 g. of N,D.C.D.

(L.56 meeg.) was dissolved in twenty mls. of 0.0969 N
godium hydroxide (l.838 m.eg.). The exeess sodium hydroxide
was neutralized with 2.45 mls. of nitric gcid (0.268 m.ag.).
The silver electrode assembly was put into the solution and
small pvortions of 0.2584 N. silver nitrate were added to the
golution., After each addition the mixture was stirred vig-
orously for three minutes with a mechanical stirrer and the
change in i.Ve. was recorded. The results are given in 1lable I

and -are recorded graphically in figure 1.
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LABLE I

Addition of Silver Nitrate to Sodium Hydroxide-N.,D.C.D. Solution

v silver Nitrate Added
"' ( mls., of 0.2584N.)
1.59 0
1.87 1.09
1.96 2.14
1.98 3438
2.06 3.87
2.08 4,18
2.10 4,52
2.16 4.85
217 5.10
2.19 5.20
2.20 De.26
2.29 5.32
2.35 5.38
2642 5.44
2.64 5.50
2.98 5.59
3.28 5.03
d.4L 5.67
3650 5.72
590 6.25

The data in figure 1 show the egquivalent point 1o
be at 3 V., i.6. when 5.52 mls. of 0.2884 iN. silver nitrate
had been added to the solution. This corresponds to a
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4, Change in tne conductivity of a N,D.CeD.-sodium nydro-

xide solution upon addition of gilver nitrate solution.

Experiment 3 was repeated and the change in the
conductivity was noted instead of tne change in the con-
centration of the silver ions. I[n this experiment
0.217g. of N.D.C.De(l.472m. eq.) was dissolved in 6.05 mls.
of 0.3440 K sodium hydroxide (2.08 m.eq.). Lhe exoesgs of
gsodium hydroxide was neutralised with 5 mls. of 0.1125 N
nitrie acid (0.562 m. eq.). The results are shown in

‘'able IT and in figure 2.

Table II

Addition of Silver Nitrate to Sodium Hydroxide-N.D.C.D.Solution

Conductivity Silver Nitrate Added
(mls. of 0.2845N.)
4.18 x10-° 1.26
4.27x% 10-9 1.96
4,41 % 10-9 3.02
4.51 % 10-2 4,04
4.74x 10-2 4.99
5.,05% 10™2 5,64
5.16x.1o-g 5,98
5.34x 10~ 6ed4

According to figure 2 the equivalence point is reached when
4,70 mlse. Of Q.2845N silver nitrate has been added. This

corresponds to a purity of N.D.C.D. of 90.5%.

5. The formation of mercury, nickel and copper salts of N.D.C.D.

(a). The formation of the mercury salt.

A gsample of N.D.C.D. (0.294g. or 0.002M.) was

digsolved in an excess of 5% potassium hydroxide solution. An
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excess of 2.5% mercuric chloride solution (15 mls.) was
added with vigorous stirring, upon which, a white solid sep-
arated out of the solution as a c¢olloidal sol. After stand-
ing in the refrigerator overnight it was collected on a
filter, washed with alecohol and ether and dried at 60° to con-
stant weight. The weight of the mercury salt wasg .532 g.
which represents a yield of 109%.
| Anal. Calecd. for C4HgW;gO0gHg: Hg,40.76
Found: Hg, 43.4, 44.5.

The mercury salt is a white solid which is insoluble
in all common organic solvents and which, like N,D.C.D. ex-
plodes upon heating.

The gbove method was repeated, using varying amounts
of mercuric chloride solutions; but in no case was it possible
to obtain a compound whose mercury content checked with the
theoretical value. In fact, when 25 mls. of mercuric chloride
was used, the mercury content increased to 53%.

(b). The formation of the nickel salt.

The nickel salt was prepared following the method
given by Thiele for the preparatiomn of the silver salt (2).
Here, the following amounts of reagents were uged;-

2.94 g. of N.D.C.D. (.02 1)

16 mls.~--5% NaOH solution

90 mlg.--2,5% Ni(NOz)g.6Hp0
An 80% yield of the nickel salt was obtained.

The nickel salt does not precipitate out of the sol-

ution as a colloidal sol, ag the mercury and silver salts do.
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It is a green solid which decomposes upon heating.
Calcd. for C4H8N1006Ni.2H20: C, 12.4; H, 5.6; N, 36.2; Ni, 14.7
Found: ¢, 12.31; H, 4.89; N, 31.86; Ni, 15.12

The analysis would tend to indicafe tnat a hydrate salt has been
formed, but so far no compound can be proposed which would
correspond to the found analytical values. It must be noted that

the nickel salt cannot be recerystallized.

(). Formation of the copper salt.

The copper salt was prepared following the same pro-
eedure ag the nickel compound. It separates out of the sol-
ution as a colloidal sol and thus it is difficult to filter.

It is a blue solid which decomposes upon heating.

6., hange in the pH of a suspension of N.D.C.D. in water upon

the addition of gtandard sodium hydroxide.

To 1.612 g. of N.,D.C.D. (which had been ground fine
enough to pass through a fifty mesh screen) was added one hun-
dred mls. of distilled water pH 6.65. The mixture was stirred
with a mechanical stirrer for ten minutes amd the pH of this
mixture was noted using a Beckman pH meter. Standard sodium
hydroxide solution (0.93N) was added in small portions. -After
each addition of the sodium hydroxide the mixture was stirred
for three minutes. The stirring was then stopped and the
pH was noted. As excess sodium hydroxide was added all of the
N.D.C.D. dissolved completely in it. <The colour of the N.D.C.D.

godium hydroxide solution was yellow and the intensity of colour



87

depends upon the concentration of the N.D,C,D. The results
of this experiment are given in table III, and graphically

in figure 3.

TABLE IIT

Addition of Sodium Hydroxide to a Suspension of N,D.C.D. in Water.

Sodium Hydroxide Added pH
ls. of 0.93N)

0 4.75

0.3 9.2

0.78 9.85

1.6 10.18

3.65 10.55

5.65 10.72

7. 60 10.88

9.70 1l.12
11.55 11.32
13.70 11.50
14.65 11.57
15.73 11.60
16,65 11.62
18.23 11.67

7. Chenge in the conductivity of a suspension of N.D.C.D. in
water upon the addition of standard sodium hydroxide.

This experiment was carried out under conditions
similar to those of experiment 6. Ln this case a conductivity
cell where vigorous mechanical stirring was possible was used
and the change in the conductivity was noted instead of the
change in the pH., Here 1.48 g. of N.D.C.D. wasg added to
seventy mls. of distilled water. Precautions were taken to

keep the sodium hydroxide-N.,D.C.D. solution away from the
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carbon dioxide of the air. The results are rapresented in

Table IV and graphically in figure 4.

TABLE IV

Addition of Sodium Hydroxide to a Susgpension of N.D.C.U. in Mater,

Sodium Hydroxide Added Conductivity
Mlge O Qe0447N)

o 39.2 x 10~%
0.2 38,2 x 104
0.5 37.0 x 10™%
Ou7 36.2 x 10™4
1.0 35.2 x 1074
2.0 45,5 x 10™%
5.0 67.8 x 10~4

10.0 95,2 x 10~4
20,0 14,7 x 1079
25.0 18,7 x 10~9
28,0 21.1 x 10-9
29.0 21.7 x 1079
2945 28,2 x 1079
2140 £3.C x 1079
3364 2640 x 10-9
35.1 28.5 x 10™9

8 (a)e Changes in the pH of a solution of sodium-N.D.C.D.

in sodium hydroxide upon the addition of standard hydrochloric

A sample Of NeDeCoeD. {1le71l2 go Or 1ll.46 me €g3.) was
dissolved in 40.18 mls. of 0.3440N sodium hydroxide solution
(the theoretical amount necessary to form the sodium salt is
33431 mls.). Vigorous stirring was necessary to dissolve ihke
NeD.CoD. and precautions were taken to keep the sodium hydrox-
ide out of contact with carbon dioxide of the air. Small

portions of 0.41058N, hydrochloric acid were added to the
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golution. Upon the addition of the acid there occurred a
lowering of the pH. But as the stirring was continued for
three minutes the pH rose to the noted value. No further rise
in pH was observed when this mixture was mechanically stirred
for any further length of time. The results are presented in

Table V, and graphically in figure 5.

TABLE V

Addition of Hydrochloricec Acid to the Sodium Salt of N.D.C.D. in
Sodium Hydroxide

Hydrochloric Acid Added pH
(Mlgs. of 0.410bKN]

11.45
11.62
10.82
10.28
10.28
10.03
10.08
10.42
10.45
10.45
10.10
9.78
7.0
3.18

*

*
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* Point of incipient cloudiness; N.D.C.D. began to precipitate.

(b).

Experiment 8a was repeated. Here instead of stirring
for three minutes at the point of incipient cloudiness it was
gtirred for thirty minutes. in this experiment 1.469 g. of
N.D.C.D. (10 m.eq) was dissolved in 34 mls. of 0.3447 N. sodium

hydroxide solution (1l1.7 m.eq). The results are given in



Table VI and in figure 6.

LABLE VI
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Addition of Hydrochloric Acid to the Sodium Salt of N.D.C.D.

in Sodium Hydroxide.

Hydrochloric Acid Added
{MI's. of 0.4119N)

EANEEAVIRAVIR VI ol gl *
DI UVOLNNDe R DO
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11.58
11.50
11.00
10.35
10.50
10.60
10.55
10.55
10.50
10.40
10.10

9.15

7.35

3.060

¥ 1Incipient Cloudiness stirred for 30

9. (a). Change in the conductivity of

minutes.

a gsodium ngroxide—

N.D.C.D, solution upon the addition of

standard hydrochloric

acid.

To thirty-four mls. of 0.3447N sodium hydroxide

(LL.7 m.eq.) in a conductivity cell where mechanical vigorous

stirring was possible was added 1.47 g.

(].O m.e%) of N.D.C.D‘

The procedure outlined in Experiment 8a was followed but the

change in the conductivity was noted.

ted in Table VII and figure 7.

The results are presen-



TABLE VII

Addition of Hydrochloric Acid to the Sodium 3alt of N,D.C.D.

in Sodium Hydroxide

Hydrochloric Acid Added Conductivity
(MIs. of 0.4119N)
0 54.40 x lo‘g
1.5 32.26 x 1073
3.9 28.90 x 10‘g
*4.3 29.15 x 1077
5.0 29.41 x ].0":5
7.0 30.49 x\lO'5
10.0 32.26 x lO‘3
14.0 34.01 x lO"3
20.0 36.10 x lO'5
25.0 27.74 x lO-5
28.0 38.46 x 10"3
29.0 40.49 x lO"5
30.0 44,26 x lO--5
31.0 47,62 x 10~

().

Experiment 9a was repeated with the additional fea-

ture that at the point of incipient cloudiness the mixture

wasg stirred for thirty minutes instead of for three.

regults are given in Yable VIII and in figure 8.

