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INTRODUCTION

The importance and tremendous advantages of
& truly flashless propellent for combat use by army,
naval and anti-craft units, particularly at night,
are self-evident, Just after the last Great war,
nitroguanidine, a previously known compound of only
academic interest, was found to be an explosive equal
in force to T.N.T., and possessing the exceptional
property of exploding with a cool flame and hardly
any visible flash (1). when this compound was in-
corporated with nitrocellulose and nitroglycerine,
the resulting cordite was found to possess both the
cool explosion teamperature of nitroguanidine and the

same propellant power of ordinary corditse,

Plerite, as nitroguanidine is more commonly
known, and flashless cordite conteining Picrite,
have several disadvantages, which if overcome would
render more easy the preparation, and greatly improve
the properties of this new type of propesllent., It
was during the course of a study, beni on improving
Picrite or finding a substitute for it, that Negua-
nyl-N'-nitrourea was investigeted. This compound,
previously reported in the literature (2) has been

thoroughly studied both from the technical and



ballistic points of view by the Department of
dunitions and Supply, and has been found to fulfill
all the specifications required of the flashless
component in flashless cordite, Furthermore, it is
prepared from the same primary product as that used
for Pierite, by a much simplified process, and
possesses many of the desired properties of bulk and

erystal structure which sre lacking in the latter,

Guanyl-nitrourea has been given the name of
rossite, after Dr. J. ii. Ross who was director of

regsearch at the time that the investigation was made.,

From the theoretical point of view, guanyl-
nitrourea presents a certain interest, because it
may be consldered a member of the "Urea geries©,
The chemistry of this series of compounds has been
explained by a simple process called "Urea De-
arrangenent”, This theory, proposed by T,L.. Davis
(3) has been applied to the decomposition and reaction
of guanyl-nitrouresa and hes resulted in a study which
has added to the knowledge of the chemlistry of guanyl-

nitrourea itself and to that of the "Urea Series™,



HISTOLICAL alD) THEC.WTICAL PaRT,

Chemistry of Cyanic Acid and Cyanamide,

Before undertaking the discussion of the re-
actions of the urea series, it would be quite relevant
to review briefly the chemistry of cyanic ecid and
cyanamide, first because of their importance in the
preparations of the members of this serieé, secondly
because both may be found in varied forms, individually
- '8r together, as products resulting from the breakdown
of urea derivatives, and thirdly because the chemistry
of the urea series is essentislly that ¢f the un-

saturated isocyanate and cyanamide linksges,

Cyanic acid has long been known to react
according to two tautomeric forms, giving rise to cyanate
derivatives which correspond to the enol or normal form
H=-0-CeN, and to isocyanates which correspond to the keto
or iso form H-N=(=(¢,., Emil iverner's theory that in urea
vearrangement reactions, cyanic acid reacts solely in
its unsaturated state, that is, as isocysnic acid (4)
has been confirmed by recent Raman spectrum studies which
show that free cyanic acid, many inorganic salts and all alkyl
and eryl derivatives exist as, and react asccording to the

isoecyanate structure (5)(6).
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Only potassium, lead and tetraamsthylammonium salis have
the cyanate structure, Fulminic acid, H-0-IFC, might
be considered & tautomeric foram of cyanie acid, but is

in no way similar to 1it,

In view of its unsaturated character, isocyanic
acid is exceedingl& reactive, It reacts with ammonia
to form ursca, (W6nlerts famous reaction (7)),with amines
it forms substituted ureas, and with alcohols forms
eésters of carbanic acid, or urethanes, Its readiness
to trimerize o the cyclic cyanuric acid is explained by
Werner (8) as due to the M"unstable group of four atoms,
wiiich, in virtue of the closely related elecirochemical
nature of three {C,H, and C) 1s not capable of assuning
a simple molecular configuration which can give rise to
a condition of electrostatic equilibrium. This end is
attained by polymerization to a six membered ring, the
most stable of eyclic molecules™, Cyanuric acid, like

cyanic acid exists in two tautomeric forms,

O “
& N
8 i , uN” NH
I Il —— { |
HO=C, C-OH 0=C_ C=0
I T

The dimer of isocyanic acid, dicyanic acid, was

discovered by Davis (9) who proposed as its structure
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the formula NipeCCLCC*. Dicyanic acid is unstable and
does not exist in the free state, but 1t reacts in a
manner analogous to that of isocyanic acid with ammonia
end amines to Torm biuret and substituted biuret, and

with slcohols to form allophanic esters,

Cyanamide differs from isocyanic acid in that the
oxygen atom is replaced by an imlido group. Like iso-
cyanic acid it exists and reacts according to two tauto-
meric forms, the acidic or imide form Ni=C=Ni, and the
basic or nitrile form [HiigeC=N. Raman-spectrum studies
have shown the free conmpound and various derivatives to
have the nitrile form. Instances of the imide structure
are also evident (10). Cyanamide reacts, { in a manner
analogous to that of cyanic acid ), with ammonia and
amines to form guanidine and substituted guanidines,
Jhen neated in the dry state it polymerizes to the well-
known dimer dicyandiamide, and to the trimer melamine,
Cyanamide in agqueous solution also dimerizes to di-
cyandianide, but there is s simultaneous hydrolysis of

cyanamide o urea, This for & long while was thought to |

*Hofmann has reported a substance (11) which he,

and later authors (12) considered ?5H5
ki 3 +* - i

to be a dimer or phenyliso 0=C< >C=0
N

cyanate, and to which has been 3
Cend
ascribed this structure:



be a competitive reaction, but it has been found that
polymerization occurs in soluiions whose pi is less than
5.0, whereas in solutionsg of pi greater than 12, polymer-

ization is inhibited and hydrolysis is complete (13)(14).

Despite the numerous studies on the subject, the
structural) composition of diecyandiamide is, according to
Chastellain (19) still debatable, (0f the five proposed
structures, discussed by this author, the d-cyanosuanidine
form (I) suggested by Bamberger (1s) is now generally
accepted, Strecker's (17)(18) cyclic form (II) presents

o s r - - /}ﬁi\ )
MiiyeC (Ni)NHeCN ﬁﬁ:C\RH/ =i

I II

a certain interest which will be discussed later, Recent

studies (19), based on bond-distance neasurements, have

N=C=I B=CaN "NeCaN_
J— N ;' o =% i r
"TIE/() L-ui-z — - ,U uflg — . X jév ;{_2
iNhigp N2 st
I=

shown dicyandiamide to exist as a resonance hybrid, and
have brought into consideration the structure (JIa) pre-

viously proposed by Pohl (20).

Cyanamide polyamerizes to melemine with equal readi-
ness as it does to dicyandiamide, but as a rule, only at

higher teamperatures (21)(22)(23). ielamine may also be
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formed in aqueous soluiions from dicyandiamide, in ithe
presence of amonis (14). wue industriasl preparation

of melamine, wiich to-day 13 used o Torm melamine-
formaldohyde plastics {23) consists in nsaiing 8 aixture
of dicyvondiamide and ruonidine carbvonate (24). Helamine,
like eyanurie scid, is exbtromely stsble; it may bve sube
limed without decomposivien (27) and slso exists in two

taustoneric Torms:
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e jois]
{noru:l form) {imide form)

welonine, besides being considered the triamer of
eyananide, may slso be copsidered tue triamide of ceyamuric
acld, 7These Lwo compounds are inverconveriible Ly & store
wise hydrolysis of aslumine (28) or a stepwlise amaonclysis
of eyanuric scld (23}, the two intermediate coumnounds
being amuelide (I1I) the moncamide, and sanmcline (17) the
diamide of cyanuric acid, Uhese progressive reactions may
be illustrated as rollows, using only taze keto or imide

foraulac for slaplicivy.
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Like both cyanuric acid and melamine, these compounds

