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The Chemistry, 
The Identification, and the 

Q.ua.ntitative Estimation of Nitrodicyandiamidine. 

In the investigation of the properties of nitrodi­

oyandiamidine, a flashless propellant component, it was found 

that the snsbstanoe 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 

aryldiaz.otates to yield arylaz.o su.bsti tu.ted. ni trodioyandie.midine, 

reacts with hyd.raz.ine r~drate to form N (1,1 bishydraz.ino) 

methyl N1 nitrou.rea, and decomposes when formaldehyde is 

added to its aqueous alkaline solution. Also at elevated 

temperatures it undergoes naarrangement reactions. The 

formation of the N (1,1 bishydrazino} methyl Nl nitrourea 

can be used for the identification of nitrodiayandiamidine. 

In one of a series of attempts to prove the structure of 

nitrodicyandiamidine by synthetic method.s, the phenyl sub-

sti tu.ted ni trodioyandiamid.ine was prepared. 
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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 pr\viously known compoQnd of only academic 

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 (1). When this compound was 

incorporated with nitrocellulose and nitroglycerine, the re­

sulting 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 finding 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-

pOQDd 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 useQ for picrite, by a much simpler pro­

cess with a production cost of less than one third the cost of 

piorite. It also possesses many of the desired properties of bulk 

and crystal structure which are lacking in the latter. 

Thus several tons were prepared industrially for large 

scale teats. This preparation was carried out in vats which had 

previously been used for dye production and thus the crystalline 

product was yellow in colour instead of the white crystals which 

are described 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 conj~~ction with this problem an attempt was made to 

prove the structure of nitrodicyandiamidine. Although many methods 

were tried with this objest in mind, none of them were successful. 

But in the course of these studies, several reactions of nitro­

dicyandiamidine which up to now have been unknown, have been 

elucidated. 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:-

NH2.C(NH)I~.CO.NH.N02 

From an examination of its chemical structure it can be 

seen that this compound can undergo three types of chemical reac­

tions. 

ll). The reactions of the nitramide group 

(2). The reactions of an amido group of the guanidine and urea series 
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(111}. The reactions of the "Urea Dearrangement.'t4} 

The second part will discuss the attempts to prove 

the structure of nitrodicyandiamidine. 



HISTORICAL I 

The Chemistry of Nitro Derivatives 

(a). Nitroparaffins 

The ni troparaffins were first prepared by Vie tor 

:v:.eyer (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 methyl iodide the product is alrnost entirely 

nitromethane (I) but in all other cases the iso:ne.ric alkyl 

nitrite RONO is for:r.ed as well. 

Agi I 

These compounds are insoluble in water, and are 

slowly soluble in socli um carbonate, from which the free compoun:i 

can be obtained by acidifying 1.vi th dilute acid, or by passing 

through carbon dioxide gas. The fact that they cannot be re-

crystallized from sodium carbonate solution by diluting with 

water conveyed to Vie tor :Meyer the idea, that the solu bi li ty of 

the ni troparaffins in base is due to salt forcmati on, which, in 

turn, is due to the acidic properties of the ni tro group. 

It was evident that primary and sBcond .. ary aliphatic 

tertiary ones by 

having a hydrogen attached to the same carbon atom as the tro 

group. Tbe explanation offered by Victor Meyer was t:1at the h.i5~lly 

negative nature of the nitro group renders the hydrogen attache!l to 

the sa~e c3rbon atom die, but that its influence does not extend 

over to the next carbon atom. 
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that the tertiary substituted carbon atoms were not acidic, 

and even though the monobromo compounds RCRBrN02 were stronger 

acids than the unsubstituted ones, the dibromo compounds, 

RGBr2N02 did not exhibit any acidic properties at all, and were 

neu,tral. 

The sodium salt of these nitro derivatives can be 

isolated by treating an alcoholic solution of the nitre compound 

wi 1ih sodium ethoxide, or with sodium hydroxide in methanol. 

It crystalliz.es out with one molecule of alcohol in which form 

it is fairly stable {5). 

It explodes upon heating, and it is unstable 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 

insoluble mercury, silver, copper, iron, lead and barium salts 

can be prepared. Similar metallic derivatives can be obtained 

fr()m secondary ni tro paraffins, and from the mono bromo 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 as the nitro groQp, Victor Meyer reasoned that the 

sodiam atom was attached to this carbon atom, and thus gave the 

following structure (11) for these sodium salts (5). 

_Na 
R.CH:.N02 or II 



r 
0 •. 

Victor :Meyer• s theory was ahallenged by Nef who made 

the following observations (7). 

I. Although the sodium salt behaves as though it were derived 

from a strong acid, the free nitro compound exhibits no aaidia 

properties and only dissolves in aaustic alkali quite slowly. 

II. Upon acidification of the sodium salt by either hydro­

chloric or sulfuric acid an aldehyde (III) or ketone (IV) 

is obtained. 

2HC1 ---..:>ill.!lllo 2RCHO + N20 + 2NaCL 

2HCl -~~... 2RaCO + N20 + 2l~aCl IV 

;rhus Nef suggested, that the salt is derived from 

a tautomeric form of the nitro compound (V) for which he 

proposed the following structure. 

....... 
OH 

RCH=-N~ 
~0 

V 

V 

It was from this tautamer that the sodium salt {VI) was forme~ 

B.CH.NO.OH + VI 

Although l~ef• s theory was criticized by 11~eyer who 

showed that his formula could also give rise to aldehydes 

or ketones lVII) {81 



·rfa cl) 

CH3.c.H H 

Cir :1 u H 
.:..~.

3
•vel-:. 

I 
(ga Cl) 

sul)port f.Jr views was rapidly forthcoming. 

It w~s found by ctolleman (~) thst p-nitro9henyl-

nitromethane r.:::?,ve a yellow sodium sslt. /nen a dilute a OLl.S 

solu.tior. of ~'ds salt is treated with nn equivalent 2mount of 

hy6.:.,Jcl~loric acid, tl:e yello·.v colour doeE> not im:~edi•,tely dis-

appear but on the con~r·ry, decending on the concentration, 

fades slo~ly and disappears after e few minutes. Hso, the 

conductivity of this yellow salt is ~re ter thsn cen ~e ex-

plained by its sodium chloride content. s t 9 n d i ne , t h e 

•.f.. 
~ 11 

c lour disa·Jpears and vt,e cond.uctivi~y lls to :;!let of sod.iu.m 

7 

chloride. rhis shows th t the first effect of aJaing the mineral 

acid is to 9roduce a yellow acidic compound, which in time ss 

con'S. J.ut i compound, but from a more aciai..; ta.J.tJm:::r • 

. Umor:t immedi;1tely tLese tto form2 wer-e isolated in 

two CDses {10). If carbon di0xid.e g:::s is ;H:ssed into an aq_ueous 



sodium hydroxii~ sol~ti~~ of enyl.r::L 1r 

~tion a min ral acid is 9 

solid is precipat d which, w~ n rapidly 
0 

ated, melts at 84 • 

Both compounds were shown to have the same molecular weights 

and. composition. On stanclicg, the solid taut·o'n~~ r eh 

the ordinary li q,uid form • 

. Hth p-':::romop nylr:itromethane the two isomers, 

simil!:~rly ::>btained, are both solids. 'l'he nitre form melts at 

60°, and the i8onitro at 39-90°. 

tb compounds ex bit different solutilities and 

reactions. The tru~ nitre for~ is only slowly soluble in 

caustic slkalis, ves no colour with ferric chloride, and 

forms no s::ll t with dry a . 8 in a solution of dry benzene. 

The aci form is a strong a~id, which aisso~ves immeai~tely 

in aque.;:,u.s sodium hydroxide ,Jr sodium carb::mate. It ve s 

a br8wn red colour with rri0 chloride. snd forms salt ~ith 

dry 8!T!l:10n.ia. r :.so resets wtth br:)mine (VIII). 

Oh" 
''~N/ -· +-
v ')l 

0 
HBr VIII 

The presence of :jn active hydrogen in the acidic 

tae1tomer is sh:Jwn by ti1e f;:1ct ti.·1qt it reacts witt. phenyl-

isocyanate and yields methane when treated with methyl-

magnesiumiodide. 

In both cases tne scidic tautomer revErts to the 

tru;:; ni tro form upon standing (11). 4:' a class, the se acids 

were 33 d pseudo acids because here ionization and neutral-

3 
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ization proceeci t a m :::h slov:e:- rs~e:; ·n ·ri.r-"1 ordir:.c:ry :ocids. 

this difference in rates ~f prot)lytic tran r 

has been emclloyed by Huntzscll \12) to clifferenti te tween 

a pseudo acid, wh re s t ~ rm~tion is a tion of tirr.e, 

and a true acid where neutralizati~n is essentially inst&nt-

aneous. r:e st tes furtber t t, "If 'the salt f.orru::ti::m ls "' 

function of time, then it is evidence that tr1e molecule und. r-

s a eh in t: e salt forrna~ion 9rocess; it is ~lea eviJen~e 

for" thE et :hst toe undissociated substance and its ions 8~e 

constitutionelly dif rent." 

two structures have been proposed for tte aoidic 

tf:Jutom::r (IX) (X). 

R~N-QH 

cl 
1X 

0 
RCH=N~ 

OH 
X 

Formula (IX) h:-~f' been 9ut forward by gntzsch since 

it was his belief that this structure wos analo us to c_rtain 

oxime deriva~ives llO). ~his structure hss alway~ been re 

ed as a possibility, but never received neral acceptance 

chiefly be cause the exi s te nee of sue r1 c arbazoxy ri s has 

not been absolutely established • .curthermore, it ':Vas noticed 

th1H an isonitro compound resdily reverts to tne true nitro 

form on standing and this seems hardly compati cle with a 

structure in which the carbon and oxygen rJtoms are united by 

a covalency link. Also, this structure does not satisfsctorily 

explain the ready conversion of the salts in~o the bromo nitre 
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Thus thi2 ~ormule wos lat r ~bandaned by H8ntzsch (lj). 

and represents the stru~t1re 

today. Thus, after hantzsch's exp~rimen~s, it was eenerally 

accepted tt t primary ana second ry nitre compounds cGn exist in 

two tautom~ric forms (XI) (XII). 

HCP~~ - ~- "-oH 
XI XII 

nitro tau'uomer aci or isonitro tautomer 

1n oraer to stuc..y tt1e various ctors ·hich affect 

the e 

to ';e o;=·tcined by v1bich tr1e ·c:,mJunt of one isom-.:r coulu he 

estimated in tr1e )resenee o:::· t.r.e :)ther. l'ue f et tL.at tbe 3Ci 

forw react~d instantaneou::-:ly 

( 11), while the true ni tro comoo H1;l did not, wa::' used by :/eyer a 

~ertbeimer ss a meth:>d a:noun t of t aci fore: 

( 15). tilizi this Methoa, :he fnllowirg fact~rs were f)und 

to influence the eq licrium:-

l. The effect -of' so 1 vent )n t[l e e qu.i l i bri um is c\:nO\':r; 

t~ ~e de ~ndent on :~e rel2tive solubilitics 0° :~ t~o tau-

solvent. ~iis relAtionship i ?ivec by th~ van't 

'1off -:iJirr:r t h re l ., :ion. i. e • , if' on:: form 

the oth.r 13) in one solv~nt, b~t less sol le in a second sJl-

vent, then on -"oin::c om t ~'ir~~ solve11t to tLr> sec,Jni.l, the 



from this relationship that the position of the equilibrium 

is affected by solvents and by substituent groups (which 

affect the solubility of a canpound). 

11. 

Thus in hydroxy lie sol vents, e specially so in 

a~eous methyl alcohol, the equilibrium of the aci form of 

p-nitrophenylnitromethane is higher than in hydrocarbon 

solvents. '.L'his is in agreement with the fact that a b.ydroxylio 

substance, sue h as the aci form, would be expected to show a 

greater solubility in hydroxylic solvents than the isomeric 

true nitre form, and an abnormally small solubilitym hydro­

carbons. In pyridine, 16?b of p-ni trophenylni trome thane exists 

as the aci form. 

~itroacetophenone shows the opposite behaviour. 

In toluene there exists 10.3~ of the aoi form at equilibrium, 

and in aquous methyl alcohol only 2. 'l7o• ]}hus, with the ni tro-

ketone the relative solubilities are exactly the reverse of 

p-ni trophenylni tromethane, and the aci form does not behave 

as a bydroxylie solute. 'l'he reason for this behaviour is 

that a six membered chelated ring can be formed between the 

hydrogen atom of the hydroxyl group lXIII) (XIV) and the 

Qxygen atom of the carbonyl group. 

C 6H0-G -CH:=fi~O 
M I 
<r····H-0 

XIII 

or C
6
H- C: C-N-. 0 

5 I I 
Q-H-O 

XIV 
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The structure of the chelated ring can be re­

presented by either of these formulae. The first is an aci 

ni tro compound with a hydrogen bond to the ketonic oxygen 

atom of the nitro group (XIV), and the second, an enol with 

the hydrogen bond to the oxygen atom of the nitro group. 

Thus, Meyer {15) found it impossible to decide whether the 

acidic tautomer was due to the aci form of the nitro group, or 

to the enolic form of the ketone group. According to the 

resonance theory this difficulty does 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). 

c
6

H5COH: CHN02 + CR2N
2 

c
6

R
5

COCH:N0
2
H+ CH

2
N

2 

c
6

H
5

COCH
3

:CHN0
2 

--~> c
6

H
5

COCH:lVOOCH
3 

XV 

XVI 

The latter comprises 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. this was most clearly shown by Lowry and 

llliagson (18) (19) with nitrocamphor. As nitrocamphor is 

optically active, the two tautomers can be conveniently 

followed in the polarimeter. Hence, it was observed that 

in C8refully purified benzene, twelve days were re~uired 

for 99.5::0 change of the aci to the nitro form. The time 
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necessary 
N_ 

is halved if piperidine is added in a concentration 

of -,. 
ur 

If the piperidine concentration is raised 
N 

to 4, the 
10 

the period is ten minutes. Traces of alkali from glass have 

an enormous effect, as one solution gave a period of sixty-six 

days in glass and six years in silica. The result of this 

effect, is that the addition of a trace of an acidic substance 

to a solution in a glass vessel 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 cat~J..y..st. It was abserved that in chloroform with 

~~N-- trichloracetic acid the rate of change was infinitely 
Iooo 
slow, while the period for N 

rmr 
acid was 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 nitroparaffins were carried out by Hantasch and Ley (23). 

They have postulated that the primary and rate determining 

step in the neutralization of a ni troparaffin by a base is 

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

sequent rapid neutralization of the latter lXVII}. 

.XVII 

and k1 « ka• In this mechanism the se que nee of transformation 
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is nitroparaffin ~ undisaociated aci acid ~ aci ion. 

However, Pedersen (24) has shown that this view is 

inconsi atent with present ideas of acid-base catalysis as 

outlined by Bronsted (25). The isomerization of a nitre­

paraffin must be considered as a prototropic process, and 

as such it cannot take place spontaneously, but must involve 

the intermediary of an acid or basic catalyst. In conformity 

with this view he actually found the isomerization of nitre­

methane to the aci form to be a reaction subject to general 

base catalysis. He consequently postulated as the mechanism 

of neutralization (XVIII) 

XVIII 

i.e. the nitro form donates a proton to the base, and the 

residue is converted rapidly by an electron shift to the ion. 

Thus k1 << k 2 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 ~ aai ion 

-~> aci acid. 

Pedersen's formulation of the mechanism of 

isomerization of the nitroparaffins has been accepted by 

dUnell (26}(27), Wynne-Jones (28), Reitz (29}, and Maron and 

La Me'r (3Q}. 

The mechanism of regeneration of nitroethane from 

the aci form was first proposed by ~ey and ~antzsch {23), to 

proceed according to the scheme (XIX). 



R 
~ C :NOO._ + H o+-

R' 3 

R........_ 
_,C:NOOH 

R 
XIX 

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 undissociated acid according to (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 ac~ivity due to incomplete 

salt formation. If however, a methyl alcoholic solution 

of sodium or potassium hydroxide was added, then an 

optically active salt resulted. This activity could be shown 

to be due to the salt of the ni tro compound, since the 

optically active nitro compound 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 

phenyloyanonitromethane. and converted it into the active 

sodium salt. 



It was pointed out by ~uhn (32}, that according 

to the classical structure of the aci s0Qium salt, no 

optically active salt is possible as it contains a double 

bond (XXI). 

Na+ 
XXI -

Therefore, it was assumed that the aci compounds can 

exist in another form whi eh give optically active salts. 

Kuhn proposed the follow.ing structure to represent the 

other aci form(XXII). 

o: .. .. -

-
XXII -

Th~ presence of two forms of the aci tautomer 
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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 ni tro derivative. 'l'hey noticed an abnormal 

conductance drop at the start, followed by a slow gradual 

drop for the conversion of the greater part of the aoi 

nitro salt back to the normal nitro form. 

Henoe, 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 assumption, is the fact that racemiz.ation 
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does not occur readily. This may be due to tne stabiliza-

tion of the aoi form by combination with the solvent (the 

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

XXIII 

This explanation is supported by the fact that some sodium 

salts retain a molecule of alcohol in the solid state (5} (33}. 



(B). Aliphatio Nitramines 

The aliphatic nitramines were first prepared 

by Franchimont by passing ammonia gas through a solution 

of N-alkylnitrourethane(XXIV)(36). 

XXIV -
The primary nitramines are acidic like the 

lB. 

primary and secondary ni troparaffins. 1.t:heir aqueous 

solution turns blue litmus red. They also form lithium, 

sodium, potassium, copper. bariwn, zinc, nickel and cobalt 

salts. A solution in water of the potassimm and sodium 

salts reacts basic to litmus {36}. 
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(C) Nitro Derivatives of the Urea Series 

The nitrocompounds of the urea series are ni tramides 

and contain the typical structure - NH - No2• The general 

procedure for their preparation consists in treating the 
0 parent compound at temperatures close to 0 C with either 

(a) fuming nitric acid (b) a mixture of concentrated sul­

furic or nitric acids or (a) treating the nitrate salt of 

the derivative with concentrated sulfuria acid. 

The meahanism through which nitration ooaurs 

would appear to be; first, the formation of the nitrate 

salt, then the dehydration of this salt by either sulfuria 

or fuming nitric acid. Although this has been the generally 

aaaepted mechanism, it does not explain all the known faats 

aoncerning the nitration of the se compounds. 

The introduction of an alkyl group into the 

guanidine {or urea) moleaule would be expected to increase 

the basicity of the nitrogen and hence that of the whole 

molecule. If nitration occurs through salt formation, then 

the ni tro group should be attached to the same carbon 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 nitre 

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 methyl _i.r.;;a (40}. It '.V:)U2..:1 t:·1en s;?.?S r tbct ;enerally 

the ni tro oup may ent r only ti1e n'Jn alkylated amino groap. 
1 

This is fllrth.;;t· S 1~bst ntiated by the fact that N,N di 

alkyl ure,:Js and guanidines can;::;o~ be nitrat d at all. 

J:.t·rom all this data, :Uavis has concluded th'::it the 

mechanism of nitration in this series is not necess8rily the 

dehydration of the nitrate s3lt and s sts that the busicity 

of urea, nidine, biuret and their alkyl derivatives, is 

distributed through the molec~le 88 a whole. lhis is sub-

stantiated by the fact trJ.st 1:>0th ure3 snd guanitline can exist 

streneth as a base is ?~rtially due to resJnance. Thus, mono 

methyl and 1,K dimethylguanidine are sli tly weaker bases 

alkyl c:uer.;idine s re 

weak bas s. Paulini h s been able to explain this t J 

the considerat11n ~f tne effect oft 

r·esJnanee (41). It is c aLlSe of re s:Jn8 nee in the n-

idine and urea molecules that no s 

l~itrourea is prepared bJ t;rer,ting tbs nitr8te S8lt 

with cold c:mcentrated sulfuric c'cid h2) (43) (44) (45). It 

is nearly four times a str an g c id ; H c e t i -; a c i d and 

like other nitro deriv tives, it forms otassiu_m, ~1i 

~nd am~onium salt~. Its potassium salt reacts neutr3l in 

aqueJus solution (42). 