The
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TABLE VIII

Addition of Hydrochloric Acid to a solution of the Sodium Salt

of N.D.C.D. in Sodium Hydrozxide,

Hydrochloric Acid Added Conductivity
(Mlg. of 0.41L19N) 5
0 3L.75 x 10_g
1.0 30.49 x 1073
2.5 28.57 x 1075
4,0 26.67 x 107,
*4.05 26.67 x 10~
4,05 28.17 x 10-%
5.05 28.57 x 10-7
7.05 30.30 x 1075
10.15 3l.95 x 107y
15.15 35.09 x 1077
23.0 38.17 x 107
28.5 40.0 x 107y
30.0 46.51 x 10~5
30.5 48.78 x 10~

.

* Point of incipient cloudiness. Stirred for thirty minutes.

10. (a). Evidence that supersaturation exists at the end

point and (b) that there is no excess sodium hydroxide at the

end point,.

Ten milliequivalents of N.D.C.D. (l.47 g.) was dis-
solved in 34 mls. of 0.3440N sodium hydroxide (ll.7 m.eq.) and
4.6 mlg, of 0.4105N hydrochloriec acid (1.9 m.eq.) were added to
the solution in order to causé incipient cloudiness. The prec-
ipitate wag filtered on a fine sintered glass crucible. Weight

of the precipitate was 0.004g.

One drop of the standard hydrochloric acid was added

to the filtrate and the solution became cloudy showing that
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there wag no excess godium hydroxide present,

This experiment was repeated. After the end point
had been reached the mixture was stirred for one hour before
the precipitate was filtered off. Weight of the precipitate
was 0,007 g. The filtrate was then tested for excess
sodium hydroxide with the standard acid with the same results
as in the preceding casse. Thus this experiment would tend to
indicate that a small amount of supersaturation does exist at

the end point.

11. (a). The amount of excess sodium hydroxide necessary to

digsolve a given amount of N,D.C.D.

Ten milliequivalents of N.D.C.D. (l.47 g.) which
had been ground fine enouzh to pass through an 100 mesh screen
was added to 29.1 mls. of 0.3440N sodium hydroxide (10 m.eg.).
The mixture was mechanically stirred for three hours in a
closed system (caroon dioxide free). The insoluble portion
was filtered off. Weight of the ingoluble portion was 0.032 &
It was necessary to add 0.40 mls. of 0.4 1051V hydrochloric acid
in order to cause incipient cloudiness.,

Actually the 0.032 g. of N.D.C.D. corresponds %o
053 mls. of the standard acid. Thus the low amount of stand-
ard hydrochloric acid necessary to cause incipient cloudiness
may be due to the unavoidable reaction between the sodium
hydroxide and the carbon dioxide in the air during the filt-

ration.
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(b).
Seven gsamples of N.D.C.D. (which had been passed
through an 100 mesh screen) were weizhed out. Various amounts
of the standard alkali were added to each and the mixtures

stirred for three hours. The results are shown in Table IX.

TABLE IX.

The Excess of Sodium Hydroxide Necessary to Dissolve 4 Given
Amount of N.D.C.D.

Wt of the N.D.C.D. Sodium Hydroxide Added Remarks
(Mls. of 0.134X)

0.147 g.(l m.eq.) 7.54 (L m.eq.) + 0.1 ml,)

0.147 g.{l m.eq.)  7.64 (L m.eq.)™+ 0.2 ml.) _ .

0.147 g.(1 m.eq.) 7.74 (1 m.eg.)+ 0.3 ml.) <Lbe N.D.C.D,
0.147 g.(1 m.eq.) 7.84 (1 m.eg.)+ 0.4 ml.) 4id not dissclve
0.147 g.{1 m.eq.) 7.94 (1L m.eq.)+ 0.5 ml.)

0.147 g.{(1 m.eq.) 8.04 (1L m.eq.)+ 0.6 ml.) ‘the N.D.C.D.
0.147 g.{1 m.eq.) 8.14 (1 m.eq.)+ 0.7 ml.) di ssolved

As the excess of sodium hydroxide increased, the solution be-
came clearer. When 0.6 mls. of sodium hydroxide was added,

all of the N.D.C.D. &issolved.

(ec).

Experiment 11b was repeated using a different weight
of N.D.C.D. and different sgtandard base. The results are

given in Table X.
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TARLE X.

The Excess of Sodium nydroxide iHecessary to Dissolve a uiven

Amount of N,D.C.D.

Wte of the N,D.CoD. Sodiwm =Zydroxide Added remarks
(mls. of Q.9440N)

le 04441 g2.(3 meeqe) 8.72 (9 meeq,)

2. 0.441 g2.(3 m.eg.) 8482 (3 meeqg.<+ 0.1, ml,) The N.D.CeD,

3¢ 0e44l zo(d.m.eqg.) 8.92 (3 me€qe+ 0.2 ml.) did not dissolve

4, 0Q.441 2.(3 meeqge.) 2.02 (3 me.e€qget+ 0.3 ml,)

5. 04441 g¢{3 m.eqe.) 9.12 (3 meeqe+ 0.4 ml.)The N,D,C.0, 4dizsolved

To number 2 oi the above 0.3 mls. of the standsrd
godium hydroxide wes =zd4ded and #11 of the N.D.C.D. dissolved.

To number 3, 0.2 mls. of tune standard base and ten
mls. of distilled water was gdded and the N,D.C.D did not dis-
solve. upimilsr results were obtained when 0.1 ml. of tune bage
and ten mls., of distilled water was sdded to No. 3.

To 0.441 z2.(3 meeqg.) of T.DeCeDs, 9.12 mlg., of tae stan-
dard sodium hydroxide and ten mls. of distilled water were
added and all of the N,D.C.D. did not dissolve.

Thus 1t would seem that tue equilivrium established
denends upon tue concentration of the n.D.C.D. and the concen-

tration of the hydroxyl ions.

12. (a). HBvidence that an eguilibrium is establiehed during

the Ltitrstion of tne sodiun salt.

ot
w

07 NeDeTels (led7 o) was digsnlved in

iv}

A 3

0D
k

{

o

54 mlse. of 0.9442x sodium nydroxidse. wmpougn siardard hydro-

chloric acid (4.05 mls. of 0.41194) was added 1o zguse incioient



cloudiness. ‘hen 0.5 mls. excess hydrochloric acid was

added and after allowing the mixture to gtand for thirty min-
utes the undissolved N.D.C.D. was filtered off., Hydrochloriec
acid was added to the filtrate in order to cause incipient
cloudiness plus 0.5 ml. in excess. "This procedure wasg re-

peated seven times and the results are pregented in Yable XI.

TABLE XI
Addition of kmxcegs Acid to the godium Salt of N.D.C.D. in

Sodium Hydroxide

Mls. of 0.41l19XN

Hydrochloric Acid
Necessary to Cause Excess of 0.4112N Wt. of the N,D.C.D which
Incipient Cloudiness Hydrochloric Acid had precipitated out

4,06 5 mls. 0.065 g.
0.25 «95 mls. 0.062 g.
0.30 «5 mls. 0.066 g.
0.4 «9 mls. 0.063 g.
0.4 +& mls. 0.062 g.
0.4 «d mls. 0.058 g.
0.4 .5 mls. 0.0585 g.

In all of the cases 0.0303 g. of N.D.C.D. can be
accounted for Dby the excess hydrochloric acid added. But what
is actually obtained is more than twice this amount.

In experiment 10 the weighnt of the precipitate at
the point of incipient cloudiness after one hour of stirring wes
found to be 0.007 g. This does not make up for the difference
of the excess N.D.C.D. obtained in this experiment. Also in
experiment 10 just one drop of hydrochloric acid was necessary
to cause incipient cloudiness and here 0.2~0.4 mls. are necess-

ary. Thus it would seem that some N.D.C.D, has precipitated
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out of the solution setting free some sodium hydroxide
and egtablishing an equilibrium similar to the one noted when
N.D.C.De go0es into solution.

As the solution becomes more dilute (due to the pre-
cipitation of the N.D.C.D. and to washing the precipitate
during the filtration (this was kept down to a minimum) the
weight of the N.D.C.D., which precipitates out decreases.

It was noted in Experiment 11 that when an equivalent
amount of N.,D.C.D. and godium hydroxide is stirred for three
hours 0.032 g. of N.D.C.D, did not go into solution. The
amount of N.D.C.D. which did not go into solution is of the same
order as the excess of N.D.C.D. which was noted at the same

goncentrations in this experiment.

(b)o

Experiment l2a was repeated but here the amounts of

excess acid were varied. The results are given in Table XII.

TABLE XII
Addition of Excess Acid to the Sodium Salt of N.D.C.D. in

Sodium Hydroxide

Mls. of 0.41l19N ;
Hydrochloric Acid  Excess of Wt. of N.D.C,D, Wt. of N.D.C.D,

Necessary to 0.4119N which had equivalent to
Cause Incipient Hydrochlorie precipitated the excegs
Cloudiness Acid out acid
l. 4.10 0.2 mls. 0.042 g. 0.012 g.
2. 0.3 0.3 " 0.050 g. 0.019 g.
Se 0.4 0.4 " 0.060 g. 0.024 g.
4. 0.4 0.1 0.035 g. 0.006 g.
5. 0.4 0.05 n 0.027 g. 0.003 g.
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In aubers 1, 2, &, and 4 tne nixture was gllowed
to stand for one iour., Iu number 5 tne mixture waz allowed

to gtand for sixteen noursg before it wog filtered., It was

(@3}

necegsary to =zdd Q.1 nls. of zcid to tne filtrate of numter
in order tc cause ilucipiert cloudinegs wi.ile 1n Experiment 10
Just one drop was necessary to cause incipieht ¢loudinesg. Also
the weight of the W.D.C.D. whicu had precipitated ig grecter.
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13, The Quantitative Egtimation of N.D.Tleis

Peagents: l. Standard, cortonate-free, sodium hydroxide sol-
ution between 0.3 - 0.4 normal;
2. Stindard hydroculoric geid ovetween 0.5 - J0.4 norm:l,

Procedure: A certain weight of W,D.C.D. (in this laboratory

ey
‘—J-
b
]

ten millieguivalents, i.e. 1,47 g. were used) is dissolve
an excegs of the standerd alkaline solution. To accomplish
tinis tne mixtare is stirred vigorously for about five minutes.
During the stirring care must be taken to keep the alkali out
of contact with the air, or else the results will be slightly
nigh - from 0.5 to 1%. When all of the 4.0.C.D. nas dissolved,
gtandard hydrochloric acid ig added until the solution bacomes
cloudy. The point of inecipient cloudiness is taken as the

end point of the titration, where there are equivalent

amounts of ¥,D.C.D. and sodium hydroxide in the solution., It

nas beer found that it is easier to note tine end point if a bean
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4

i-ht is passed throug: the golution during the titratvion,

1l4. Results of analysis of diffsrent samples of ¥,D.0.D.,

NeD.Cule wzg predared by Tniele's method and repre-
cipitated from sodiwn hydroxide gsoluticn. The sazimples obtained
after each repreciyzitation were tested by tne method given in

experiment 13, The resulis are given in Table XIII.