exist in tautomeric forms,

It is evident that these compounds may also be con-
sidered mixed trimers of isoccyznic acid and cyanamide,
This mixed polymerization occurs when urea, bluret or
dicyandiamidine (guanylurea) are heated together in the
presence of either guanidine or dicyandiamidse, since both

ammneline and amnzelide are found in the products (30),

HiloeCO e
2 2 } —> HNCO
Bt e GO K « GO o NH €
2 2 + Nii g +CO 8t + G (inii )Rl
HigeC (1 )Ny e
- hii=C=NH
NilpeC (HIL )N+ CN l

ammeline + amaelide

Urea and biuret evidently decompose to form isocyanic acid;
guanidine and dicyandiamide form eyanamide, and zuanylurea
may form bobti, and then the isocyanic acid and cyanamide

co-polymerize to foram anmeline and ammelide,

vVery little speculation has been made as to the
mechanism involved in these co-polyme-izations. Only two
autinors zave attempted to interpret the for:ation of tiese
cyeclic trimers. 1In the case of the foramation of amunelide
and cyanuric acid from biuret, Das Gupta (31) has proposed
tnal tne hypothetical compound triuret is first formed as

an intermediate, wuich, forms amuelide by loss of water,
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and cyanuric acid by loss of aumonia.
Ammslide+~hgﬁé—aﬁBQ-COoﬁH-CO~Nﬁ-CO-NH9*—9Cyanuric Acid4—KH3

However, Das Gupta based the formation of triuret on a
reaction between dicyanic acid and urea (both products of
the decomposition of biuret), which has been found not to

take place (32).

The other theory, advanced by Davis (18), suggests
that cyclization occurs tirough a reaction between a mono-
zmer (cyanamide or isocyanic acid) and a dimerized form of
tnese two (dicyandiamide or dicyanic acid), In the parti-
cular case studied by Davis, cyanamide reacts with dicyan-
diamide to form melamine, and isocyanic acid reacts with
dicyandianide to form smameline., This reaction is of

interest and is illustrated below

i i
/ ¢ N ,C \,
N HHy HN® CRH
l ' —_— l |
uN=C. *+.0=¢ HN=C_ ,C=0
o HN

This mechanism is applicable to the varicus formstions of
all four cyclic trimers, and is of particular interest in
the study of guanyl-nitrourea, ZEvidence has besn found

by the author which indicates that a similar reaction takes
place between the compound guanylisocysanate and cyvanamide

itself, with formation of amueline.
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The guanylisocyanate, mentioned above, has
been called & mixed dimer of cyanamide and isocyanic
acid, a point which is a subject for much speculation,
The existence of such a dimer H»ns not been mentioned in
the literature, but is hishly probable in view of the
fact that eyanamide and isocyanic acid both form stable
dimers, and that together they form stable mixed trimers,
If the structure of this mixed dlmer 1s similar to that
of dicyandisnmide (1), then it wmay be considered =8 having
tne eyanourea form indicated in (V): if it is similar to
dicyanic acid (VI), then iv .as the guanylisocyanate

structure (VII).

Wi, oC (R )l «CH Hige bl ei=(0=0
8 b
1 vVl
I COelfi e O il {NF ==
J“z'bo .L‘Ll Cl’i J.»«slg (%) (L\f )N b 0
Vv V11

4 compound obtained from dicyandiamide by hydrolysis
in baryta, was reported in 1870 by Hallwacks (33) who named
it amido-dicyanic acid (VIII). At that time, the accepted
structure of dicyandiamide was the cyclic form (II), and

accordingly, this product was civen a similar structure,
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indicated in (VIII). liowever, when structure (II) wss

Jii-Au a0 JBEL

A=l Umhm e =G C=00 Ll
bl i
i1 VIiL

discardsed in favor of Lhe cyanoguanidine form (I), amido-

dicyanic acid was glven the name and structure of cysnourea
(V). -This compound is also formed by the co~polymerization
of cyanamide and isocyanic acid (33) thereby identifying it

as the true mixed dimer of these two compounds,

The puanylisocyanate structure (VII) was proposed
by 8lair (34) as a tautomeric fora o cyanourea, In the
opinion of tné author, this is highly improbable and is
discussed later, However, 1t presents a certain amount of
interest since it is similar 1n some respects to dlcyarie
acid (V1). There 1s indication of its fcormestion 1n a reaction
reported by Blair (35) in which muanylurea reacts with ethanol
te form the ethyl ester of guanidine carboxylie acid, and
amaonia., In t.is resction guanylurea probably undergoes a
decomposivion to fora in part aunonisc and guanylisocyanate (i),

wuaich, acting in 1ts unsaturated character adds ethanol to

NEgeC (1il) e NiHeCOSNIp &2  HiigeC(Hii)eN=C=0 + Gillg (1)
FiigeC (Nii) sNSC=0 + 10 +Cglls = HigeC (1 )11 CO-0C ol (11)

form the ester (ii). In the decomposition of guanyl-nitro-

urea there is evidence of its formation, for when this is
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carried out in presence of smmonia, guanylurea may be

detected, indicating the reaction (iii). In this way
?;\E'igaﬂ (i )N=C=0 + Zé»'iiia _> E‘éifig-c (R )E‘IH-CO*NHg (1i1)

'gﬁanylisocyanate (VII) closely resembles dicyanic acid

(VI) in structure, mode of forwation and mode of reaction,
8ince the latter is formed from biuret (31) and nitrobiuret
(36), and reacts with ammonia and alcohols to fora biuret

and allophanic esters, respectively (9).

It is the opinion of the author that cyanourea and
zuanylisocyanate are not btautomeric foras of the same
compound, because tie foramer (V) can be hydrolyzed to biuret
{37 ), & reaction whkich cannot be accounted for‘by (VvII) and
because (V) cannoti react with ethanol %o form guanidine
carboxylic ester, 1t follows then that cyanourea only, is
the result of co-polymerization of cyanamide and isocyanic
acid, and that suanylisocyanate c¢an only be formed from
compounds having the guanylurea structure, even though it

may decompose into the two monomers,
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The Urea Dearrangenent:

The conversion of the cyanates of ammonia and
primary amines to urea and substituted ureas, by the
evaporation of thelr aqueous solutions, has long been
known as example® of "urea rearrvangement®™. This tvne
of reaction is best illustrated in wWOhler's preparation

of urea (7)

NigOCH  —>  IigeCO+Niig

In tais reaction both ammonia srd cyanic aeid
react as though they h=d two-fold chemical characters,
If the cyanic acid functions as an acid, and the ammonia
functions in its basiec character, there is the simple
acid~base reaction, and amnmonium cyanate is formed (i).
If the c¢yanic acid reacts in its unsaturated character
(that is, as isocyanic acid), there is the reaction of
addition of an amine-type compound to the unsaturated

isocyanate linkege, with formation of urea (ii).

