
WITH CARBONYL DIURETHANE. · 

by 

Harold w. Greider, 

A THESIS SUBMITTED TO THE DEPARTMENT OF 

CHEMISTRY AND TO THE FACULTY Of . THE 

GRADUATE SCHOOL IN PARTIAL FULFILL-

MENT OF THE ~QUIREMENTS FOR 

THE MASTERS DEGREE • 

Department of . Chemistry 

Juiy 25, 1917 • 



TABLE OF CONTENTS 

Introduction --~--~ -~----~-- --~~--~--- ----~--

. Reactions of carbonyl diurethane ------- -------

Outline of possible reactions between carbonyl 

diurethane and the primary amines ------ ~---

M.ethylene diurethane - Preparation ----- -------

" It with· Aniline ------- -----

(1) Diphenyl urea 
____ _. __ --------- -------- ----

Phenyl methylene diurethane - Preparation ------
II ti tr with Aniline -------
t1 ti " 11 Benzoyl Chloride 
11 ff n 11 Acetyl n 

n n 11 n Ammonia --------
Attempted· Preparation of Sodium Salt of 

Phenyl M;_ethylene Diurethane ------- ----------
! 

Hydrolysis of Phenyl Methylene Diurethane,
1

i ------

Phenyl Methylene Di urethane with Liquid Ammonia -

0-nitmo-phenyl Methylene Diurethane .- Preparati_on 

7· 

12 

13 

14 

17 

18 

19 

ao . 
a1 

aa 
22 

29 

II n II with Aniline - 31 
ti -H u " ' " Ammonia - 32 

0-amino-phenyl Methylene Diurethane - Preparation 

Carbonyl· Diurethane - Preparation ------ -------

" . " with 0-to luidine ----- ----

33 

34 

36 

(1) 0-tolyl carbethoxy Biuret ------- -------- 40 

(2) 0-tolyl Cyanuric. acid ------ -------- ---- 42 

(a) Silver Salt of 0-tolyl Cyanuric acid -- 44 
I 

(3) Di-o-tolyl Biuret ------ ------- --------- 48 



(4) Carbonyl Di-o-tolyl Diurea 
i 

(a) A·ttempt to prepare _Carbonyl di-o-tolyl 

diurea by reaction Of phosgene With 

mono-o-jolyl urea ------- ------------ 54 

,{b) Preparation of mpnqpphenyl urea ------- 55 

(c) Attempt to prepare Carbonyl diphenyl di-

urea by reaction of phosgene with mono-· 

phenyl urea ------- -----~- ----------

(5) Mono-o-tolyl urea ------- ........ -~~-~- --~--~ 

56 

57 

n n - Preparation -------- 58 

Carbonyl Diurethane with 0-toluidine at'high 

temperatures ------- --------- ------- ------
. 61 

( l) Di-o-tolyl urea ------ ----- ------- ---- 62 

Mono-o-tolyl urea with Chlor-carbonic ester --- 63 
J) 

Carbonyl Di urethane with O{ naphthylamine . ------ 65 

(1) · c{ naphthyl Carbethoxy Biuret ----------- 67 

(2) Di- 0( -naphthyl urea' ---•-- ----- 11------- 69 

Carbonyl Di urethane with f->. naphthylarni~e ------ 71 

( l) . f> naphthyl carbethoxy Biuret ----------- · 7 a 
. (a) p naphthyl Cyanurio acid ---- ------- 74 

( 2) Product M. P. .291° C.· ----- ---------- 7 5 

Summary and Conclusions ---------- 77 

, . 



IMTRODUCTION • 

The reseamch on the reactions of the primary amines 

with carbonyl di urethane which I have undertaken and . 

which is described .in this thesis , is a continuation 

and extension of a ·part of the work done on carbonyl 

di urethane by F •.. B. Dains* at the Un~versi ty of Chic-

ago. A part of this work is being carried on at the 

present time at the University of Kansas by C. H~ · K~d

well and by me , under the direction of Dr. Dains. The 

results obtained by Mr. Kidwell will be presented by 

him in another paper. 

In order to make a satisfactory presentation of the 

work done it .is necessary to preface.the description 

of the experimental work by a discussion of the theory 

involved. Accordingly this paper ia divided into four 

parts. The first consists of an outline of the reactions 
! 

of carbonyl diurethane as far as they have been_report-

ed . The second part is a discussion of the reactions 

which may takeplace between carbonyl· diurethane and the 

prima.ry amines, .and an indication of the way in which 

the reactions may be expected to take place, with eq-

uations showing the products whiah would be formed in 

these· reaction~. 

The third part is devoted to a description of the 

ex~erimental work done and of the results attained. A 
summaryi of these results and a disraussion of the fact·s 

brought out in the course of the experiments completes 

:the paper. 

Jour. Am. Chem. Soc. , XXI , 1899 , pp. 185-192 • 



In addition to the work on carbonyl diurethane a part 

of ·the experimental work was devoted to the related comp· ... . 
ounds, methylene diurethane 1 phenyl methylene diurethane, 

and o-nitro-phenyl methylene diurethane. These compounds 

are similar in their constitution to carbonyl diurethane. 

and for this reason their reactions will be of interest 

in a study of the reactiond of that compound. 

/NH-COO-C 2H5 . 
c~ 

NH-COO-C2H5 

Carbonyl Diurethane 

. / NH-COO-C 'lfl. 5 
CHz 
' NH-COO-Ca1f5 

Methylene Diureth~~e. 