T reduction of nitrourea to semic0r~azide t8~es 
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place quite re ily and is c3rried out in~~strially by means 

of ;:111 electrolytic pr-oeess (<l6). ~'Lis reduction cc:n also be 

( 4 7) ani ne in 

acidie m.edia (43). 

~ree nitroso urea is not known but on the reduction 

of ni trourea w·i th zinc anci so . .iium h.)T:J.roxide 'Jt l:::Ji t 

Thiele obtained for a sbort riod o:t' time a pC'sitlve test for 

a ni troso ~c,;ro {a re d. colour ··;it il a rrous sulfate solution) 

{42). This colour rapidly disa )l_)89rs indicating thst the nit-

roso compou.nd is too unstable anu. decomposes very readily. 

The methyl s stituted nitrosourea dc::rivative {N n~.troso N 

rnetbylurea) can be prep red by ·iissolvi the ~ethylurea in 

lute sulfuric cid and then d.di sodium nitrite at a low 

tempera~ure {49). 

N nitro N methylurea cannot be prepar~d by the direct 

methylation ~f nitrourea. ThiP was observed by thiele ~ho 

found th t ·methyliod.ide l1a,1 n · ·:ffect :ln tue pot:.::tssium salt of 

nitrourea {42). Diazomethane lNAS t n used GF the methylating 

a nt, but this re n;; cau.sed the composition of t~ 

ni trourea (42) (XXV). 

XXV 

~itro~iuret which is rme d in ;:; be sBme mf: nn r 

as nitroure also r~xhibit:=· ncidic 

salt like the potassium rivative of nitrourea rsacts ne~tral 

(50). 

troiu~nidine is prepar from its nitrate salt oy 



the action of cold concentrated sulfuric acid (51) (52) (53) 

(54) {55) (56) (57}{58}. It exhibits both acia and basic 

properties. It is solub~e in basic solutions, from which 

it can be repreoipitated 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 ni troso derivative 

can be carried out with zinc and sulfuric acid (53), zino 

22. 

and ammonium chloride {58} and by catalytic hydrogenations 

over Adams platinum (59) and over Raney nickel oatalyst (60}. 

The amino derivative can be prepared from nitroguanidine 

by reducing with zinc and acetic acid (53)(61) (62). 
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(D). Nitr8dicyandia~idine 

trod.icyandi dine was first pre rea by I'hiele 

by t ar;tion of concentr ted sulfuric cid 8nd nitric ··eids 

on dic.;r>w amid.~ at -4oc with a 95 .? yieUl (L~VI) (2). 

H2S04 
RH2C(NH} GN-+ HN03 --~::iJ~oo NH 2.C(NH)NR.CO •• NOz XXVI 

It can so be obtained by the action of (i) mixed acids on 

the BUlfonic acid of dicy amidine {63} {ii) of fuminc;, and 

of dilute nitric acid on di ~ndia~ide (64). It is insoluble 

in water, ethanol, ether, (2) benzene, carb isulfirle, csrb-

ontetrachloride, chloroform, petroleum ether, acetone, aceti<l 

acid, aniline, pyridine, dioxane, ethyl aceta {65), f'.orma-

mide and liquid am~onia. It is soluble in alk line solutions 

frow '.vhieh it can be re ecipi -;:;;::, ted by eci in:?; wi:h mineral 

aeids or tb CGrbon dioxide ;as. 1 t i tC' Glso soluble in cnn-

centrated mineral 8Cids in warm aqueous sodi.utn car'J:)nBte ) . 
Like ot r nitro d~rivstives, it forms a silver salt ~hen 

silver nitrate is added to nitrod.icyandiamidine-sodium hy-

droxide solution.(2). It can be red~ced to nodicyan-

di dine with zinc and. hyurochloric acid. (2) (66). 
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Reactions of ~he Amido Grou~ of ~he Urea and Guanidine Series 

{A). With Aromatic Diaz.otates 

fhe coupling of aromatic diazotates with dicyan­

diamide 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 small 

excess of aqueous sodium hydroxide whereby the colour of the 

solution 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 amide 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 yield of 

product. No satisfactory explanation 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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mr
2

C(NH)WdCN + c
6
H

5
N:NONa __ ,.,_ c6H

6
N:NNNa.C(NH)NHCN;- HzO 

c
6
It

5
N:NNNa. C(NH}NHCN --;)l...:~t> c6It5N:NNH. C(NH)NHCN 

phenylazodioyandiamide or 

XXVII 

1 phenyltriazeno 2 cyanoiminoaminomethane 

Following this procedure the o, m, p, tolulazo; 

p-chlor and p~bromo benzeneazo and owcarbonic acid benzeneazo 

derivatives of dicyandiamide 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. 

2 phenyl 2 methyltriazeno 

1 cyanoiminoaminomethane 

The benzyl and the nitrobenzyl derivative can also 

be prepared from the sodium salt by reacting it with benzyl 

chloride {XXIX) or with p-nitrobenzylchloride lXXX). 

C6R5N(Na)N:NC(NH)NHCN+ C6H5CH2Cl ~ c6rr5,N:NC(NH}NHCN xx:lX 

c6H5crr2 

C6H6N{Na)N:NC(NH)NHCN-tp•N02C6H6 CHzCl ~ C6H5iN:NC(NH)NHCN!!! 

p-No2c6H5CH2 

These diazo compounds undergo two types of decompostion. 

One of the decompostiom occurs when 1 t reacts in the anti form 

(XXXI) • 



26 

0 H 
J 6 5 

l~:N +- 0 ---~> XXXl 
I 
l~H C { 1:-i'H )l'lli C N 

anti form 

and the other when it reacts in the syn form. lXXXll) 

HCl 
syn form 

C6H5 NHC (NH) 1THCN 

X.XXll 

phenyldicyandiamide 

!n ethanol-hydrogen chloride solntion the prodnct 

of the decomposition of the syn isomer is hydrolysed to 

phenyldicyandiamidine {XXXlll). 

~slfHC (Iffi) lffiCN 

N:N + H20 -->~ t,; 6R5NH.C(NH):tili.CONH2 .UXlll 

syn form phenyldicyandiamidine 

uecomposition lXXXl) occnrs when the dia~o 

compound is boiled with water or with dilnte snlfnric acid. 

In order to explain the two different types of decomposi­

tions, this type of reaction is said to ooonr from the 

anti form which is the more stable of the two. 

uecomposition lXAAll) oocnrs when the hydrogen 

chloride salt, which has been formed by passing hydrogen 

chloride gas through a suspension of the diazo compound in 

ether, is gently heated with water. 
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Decomposition (XXXIII) occurs by eating the 

dia'l..O compound. th dilute hydrochlor o ~Jid, with a solu-

t i:::>n of n chloride in absolate ethanol, or ~ith a 

solution )f dr").J hlor ic ': tJi d in 

tlle 9 lie ti·an of :hese u'3cam_posi tionn the 

phenyl; p-chlCJro and p-bro:110 benzene; o, m end p-tCJlyl; 

and o-ber;zoic acid di sndisrnidine; phenyl, m a p-tolyl, 

p-chloro anJ bromo dicya iamia derivatives wera prep8red. 

ounds wa8 proven ty 

nthestzing pilenyl0.iey:ndi de followi the p roce d u.r•e 

outlined by theeler and Jamieaon 



28 

{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 hydrazone 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, dirunino 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). 



29 

(C) With Formaldehyde 

The general reaction ·between 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). 

:x:RNHCH20H -~(R-N: C~:x. + :x.H2 0 XXXIV 

Thus the first condensation products of urea and 

formaldehyde were isolated as resins. But monomethylol urea 

oan be prepared from a neutral solution of urea and 

formaldehyde (XXXV)(75}. 

XXXV 

If this 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). 

?2 
CO 
I 
NH: GH2 XXXVI 

and 

NH 

<>0 NH XXXVII 

Nitroguanidine undergoes a condensation with 

formaldehyde similar to that of urea. This was observed by 

Bowen (79) in the polymerization of nitroguanidine and 

formaldehyde, when the methylol derivative of nitroguanidine 



was isolated. A similar reaction was observed by Fhillips 

and Williams with N nitro NI aminoguanidine. In this case 

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

~NHN02 

c(Th11) + HCHO ~ 

~BBNH2 XXXVIII 
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Diayandiamide also undergoes a similar condensation 

to form methyloldiayandiamide (81)(82). 



The Urea Dearrangement 

The conversion of the cyanates of ammonia and 

primary amines to urea and substituted ureas by the evapor­

ation of their aq~us solutions has long been known as 
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examples of the "Urea rearrangement." This type of reaction 

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

NH4 OCN 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). 

NH~ + HOCN ~ 11H4 OCN XL 

(2). Cyanic acid reacts in its unsaturated character and an 

addition ooours of an amine type compound to the isooyanate 

linkage (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 Warner (84). 

This has been confirmed by recent Haman spectrum stuuies in 

which it was found that cyanic acid exists and reacts solely 

in its unsaturated character i.e. as isocyanic (85)(86). 

Similar nurea rearrangements" occur when isocyanic 

acid is treated with substituted amines or an isocyanate with 



ammonia. Two examples of this rearrangement are the 

preparation of methylurea from ammonia and methylisocyanate 

\87)(88). 

Thu.s it can be said that the Lfrea rearrangement 

consists of two types of reactions; 

{a) ·.the reaction between a substi tated amine and i so­

cyanic acid \XLII). 

R.NH2 + HNCO _..._,.> RNH.Co.NH2 XLII 

(b) The reaction between a substituted isocyanate and 

ammonia (XLIII). 

R.NCO + NH3 --~> RNH.CO.NH2 XLIII 
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The Urea rearrangement can be applied to the form­

ation of guanidine and thiourea and their derivatives. In 

the case of guanidine, cyan~1ide {89) is u.sed instead of 

isocyanic acid, and in the case of thiourea, iaothiocyanic 

acid is used {90}. 

The reverse of the urea rearrangement does also 

occur, and has long been known. As early as 1838 it was 

noted that a boiling arueous 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 was heated above its melting point. Here, 

certain compounds were formed in addition to biu.ret 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 'Nerner to suggest that the nurea rearrangementn 

represented a reversible system {84). Although Warner in his 

many p~blications has contributed greatly to the knowledge 

of the structure of the chemistry of the urea series, he 

failed to give a simple picture of the mechanism of reaction 

in this series:- one, which would explain the many apparent 

complex reactions which occur. 

The first, and only, widely applicable theory that 

has been advanced was proposed by T. L. Davis l96). Davis 

named the reverse reaction of Urea rearrangement, the WITrea 

Dearra.ngement." (97). In his own words, the urea dearrange­

ment "consists 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 

o~mbination 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 0<:. nitrogen goe a off with the P nitrogen and the hydrogen 

attached to it forming ammonia and leaving isooyanio acid. 

In the same way, a hydrogen attached top nitrogen can go off 

with the o1... nitrogen and its hydrogens to form ammonia -and 

leave isocyanic acid tXLIV). 

I 

' "'-• , N·.co. 
·, H// -· 

XLIV 

... '" . 

It may be noted that the urea dearrangement may be 

looked upon as a reversible process. This has been found to 
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be true. The urea, thiourea, and guanidine derivatives 

dearrange to yield smaller molecules which recombine to give 

other compounds (';18). 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 derivatives. 

The two compounds of mono-substituted urea which 

are of special 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 i11creases 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) • 

X"GV 

The ease with which nitrourea dearranges has caused 

Davis to suggest it as a ready source of isocyanic acld for 

synthesis. This method has the unique advantage, that all 

other compounds formed decompose into gases. 

Nitroguanidine, on heating, dry or in aqueo.:Ls solution 

dearranges along the same pattern (98) to yield nitramide and 

cyanamide by one mode, and ammonia and nitrooyanamide by the 

other lXLVI). 



In cases where a 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 rev3rsible 

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 

synthesize 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 to behave like 

a symmetrical disubsti tuted urea and on de arranging, forms 

nitrous oxide, carbon dioxide, urea, and cyanic acid (lOO) 

(XLVII}. 

Nitrodicyandiamidine differs 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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solution to dryness. A more 1ieteiled stu.dy of the decom-

position (65) hss shown the presence of isocyanic acid 

during the decomposition and tnat the final residu~ contains 

small amounts of ammeline. Thus the dearrangement can occur 

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

y NH
2

.C{NH)NOC + NH
2

•No
2 
~ H2 0 + N2o 

XLVIII 

NH • C {NH}NH T-
2 2 

0 • ·"" • 'IT "' Q ~ 11' Q -£.. (" Q 
• ·' • ~• • .LV 2-"7 .L~ 2 I '-' 2 

XLIX. 

The experimental results of the decomposition of 

nitrodicyandiamidine in water indicates thJt dearrongement 

(XLVIII) occurs. The presence of ~u8.nylisocyanate can be 

proven by its reaction with ammonia to form dicyandiamidine. 

This reaction takes place when the d~compositiJn is carried 

out in aqueous ammonium c~rbonate (L). 

Furtherm')re,the decomp')sition of nitrodicyan-

diamidine gives rise to carbethoxy ~uanidine which c·n only 

be formed from e:-uan~rlisocy:JDqte (101){11). 

LI 
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Th.e presence of the small amounts of a.mmeline can 

be explained by assuming that a partial decomposition of 

guanylisocyanate to cyanamide and isocyanic acid occurs. The 

undecomposed portion of the guanylisocyanate can then react 

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

NH 

HN.J)m 
---?) I \ 

0: c, /C: NH 
HN LII 

When nitrodicyandiamidine is dearranged in con­

centrated ammonium hydroxide, in which it is partly soluble, 

oarbon 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 tLIII) 

or {LIV) is followed. 

LIII 

or by considering dearrangement (LIV):-



NH2.C{NH)NH2 ) HN:C:NH + NH3 
H20 

HN: C: :i~i1I ) HNCO + Dl1I3 

HNCO + lili3 -71' !IJ1!2• CO.NH2 
LIV 

In warm sodium hydroxide, nitrodicyandiamidine 

yields carbon dioxide, nitrous Pxide, guanidine carbonate, 

isocyanic acid and ammonia. In warm dilute sulfuric acid 

the products are the same as in water except that melamine 

is 1brmed as well as ammeline. ln this case melamine can 

be formed from the polymerization of cyanamide (LV}{l02)(103). 

A kinetic study of the rate of decomposition of 

nitrodicyandiamidine 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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Reaetions of c1anamide 

Cyanamide ean exist and react according to its two 

tautomeric forms, the aeidic or imide form ~H:C:NH and the 

basic or nitrile form NH2CN. Raman studies have shown the 

free form and various derivatives to have the nitrile struc­

ture. Instanee s of the imide form are also evident ( 105). 

When cyanamide is heated in the dry state it polymerizes to 

its dimer dieyandiamide and its trimer melamine \106)(107). 

This reaetion also occurs in aqueru s solution, but here there 

is a simultaneous hydrolysis of cyanamide to urea. The 

amount of this hydrolysis is dependent on the pH. In alkaline 

solutions (pH 12) cyanamide is quantitavely hydrolysed to 

urea while polymerization oeeurs in solutions of a pH less 

than 6 \108){109). 

Cyanamide reacts with ammonia and amines to form 

guanidine and substituted guanidines. Thus it reacts with 

hydroxylamine hydrochloride to give oxyguanidines lllO); 

with methylamine hydrochloride to form methylguanidine 

hydroeh1oride (111}. A similar reaction can be earried out 

with aniline hydrochloride (112)(113); with hydrazine 

hydrochloride (114)(115); and with guanidine to give biguanide 

(116). Cyanamide also adds to many amino acids to form 

guanidine derivatives ll17}, (118), (119), (120). 

Though the reaction of cyanamide with amines is 

very well known, in no case has cyanamide been known to react 

with an amido group of the urea series of compounds. 
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fhis type of reaction was first attempted by Hauman. He 

attempted to form carbethoxy guanidine from urethane and 

cyanamide. ~his reaction was attempted in water, absolute 

alcohol, and by fusing the reactants. ln all these cases 

cyanamide did not add to the urethane but dimeri~ed to form 

dicyandiamide ll21). Attempts to add cyanw1ide to urea also 

met with similar results. 

Bauman•s experiments were repeated by Pink and 

Blair in 1927 \122}. In their investigation they attempted 

the synthesis of carbethoxy guanidine under the following 

conditions:-

Two moles of cyanamide + one mole of urethane 

la). at 150 in water. 

\b). anhydrous ethanol at 170 

le). fusing of the reactants. 

~hese reactions gave dicyandiamide, urea, guanidine 

carbonate, runmelide, ammonium hydroxide and unreacted urethane. 
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THEORETI GAL DISCUSSION 

Introduction 

une of the objects o1' the experiments carried out 

in this laboratory was to find a method for the quantitative 

estimation of ~.D.u.D. (In the following sections of this 

thesis nitrodicyandiamidine will be denoted by ~.D.C.D.) 

It can be seen from the historical survey that little is 

known about the chemistry of ~.u.~.D. which can be used as a 

basis for its estimation. In the experiments carried out in 

this laboratory advantage was taken of two of the known 

reactions. 

1. ~he formation of the silver salt of ~.D.C.D. 

2. The solubility of ~.D.C.D. in dilute alkaline 

solutions and its insolubility in both neutral and dilute 

aoid solutions. 

A. The formation of the silver salt of N.D.c.n. 

1. Gravime trio Method. It was notioed by 111hiele (2) that the 

silver salt of N.D.C.D. whioh was formed upon the addition of 

silver nitrate to a solution of N.D.C.D. in sodium hydroxide 

was colloidal in nature. 'J.'his colloid tended to adsorb silver 

ions and thus it was found that the silver content of the salt 

did not agree with the caloulated 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.C.D. But in order to dissolve all the N.D.C.D. and to 

insure the full precipitation of its silver salt an excess of 

both sodium hydroxide and silver nitrate is necessary. This 

excess of sodium hydroxide tends to cause the formation of 

silver oxide instead of the silver 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 

was added slowly and with stirring to the silver nitrate 

solution, 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 

is 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 

ail ver oxide. 

The second difficulty encountered was that the silver 

salt 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 106%, e.g. three samples of 

N.D.O.D. were foand to contain 45.07%, 45.9% and 47.7% of 

silver instead of the theoretical amount of 42.5%· Although 

various methods were tried it was found impossible to 

coagulate the sol and as 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 quantitative estimation could 



be evolved by noting the change in the concentration of 

the silver ions during the formation of the silver salt. 

This 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 excess of silver ions during salt formation. The 

salt, which was colloidal, adsorbed the silver ions and thus 

gave high values. In the volumetric method there was always 

an excess 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 aD¥ 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 

solution 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 initial 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). 

21TH
2

C {NH)NH. CO.MN0
2

Na +Hg+ ~ (NH2C{lffi) NH. OO.N:N02 ) 2Hg +Na+ 

2NH2C(JSIH) NH. CO.N:I'l02Na +Ni~ ---?{NH2• C(NH) NH. OO.N: N02) 2Ni + Ne.+ 

2Iffi
2

C (.NR) NH. CO.N: N0
2

Na +- Cu+ ~ {NH
2

• C{NH) NH. C O.N:N02 ) 
2

cu. + Na+-

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

As a class primary and secondary nitroparaffins 

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 

exhibits 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 fact that when N.D.C.D. is 

added to distilled water and the suspension well stirred, the 

pH of the system decreases {Table III, fig. 3.). This in-

dicates that N.D.C.D. can exist in both nitro and aci forms. 