Nilg + HOCN —> NizOCH (1)

H-Niig + HN=0=0 —> Niig«U0Niig (ii)

Jerner has postulated the latter mechanism (8)
stating that urea is formed as the addition compound of
ammonia and isocyanic acid which changes from the enol
(or normal) form to the keto (or iso) form as the former

is liverated by the dissociatiorn of ammonium cyanate,
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This has been confirmed by recent Raman-spectrum studies
in wnich it was fTound that cyanic acid exists and reacts
solely In its unsaturated ciaracter, that is as isocysanic

acid (5)(5). h

Qther examples of urea rearrangements are wurtz's
preparations of metnylurea (38)(39) from methylamine and
isocyanic acid (i) and from ammonia and methylisocyanate

(11)
CHgeNy + LNCO — ChigeNiieCONHg (1)

Niig+ Clig-NCO —> CHg+NH+CO-Nig (

| ad
[
M

The formavions of guanidine and thiourea follow
the same pattern of urea rearrangement, by the action of
amnmonia with cyanamidek(QO) and iscothiocyenic scid (41)
respectively; and the pgeneral preparation of their sub-
stituted derivatives consists in heating the correspond-
ing cmine with cyanamide and thiccyaniec acid, In general
it mzy be said that the urea rearrangement consists of two
types of feacticns,,

a) the reaction between & substituted amine and iso-~
cyanic acid,
é{'i‘*é;ig + W6 — d'ﬁ}i'CO'Nﬁg
and b) the reaction between a substituted isocyanate and
aumonia.

e WUO + lilg — ﬁONﬁ‘GO-Nﬁg
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The reverss reaction of urea rearrangement has
long been known., A48 early as 1838 it wes found that a
boiling aqueous solution of urea gave a precipitate of
silver cyanate when silver nitrate was added (42)(43):
and the treatment of a cold aqueous sclution of urea with
nitrous acid yielded ammonium nitrate and *"ecyanic acid® (44):
and aiso, that when urea was heated above its melting point,
certain compounds were formed in addition to biuret, which
would result from the dry heating of ammonium cyanate (45)(48).
The implications of these findings were not fully interpreted
until ¥mil Jerner sugeested that the ™ures rearrangement”
was really a reversiole systean (8). This author, in his
nwaerous publicacvions on "tiie constitution of carbamides"
(8)(47), nas added much to the study of the reactions of this
series and much way be said in favor of his proposed
structure of ures and its derivatives. However, wnal Werner
failed %o do was to give a simple picture of the mechanisnm
of reaction in the urea series, one which would explain the

many apparently complex reactions which occur,

The first and only widely applicable theéry that
has.been advanced was published in 1923 by Tenney L. Davis
(3). Tnis theory has veen found to apply to the reactions
of urea, thiourea, guanidine, in fact to 511 the members of
this series and trelr substituted derivetives. pavis neamed

the reverse reaction of urea rearrangement, "urea dearrange-

ment" (46). Davis states that since the breakdown of a
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urea derivative is an orderly and well-defined pattern,
the term dearrangement was chosen in preference to
dissociation or disassociation, which apply to polarized
atoms or molecules, and in preference to decomposition or

disarrangement, which imply a disorderly breakdown,

In Davis'! words, the urea dearrangement "consists
of the breaking apart of the urea derivative, (usually on
heating) in such a way that the hydrogen, previously attached
%o one of the nitrogen atoms goes off in combination with
the other nitrogen atom and the atoms or groups previously
attachéd to it, deserting the rest of the moleculey

A

< /
JN.CO{N] ) = N, + Hico,
H H

Thus in the case of urea, a hydrogen attached to
the¢nitrogen goes off with the B-nitrogen and the hydrogen
attached to it, forming ammonia, and leaving isocyanie acid.
In the same way, a hydrogen attached to the 3—nitrogen‘goes

= N”ﬂa + HNCO.

off with the d-nitrogen and its hydrogens to form ammonia
and leave isocyanic acid; thus the unsubtituted urea, thio-

urea and guanidine molecules may dearrange in only one manner,

It may be noted that the urea dearrangement is
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illustrated asﬁa reversible process; this has been found
to be always true, the urea, thiourea and guanidine
derivatives dearranging (oftem in more than one manner)

to yield those smaller molecules by the direct combination

of which the compounds may be synthesized (48).

In the case of a mono-substituted urea (thiourea or
guanidine ) one of the nitrogen atoms has a substituent group,

and accordingly, the dearrangement takes place in two manners.

The hydrogen attached te the w-nitrogen goes off in com-
bination with the f-nitrogen and its hydrogens to form

ammonia leaving a substituted isocyanate,

== Ae«NHg + HNCO

Cn the other hand, a hydrogen attached to the g-nitrogen
goes off with the -nitrogen and its hydrogen and sube

stituent group forming an smine and leaving isocyanic acid.

Phenylurea as an example, dearranges in two modes
(46)jforming on the one hand phenylisocyanate and ammonia,
from which it may be prepared (49), and forming on the other
hand aniline and isocyanic acid, from which phenylurea may

also be prepared (50). Mono-substituted guanidines and thio-
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ureas behave in an analogous manne:r, dearrancsing in two
modes, corresponding to two ways in which they may be

prepared (46)(51)(52).

Attention mzy here ove called to the dearrangement
of cyanourea (V). oslair and cmith (12) were unable to
account for the forwation of guasnidine and urea during the
acid hydrolysis of tiis compound to biuret, and were
obliged to propose a tautomerism between (V) and guanyliso-

cyanate (VII).

diipeCONi1e TN Hilg«C (I )NCO

Vv VIiI

Structure (V) they claimed could account for the formation
of bluret and urea, but not guanidine, and hence the
necessity of structure (VII) which could hydrolyze to give,

in port, guanidine,

If however, this resction is studied as a "urea de-
arrangexnent the formation of these compounds is easily
explained by the interaction of the dearrangement products,

and ihe proposed tautomerism is unnecessary,

During the course of normsl hvdrolysis of cyanoures
to biuret, a certaln portion of the former undergoes de-

arrangement in the following manner:



uy
} &= HNCO + Nig+CHN
N

VL St lT

H 20 HN=C=NH

L)
Niz + NC-KCO ==

NHoeE0Q«NCO

S

The 1860yanic acid and cyanamide then react with ammonla
to form urea and guanidine respectively, and "cyano-iso-
cyanic acid™ may hydrolyze to dicyanic acid, which with

‘ammonia forms biuret.

The two compounds of the mono-substituted urea
class which are of sPécial interest are nitrourea and
nitroguanidine., Davis has made a detailed study of the
dearrangement of these compounds and has found that the
introduction of a nitro grouping into a molecule of the
urea series, greatly increases its tendency to dearrange

(48)(53).

Nitrourea in boiling water dearranges in two modes

(53) forming mainly isocyanic acid and nitramide on the one

s 2)
NHg + NO5-NCO £5 Nig.NOp + HNCO

l J

NZO 5k COZ HBO*'N

20

hand, and small amounts of ammonia and nitroisocyanic acid

on the other., Both nitramide and nitroisocyanic acid break-
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down instantansously on formation into nitrous oxide and
water, and nitroué oxide and carbon dioxide respectively;
nitramide however, may be isclated from the solution, but
not without difficulty. The ease with which nitrourea
dearranges has caused Davis to suggest it as a ready source
of isocyanic acid for synthesis; this method has the unique
advantage that all other compounds formed decompose into

gases,

Nitroguanidine, on heating, dry or in agqueous

solution, dearranges along the same pattern (48) forming

( /N(Jz\\ 0
NH3+ N020N=C=Nﬁi == Niizsi\?(}z + HN=C=NH

l !

N0 + HNCO ~ N,0.+ Hg0

nitramide and cyanamide by one mode and ammonia and nitro-
cyanamide by the other. HNitrocyanamide, previous to Davis!
work was not known; at temperatures close to 100%¢, it de-
composes to nitrous oxide and isocyanic acid, but at 60=-
7000. it is capable of reacting with amines to form

symmetrical-alkylnitroguanidines,
NOE-N££=KH + ﬂ-Nﬁz —> RUE-HH-C(KH)NH-R

Attention maey be called here to & very interesting

peint in the dearrangement reaction, When a urea derivative
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undergoes dearrangement in two modes, both reactions
occur simultaneously. Although the velocity of one may
be greater than that of the other, there is howevér, an
equilibrium system set up. Referring to the diagram

below, it may happen that substances A and B are formed

b : Derivative Z@ X @

in greater quantities then substances C and D as the urea
derivative dearranges. If there is present another substance
with which, for example, C is capable of reacting, C is then
removed from the equilibrium and A and B recombine to form
the urea derivative, which produdes more of C, and this may
continue until no more of A and B are present in the de-
arrangement products, This may be used to advantage in
synthesis when the compound C (or D) is not readily available,
but when the urea derivative or even the substances A and B
are, Davis has clearly illustrated the practicality of his
urea dearrangement theory by using this point to prepare

alkylnitroguanidines from nitroguanidine as mentioﬁed above,

At first sight, the dearrangement of compounds like

biuret would appear complex, but they are found to behave like

mono-substituted urea derivatives, Biuret dearranges as
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follows:

o

U
Nii,+CO-NHy + HNCO S ;& NHzC0.KCO 4 Nis

l

2HNCO

forming urea, ammonia, isocyanic acid and dieyanic acid,

the last two polymerizing to cyanuric acid (54)(55)(56)(57).
Biguanide behaves like a monosubstituted guanidine and de-
arranges in the same way as biuret yielding guanidine and
eyanamide on the one hand, and ammonia and dicyandiamide on

the other (58)(59).