Tabvle XIII

Arnnount of Times
Reprecipitated fron

Sodium. Hydroxide % Purity

None 97.4, 97.1
Once 27.8, 97.6
Twice 99.8, 99.9
Turice 100.2, 100.4
Four Times 92.8, 100.0

In another experiment N,D,C.D. which had not beer rep-

reciritated fron sodiwn bycrcxide was well washed wi th waters T

—

was ¢nne by stirring vigorously 10 g. of finely ground N.D,.C.D,

nis

in

500 mls. of water for thirty minutes, and wastin: the .D.C.T. on
9 <

i
<

the Bucher funnel with one litre of water. The purity of

v

¥.D.CeD. as analyzed by the given method went up %o 99.2 auw
2¢.5%. Subsequent washings reised the purity of N.D.C.D. up
to 100%. Hence it is not necessary to reprecipitate the

- e

Y.DeCele from sodium bydroxide in order to purify it.

15. Qualitative tests for possible impurities in N.D.C.D.

Forty grams of well ground I'.2.C.D. (97.5% pure) wers

added to four hundred mlg. of 4distilled water., The mixture was
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well shirsed for one hour. Tie f.5.0.0., wiag filtered off

for cysnamide, thiourea, cyaride,

?

jo)

ard tihe filtrate was tests

n

dicyandiamide, thiocyanarte, ammonia, gusnidine and dicyan-
diamidine by the method outlined by Buchansn (l45). A
pogitive test was obtained for dieysondiamide only.

Following the proeedure of experiment 18 a guanti-
tative estimation of dicyandiamide (147) was carried out on

10g. of ¥.,D.C.D., Ti:e results obtained are given in Table

XIV.

TABLE XIV

Initial Purity of N.DeCuDesess97.5%
% Dicyandiamide Foundeeeseoees 0e%
Final Purity Of NeDeCuDesseose98.8%

From the results it would apnear that the amount
of dicyandiamide is low but this procedure for the quanti-
tative egstimation of dicyandiamide usually gives low

values (147},

16, Analysis of N,D.C.D. contaminated with related nitrcgen

compounds.

Various amounts of N.D,C.D. contaminated with
dicyandiamide, nitroguanidine, guanidine carbonate,
dicyandiamidine sulfate, melamine, and cyz: uric acid were

prepared. These samples were tested for iheir amounts

of N.D.,l.D, The results are shown in Table XV,
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TABLE XV
Analysis of N.D.C.D. Contaminated #ith rRelated Nitrogen Compounds
Weight of Weight of % N.D.C.D.
Contaminant Contaminant N.D.Cu.D. Theoretical Found
Dicyandiamide 0.7376 0.2083 47.8 47.9
" 0.3391 1.1281 75.2 75.3
" 0.1189 1.3391 90.3 89.8
" 0.073 1.4547 94.9 94 .4
Nitroguanidine 0.1518 1.6435 90.6 89.6
" 0.0696 l.432 95.3 94.6
Guanidine varbonate 0.4081 1.1042 73.0 73.4
" " 0.0891L 1.3661 934.9 94.4
Dicyandiamidine Sulfate 0.5464 1.3405 71.0 87.7
L " 0.202 1.4197 87.6 98.8
Melamine 0.0592 1.6129 96.5 96.2
Cyanuric Acid 0.0686 1.3923 95.9 97.9
" " 0.0838 1.465 98.4 102

Any compound which will react with the base will
give high results. This is borne out in Experiment 16 in the
cage of c¢yanuric acid and dicyandiamidine sulfate.

In Experiment 16 nitroguanidine, melamine and cyanuriec
acid 4id not dissolve in the sodium hydroxide solution. Thus
thege impurities are not present in N.D.C.D. as prepared by
Thiele's method (2). In the case of dicyandiamidine sulfate
the precipitate which comes down Quring the addition of a
small amount of acid has not the same appearance as the one
which precipitates out in a pure N,D.C.D. sodium hydroxide sol-
ution. It is more voluminous and takes a longer time to dis-
solve. Thus dicyandiamidine sulfate is not present in the
N.D.CeDs Guanidine carbonate which is used as a primary stand-
ard for the standardization of acids does not interfere here

(148).
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17, Isgolation of the sodiuwm salt of W.D.C.D.

(a). A sample of N.D.C.D. (3.7g.0r .025M) was dissolved
in fifteen mls. of 10% sodium hydroxide solution. A large
gxcegs of acetone was added to this golution until it became
milky, and in a few minutes a white voluminous precipitate
separated out of thne solution. Tne precipitate was collected
on a filter paper, wasned with etnanol and ether, and dried
at 60° G. The weight of the product was 4.lg. which corres-
ponds to a yield of 33%.

Anal. Caled. for CollyNgOzNa;- Na.l3.6%

Found ;- Na.12.9%

The compound has no melting point but explodes upon
heating. It is insoluble in ethanol, metnanol, acetone, or
ether. It decompoges in ot formamide giving off ammonisg.
Wnen the salt is added to water, mogt of it disgsolves leaving
a small amount of residue which has the same properties as
7uDeCeDs; but it dissolves completely in very dilute agueous
gsodium hydroxide.

An aqueous solution of the salt turns red litmus Dblue,
When its aqueous solution ig acidified, a white precipitate
whieh has the properties of N,D.C.D. separates from the solu-
tion. &.D.C.D. also separates from the solution wuen ammonium
chloride is added to the agueous salt solution.

To purify the sodium salt it was dissolved in water,
the insoluble N.D.C.D. was removed by filtration, and the salt
was again separated by the addition of a large excess of acetone.

This material, obtained by this treatment, behaved
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in the same manner as the original salt. when it was added
to water, most of it went into solution, but a residue of
N.D.C.D. remained. Obviously this method either yields
sodium-N,D.C.D. contaminated with N.D.C.D., or possibly the
godium salt in water gives rise to a small amount of N.,D.C.D.

(b). Sodium N.D.C.D. was prepared by the addition of
excess methanol instead of acetone to an zqueous N.D.C.D.-sodium
hydroxide solution. This method also resulted in impure
sodium-N.D.C,.D,

(c). The salt was prepared from a greater excegs of
sodium hydroxide and from methanol which had been saturated
with sodium hydroxide. This procedure also resulted in sodium-

NeDeCoDe contaminated with a small amount of N.D.C.D.

18. (a). Change in pH of an agueous golution of sodium-N.D.C.D.

upon addition of standard hydrochloric acid.

A sample of sodium-N,D,C.D. (1.083g. or 0.006M.) was
added to 30 mls. of distilled water. The sodium-N,D.C.D. did
not dissolve completely, but left a residue of insoluble
N.D.C.D. Small portions of 0.4103N hydrochloric acid were
added to the solutions and the mixture stirred mechanically
for three minutes. Upon the addition of the acid, a small
amount of N,D.C.D. sa@apsrated out, and the pH dropped consider-
ably, but with stirring the pH rose to a value which did not
change after further stirring. Thus it was found that if a
reading was taken after three minutes of gtirring, the value

did not change even after thirty minutes of stirring and the



110
reading represents the equilibrium value of pH. The caanges
in the oH are represented in Table XVI and grapnically in

figul‘e Qe

TABLE XVI

Addition of Hydrochloric Acid to Aqueous Sodium N,D,C.D,

Hydrochloric Acia Aaded
(MlLg. of 0.4103N.) pH

1l.4
11.25
11.14
10.85
10.68
10.89
10.12
2.8

PO OO O
L ] - [ ] [ [ [ ) [
[

o
coCcoOokk

(v). Experiment 18a wss repeated but here the insoluble N,D.C.D.
was separated by filtration. In this experiment 0.8738 g, of
sodium N.D.CeD, (0.0058M.) was added to 30 mls. of distilled

water. The results are given in Table XVII and in figure 10.

TABLE XVII

Addition of Hydroecehloric Acid to Aqueoug Sodium N,D.C.D.

Hydrochloric Acid Added

(Mls. of 0.4103N.) pH
Q 11.46
0.2 11.16
Qed I.Co 11.08
0.5 11l.12
5.0 10.97
0.0 10.85

11.0 10.04
11.65 8.97
11.70 T.43
11.75 0. 65

11l.80 5.056
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According to these data, 11.75 mls. of 0.4103N. hydrochloric
acid have neutralized 0.8738 g. sodium-N¥.D.C.D.,, correspond-
ing to a sodium content of 12.75,

t'he weight of the insoluble N¥,D.C.D. was found to
be 0.0731 g., but it was necessary to add 0.3 mls. of the
standard hydrochloric aecid to neutralize excess sodium hydrox-
ide and to cause incipient cloudiness. ‘“Lhis corresgponds to
0.0181 g. of N.,D.C.D.

lherefore, the actual weight of insoluble N.D.C.D.

was; - 0.0731g.
-0,0181
[ ] g.
Thusg the weight of sodium N,D.C.D. wasg:=-
0.8738g.
-000550 .
0.8183g.
t'hig corresponds to a sodium content of:=-
11.75 x 0.4103 x 0.023 _ 13.5% Found
0.8188 -

.Theoretical 13.6%

19. Change in the conductivity of an aqueous sodium-N,D.C.D.

gsolution upon the addition of standard acid.

Experiments 18a and b were repeated but here the
change in the conductivity was noted instead of the cnange in
the pH. In experiment 18a, 1.0282g. of sodium=-N.D.C.D. (0.006M.)
was added to 50 mls. of water, and in 18b 0.7962g. (0.005M.)
was added to 70 mls. of water. 1The results are presented in

Tables XXVIII and XIX, and graphically in figuresg 1l and 12.
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TABLE XVIII

Addition of Hydrochloric Acid %o Agueous Sodium-N,D.C.D.

Hydrochloric Acid Added Conductivity
(mls. of 0.4103N.)
0 1.55 x 1079
0.2 1.58 x 10™2
3.0 1.64 x 10-2
6.0 1.78 x 10-9
9.0 1.91 x 10-9
12.0 2.06 x 10-9
14.0 2.06 x 10-2
15.0 2.08 x 10-9
16.0 2.17 x 10-9
17.0 2.63 x 10-9

TABLE XIX

Addition of Hydrochloric Acid to Agueous Sodium-N.D.C.D.