The presence of hydroniu.m ions in a suspension of N.D.C.D. 



and water is t r· demonstrat when sodiu.m hJ'd.roxide is 

adieC. to this su.spensi::>n and. the chanc;e in tL,e conductivity 

denoted. Here t~e conductivity the suspension decreases 

at fi:::st (Table IV and. Fig. 4). 'J:his observation can only 

be explained. by assuming that sod.iwn hyC.roxiCle neutralizes 

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

1\TIT ,'"1 { 1\'!"'"H} NTTTC Q ..,.,. 0 1\T/ 
~ .l.'iG 2. V ..... • "'n. • l.< • I'i ~ 

o· 
----? • C { ) .NHCO.:I: T7~ + H-+ 

LVII 

It ;l&s been previously mentioned. t~, N.D.C.D. 

dissolves in alkaline solut~ons from which it can be re-

preci.9itated by acidifying with diL.:~.te mineral acids or by 

carbon dioxide (2). It was this property of the nitro de-

rivatives which led Victor lv!:eyer to assume that the solu.biU.ty 

af nitro compounds in alkali was due to salt formation. This 

sa.:ne property of sslt for:-nation was demonstrated in rr.n.c.n. 

by the observed changes in cond:..~c ti vi ty and pH.u.pon the add.i­

ti')l2 of sod.i ' .. un hydroxide to an ay_:.: .. eous suspension o:: N .D. C.D. 

The buffer• a:::tion revealed here (Table III and .l!'ig. 3); and 

also when solu. tions of N .D. c.n. ir: sodiu . .m hyd.roxid.e were back-

titrated with standard hydrochlo1.·1c acid can only be explained 

by salt formati)n (Table V and VI, and Fig. 5 a.r:d 6). 

It is fou.nd u.pon examination of the 1::. terature that 

tLe :;:cidic strene;th of ni tro deri vo.ti ve. s de,t:;enO..s LJ..y::::r: the 
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paraffins .represent nitro uer·Lv·,~ives of neutral o::>mpounds. 

acids and their alkali salts are neutrDl. This corresponds 

tJ tr.e neutr-alization of a strong acid \"<'ith a strone base (7). 

On the other hDnd, t:;e nitramines t;;rpify ni~ro 

aeriv8tives of week bsses. Thus t~ese nitra derivatives ar0 

wea r acids tnan the nitroparaffins. ~his is noted from 

t fact Uiat ~neir al){ali salts a.:·e br,sic (36), as Rre the 

salts which a.re formed from wea~ acids anu strong bases • 

.Nitr.aurea~ a nitramide, repreEients a nitro d·3ri-

v~tive of a compound whi~h is a weak monoacid base. Thus, it 

i S f 0 U !~ t .i me S a 8 S t r 0 ng r: n a C id 8 8 aCe t i C H C id • 

i "~" potassium s.al t is neutral {42). 

~itragu~niJine differs frJm ni~rourea by havi 

in olaue oi' :he oxv)'-cn. 
- V ·-" 

1t represents ~ nitr·o 

derivatlve of a compound, ~uaniJine, which is nearly as str~ 

a t~ e as sodium hy~r~xide. ~hus its nitr~ ierivative ex~itits 

both acid and b nic pr<)jit:r•tie:::' (tS3). 

N.J.::::.D. 3S the .nitro derivative J:: Ucyandia:r.idine, 

i::' the nitro ~,riv tive of a compound which is a str,').ng b::1se, 

and forms . . vnr 1 ou.s aclu. iiowe ve r , it is n~t a~" s t t' J.rlg 

a base of susniJine. fhus N.~.c.v. is a weak a~i1 and, as 

e c! t 2 u , an a Clue ~us so 1 uti o n o i' i t s no d. i urn or p o t s si um s c1 l t 

re ct2 basic to litmus. !t also difk rs from .nitr uaniGine 

by n:;t formi any stqble acid sa:ts. 



It hss en mentioned in : hist~rical s~c:ion 

in ~8~~r nd in all caxmon organic 

solvents, but it has been proven thnt a solu~le sodium salt 

e x i s t ,, • :-1 e n ;; e , 1.v he n an al k a l i ne s :) 1 ut i on "'' : i ? n 1 i ;;.m 

n r cl m i ne r c: l s c~ i d , ;; he re s h ::m.li 

exist luivolent amoun~s of N.D.J.I. and aodium hydroxl 

is, a ~uantitative ~moun~ of sodium N.J.~.D., just at the 

point -,he 1 e on ~he 8Q tion o~ more ac 

L<::eessary to prove thct v_n tb an excess •;lkali is 

soluti~n, it will remsin in solutiJn 18 l 

equiva nt amounts of N.J.C.J. and sodium hydroxide in the 

solu.tion. 

In an attempt to prove tti~, t ser-

vn t ions we re r'l a de about t be 8Viou.r af N.,:!).C.J. ir '':st<::r nd 

in a~ueous al li medium:-

l). Nhen N •• -:;.n. is udded to vvater. it causes a lowering 

of the pH. This shows t~1at r-:.D.C.D. L:mizer: in aqueous mcd.ium 

(Table III, Fi 3). 

2).. To dissolve all of t N.D.C.D. in tL_;ueous ;;lkgli, 

an excess of alkali is necessary. T~1is excess <)f ·;'Jc:;li 

vories inversely with its ccn:centr·ation. As tbe concentration 

of t r 

corr._plete solution :.:>f the N.D.'~.Ii. ir:cre·.:iDes. 

3). Jhen N.J.C.D. ~as dissolved i~ excess al li and the 



solution back-titrated with standard acid the following 

observations were made. 
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{a). At first, upon addi tian of the standard acid, the acid 

neutraliz.es the excess base (Table V and VI, and l!'ig. 5 and 5 J. 

Upon the addition of further acid the N.D.C.D. begins to 

reprecipitate from the solution. If, after the precipitation 

begins, 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 aeparated 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. 'l'he N.D.C.D. which has separated out is greater than 

can be explained by the excess of added acid. This amount, of 

excess N.D.C.D. is greate~ 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 incipient cloudiness again. 
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IV. 'l'he 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 N.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 miaute or several minutes the pH 

rises to an equilibrium value. 

(d). Nhen 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 fL~ther addition of mobile protons. But the titration 

graph of the sodium salt should be a straight line. .lnstead 

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. 

le). v~hen N.D.C.D. is added to an equivalent amount of aqueo~s 

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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sodium N.n.c.n., acid was added, the reprecipitated N.n.c.n. 

separated, and acid added again to cause incipient cloudiness. 

The first point that has to be explained is why an 

excess of alkali is necessary for complete formation of the 

sodium salt of N.D.C.D. The following representation may assist 

in explaining the observed behaviour (LVIII): 

iii 

LVIII 

It has been shown that step 1 and ii take place when 

N.n.c.n. is added to water. Now when an equivalent amount of 

aque:.,us 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 insoluble N.n.c.D. Hence 

excess alkali is 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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t ~nificance of t curves 

obta d by .Plotting tile pH versus the a:no·.u:t ded 

to sodium N.D.C.D. in excess a u_ous S)dium hJ'dr·:;_:.~id.e, tt 

sLoulO. p:)inted out tL1at eve1: though the or-dinary ass 

electrode is not ver;/ accurate in al ne solutions above 

S. 5, what is imp or tarJt is not the absolute of the soluti0n, 

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 cloudiness. 

According to Cle.rke (124), this rise is due to supeisaturation 

and should not be gradual but abru.J.?t. Thus, t:nis experiment 'Na:3 

repeated, and if' at the point of incipient cloudiness the mix-

ture is allowed to stir for thirty minutes, the pH rises ad.-~ 

ually to a value which does not increase upon further stirring .. 

The pH, at e quili bri um, in oases where sup:: rsatura tion occu.cs 

can be expressed by the following eqQation (124). 

pH = Ka + log (A-) 
UHT 

Where Ka ~ the dissociation constant of the acid, aci N.D.C~D. 

(A-}~he concentration of the dissociated N.D.C.D. in solution 

(AH) = the concentration of the undissociated N.D.c.D. ix 

so1_utjorl 

But the rise in the pH is not as great as that which 

is noted upon the further ad.di ti on of acid.. Also, it is ne ce s--

sary to explain the N.D.C.D. which separates out of the 

solution, upon the fur·ther addition of acid, beyond the point 



of incipient cloudiness, is greater than the amount that can 

be expected from the amount of the added acid. 
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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 acid is added, two 

changes may occur:- (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 continues 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. is obtained, why 

it is necessary to add 0.4 mls. of acid to cause incipient 

cloudiness, 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 causing 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 excess acid the same excess of sodium 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 excess 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 coQld 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 necessary before the behaviour of 

N.D.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. 

(E) 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.G.D. gave the following analysis:-

C, 19.8; H, 5.3; N, 49.4; whereas pure N.D.C.D. gives quite 

a different analysis:- C, 16.2; H, 3.4; N, 47.6. Care 

claimed that 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 

Qf the impure product? Qualitative tests carried out in this 

laboratory have shown that dicyandiamide is the impurity. ~rhis 

impurity has a higher carbon, hydrogen and nitrogen content 



than N.D.C.D. and hence would fit in with Caro's analytical 

data. 
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~he use of the precipitation of an insoluble com­

pound as an end-point has long been known in quantitative 

analysis ll25). It can be seen from the preceding discussion 

that, when N.D.C.D. is dissolved in an excess of sodium hyd­

roxide and back titrated with acid, there exist equivalent 

amounts of N.D. C.D. and sodium hydroxide in the solution 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 O.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 besid.Hs 

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

solved 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} Isolation of Sodium and Potassium N.D.C.D. 

These salts can be isolated when acetone and, or, 

methanol is added to concentrated aqeuous solutions of N.D.C.Il. 

and.sodium or potassium hydroxide. They separate out of the 

solution contar::inated with N.D.C.D. This may be due to the 

inability of the excess alkali in acetone or methanol to corn-

ple te ly suppress the hyo.rolysi s of the sodium or potassi wn 

N.l>.C.D., hence giving rise to soO.ium or potassium [·J.D.C.D. 

corJtadnated vfith lr .. D.C.D. This results in low sodium or 

potassiwn contents. When provisions are madefor the con-

taminant, l\.D.C.D., by separation, by filtration, and tit-

rating wi tb acid, the sodium content is found to check with 

the calculated value, while the potassium content remains low. 

The titration curves of aqeuous solutions of these 

salts are the same as those obtained when a solution of 

N.D.C.D. in excess sodium hydroxide is back titrated with acid. 

For an aqeuous solution of the contarninated product repre sent:s 

a condition where there exists free l~ .D. C.D. ·and sodium N .D. c. D. 

Here also, when the N.D.C.D. is separated by filtration, the 

presence of excess sodium hydroxide can be demonstrated. If 

the N.D.C.D. is not separated from the solution, then the 

curve is the same as during salt formation. 

(G) The Formation of Nitrosodicyandiamidine 

In the histrorical section it was noted that altho~gh 

nitrosoguanidine is a stable compound, free nitrosourea is not 

known. The only indication that such a compound does 
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exist is obtained when nitrourea is reduced with zina and 

sodium hydroxide. Hare the presence of this group can be note~ 

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. (LI.X}. 

Zn 
l~aOH) NH2 • C (NH) NH. CO.NHNO LIX 

As in the case 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 methylate.d 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 cyana~ide, dicyandiamida, and dicyandiamidine couples 

with aryl diazota.tes in basic medium (67). Two observations 

were noted about this reaction. {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 process of alkalination and acidification of the 

reaction mixture several times to obtain the full yield of product. 
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In the case of N.D.C.D., the N.D.C.D. must be dis­

solved in !:queous alkali. Hence, here the coupling occurs 

between the sodium N.D.C.D. and the aryl diazotate. Also 

there must be enough 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. 

During 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- to.lyldi~.otate is 

used, the analysis indicates that the products are mixtures of 

the azo compounds and N.D.C.D. ~he 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 B.D.C.D., o-carbonio 

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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It r1as been n;.entioned t;:1at the aryl azo d.erivDtives 
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the aryl azo derivatives of .c.D. onlv one ty 
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tneor·y the az.o compound of l~.D.c.D. mu.st exist as its anti 

form ( 67), since the syn form wm.1.ld ve N aryl 1:r1 nitrodicyan-

diamidine. 1 - . Hence the decomposition of N phenylazo N n1tro-

dicy a~nidine occurs in the fo llowir::g manre r. {LXVII). 
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( ) "'0 -.n-1\TO 
• \j • J.',J:i.L'i 2 

anti form LXII 

If t s decomDOSi~ion is carri out in absolute 

e tl"'l Bnol-hydrogen eh loride solution at l00°C, car be thoxy guanidine 

hydrocholoride is formed (LXIII) • 

• CO.JSlEHOz > J:ill2 C(1TH)Din.CO.:HHT02 
C2H50Ii . 

1tr2 .C(lf.ti)NH.CO.NEH02 + c2H5 0H + HCl 

HCLNR2C( }~JE.GO. OC2H5 

LXIII 

(J} Atte,;;pted Preparation of M:ethylol N.D.C.D. 

From the historical point of view, if sodiurtl or 

potassium b .D. C .D. re acts with formaldehyde in the same manner 

as other urea and guanidiee derivatives do, then e product 

should be sodium or potassimn methylol N.D.C.D. (IJCIV). 

LXIV 

The fact that some sort of a reaction does occur 

can be observed when an equivalent runount of formaldehyde is 

added to an aqeuous solution of either sodium or potassium 

N.D.C.D. Here the reaction mixture begins to decompose giving 

off a gas. The only product that can be isolated from the 

decomposition is sodium carbonate. 
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It (1a,y be m0ntioned here that both nitl'Oguanid.ine 

and nitrourea decompose quantitatively to S·Jdtum carbonate 

when they are treated with concentrated sodium hydroxid.e at 

high temperatures {127). But in these cases a quantitative 

amount of ammonia is also given off and in the decompositioYJ. of 

a sodium ri.D.C.D.-formaldehyde solution, ammonia is not or1e of 

the decomposition products. 

As salts of N.D.C.D. are rather stable, and as the 

usual decomposition proQucts of ..:~.D. C .D. are guanidine salts, 

it must be assumed trn t some sort of reaction resulting in a 

non stable compound has taken place. More evidence for this 

assumption is observed when small aliquot portions of the 

reaction mixture are acidified during the course of the reac­

tion. At first ti"e acidification causes the separation of 

unre acted H.D. C. D., but as the decomposition proe:re sse s the 

acid.i fi ea tion does not appear to cause any separati :m of 

N.D.C.D., since no solid product separates out. In fact this 

acidified solution decomposes in a different manner than the 

basic one. Here the gassing comes more violent ar:d large 

volumes of nitrogen dioxid.e are given off. Tnis deoomposi tion 

is exot he rmic si nee the reaction mixture becomes very hot. 

•:rhe decomposition is not s::> notice le wnen formal­

deh~rde is added to a cold aq,.urous solution of an t\;.D.C.D. salt. 

Thus 1 t was thou.ght that perha_9s the sodium or potassium 

methylol derivative of E.D.C.D. could- be isolateG. w.len a cold 

sodium or potassium J:~.D.C.D. forma.ldehyde solution is treated 

with excess methanoL But t:;e prod.uct that was 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 several minutes, a white 

crysta.lline product separates out of the solution. 

From a historical point of view, assuming the accep-

ted structure of N.D.C.D., this type of a reaction should give 

rise to either N(l hydra~ino 1 imido) methyl N1nitrourea (LXV) 

or N{l hydrazino 1 hydrazono) methyl N1nitrourea (LXVI). 

NH2NH.C(NH)NR.CO.NHN02 LXV 

,yNH2 
NH2NH.C.NH.CO.NHN02 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 compountl 

represents the product of the reaction (LXVII). 

1
NHNH2 

NH2NH.f.1~.CO.NHN02 LXVII 

H N(l,l bis hydrazino) methyl Nlnitrourea 



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 hydra~ine hydrate with 

members of the guanidine and urea series. 
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lt 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. ~his 

was found to be the case as it very easily forma an acetone 

N(l acetohydrazo 1 hy~azino)mettwl 
N ni tronrea 

jlliNHz pnNHz 
c6H5 CHO + NH2NH. r·l'ffi• CO.l\J11N02 -? C6H5 CH: NNH. fNH. CO.NHN02 LXIX 

H H 

N(l benzalhydraz.o 1 hydrazino) methyl 

N1ni trourea 

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 benza~ 

dehyde derivatives of these nitrogen compounds adsorb ben­

zaldehyde and this would cause high carbon and low nitrogen 

values. This seems to be what 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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Here the analysis does not agree very well with the calcul­

ated values.. 

It was noticed that these derivatives had lower 
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melting points than the parent compound. Since N{l,l bishyd­

razin~methyl N1nitrourea has both an acidic and a basic 

group it was su.spected that this compound was a "zwitterion." 

When the titration curve of an squeaLs solution was 

determined it was noticed that this compound behaved as a 

"zwitterion", that i~it exhibited a buffer effect in both the 

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

N1nitrourea can be represented in the following formula (LXXI). 

NH:NH2 o-
+ I ~ 
NH~NH.CNH.CO.N:N~ 

4.1 Jr 0 
LXXI 

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 aoid to an 

amino acid causes the suppression of the negative charge, until 

finally the equilibrium mixture contains the a~ino acid in its 

purely cationic form (LXXII). 

LXXII 

The addition of alkali to this system can be repres­

ented by the following equation (LXXIII):-

rn:r- mr 
"'"!1i'H3. CHR. C02H ~+NR3. CHR. C02 t ti+ • NH2• CHR. C02 LXXIII 

pH2 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(l,l bishydrazino) methyl N1nitrourea 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 

salt formation is added. This makes it difficult to determine 

the pK1value which appears to be about 4.5. It appears as 

this excess acid reacts with the nitrourea derivative. This 

m~ 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 loss of oxygen. 

If a reaction does 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 pK2 value of about 

11. This is difficult to determine correctly because the 

buffer action occurs at such a high pH. Hence the neutraliz­

ation of this compound can be presented in the following 

manner (LXXIV):-



NE1lli3 1 alkali 
-~"NR;,NH. C. NR. CO. NHN n..., ~ 

~ -~ aa1d 

,pH4 

NR1'UI'3 
I 

~1lli.C .rrn:. CO.N:.N02 
plf6.66 

alkali acid 
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/NHNH2 

NR2NH2.,.11HCO.N:NOz + Na"" LXXIV 

H pHll 

N(l,l bishydra~ino) methyl N1nitrourea 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 

recrystalli~ation from a~us ethanol or methanol is necessary. 

It has a oharaate.ristio melting point and readily forms recog­

nizable derivatives. Also, it is a "zwitterion". All these 

properties make this reactio~ an ideal one for the identifio-

ation of N.D.C.D. 

Dearran~ement of N.D.C.D. 

{a) In Ethanol Medium 

It has been noted by Savard (101) that when N.D.C.D. 

is decomposed in aqueous alcohol, carbethox.y guanidine is 

formed. (LI). A similar reaction occurs when N.D. C.D. is de­

composed in absolute ethanol and in absolute ethanol-hydrogen 

chloride solution, In the case of the hydrogen chloride sol­

ution, the hydrochloride salt of aarbethoxy guanidine is the 

product. 

Actually these experiments were carried out in the 

presence of hydrazine dihydrochloride. It was hoped that 



this decomposition would result in the formation of 

aminodicyandiamidine dihydrochloride (LXXV}. 

NH2.C{NH)I-H1.CO.lfJ:lilf02 > mr2 .C(NH)N:C:O -t mr2No2 

NH2.C(NH)N:C:O + NK2NH2.2HCl --7 NH2C(NH)l\K,CO.NHNH2.2HCl 

LXXV 
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However, when the reaction was carried o~t 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 oompound was obtained as the product. 