Guanylurea {dicyandiamidine) however, is slightly
different, and would be expected to dearrange either as a
substituted guanidine or a substituted urea, The literature
cites evidence which would indicate that the urea portion of
the molecule is the first to bresk down, because when a current
of carbon dioxide is passed through a boiling agueous solution
of guanylurea, guanidine carbonate and ammonia are produced
(60). This implies that dearrangement takes place in the

following way:

i

S
NpCOSN, 2 NHg + N, +C (NH )NCO.
H N 3 2

~

—_ ==l e A=A

W \NH
RE »C (NH )NH o + HNCO =

2+C (i)

',.--\‘(

The formation of guanylisocyanate by the first mode is
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indicated in the reaction of ethanol with guanylurea to
form guanidine-carboxylic acid ethyl ester (35), the
alcoheol evidently adding to the isocyanate molecule:

NHgeC (MH)N=C=0 + HG.CpHg —> NHg.C (NH )NH.C0.0CoHg «

Another class of urea derivatives of special
interest to this discussion, are the symmetrieal disub-
stituted ureas, In these compounds, both nitrogens have
& substituent group, and on dearranging follow the pattern

described below:

A-NHp + HICOSS

There are formed two different amines and two different
isocyanates, An exemple of this is sym-ethylphenylurea,
which, by one mode of dearrangement, forms aniline and
ethylisocyanate, and by the other, forms ethylamine and
phenylisocyanate (61). It may be pointed out that if the
groups A end B are identical, the products of dearrange-
ment are the same by both modes; in this way symdiethyl-

urea forms only ethylisocyanate and ethylamine (61 ).

Nitrobiuret has been found by Davis (36) to behave
like a symmetrical disubstituted urea, and on dearranging

forms nitrous oxide, carbon dioxide, urea, and dicyanic aecid,
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g
NHg+CO - NHgt NOoNCOS N}CO N :%NH2~H03+-NEZ-CO-NCO
: ‘HY - M0s:
l g AN TS Z --—-.2 l
; ) )
N0 + €O, Np0 + Hg0

NH 5+ C0

This dearrangement permitted the same author to make a
detailed study of the previously unknown dicyanic acid (9)
which was found to reasct as a typical isocysnate derivative,
forming substituted biurets asnd allophanic esters with amines

and alcohols respectively.

Guanyl-nitrourea differs from nitrobiuret only in
having the oxygen atom furthest removed from the nitro group
replaced by an imido group. Because of this similarity of
structure it may well be expected to dearrange in an
analogous manner to that of nitrobiuret. This has been found

to be true, and a detailed discussion will be made later.
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Ritro Derivatives of the Urea 3eries,

The nitro compounds of the urea series are
nitramides and contain the typlcal structure -ii-N0s.
The general procedure for their preparation consists
in treating the parent compound, at temperatures close
to 0%C. with eituer (a2) fuming nitriec acid, or (b) a
mixture of concenirated sulfuric and nitric acids, or
{c) treating the nitrate salt of the derivative with

concentrated sulfuric acid.

The evident mechanism throush which nitration
ocecurs, would appear to be that of the urea derivative
first forming & nitrate salt, which, through the
dehydrating action of concentrated sulfuric acid (or
fuming nitric acid) would lose a molecule of water,
forming the nitro derivative: this has been the generally

accepted, thousgh erronecus plocture.

The introduction'of an alkyl group into the
guanidine (or urea) molecule would be expected to increase
the basicity of the nitrogen (or smino group) to which it
is attached, and hence to impart greater basicity to the
molecule as a whole, In a salt of such an alkyl derivative
it would be expected that the nitric acld would ve in
combination with the alkylated nitrogen atom (or amino
group}. If now, the nitrate is formed into an alkyl-

nitroguanidine (or urea) derivative, the nitro group would



then ve atitached to the nitrogen stomn which carries

the alkyl group. This huowever, has been found not to

be so. Davis states (62) that only i'L"=-trialkyl-
guanidines are as strong buases as guanidine itself,
monoalkylguanidines and NH-dimethylguanidine are slightly
weaker, whereas Ni'~dialkylguanidines are weak bases,
Pauling has bteen able to explain this (63) through
resonance, & property of the urea series which is
becoming more evident and important in the appreciation

of their properties,

Further investigations of alkylated ureas,
guanidines and biurets (64)(65)(68) haw shown that when
& nitro derivative of these compounds is formed by direct
nitration, the nitro group enters not the alkylated, but
the nonalkylated amino group. There is one exception and
that is methylurea, which forms N-nitro-N-methylurea (&7).
wWhere the emino group is entirely alkylated, that is, in
NN-aialkyl-ureas, suanidines and biurets, (unsy:metrical
disubstituted derivatives) the nitro group enters on the
unsubstituted amino group. It would appear then, that
tie nitro group may enter only on the non-alkylated
amino group. This is further substantiated by the fact
that hiit-dialkyl-ureas and guanidines (symmetrical disube-
stituted derivatives) cannot be nitrated at all, Davis,
therefore, concludes that the mechanism of nitration in

this series is not the dehydration of the nitrate salt,
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and suggests that the basiclity of urea, guanidine and
biuret, snd thelr alkyl derivatives is not confined to
any one nitrogen atom, but is distributed through the
molecule as & whole, ‘These facts show that the
mechanism of nitramide formation in thils series remains
relatively obscure and no detailed explanation can be
offered at this time, However, studies such as those
discussed by Pauling (63), on the bond distances and
gpatial structures involved in these compounds, show
promise of shedding much light on the mechanisms of

these resctions.

The industrially important nitramides of the urea
series are nitrourea and nitroguanidine: those of
theorstical interest are nitroocarvamlc zcid (68), its
methyl (69) and ethyl (70) esters and biuret. To tuils
group is now added guanyl-nitrourea, the properties of
wihich indicate the possilility of its becoming an

industriaelly important explosive,

Nitrourea today, is used as the intermediate
compound in tie preparation of semi-carbazide, It is
formed from its nitrate salt by the action of cold, con-
centrated sulfuric acid (71)(72)(73) and is reasonably
stable, but explodes violently when detonated with a
fulminate cap (74). The reduction to semi~-carbazide
takes place qulte readily and is carried out industrially

by means of an electrolytic process (75).
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Hitroguanidine is an explosive of singular
guality, having the property of exploding with no
visible flash, and with a cool flame, whose reported
teuperature is 907°%¢. (). It is prepared by treating
guanidine nitrate witih concentrated sulfuric acid in
the cold (76)(77)(78)(79)(80)(81)(82)(83). oOn
reduction (catalyticqlly or electrolytically) it goes
through the steps nitroguanidine — nitrosoguanidine
——aminoguanidine, a process which has been studied
by Smith (84)(85)(86). Nitrosoguanidine possesses some
explosive properties (1)(87), and has been studied along
dearrangement lines by Davis (88)., Aminoguanidine as
a sulfanyl derivative has bactericidal properties in
intestinal infections and may become an important

"sulfa" drug (89).

