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ABETRACT

Hitrosomethyiures in aqueous medium decomposoes
on heating to awthanol, nitrogeam and coyanlic or iso-~
eyanic acid. Frimory smines prsaent during the decomposlie
tion reant with oyanie acid %o form substituted ureas,

readily isolated in high purity and good yisld.



THEORY

Numerous metnods for the preparation of mono and
di-substituted ureas are reported in the literature.(1-20)
Paw of these methods rosult in products simply obtained
in high purity. It is tne purposs of this papsr to
introduce a synthesis for substituted ureas whereby it is
possible Yo producge the ureas in good yisld and in a

nighly purified form without extensive rscrystallization.

The mono-i~gubstituted urea derivatives wherein the
substituted group is alkyl, aryl or hsterccyclic have

been prepared most readlily by the following procedures,

i. The reaction between the hydrochloride salt of a
primary amine and potassium cyanate.

RitHp JHOL4KOCH —> RNHCOHH, ¢ KC1 (1)
Tnis is a very csonvenient method but it is

extremely difficeult to isolate the highly water soluble

substituted ureas from the contaminating inorganic

salise.

ii. Alkyl isocyanates are rexucted with ammonia to
give alkyl ureas.
R-H=C=0 #NHz —> REHOO-NH,  (2)



This reaction is highly specifico but not too
widely used due tc the insocessibility of the

isooyanates.

1ii. The reaction of enloroformamide with a primary
amine asusss the forwation of alkyl urea.
R-HH $CL=CONHy —— KOy, o1 ()
Tnls reaction is very widsly empleyed for the proe-
duektion of the hydrochloride sal%; but it proves difficuls
to isclate the urea in & pare form {xre: of contaminating

salta,

iv. A nore racent development in She preparation
of substituted ureas is the method devised by Isvis und
Blsnchard,(4) They heat nitrourss with the amine in sn
aJuaous alosholic molution, then isolate the urea by
avaporating $0 dryness. Buok end Ferry (5) later
improved upon this method by using 95% aloohol as their
reaction mediam, distilling to dryness and then
reorystallisging from s sullable solvent.

v. J. laager (6} in the "Bashevior of Hitro-
soronearylearbamide Tomurds Amines and Phencls”,
raported the syu.nesis of several aryl carbamidaes
by resoting nitrosophsnyloarbamide with the arylamine
in an agueocus mediam, Hethod of isolation and percentsgse

0f yield ware not given.



vi. A paper has appearsd sincs the svtart of the
present work which substantiates tnis report.
Boivin (7) expressed the bellef that upon neating
nitrosomethylures in an aqueous medium, decomposition
took place to form methanol, nitrogen and the isocyanic
{or oyanic) aecid, which reacted with the amine present
to give the substituted urea. He substantiated this
claim by an analysis of the boiling mixture, and found
it to yield quantitative amounts of methanol, nitrogen
and cyauic acid. He alsoc reported the synthesis of
geveral substituted ureas from primary and secondary

aliphatioc and aromatic moncamines,

In essence, the same principles involved in the
above gtates reaoctions are employed in this study
with the differsnce that the reaction is sinple, easy
to manipulate, requires no spacial equipment, and the

product is easily isolated.

Hitrosomethylurea Hgﬁ.@@ﬁ(ﬁ&)%ﬁ§ is a light yellow
erystalline compound, insoluble in cold water and melts
with decomposition above 120° ¢, It is comparatively
stable at room temperature if kept damp with very dilute
acetic acid, If allowed to dry out, it may decompose
spontaneously with extreme violence, giving off obnoxious

fumaes.,



It is made by dissolving methyl urea in dilute
sulfuric acid, chilling to 0° C. and adding cold sodium
nitrite solution. The erystals of nitrosomethylurea

form and are easily separatad by filzration.(a)

On h drolysis with an alkali, nitrosomethylurea
breaks down to diazomethane and the cgyanate salt of the
alkali.

H.N.CON(ED) - CHz #KUH — aﬁgﬁz-tmc:mﬂzs

2

An attempt was made to eli inate the use of csustic
and to devise a nethod by which diazomethane could be
gonarated at a gontrolled rats, through the use of an
amine. Upon atsempting this modification a highly
axothermic reasction took place, with heavy foaming and
rapid evolution of gas. Upon vaouum distillation of the
reaction mixture, a white crystalline residue was iso-
lated., A osareful analysis of the residual erystals
indlesated that ths substituted urea of the amine empioyed
had been formed. 4Yeveral more simple experiments employing
the more r-adily available amines showed this to be the

gensral case,.