The above formulae show the difference between carbo-. 

nyl diurethane and methylene diurethane. In the latter 

the urethane groups are attached to a methylene carbon, 

while in carbonyl diurethane t.hey are attached to a keto 

carbon. ,Phenyl methylene diurethane and o-nitro•phenyl ·. 

methylene diurethane are derived from methylene diuretha-
i 

ne by the substitution of a phenyl group a~d a nitro-phe-

nyl ·group, respectively, in place of one of the hydrogens 

of the methylene group .. The cons ti tut ion of .these two 

compounds is illustasted by the formulae below: · 

,...NH-COO-C2H5 C H -CH 6 5 
"-NH-000-C zH 5 

Phenyl _methy~ene diurethane 0-nitro-pheny_i methyl-
ene Diurethane . 

The results obtained in the work on these compounds 

will therefore be described and discusse.d in connection 

with the work on carbonyl diurethane. 



REACTIOl~S OF CARBONYL DIURETHANE 

** The first mention of carbonyl diuretl:ane Wf!S by Loeb 

who suggested it as a possible intermediat~ product in 

the reaction between urethane and phosgene, Loeb carried 

out ·!;his reaction in a benzene solution and obtained as 

the sole product, allophanic ethyl est·er and his idea 

was that carbonyl diurethane m~ght be form~d and then be 

decomposed by recrystallization from alcohol or chloro-
• form, losing alcohol and carbon dioxide and giving allo-

phanic ethyl ester . 

* Falin showed that the carbonyl diure'thane which· Loeb -
had suggested as a possible intermediate product was in 

reality a very stable compotind and could be obtained with 

about a 40% yield by heating a mixture of one mole of 

phosgene and two moles of urefuhanein a sealed tube, to .a 

temperature ·of 85" C •. for half an hour. Pyridine was used 
to combine with the hydrochioric acid li~erated, 

• If 

Carbon~l diurethane is a white _crystalline solidwhich 
is nearly insoluble in cold water and readily soluble 
in hot. It is also soluble in alkalies and in most of the 

organic solvents .. It shows no decomposition on rec·ry stai-

lization from any organic solvent or from water, neither 

does heating in a sealed tube with a benzene solution of 

hyd~ochloric acid produce any decomposition. 

* Folin prepared the silver salt by dissolving the car-
oonyl diurethane in an alkali and then adding silver nit~ 

rate to the solution. He was unable to obtain the di-sil-

ver aal t and found that the solution of carbonyl diureth-

** ·Ber. d. -Chem. Ges. ,XIX, pp. 2344. * Am. Chem. Jour., XIX, pp.342-352. 



ane in ammonia gave no precipi t~te with silver nitrate 

solution. He stated that the constitution of the silv~ 

er salt is represented· by the formula 

Ag-0-C -N-COO-C-'Fl 5 . '\ a--
. NH-COO-CzH5 

He foun~ that the silver salt is not only somewhat 

soluble in hot water,, but is also decomposed by itl:to 

some extent. 
* Dains imprmred and simplified the method for the 

preparation of carbonyl diurethane, this method being 

outlined in this ,paper under the preparation of that 

substance .. Dains prepared the mono-sodium salt of 

carbonM.'l diurethaneby dissolving carbonyl diurethane 

in absolute alcohol and adding to the solution a cone-. 

centrated solution of sodium ethylate. He was unable 

to obtai:: the di-sodiLJ.m salt. With copper sulphate he 

found that copper carbonyl diurethane was' not obtained 

but hydrated copper .. · hydroxide instead, sho~ving that 

the sodium salt is hydrolyzed in solution. 

Dains was able to show by experirnental eviden.ce 

that the.silver salt and the other metallic derivat-

ives of carbonyl diurethane must have the constitut-

ion represented by : 

1i'T-C 00-0 2H 5 Me-0-C 
'NH-000-C 2H5 

This proof resulted from his investigation of the 

action of alkyl .iodide upon the silver salt. He sus-

pended the silver salt in dry ether and added ethyl 

* Jour. Am. Ch. Soc.,XXI, pp. 186-190. 



iodide,the product being the ethO}.."Y ether of carbonyl di 

-urethane, or ethyl isodicarbethoxy urea. This product 

is a colorless oil, insoluble in water and in dilute a~

kalies but soluble in most organic solvents .• It decomp-

oses upon distillation at ordinary. pressures. 

He· showed further that this substance spli·t off ethyl 

chloricle' wi tr1 dry hydro gel'). chloriq._e and tha,t with alcoh-

olic ammonia it gave guanidine dicarboxylate. From ·tbese ·. 

two reactj_ons he proved that the thii"d ethoxy group in 

ethyl isodicarbethoxy urea is attached to the central 

c.arbon atom and that the constitution of the compound 

must therefore be : 
/NH-COO-C2H5 C 2H5-0-C~ 
~ u-coo-c z:r. 5 

The equation representing the fo~mation Of the ethyl, 

isodicarbethoxy urea is : 
1
NH-COO-C 2H5 

C 2H5I + Ag-O-C~N-COO-C~B:5 
,NH-coo-c _H 

AgI + CzH5.:;.0-C~ ;r5 
·- · '~ N-000-C zHs 

The reaction between dry.hydrogen chloride and ·the 

ethoxy etherof carbonyl diurethane is represented by· 

the equation : 

This ~roduot dsoomposes immediately to form ethyl 

chlor~de and carbonyl diurethane 

The reaction bst'ween ethyl i sodicarbetho:xy urea and 



ammonia is .. represented by the equation : 

/IB-coo-c alto 
\\O-C2H5 -r NH3 = C;f150H +-

N-COO-C2H5 

/ NH-coo-c rJJ. 5. 
C-NH2 · 

' i~-000-C zHs 
ThG products are ethyl alcohol and dicarbethoxy guah-

idine. 