Nitrobiuret, important to this study because of
its similarity to suanyl-nitrourea, is preparsd from
biuret by the action of mixed acids (90). It is the
lone member of this "nitro® gseries which forms a di-
nitro derivacive (Ni-iinitrobiuret) by the treatment

of nitrobiuret with fuming nitric acid (90).
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CLEAISTRY OF GUANYL-NITAOUHZA

Preparation of Guanyl-nitrourea.

Unlike the other nitro derivatives of this
series, guanyl-nitrourea (nitrodicyandiamidine)(Ii{) has
not been prepared by the usual method of direct nitration
of guanylurea, It was first prePa:ed by Thiele and
Uhlfelder (2) by the action of concentrated sulfuric and
nitrie acids on dicyandiamide, slthough these authors did
not propose a mechanism for this somewhat unorthodox re-
action, they implied that it consisted of the addition of
nitric acid in its pseudo form to the cyano group (i),

followed by rearrangement to the nitrourea form (ii).

CH
!
NipeC (I )NReC=l + HO-NOgy —> NHgeC (1N )N+ C=N.NO, (1)
OH
' :
NE g C (1 )Ni- C=le o, L8 8BILE, g ¢ ()2 CoHsi-No,, (11)
IX

There is the possibility of the dicyandiamide first
hydrolyzing to cuénylurea, and the mixed scids then acting,
not on the primsry product, but on the interaediate guanyl-
urea, although under the conditions of Thiele's reaction
(teaperature velow 0°C.) it is not 1likely that this occurs,
rowever, guanyl-nitrourea has veen prepared from dicyandi-

amide by Cneetham (91) under conditions (in dilute solution
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and at teamperatures as high as 6500.) where there is great
possibility of hydrolysis to cuanylurea (92)(93). An
attempt was made by the author Lo verify this, by
nitrating guanylurea directly, under Thiele's conditions,
A product, identical in physical properties with suanyl-
nitrourea, was obtained, which on decomposing in boiling
water yielded zuanidine carbonate, the main decomposition
product of that compound, Because of the insolubility and
unreactivity of suanyl-nitrourea, no further identification
of the product was possible., It was therefore, concluded
that the nitration of puanylurea yielded the same compound

as that prepared from dicyandiamide,

Guanyl-nitrourea us also been prepared from
dicyandiamide, by the action of cold, fuming nitric acid,
This reaction, however, adds no light to the mechanism
of formation, since in this case, 1t may consist of simple
addition of HO+Up, or i1t may take place through the de-

hydrating action of the fuming acid.

Properties of Guanyl-nitrourea.

Guanyl-nitrourea is a colorless, micro-cryst=slline
material which when slowly heated, does not melt, but
appears to decompose at 415°C.; when heated rapidly it
explodes with an evolution of white fumes, but no flame,
Its most important property is that when it is mixed with
nitrocelilulose and nitroglycerine, it lowers the explosion

teuaperature to s point where thedetonation vecomes flashe
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less.,

The main cheracteristic of puanyl-nitrourea, from
the chemicsl polnt of view, is 1ts insolubility and un-
reactivity., It is insoluble in all common organic
solvents (2) and dissolves in water to the extent of only
0.06 gram in 100 ml. of boiling water, but at the same
time slowly decomposes, Guanyl-nitrourea dissolves only
in concentrated mineral acids, in a large excess of
ammonium hydroxide and in equimolecular amounts of sodium
and potassium hydroxide solutions. Trom these solutions
it may ve reprecipitated by neutralization (2). The
neutralization of alkaline soluiions with earbon dioxide
gas may be used as a method of purification, because guanyle
nitroures is insoluble in cold alkaline carbonate solution,

althouzh it dissolves to some extent in warm (94 ).

The dissolutvion of guanyle-nitrourea in mineral acid
is due at least in vhe case of nitric acid, Lo the foruation
of ar acid salt, Tihis salt is somewhat unstable, snd on
dilution with water or ethanol, it immediately decomposes,
and regenerates thevoriginal guanylenitrourea, 7This compouhd
forms an explosive silver derivative when its alkaline
solution is treated with silver nitrate, Like the other
nitramides of t:is series, it is reduced by zinc and hydro-
cnloric acid to ~uanyle-aninoures (amido-dicyandiamidine) a
hydrazine type of compound wiich reacts readily with ketones

and aldeh;des to form hydrazides (2),
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The introduction of the nitro group into the
molecule produces a drastic effect on the properties of
guanylurea, Wwhereas the latter foras colored precipitates
withsalts of copper (95)(96) and nickel (97)(98)(99) re-
actions which are used as qualitative and quantative
methods of determining these metals, guanyl-nitrourea does
not, The contrast is gquite evident in the comparison of
solubility, guanylurea and its salts being quite soluble
in common organic solvents, in which guanyl-nitrourea is
completely insoluble, only going into solution as it

decomposes.,

Dearrangement of Guanyl-nitrourea,

Guanyl-nitrourea might be expected to dearrange in

four possible manners Indicated below:

() » NH2*C (NH )NCO + NEg*NOg — Hg0 + Ng0 (1)

’(f)_ (Rl /

MHg*C (NH )Niig + 0=C=N-NOg—Ng0 + COg  (i1)

HN=C=NH + Nio*CO°NH"NOp - HECO (111)
l + N20 + CO2
NHg*CN

NHz + NOg*NH+CO*N=C=NH — HN=C=NH + No0 (iv)

l + C0g
NHg*CN

o




-33

The two modes indicated in (i) and (ii) suggest that the
urea portion of the molecule, being symmetrically disub-
stituted, undergoes dearrangement, leaving the guanidine
portion intact., Modes (iii) and (iv) suggest that the
guanidine portion, acting like a mono-substituted derivative
dearranges and leaves the nitrourea portion intact, to de-

arrange in its own right.

In view of Davist previous work on nitrogusnidine
and particularly nitrobiuret, dearrangement would be more
likely to occur by the first two modes, since the breakdowﬁ
of the nitrourea portion may be promobted by the nitro group.

This hes been fournd to be true,

Thiele (2) has reported that guanyl-nitrourea in
boiling water, slowly goes into solution, evolving carbon
dioxide and nitrous oxide, and forming guanidine, which
can be recovered in the form of the carbonate salt, by
evaporation of the solution to dryness, This indicates that
dearrangement according to mode (ii) occurs, the nitroiso-
cyanic acid produced, breaking down to the two gaseous

products as sugeested by Davis,

4 more detailed study of the decomposition in water,
by the author, has shown that isocyanic acid is formed
during tne proceés, and that the final residue, after
evaporation of the solution, contains small amounts of

ammeline.



If isocyanic acid were formed by dearrangement
in mode (iii), it would be accompanied by the forazation
of nitrourea; but tests for this compound were negative.
Furthermore, the presence of nitrourea, with its nliro
group intact, is hichly improbuable since evolution of
nitrous oxide nas been found to precede a positive iso-
eyanic acid test., “he fourth mode may be ruled out
because azmmonia hLas not been detected, nor Las urea, which
could be formed by tlie combination of axmmonia and isocyanic
acid. It was then concluded, that the first mode of de-
arrangerent does occur, forming nitramide which decomposes
to nitrous oxide and water, and forming guanylisocyanate,
the presence of which has been proven by its reaction with
-ammonia to form guanylurea, This reaction takes place
when guanyl-nitrourea is dearranged in the presence of

ammonium carbonate,
WigeC(HWAJNCO + Nilg —> hligeC (1i)iiEeCOliH,

Guanylisocyanate may partislly decomzpose to
cyanamide and 1socyanic acid., 7The undscomposed portion
of the guanylisocyanate can then react with cyanamide to
form the small amoun® of ammelirne (sse page 9) which wers
detected; cyanamide alsc may arise from the dearrangeuent

of a small portion of guaniditne.