The supposition was that the amine rescted to convert
the aqueous nitrosomethylures m.xXture to methyl alecohol,

nitrogsn and isocyanic acid., The isooyanic aclid then



reacted with the amine to form the substituted urea.
Cﬁ3§ﬁ(N0)GQQH2§RNH2—§29+-CH3OH+§24HK-G=O

HK:C’O*RﬂHE ~————*~H§HGONH2

Several of the ureas were syntheslzed without
external heating, to cause previous decomposition of
the nitrosomethylurea. Yields by this method were com=
parable to thesaz isolated from the method of hesting the

aqueous solution before addition of the amine,

k-2 Al s il e ditag ]



TABLY

b 4

AMING %.P. 00 B.p2, % - URZA DERIVATIVE
— Speeilicationss
{Lit.)
vatexr Soluble Amines
Hethylamine - - Methylurea
(40% aq.)

n-Butylamine - 74~-T79 n-Butylures
{76~78)

Benzylamine - 180~7 Benzylurea
(185)

aniline - 179-86 Fhenylurea
(184.4)

Morpholine - 120~32 ¥orpholine~
{128.6) carboxamlde

Piperidine - 103~-10 Piperidine
(106.3) carboxamide

Purfurylamine - 14346 Furfurylurea
(144-6)

Cyelohexylamine - 129-38 Cyclohexylurea
{134)

Ethylenediamine - 116-19 Ethylenediurea
{117.2)

Propylenediamine - 112-22 Propylenediurea
{119.7)

para=-¥henylensediamine 138-41 ) para-¥Fhenylenedi-~

{139.7) {267) urea
#8,P, specified for amines by supplier.,



PalRLE I

AMINE u,p.% B,P.9C UREA DERIVATIVE
Specification#®
(Lit.)
¥ater Insoluble Amines
n-0Octadscylamine Tech. - n~jctadecylursa
ortho~aminobanzoic 141-146 - ortho-Ureabenszoic
acid {144-146) Acid
para-Aminobengoic 184-188 - para~Ureabenzoio
acid {186-187) Acid
Bthyl-n-Butylamine - Tech, Unabls to iszolate
compound.
di-n-Butylamine - 157-61 Unable to isoclate
{159.8) compound.
2-BEthylhexylamine - 165-68 2«ithylhexylures
{168.5-9.5)

#B.P, spegified for amines by supplier,
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{continued)

i o . . e
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diuvrasa

above 240°
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REAGENTS

The amines used were of a commerciasl or technical
grade obtained f{rom regular chemical supply sources, They

were used direotly as received,

EXPERIMEETAL PrROCUDURE

Preparation of Hitrosomethylurea:

The nitrosomethylurea was synthesiged by the method
described in "Organic Synthesis", Collective Volume II.
Yields ware from 65 - 704 of theory.

Synthesis of Urea Derivatives from Waeter Soluble Amines:

Metnod .
0.1 ¥ of nitrosomethylurea wus mized with 200 ml. cof

distilled water and warmed gently on & steam oone while

being axziteted 2t high speed. When the temperature reached

40° ¢, 0.1 ¥ of the amine wus sdded dropmise during a

period of ten to filte:n minates. The rate of addition

was determined by the amount of frothing and foaming present.

The eleay solution was then heated vigorocusly for five

minutes on a stesm bath., Une~half gram of garbon black

nag aaded to the not solution, zgitetad five minutes and

filtered.

The selutlion was then vacuum distilled, at the

pressure of the water pump, 10 dryness and the residue was

14



recrystallized from a sultable solvent. Reorystalli-
zation method smployed wa® o mix the residus with a
solvent or solvents, heat the mixture uniil the residue
wag completely dim olved and allow to stand until
orystals formed. The orystals wers then reomoved L f£ile
tration and drisd in an oven at 60° 0. Solvents used

are listed for aaoh compound in Table II1I.

Synthesis of Urea Uerivatives from Amines Sparingly
Soluble in ¥ater:

Hethod 2.

8.1 ¥ of nitvosomethylursa was mixed wish 200 ml. of
diztilled water and warmed gently on a stean cons while
balng agitated at & hipgh spsed. Fhen the temperaturs
reached 40° o, a dioxene solution of the amine (0.1 ¥
of amine dissolved in 100 ml. dioxans) was sdoed dropwise.
Vary lititle froibhing was enccountered with the exception of
ootadeoylarea. The solution was then warmed vigorously
for fifte nn minutes to boil off a lzrmge portion of the

diozane,

Phe solution was then vaouum digtilled, at the presg~
sure of tne water pump, to dryness snd the residue wasn
recrystallised from a sultable solvent., Hecrystallization
mathod smploved wus to m.x the residue with a2 solvent or