This summarizes as far as they have been reported the 

reactions of carbonyl diurethane. 

With respect.to the relatei compounds; methylene di-

.urethane , phenyl methylene diurethane and o-nitro-phen~ 

yl methylene diurethane , a search thru the li.terature 

seems to show that no reactions have been reportetl. ex-
* oept that Conrad and Hock , who first prepared methyl~ 

ene diurethane by the method of condensing formaldehyde 

with urethane; report that: that substance is decomposed 

by heating· with dilute sulphuric acid, giving formaldehytd1 
i' 

carbon dioxid , ethyl alcohol and ammonia . The compound 

o-nitro-phenyl methylene diurethane is not listed ir.. the 
literature of organic compounds. 

* Ber. d. Chem. Ges.,XXXVI, pp.2206. 



POSSIBLE REACTIONS BETWEEN CARBONYL DIURETHAHE 

ANfJ THE PRIMARY AMINES • 

An outline of the ways in which carbonyl diurethan 

and ths primary amines may react and the products 

which .are to be expected when these reactions take 

place,is desirable as a preliminary to the discussion 

of the reactions actually observed in the experiment-

al work. 

The first reaction which would be expected in a 

mixture of an amine with carbonyl diure~hane would 

be one in which one mole of the amine reacts with a 

mole of carbonyl diurethane to 'give as products al-

cohol and a substituted carbethoxy biuret; 

/NH-COOR 
(1) a·o . 

'NH-COOR 

..,..NH-00-NHR 
+ R-NHB = ROH + C~~JH-COOR 

The second way Tiould be for two moles of the am-

ine to react as before;carbonyl di-substituted diurea 

'\':IOUld be the product ; 

1'IB-CO-NHR 
I 

;im-COOR 
(2) co 

.,NH-COOR 
+ 2 R-NH2 - 2 ROH + CO 

'.NH-CO-NHR 

If one mole of the amine reacted with one of car-

bonyl · .d~urethane so as. to splft off urethane 1 the pro 

-duct resulting-would be a substituted allophanic es~· 

ter, thus. : 

(3) 

/NH-COOR 
co 
~1ni,---c-oo-R -, ' _______ , 
: H-l HNR . , ___ , 

/NH-COOR 
H2N-COOR + CO 

'~mR · 



The carbethoxy biuret obtained in equation (1) may 

also react with a mole of the amine to split off ure-

thane and give as the other product a substituted bi-

uret : . 

,NH-CO-NHR 

(4) 
I co 'f- -- ----, 
,NH-COOR: 
I ,--- --• 
I I ·H- I HNR ____ , 

CO-NHR 
I 

H2N-COOR + HN , 

'\.co-imR 

One mole of. the amine may ~eact :vi th the carbonyl 

diurethane so that a substituted urethane is split off, 
the other product being allophanic ester : 

( 5) 
/NH-COOR 

co -----'1TH.JCOOR1 I I 
I I 

H- I HNR1 ·----· 
= Rlfrl-COOR 

/NH-COOR. 
+ co 

"-NH2 

·rf two moles of the amine should react in the same 

way as in equation (5) two moles of the substituted 

urethane would be obtained togeth~r with one mole·of 

urea : 

(6) 

,---· 
H- / HNR~ 

f . I 

liJH~~9.91t.: 
co .-----

NH-1COOR i 
\ . I 
\ I 

\ ' \ 
H- 'Hl~R: , __ _ 

~NH 
2 RNH-COOR + CO 2 

"'NH a 

The urethane which results from reaction (4) may 

then react with one mole of an amine· to give a mono-

substitute d urea,thus 

. ( 7) 
,-.,...~ .......... ,.. ... , -

H2N-CO-i9,!i_ j: _HjHNR ROH + H2M-CO-MHR 

In the same way the urethane may react with two 



moles of the amine to give a di-substituted urea 

( 8) fH2iitco{q_P~-j-~~ HNR - NH3 + ROH+ NHR-CO-NHR 
c I !]1_-_1 HNR 

The urea:which. results from reaction (6) may also re 

-act with one mole of an amine,thus : 

or two moles may react in the same way. : 

(10) :-H;N;-co,'l-iH~ ~ -li.i HNR 
I I ------' 

2 NH3 + RNH-CO-HNR 

!jl_:-_:HNR 

A fUrther possibility for reaction lies in the fact 

that the carbonyl di-substituted diurea formed in reac-

tion (2) may react further with one mole of an amine to 

give a mono-substituted urea and a di-substituted biur-

et., thus : 