when guanyl-nitrourea is dearranged in concentrated

smmonium hydroxide, in which it is partially soluble,
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esrbon dioxide, niirous oxlde, ursr and guasnidine
carbopave are formed., (he falirly large asmount of urea
may be explained in twe ways, First the dearrangement
takes place in the second mode., The puanidine then

dearrenges o cyanacide, wnich in alkaline solution is
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hydrolyzed to isocyanic seid (13)(14), and this reacts with
enmonis Lo form uren, whe obther ezplanaiion is Liav de-
arraugemsnt bakes nlace preferentielly In the Tirst mode,
caused by the aass scblon of the a.monis {8se pure 21)., ihe
guanylurea tiuen inmuediately dearranges to guanidine, amaonis
and iscocyanic acld, wiiich then reacting wibth tue execess of

ammonia, forms ursa,
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Guanyl-nitrourea, in warms sodium hydroxide solution,
very readily yields csrbon dioxide, nitrous oxide, guanidine
carvonate, isocyanic acid and ammonis, However, no urea is
formed, This discredits the first explaenation given above
for the formavion of urea, since the hydrolysis of cyanamide
is determined not by the ammonium hydroxide present, but
rather by the pH of the scluvion (13)(14). If this hydrolysis
does occur, there would be present sufficient ammonia (formed
by dearrancement of guanidine ) to react with isocyanlc acid
to Torm &t least traces of urea : since this is8 not the case
it way be concluded that isocyanic acid remains inactive, in

the Torm of its scdium saltb.

Dearrargement in warm dilute sulfuric acid solution
takes place more readily than in water, but less readily
than in alkaline solution. The products are the same as
those of the water dearrangement except that melamine,
along witn ammeline, is foraed. The formation of melamine
may be explained by the fact that cyanamide (forwmed from
guanylisocyanate or guanidine) at the low pii of the solution
{13)(34), polywmerizes to dicyandiamide, which wiith another
molecule of cyanamide, cyelizes to the trimer melamine (see

page 9).

In attempting to hydrolyze zuanyl-nitrourea to nitro-
biuret as indicated below, 1t was found that at temperatures
as low as 65°C., tais compound underwent dearrangement

evolving nitrous oxide quantitatively before sny hydrclysis
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took place. Guanidine carbonaie and urea, were recovered

by evaporation of the solution., IZvidently 1t wes guanidine,
the product of the dearrangement, rather than the suanyl-
nitrourea that was hydrolyzed. +This experiment clearly shows
that guanyl-nitrourea is essentially an unreactive compound,
veing capable ol reaction only through the smaller compounds
to whiclhh it dearranges, This is the characteristic property
of tie urea series, which is the basis of Davis' theory of

Urea Dearrancement,
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Preparation of Guanyl-nitrourea (Thiele's Method).

In & typical experiment, a mixture of 500 ml, of
concentrated sulfuric acid and Eoolml. of concentrated
nitric acid was cooled tosbout -4°C. in an ice-salt bath,
One hundred and twenty f{ive grawms of dicyandiamide
{obtained from American Cyanamide (o. ) were added in small
portions over a period of three hours, during which tae
mixture was mechanically stirred and the temperature
maintained below 0°C.. After an additional one hour of
stirring, the thick mixture was poured onto approximately
5 kilograms of cracked ice and sllowed to stand overnight.
The white product wiich separated was then filtered on a
large Buchner funnel and washed several times with water
until the washings were neutral to litmus paper*., The
product was tnen washed with acetone or ethancl and dried

at 100°C.: it weighed 208 grazs, corresponding to a yield

* During the washing on the funnel, the finely
erystalline form of suanyl-nitrourea caused
channelling, if it were allowed to dry. This
could only be cvercome by keeping the funnel

continually filled with water,
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of 955. Persistently high yields were obtained in a

series of similar preparations,

A szample of the product was purified by dissolving
it in & solution containing 104 in excess of the required
amount of sodium hydroxide,»and then passing a current of
carbon dioxide until no more precipitate formed. Analysis,
calculated for CaiiOaiis: N, 47.84/%. Tound N, 47.33,

47,92,

2.Nitration of Dicyandiamide with Fuming Nitric Acid,

Bight and four-tentihs grams of dicyandiamide in
small portions were added with stirring, over a period
of one hour, to 26.2 ml. of fuming nlitric acid, previously
cooled in an ice-salt bath, The resulting solution, which
was slightly turbid, was allowed to stand in the bath for
an additional hour, after which it was poured through glass
wocl into 200 ml. of cold (-EOOC.) methanol, and let stand
in tie ice-box overnight., The white product which separated
was filtered, wasied with methanol until free from acid,
and dried. eight, 3.6 graus, correSponding to a yield of

585z,

This material was found to explode flasnlessly
witnout uelting; insoluble in water and methanol, it
dissolved in 5, sodiuz hydroxide solution, from which it
was reprecipitated with hydrociiloric acid., It was presumed

to ve guanyl-nitrourea,



3. Decomposition YUeompsrature of Cuanyl-nitrourea.

4 sample of guanylenitrourea was heated in a copper
block, by means of & bunsen flame, If the temperature
were allowed to rise rapidly, decomposition occurred at
about 165°C.. If the temperature were raised slowly, de-

composition took place at 41505..

4. pearrangesent of Guanyl-nitrourea in Water,

Fifteen grams of guanyl-nitrourea were heated with
300 ml. of water to about 90°C.. 4is the solid went into
solution, vigorous evolution of gas occurred, but subsided
when all had dissolved., A small portion of the solution
was removed and cooled, pyridine was added., (n adding a
few drops of copper sulfate solution, a deep blue complex
was foramed, which dissolved in chloroform, forming an
azure~-blue solution:; this is Werner's sensitive test for
thie isocyanate radicle (103). Ilieating was continued for
an addivional riirteen minutes in order to complete the
resction, and the solution was then evaporated Lo dryness
on the water-bath. <“he dried residue weighing 8.7 grams,
was bthen partinslly dissolved in 12-15 ml. of water and

filtered.

Tne insoluble portion weighing 0.1 gram (1.3%)
did not melt, and was found to be insoluble in boiling
water (different from melamine, eyanuric acid),

insoluble in sodium carbonate solution (different from
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amuelide) but soluble in potassium hydroxide., Preci-
pitated by acstic acid, it was identified as aummeline.
Analysis, calculated for CmigUjNs: N, 55.11. Found
N, 54.72, 54.92. ‘ne plicrate was formed according to
Ostragovich's directions (100) and meclted at 264°C.

(reported melting point 266°C.).

““he water soluble portion was found to consist
entirely of guanidine carbonate, insoluble in alcohol,
and decomposing without melting at 197~199°C., welzht

8.6 grams or 98,7

5, guanyl-nitrourea and Azmonis,

A mixture of 450 ml. of 157 ammonium hydroxide
solution and 15 grams of guanyle-nitrourea was heated on
tiie water-bath for two hours. ihen the evolution of gas
had ceased, a small portion of the solution was removed
and cooled, and ifound to give a negative test for guanyl-
urea, On evaporating the solution to dryness, a somewhat
hygroscopic residus, welghing 10 grams, was obtained, This,
on extraction wivh etihanol, left 8.5 grams of an insoluble,
carvon dioxide containing compound, whose meliting point
corresponded to that of guanidine carbonate, This was
furtier identified by the melting point of its nitrate and
by a mixed melting point determinetion with a known sample

of guanidine nitrate,
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Tne ethanol solution, on evaporation vielded
1.0 gram of urea, wmelting point 129-131°C.. Urea was
jdentified by the meliing point of its nitrate and by

mixed melting point with a known sample of urea nitrate,

6. Dearrangement of Juanyl-nitrourea in Alkaline Solution.

Twenty-five grame of guanyl-nitrourea were dissolved
in 175 ml. of 5% sodium hydroxide soclution and slowly heated.
&Zvolution of gas began as the temperature rose to 6006.
and sbated after about one hour. after a furtier forty-
five minutes of heating, during which aumonia was evolved,

a seample, removed from the solution, gave a strongly positive
test for isoceyanic acid and a negative test for guanylurea,
On evaporation guanidine carbonate was recovered from the

residue, but no urea,

7. Dearrangement of Guanvl-nitrourea in Acid Solution.

To a solution of 60 ml. of concentrated sulfuriec
acid in 400 ml., of water, 25 grams of zsuanyl-nitrourea
were added, and the mixture heated to 90-95°C.. & portion
of the solution was removed, neutralized and tested for
isocyanic acid and guanylurea - both tests were negative,
After eighty minutes the solution was cooled, and 330 grams
of hydrated barium hydroxide were added. After allowing
the mixture to stand for some time, during which it was
occasionally stirred, the precinitated barium sullfate was

removed by riltration on a pBuchner funnel and washed., 7The
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filtrate was saturated with carbon dioxide to remove any
dissolved barium, filtered and evaporated to dryness. The
residue, extracted with about 20 ml. of water, yielded a
wiiite insoluble powder, (weizht 0.5 gram) wiich was Tound