Hydrochloric Acid Added Conductivity
(mls. of 0.4103N.)
0 1.01 x lo'g
0.1 1.0 x 1073
0.2 1.0 x 1073
0.35 I.C. 1.0% x 10=%
1.0 1.06 x 10-%
4.0 1.12 x 10-3
7.0 1.37 x 10=7
10.0 1.49 x 10-
10.8 1.51L x 10-9
11.0 1.52 x 10=9
11.6 1.76 x 10=9
12.0 1.93 x 10=9
12.5 2.16 x 10-9

20. Isolation of the potassium salt of N.D.C.D.

The potasgsium salt of N.D.C.D. wasg prepared following

the same procedure outlined in the preparation of the sodium
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salt., In tnis experimert 7.3g. (0.00¥.) of N.D.C.D, was
dissolved ir 150 mls. of 3% potassium hydroxiae. The weignt
of the product was 7.8g.which corresponds to a yield of 85%.

The potassium salt of N,D.2.D, is a wnhite solid,
with a shiny metallic lustre. It nas the sane solubility
characteristics as the sodium szlt, but it decomposes at
326-8YC(uncorr) without explosion. Liks the sodium salt it
dosg unt vrecipitate as a pure compound, but sepearates con-
tamirated with Ve2.0.De As witl tne sodium szlt, free V.D.C.D.
can be obtained from the potassium salt upon addition of
hydrochloric acid or ammonium chlorice to an agugdnus salt
solution,

Calcd. for ¢ H4N5O,K:- ¥, 2l.08

2 3
Found - XK, 18.7

L. f(a). Change in the pH of agueous potassium ¥,D.C.D. upon

addition of standard nhjydroculoric acid.

ot

.
[$

A sample of potassiws ¥,0.C.D. (0.9214g. cr 0.005 11.)
was added to 30 mls. of distilled water. The pofassiuwn salt
did not digsolve completel;y but left an ingoluble residue of
TeDeCsDe Small portions of 0.,4103N. hydrochloric acid were
added to the solution. The mixture was stirred vizorously for
five minutes by a mechanical stirrer and the change in the
pH was noted. As soon as t.e starndard acida was added to tne
mixtare, ¥.D,C,D. separated and tne pH showsd a nmarked drop,
but after a minute of stirring the pH rose to tne value wiiech

is noted in Table XX and graphically in figure 13,
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TABLE X

Addition of Hyarochloric Acid to Aqueous Potassium ¥.,9,C.D.

Hydrochloric Acid Added

(mls., of 0.4103N,) pH
0 11.18
0.1 11.183
0.5 11.13
2.0 11.03
5.0 10.91
10.0 10.36
1009 ) 6’65
10095 5.87
11.0 4,25

(b)e. ZHxperiment 2la was repested, but here the insoluble
NeD.CuDs was separated by filtration. In thig experiment
0.9555g. of potassium N.D.CDs (0.005m,) was added to 30 mlgs.
of distilled water. 4<he results are given ir Table XXI and

graphically in figure 14.

TABLE XXI

Addition of Hydrochloric Acid to Aqueoug Potagssium N,D,C.D.

Hydrochloric Acid Added

(mls. of 0.4103N.) pH
0 1l0.72
0.1 10.57
Q.3 L.Co 10.4

after five minutes
roge to 10.7
0.5 10.7
1.0 10,7
5.0 10.58
10.0 10,08
10.5 9.86
11.15 9.29
1l.2 8.03
11.25 6. 77
11.30 6.20

11.35 5.62
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From Table XXI, 1l.20 mls. of 0.4103N. hydrochloric acid
have neutralized 0.9555¢. of potagssium-N,D.C.D., correspond-
ing to a potassium content of 18.8%.

On the whole it is much more difficult to get a
steady pH reading with the potassium salt than with the
sodium salt. Also the insoluble N.,D.,C.D. formed from the
potassium salt is much more difficult to filter than that
from the sodium salt, as it tends to pass through the filter.
Thus the method employed with the godium salt of weighing
the amount of insoluble N,D.C.D. was not applicable here as

can be seen from tie following calculations:-

Weight of insoluble N.D.C.D. 0.0%04g
Weight of N.D.C.D. corresgponding to 0.3 mls. acid - .018L
Actual weight of insoluble N.D.C.D. .0LB83g.
Thus actual weight of Sample of KN,D.C.D. 0.9555
. - 00183
0.9372g.

Therefore %K = 17.1%

22. Change in the conductivity of an agueous potassium-N.,D.C.D.

solution upon the addition of standard acid.

Experiment 21b was repeated, but here the change in
conductivity was noted instead of the change in pH. 1In this
cagse 0.9627g. {.005M.) of potassium N.D.C.D. was added to 50 mls.
of distilled water. ‘he results are presented in Table XXII

‘and graphicelly in figure 15,
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LABLE XXIT

Addition of Hydrochlorice Acid to Agueous Potagsium-N.D.C.D.

Hydrochloriec Acid Added _Conductivity
(mlg. of 0.4103N.)
0 1.56 x 10‘2
0.2 1.51 x lO“5
0.45 I.C. 1.55 x 10"3
1.00 1.58 x 10‘3
4.00 1.73 x lO‘5
7.00 1.87 x 10‘3
10.00 2.08 x 10'3
12.00 2.24 x lO"3
12,50 2.0 x lO“,‘3
13.0 2.7 x 10~

23. Preparation of Nitrosodicyandiamidine.

(a). To one hundred mls. of a 15% sodium hydroxide solution
7.55¢. (0.051.,) of N.D.C.D., was added. The suspension was
mechanically stirred until all of the N.D.C.D. had dissolved
in the sodium hydroxide. The golution was then cooled in an
ice bath until the temperature had dropped to lOo C. Six
and one half grams of zine (0.1M.) was added in small por-
tions with cooling so that the temperature was kept constant
at 10° C. After the addition of the first portion of the zine,
the mixture was tested for the presence of a nitroso group by
adding a few drops of the reaction mixture to sgueous ferrous
sulfate. According to Thiele (42) a red colour indicates the
presence of a nitroso group.

After the addition of the first portion of the zine,

the mixture was tested every two minutes. At first when a



few drops of tne reaction mixture was added to the agueous
ferrous sulfate, the colour of tne solution turned green and
a green precipitate separated out of the ferrous sulfate
solution. 3But after sgeveral minutes the mixture gave a red
colour with the ferrousg sulfate denotiing the presence of a
nitroso group. A positive test for this group was only ob-
tained for a short period of time, for, as the reaction con-
tinued, the red colour gave way to the previous green one.
When the reaction had subsided, the excess zinec
was separated by filtration. upon acidification of the fil-
trate a yellow, inorganic material geparated out. This
material is insoluble in all common organic solvents, in cold
and in hot water. It does not burn and is probably some in-

organic zinec salt.

(b). This reaction was repeated at O°, 25°, and 40°., In all

cases negative results were obtained.

(e). The reduction of N.D.C.D. was attempted with zinc and
ammonium chloride (58) and with zinc and acetic acid (62).

In both cases the N.D.C.D. was recovered unchanged.

24. Methylation of N.D.C.D.

{a). With methyliodide

To 1.47 g. of N.D.C.Ds (0.0LlM.) dissolved in 16 mls.

of 5% sodium hydroxide an 100% excess of methyliodide (1.24 mls.

or .02M.) was added. The solution was mechanically stirred for

three hours. It was then acidified with dilute hydrochloric
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acid which caused the separation of a white precipitate.
This solid was collected on a filter, washed with methanol
and air dried. The product weighed 1l.45g., It exhibited
all the properties of N.D.C.D., and had the same composgition

as N.D.C.D.

(b). With dimethylsulfate.

The procedure used here was the sane as that usged
by Backer for the methylation of nitramines (126). A sample
of sodium-N.D.C.D. (7.4g. or .05M.) was dissolved in 50 mls.
of a sodium hydroxide-sodium bicarbonate solution (1 g. of
godium hydroxide and 4 g. of sodium bicarbonate). To this
solution 9.5 g. (7.1 mls. or 0.075M.) of dimethylsulfate was
added with stirring. This caused an increase in the tempera-
ture of the solution, and after ten minutes a white solid
gseparated out of the golution and the temperature roge from
28 - 40°C. As the reaction continued the temperature started
to fall. The white solid was then separated by filtration.
The golid weighed 6 g., and exhibited the properties of
N.D.C.D. The weight of the product corresponds to an 83% yield

Of N.D. C.D.

25. Preparation of N phenylazo NlnitrodiGXandiamidine

(a). To 7.3g. (0.05M.) of N,D.C.D, dissolved in 400 mls. of
dilute sodium hydroxide (5.8g.) was quickly added an equi-
valent amount of benzenediazonium chloride compoged of 4.6g.
aniline, 3.6g. godium nitrite and 11 mls. of concentrated

hydrochloric acid. Here enough sodium hydroxide is necessary
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to form sodium KN,D.C.D., to neutralize thne h: droecunlorie
acid, and to form the diazotate salt. The solution exhibv-
ited the same colour changes during the reaction as wgs re-
ported in the formation of phenylazodicyandiamide (67), i.e.
it turned red and after one minute became turbid. It was
then guickly acidified with 12% hydrochloric acid, wuich
resulted in the separation of a yellow solid, The product
was collected on a filter, wasned with hot ethanol, ether,
and dried first at room temperature and tnen under reduced
pressure at 6000. The product wighed 10g. which represents
a yield of 80%.

N phenylazo Wl nitrodicyandianidine is a yellow
solid which explodes upon heating, and wnen gdded to concen-
trated sulfuric acid. It is ingoluble in metnanol, ethanol,
ether, acetone, cnloroform, formanide, petroleum etusr,
carbontetrachloride and aniline., It can be purified by dis-
golving in agueous sodium hydroxide, followed by reprecipita-
tion with hydrocnloric acid. It decomposes after geveral

deys accompanied by colour change from yellow tO brown.

Founds= C, 37.9; H, Z.98

(b). The aforementioned preparation was also =ttempted from
a solution of M,»,C.Ds in a slight excess of 10% sodium hy-

droxide ani an equivalent amount of benzenediazonium sulfate,
Upon the addition of diazonium salt a solid separated out of

the solution, and the colour of the mixture turned orange



yellow, Upon the further additior of the salt, the colour
chenged to yellow and the rezsction mixture started to decom-
pose (gassing). The mixture wag stirred for eight hours dur-
ing which the gassing continued and the colour of the gol-
ution turned dark brown.

The insoluble material was then collected on a fil-
ter, and dried at room temperature., Both the insoluble
residue and the filtrate gave off a gmell of phenol. When
heated this residue burns with a white flash and appears to
be a mixture of N.D.C.D. and a diazo compound.

A part of this residue was added to hot ethanol
and the alcohol insoluble materisl was collected on a filter.

Thies material exhiltited all the properties of N.,D.C.D.