(11) 
/CO-NHR 

+ HN 
'-CO-NHR 

This carbonyl.di-substituted diurea may also react 

with two moles of the amine in the same way and give as 

products two moles of a mono-substituted urea and one 

mole of a di-substituted urea .• 

f li~ mm 
)ili_.:.CQ= NH£l] 

co -
~--------

~·:.C.9=1JHR J •_!B- HNR 

(12) 2 H2N-CO-HNR + RNH-CO-HNR 



The substituted carbethoxy biuret formed in react-

ion (1)·niay react with one2mole of an amine to give as 

-products a mono-substituteili urea and a mono-substituted 
carbethoxy urea 

/NH-COOR /NHR 
· ( 13) ·CO. = H2N-CO-NHR + CO 

~~-co:..N"Ha - H~ HMR , ., NH-cooR ---------
. \ A reaction might also take place between one mole 

of an amine and the oarbethoxy biuret to give urethane 

and a di-substituted biuret 

,k.~QQO_R=~-=fi~ 
00 NHR 
"'-NH-C0-1.iHR 

(14) 
/CO-NHR 

- H
2

N-COOR + HN . 
. . 'co-NHR 

The substituted.carbethoxy biuret may also lose wa-
ter under the conditions in some of these experiments 

and giv·e a substituted cy~nuric caid , according :to the 

following equation : 
. i--· NH-CO- H1NR 

/ 
1 I 
I I 

( 15) 00 I I 

" I ' NH-C0- 10P{ ·--

I , /lli_il co "· . ROH + CO N-R 

"NH- ct 
There is evidently· a close relationship in constitut 

-ion between carbonyl diurethane, phenyl methylene di-

urethane and methylene diurethane. In the reactions ju~ 

st outlinsi for carbonyl diurethane the reacting subst~ 

anoes generally split off alcohol, .ammonia o.r urethane 

and there seems to be no reason as far as the structure 

of the moles of the other compounds is concerned why 

they should not react in the same way to give analogous 

products. 



In methylene diurethane two positive hydrogen atoms 

replace the negative OA17gen atom of the carbonyl group 

of carbonyl diurethane;this·may be found to .exert an 

influence on the reactivity of thB rest of the mole , 

especially upon the reactivity of the carbethoxy group. 

In phenyl methyl~ne diurethane one of ,these positive 

hydrogens is replaced by a negative phenyl group which 

would be expected to make this comound resmble carbonyl 

diurethane in its reactivity. The same thing is t~e of 

o-nitro-phenyl methylene diurethane in which one of the 

hydrogens is replaced by the still more negative nitro-

phe:riy l group. 

These compoun~s will probably require an extended in 

-vestigation of their reactions before a satisfactory 

explanation can be offered for the fact .that they do 
not show the reactivity which would be expycte cl wh·en , . .t 

I . 

they are subjected to ~he same conditions 6f reaotion 

as carbonyl diurethane 

The experim_ents upom methylene diurethane , phenyl 

methylene· diurethane , and o-nitro-phenyl methylene di-

urethane are described and discussed in advance of th~:~ 

ose upon carbonyl diurethane because they are simpler 

and because they were carried out With the· purpose of ·'· 

throwing light upon the reactions of the latter com-

pound.· 



METHYLENE DIURETHANE 
· ... 

Methylene diurethane is a white crystalline subst~nce 

which may be most readily p~epared by the condensation 

of formaldehyde with urethane •. M.· Conrad and K. Hock'* 

were the first to show that it can be prepared in this 

way by using hJdrochloric acid as a catalyst. The re-

action by which i·t is formed is represented by· tht? fol-

lowing equation 1 using one· mole of the aldehyde for two 

moles of urethane : 

,..lIB-COO-C2H5 
+ HaC 

'NH-COO-C3H5 

Methylene diurethane is insoluble in water and is 

readily soluble in alcohol, ether and other organic 

solvents. When it is heated with dilute sulphuric aaid 

it is decomposed into carbon dioxid, ethyl a~cohol 1 

ammonia and formaldehyde as shown·by the following eq-

uation. 

The melting point of pure methylen~ diurethane is 

131° c. Owing to the fac_t that there was a considerable 

quantity of the pure substance available which gave _the 

above melting point it was not -necessary to prepare any 

of the material for use in these experiments. 

* ·Ber. d. Chem.Ges.~XXXVI, pp.2206. 

-



METHYLENE DIURETHANE WITH ANILINE ·• 

In order to produce a reaction bc;tween methylene di-

uxethane and aniline ~O grams of the material was heat-

ed with 11. 5 grams of amiline for::z.k hours at 1201 C. 
The solid material crystallized from th.; solution gave· 

M. P; 130 ° c. and since the M. P. of pure methylene di-

urethane is 131° c. it is evident that no reaction took 

place. A faint odor of ammonia was noticeable and the 

vapors turned rEd limus blue. 

The heating was continued at a tempsrature of 160° C 

for two hours longer. A moderatc!ly strong odor of ammo-

nia was produced but as before there was no change in :., 

the M.P. of the solid.material. 

The mixtur.e was then heated at a temperature of 195-

2000 c. for two hours longer. The odor of the ammonia 

evolved was very strong. The M.P. pf the solid residue 

washsd w.ith gasoline was 125-129° c. 
The dried residue obtained from this reaction was re 

.-crystallized from aicoho~ three times and then dried. 

The product obtained was a white· flaky crystalline· sub-
• ·(I ' 

st~nce which gave M.P. 235 c. but began to char and 
show signs of decomposing at 230i c. When some of this 

product was mixed with pure diphenyl urea the M. P. c;>f ~ 

the mixture was 235 ° c. 
On allowing the alcohol solution to stand for sever . 

-al weeks a white crystalline substance separated and 

was found to be the same as the diph.::nyl urea obta'in~ 



ed previously. On adding hydrochloric acid and wat.,.er a 

further amount of a wh~te crystalline precipitate was 

formed which after recrystallization gave the same M.P. 