(b) In H¥drochlorio Aoid-Aniline Hydrochloride Medium 

When N.D.C.D. is added to hot hydrochlorio acid, it 

dearranges to give guanidine hydrochloride (65). When this 

dearrangement is oarried out at a lower temperature in a 

hydroohloric acid solution which contains an equivalent amount 

of aniline hydrochloride, a different product is obtained. 

From a theoretical viewpoint, the product that was 

expected was phenyldioyandiamidine hydrochloride. It was 

thought that this product would be formed in the following 

manner (LXXVI):-

NH2.C(NH)NH,CO.NHIQ"02 >NH2.C(NH)N:C:O + NH2N02 

NH2C(NH}N:C:O + C6H5NH2.HCl --7 NH2C{NR}Iill,CO,NH.C6H5 .HCl 

LXXVI 

Hence this reaction entails the addition of aniline hydro­

chloride to guanylisocyanate in the same manner as ethanol adds 
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to it to give carbethoxy guanidine tlOl)(LI). 

Actually it has been found that it is very diffi­

cult to purify this product 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. But, 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 CaHt3N3Cl2• ~his indicates a compound of 

the following structure lLXXVII):-

LXXVII 

~ phenyl N1methylguanidine dihydrochloride 

The following can be proposed as a pQssible mechanism for the 

formation of this compound:- (LXXVIII). 

LXXVIII 

~here is a possibility that dearrangement 1 and ii occur, since 

similar dearrangements occur with nitroguanidine {98) ($7}(38); 

but the author cannot offer any explanation as to how step iii 

takes place, for this involves the reduction of substituted 

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 (101), and the substituted ~nines 

are recovered unchanged. 

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

N.D.C.D. was first prepared by treating dicyandiaroide 

with cold, concentrated, sulfuric and nitric acids (2). Two 

mechanisms can be postulated for this reaction. The first con­

sists of the addition of nitric acid in its pseudo form to the 

cyano group followed by rearrangement to the nitrourea form (65) 

(LXXIX). 

LXXIX 

The second mechanism assumes that first the dicyan­

diam.ide is hydrolysed to dicyandiamidine, and the mixed acids 

react with this intermediate to for.m N.D.C.D. If this mechanism 

is the correct one, then N.D.C.D. can be either one of two 

compounds (LXXX)J-

NK2.C(NH)NH.CN T H20 ) NH2.C(NH)NH.CONH2 (i) 

NH2 .C(NH)NH.CONH2 + HNOza So ) ~ti 2 .C{NH)NH.COrffi.N02 (11) 
2 4 

NH2 • C(NH)NH. C ONH2 + HN0
3 

H
2
sot o

2
Nl\TH. C (NH) NH. CONH

2 
( 111) LXXJ( 

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 .D.c.D. de arranges 

to give rise to either guanylisocyanate or guanidine. This 

indicates that .I.D.C.D. has structure (ii). 3u.t the question 

was raised whether 1~.n.c.:n. could be synthesized in a manner 

which would conclusively :prove its structure, namely, on which 

side of the molecule the nitro group is on. l!'or experimental 

purposes, it was assumed that ~.D.C.D. has structure {ii). 

Upon examination of the accepted structure of 

N.D.C.D. or its reduced form, aminodicyandiamidine, sev::::ral 

methods sug~est themselves for the synthesis of this compound 

(LXXXI). 

' ii '" 

NH
2

.U(NH) \NH!co~NHN02 or LXXXI 

1l•hu.s, for synthetic purposes, the molecule can be 

divided in three ways. '1'he first method can be carried out 

when cyanamide is reacted with nitrourea or semicarbazide (LXXXII). 

mr2 .C(NH)NH.CONHNH2 
,LXXXII 

In the case of semicarbazide, acetone semicarbazone was 

used to protect the hydrazino group. 

The second method pre-supposes a reaction between 

N-ni trouretr1ane or carbetho:x:y hydrazine with guanidine (LXXXIII) 

--~)NH2. C{:NH)NH. COilliN02 

LXXXIII 



While the third method assumes a reaction between carbethoxy 

guani•iine and hydraz.ine (LL\XIV}. 

NHz• C(NH}NHCO. OCzH5 + NH2~m2,-~~ NH2 • C(NH)NHCONH:D.THz 

LXXXIV 

(a) Reactions With Cyanamide 

It is well known that cyan~nide reacts with amines 

and substituted a~ines to form guanidine derivatives. Thus, 

it wRs thought that cyanamide would react WLth amides, that 

is, ni trourea, and acetone semicarbazone to give rise to 

N.D.C.D. or acetoneaminodicyan.iiamidine (LXXXII}. 
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However, as was nentioned in the historical section, 

previous attempts to react cyanamide wi. th amides were not 

successful and si:nilar results were obtained here. In the. se 

attempted str.lctu.re proofs of N.:J.C.D. variJu.s compounds were 

isolated. In most cases no attempts were made to identify these 

produats. The reason for this is because this is a war problem, 

and in such problems, the stress is laid upon results. Thus, 

if one method failed, another method was tried without fully 

investigating the previous one. 

{b) Reaction With S-Methylisothiourea 

Instead of cyanamide, s-methylisothiourea was used. 

This compound also adds to amines to form guanidine derivatives 

( 129) ( 130) { 131) (LXXXV). 

---11o:)o R11H. C ( NH) NHz LXXXV 
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But when this compound was reacted with amide deri V·· 

atives, the expected reaction did not take place. 

(c). Reaction With Cyanogen Bromide 

Another well known reaction which was tried was to 

use cyanogen bromide instead of cyanamide. This reagent 

reacts with amines and amides to form cyanogen derivatives 

(132)(133), which adds ammonia to form guanidine derivatives 

(131) (LXXXVI). 

RJ.H2 + CNBr LXXXVI 

But no reaction occurred between cyanogen bromide and ni troureta. 

(d) Reaction With Guanidine 

The reaction between guanidine and esters to give 

guanidine derivatives is well known ll34)(135}(136){137){138). 

Most of these reactions occur quite readily at room tempera­

tures. ~hus, it was thought that guanidine would react with 

N-nitrourethane or carbethoxy hydrazine to form N.D.C.D. or 

aminodicyandiamidine lLIXXII). 

BQt nitroQrethane is not like an ordinary ester of a 

mono carboxyliC acid. Jfor here the acid properties of the 

ni tro group are greater than ·those of the carboxylic group. 

Thus no 1a~ticeable reaction was observed here. An attempt 

was made to overcome this apparent hindrance to the reaction 

by using ~-ammonium nitrourethane, but here again no apparent 

reaction was observed. 

Similarly, carbethoxy hydrazine is not an ordinary 

ester. ~his compound is basic and reacts with acids to form 
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acid salts. It decomposes when tre d \Vi th hot alkali, in the 

same way as carbomethoxy hydrazine decomp::Jl:3es v,rhen t:.r::r:ated with 

hot alkali to give hydraz.ine and biscarbomethoxy hydraz.ine 

( 139 ) ( LXXXVI I ) • 

2Iffi 2NH. CO. OCH0 
hot 

alkal iJ NH zl\lHz + mrco. ocR3 
\ 
ImCO. OGH3 LXXXVII 

A similar reaction appears to take place when car-

bethoxy hydrazine is treated \'.rith aqeuous guanidine, for hyd­

raz.ine can be isolated as one of the products (LXXXVIII). 

LXXXVIII 

If anhydrous guanidine is used, no apparent reaction occurs. 

Since it was believed that perhaps this reaction did 

not occur because carbetho:xy hydrazine was a base, its i1ydro­

chloride salt was used instead of the unsubstututed com_9ound, 

but the reaction that did occur did not give rise to amino-

dicyandiamidine. 

(d) Reaction With Hldrazine Hldrate 

The reaction between an ethyl ester and hydrazine or 

b.ydrazine hydrate is very well known and has been worked on 

intensively by Curtius (140}. This reaction liberates ethanol 

and gives rise to hydrazides (LX:X:X.IV). When carbethoxy guanidine 

is used this reaction should give aminodicyandiamidine. But here 

again carbethoxy guanidine is not an ordinary ester 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

carba~ide. 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). 

INH2.CONH2 ) I~2.CONH.CO.NH2 + NH3 
2NH2.C(NH)NH2 .HC1 -~ NH2 .C(NH)NH.C{NH)~112 .HC1 + NH4 Cl 

LXXXIX 

This type of a reaction can be applied to the syn­

thesis of N.D.c.D. or its reduced form if one supposes that a 

reaction between guanidine and nitrourea, or semicarbazide 

would react in a similar manner (XC). 

NH2.C(NH)NH2 + 1'H2.CO.NHN02 ---7 NH2.C(NH)NH.CONH.N02 + N~ 
NH2.C(NH)NH2 -t- NH2.CONH.NH2 ~ NH2.C(NH)NH.CONH.NH2 + NH3 XC 

For experimental purposes guanidine hydrochloride, 

semicarbazide hydrochloride and acetonesemicarbazone were used. 

Here the reaction can give rise to more diverse products because 

instead 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. 



74 

~here has been reported in the literature two 

reactions of a guanidine salt with urea. In one case the cor­

re spending salt of dicyandiamidine was the product, and in 

the other fusion diguanylbiuret was the product (144). The 

fusion of aoetonesemicarbazone with amines is also well known 

( 145} (XCI} • 

(CH3 ) 2C:NNH.CONH2 ;- RNH2 ~ (CH3 ) 2 C:NNH.CO.NHR -t- Th1f3 XCI 

But no mention has been found in the literature of a reaction 

between a guanidine salt and a substituted 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 nitre­

urea (XC)~ An interesting observation was made here since 

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). 

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 N1Nitrodicyandiwnidine 

It has been mentioned that 111/alther and Greishammer (67) 



have prepared phenyldicyandiamidine hydrochloride by the 

decomposition and hydrolysis of phenylazodicyandiamide. 
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It was thought that if from this compound N-phenyl 

N1nitrodicyandiamidine could be prepared, and if from pheny­

la~o N.D.C.D. N-phenyl N1nitrodicyandiamidine could also be 

prepared, then if both were the same this wo~ld prove the 

structure of N.D.C.D. It has been previously mentioned that 

phenylazo N.D.C.D. does not decompose to giveN phenyl N1nitrc~­

dicyandiamidin~ 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 

salt with sulfuric acid. The product that was obtained was 

N-phenyl I 1nitrodicyandiamidine sulfate lXCIII). 

c
6
H

5
:NH.C(1"H)1lli.CO.NR

2
HC1 -+ .AgN0

3 
) C

6
H

5
NH.C(NH)CO.NH
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3 

H2S04 
c 6H5~rn.C(NH)NH.CO.NH2 + BN0

3 
'{C

6
H

5
NH.C(lXH)C0.1THN0

2
}
2

.H
2

so
4 

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. '11he analysis of this compound indicated it 

to be the hydrate salt of N-phenyl Nlnitrodicyandiamidinesulfate. 

'l'he 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. cannot. The 

only difference between the. two compounds is that one has a 

phenyl group instead of a hydrogen, that is one is a di sub­

stituted guanidine whereas N.D.C.D. is a mono substituted 
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guanidine. It is well known th t a mono substituted guanidine 

is not as strong a b::1se as guanidine. Pauling 2X)lained this 

by showing that the b sic strengt11 of guanidine is partly due 

to resonance {41). 'l'i1e number of resonating forms is de­

creased in a mono substit1~ted guanidine giving rise to a 

weaker base. Followi the same reasoning this explains for 

the fact that N, N1di substituted guanidines are we r bases 

than the mono substituted ones. Since E.D.C.D. can be con-

sidered a m::mo substituted guanid.ine, phenyl .D.C.D. is a 

d.i substituted gu::midine ~md should be less b·:sic. But this 

is contrary to some of the experimental facts. 

c~ntrary to the guanidine~ substituted amines are 

stronger bases than the non substituted ones due to the greater· 

tendency of the nitrogen to share its free electrons. ctence, 

the amino group of phenyl N.D.c.D. reacts more like an aBine 

than a guanidine derivative. This would indicate that in 

N.D.C.D. and in gbenyl N.D.:;.D. re;:::;onanca does not play a. 

very great role in determining the basicity of the compound. 

(g) Experimental Procedure 

It will be noted in the experimental section on 

the :;;tternpted structure proof of N.D.C.D. t:1at the following 

properties J:T. D. J .n. and ami nodicyandiamidine dihydrochl ori de 

were taken adv~nt of in order to identify these compounds:-

(i) :Vhen the expected groduct w::J.s the reduced derivativa, 

ad vanta;se was t n of, (a) tje easJ formation of the ben-

z.aldehyde derivative of this comp>Junti., ( ) the insolubility 

of this benzaldehyde derivative in ether, in methanol and in 



ethanol, to) and of the insolubility of aminodicyandiamidine 

dihydroohloride in methanol. The benzaldehyde derivatives 

of the products were always decomposed in the usual manner, 

with hydrochloric acid. 
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(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 means of its identi­

fication. 

From the preceeding discussion, it can be noted that 

no further proof was found as to the structur·e of N.D.C.D. 

All that can be said is that all the reactions 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 fil tared, washed with alcohol and ether· and 

dried in a desiccator • .Like N.D.C.D. the silver salt has no 

melting point but explodes upon heating. A yield of 90% was 

obtained in this reaction. 

7 ;I • 

b. the above method was modified in order to dissolve 

all the ~.D.C.D. and to insure the full precipitation of the 

N.D.C.D. as the sodium salt, e.g. 1.42 g. of .~.~.D.C.D. {.01 M} 

was dissolved in 10 eo. of 5% NaOH (0.0125 .M) and to it was 

added 40 g. of 5% silver nitrate (0.0103 M). 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;v, 45. 9;~ and 47. 7';0 of ail ver 

instead of the theoretical amount of 42. 5~7o. The weight of the 

silver salt was 2.68 g., which represents a yield of 106%. 

_a.. ~:he following attempts were made to coagulate the 

colloid. 

1. Thiele's method of vigorousstirring was tried; 

2. The silver salt which was formed at room temperature 

was boiled for several minutes. 

3. The N.D.C.D. in the sodirua hydroxide solution was added 

to a hot silver nitrate solution and lowed to cool slowly 

with continuous stirring. 'l'he precipitate which formed was 

chocolate brown in colour and was assumed to be silver oxide 

{the silver salt of I~.D.C.D. is white). As the mixture 

cooled the silver salt of 1~.D.C.D. was formed, 'l'his salt 

had the same colloidal properties as the one which was 

formed at room temperature. 
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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, nitric acid 

and acetic acid. Upon acidification the salt decomposed into 

N.D.C.D. and the silver salt of the anion used. 

~one of the above attempts had any effect on the 

colloidal properties of the silver salt of ~.D.C.D. 

3. Change in the concentration of the silver ions upon the 

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

sodium hydroxide. 

In a typical experiment 0.229 g. of N.D.C.D. 

(1.56 m.eg.) was dissolved in twenty mls. of 0.0969 N 

sodium hydroxide ( l. 838 m. eg.). The excess sodium hydroxide 

was neutralized with 2.45 mls. of nitric acid {0.268 m.eg.). 

The silver electrode assembly was put into the solution and 

small portions of 0.2584 N. silver nitrate were added to the 

solution. After each addition the mixture was stirred vig­

orously for three minutes with a mechanical stirrer and the 

change in M.V. was recorded. The results are given in fable I 

and ·are recorded graphically in figure 1. 
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'l'ABLE I 

Addition of Silver lU trate to Sodium Hydro:xide-N .D. C.D. Solution 

1.59 
1.87 
1.96 
1.98 
2.06 
2.08 
2.10 
2.16 
2.17 
2.19 
2.26 
2.29 
2.35 
2.42 
2.64 
2.98 
3.28 
3.41 
3.50 
3.90 

~ilver Nitrate Added 
( mls. of 0.2584N.) 

0 
1.09 
2.14 
3.38 
3.87 
4.18 
4.52 
4.85 
5.10 
5.20 
5.26 
5.32 
5.38 
5.44 
5.50 
5.59 
5.63 
5.67 
5.72 
6.25 

The data in figure l show the equivalent point to 

be at 3 MV., i.e. when 5.59 mls. of 0.26a4 ~. silver nitrate 

had been added to the solution. This corresponds to a 

purity of N.D.C.D. of 91%• 



4. t;hange in ti1e conductivity of a N.D.C.D.-sodium hydro­

xide solution upon addition of silver nitrate solution. 

Experiment 3 was repeated and the change in the 

oondu.ctivity was noted instead of the change in the con­

centration of the silver ions. In tl1is experiment 
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0.217g. of N.D.C.D.(l.472m. eq.} was dissolved in 6.05 mls. 

of 0.3440 If sodium hydroxide {2.08 m.eq.). '.i'he excess of 

sodium hydroxide was neutralised with 5 mls. of 0.1125 N 

nitric acid (0.562 m. eq.}. The results are shown in 

'l'able II and in figure 2. 

Table II 

Addition of Silver ~itrate to Sodium F~droxide-N.D.C.D.Solation 

Condu.ctivity 

4.18 xlo-3 
4.27 x 1o-o 
4.41X lo-3 
4.5lx 1o-o 
4. 74 x 1o-3 
5.05x 1o-3 
5.16x 10-3 

5.34x lo-3 

Silver Nitrate Added 
(m1s. of 0.2845N.) 

1.26 
1.96 
3.02 
4.04 
4.99 
5.64 
5.98 
6.34 

According to figure 2 the equ.ivalence point is reached when 

4.70 mls. of 0.2845K silver nitrate has been added. This 

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

5. The formation of mercu.r,y, nickel and copper salts of N.D. C.],). 

(a}. The formation of the mercury salt. 

A sample of N.D.C.D. (0.294g. or 0.002!1.) was 

dissolved 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 colloidal sol. After stand­

ing in the refrigerator overnight it was collected on a 

filter, washed with alcohol and ether and dried at 60) to con­

stant weight. The weight of the mercury salt was ,.532 g. 

which represents a yield of 109%. 

Anal. Calcd. for C4HaN1oO&Hg: 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 above me ·thod was re pea te d, 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 preparation of the silver salt (2). 

Here, the following amounts of reagents were used:-

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

16 mls.--5% NaOH solution 

90 mls.--2.5% Ni(NOo) 2 .6H2o 

An 80% yield of the nickel salt was obtained. 

The nickel salt does not precipitate out of the sol­

ution as a colloidal sol, as the mercury and silver salts do. 
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It is a green solid which decomposes upon heating. 

Calcd. for C4H8N10 o6Ni.2H20: C, 12.4; H, 3.6; N, 36.2; Ni, 14.7 

Found: C, 12.31; H, 3.89; N, 31.86; Ni, 15.12 

The analysis· would tend to ind.icate tbat a hydrate salt has beEw 

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 recrystallized. 

Formation of the copper salt. 

The copper salt was prepared following the same pro­

aedure as 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. vhange in the pH of a suspension of N.D.C.D. in water upon 

the addition of standard sodium hydroxide. 

'ro 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 ar.d the pH of this 

mixture was noted using a Beckman pH meter. Standard sodium 

hydroxide solution (0.93N) was added in small portions. -After 

eaah 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. ~he colour of the N.D.C.D. 

sodium hydroxide solution was yellow and the intensity of colour 



depends upon the concentration of the N.D.C.D. The results 

of this experirnent are given in table III, and graphically 

in figure 3. 

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

sodium Hydroxide Added' 
~s. of o.93N) 

0 
0.3 
0.78 
1.6 
3.65 
5.65 
7.60 
9. 70 

11.55 
13.70 
14.65 
15.73 
16.65 
18.23 

4. 76 
9.2 
9.85 

10.18 
10.55 
10.72 
10.88 
11.12 
11.32 
11.50 
ll.o7 
11.60 
11.62 
11.67 

7. Change in the conductivity of a suspension of N.D.C.D. in 

water upon the addition of standard sodium hydroxide. 