(¢c}. The reaction was repeated except that here enough sodium
hydroxide was used t0 disgolve the N,D.,C.D. and to neutralize
the sulfuric acid (8g. sodium hydroxide in 100 mls. of water).
Upon the addition of the diazonium salt the colour of the
gsolution turned orange, and a gas was given off which had

the same gmell and lacrymator effect as acetyl chloride. As
soon as the gassirg had started, the solution was acidified
with sulfurie acid which caused the separation of an orange
precipitate. 7ihis materisl was collected on a filter and
dried at room temperature. This product behaved as a mixture

of an aromatic dye and N.D.C.D.
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26. Decompogition of N phenylazo N nitrcdicyandianidine

(a). Ten grams of N phenylszo Nlnitrodicyandiamidine (.041.)
was added to a solution of 100 mls. 95% :thanol and & mis.
concentrated hydrochloric acid. No decomposition of the
NeDu.C.D. derivative occurred in this medium gt room temper-
ature. The suspension was heated on a steam bath to 50° and
the compound started to decompose, giving off a gas. The
reaction mixture was heated to 75° and was kept at this tem-
perature until no further gassing occurred.

The mixture was cooled and the insoluble material
was collected on a filter and washed with methanol. It was
then reprecipitated from agqueous sodium hydroxzide (in the same
manner as N.D.C.D.) and recrystallized from 12% hydrochlorie
geid. (N.D.C.D. can be recrystallized from 12% hydrochlorie
acid. Here some of the N.D.C.D. undergoes decomposition as
it is necegsary to heat tne acid to 105O to dissolve the
N.D.C.D.) The product exhibited all the properties of

N.D.C.D., and had the composition of N.D.C.D.

n n .
Anal. Calecd. for w2H5N503 C, 16.9; H, 3.41.

The only indication of the product from the decomposition of

the benzeneazo group was that the hydrochloric acid-alcoholic

solution smelled of phenol.

(b). The N phenylazo Nlnitrodioyandiamidine was decomposed
in (i) ethanol-nitric acid, (ii) ethanol-sulfuric acid, and
(iii) butanol-hydrochloric acid. In all the cases the decom-

position product was found to be N.D.C.D.



(¢}, Tae azo derivative was added to dry ether sznd rydrozgsn
ehhloride gas was passed througu %tioe ether, The sl
evaporated at room temperature ant the residus was decompoged

in abgelute ethanol. Here ggain the decompogition product

was N, D,C.D.
(&), Five gramg of N phenylzao Nlnitroiicyaﬂdlarlalxe was

gas at 25%. The mixture was heated in a Carius bomb at 100°

action all of

D

for thirty misutes. During tne course of tu

the golid material had digsolved in the etharol, and upon

. -

added to 50 mls. of abgolute etnanol ssturated with hydrogsn ohlorid:

opening tne bomb & gas was given off, The ethanol was evapor-

ated and the residue was recrystallized several fimes from

agqusous ethanol. The product was composed of white needle-

like crystals. Thig compournd was recrystsllized geveral timsg

from dilate ethanol, ard gave a m.p. of 135890, A mixture of

nig eompound and carbethoxy guanidine hydeochloride ghowed
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a7. Preparation of N p-tolylazo-Nlnitrodicyandiamidine.

The p-tolylazo derivative wag prepared in the same

mernir as e benzeneazo one. The gquantities used wares-
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7.3g. N.D.C.D. (0bit.)
5.4g. p-Toluidine (.05i.)
11 mls. concentrated hydrochloric acid
S.6g. godium nitrite
5.8g. sodium hydroxide
360 mls. water
The product was a yellow dye which did not decom-
pose upon standing as 4id benzeneagzo N.D.C.D. Like the
phenylazo derivative it exploded upon heating. <Yhe waight
of the product was 9g. which corresponds to a yield of 65%.
The azo derivative was purified by reprecipitating from
godium hydroxide.
Anal. Caled. for CH N 0 ; C, 40.07; H, 3.7
Found: C, 28.7; H, 3.96
The analytical data show the product to be impure and since
it is insoluble in all solvents, it cannot be purified.
Phis compound was decomposged in tiie game manner as
the phenylazo derivative. In all cases N.D.C.D. was obtained

as the decomposition product.

28. Preparation of & o-carbonic acid benzeneazo Nlnitro-

dicyandiamidine.

this azo derivative was prepared in the same manner
ag outlined for the preparation of the same dicyandiamide
derivative. ©he product was a red dye which exploded upon

heating. Like the tolyl derivative the analysis did not

agree with the calculated figures, but indicated this product
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to be a mixture of the azo dye and N,D.C.D. Decomposition
of this compound produced N.D.C.D. as the product.
Angl. Caled. for 09H9N7O5: C, 36.0; H, %.08

Found: c, 26.8; H, .28

29, Attempted preparation of N methylol Nlnitrodioyandiamidine

(a). From sodium=-N.D.C.D.

(i). A sample of N.D.C.D. (37g. or 0.025u) was dis-
solved in 15 mls. of 10% ajueous sodium hydroxide and an equi-
valent amount of formaldehyde (2 mls. of formalin 0.025M.)
was addéd to this solution, After several minutes decomposi-
tion began and a gas was given off,

A small aliquot, taken at the beginning of the decom-
posgition, was acidified with dilute nitric acid, which caused
the separation of unreacted N,D.C.D. The N.D.C.D., was re-
moved on a filter, énd the filtrate tested for the presence of
guanidine with negative results.

The decomposition was allowed to proceed for ten
minutes and again an aliquot portion was acidified with dilute
nitric acid. The gassing which occurred upon acidification
indicated the presence of a carbonate. <Thig time, no un-
reacted N,D.C.D. separated, but decomposgition occurred at an
accelerated rate giving off large volumes of nitrogen dioxide
(by reduction of the added nitric acid?).

After gassing had ceased, the solution was evap-
orated at 50° by passing an air stream over it. ‘Yhe residue

that remsined was sodium carbonate. No trace was found of



either guanidine or its salts, or of any organic compound.
(ii). The reaction was repeated. 1In this experi-

ment the sodium=-N,D.C.D.-sodium hydroxide solution was cooled

to 0°C. The addition of the formalin again caused decomposgi-

tion, but at a much slower rate than previously.

After ten minutes at 0°C., the addition of excess
methanol caused the separation of an oil. The mixture was
allowed to stand in the refrigerator overnight and white cry-
stals separated from the solution. These crystals exhibited
the same properties as sodium-N.D.C.D.

As it was impossible to recrystallize this product,
analysis did not indicate whether it was a contaminated methy-
lol derivative or the contaminated sodium salt of N.D.C.D.

Anal. Calecd. for 05H6N504Na:— c, 18.1; H, 3.1%; N, 35.2; Na, 1ll.5.

Anal.Caled. for C,H N O.Na;- C, 14.2; H, 2.37; N, 41.4; Na, 13.6

Found; - ¢, 15.0; H, 2.7l; N, 36.8; Na, 14.0

Attempts were made to igolate the free compound by
(a) acidifying the agueous solution with hydrochloric or acetic
acid, (b) by passing carbon dioxide gas through the aqueous
solution, (¢) by adding the salt to anhydrous ether and passing
through hydrogen chloride, (d) by adding ammonium chloride
to an ammoniacal solution of the salt.

All thege attempts resulted in the formation of N.D.C.D.

(b)e TFrom potassium-N.D.C.D.

The formaldehyde reaction was studied in potassium

hydroxide solution with identical results. The potassium salt
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exhibited the same properties as potassium-N.,D.C.D. Here

the analysis indicsted that this was the contaminated potag-

sium-N.D.C.D.

Anal. Calcd. for CgHgNz04K: C, 16.8; H, 8.79; N, 32.5; K, 18.2

Anal. Calcd. for CgHyuNg0zK: C, 13.0; H, 2.16; N, 37.8; K, 2l.1
Found: C, 12.2; H, 2.77; N, 34.0; X, 18.7

30. Preparation of N(l,lL bishydrazino) methyl Nnitrourea

To 6 mls. of 100% hydrazine hydrate (0.13M.) 3.7g.
of N.D.CeD. (.025 M.) was added. Immediate exothermic decom-
position of the N.D.C.D. occurred with gassing. After several
minutes all of the N.D.C.D. had dissolved in the hydrazine
hydrate. The solution was gently shaken for about five min-
utes upon which white crystals separated out of the solution.
Twenty-five mls. of methanol was added to the mixture after
which it was allowed to stand in a refrigerator for one hour.
The product was collected on a filter and was washed with
methanol. The weizht of the product was 3.5g. After re-
erystallization from asgueons methanol the m.p. was 142° {(uncorr.)
but further recrystallizations from agueous e¢thanol indicated
no inecrease in m.p.

Anal. Calecd. for C 0

2797 2V3¢
FOU.nd:-' C, 15040; H, 4.86; No 54.3

Hgl C, 13.40; H, 5.03; N, 54.7

The compound is soluble in water, insoluble in
methanol, ethanol, acetone, and ether. It explodes when added

to cold concentrated sulfuric acid, and gives a positive
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nitrs ide test woizn treated with godium hydroxide and ferrous
sulfate.

Wher a 5% agueous solution of ferric chnloride was
adied to zn agueous solution of N(1,l bishydrazino) metnyl
Nl nitrourea, the resulting solution became turbid, It was
then allowed to stand for several minutes during wrich time
the nitrourea derivative began to decompose, giving off a

gas, and the solution logt its turbidity!

3l. The formation of the acetone, benzaldehyde, and the

dihydrochloride derivative of N(1l,l bishydrazino) methyl
1

N* nitrouresa.

{(a). Preparation of N(1 acetonehydrazo 1 hydrazino) methyl

Nl nitroures.

A sample of N(1,l bishydrazico) tethyl, N- nitroures
(0.85g. or .005l.) was dissolved in a ninimum amount of water,
and an eguivalent amount of acetons was added to it. A few
drops of acetic acid was added to the solution, upon which
wnite crystals immediately separated out. The mixiture was
allowed to stand in a refrigerator for one hour and the crys-
talline solid was collected on a filter. The product, re-
crystallized several times from aqueous ethanol, was a white
crystalline material, soluble in hot water, insoluble in
ethanol, methanol and etner; m.p. 135°C,
Angl. Calecd. for CgHygNyOz: C, 27.15; H, 5.58; N, 44.3

Found ;- C, 27.10; H, 5.90; N, 44.1



(b) Preparation of N{1 berzslhydérazo 1 hydrazino) rethyl
1

N™ nitrourea

One two huniredtn of a2 mole of II{l,l bvishydrazino)
methyl Nl nitrouras was digsolved in a airnimuwn anount of

water and an equivalent asmount of benzaldhyde wsos added to it

b

i fdlfOu_l.‘. - .LU

(0.656 nls.). TUpon the addition of a few drops of ny
acid a wnite solid separsted out of the solution. This ben-
zgldehyde derivative wzs collected on a filter =nd washed
with ether. The product was recrystzallized several times
fror abgolute methanol, and then from absolute ethanol.

The henzaldehyde desrivative, a wnite crystallins
material, is vary soluble in methanol and stiamnol, insoluble
in weter and ether, m.p. 141°C {uncorr.). An m.p. of a
mixture of this benzaldehyde derivative and the parant
comrnund exhibited g asepregsion of the m.p.