The ·total yield Of the diphenyl urea obtained, in this 

reaction was a very small one • 

DI~PHENYL UREA • 

, The formation of the diphenyl urea when aniline and 
methylene diurethane are heated together may take place 
i"n more than one way but the more probable explanat·ion 

is that ·the, presence of a small quantcbty of water, at 

the h~gh te~perature used results in the hydrolysis of 
' ,; 

the-methylene diurethaneacoording to the followint eq-

uation : 

/NH-COO-C 2H5 H C 2 'rra-coo-c H 2 5 
, +HOH 

., 

= H-CHO' + a H2N-c.oo-c2Hs' 

I - I 
The products,of this reaction are for~aldehyde and 

urethane. The excess of anilinepresent then acts ·upon · 

~he urethane according to the following equation : 

' 
The other possibility fot the formation of diphenyl 

urea under these conditions is that the aniline should 

react with the methylene diurethane for the formation 

of urethane,thus 



The urethane could then react with an excess of an-
iline as in equation (2) above for the formation of di-

ph~nyl urea. The compound, c6H5-NH-CH2-NH-C6H5. s}'Ullll1et-
rical ,diph~nyl di-amino methane is known, but its for-
mation under the conditions of this experiment seems un 
-likely. The formation of the produc.t obtained in this 
reaction apparently depends more upon the high tempera-. 
ture used than on the reactivity of the substances ·in : 
the reaction mixture. Even at the high temperature~used 

200 ° c., the amount of diphenyl urea obtained was small, 
less than one gram from twenty one grams of the origi-

/ nal materials used,hel).ce the conclusion that the form-· 
ation of the urethane ·is due to hydrolysis and not to 
the action of the aniline, for otherwise a much larger 
yield would be expected. 

The following analyses confirm the fact. that the pro 
~duct of the above reaction is diphenyl urea. The theor 

I 
ii . -etioal· per cent of nitrogen in diphenyl urea is 13. 2 % 

The analyses show : (1) 13.20% (2) 13.26 % . 

Analyses : · 
.· ( 1) Watch glass sample -= 5. 3191 gm. 

If tr 
fl 

= 5,0161 " 
=i. 0. 30 30 " 

0.15 ~acid in receiver= 25.00 co. 
O. 1785 N base to titrate excess= 5. 00 cQ.. 

5.00 cc times 1.19 = 5.95 cc. 

Ammonia evolved= 19. 05 cc. O. 15 N acid. 

Weight nitrogen in sample -=.O. 0400 gm:
4

·~ ." , 
Pe:e cent " ti ti = 13. 20% 



. ( 2) Watch. glass sample = 5, 2252 gm. 

n " 11 
= 5,0161 fl 

=- o. 2091 ff 

N/2 acid in receiver= 10.00-co. 

N/2 base td_, titrate excess = s. 98 co. 

5.98 cc. times 1.008 = 6.03 co. 

Ammonia evol veal - 3. 97 cc. N/2 acid, 

Weight nitrogen in sample=- 0.02765 gm. 

Per cent " n u - 13. 26 % • 

. \ 

.. 



PREPARATION OF PHE11YL METHYLENE DIURETHANE • 

The preparation of ph:~·nyl methyle'ne diurethane was 

carried out as follows : 20 grams of urethane was 

added to.water and after it had dissolved 15 grams of 

benzaldehyde was added to the solution,the urethane 

and 'benzaldehyde being in the proportion of one mole 

of .the aldehyde to two moles of urethane. After the 

addijion of ·a few co. of concentrated hydrochloric 

acid and a few minutes standing a large quantity of a 

wl:ii te crystalline substance separated and formed a 

semi-so 1-id mass in the beaker. Thi a c:ry stalline so lid 

was filtered off,recrystallized from dilute alcohol, 

washed and dried. The ·M. P •. was 178° c. 
The reaction by which the phenyl methylene diure- , 

thane is formed is a condensation between the aldehy-

de group of the benzaldehyde and the amino groups of 

. two moles of urethane as shown by the equation : 
I ,----.....;.., ' . ' 

. , . Hf-NH-COO-CzH5 )IB-COO-CzH 
CeH5-CH=:O + : =Hao + CsH5-~\-.. . 

~- - - _ gr-NH-COO-C zH5 Hm1-COO-CzH" 

The hydrochloric acid added to the reaction mixt-

ure acts as a ca:talyst for the above reaction. The 
' , 

reaction may be made· to take place in the same way 
.. * ** using.sodium.ethylate as the catalyst. F. Lehmann 

has also showedthat if benzaldehyde oyanhydrin is 

heated on a water bath for three hours with two moles 

of urethane 50% of the theoretical per cent yield of 

* Ber. d. Chem. Ges.,XXVII,pp.1250 

**Ber. d. Chem. Ges., XXXIV, pp~ 370 



phenyl methylene diurethanecan be obtained,hydrocyan-

ic asid being liberate:d. 

The_ phenyl methylene diurethane was obtained with 

about a 90% yield using HCl as the catalyst. The pro-

duct. is a very fine white silky crystalline substance 

which is readily soluble in hot alcohol and slightly 

soluble in cold, but is nearly insoluble in water. 

-No analysis was made on this material because it is 

shown to be very pure by the fact that its M.P. is 

178° C. while the highest M,P. given for it in the 

Beilstein is 178-179° c. 

PHENYL METHYLENE DIURETHANE WITH ANILINE. 