'.f:his experiment was carried out under conditions 

similar to those of experiment 6. !n 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. was added to 

seventy mls. of distilled water. Precautions were taken to 

keep the sodium hydroxide-N.D.C.D. solution away from the 



carbon 1ioxide of the air. The results are representeu in 

Table IV graphically in figure 4. 

TABLE IV 

AdG..i tion of Sodium Hydroxi1e to a Suspension of N.D. C.D. in "later. 

So1ium Rldroxide Added Conduativity 
(lii:s. of 0.3447N} 

0 39.2 X lo-4 
o.z 38.2 X lo-4 
0.5 37.0 X lo-4 
0.7 .3&.2 X 1o-4 
1.0 J9.2 X 10-4 
2.0 45.5 X 10-4 
5.0 67.8 X 1o-4 

10.0 95.2 X 10-4 
20.0 14.7 X 10-~ 
25.0 18.7 X 10-.(J 
zs,o 21.1 X lo-.3 
29.0 2.1.7 X to-3 
29.5 22.2 X lo-a 
Zl.O 2.3.0 X 10-3 
33.4 26.0 ;,;,;:. lQ-3 
35.1 28.5 X 1o-3 

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

in sodium hydroxide upon the addition of standard gydrochloric 

acid. 

A sample of N.D.C.D. (1.719 g. or 11.46 m. eq.} was 

dissolvea in 40.18 mls. of 0.3440~ sodium hydroxide solution 

{the theoretical amount necessary to form the sodium salt is 

33.31 mls.). Vigorous stirring was necessary to d.issolve the 

N.D.C.D. and. precautions were taken to keep the sodium hydrox-

ide out of contact with carbon d.ioxide of th.e. air. Small 

portions of 0.4105N. hydrochloric acid were ad.ded to tt.e 
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solution. 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 Hydrochloric Acid to the Sodium Salt of N.D.C.D. in 
Sodium Hydroxide 

Hydrochloric Acid Added 
(Mis. of 0.4105N) 

0 
3 
5.5 

*5.82 
5.90 
6.0 
6.12 
7.0 
8.0 

13.0 
25.0 
30.0 
33.0 
33.5 

* Point of incipient cloudiness; 

(b) 0 

11.45 
11.32 
10.82 
10.28 
10.28 
10.03 
10.08 
10.42 
10.45 
10.45 
10.10 

9. 78 
7.0 
3.18 

N.D.C.D. began to precipitate. 

Experiment Sa was repeated. Here instead of stirring 

for three minutes at the point of incipient cloudiness it was 

stirred for thirty minutes. ln this experiment 1.469 g. of 

N.D.C.D. (10 m.eq) was dissolved in 34 mls. of 0.3447 N. sodiwri 

hydroxide solution (11.7 m.eq). The results are given in 



Table VI and in figure 6. 

'l'ABLE VI 

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

in Sodium Hydroxide. 

H,x:drochloric AciO, ;\dded 
(Mls. of 0.4119N) 

0 
2 
4.0 

*4.6 
4.6 
6.0 
8.o 

12.0 
15.0 
20.0 
23.0 
27.0 
28.0 
28.5 

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 
3.60 

* Incipient Cloudiness stirred for 30 minutes. 

9. (a). Change in the conductivity of a sodium hydroxide­

N.D.C.D. solution upon the addition of standard hydrochloric 

acid. 
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To thirty-four mls. of 0.3447N sodium hydroxide 

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

stirring was possible was added 1.47 g. (10 m.e~)of N.D.C.D. 

The procedure outlined in Experiment Sa was followed but the 

change in the conductivity was noted. The results are presen­

ted in Table VII and figure 7 • 

• 



TABLE VII 

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

in Sodium Hydroxide 

Hldrochloric Acid Added 
[~Is. of 0.4II9N] 

Conductivity 

0 34.40 X lo-3 

1.5 32.26 X 10-~ 
3.9 28.90 X 10-..1 

*4.3 29.15 X lo-3 
5.0 29.41 :X. lo-3 
7.0 30.49 :X: lo-3 

10.0 32.26 :x. 1o-3 
14.0 34.01 X lo-3 
20.0 36.10 X to-3 
25.0 37.74 X l0-3 

28.0 38.46 X to-3 
29.0 40.49 :X. l0-3 
30.0 44.26 :X. 10-3 
31.0 47 • 62 X 10-3 

(b) • 
Experiment 9a was repeated with the additional fea­

ture that at the point of incipient cloudiness the mixture 

was stirred for thirty minutes instead of for three. The 

results are given in ~able VIII and in figure 8. 



TABLE VIII 

Addition of Hydrochloric Acid to a :::Jolution of the Sodium Salt 

of N.D.C.D. in Sodium Hydroxide. 

Hydrochloric Acid Added 
(M1s. of 0.4119N) 

0 
1.0 
2.5 
4.0 

*4.05 

4.05 
5.05 
7.05 

10.15 
15.15 
23.0 
28.5 
30.0 
30.5 

• Point of incipient cloudiness. 

Conductivitl 

Stirred for thirty minutes. 

10. (a). Evidence that supersaturation exists_at the end 

point and {b) tl1at there is no excess sodium hydroxide at the 

end point. 

Ten millie~uivalents of N.D.C.D. (1.47 g.) was dis­

solved in 34 mls. of 0.3440N sodium hydroxide (11.7 m.eq.) and 

4.6 mls. of 0.4105N hydrochloric acid (1.9 m.eq.) were added to 

the solution in order to cause incipient cloudiness. The prec-

ipi tate was 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 



there was no excess sodium hydroxide present. 

This experiment was repeated. After the end point 

had been reached the :nixtu:re 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 
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sodium hydroxide with the standard acid with the same results 

as in the 9receding case. 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 

dissolve a given amount of N.D.C.D. 

Ten milliequivalents of N.D.C.D. (1.47 g.) which 

had been ground fine enough to pass thr h an lOO mesh screen 

was added to 29.1 mls. of 0.3440N sodium hydroxide {10 m.eq.). 

The mixture was mechanically stirred for three hours in a 

closed system (car 'Jon dioxide free). The insoluble port ion 

was filtered off. Weight of the insoluble portion was 0.032 g. 

It was necessary to add 0.40 mls. of 0.'1105 J hydrochloric acid 

in order to cause incipient cloudiness. 

Actually the 0.032 g. of N.D.C.D. corresponds to 

0.53 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 car·bon dioxide in the air during the fil t­

ration. 
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(b). 
Seven samples of N.D.C.D. (which had been passed 

through an lOO mesh screen) were weighed 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 A Given 

Amount of N.D.C.D. 

Wt. of the N.D.C.D. 

0.147 g.{l m.eq.) 
0.147 g. {1 m.eq.) 
0.147 g.(l m.eq.) 
0.147 g. (1 m.eq.) 
0.147 g. {1 m.eq.) 
0.147 g. (1 m.eq.) 
0.147 g. (1 m.eq.) 

Sodium Hydroxide Added 
(Mls. of 0.13410 

7,54 (1 m.eq.) -t- 0.1 ml.) 
7.64 (1 m.eq.) + 0.2 ml.) 
7. 74 ( l m. e q.) + o. 3 ml. } 
7.84 {1 m.eq.} -t- 0.4 ml.) 
7.94 (1 m.eq.)+ 0.5 ml.) 
8.04 (l m.eq.) +" 0.6 ml.) 
8.14 (l m.eq.)+ 0.7 ml.) 

Remarks 

The N.D. C. D. 
did not dissolve 

fl'he N.D.C.D. 
dissolved 

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. dissolved. 

(e) • 

Experiment llb was repeated using a different weight 

of N.D.C.D. and different standard base. The results are 

given in Table x. 
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T .. tl.BLE X. 

The E:x:ce ss of Sodi urn Hy<iroxi de i'le ce s sary to Dissolve a ui ven 

Amount of N.D.C • 

·.n. o the Z~ • .J.C.D. Sodium -~ydroxide Added 
{mls. of o.3446N} 

1. 0.441 g.(3 m.eq.) 8.72 (3 m. eq.) 
2. 0 .. 441 g.{3 m. eq.) 8.82 {3 m.eq.+ 0.1. m1.) 

ltemark:s 

The N.D.C.D. 
3. 0.441 g.(3.m.eq_.) 8. 9.2 \3 m.eq.+0.2 m1. J did not dissolve 
4. 0.441 g.{3 m. e q. J 9.02 {3 m.eq.+ 0.3 m1.) 
5. 0.441 g.{3 m. e q.) 9.12 \3 m.eq.+ 0.4 ml.) The I\T. D. G.~. s;:.ol ved 

To number 2 of the above 0.3 m1s. of the standard 

SOdium hydroxide W2 S <~ddecl 81:1U ll the N.D.G.D. dissolved. 

To number 3, 0.2 s. of t standard base and ten 

m1s. of distilled water was d and the N.D.C.D did not di~-

solve. i:limil r results were tBjned when 0.1 ml. of the base 

and te~ mls. of distilled water was added to No. 3. 

·ro 0.441 g. (3 m.eq.) of :J.D.c.D., 9.12 m1s. of t stan-

dard sodium hydroxide and ten mls. distilled 'Nater vvere 

added and all of the N.D.C.D. d n dissolve. 

fhus it would seem t t t equiliorium establishec. 

de nds on tue concentration o the 11:.D.•:: .D. :JrHi tbe ';oncen-

tr8tion of the hydroxyl ions. 

12. la}. Evidence that an eg,~;_ilitrium is establiehed dr~rinz 

the titration o~:- the soditL'TI salt. 

A sample o~' ..:.~.J.';.D. (1.47 :::;. ) was dissolved in 

34 mls. 0.3442~ sodium hydr bDOu~h s~andard hydro-

c oric acid {4.05 mls. of 0.4ll'jfll) was added :,_1 cause ire h 



cloudiness. 'l'hen 0.5 mls. excess hydrochloric acid was 

added and after allowing the mixture to stand for thirty min­

utes the undissolved N.D.U.D. was filtered off. Hydrochloric 

acid was added to the filtrate in order to cause incipient 

cloudiness plus 0.5 ml. in excess. This procedure was re-

peated seven times and the results are presented in 1-'able XI. 

TABLE XI 

Addition of ~xcess Acid to the oodium Salt of N.D.C.D. in 

Sodium Hydroxide 

Ml.s. of 0.4119N 
HYdrochloric Acid 

Necessary to Cause 
Incipient Cloudiness 

4.05 
0.25 
0.30 
0.4 
0.4 
0.4 
0.4 

Excess of 0.4112N Wt. of the N.D.C.D which 
Hydrochloric Acid had precipitated out 

• 5 mls. 
• 5 mls. 
• 5 mls. 
.5 mls. 
• 5 mls. 
.5 mls. 
• 5 mls. 

0.065 g • 
0.062 g • 
0.066 g • 
o. 063 g. 
0.062 g • 
0.058 g. 
0.055 g • 

In all of the cases 0.0303 g. of N.D.C.D. can be 

accounted for by the excess hydrochloric acid added. But what 

is actually obtained is more than twice this amount. 

In experiment 10 the weight of the precipitate at 

the point of incipient cloudiness after one hour of stirring wa,s 

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 I.D.C.D. has precipitated 
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out of the solution setting free some sodium hydroxide 

and establishing an equilibrium similar to the one noted when 

N.D.C.D. goes 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 sodium 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 

concentrations in this experiment. 

(b). 
Experiment 12a 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 

Ml.s. of 0.4119N 
Hydrochloric Acid Excess of Wt. of N.D. C.D. Wt. of N.D.C.D. 

Necessary to 0.4ll9N which had e qui valent to 
Cause Incipient Hydrochloric precipitated the exoe ss 

Cloudiness Acid out acid 

l. 4.10 0.2 mls. o. 042 g. 0.012 g. 
2. 0.3 0.3 " 0.050 g. 0.019 g. 
3. 0.4 0.4 n 0.060 g. 0.024 g. 
4. 0.4 0.1 rt 0.035 g. 0.006 g. 
5e 0.4 0.05 Tf 0.027 g. 0.003 g. 
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In n>Jbers 1, 2~ o, e.nd 4 t:1e ;:ixture was all:;v.";d 

to stand. for o.:::c Tc:r·. r:.umber 5 ti~e m:Lzture wac.:, all::rwed. 

to stand for sixteen h~urs before it wes filtered. It was 

~ecessary to add 0.1 ls. of a~id ta the filtrate of n t r 5 

in orcler to cause L~ci.pier:t cloudiness w, ile in Experiment 10 

ju.st one clrop was neceBS<:Jr~,r to cause incipient cloudiness. Al.Jo 

the wei t of the ~·;:.D.c.:;;. whic:1 had preci)l tated is gre2..ter. 

This result may not be valid as some de composition of tl.e ~';.D. :j. • 

way have occurred l1e re. Again tere, as ir: Expe ·;e nt 12a, it 

woc.eld. seem trat an e · ili.l.·rium has be.er:: est lis;Jed. 

13. The Q,:J.antitative Estimation of N.D.C • .;.J. 

Reagents: 1. StrH:d.arQ.. c :: ona te-fre e, so1i tU:! hyd:r oxld.e sol­

ution between 0.3 - 0.4 normal; 

2. St nd.ard hy ochlJric acid between 0.3- 0.4 norm£.1. 

Procedure: A oertain weic;ht of l1:.D.c.:o. {in this 1 or:1t,:Jry 

ten r::illie;.uivalents, Le. 1.47 g. '.vere used) is iissolved in 

an exness of the standard alkaline sol ion. To accomplish 

this the ~ixture is stirred vigorously for about five minutes. 

D,:iring the stirring cBre must be tak.en to keep the alkali ou.t 

of contact with the sir, or else the results will be slightly 

high - from 0.5 to 1%. When all of the ~.D.C.D. has 

standard hydrochloric acid is added until the solution becones 

cloudy. The poir,t of incipient cloudiness is taken as the 

end point of t ti tra ti on, ·Nhere the re are e qt~i valent 

amo\w ts of K .D. C .D. and sodi urn hydroxide in the so lu ti ·On. It 

has been found that it is easier to note tc1e end point if a bea:n 
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f' , . 
:).._ J_.L t is passe:i ti: c·:)llt>:~- the sJluti:Jn d:.;.ri the tit'·· tion. 

14. Results of analysis of different samoles of z,r.D.::J.D. 

N.D.C.D. wss gre)ared by Thiele's method and repre-

cipi tated. from sodium hydroxide solution. The s~~~:>ples obtaine :i 

after e::wh repreci.z:itation were tes d t~/ ti1e me~ho·-l civen in 

ex_9erL~ent 13. •rtle results are given in Table XIII. 

Amount of Times 
Reprecipitated from 

Sodium. Hydr:Jxid.e 

None 
Once 
Twice 
Tr1rice 
Four Times 

97.4, 97.1 
97.8, 97.6 
99.8, 99.9 

100.2, 108.4 
99.8, lC)O.O 

In another experi~e~t N.D.C.D. which had not beeG rep-

reci tated froJ: sodiu1n h~-::.:.roxi was well wasl1ed 'Ni th wate.:-. This 

was 0~e by stirri vigorously 10 g. of finely g~ound N.D.C.J. in 

500 mls. Jf water for thirty minutes, and wasti - the .D.C.~. on 

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

H.D.C.D. as analyzed by the given metho 1l -,.;Br~t up to 99.3 a.:.l:.. 

.. 9.5%. Subse.1u.ent washings raised. the purity of N.D.C.D. up 

to lOO%. Hence it is not ~ecessary to repreaipitate the 

~7 .D.C.D. from stKiiwn hydroxide in ord.er to pt:i.rify it. 

15. Qualitative tests for possible impurities in Jf.J.C.D. 

Forty grams of well " ,., D { 0 7 r:.tfl. n''"'e) •..!..J•'-..1•. il .(..:}.t:'\,4.6.. wera 

added to four dred. mls. o.o d.istilled ~·;o.ter. The mixt 1:a:·e was 



well stir.c·ed :f:Jr one t:our. T~e ..::.0.~.;:;. '.'!'3.f::3 filtered. off 

axed t filtr2te w~s tested for cyanam~de, thiourea, cyacide, 

dicyancl.i amide, th iocy an ante, ammonia, guard.di ne and dicyan-

diamid.ine the me out lined by Buch a.n s.n ll4 6) • A 

positive test was obtained for dicy~ndjamide only. 

the proced:J.r e of exge rime r;t 15 a ti-

tative estin:ati::m of dicyandiamide (14.7J was carried :>ut on 

lOg. of N.D.C.D. TLe results obtained are given in 'l'able 

XIV. 

TABLE XIV 

Initial Pu.rity of N.D.C.D ••••• 97.51~ 
% Dicyandiarnide Found ••••••••• 0.2% 
Final Purity of N.D.C.D •••• ~~.98.8% 

From the results it would ap ar that the amount 

of dicyand.iamide is low but this procedure for the q_ua.llti­

tative estimation of dicyandiarr:ide usually gives low 

values ll47). 

16. Analysis of ~.D.C.D. contaminated with related nitrcgen 

compounds. 

Various amounts of N.D.C.D. contru~inated with 

dicyandiarnide, ni troguanidine, guanidine carbonate, 

dicyand.iarnid.ine sulfate, melatnine, BJ.'1i.l cya:·::.,ric acid. we1·e 

prepar ea... The se samples were teste d. for· t~:J ir amounts 

of N.D. ::;.D. The res1..1lts are shown in Table XV. 
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TABLE XV 

Analysis of N. D. C.D. ContamiiJated ~~i th rl.elated Nitrogen Jompou.nds 

Weight of w·eight of % N.D.C.D. 
Contaminant Contaminant N.D.C.D. 'l'heoretiaal Found 

Dicyandiamide o. 7376 0.2053 47.8 47.9 
" 0.3391 1.1281 75.2 75.3 
tf 0.1189 1.3391 90.3 89.8 
If 0.073 1.4547 94.9 94.4 

Nitroguanidine 0.1518 1.6435 90.6 89.6 
" 0.0696 1.432 95.3 94.6 

Guanidine ~arbonate 0.4081 1.1042 73.0 73.4 
n ff 0.0891 1.3661 93.9 94.4 

Dicyandiamidine Sulfate 0.5464 1.3405 71.0 87.7 
" tf 0.202 1.4197 87.6 98.5 

Melamine 0.0592 1. 6129 96.5 96.2 
Cyanuric Acid 0.0586 1.3923 95.9 97.9 

. ff " 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 

case of cyanuric acid and dicyru1diamidine sulfate. 

In Experiment 16 nitroguanidine, melamine and cyanuric 

acid did not dissolve in the sodium hydroxide solution. Thus 

these 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 during 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.C.D. 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. Isolation of the sodium salt of n.D.G.D. 

(a). A sam.P of N.D.G.D. (3.7g.or .025M) was dissolved 

in fifteen mls. of 10% sodium hydroxide solution. A large 

excess of acetone was added to this solution until it became 

milky, and in a few minutes a white volw.'ninous precipitate 

separated out of the solution. The precipitate was collected 

on a filter paper, washed '.vith eti1anol and ether, and dried 

at 60° c. The weight of the product was 4.lg. which c::Jrres­

ponds to a yield of 88%. 

Anal. Calcd. for c2H4N5 o3Na;- Na.l3.6% 

Found:- Na.l2.9% 

The compound has no melting point but explodes upon 

heating. It is insoluble in ethanol, methanol, acetone, or 

ether. It decomposes in Lot formamide giving off ammonia. 

When the salt is added to water, most of it dissolves leaving 

a small amount of residue which has the same .Properties as 

!'.D.S.D.; but it dissolves completely in very dilute aqueou.s 

sodiu..rn hydroxide. 

An aqueous solution of the salt turns red litmus blu;~. 

7ihen its aqueou.s solution is acidified, a white precipitate 

v1hich has the pro9erties of N.D.C.D. separates from the solu­

tion. ~.D.C.D. also separates from the solution wr~n ammonium 

chloride is added to the aqueous 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 ace tone. 