Anal., Caled. for 09H12N705: C, 4C.9; H, 4.52; U, 36.8.
Found: C, 46483 H, 3.7; N, 26.7.

5

.
(¢} Preparation of W{l,l bisghydraziro) metnyl N~ nitrourea

dilvrdrochloride.

A sample of N{l,l bishydrazino) methyl wl nitroures
{(C.Sbg. or Q.005K.) was dissolved in a minimum amount of water
and 3 mlg. of comecerntrated hydrochloric acid was added to it.
The liguid was digtilled under reduced pressure and the residue

-

was recrystallized geversl times from ethnanol and metuanol.

3

ne hydrocnloride derivative is very soluble in
methanol, etnanol and water; and insoluble in ether, m.p.

108-9°¢,
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Anal. Calcd, for 02H11N7 5%
Found: Cy 10405 H, 4483; N. 39.8; Cl, 29,6

0;CL,: C, 9.54; H, 4.37; N, 38.9; Cl, 28.2

32« The addition of gtanderd acid and alkali to

N ( 1,1 bighydrazino ) methyl Nl nitrourea.

A sample of N ( 1,1 bishydrazino ) methyl vl nitro-
urea ( 03903g. or 0.002M. ) was dissolved in 25 mlse. of
distilled water Of pH 6.6 and the addition of the nitroures
derivative 4id not cause any change in the pHe Six mls. of
0.0957TN, hydrochloric acid was added to this solution and the
pH of the solution dropped to 4.22. Standard sodium hydroxide
(0+1096N,) was added to this solution and the ehange in the
pH was noted. Whan the solution was alkaline it was back-
titrated with the standard acid. The results are reprasented

in Table XXIII and in figure 16,
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t'able XXIII

titration of N (1,1 bishydrazino} Methyl Nl Nitroures

Sodium Hydroxide Added pPH
ilse 0of 0.1096N. Milli Equivalents

0 0] . 4422
0s5 0.0548 4,314
1.1 0.127 4.587
2.1 0.232 4452
3403 0.332 4,08
4.0 0.438 4.96
4.4 0.483 S5.13
4.7 0515 5436
5.08 0.552 5276
S.24 0s575 0.64
5.45 0597 9.32
54656 0e62 9,91
5.82 0.638 10.22
640 04658 10442
6e9 0+756 10,88
Ted 0.8 10,93
Te6 0.84 10,99
8e2 0.9 11,08
8.8 04965 11.15

drochlorie Acid Added

Mls of 0.0907Na MiIT1 Equivalents
0 0 11,15
0.5 0.0478 10,97
1.18 0.113 10,83
2.0 0.191 10.58
2455 0.248 10.21
.1 0.297 9.56
2.68 Qe352 737
3.73 04387 6675

It can be noted from the above data that this compound
has an iso ioniec point of about 6.5; and a PKq value of ghbout

4,5, and a PKo value of about 1ll.



33. Dearrangement of nitrodicyandiamidine.

{(a} With hydrazine dinldrochloride in abgolute ethanol -

hydrogen chloride medium,

A mixture of 7.3g. NeDeCoDe (0.05Ma), 543g. hydrazi-
nedihydrochloride (0+05M.), and 75mls. of absolute ethanol
which had bean saturated at 25°C with hydrogen chloride, was
heated at 100°C in a (arius bomb for six hours. Upon opening
the bomb a gas was given off and at the same time a white solid
geparated out of the golution. <whe solid was separated from
the alcoholice~hydrogen chloride and recrystallized from aqueous
ethanol, m.p. 196°C. A mixture of this product with hydrazi-
nedihydrochloride gave no depression of the m.ps Hence this
compound was assumed to be hydrazinedihydrochloride.

Yhe alcoholic-hydrogen chloride filtrate was evapo-
rated at 50°C by passing a stream of air over it. The residue
was then recrystallized from methanol in which it is very
soluble, m.p.134°Cs Further recrystallizations fromwater did not
cause any raise in the m.pe The compound gave a positive
Beilstein and a mixture of this compound and carbethoxy
guanidine showed no depression of the m.p. The product weighed
3.9+ which corresponds to a 47% yield of carbethoxy guani-
dinehydrochloride.

(b) With hydrazine dihydrochloride in absolute ethanol.

The above reaction was repeated except that absolute
ethanol was used instead of an ethanol-hydrogen chloride
solution. As in the previous case the alcohol insoluble
residue was unreacted hydrazine dihydrochloride, The unreg-

cted salt weighed 3.lg. indicating that some decomposition of
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the hydrazine dihydrochloride had occurred.

The filtrate was evaporated and the residue recry-
stallized from water. The product was white cerystalline
material with an ester like odour. An sgueous solution
turned red litmus blue. It exhibited an m.p. of 96°C, then
hardened and remelted at 11600. A mixture of this product
and carbethoxy zuanidine gave no depression of the m.pe. The
product weighed 3.9g. which corresponds to a 60% yield of
carbethoxy guanidine.

(e¢) With hydrazine dihydrochloride in absolute ethanol =

ammonia mediag.

The reaction was gtudied in ethanol-ammonia medis,
the products obtained being ammonium ehloride and an organiec
material ,m.p.216-225°C (uncorr.).

(d) With aniline hydrochloride in dilute hydrochloric acid.

One twentieth mole of N.,D.C.D.(7432.), and an
equivalent amount of aniline (4.6 mls.) were added to 200 mls.
of 12% hydrochloric acid. The mixture was boiled until all of
the N.D.C.D. had disgsolved (at about 104°C)} gfter which the
reaction mixture was eooled until the temperature fell to 509.
The solution was then evaporated at 50° by passing a stream of
air over it. A few minutes after the evaporation had started
a white solid separated out but as the evaporation was continuséd
the solid redissolved.

The solution was evaporated to 5§ mls. and upon cooling
the residue solidified. Fifty mls. of acetone was added to the
solid residue, the mixture was well gtirred and the acetone

insoluble regidue was collected on a filter.
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This product was added to a small amount of methanol
and the methanol insoluble material was geparated by filtration.
This insoluble material was found to be unreacted N.,D.C.D.

The methanol was aevaporated at a reduced pregsure
and the regidue, a greenish-white solid, weighed 1ll.5g. It
was found very difficult to purify this compound to a white
crystalline material. Many recrystallizations from water-
charcoal, ethanol, methanol, ethanol-acetone, methanol-
acetone, ethanol-ether, methanol-ether were necessary %o
obtain white crystals, me.pe. 192°c. A mixture of this product
with aniline hydrochloride gave a depresgion of the me.pe but
the product gave a positive Runge's tegt for aniline hydro-
chloride.
Anal. Caled, for 08H15N3012: C, 4342; H, 5.86; N, 18.9; CL, 3R+

Found: C, 45+6; H, 64106; N, 18e5; Cl, 29.3

(i) The reaction was repeated but here the materisl,
which separated upon cooling the reaction mixture to 50°C,
was collected on a filter. This material was found to be
N.DeCuDe (4e3ge)e
(i1) The reaction was studied at 70°C, at which temp-
erature most of the residue was unreacted N.D.C.D.

(e} wWith (i) toluidine hydrochloride, (ii} methylamine hydro-

chloride, (iii) butylamine hydrochloride in dilute hydrochloric

acide

This reaction was repeated with (i) toluidine hydro-
chloride, (ii) methylamine hydrochloride, (iii) butylamine
hydrochloride instead of aniline hydrochloride. In all thege

1,

studiss the hyarochloride 'salts were recovered uareacted. 1In
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these experiments tne N.D.C.D. had decomposed to guanidine
hydrochloride which is the expected decomposition produet of

NeDeCeDe in hydrochloric acid.

344 Attempted sgtructure proof of nitrodicyandiamidiney

ta) Reactions with cyanamide.

| The cyanamide used in the following experiments was
prepared following the procedure outlined by Blair and Braham
(149).

(1) Reaction between cyanamide and nitrourea.

A suspension of 2.1lge. of eyanamide (0.05M.) and 10452.
nitrourea (O.ll.) was refluxed for seven hours in 50 mls.
abgolute ethanol, The insoluble materiasl was collected on
a filter. ‘his product was soluble in water and thus was not
N.D.C.D. The filtrate gave a positive test for cyanzmide
when tested with ammoniacal silver nitrate.

This reaction was repeated several times and in no
case 4did the cyanamide react with the nitroureca.

(ii) Reaction between cyanamide and acetonesemicarbazone.

One tenth mole of acetonesemicarbazone (ll.5ge.)and
2.1lg. cyanamide (0.056l.) were added to 50 mls. anhydrous
ethanol and the suspension was refluxed for three hourse.

The mixture was then tested for the presence of cyanamide with
ammoniacal silver nitrate with a positive resgult. As all of
the semicarbazone had not dissolved, another 50 mlse. of
anhydrous ethanol was added ( still not enough ethanol to

dissolve all of the semicarbazone)e The refluxing was comtinued
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for another six hours at which time a negative test for cyan-
amide was obtained. The mixture was then cooled and the ingo-
luble portion was separated by filtration. This solid »roduct
weighed 7.5« MeDe 186-88°C. This was shown to be unreacted
acetonesemicarbazone.

'he filtrate was distilled off at a reduced pressure
and the residue was taken up ir 30 mls. 12% hydrochloric acid.
Three mls. of benzaldehyde was added to the solution and upon
shaking a white gelatinous solid separated out of the solution.
The mixture was allowed to stand overnight and the precipitate
was collected on a filter and washed with ethanol,

The benzaldehyde derivative was decomposed in 10 mls.
of hot concentrated hydrochloriec adid and the benzaldehyde was
extracted with boiling benzene. Upon cooling white cecrystals
gseparated from the hydrochloric acid. This precipitate was
collected on a filter and washed with methanol. The product
weighed 0e8g. Mm.ps 179-80°C. Further recrystallizations from
ethanol did not cause any raise in the m.p., and a mixture of
this produet and aminodicyandiamidine dihydrochloride gave a
depreggion of the m.p.

The reaction was repeated under conditions where (1)
equivalent amounts of acetonesemicarbazone and eyanamide (ii)
an 100% excess of cyanamide were used. In no case was amino-
dicyandiamidine ever isolated.

(b) Reaction with S-methylisothioureas.

The S-maethylisothiourea wasg prepared as the sgulfate

salt following the procedure outlined in ™Organic Synthesis™ {150).
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(i) Reaction between S-methylisothiourea and ascetonesemicer-

bazone.