&

to consist of equal amounts of melamine and amneline.

Separation of these two was made by treating the
mixture with boiling water and filtering rapidly. ¢Cn
cooling the [iltrate, there settled out a colorless
compound, which was alkaline to litmus, and which dis-
solved in dilute nitric acid (different from cyanuric acid).
This wes presumed to be melamine, 7“he ammeline portion,
insoluble in boiling water, wes alsoc insoluble in sodiun
earbonate solution (different from ammelide) but dis-
solved in notassium hydroxiée solution from which it was
reprecipitated with acetic acid, 7The plcrate was formed,

o]

‘The water soluble portion of uvhe original residue,
was found to consist of 7.3 grzms of guanidine carbonate,
melting point 197-199°C.. Tuis was identified by its

carbon dioxide content, and the meliing point of its nitrate.

8. Guanyl-nitrourea and Aamonium (arbonate,

One and four-tenths grams of guanyl-nitrourea were
added to a solution of 25 grams of ammonium carbonate in

150 ml., of waver, ‘The mixture wss boiled until all the
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so0lid had dissolved, and evolution of gas had ceased. The
solution was then diluted to a volume of 250 ml. and an
aliquot of 5,0 ml. was neutralized with dilute sulfurie
acid to this solution 1,0 ml. of 107% copper sulfate was
added, and then 1.0 ml, of 10, sodium hydroxide, The
resulting blue-pink colored solution was then compared
with the colored solutions produced by known quantities

of guanylurez, and was found to contain 0.008 gram of
guanylurea. The total amount of guanylurea formed was
thoreiore, approximately 0.4 g¢ram or 367 of the original

material,

9.'Guanyl-nitrourea and Baryta,

Sixty-two grams of hydrated barium hydroxide,
dissolved in 500 ml. of carbon dicxide-free water, and
29.4 grams (0.2 mole) of guanylenitrourea were plasced in
a flask equipped with a feflux condenser, The flask was
connected through the condenser to a bLubbler containing
125 ml. of normal hydrochloric scid and then to a con-
tainer in which nitrous oxide could be collected by dis-
placement of water. The flask was heated and maintained
at 6000.*ﬂforitwelve hours, puring this time approximately
4,5 liters (about 0.2 mcle) of nitrous oxide were evolved,

and 0,07 gram (.004 mole) of ammonia collected in tae

* the decomposition temperature of nitrobiuret

0.
g 65 C.,

=



N T

hydrochloric acid trap., <4he barium carbonate, formed
in the reaction flask was filtered, washed with water,
and then extracted with 10, scodium hydroxide solution.
¢n Tiltration and acidification of this solution, no

guanyl-nitrourea was found.

The reaction solution was saturated with carbon
dioxide toremove the barium, filtered and evaporated to
dryness under reduced pressure, the temperature being
maintained velow 60°C.. The residue weirshing 13 grams,'was
found to contaln 9,1 grams of urea, determined by its
solubility in hot ethanol, énd identified by 1ts melting
pdinb, that of the nitrate, and by a mized melting point of
tie latover with a known sample of urea nitrave., 'The other
portion of the residue consisted of 3.9 grams of guanidine

garvonave, Widere was no evidence of nitrobiuret.

10, 50lubility of Guanyl-nitrourea,

One gram of guanyl-nltrourea and 100 ml., of water
were neated to boiling for thrze minutes, and filtered
rapidly turough a hot sBuchner funnel, 7The filtrate on
cooling in ice-water deposited a wiiive material, which,
filtered and dried, weighed 0.0065 gram. This was
identified as guanyl-nitrourea by its dissolution in alkalil
and precipitation with carton dioxide, and by the manner in

which it exploded on heating.
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Further studies have shown Guanyl-nitrourea to
be insoluble in methanol, ethanol, ether, benzene, carbon
disulfide, carbon tetrachloride, chloroform, petrolsum
etlher, acetone, acetic acid, aniline, pyridine, dioxane

and etiiyl acetate.

11. Atuvempted Reaction of Guanylenitrourea and

Nitrous acid.

Several avtempts to introduce a nitroso group into
the guanyle-nitrourea mclecule were nmade, In all cases there
was neo raaction, the compound being recovered quantitatively

from the reasction mixsture.

12, Attempted Formation of Guanyl-nitrourea Complexes

and Colored salts,

a) Phosphate,

The preparation of a phosphats salt of guanyl-
nitrourea was auvtempted by means of Lhe method described
for that of guanylurea and dicyandiamide (101) by dis-
solving it in concentrated hydrochloric acid znd slowly

adding syrupy phosphoric acid. ko reaction took place,.
b) dercuric cyanide and potassium iodide complex.

Although guanidine and guanylurea, dissolved in
mineral acids, gave Tleky, colorless crystals when potassiun

lodide and mercuric cyanide solutions were succesgively
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added (102), a similar precipitate could not be
obtained with guanyl-nitrourea, dissolved in either

concentrated hydrochlorie, nitric or sulfuric acids,
¢} Copper derivative,

Several attempts were made to arply the sensitive
copper test for suenylurea (96) to gsuanyl-nitrourea and

were unsuccessful, no reaction taking place,
d) nickel derivative,

Similoar negative results were also obtainsd on
appiying ohe nickel west for guuanylurea (99) to this

compound,

13, Attempled preparation of Dinitroguanyluresa,

Se#aral atvempts to introduce a seccond nitro
group intoc thc guanylurea molecule were made and ell were
unsuccesstul, The procedure used was that of Thiele for
dinitrobiuret (90), and consisted in dissolving guanyl-
nitrourea in cold, fuming nitric acid. Tiis solution
'was subjected to varied methods of treatment, and in all
cases, unchanged guanyl-nitrourea was quantitatively

recoverasd.,

The only compound isolated in these experiments,
was obtained by allowing the nitrice acid solution to

evaporale To dryness under vacuum, The needle-like
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crystals thus obtained, were found to explode sharply,
in a manner different from that of suanyl-nitroures,
They gave a positive test for nitrate and were presumed

to be nitrate salt of guanyl-nitrourea,

"

14, ¥isration of Guanylurea.