This m8terial, obtained by this treatment, behaved 
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in the same manner as the original salt. vvhen 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. cont~ainated with N.D.C.D., or possibly the 

sodium 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 ;:;,q,ueous N.D.C.D.-sodiwn 

hydroxide solution. This method also resulted in impure 

sodium-N.D.C.D. 

(c). The salt was prepared from a greater excess of 

sodium hydroxide and from methanol which had been saturated 

with sodium hydroxide. This procedure also resulted in sodium­

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

18. (a). Change in pH of an ~us solution of sodium-N.D.C.D. 

~on addition of standard hydrochloric acid. 

A sample of sodium-N.D.C.D. (l.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. separated 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 stirring, the valu.e 

did not change even after thirty minutes of stirring and the 
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reading represents the e qaili briurn value of pH. The c>1a s 

in the .QH are represented in Table XVI and grapilicall~' in 

figure 9. 

TABLE XVI 

Addition of Hydrochloric Acid. to Aqueous Soditun N.D.G.D. 

Hyd.rochloric .~cid. Aa.ded 
(Mls. of 0.4103N.) 

0 
1.4 
2.44 
5.0 
8.0 

10.0 
14.0 
16.0 

pH 

11.4 
11.25 
11.14 
10.85 
10.68 
10.59 
10.12 

2.8 

(b). .Experiment 18a was repeated but here the insoluble N.D.C.D .. 

was separated by filtration. In this experiment J.8738 g. of 

sodium N.D.C.D. (0.005M.) was added tm 30 mls. of distilled 

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

TABLE XVII 

Addition of Hydrochloric Acid to Aqueous Sodium N.D.O.D. 

Hydrochloric Acid Added 
{M1s. of 0.4103N.} 

0 
0.2 
o.3 r.o. 
0.5 
3.0 
6.0 

11.0 
11.65 
11.70 
11.75 
11.80 

pH 

11.46 
11.16 
11.08 
11.12 
10.97 
10.85 
10.04 
8.97 
7.43 
6.65 
5.05 
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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 sodiQ~ content of 12.75. 

~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 acid to neutralize excess sodium hydrox-

ide and to cause incipient cloudiness. 'l'hi s corresponds to 

0.0181 g. of N.D.C.D. 

~herefore, the actual weight of insoluble N.D.C.D. 

was:- o. 073lg. 
-g.ol8l 

.o550g. 

Thus the weight of sodium N.D.C.D, was:-

'l'his corresponds to a sodium content of:-

11.75 X 0.4103 X 0.023 
0.8188 

13.5% Found 

0.8738g. 
-0.0550 . 
o.8188g. 

.Theoretical 13.6% 

19. Change in the conductivity of an a~ue2us sodium-N.D.C.D. 

solution upon the addition of standard acid. 

Experiments lBa and b were repeated but here the 

change in the conductivity was noted instead of the change in 

the pH. In exper t lBa, 1.0282g. of sodium-N.D.C.D. (0.006:M.) 

was added to 50 mls. of water, and in 18b 0.7962g. (0.005M.) 

was added to 70 mls. of water. 'l'he results are presented in 

Tables JG~VIII and XIX, graphically in figures 11 and 12. 



TABLE XVIII 

Addition of Hydrochloric Acid to Sllflo?US Sodium-N.D.C.D. 

Hydrochloric Acid Added 
(mls. of 0.4103N.) 

0 
0.2 
3.0 
6.0 
9.0 

12.0 
14.0 
15.0 
16.0 
17.0 

TABLE XIX 

Conductivity 

1.55 x 1o-3 
1. 58 x 10-3 
1. 64 x 10-3 
1.78 X 10-3 
1. 91 x to-3 
2.06 x 10-3 
2.o6 x to-3 
z.oa x 10-3 
2.11 x to-3 
2.63 X 10-3 

Addition of Hydrochloric Acid to .Aqu~u.s 8odiwn-N.D.C.D. 

Hydrochloric Acid Added 
{mls. of 0.4103N.) 

0 
0.1 
0.2 
0. 35 I. C. 
1.0 
4.0 
7.0 

10.0 
10.8 
11.0 
11.6 
12.0 
12.5 

Conductivity 

1.01 X 10-3 

1 0 10-3 
• X 3 

1.0 X 10-
3 1.03 X 10-

1.06 X 10-3 

1.12 :x 10-3 

1.37 x 10-3 
1.49 X 10-3 

1.51 x 10-3 
1.52 x lo-3 
1.76 x 10-3 
1.93 x 10 ... 3 
2.16 X 10-3 

20. Isolation of the potassium salt of N.D.C.D. 
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The potassium salt of N.D.C.D. was prepared followine; 

the same procedure outlined in the preparation of the sodium 
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salt. In tr;is experi•ne~t 7.3g. (0.051':.) of N.D.G .. D. was 

dissolved in 150 mls. of 3% potassium hydroxiQe. T~e weight 

of the product '!:as 7 .Sg. which cor re spJnds to a yield of 85·~. 

The potassiu.m salt :>f N.D.·::.D. is a V{hite solid, 

with a shiny metallic lustre. It has the sa~e solhbility 

characteristics as the sodium salt, but it decomp:Jses at 

tile sodi ;:ern salt it 

d.oec t:)t ~~recipitate as a pure compO'J..ni, but separates con-

ta:ni t: ated wi tb 1' 7 • J. ::; .D .. As '.Vi t:. ti1e sodium s0lt, free 1\i "'f", ,., -;~, 

.i.' .;;_{.V .J.J. 

can be obtair,ed fr:Jm the potassium salt 1lpon ad. 1lition of 

bydroe'1lor ic acid or ammonium c hl:Jrid. '::: to an aqua :ms salt 

solutiJn. 

K, 21.08 

Found:- TC, 18.7 

G:. (a). Chanee in the pH of aqu.eolls p:Jtassium :y .D. C.Il. UJtOn 

ti~~ ad.di tion of star.liard hidrociiloric acid. 

A sa:1:gle of .QOtassiu:n E.IJ.S.D. {0.92l4g. er 0.005 ?.~.) 

was ad..ied to 30 mls. of distilled water. The potassiUJn salt 

did not d.issol ve complete lJ but left an i nsol-~ble re si due of 

N.~.c.D. s~all portions of 0.4103N. hydrochl)ric acid were 

added to the solution. The mixtLU:.'e was stirred vigorously for 

five nu.tes a m":l eh ani cal stirrer and the change in the 

pH was noted. As soon as t',e ::tandard :1cid. was added to tr:.:: 

b:J.t after a r::inute of stirring the pH rose to t~1e value \·klieh 

is n.ote d in Table XX an(l grapi:i call;/ in figure 13. 



TXBLE 4X 

Addition of Hydrochloric Acid to Aqueous Potassiwn ;:;r.:D.C.D. 

Hydrochloric Acid Added 
(mls. of 0.4103N.) 

0 
0.1 
0.5 
2.0 
5.0 

10.0 
10.9 
10.95 
11.0 

pH 

11.18 
11.18 
11.13 
11.03 
10.91 
10.36 

6.65 
5.87 
4.25 
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(b}. Experiment 2la was repeated, but here the insoluble 

N.D.C.D. was separated by filtration. In this experiment 

0.9555g. of potassium N.D.C.D. (0.005lv1.) was added to 30 mls. 

of distilled water. ·.che results are given ir: Table XXI and 

graphically in figure 14. 

TABLE XXI 

Addition of Hydrochloric Acid to Aqueous Potassium N.D.c.n. 
Hydrochloric Acid Added 

(mls. of 0.4103N.) 

0 
0.1 
o.3 r.c. 

0.5 
1.0 
5.0 

10.0 
10.5 
11.15 
11.2 
11.25 
11.30 
11.35 

after five minutes 
rose to 

pH 

10.72 
10.57 
10.4 

10.7 
10.7 
10.7 
10.58 
10.08 
9.86 
9.29 
8.03 
6.77 
6.20 
5.62 



121 

From Table XXI, 11.20 mls. of 0.4103N. hydrochloric acid 

have neutralized 0.9555g. of potassium-N.D.C.D., correspond­

ing to a potassium content of lS.S%. 

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 sodium salt of weighing 

the amount of insoluble N.D.C.D. was not applicable here as 

can be seen from tr~e following calculations:-

Weight of insoluble N.D.C.D. 0.0364:g 
Jieight of N.D.C.D. corresponding to 0.3 mls. acid - .0181 
Actual weight of insoluble N.D.C.D. .0183g. 

'.t:hus actual weight of sample of D.n·. C.D. 

Therefore ~ = 17.1% 

0.9555 
- .0183 
0.9372g. 

22. Change in the conductivity of an q_ueous pot as si um-N .D. C.D. 

solution upon the addition of standard acid. 

Experiment 2lb was repeated, but here the change in 

conductivity was noted instead of the change in pH. In this 

case 0.9627g. l.005M.) of potassium N.D.C.D. was added to 50 mls. 

of distilled water. ~he results are presented in Table XXII 

and graphically in figure 15. 
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'l'ABLE XXII 

Addition of Hydrochloric Acid to Aqueous Potassium-B.D.C.D. 

Hydrochloric Acid Added 
(mla. of 0.4103N.) 

_Conductivity 

0 1.55 .:X. 10-3 

0.2 1.51 X to-3 
0.43 I.e. 1.55 .:X. to-3 
1.00 1.58 X to-3 
4.00 1. 73 X to-3 
7.00 1.87 .:X. 10-~ 

10.00 2.08 X to-3 
12.00 2.24 X lo-3 
12.50 2.5 X to-3 
13.0 2.71 X to-3 

23. Preparation of Nitrosodicyandiamidine. 

(a}. To one hundred mls. of a 15% sodium hydroxide solution 

7.35g. {0.05M.) of N.n.c.n. was added. The suspension was 

mechanically stirred until all of the N.D.C.D. had dissolved 

in the sodium hydroxide. '11he solution was then cooled in an 
0 

ice bath until the temperature had dropped to 10 c. Six 

and one half grams of zinc {O.lM.) 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 zinc, 

the mixtQre was tested for the presence of a nitroso group by 

adding a few drops of the reaction mixture to aqueous 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 zinc, 

the mixture was tested every two minutes. At first when a 
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few drops of the reaction mixture was added to the aq_ueaus 

ferrous sulfate, the colour of the solution turned green and 

a green precipitate separated out of the ferrous sulfate 

solution. But after several minutes the mixture gave a red 

colour with the ferrous sulfate denoting 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 zinc 

was separated by filtration. upon acidification of the fil­

trate a yellow, inorganic material separated 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 zinc salt. 

{b). This reaction was repeated at 0°, 25°, and 40°. In all 

cases negative results were obtained. 

(c). The reduction of N.D.C.D. was attempted with zinc and 

ammonium chloride (58) and with z.inc and acetic acid (62}. 

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

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

{a). Vii th me thyllod~i:de _ 

To 1.47 g. of N.D.C.D. (O.OlM.) dissolved in 16 mls. 

of 5% sodium hydroxide an lOO% excess of methyliodide {1.24 mls. 

or.OZM.) was added. The solution was mechanically stirred for 

three hours. It was then acidified with dilute hydrochloric 



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 l.45g. It exhibited 

all the properties of N.D. C.D. and had the same composition 

as N.D.C.D. 

(b). ifith dimethylsulfate. 

The procedure used here was the same as that used 
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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 {l g. of 

sodium hydroxide and 4 g. of s:Jdium 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 

separated out of the solution and the temperature rose from 

28 - 40°C. As the reaction continued the temperature started 

to fall. The white solid was then separated by filtration. 

The solid weighed 6 g., and exhibited the properties of 

N.D.C.D. The weight of the product corresponds to an 839b yield 

of N.D.C.D. 

25. Preparation of N phenylazo Nlni trodicyandiar.tidine 

{a). To 7.3g. (0.05M.) of N.D.C.D. dissolved in 400 mls. of 

dilute sodiu.rn hydroxide (5.8g.) was quickly added an equi­

valent amount of benzenediazonium chloride composed of 4.6g. 

aniline, 3.6g. sodium nitrite and ll mls. of concentrated 

hydrochloric acid. Here eno-:.1gh sodium hydroxide is necessary 



to form sodium N.D.C.D., to neutralize the droc~loric 

acid, and to form the diazotate salt. The solution exhib­

ited the same colour changes during the reaction as wet,s re­

ported in the for~ation of phenylazodicyandiamide (67), i.e. 

it turned red and after one minute becrune turbid. It was 

then ~uickly acidified with 12% hydrochloric acid, which 

resulted in the separation of a yellow solid. The product 

was collected on a filter, washed with hot ethanol, ether, 

and dried first at room temperature and then under reduced 
0 

pressure at 60 C. The product wighed lOg. which represents 

a yield of so%. 
N phenylazo Nl nitrodi3yandiamidine is a llow 

solid which explodes upon heating, and wi1en added to concen-

trated sulfuric acid. It is insolu.ble in methanol, ethanol, 

ether, acetone, chloroform, formar.1ide, _petroleum et r 
' 

carbon tetrachloride aniline. It can be purified by dis-
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solving in aq_ueous sodium hydroxide, followed by reprecipita-

tion with drochloric acid. It decompases after several 

days accompanied by colour change from yellow to brown. 

FOll.nO..: • 

c, 38. 2; 

C, 37.9; 

H, 3.58 

R, 3. 68 

(b). The aforementioned preparation was also attempted from 

a solution of N.D.C.D. in a ight excess of 10% sodium hy-

droxide an eq_uivalent amount of benz.enedia.zonium sulfate. 

Upon the addition of diazonimn salt a solid sep8rated out of 

the solL:Ltion. and the colour of the mixt'J.re ttl!'ned orange 
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yellow. Upon the f· tion of the salt, the colour 

changed to yellow and the reaction mixture start 

pose {gassing). The mixture was stirred for e 

+ " ..,o a.ecom-

t hours dlll'-

ing which the gassi continued and the colour of the sol-

ution turned dark brovm·. 

The insoluble material was then collected on a fil-

ter, and dried at room temperature. Both the insoluble 

re sidu.e and the filtrate gave off a smell of phenoL 7/hen 

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 material was collected on a filter. 

This mater·ial exhibited all the properties of N.D.C.D. 

(c). The reaction was repeated except that here enough SO(lium 

hydroxide was used to dissolve the N.D. C.D. and to neutralize 

the sulfuric acid {8g. sodium hydroxide in lOO mls. of water}. 

Upon the addition of the diazonium salt the colour of the 

solution turned orange, and a gas was given off which had 

the srune smell and lacrymator effect as acetyl chloride. As 

soon as the gassiLg had started, the solution was acidified 

with sulfuric acid which caused the separation of an orange 

precipitate. 'l'his material 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. Decomposition of liT phenylazo N1ni troClicyandia:niU.ine 

(a). Ten grams of N phe lazo N1ni trodicyandiamidine (. 04M.) 

was added to a solution of lOO mls. 95?-b jthanol and 5 mls. 

concentrated hydrochloric acid. No decomposition of the 

N.D.C.D. derivative occurred in this medium at 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 fur·ther gassing occurred. 

The mixture was cooled and the insoluble material 

was collected on a filter and washed with methanol. It was 

then reprecipi tated from e.quoous · sodiwn hydroxide (in the same 

manner as N.D.C.D.) and recrystallized from 12% hydrochloric 

acid. {N.D. C.D. can be recrystallized from 12'~~ hydrochloric 

acid. Here some of the N.D.C.D. undergoes decomposition as 

it is necessary to heat the acid to 105° 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. 

Anal. Calcd. for c
2
H

5
N

5
o

3 

l!,ound:-

C, 16.3; 

c, 16.0; 

H, 3.41. 

H, 3.44 

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 phenyl a~o N1ni trodi csandi ami dine was decomposed 

in {i) ethanol-nitric acid, {ii) ethanol-sulfurio aoid, and 

(iii) butanol-hydrochloric acid. In all the oases the decom­

position product was found to be N.D.C.D. 
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chloricie gas was ~as sed througii 't et bel'. T ether was 

ev8ror ed at room temperature anL resid.'J..e was dee )mpos e d 

ir1 absolute ethanol. Here again the 1lecomposi tion product 

was r:-r.D.C.D. 

{d). Five grarns of N phenylzao N1nitroCLicyandia.;dd.ine was 

ad.de'i to 50 mls. of absolute etitanol s;Jtu:.r·::Jt,::d 'Xith bJd:cog::e tlor·i<ii 

gas at 25°. The rnLx.t<.Lre was heated in a Carius bomb at lOJ 0 

for thirty mictltes. D;;Lrinc the course of the reaction all of 

the solid material had dissolved in the ethat;ol, and upon 

opening the bomb a gas was given 0ff. T et.:an:Jl was evapor-

ate d and the residue was re crystallizE: d several times from 

aq_ueous ethanol. T~1e product wt.:~s composed of ite needle-

li crystals. This co:np:Ju.r;li was recr~:stt:.llized several tin:eD 

from dil~te et nol, ard gave a ~.p. of l36°C. A mixt~re of 

t is com_?Ou.:Hl and. carbethoxy gnanidine h:;'d.rocr.l.Jr e showed 

no depressions 

Four.d.:- C, 28.2; H, 6.26; N, ~<1.5; C:l, ;.;0.84. 

2 7. Preparation of ni p-tolylazo-Nlni tro1ii cy and ia'llidi.ne. 

The p-tolylazo derivative was prepared in the same 

manr;·3r as tte benzeneazo one. The q,um:tities useci '.vera:-



7.3g. N.D.C.D. ~05lVi.) 

5.4g. p-Toluidine (.05M.) 

11 mls. concentrated hydrochloric acid 

3.6g. sodium nitrite 

5.8g. sodium hydroxide 

350 mls. water 

The product was a yellow dye which did not decom­

pose upon standing as did benzeneazo N.D.C.D. Like the 

phenylazo derivative it exploded upon heating. The weight 

of the product was 9g. which corresponds to a yield of 65%. 

The azo derivative was purified by reprecipitating from 

sodium hydroxide. 

Anal. Calcd. for C H N 0 

Found: 

c' 40. 0 7; 

c, 28. 7; 

H, 3. 7 

H, 3.96 

The analytical data show the product to be impur·e and since 

it is insoluble in all solvents, it cannot be purified. 

130 

'l'his compound was decomposed in the same manner as 

the phenylazo derivative. 1n all cases N.D.C.D. was obtained 

as the decomposition product. 

28. Preparation of ~ a-carbonic acid benzeneazo N1nitro­

dicyandiamidine. 

this azo derivative was prepared in the same manner 

as outlined for the preparation of, the same dicyandiamide 

derivative. 1'he pro duet was a red dye which exploded upon 

heating. ~ike the tol7l derivative the analysis did not 

agree with the calculated figures, but indicated this product 



to be a mixture of tr1e az.o dye and N.D.C.D. Decomposition 

of this compound produced N.D. C.D. as the product. 

Anal. Galcd. for J 9H9N7o5 : 

Found: 

G, 36.6; 

c, 26.8; 

H, 3.05 

H, 3. 28 
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29. Attempted preparation of N methylol Nlnitrodicyandiamidin~ 

la). From sodium-N.D.C.D. 

{i). A sample of N.D.C.D. (37g. or 0.025M) was dis­

solved in 15 mls. of 10~ aqueous sodium hydroxide and an equi­

valent amount of formaldehyde l2 mls. of formalin 0.025m.) 

was added to this solution. After several minutes decomposi­

tion began and a gas was given off. 

A small aliquot, taken at the beginni·ng of the decom­

position, 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, and 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. 'l'his time, no un­

reacted N.D.C.D. separated, but decomposition occurred at an 

accelerated rate giving off large volumes of nitrogen dioxide 

(by reduction of the added nitric acid?). 

After gassing had ceased, the sol11tion was evap­

orated at 50° by passing an air stream over it. 'l'he residue 

that remained was sodium carbonate. No trace was found of 



either guanidine or its salts, or of any organic com~ound. 