Phenyl methylene diurethane and aniline were heat-

ed togetherin a flaskattached to a reflux condenser 

at a temperature of 125-130° C.-for three hours. "The 
I 

solid product which was separated was r'ecrystallized 

from water and gave MP. 176° a.which was practically 

identical with· that of the original material. When 

this product was mixed with pure phenyl methylene 

diurethane the M.P. was not lowered 1 hence the mix-

.ture of phc:~nyl methylene diurethane and aniline does 

not react to give any new product under ·the condi ti-

ons of the above experiment. 

The same mixture was then heated to a temperature 

of 150-160° c. for three hours The solid material se-

. parated and recrystallized gave M.P. 176° c. showing 

in this case also there is no reaction. 



The reaction was tried again under the same cond-

itions at 190-195° C. but as before the material was 

recovered unaltered. An odor of ammnia was noticeab-
w 

le in· the flask at this t~mperature. A final attemp;. 

to produce a reaction was madeby sealing up three · 

grams ofphenyl methylene diur•ethane with an excess 

, of aniline in. a bomb tube and heating in a bomb fur-

nace for four hours at 230° c. The product resulting 

was a. darkbrown oily liquid. When this liquid was 

boiled with ·water it gave a large lump of resinous 

black material and from the water solution a small 

.. amount of a white crystalline substance separated 

on standing. This melted at 173-175° c. showing that 

no new compound which could be identified was form© 

arid that the only reaction· which took place was· the 

decomosition of the materials at the high temperatuE 

usei. A stroa.ng odor o:( ammonia was given off when 

the tube· was op~ned showing that ammonia is one of 

the.products of this decomposition. The black resin-

ous substance was not identified. 

WITH BENZOYL CHLORIDE • 

An attempt was made to prepare the benzoyl der-

ivative o-f ph::myl methylene diurethane by th,:; follow-

-ing mebhod. Seven grams of the material was dissolv~: 

ed. in a ~mall amount of benzene and an equimolecular 
' 

quantity of pyr~dine was added. The flask was attach-

ed to a raflu..x condr~nser and heated to the B. P. for 

two hours with slow addition of benzoyl chloride thru 



thecondenser tube. From the· benzene solution the only 

product which could be separated and identified was 

benzoic acid which was obtained in quantity almost · 

equivalent to the benzoyl chloride added. Th3 benzoic 

acid was identifisdby its M.P. and by a determination 

of the M.P. of.the mixture of this ·product with pure 

b:::;nzoic acid. 
M~ P. pure benzoic acid 121. 2 ° C. 

u ( observed ) 120 ° c. 

WITH ACETYL CHLORIDE 

On account of the fact that the phenyl methylene 

diurethane was found so unreactive it was thought de-

sirable to prepare the acetyl deriv&tive,if possible, 

This was first attempted by heating seven grams of 

the material dissolvedin a small amount of benzene 

With slow addition of acetyl chloride. After heating 

for.several hours the benzene was allowed to evaporate 

spontaneously and the solid residue was recrystallized 

from ether. This solid gave M.P. 176-177° C, and when 

mixed with pure phenyl methylene di urethane no lower-

ing of the M.P. was observed,showing this product to 

be the original material. 

This reaction was trie~1gain in the same wayexoept 

for the addition of a mole of-pyridine for each mole 

of the phenyl methylene diurethane,b~t the result was 

the same; .the material was recovered unchanged, 



A third attempt to prepar~ the acety_l derivative 

was made by dissolving five grams of the material in 

glacial acetic acid and adding an excess of fused so-

d~um acetate and then an excess of acetic anhydride. 

~his mixttir'J was then heated for five hours in a fla-

sk attaohsd to a reflux condenser.the temperature be-

ing allowed to go to 180 ° c. The material left in the 

flask was found to be extremely soluble in water and 

in organic solvents and it was not possible to obtain 

from the mixture resulting any organic compound or 

crystalline substance except sodium acatate. 

WITH AMMONIA . SOLUTION • 

To produce a reaction_ between phenyl methylene di-

urethane and _ammonia three gra..~s of the material was . . 

treated with an excess of a 28% solution of ammonia a 

and allowed to stand in a stoppered flask for sev~ral 

days. The M. P. of the crystalline material was 17.6 • C, 

and when it was mixed with· pure phenyl methylene di-

urethane there was no appreciable lowering of the M.P~ 

hence ther.2 is no reaction under these conditions. 
i 
~ 
\ 

A" fu~cther attempt to produce a reaction was naade 
. / 

by heating three grams of the material with .an excess 

of 28% ammonia.solution to the temp:;rature of the wa..:: 

ter bath in a sealed bottle for 1t hours. Th3 M.P. of 

the nro duo t was· 174 ° C, and produce d no M. P. low er.;.:. : 

ing wh_en mix$1 with tha pure material, indicati:q.g no 

reaction in this case, 



WITH LIQUID .Ai:KMONIA • 

Al tho phenyl m6tl'iy1ene diureth3.ne does not react 

with ammonia solution _i~ seemed passible that it mi~ 

ght react with liquid ammonia due to the fact that· 

no water :Jvould be present to disturb the reaction 

and further, the concentration of the ammonia in the 

reaction mixture would be·much higher than in a sol-

ution of ammonia in water. 

Accordingly,four grams of phenyl methylene diur-

ethane was place:i in a Dewar bulb and a large excess 

of liquid amm::>nia was added td it. The mixture was 

stirred tho roly and was then allowed ·to stand for t e 

ten hours in order to allow the excess of ammonia to 

evaporate. Alcohol was then added to the solid res-

idue and it was dissolved by warming. On adding a 

small amount of'water and cooling in an ice mixture 

a white flocoulent crystalline precipitate was form-, 
I • 

ed .•. On drying this gave M. P. 179 o C. This was the 

original material,hence the necessary conclusion th-

at. under these conditions ~lso the material is unre-

active. 