Seven grams of S-methylisothiourea sulfate (0.025M.)
was cooled in an ice bath and 50 mls. of agueous dilute sodium
hydroxide (2ge or 0405i. sodium hydroxide) was added to it, the
the temperature being kept at 10°Cc. After all of the S-methyl-
isothiourea had dissolved in the sodium hydroxide, 5.7g. of
acetonegemicarbazone (0.05M.)dissolved in 100mlg. of hot water
was added to it. The solution was cooled in the ice bath for
one half hour, and then it was allowed to stand at room tempe~-
rature for one hour during which white crystals started to
separate out of the solution. It was then allowed to stand in
the refrigerator, and the solid was collected on a filter and
washed with water, m.p.187°C. A mixture of this product and
acetonegemicarbazone showed no depressior.of the m.ps The
product weighed 2.5g.

yen mlse. of concentrated hydrochloric acid was added
to the filtrate, Upon standing for thirty minutes the filtrate
became turbid. After standing overnight no. solid separated out
of it.. The water was therefore digtilled off under reduced
pressure, leaving a residue which 4id not exhibit the charact-
erigtic smell of the mersaptons. It was dissolved in 150 mls.
of 5% hydrochloric ascid and one ml., of benzaldehyde was added
to it. TUpon vigorous shaking a white precipitate separated
out of the solution., This precipitate was collected on a
filter and washed with ethanol. The weight of the precipitate

was one gram.
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‘‘he benzaldehyde derivative was lecomposed in 2 mls,
hot concentrated hydrochloriec acidand the benzaldehyde ext-
racted with 15 mls. boiling benzens, TUpon cooling, white
crystals separated out of the hydrochloric acid. These were
collected on a filter and washed with methanol, m.p. 198-203°C.
Further recrystallizations from dilute ameous ethanol raised
the m.p. to ZLOOC, and thus this compound was not aminodicyan=-
diamidine dihydrochlorides

Yhe reaction was repeated with (i) excess S-methyl-
isothiourea (ii)gxcess acetonegemicarbazone and the only
identifiable product was unreacted semicarbazide. The reacticn
was also attempted with nitrourea and the potassium salt of
nitroureaAand in no case was the product obseérved to be
HeDeCoDe

{c] Reaction between cyanogen bromide and nitrourea.

The cyanogen bromide was prepared according to the
procedure outlined in "Organic Synthesis™ (151).

Equivalent amounts of nitrourea (5.3g. or 0.05M.)
and cyanogen bromide (5.3g. or 0.05M.) were added to 600 mlse
of anhydrous ether., Since no reaction appeared to take place
the mixture was refluxed for twenty four hours. Then ammonia
gas was pasged through for thirty minutes. This causged the
separation of a white solid. The mixture was then allowed
to stand for one hour, after which the solid was collected on‘
a filter., This solid was found to be unreacted nitrourea.

This reaction was repeated with potassium nitrourea

with similar resultse



(c) Reaction with guanidine.

The guanidine was prepared follcwing the procedure
outlined by Traube (152),

(i) Reaction between guanidine and ammonium nitrourethane.

The ammonium nitrourethane was prepared following
the procedure given in "Inorganic Synthesis" (153).

A sample of ammonium nitrourethane (2.8g. or 0.02M.°
was added to 50 mls. of abgolute ethanol-guanidine solution
(Le2gs or 0,02M, guanidine)s. The mixture was then allowed
to stand for four days, during which time ammonia was evolved,
Ten mlse of hydrochloric acid was then added to this mixture
and the white insoluble material waé collected on a filter.
This material was soluble in water and thus was not N.D.C.D.

The above reaction was repeated with nitrourethane
and potassium nitrourethane, and in no case was it possible
to igolate N.D.C.D. as the product.

(ii) Reaction batween guanidine and carbethoxy hydrazine,

The carbethoxy hydrazine was prepared following
the procedure outlined by Diels((1l54).

To 50 mlgs. of an ethanol-guanidine solution (3g.
or 0.05M. guanidine) an equivalent amount of carbethoxy
hydrazine (5.2g. or 0.05M.) was added. The cecolour of the
solution turned orange-~redand the resulting solution did not
exhibit the pungent odour df guanidine. It was then allowed
to stand overnight during which a red precipitate separated
oute This red precipitate was filtered off and was found to
be ingoluble in all common organic solvents and soluble in

water. This materisl did not form any benzaldehyde derivative.
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The filtrate was distilled off under reduced pressure
leaving a red jelly-like residue. whis residue was taken up in
a small amount of water and the squeocas solution turned red litnus
tlue. It was then acidified with concentrated hydrochloric
acid. Two mls. 0f bernzaldehyde was added to it and upon
shaking a mixture of white and yellow benzaldehyde derivatives
gsgparated out of the golution. 'hese derivatives were coll-
ected on a filter, They were found to be soluble in ether
and thug the white derivative was benzalcarbethoxy hydrazine
and the yellow derivative was benzalhydrazone.

When the reaction occurred in completely anhydrous
media no decomposition of the carbethoxy hydrazine occured
and only lenzalcarbethoxy hydrazine was obtained as the
products 4lso the colour of the reaction mixture did not turn
red.

(iii) Reaction between guanidine and carbethoxy guanidine

hydrochloride.

The carbethoxy hydrazine hydrochloride was prepared
in the following manner:-

One tenth of a mole of carbethoxy hydrazine (l0.4g.)
was dissolved in 150 mls. of anhydrous ether. Dry nydrogen
chloride gas was passed through the solution for three hours
with mechanical stirring and a white solid separated out.
This precipitate was oollected on a filter and washed with
ethers The whites product weighed ld.vg. which correspon&s
to a yield of 95% It exhibited the ggne m.p. as the hydrca

chloride salt reported in the literature (155) i.e. m.pe 12900,
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and the same golubilities, i.e. soluble in water and in

ethanol and methanol.

seven grams of carbethoxy nydrazine hydrochloride
(0.051.) was added to an equivalent amount of guanidine
(3ge or 0.05M.) in 15 mls. of absgolute ethanok. After the
exothermic reaction had cessed, the mixture was allowed to
stand overnight. The etheanol was distilled off under reducad
pressure and the resgidue wag digsolved in dilute hydrochloric
acids Two mls. of benzaldehyde was added and upon vigorous
shaking a white solid separated out. Tais precisitate was
collected on a filter, and was washad repeatedly with ether.
The product weighed one gram, and it gave a Beilstein test.

This material was decomposed in concentrated hydro-
ehloric acid in the same manner deseribed in previous exper-
iments. The materigl which cerystallized out of the concen-
trated hydrochloric acid was collected on a filter., After
recrystallizations from ethanol the m.p. was 138°C and no
Beilstein test was obtained.

This reaction was repeated. In different experi-
ments the reaction mixture was refluxed for thirty minutes,
and for two hours, but again the product was not aminodicyan-
diamidine dihydrochloride.

(&) Reaction with hydrazine hydrate,

(i) Reaction between hydrazine hydrate and carbethoxy guanidine.

The cerbathoxy guanidine was prepared by the following
procedure (101).
Ten grams 0f N.D.CeD, (0.008Me) was refluxed in a

golution of 250mls. of 95% ethanol and 100mls. of water until
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all of the N.D.C.D. had dissolved. The solution was then
evaporated on the steam cone. The residue was taken up in
60 mls. of hot water and the ingoluble material (ammeline
and ammelide) was separated by filtration.

The filtrate was evaporated to drynessgs and ftreated
with warm ethanol. The insoluble portion (guanidine car-
bonate) was separated by filtration. The alcohol solution
yielded a solid which weighed 5g. corresponding to a 56%
yield of carbethoxy guanidine. The material was recrysta-
llized from sodium bicarbonate and it gave colourless
crystals of carbethoxy guanidine, m.p.lOOoC.

A sample of carbethoxy guanidine (l.5g. or 0.011id.)
was digsolved in an 100% excess of 100% hydrazine hydrate
(lelge Or 0.08M.). The reaction mixture was then allowed
to stand for three hours and the hydrazine hydrate was
distilled off under reduced pressure at 30°8. The residue
was taken up in a small amount of water and acidified with
concentrated hydrochloric acid. Two mls. of benzaldehyde
was added to it and upon vigorous shasking a yellow benzal-
dehyde derivative separated out. This was c¢ollected on a
filter and was found to be soluble in ether. Hence this
product this produect was benzsalhydrazone,

The reaction was repeated under the following
conditions:~
{i)The reaction mixture was composed of 3g. carbethoxy
guanidine (0.02.), a 300% excess of 100% hydrazine hydrate
(6e6ge Or 0.06M.) and 10 mls. of absolute ethanol. This

solution was refluxed for four hours and was then allowed
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to stand overnight. +“he reaction mixture was worked up in

a similar manner as outlined in (i), and O.3g. of a product
of m.pe. 212°C was obtained. This product gave a uogitive
Beilstein test,

(ii) Reactionbetween hydrazine and carbethoxy guanidine

gzdrochloride.

The carbethoxy guanidine hydrochloride was pre-
pared in the following manner;-

A sample of carbethoxy guanidine was digsolved
in a minimum amount of water. This solution was acidified
with concentrated hydrochloric acid. Upon cooling long
white needles separated out of the solution, m.p.133°C.

This salt can also be prepared by dissolving
the guanidine derivative in methanol, acidifying with
concentrated hydrochlorie acid, and precipitating the
hydrochloride salt with ether.

1'0 l.67g. of carbethoxy guanidine hydrochloride
(0.0LM.) a five fold excess of 100% hydrazine hydrate (2.5
mlg. or Q0.05m.) was added. During the addition of the hydra-
zine hydrate a small amount of heat was given off. ‘he
mixture was allowed to stand for five hours during which the
guanidine derivative disgolved in the hydrazine hydrate
and the colour of the solution changed to a purple~pink
colour, The hydrazine hydrate was then distilled off at
2500 under reduced presgure. The crystalline residue had
no sharp me.p. bul melted over a range 155-75%C. This
compound gave a positive Beilgtein test, and formed an ether
insoluble benzaldehyde derivative., Since the benzaldehyde

decomposition product was soluble in methsnol, it was not
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aminodicyandiamidine dihydrochlorides

(e) Fusion reactionse

(1) Reaction between guanidine hydrochloride and semicar=-

bazide hydrochloride.

A mixture of 9.5g. (OeliM.) Of guanidine hydrochloride
and 1l.1g. of semicarbazide hydrochloride (0.1M.} was fused
together at 175%¢ for taree hours. During the course of the
fusion white fumes of ammonium chloride were given off. The
fugion mixture was then cooled and the product was taken up
in hot water. Five mls. of benzaldehyde was added and upon
vigorous shaking a white solid separated out of the gsolution.
This product was collected on a filter, washed with ether
and dried in a vacuum desiccator, me.ps 248-50°C.

The benzaldehyde derivative was decomposed with
concentrated hydrochloric acid. Since no orystalline mate-
rial separated out df the concentrated hydrochloric acid, the
acid was evaporated off and the residue was recrystallized
from dilute agpeous ethanol. The final product was a white
crystalline material, m.pe. 266-68°C,

Thig fusion reaction was repeated with guanidine
hydrochloride and acetonesemicarbazone.

(ii) Fusion of nitrourea and guanidine hydrochloride.