(ii). The reaction was repeated. In this experi-

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

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

tion, but at a much slower rate than previously. 

After ten minutes at 0°0., the addition of excess 

methanol caused the separation of an oil. The mixture was 

allowed to stand in the refrigerator overni t and white cry­

stals separated from the solution. The se crystals ex hi bi ted 

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 rnethy­

lol derivative or the contaminated sodium salt of N.D.C.D. 

Anal. Calcd. for c3H6N504Na:- C, 18.1; H, 3.13; N, 35.2; Na, 11.5. 

Anal.Calcd. for c2H4N503Ba;- C, 14.2; H, 2.37; N, 41.4; Na, 13.6 

Found:- C, 15.0; H, 2.71; N, 36.8; Na, 14.0 

Attempts were made to isolate the free compound by 

(a) acidifying the ~eous solution with hydrochloric or acetic 

acid, {b) by passing carbon dioxide gas through the aqueous 

solution, (c) 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 these attempts resulted in the formation of N.D.C.D. 

{b). From potassium-N.D.C.D. 

The formaldehyde reaction was studied in potassium 

hydroxide solution with identical results. lihe potassium salt 
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exhibited the same pl'operties as potassiwn-IJ.D.C.D. Here 

the analysis indicated that this was the contaminated potas-

siwn-N.D. C.D. 

Anal. Calcd. for c3H0N5o4K: C, 16.8; H, 2.79; N, 32.5; K, 18.2 

Anal. Calcd. for c2H4N5o3K: C, 13.0; H, 2.i6; N, 37.8; K, 21.1 

Found: C, 12.2; H, 2.77; N, 34.0; K, 18.7 

30. Preparation of N(l,l bishydrazino) methyl N1nitrourea 

To 6 mls. of lOO% hydrazine hydrate (O.l3M.) 3.7g. 

of N.D.C.D. (.025 M.) was added. Imn1ediate 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 sepaz·ated 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 weic;ht of the product was 3.5g. After re­

crystallization from aqueo~s methanol the m.p. was 142° {uncorr.) 

but further reorystallizations from aqueous ethanol indicated 

no increase in m.p. 

.Anal. Calcd • for C2H9N203:- C, 13.40; H, 5.03; N, 54.7 

Found:- C, 13.40; H, 4.86; N. 54.3 

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 



sulfate. 

When a 5% aqueous solution of ferric chloride was 

ad.~ed to an aqueo·,J.s solution of N(l,l bis:"lyclr·azino} metnyl 

N1 nitrourea, the resulting soluti:::m became turhid. It we,s 

then allmved to stand for several :ninutes durin6 wc"icr.c time 

the nitrourea derivative began to decompose, giving off a 

gas, and the solution lost its turbidity! 

31. The formation of the acetone, benzaldehyde, and the 

dihydrochloride derivative of N(l,l bishydrazino) methyl 

N1 nitrourea. 

(a). Preparation of N(l acetonehydraz.o 1 hydrazino) mflthyl 

N1 nitrourea. 

A sample of N(l,l bishydra:z.in.o) 1ethyl, N1 nitrourea 

{0.85g. or .OJ5:~r.) was dissolved in a oinL::wn amount of water, 

and an egu.ivalent amount of a•.;eton:: was added to it. A few 

drops of acetic acid was added to the solution, upon which 

white crystals irnmediately separated out. The mixture was 

allowed to stand in a refrigerator for one hour and the crys-

talline solid was collected on a filter. The product, re­

crystallizGd several times from aqueous ethanol, was a white 

crystalline material, soluble in hot water, insoluble in 

ethanol, methanol and etner; m.p. l35oc. 

Anal. Calcd. for C5H13N703: C, 27.15; H, 5.58; N, 44.3 

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



(b} J?re};laration of N(l b':.:LZ3.lhy(ir·azo l r1yJ.razino) !::ethyl 

N1 nitroarea. 

One two h e<ith of a mole of ]{1,1 bishydrazino) 

me tLyl N1 ni troure a was a.i ssol ved in a mi mu.m an:ou.nt oi' 

l 

water and an equivalent amount of benz.ald.hJ6~~ vot"s added to 1.t 

{0.65 ols.). Upon the addition of a ~rops of hydrochloric 

acid a white solid separated out the soluti<)n. This ben-

zaldehyde derivative nas collected on a fil r and washed 

with ether. The product was recrystallized several times 

fro:r: a1Jsolute methanol, then from absolute ethanol. 

The nzaldehyde rivative, a white crystalline 

materi 1,_ is v.:ry solub ., 

i.c: w<,t;;;r and ether, m.p. 141 °C {uncorr.). A...'1 m.p. of a 

mixture of this benzaldehyde derivative ~nd t~~ ~arGnt 

')11:U exLi 'bi ted a 'lepre ssion o:f t m.Jt. 

Anal. Calcd. for· G9Hl2N70;5: 
,... 40.0; R, 4.52; n, 36.8. ~..~, 

Fot1nd: C, 4th8; 'P" 3.7; N, 26.7. ~~, 

(c) P re _par .e t ion of N(l,l bi sh,;,;- dr·a:.i r.o) methyl :r:rl nitrourea 

d.i tt:rd.r ochl or i\l e. 

A sam:z;>le of N( l, 1 bi sh~rdrazino) methyl 1~1 ni trou..r ea 

(oj Qf';n 
• \ ...... vQ• or Q.005~t.) was dissolved in a minimum arnocmt of water 

and 3 mls. concentrated hydrochloric acid was added to it. 

The li c;_uid ·.v~J.s d isti lle d under reduced Jtre ssure a:cd the re si d.u.e 

was recrystallized several ti1nes from etl1anol and metl,anol. 

The drochloride derivative is very soluble in 

methanGl, etru:,nol and water; and insoluble in ether, m.p. 
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Anal. Calcd. for C2HllN703Cl2: c, 9.54; H, 4.37; N, 38.9; Cl, 

Found: c. 10.0; H, 4.83; N. 39.2; Cl, 

32. The addition of standard acid and alkali to 

N ( 11 1 bisb.zdra~ino ) met~l Nl nitrourea. 

A sample of N ( 1,1 bishydrazino methyl N1 nitro-

urea ( 0.3903g. or o.002M. ) was dissolved in 25 mls. of 

distilled water Of pH 6.6 and the addition of the nitrourea 

derivative did not cause any change in the pH. Six mls. of 

o.0957N. hydrochloric acid was added to this solution and the 

pH of the solution dropped to 4.22. Standard sodium hydroxide 

(O.l096N.) was added to this solution and the change in the 

pH was noted.. When the solution was alkaline it was back­

titrated with the standard acid. The results are represented 

in Table XXIII and in figure 16. 

28.2 

29.6 
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•rable XXIII 

'l'i tration of L~ ( 1,. l bishydrazino} Methyl .N·
1 

lU trourea 

Sodium Hydroxide Added pH 
lVils. of O.I096N. Mllli Equivalents 

0 0 4.22 
0.5 0.0548 4.314 
1.1 0.127 4.37 
2.1 0.232 4.52 
3.03 0.332 4.68 
4.0 0.438 4.96 
4.4 0.483 5.13 
4.7 0.515 5.36 
5.03 0.552 5.76 
5.24 o.575 6.64 
5.45 0.597 9.32 
5.65 0.62 9.91 
5.82 0.638 10.22 
6.0 0.658 10.42 
6.9 0.756 10.88 
7.3 o.8 10.93 
7.6 0.84 10.99 
8.2 0.9 11.08 
e.8 0.965 11.15 

Mls 
~droahloric Acid Adde~ 

of o:95'7N. Mill! Equivalents 

0 0 11.15 
0.5 0.0478 10.97 
1.18 0.113 10.83 
2.0 0.191 10.58 
2.55 0.248 10.21 
3.1 0.297 9.56 
3.61 Oi345 7.99 
3.68 0.352 7.37 
3.73 0.357 6.75 

It can be noted from tb.e above data that this com.Qou.nd 

has an iso ionic point of about 6.5; and a .PK1 value of about 

4.5; and a pK2 value of about 11. 



33. Dearrangement of nitrodicyandiamidine. 

(a) ~Vi th hydra.zine dihydrochloride in absolute ethanol -

hydrogen chloride medium. 
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A mixture of 7.3g. N.D.C.D. (0.05M.) 1 5.3g. hydrazi­

nedihydrochloride {0.05M.}, and 75mls. of absolnte ethanol 

which had be an saturated at 25°c with hydrogen chloride, was 

heated at l00°c in a Carius bomb for six hours. upon opening 

the bomb a gas was given off and at the same time a white solid 

separated out of the solu.tion. :che solid was separated from 

the alcoholic-hydrogen chloride and recrysta.lliz.ed from aqueo~s 

ethanol, m.p. 196°0. A mixture of this product with hydrazi­

nedihydrochloride gave no depression of the m.p. Hence this 

compound was assumed to be hydrazinedihydrochloride. 

~he alcoholic-hydrogen chloride filtrate was evapo­

rated at 50°C by passing a stream of air over it. The residue 

was then recrystalli~ed from methanol in which it is very 

solublet m.p.l34°C. Further recrystallizations from water d.id not 

cause any raise in the m.p. The compound gave a positive 

Beilstein and a mixture of th.is compound and carbethoxy 

guanidine showed no depression of the m.p. The product weighed 

3.9g. which corresponds to a 47% yield of carbethoxy guani­

dinehydrochloride. 

(b) With hydrazine dihydrochloride in absolute ethanol. 

The above reaction was rep~ated except that absolute 

ethanol was used instead of an ethanol-hydrogen chloride 

solution. As in the previous case the alcohQl insoluble 

residue was unreacted hydrazine dihydrochloride. The unrea­

oted salt weighed 3.lg. indicating that some decomposition of 



140 

the hydrazine dihydrochloride had occurred. 

The filtrate was evaporated and. the residue reary­

stalli~ed from water. The product was white arystalline 

material with an ester like odour. An ~ueous solution 

turned red litmus blue. It exhibited an m.p. of 96°C, then 

hardened and remelted at ll6°c. A mixture of this produat 

and carbethoxy guanidine gave no depression of the m.p. The 

product weighed 3.9g. which aorresponds to a 60~ yield of 

carbethoxy guanidine. 

(c) With hydrazine dihydrochloride in absolute ethanol • 

ammonia media. 

The reaction was studied in ethanol-ammonia media, 

the products obtained being ammonium chloride and an organic 

material ,m.p.2l6-225°C (uncorr.). 

(d) Vvi th ani line hydrochloride in <lilu.te hydrochlori a acid. 

One twentieth mole of N.D.C.D.(7.3g.), and an 

equivalent amount of aniline (4.6 mls.) were added to 200 mls. 

of 12% hydrochloric aaid. The mixture was boiled until all of 

the N.D.C.D. had dissolved (at about 10400) f.fter which the 

reaction mixture was cooled until the temperature fell to 50°G. 

The solution was then evaporated at 50° by passing a stream of 

air over it. A few minu.tes after the evaporation had started 

a white solid separated out but as the evaporation was continued 

the solid redissolved. 

The solution was evaporated to 5 mls. and upon cooling 

the residue solid.ified. Fifty mls. of acetone was added to tht3 

solid residue, the mixture was well stirred. and the aaetone 

insoluble residue was collected. on a filter. 
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This produat was added to a small amount of methanol 

and the methanol insoluble material was separated by filtration» 

This insoluble material was found to be unreaoted N.D.C.D. 

The methanol was evaporated at a reduaed pressure 

and the residue, a greenish-white solid, weighed ll.5g. It 

was found very difficult to purify this compound to a white 

arystalline material. Many rearystallizations from water­

charcoal, ethanol, methanol, ethanol-acetone, methanol­

acetone, ethanol-ether, meth.anol ... ether were necessary to 

obtain white crystals, m.p. l92°c. A mixture of this product 

with aniline hydrochloride gave a depression of the m.p. but 

the produat gave a positive Runge's test for aniline hydro­

ahloride. 

Anal. Calad. for C8H10N0Cl2: C, 43.2; H, 5.86; N, 18.9; Cl, J2.0. 

Found: C, 45.6; H, 6.16; N, 18.5; Cl, 29.3 

(i) The reaction was repeated but here the material, 

whiah separated upon cooling the reaction mixture to 50°C, 

was aolle ated on a filter. r.rhis material was found to •e 

N.D.C.D. (4.3g.}. 

(ii) The reaction was studied at 70°C, at whiah temp-

eratura most of the residue was unreacted N.D.C.D. 

J.!L. With (i) toluidine hydrochloride, (ii} meth,ylamine hydro­

chloride, { ii 1) but,ylamine hydroahloride in dilute hydrochloric 

acid. 

This reaction was repeated with (i) toluidine hydro­

chloriC.e, (ii.) methylamine hydrochloride, (iii) butylamine 

hydrochloride instead of aniline hydrochloride. In all these 

sttldie s the hyC.rochloride salts were re covered unreacted. In 



these ex.Qeriments the N.D.C.D. had decomposed to guanidine 

hydroehlorid.e which is the expected deeomQosition product of 

U.D.C.D. in hydrochloric acid. 

34; Attempted structure proof of nitrod.iayandiamidinet 

tal Reactions with cyanamide. 

The cyanamide used in the following experiments was 

prepared. following ths procedure outlined by Blair and Braham 

( 149). 

(i) Raaction between cyanamide and nitrourea. 

A suspension of 2.1g. of cyanamide (0.05J.Vi.) and 10.5,g. 

nitrourea (O.l:M.) was reflu.x.ed. for seven hours in 50 rnls. 

absolute ethanol. The insoluble material was collected. on 

a filter. ':l'his product was solu.ble in water and thus was not 

N.D.C.D. The filtrate gave a positive test for cyanamide 

when tested with ammoniacal silver nitrate. 

This reaction was repeated several times and in no 

case did the cyanamide react with the ni trourea. 

(ii) Reaction between cyanamide and acetonesemicarbazone. 

One tenth mole of aaetonesemicarbazone (11.5g.)ar1d 

2.lg. cyanamid.e (0.05:M.) were added. to 50 mls. anhydrous 

ethanol and the su.spension was refluxed for three hours. 

The mixture was then tested for the presence of cyanamide with 

ammoniacal silver nitrate with a positive resu.lt. As all of 

the semicarbazone had not dissolved., another 50 mls. of 

anhydrous ethanol was added { still not eno~h ethanol to 

dissolve all of the semicarbazone). The refluxing was ooptinued 
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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 inso­

luble portion was separated by filtration. This solid prod.uct 

weighed. 7.5g. m.p. 186-88°0. This was shown to be u.nreacted. 

acetonesemicarbazone. 

The filtrate was distilled off at a reduced pressure 

and the residue was taken up i.r.: 30 mls. 127& hydrochloric acid. 

Three mls. of benzald.ehyde was added. to the solu.tion and upon 

shaking a white gelatinous solid separated out of the solution. 

The mixture was allowed. to stand overnight and tbe precipitatE 

was collected on a filter and washed with ethanol. 

The benzaldehyde derivative was decomposed in 10 mls. 

of hot concentrated hydroohloric adid and the benzaldehyde was 

~cted with boiling benzene. Upon cooling white crystals 

separated from the hydrochloric acid. This precipitate was 

collected on a filter and washed. with methanol. The product 

weighed o.sg. m.p. 179-80°0. Further recrystallizations from 

ethanol did. not cause any raise in the m.p. and a mixture of 

this product and aminodicyandiamidine dihydroohloride gave a 

depression of the m.p. 

The reaction was repeated under conditions where (1) 

equivalent amounts of acetonesemicarbaaone and cyanamide (ii} 

an lOO% excess of cyanamide were used. In no case was amino­

dioyandiamidine ever isolated. 

(b) Reaotion with s-methylisothiourea. 

The s-methylisothiourea was prepared as the sulfate 

salt following the procedure outlined. in "Organic Synthesisrt (150). 
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(1) Reaction between S-meth,ylisothiourea and aoetonesemiaar­

ba2lone. 

seven grams of s-methylisothiourea sulfate (0.025M.) 

was cooled in an ice bath and 50 mls. of aqueous dilute sodium 

hydroxide (2g. or o.05M. sodium hydroxide} was added to it,the 

the temperature being kept at l0°c. After all of the s-methyl­

isothiourea had dissolved in the sodium hydroxide, 5.7g. of 

acetonesemicarbazone (0.05M.)dissolved in lOOmls. 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 duri~ which white crystals started to 

separate :mt 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.l87°o. A mixture of this product and 

aaetonesemicarba~one showed no depressioL~of the m.p. The 

produ.at weighed 2. 5g. 

~en mls. of concentrated b¥droahloric acid was added 

to the filtrate. Upon standing for thirty Jllinutes the filtrate 

became turbid. After standing overnight no solid separated.out 

of it.. The water was therefore distilled off under reduced 

pressure, leaving a residue which did not exhibit the charact­

eristic smell of the meraaptons. It was dissolved in 150 mls. 

of 5% hydrochloric acid and one ml. of benzaldehyde was added 

to it. Upon 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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'l'he benzal6.ehyde derivative was Le composed in 2 mls. 

hot concentrated hydrochloric acidand the benzaldehyde ext-

racted with 15 mls. boiling benzene. Upon cooling, white 

crystals separated out of the hydrochloric acid. These were 

collected on a filter and washed with mettan;)l, m.p. 198-203°C:. 

Further recrystalli~ations from dilute ~ous ethanol raised 
0 the m.p. to 210 C, and thus this compound was not aminodicyan• 

diamidine dihydrochloride. 

~.rhe reaction was repeated with (i) excess s-methyl-

i sothioure a ( ii) excess acetone semicarbazone and t;he only 

identifiable product was unreacted semioarbazide. The reactic,n 

was also attempted with nitrourea and the potassium salt of 

nitrourea and in no case was the product observed to be 

N.D.C.D. 

(of Reaction between cyanogen bromide and nitrourea. 

The cyanogen bromide was prepared according to the 

procedure outlined in "Organic Synthesis" (151). 

Eq_uivalent amounts of nitrourea {5.3g. or 0.05M.) 

and cyanogen bromide {5.3g. or 0.05M.) were added to 600 mls. 

of anhydrous ether. Since no reaction appeared to take pla.ce 

the mixture was refluxed for twenty four hours. Then ammor~a 

gas was passed through for thirty minutes. This caused the 

sep8ration 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 unreaoted nitrourea. 

This reaction was repeated with potassium nitrourea 

with similar results. 



(c) Reaction with Siu.anidine. 

'rhe guanidine was prepare. d. following the procedure 

outlined by Traube (152). 

(i} Reaction between guanidine and ammonium nitrourethane. 

'l1he ammonium ni troure thane was prepared following 

the procedure given in "Inorganic Synthesis" ( 156). 

A sample of ammonium nitrourethane {2.8g. or o.02M:.: 

was added to 50 mls. of absolute ethanol-guanidine solution 

(l.2g. or 0.02M. guanidine). The mixture was then allowed 

to stand for four days, during which time ammonia was evolved. 

Ten mls. of hydrochloric acid was then added to this mixt~.:tre 

and the white insoluble material was 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 isolate N.D.C.D. as the product. 

(ii) Reaction between guanidine and carbethoxy hydrazine. 

The carbethoxy hydra~ine was prepared following 

the procedure outlined by Diels{{l54). 

To 50 mls. of an ethanol-guanidine solution {3g. 

or 0.05.M. guanidine) an equivalent amount of carbethoxy 

hydraz.ine { 5.2g. or o. 05M.) was added. The colour of the 

solution turned orange-redand the resulting solution did not 

exhibit the pungent odour of guanidine. It was then allowed 

to stand overnight during which a red precipitate separated 

out. This red precipitate was filtered off and was found to 

be insoluble in all common organic solvents and soluble in 

water. This material did not form any benz.aldehyde derivative. 
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The filtrate was distilled off under reduced pressure 

leaving a red. jelly-like re sid.u.e. 'l'his residue was takE: n up ln 

a small amount of water and the equecns solution turned red. li i;mus 

blue. It was then acidified with concentrated hydrochloric 

acid. Two mls. of ben2.aldehyde was ad.O..ed. to it and. upon 

shaking a mixtu.r·e of white and yellow benzald.ehyde derivatives 

separated. out of the solution. 'l'hese derivatives were coll­

ected on a filter. They were found. to be soluble in ether 

and. thus the white derivative was benzalcarbethoxy hydraz.ine 

and the yellow derivative wss benz:alhydrazone. 