4 mixture of 13,5 ml., of concentrated sulfuric
and 5.5 ml., of ccnecentrated nitvric acid was cooled in an
ice~-salt batn, end 5.4 zraass of guanylurea, prepared
by tie wmethod of 3811 and stutzer (93), were added in small

ortions over & period of an hour, durine wiiich the mixture
p X s e

-

#7as vigorously stirred by hand, and the temperature

Y

maintained below 0°C.. after allowing the mixture to remain
in the ice-s3all bLath for twenty minutes, it was poured
into a neaker containing 400 grams of cracked ice, and

let stand overnight. The white compound which settled

to the bottom of the beaker was filtered on a puchrer
funnel, washed until free from escid and dried in an oven

0 % - Y, e )
at 100 C.. Welghv 4,0 grams,

The product was found to be insoluble in water,
methanol, ethanol, acetone, ether, chloroform, pyridine
and carbon tetrachloride. On heating it exploded without
melting, and with no flash. It dissolved in 10/ sodium
hydroxide, from which it was precipitated by n@utralization
with carbon dioxide or minersl acids, and was also soluble

in coneentrated sulfuric and hydrochloric acids,



One gram of the nitrated compound was heated in
75 nl, of boiling water, During the disSaluticn, gas8
was evolved, part of which was found to be carbon dioxide,
After evolution of gas had ceased, the solution was
evaporated to dryness and yielded a residue which appeared
to consist mainly of guanidine carbonate, melting point
195-197°C.. This was identified by its imsolubility in
ethanocl, carbon dioxide content, and the melting point of
its nitrate, No evidence of urea, guanylurea, or biuret
was found, This compound, by its solubility properties
and its dearrangement products, is evidently identical

with guanyle-nitrourea,
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GUANYL~-NIUR0Uaks A5 A COUPONANT OF

FlLabiituSs PROPELLENTS.

when the explosive properties of Picrite
{(nitroguanidine ) were discovered, just after the
last Grsat war, the idea of flashless propellents
was conceived by the United States aArmy (1). The
present war has increased the interest in this
type of propellent, and for the first time, the
industrial preparation of Piéribe has bsen under-

taken, this, in Capada, within the last two years,

Picrite, and the cordlte mesde from it,
possess certain technical disadvantages which have
‘stimulated Investizations bent on eliminating, or
at least bettering these undesirable properties,
buring the course of such a study, the compound
guanyl-nitrourea (named lo0Ssite) was found, and
its properties,; both chemical and ballistic,
strongly indlcate the possibility of it replacing
Picrite in these propellents.

rossite is prepared from dicyandiamide by
a simple, one-step reaction, as compared with the

two-step process involved in the preparation of
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Picrite (dicyandiamide <4 ammonium nitrate ——>guanidine
nitrate (104), guanidine nitrate + sulfuric ascid —

nitroguanidine (83)).

A large batch of iossite, prepared on a pilot-
plant scale, was incorporated with nitrocellulose and
nitroglycerine and made into a special cordite, G3Several
shells were charged with this and fired from a 3,74
inch, high velocity anti-aircraft zun, The propellent
explosion was'found to be that desired, completely
fleshless, Thls is an improvement over the Picrite-
cordite, which has a small, but yet visible flash.

The only shortcoming of ithe Hossite-cordite was the
fact that the muzzle velociiy of the shell was de-
ereased to 2620 feet per second, as compared bto 2706
feet per second of ordinary flashless cordite, a point

which can easily be remedied by further pallistic studies,

Several other advantages of hossite have been
pointed out to the author, one of which is its micro-
crystalline form, Picrite crystals are bulky, and
besides presenting an important shipping problem,
cause considerable 4difficulty in the'kneading process
in wnich Picrite, nitrocellulose, nitroglycerine and
otuner compounds are incorporéted into a dough, This
dough is then extruded through & small hole and drawn

into a cord, which on drying is found to be brittle,
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This incorporation consists mainly of the
dispersion of the rlashless component in nitro-
cellulese, nitroglycerine acting as the dispersing
agent. when wossite is used, the dough is very
easily made, and the resulting cordite is decidedly
flexible, The experimental ossite-cordite made
in this way, and used in the actual firing tests,

had the following composition:

3
9

Rossite 55.0
nltrocellulose - 21.9
nitrozlycerine 21.5
centralite 2.0
ehalk 0.15 to 0,10
cryolite 10.3 to 0.1

The industrial advantages of Rosslite, which
are perhaps, its greutest feature, are the low cost
of production (less than one third the cost of Picrite)
and the lack of danger involved in its preparation.
Tnese two weigh heavily in favor of its replacement
of Picrite in the explosive industry. The safety
of Rossite is mentioned becsuse two explosions,
involving several death, have occurred in the pro-
duction of Picrite.

Although still in the experimental stage, the
use of Rossite in fleshless cordite nevertheless shows

promise of being a step forward in the bvettering of these
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very valuable propellents,
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The compound N-guanyl-N'-nitrourea has been
prepared in two new manners,

a) from dicyandiamide, by the action of
fuming nitric acid, and

b) from guanylurea, by the action of con-

centrated nitriec and sulfuric acids,

Studied from the "Urea Dearrangement™ point
of view, this compound has been found to behave like
a typical symmebrical disubstituted urea, dearranging
to guanidine, nitroisocyanic acid, nitramide and

guanylisocyunate,

N-guanyl-Nt-nitrourea (named Rossite) explodes
on heating with a cool flame and no visible flash,
After many tests made by the Department of Munitions
and Supply, its use, as the flashliess component of

flashless propellents has been strongly recommended.
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TLoTs 0N PORPOISLE-0TL.,

The author was awarded a scholarship by>tha‘
Bureau Provincial des xrecherclhes 3clentifiques in
order to invesitigate, under the direection of Dr. .
He. Hatcher, the composition of porpoise-oil (huile
de marsouin). The sample however did not arrive
at McGill University until the last two wesks of
the scholastic year 1940-41, and only the preliminary ‘
tests, listed below were carried out., In the meanwhile,
the author was permitted to conduct the investigation
witieh is the subject of this work under the direction

of pPr. J. H. RoSs and Dr, Raymond Hoyer.

1., S(uFRaClIvE THDEX {abbe Refractometer)

16.5%Cee. 001,475
17.8%C. e, .1.474
19.5°C......1.473
22.0%......1.471
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FREE PATTY ACID VALUE, - (Procedure according to

A.0.A.C. p. 436 (1940)) _
I II 111 IV

wt, of oil 7.050g. 7.084g. 7.135g. 7.188g.
ml. of 0.ln NaCH 3.2 3.3 3.2 3.35
ml. of .20n NaOd 1.28 igﬁz 1.28 = 1.34
GPree Fatty Acld 1.28 1,31 .0 1,27  1.31

7 Free Fatty Acld expressed as ml. .25n Naoil required
for 7.05z. of eil. ' '
Faector of .ln Na(Qi is ©.8892

SAPOLIFICATION HUMBER  (Procedure according to

e 1T oo QU
wt, of oil 3,569¢. 2,522g. 2.477g. 2.596g.
ml. of 0.5n HCL s 1Ly 11.8 10.8

- Saponification Ho. 192.5 190,7 181.5 120.5

blapk requires 29.2 ul, of .5n HCL
Saponification No. expressed as milligrams of KOH
required to saponify 1.0g. of oil.

~

Factor of ,5n LCL 0.9618.
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IODINE NUMBER (Hens Method according to

A.0.A.C. p. 429 11940))

x IT III Iv
wt, of oil 0.250g. 0.252g. 0.255¢g. 0.246g.
ml. of O.1ln |

HapsSo0a 22.0 20.9 21.6 22.05
Iodine Vazlue 85.5 85.8 85.7 86.2

iodine value, expressed as mgm. of I, absorbed by

Jg: of ofl.

blank requires 39.5, 39.4 ml.

REICHERT/MEISSL AND POLENSKE VALUES (Procedure

according to A0.A.C. p. 433 (1940))

i 45 II b & &4
wt. of oil 5.048g. 5.036g. 5.019¢.
Soluble Acids

ml. of O.ln NaOH 21.7 21.4 20.8
Relchert-ieissal Value 18,15 18.00 18.10

blank requires 0.4 ml. .
factor of Q.lrn NaQH is (0.8692

Insoiuble Acids

ml. of O.ln NaCH T B 0.8 T -
Polenske Value 0.94 0.68 0.95