golvents, heat the mixture until the residue was completszly

15



disgolved, decolorlige wiith Juareo and then lst stend until
erystels formued. The crystals were than removed by file
tration and dried in oven st 60° C. Solvents uned are

listed fov eaoch nompound in Pable IV,

Ths exception to the above procsuaure wes in the
onge ol ootadacy lurea. Jpon the addition of the dloxane
soiuiion of cotudeoylures, nesavy foaming vook plsce
forming & white oeresm-like precipiltute which ocould not ba
filverad, Yo isolate the ures, ths m.xture was extracted
witn chloreform in o liquid, liguid sxtracior for eight
hours. The chloyoeform wes then dried over sodium sulfate,
f1ltsrad and eoolsd so -10° €. Large white noedle cry-
stals formad af%oeyr prolonged standing. The crysimls woere

shen removed by filtration and dried in the oven st 609 1,

Synthesis of Ures Derivatives from Yuter Soluble Aminpes:
Ho Bxternal Heauting.

Bathod 3,

0.1 ¥, of nitrosowethyluren was mixed with 50 al. of
distilied water. 0.1 2. of the amins wus then sdded drop~
wise with gentle apitaiion »nd the femperature wes ullowed
%0 rise by the hent of resction. Tesmparatures normally

varied from 18 - 70° o.

The solution was then vaouum distilled, at the pres-
sure of the water pump, o dryness and the residus was

reoyvatallizged from a =ultable soivent. Frooedure for

16



reoryatallization is the aame az that descrived in
Hathod 1., Solvents used ares lilsted Yoy saoch compound

in Pable V.

Synthesis of Bensylurea:

Hathod 4.

Resction procoedure is same a8 that desoeribed in
¥athod 3. Ihe zaiception is that sn attempt was made to
inoereuse the oversll yield by varying the ratio of the
nitrosomethylurea %o the beonzylamine. Benzylamine aas
pelacied bocause ol sase of isolation of the ures
derivavive. Veriations of 0.1 moles, 0,12 moles,

0.1% moles, and 0.2 molas of nitrovomethyluresa to 0.1
noles of benzylamins were used. This led %o a zlight in-
ereane in the overall yield. The psrcentege of nitrag:n
rempin-d relatsivaly the sume while the melting point

dropped with whe incrsuse of nitrosomethylurea. 7Tsble VI,

AFFPARATUSR

All apparatus usesd in obtaining experimental deta for
this repoxrt was of the genaral typs found in tne laboratory,
sach as beakers, muchanical asirrers, water pump, stesm
cons and ¥isldahl assay equipuwent. #o spsolsl squipsmant

wan used oy requlred.

17



AS-AY  NETHOD

The Kjeldahl method for the determination of
nitrogen was smployed in the analysis of the ureass. All

assays were run in duplicate or triplicate.

All melting points betweoen the range of 0° to
200° ¢, were taken in a triethylene glycol bath employing
the proper Anschutz thermometer. All melting points above
200° 2, were taken on an elsotriecally heated melbing

roint block.

Laboratory facilitiecs were not available to permit
tne ranning of a complete carbon, hydrogen and oxygen
analysis. The assumption that the compounds not found
in literature checked are the desired compounds are based
on the percentage of nitrogen snd validity of the resction
as shoan in other experiments where the specific constants

ware given,

i A SR R SRR

18



sefors a satisfactory solution to this investigsiion
couls be reusohed, there wers thre: basic problers that
had to be decidsd upon:
1. Selsction o the amines,
2. Dwmvising method by shioh wmstar
soluble and wuter insoluable amines
sunid by Texsoted.
3. Beleotion of solvent for reerystallizing
ures derivatives.
1. Zslesction of aminse wers based on those mor- readily
avallable and where $he physical constants were easily
found w0 as to check results.
2. Hethods given in Sxperimental “rocedure were decided
upon after preliminary ssperimentaiion snd a caraful
study of mechanian and results.
3., Heleotion of soilvent for recrysitallizstion wug very
complax vecause of the varied difference in soiubilities
of the diffsrent ursa derivatives. 4ll solvenis used

ure listed in Tubiss 11X to Vi.

i9



B

4.

SUMEARY

Hitrosomethylares rescts readily with primaxy amines

to fTorm the corresponding subsiituted ureas.

Phis remction is thought to be due to the decomposi-
Tion of nitrosomethylurea to methanol, nitrogen and

pyanic aoid.

since &ll produocts otney than the substituted ureas
are readily volatile, isolation and purification of
the ureas is rolatively simple. Yields of ureas

range from twenty per oe¢nt $o over ninety-five per-

osnt in individusl casas.

Secondary amines also reaot wiith nitrosomethylures,

but pure products could not be isolated.

B SO -2 4SS
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