W'hen the reaction occurred in completely anhydrous 

media no deoomposi tion of the oarbethoxy hydrazdne occured 

and only 1en~alcarbethoxy hyd.razine was obtained. as the 

product. Also the colour of the reaction mixture did not turn 

red. 

(iii) Reaction between guanidine and carbethoxy guanidine 

hydrochloride. 

The carbethoxy b.ydraz.ine hydrochlorid.e was preparei 

in the following manner:-

One tenth of a mole of carbethoxy hydraz.ine (10.4g.) 

was d.issolved. in 150 mls. of anhyd.roQs ether. Dry hydrogen 

chloride gas was passed through the solution for three hours 

with mechanical stirring and a white solid separated OQt. 

This precipitate was collected on a filter and washed with 

ether. The white prod.u.ct WE:ighed 13. 6g. which corresiJond.s 

to a yie 10. of 93~b. It exhibited the ~am.e m.p. as the hyd:t.•o_ 

chloride salt reported in ti1e li tcrature ( 155) i.e. m. P• 129° c, 



and the same solubili ties, i.e. solu.ble in water ::u~Cl. in 

ethanol and methanol. 

Seven grams of carbethoxy hydrazine hydrochloride 

(0.05M.) was added to an equivalent amount of guaniQine 
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(3g. or 0.05M.) in 15 mls. of absolute ethanoh. After the 

exothermic reaction had ceased. the mixture was allowed to 

stand overnight. The ethanol was distilled off under reduced 

pressure and the residae was dissolved in dilute hydrochloric 

acid. Two mls. of benzaldehyde was added and u9on vigorous 

shaking a white solid separated. out. This greci)i tat E. ~'JaS 

collected on a filter. and was washed repeatedly with ether. 

The product weighed one gram, and it gave a Beilstein test. 

This material was d.ecomposed in concentrated hydro­

chloric aoid in the same manner described in previous exper­

iments. The material which crystalli~ed out of the concen­

trated hydrochloric acid was collected on a filter. After 

recrystallizations from ethanol the m.p. was l38°C and no 

Beilstein test was obtained. 

This reaction was repeated. In different experi~ 

menta the reaction mixture was refluxed for thirty minutes, 

and for two hours, but again the product was not aminodioyan­

diamidine dihydroahloride. 

( d} Reaction with t13:draz.ine hydrate. 

(i) Reaction between hydrazine hldrate and aarbethoxy guanidine. 

The carbetho:xy guanidine was prepared by the following 

procedure (101}. 

Ten grams of N.D.O.D. (0.068M.) was refluxed in a 

solution of 250mls. of 95~6 ethanol and lOOmls. of water until 



all of the N.D.C.D. had dissolved. The sOlQtion was then 

evaporated on the steam cone. The resid.ue was taken up in 

60 mls. of hot water and the insoluble material (ammeli~H; 

and ammelide) was separated by filtration. 

The filtrate was evaporated to dryness and treated 

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% 

Jieldof carbethoxy guanidine. The material was recrysta­

lliz.ed. from sodium bicarbonate and. it gave colourless 

crystals of carbethoxy gu.anid.ine, m.p.l00°c. 
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A sample of carbethox.y guanidine (l.5g. or O.Oll:M.} 

was dissolved. in an lOO% excess of 100;16 hydra~ine hydrate 

{ l.lg. or o.02M.}. rrhe reaction mixture was then allowed. 

to stand for three hours and the hydraz.ine hydrate was 

distilled off under reduced pressure at 30°6. The residue 

was taken up in a small amount of water and acid.ified with 

concentrated hydrochloric acid. Two mls. of benzaldehyde 

was added to it and upon vigorous shaking a yellow benz.al­

dehyde derivative separated out. This was collected on a 

filter and was found to be soluble in ether. Hence this 

product this product was benz.alhydraz.one. 

The reaction was repeated under the following 

conditions:-

(i)The reaction mixture was composed. of 3g. carbethoxy 

guanidine ( O.OZIJI.), a 300;tb exce.ss of lOO% hydrazine hyd.rate 

(6.6g. Or 0.06M.) and 10 mls. of absolute ethanol. This 

solution was refluxed for fou.r hours and was then allowed 



to stand overnight. The reaction mixture was worked up in 

a similar manner as outlined in (i), and 0.3g. of a product 

of m.p. 212°C was obtained. ~rhi s produ.c t gave a. :J osi ti ve 

Beilstein test. 

(ii) Reactionbetween h,yd.raz.ine and aarbetho.x.y guanidine 

bjrd.roahloride. 

The carbethoxy gQanidine hydroahloride was pre• 

pared in the following manner:-

A sample of carbethoxy guanidine was dissolved 

in a minimum amount of water. This solution was acidified 

with conaentrated hydrochloric acid. upon cooling long 

white needles separate~ out of the solution, m.p.l33°C. 

This salt oan also be prepared by dissolving 

the guanidine derivative in methanol, acidifying with 

concentrated hydrochloric acid, and precipitating the 

hydrochloride salt with ether. 

1:50 

To l.67g. of aar·betho.x.y guanidine hydrochloride 

(O.OlM.) a five fold excess of 100% hydraaine hydrate (2.5 

mls. or 0.05m.) was ad.ded. During the addition of the hydra ... 

z.ine hydrate. a small amount of heat was given off. 'the 

mixture was allowed to stand for five hours during which the 

guanidine derivative dissolved in the hydrazine hydrate 

and the colour of the solution changed to a purple•pink 

colour. The hydra~ine hydrate was then distilled off at 
0 

25 C under reduced pressure. The crystalline residue had 

no sharp m.p. but melted over a range 135-75°c. This 

compound gave a positive Beilstein test, and formed an ether 

insoluble benzaldehyde derivative. Since the benzaldehyde 

deaomposition product was soluble in methanol, it was not 



aminoQicyandiamidine dihydroahloride. 

(e) F~sion reactions. 

(i) Reaction between &U;aniQine hydrochloride anQ semicar ... 

bazide nydroahloride. 
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A mixt~e of 9.5g. lO.lM.) of guanidine hydrochloride 

and ll.lg. of semiaarbazide hydrochloride (O.Ui.) was f~sed 

together at 175°0 for three ho~s. D~ing the course of the 

f~sion white fumes of ammonium chloride were given off. The 

f~sion mixt~e was then cooled and the prod~ct was taken ~P 

in hot water. Five mls. of benzaldehyde was added and ~pon 

vigorous shaking a white solid separated out of the solution. 

This product was collected on a filter, washed with ether 

and dried in a vacuum desiccator, m.p. 248-50°0. 

The benzaldehyde derivative was decomposed with 

concentrated hydrochloric acid. Since no crystalline mate­

rial separated out bf the concentrated hydrochloric acid, the 

acid was evaporated off and the residue was recrystallized. 

from dilute apeous ethanol. The final product was a white 

crystalline material, m.p. 266-68°C. 

This fusion reaction was repeated with guanidine 

hyd.rochloride and acetonesemicarbazone. 

(ii) Fusion of nitrourea and guanid.ine h¥drochloride. 

one tenth mole af nitrourea {10.5g.), mixed with 

9.5g. of guanidine hydrochloride {O.lM.} gave off hydrogen 

chloride. As this mixture was heated to 80°, white fumes 

were given off and the temperature rose to l6o 0 c, at which 

temperature the reaction mixture decomposed to gaseous products. 



(iii) Fu.sion of nitroguanidine and urea. 

A mixture of 10.4g .. of nitroguanidine (O.lM.) and 
0 

6g. of urea (O.lM .. ) was immersed in an oil bath at 140 c. 
As the temperature of the reaction mixture rose to 110°0, 

ammonia was given off, as it rose to l50°C larger amoants 
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of ammonia continued to be given off and the whole reaction 

mixture appeared to boil depositing a white solid. on the side 

of the reaction flask. When the reaction had subsided. hot 

water was added to the reaction mixtu.re. The produ.ct was 

scraped off from the side and the water insoluble material 

was collected on a filter. 

This solid was soluvle in ~ueou.s alkali from which 

it oou.ld be recrystalli~ed by either acidifying with mineral 

acids or by passing through carbon dioxide. The compou.nd 

did not melt even when heated to 340°c. It analysed for 

35. Pre~aration of Nphenyl N1nitrodicyandiamidine sulfate. 

The phenyla:z:odicyandiamide, and phenyldicyandiamidine 

hydrochloride were prepared following the procedure outlined 

by Walther and Greishammer {67). 

{i) Preparation of phenyldioyandiamidine nitrate. 

A sample of phenyldicyandiamidine hydrochloride {8.6g. 

or o.04M.) was dissolved in a small amount of hot water. To 

it was added an equivalent amount of bq~ecus silver nitrate 

(6.8g. or o.04M.). The silver chloride was separated by 

filtration and the filtrate was evaporated by an air stream 
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0 at 50 C. The residQe was taken Q.P in a small amoQDt of boi-

ling ethanol, and the solid residual silver nitrate was sep­

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 

vacuum desia oat or. The product was aomposed 01 .vhi te orys-

tals, the bttlkine ss of whi oh gave the appe aranoe of guanidine 

nitrate. The oompoQnd gave the characteristic brown ring 

test of a nitrate when treated with concentrated sQlfuric 
0 acid, m.p. 147-48 C (Qflcorr). 

Anal. Calcd. for c8K11N5o4 : C, 39.8; H, 4.56; Nt 29.1. 

FoQnd: 

An attempt was made to prepare the nitrate salt 

from an :.qpeous solution of phenyldioyandiamidine and ammo-

niu.m nitrate. Here, no ammonia was evolved and no re aoti on 

appeared to take place. Since when phe~lazodicyandiamidine 

is treated with an ethanol-h~drogen chloride solution, 

phenyldioyandiamidine hydrochloride is obtained, it was 

thought that if an ethanol-nitric acid solQtion was Qsed, 

the nitrate salt would be obtaine~. This was not the case, 

since on the evaporation of the alcohol, a dark brown oil 

was obtained. 

(ii} .A sample of phenyldicyandiamidine nitrate { 7. 23g. 

or o. 031Vf.) was added to 25 mls. of concentrated sulfuric acid 

which had been eooled to -5°C. The nitrate salt was added at 

a rate such that the temperature did not rise above 0°& .. After 

all the nitrate had been added the mixture was stirrei until 
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the salt went eom.[)letely into solution. It '.vas ther: added 

to 5JOg. chop.[led ice and a white solid separated ou.t of the 

soh .. tiorJ. Ti is prod.tl~t w::;s collected on a filter and 1·n=tsh<e d 

with wster. The product, which was composed of w'1i te cr·yE:;ta~.:3, 

wei d 6g. This corre onds to a 75% yield of the sulfate s::1·;_t. 

IG was ther:; recrystallized from l.nili 'Nater, m.).l94°G(u!L~'}.~r). 

It is insoluble in me tbanol, ethanol, ace tone, e the:::-, 

ni tromethane, ch~10roform, cold water, and s Jdiwn hydroxide 

solutions. It is soluble in concentrated sulfuric acid, 

forrnamid e, glacial ace tic acid and in hot water. When this 

salt is added to e i tber aqp.eous sodium hyd.roxid. e, fo nnmnide, 

glacial acetic acid and ethanol it i~nparts a yellow-orange 

colour to these sol vents. The com_pound cannot be repre-

cipi tated from the for111amide and the glacial ace tic acid by 

the addition of either ethanol or water. 

Anal .. Galcd. for c16:rt 20u10o10s: C, 35.3; H, 3.68; N, 25.7; S, 5.88 

Found: C, 35.4; H, 3.90; N, 25.8; S, 6.1 

The compound can be purified by recrystalling from 

5~.0 sulfuric acid solution, avoiding any prolonged he ing. It 

can also be purified by dissolving in cold co.c.centrated 

sulfuric acid, and reprecipi tatir:g by diluting the acid va th 

chop..9ed ice. 

When the salt was recrystallized several times 

from either boiling water, or 12% hydrochloric acid, or 5% 

su.lfuric acid, yellow green crystals separated out of the 

solution, m._p. 177°0. The compound exhibited the same 

solubilities as the initial sulfate s2lt, but it did not 

impart a yellow-orange colour to ethanol, forma·dd.e, glacial 



acetic acid or aqueous sodium hydroxide. The aompo'~d has 

the composition of the hydrate salt of N phenyl Nl nitrodi~ 

cyandiamidine sulfate. 
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Anal. Calcd. for c16rr22N10o11s: C1 34.2; H. 3.92; N. 24.9; s. 5.7. 

Found: c. 34.2; H, 3.95; N. 24.7; 3 1 5.98. 
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Summal'7 

1. The properties of the silver s~lt of nitrodicyandiamiQi~e 

(N.D.C.D.} wer:e investigated as a basis for· th.:: ,;_u.antitative 

estimation of N.D.C.D. 

2. The mercury, nickel and. copper salts of Ti:.D.C.D. were pre­

gared by add.ing mercuric chloricit, nickel ni trt,te and cop.;;,er 

nitrate to an aqu.eous alkaline solu.tion of N .n. C.D. The se 

salts separate ou.t of the solution as colloids ana. adsorb 

ot r ions. Du.e to this oontat.'lina.tion, complete a . .ualysis of 

the r;reoi;·i tated salts d.id. not oorres_pond. to the calCHLlated. 

valtH:s. 

3. A method was developed for the quantitative estimation of 

N.D.C.D. The method consists of dissolving the N.D.C.D. in a 

stanO.ard solu.tion of sod.ium h.ydro:x.ide, and baak-titrating the 

solu.tion with standard i>.;tdrochloric acid• to the Qoint w.1ere 

the N.D.C.D. begins to precipitat~ ou.t of t soll.ttion. F'rom 

the amount of the sodium hydro:x.ide consumed., the amou.nt of 

N.D.c.n. can be estimated to within 0.5%. 

4. A theoretical ex,glanation for the behaviour of N .D. C.'J. in 

alkaline solutions has been proposed. 

5. The sodium and potassium salts of N.D. C .D. were isolated b.f 

adding exoess acetone ana/or methanol to an aqueoua alkaline 

solution of N.D.C.D., ana. the behaviou.r of the aqueou.s solu.tiCL'lS 

of these salts to aeid was studied. 

6. Fitrosodicyandiamidine was shown to exist for a short period 

of time during the reduction of N.J). C.D. with z.ino and sodium 
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hydroxide. other redu.ction pro<lt:Lets cou .. lO. not be isolated., the 

compound. u.nd.ergoing decomposition. 

7. ~r phenylaz.o :r-r1 ni trod.icyand.ia.mid.ine was pre pare\i bi t::e.ating 

a clilu_te aq'J..eous solution of ~r.D.C.D. in SQd.ium hJG..coxid.e with 

sod.ium phenyld.iaz.otate, followed. by acidification r!i th i:.;{d.rocL.:Lo-

rio acid. The produ.ct decomposes in eti;.anol solu.ti::ms of t.;{d.ro-

chloric acid., nitric acid or su.lfu.rio acid. to yiel:i N.D.C.J.; i.t 

decomposes to carbethoxy guanidine hyd.rochlorid.e in absolute e~h­

anol hydrogen chloride solu.tion. 

8. The tolylazo and the o-carbonicbenzeneazo derivatives of 

N.D.C.D. were prepared. in the same manner as the benzE'neaz.o 

derivative. However these derivatives separate out of 30lu.tion 

contaminated with N.D.C.D. Since N.D.C.D. and these d.eriva-

tives have similar so~ubilities the analytical resu.lts do not 

agree with the calculated values. 

9. Sodium and potassium N.D.C.D. undergo decomposition to 

sodium or potassium carbonate when an equivalent amount of 

formaldehyde is add.ed to aqu.eous alkaline solutions of these 

salts. 

10. ,Nhen N.D.C.D. is added to an excess of lOO~ hydraaine 

hydrate the N.D.C.D. immediately d.ecomposes to for.m N(l,l 

bishydraz.ino} methyl u1 nitrourea. This compound is formed 

in good yields, has a characteristic melting point, is a 

n~witterion", and forms recogni~able derivatives with acetone, 

ben~aldehyde and hydroahlorio aaid. All these properties make it 

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

11. N .D. C.D. decomposes in a solu.tion of aniline hydrochloride 



in dilute hydrocr~loric acid to yield.. a aomiJound.. wilich is as sum~~ d. 

to be N methyl N1 phenylguanidine. \Vhen this reaction takes r: .. ace 

in dilute solutions containing toluid.ine hydrochloride, methylamine 

hyd..rochloride, or butylamine hydrochlorid.e the N.D.C.D. <learranges 

to guanidine hydrochloride. and the amine salts are recover<::d 

unchanged. 

12. When N.D.c.n. is decomposed in absolute ethanol or ethanol 

hyd..rogen chloride solution. carbethoxy guanidine and. carbethoxy 

guanidine hydrochloride are the products. 

13. Attempts to ~rove conclusively by synthetic methods on which 

sid.e of t.he molecule the ni tro group is located did not yie.ld. 

conclusive results. 

14. N phenyl N1 nitrod..icyand.iamid.ine sulfate was pregared by 

first treating phenyldicyand.iamid.ine hyd..rochlorid.e with silver 

nitrate to form the nitrate salt, and then dehyd..rating the salt 

with concentrated eulfuric acid. The sulfate salt is converte11 

to the hyd.rata sulf'ate salt on heating in aqu.eou.s med.iu.m. 
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Claims to Original Hesearch 

1. The following compounds were prepared for the first time:-

the sodium, potassium, mercury, nickel and copger salts o·r· 

nitrodicyandiam.idine; N p nylaz.o 1~1 nitrod.ic;;z~ndiamid.ine, ]\T 

tolyla~o N1 ni trod.icyand.ia.Inid.ine, N a-carbonic benzcneaz.o 1~ 1 

nitrod.icyandiamidine; H (1,1 bishydra~ino) methyl N1 nitro-

Ql'ea, and the acetone, henzalQehyd.e and hydrochloric acid 

d.erivatives of ~ (1,1 bishydrazino) methyl N1 nitrourea; N 

phenyl N1 methylguanid.ine; pher:..yld.icyand.iamid.ine nitrate. 

N phenyl N1 nitrodicyandiamid.ine sulfate, and the hydrate salt 

of N phenyl N
1 

nitrodicyandiamid.ine sulfate. 

2. Carbethoxy guanidine and. carbethoxy guanid.ine hydrochloride 

were prepared by new methods. 

3. Nitrosod.ioyandirunidine was shown to exist in solution for 

a short period of time. 

4. A method., with an accuracy of 0.51o has been developed for 

the quantitative estimation of nitrod.ioyandiamid.ine. 

5. A convenient method for tb.e i<ientification of ni trodicyan-

<iiamid.ine has been d.eveloped.. 
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B'ieure 2 

Additi.:m of Silver .Htrnte t o :Jodium H,yuroxide -N-n.c. ~ . Soluti::>n 
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r'igure 3 

Addition of Sodium Hydroxide to a Suspensio~ of N.D.C.D. 
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Figure .4 

Addition of Sodium Hydroxide to a Suspension of N.D.C.D. in Nater 
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Figure 5 

Addition of Hydrochloric Acid to the Sodium Salt of !~.D.C.D. 

in Sodium Hydroxide 
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Fisure 7 

Ad~i~iJn of Hydr0ctloric ~ cid to the Sodium Salt of N.L.C.L. 

in Sodium Hydroxide 
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