HYDROLYSIS OF PHENYL METHYLENE DIURETHANE. 

Two grams of phenyl methyle.he diurethane was mix,..;._ 

ed with a st~ong solution of sodium hydroxide in 50% 

~lcohol and· the mixture was distilled from a small 

di stilling flask. The odor of benzaldehyde was not-

iceable from the start and after most of the liquid 



' -

had been -distilled over there was evolved .a very str~ 

ong odor of ammonia. When some of th.e gas evolved was 

passed into a solution of calcium chloride a white 

precipitate was produced, showing that co2 .gas was be-
, . 

ing evolved by the reaction. On ~tanding the distill-

ate separated into two layers, the lower one of which 

\Vas benzaldehyde,id.entified by its odor. 

The reactions representing th~ hydrolysis are ; 

_ 1NH-COO-CzH5 
(1) C5H5CJ! +Hao = CsH~CHO + 2H3N-COO-CzH5 

. NH:-COO-CzH5 . · · . 

(a) H3N-COO-CaH5+ HOH . NH3 +- COz + CzH50H 

The first reao~ion produces benzaldehyde·and ur-

ethane and the second hydrolyzes the urethan~ to 
\ 

form ammonia,carbon dioxide and ethyl alcohol. These 

reactions resemble to a certain extent those in which 
. I 

sodium ethylate acts upon phenyl methylene diurethane 
i 

except that in this. case the reaction i~ carried out . 

at a higher temperaaure and hence results in a more 

complete decomposition of the m(2lterial. 

• 



SODIUM SALT OF PHENYL ME~LENE DIURETHANE 

NOT OBTAINED. 

An attempt to prepare the sodium~salt of phenyl 

methylene diuretha.ne was made as follows : ,5 grams 

o·f the substance was dissolved in absolute alcohol 

to ·make a satur~ted sol:ution. Sodium ethylate was 

prepared by teeating cold alcohol cautiously with 

small pieces of sodium until mo further action took 

place. The sodium ethylate .:was then added to the al-

cohol solution in .excess of the amount theoretically 
I 

necessary to form the di-sodium salt. After ra half 

hour a gelatinous precipitate began to form and was 

completely precipi tatei in twenty four hours. On 

standing fo~ some time this precipitate changed to 

the pulverulent form. The addition of ether threw 

down a further allX>unt of the precipitate. This sub-

stance· was fliterEidoff,washed with absolute alcohol 
i .. '· 

and ether and d~ied for 48 hours in a vacuum dessic-

ator. 

This substance was analyzed for sodium by weighing' 

accurately a small sample into a weighed crucible and 

then treating with concentrated sulphurie acid one 

drop at ~ tima until completely decomposed, finally 

igniting the crucible and the ~esulting sodium sulf-

ate to constant weight over a Meker burner. The cruc-

ible was then reweighed and the weight of sodium·sul-

fate determined·. · From this the weight of sodium and ., 

t~e p~r cent of sodium in the·~ample were readily cal 

-culated. 

I 



Analyses ; 

-(1) Weight of sample = O. 2566 gqi. 

" n sodium su~phate_= 0.2143 gm. 

" " Na in sample = 0. 07038 " 

Per cent " 11 n = 27,43 % 

( 2) Weight of sample= O. 1279 gm. 

·" n sodium sulfate:::: 0, 1098 gm. 

n ti Na in sample= o. 03565 11 

Per cent " n :=::- 27. 87 % 

(3) Weight of sample= 0,1153 gm, 

n n sodium sulfate = 0.09790 gm. 

n fl Na in sample = 0.03169 " 

Per cent· n II n - 27. 49 % 

In order to confirm the constitution of this sodium 

salt the silver salt was prepared from it as follows : 

a grams of the sodium salt 'was dissolved in water and 
. 11 

an aqueous solution of silver ·nitr~te was addei' to this 

solution until precipitation was compltete . The preci-

pitate obtained was white and flocculent, After stirr~ 

ing thoroly the precipitate was filtered off1 washai 

with water and dried in. the dark in a dessicator for 

13 hours. The analysis for silver was made by weighing 

accurately a sample of the salt_ into a weighed· cruci-

ble and then to ignite for several hours ov~r a Maker 

burner. Reweighint the crucible then gave the weight 

of silver in the \veighai sample and from this data the 

per ·cent silver was calculatei, 

\ 



Analyses 

{ 1) Weight of sample - 0.4280 gm. 
11 n Ag in sample o. 3005 - gm, 

Pe:!! cent ff ff ff = 70.21 % 

( 2) . Weight of sample = 0.4251 gm. 

" ft Ag in sample - o. 2981 gm. 

Per cent " If 11 -- 70.13 % 

(3) Weight· of sample'=' 0,6687 gm. 

n n Ag in sample = O. 47778 gm. 

Per cent " n 71.45 % 

The sodium salt obtained in thG above experiment· 

was sodium. acid carbonate which was proved by the• ab- · 

ove analyses and_ by the fact that it effervesced on ~he . 

. addition of acid liberating co 2 gas. The theor~tioal 

per 'cOent of sodium in sodium acid carbonate is 27. 45·· % 
while the analyses optained are (1) 27,43 % (2) 27.871'0 

(3) 27.49%. 