One tenth mole af nitrourea (10.5g.), mixed with
9.5g¢ of guanidine hydrochloride (0.lM.) gave off hydrogen
chloride. As this mixture was heated to 80°, white fumes
were given off and the temperature rose to 16000, at which

temperature the reaction mixture @ecomposed 4o gaseous products.



(1ii) TFusion of nitroguanidine and urea.

A mixture of 10.4g. of nitroguanidine (0.1lll.) and
6gs of urea (O.1M.) was immersed in an oil bath at 14000.

As the temperature of the reaction mixture rose to llOOC,
ammoniag was given offy, as it rose to 15000 larger amounts

of ammonia continued %o be given off and the whole reaction
mixture appeared to boil depositing a white solid on the side
of the reaction flagk. When the reaction had subsided, hot
water was added to the reaction mixture. The product was
soraped off from the gide and the water insoluble material
wasg collected on a filter,

This solid was soludle in sgueous alksli from which
it could be recrystallized by either acidifying with mineral
acids or by passing through carbon dioxide. The compound
did not melt even when heated to 340°C. It analysed for
C, 41le48; H, 5475; N, 2543,

35e Preparation of Nphenyl Nlnitrodiqyandiamidine sul fate,

The phenylazodicyandiamide, and phenyldicyandiamidine
hydrochloride were prepared following the procedure outlined
by Walther and Greishammer (67).

(i) Preparation of phenyldicyandiamidine nitrate.

A sample of phenyldicyandiamidine hydrochloride (8.6g.
or 0.04M.) was dissolved in a small amount of hot water. To
it was added an equivalent amount of sgueous silver nitrate
(6e8gs Or 0404Ke)e The gilver chloride was separated by

filtration and the filtrate was evgporated by an air stream
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at 50°C. The residue was taken up in a small amount of boi-
ling ethanol, and the solid residual silver nitrate wags ssgyp-
arated by filtration. The filtrate was allowed to stand
overnight in a refrigerator and the white crystals which had
separated out were separated by filtration, and dried in a
vascuum desieccstor. The product was composed o1 wvhite crys-—
tals, the bulkiness of which gave the appearance of guanidine
nitrate, The compound gave the characteristic brown ring
tegt of a nitrate when treated with concentrated sulfuric
acid, meps 147-48°¢ (uncorr).

Anal. Calcds for C H,.N_O

g 1154 °
Found s C, 3948; H, 4465; N, 29.24

C, 5908; H, 4.56; N.’ 29010

An attempt was made to prepare the nitrate salt
from an :queous solution of phenyldicyandiamidine and ammo-
nium nitrate. Here, no ammonis was evolved and no reaction
appeared to take place. Since when phenglazodicyandiamidine
is treated with an ethanol-hydrogen chloride solution,
phenyldicyandiamidine hydrochloride is obtained, it wes
thought that if an ethanol-nitric acid solution was usged,
the nitrate salt would be obtaineds This was not the case,
since on the evaporation of the alcohol, a dark brown oil
was obtained.

(1i) A sample of phenyldicyandiamidine nitrate (7.23Ze
or 0403li.) was added to 25 mls. of concentrated sulfuric acid
which had been @ooled to -5°C. The nitrate salt was added at
a rate such that the temperature 4id not rise above OOG( After

all the nitrate had been added the mixture was stirred until



the salt went completely into solutions It was tnern added
to 500g. chopped ice and a wiiie solid separated out of tne
solution. Trig product wzs collected orn a filter and wasned
with weter., The product, whnich was composed of white crysgtalis,
welgzed 6g. This corresponds to a 75% yield of the sulfsate salt.
It was then recrystallized from briling water, m.g.l9400(unu3:r).
It is insoluble in methanol, ethanol, acetone, ethe>,
nitromethane, chyoroform, cold water, znd sodium hydroxide
solutions. It is soluble in concentrated sulfuric acid,
formamide, glacial acetic acid and in hot water. When this
salt is added to either sagueous godium hydroxide, formamide,
glacial acetic acid and ethanol it imparts a vellow-orsnge
colour to these sgolvents. Tne compound cannot be repre-
cipitated from tne Zformamide and the glacial acetic acid by
the addition of either etnanol or water.
Anal. Calecd. for CygHogli100105: C» 99.8; H, 3.08; N, 25.7; S, 5.88
Found: c, 55.4; H, 3.90; N, 25.8; S5, 6.1
The compound can be purified by recrystalling from
5% sulfuric acid solution, avoiding any prolonged heating. It
can also be purified by dissolving in cold coancentrated
sulfuric acid, and reprecipitatirg by diluting the acid wi th
chopred 1ice.
When the salt was recrystallized several times
from either boiling water, or 12% hgdrochloric acid, or 5%
sulfuric acid, yellow green crystals separated out of the
solution, m.p. 177°C. The compound exhibited the same
golubilities as the initial sulfate salt, but it did not

impart a yellow-orange colour to ethanol, formanide, glacial
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acetic acid or aqueous sodium hydroxids. The compound has
the composition of the hydrate salt of N phenyl wt nitrodi-
cyaniamidine sulfate.
Anal. Caled. for C)gHooN340118: Cy 34425 H, 3.92; N, 2449; S, 5.7,
Found : C, 34.2; H, 3.95; N, 24.7; S, 5.98.



_ Sumnary

1. The properties of the silver szli of nitrodigyandiamidire
(N.D.CuD.) were investigated as a bazsis for the guantitative
estimation of ¥.D.C.D.

2 The mercury, nickel and coppsr salts of ¥.D.C.D. were pre-~
pared by adding mercuric chloride, nickel nitrate and copurer
nitrate to an aqueous alkaline solution of N,D.C.D, These
salts separate out of the solution as colloids and adsorbd

other ionse. Due to ithils contamination, complete =znalysis of
the precizitated szlis &id not correspond to tiie calculated
valuese.

5. 4 metnod was developed for the gquantitative egtimgtion of
NeDeCoDe The method sonsists of dissolving the N,D.C.D., in =
standard solutiorn of solium hydroxide, and back-titrating the
solution with stundard hydroehloric acid, to the point waere
the N.D.C.D. begins tc precipitate out of thz solution. From
the amount of the sol@ium hydroxide consumed, the amount of
N.D.CuD. can be estimated to within 0.5%.

4e A theoretical exglanation for the behaviour of N, D.C.D. in
alkaline solutions has been proposed.

S5¢ The sodium and potassium salts of N.D.C.D. were isolated by
adding excess acetone and/or methanol to an aqueous alkaline
golution of N.,D,C.D., and the behaviour of the aqueocus solutions
of these salts to acid was gtudied.

e Nitrosodicyandiamidine was shown to exist for a short period

of time during the reduction of N.,D.C0.D. with zine and sodium
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hydroxide. Other reduction produects could not be isolated, the
compound undergoing decomposition.
vt

7« N phenylazo nitrodicyandiamidine was preparea by treating

a @ilute agueous solution of N,D.C,D, in sodium hydroxide with
godium phenyldiszotate, followsd by acidification with nhydrochlo-
ric acid. The product decomposes in etnanol golutions of Lydro-
cnloric acid, nitric acid or sulfuriec acid to yield N,D.J.D.3 it
decomposes to carbethoxy guanidine hydrochloride in absoluts eih-
anol hydrogen chloride solution.
8. The tolylazo and the o-carbonicebenzeneszo derivatives of
NoDuGCeD. were prepared in the same manner as the henzeneazo
derivative. However these derivatives separate out of solution
contaminated with N,D.C.D. Since N.,D.C.D. and these deriva-
tives have similar solubilities the analytical results 4o not
agree with the calculated values.
9. Sodium and potassium N,D.C.D. undergo decomposition to
sodium or potassium carbonate when an equivalant amount of
formaldehyde is added to aqueous alkaline solutions of these
saltse
1. When N.D.C.D. is added to an excess of 100% hydrazine
bydrate the N.,D.C.D. immediately decompoges to form N(1,l
bishydrazino} methyl Nl nitrourea. This compound is formed
in good yields, has a characteristic melting point, is a
"zwitterion®™, and forms recognizable derivatives with acetone,
benzaldehyde and hydrochloric acid. All these properties make it

an ideal derivative for the identification of N.D.C.D.

1l. N.,D.C.D. decomposes in a solution of aniline hydrochloride
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in dilute hydrochloric acid to yield a compound which is assured
to be N mathyl Nl phenylguanidine. When this reaction takes rlace
in dilute gsolutions containing toluidine hydrochloride, methylamine
hydrochloride, or butylamine hydrochloride the N,D.C.D., Gearranges
to guanidine hydrochloride, and the amine salts are recoverad
unchanged.
12 When N.D.CD. is decomposed in absolute ethanol or ethanol
hydrogen chloride solution, carbethoxy guanidine and carbethoxy
guanidine hydrochloride are the producis.
13, Attempts to prove conclusively by synthetic methods on which
gside of the molecule the nitro group is located 4id not yield
conclugive results.

14, XN phenyl Nl

nitrodicyandiamidine sulfate was prepared by
first treating phenyldicyandiamidine hydrochloride witn silver
nitrate to form the nitrate salt, and then dehydrating the salt
with concentrated sulfuric acid. The sulfate salt is convertsd

to the hydrate sulfate salt on heating in aqueous medium,
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Claims to Original Research

1. The following compounds were prepagred for the first time -
the sodium, potagsium, mercury, nickel and copoer salis of
nitrodicyandiamidine; N phenylazo Wt nitrodicyzndiamidine, N
tolylazo Nl nitrodiceyandiagmidine, N o-carbonic benzensszo Nl
nitrodicyandiamidine; & (1,1 bishydrazino) methyl N: niteo-
urea, and the acetosne, benzaldehyde and hydrochloric acid
derivatives of i (1,1l bishydrszino) methyl wl nitrourea; N

1 methylguanidine; phenyldicyandiamidine nitrate,

phenyl N
N phenyl vt nitrodicyandiamidine gulfate, and the hydrate salt
of N phenyl Nl nitrodicyandiamidine sulfate,

Ze Carbethoxy guanidine and carbethoxy guanidine hydroechloride
ware prepared by new methcds.

3. Nitrosodicyandiemidine was shown to exist in solution for

a short period of time.

4. A method, with an accuracy of 0.5% has been developed for
the gquantitative estimation of nitrodicyandiamidine.

5. A convenient method for the identification of nitrodicyan-

dismidine nas been 4developed.
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Figure &

Addition of Silver Nitrate to Sodium Hydroxide-N.D.C.T. Solution
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Figure 3

Addition of Sodium Hydroxide to a Suspensiop of N.D.C.D,

in Water
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Figure 4

‘Addition of Sodium Hydroxide to a Suspension of N.D.C.D. in #ater
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Addition of Hydrochloric Acid to the Sodium Salt of NW,.D.C.D.
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. Figure 8
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tdaition of Hydrochlorie Acid to Agueous Sodium
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Addition of Hydrochloric Aeid to Aqueous Sodium N.L.C.D.
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