If the silver salt prepare.:i above were the normal 

silver carbonate the per cent of silver in it would be 

theoretically 78.4 %. The fact that the results obtain-

ed in the analysis of the silver salt fall below this . 

figure may be explained by the occlusion of silver nit• 

rateby the preci9itate , by the fact that the precipit""! 

ate formed may not have been pure silver carbonate but 

may have conyaine<l some basic silver oarbonat e as well 

/. 



as the normal ·salt or by the presence of impurities in 

the sodium salt ·from which the sil v·er salt was prepare·d. 

The sodium salt us€¢l in the preparatmon of the silver 

salt was not pure but contained some organic compounds 

resul·!i ing fr6m the decompa si tion of the sodium ethylat e 

used 'in' its preparation so ·that the silver salt may 

may have contained some of these compounds or their ail 

-ver salts. 

Furthe~ proof 0 f the constitution 0 f the aocfium salt 

was obtaineiby the titration of a weighed quantity of 

the salt,which was done as follows ; a sample of the 

salt was weighed out and dissolved in 100 cc. o·f water. 

To this solution an excess of half-normal hydrochloric 

acid was added and the sdlution was then titratei with 

half-normal sodium.hydroxide ·solution using phenolph-
( 

thalein indicator. The result obtained by this method 
I 

showed that the sodium salt containei 28.18 % sodium 

as .compal'led with the theoretical per cent· 27. 45 % for 

NaHco3. The results obtained by this method could not 

be expected to be as accurate as those obtained by the 

gravimetric method for the reason that the indicator 

is affected by the co 2 in the solution ·and so will not 

show accurately the correct end point for the titrq,tion" 

Analysis 
Weight of s~ple = Q. 2618 gm. 

N/2 acid added = 10. 00 cc. 

N/2 base· to titrate excess = 3. 58 co. 

One cc. acid= 0.0115 gm. Na. 

Weight Na in sample = 0. 07 28 gm. 

Per cent Na " _ 28,18 % • 



The re:rotions by which the sodium acid carbonate 

is formed are given by the following equations 

( 1) 
. /NH-COO-CzH5 

C6H5-~-NH-COO-Cz-B:5 +HOH =· c 6H0 CHO + 
a HaN-COO-CzH5 

( 2), HzN-COO-CzH5 + NaQH :::z CzH50H + HzN-COONa 

(3) HzN-COONa +HOH = NH3 + Na.HC03 

The first equation represents the hydrolysis of 

th~~ phenyl methylene diurethane to fotm benzalde-

hyde and urethane. The second sho~s the hydrolysis 

of the urethane to form ethyl alcohol and sodium 

oarbamate and the last one shows the final hydro-

lysis of the sodium oarbamate to give ammonia and 

sodium acid carbona;e • 



QRTHO-NITROPHENYL METHYLENE DIURETHANE • 

This substancs was prepared as follows 5 grams 

of o-nitro benzaldehyde and 6 grams of urethane were 

in 20 cc. of 95 % alcohol and allowed to stand for 

' ten hours after adding a few cc.- o,f concentrated HCl. 

A large quantity of a white crystalline substance se-

parated and formed a solid mass in the beaker; this 

substance was fil tere1 off 1 J:"eci11stallize d from dilute 

alcohol and dried, M. P. 180° c. 
The product is a very fine whi·ta crystalline sµb-

stance which is read"ily soluble in hot alcoh?l and· 

slightly soluble in cold and which is nearly insolu-

ble in water. The M. P. of o-ni tro-phenyl methylene 

diurethane differs from that of phenyl methylene di-

urethane ( 179° C. ) by only one degree. 

The ·reaction is a condensation between the alde-

hyde group of o-ni.tro benzaldehyde and· two moles o.f 
I 

urethane and is represen~e:i by the equation : 

/NH-C00-0 g.T-I 5 
NO rtC 6H4-a 4 H \NH-COO-CzH5 

The hydrochloric acid used acts as a ca~alyst· for 

the above reaction. From the 11 grams of material us-

ed the theoretical yield would be 10.4 grams; the 

yield ~btained~as 9.3 grams which is 90 % of the th-

eoretica.l. 



0-ni tro-:-phenyl methylene diur;::;th~me is not listed 

in the literature of organic compounds so it was ana-

lyzed to confirm its constitution, since its formation 

is analogous to •that of phenyl methylene diurethane. 

The theoretical per cent of niti~gen is 13.50 %. The 

analyses show (1) 13,6p % (2) 13.41 %_. 
Analyses 

( 1) Watch gla~s ;- sample = 5. ~224 gm. 

ti n 
n 

== 5. 0161 ti 

-= o. 3064 " 

N/2 acid in receiver= 10, 00 oo, . 

N/2 base to titrate ex·cess =- 3. 99 oc. 

3. 99 cc. times 1. 008 =. 4. oa oc. 

Ammonia evolved= 5~ 98 co. N/2 acid • 

Weigh.t nitrogen in sample= O. 04186 gm. 

Per cent n " = 13, 66 % • 

(2) Watch glass+ sample = ·5. 3173 gm. 

ti ff 

ti 
= 5,0160 II 

=- o. 3013 " 

N/2 acid in receiver = 10.00 cc. 

N/2 base to titrate exoess=4.20 oc. 

4. ·20 cc. times 1. 008 .= 4. 23 cc, · 

Ammonia evolved-= 5. 77 cc. N/2 acid. 

Weight niytrogen sample =-0, 04039 gm, 

Per cent " n - 13. 41 % 



0-NITRQ.;;;.PHENYL MET~LENE DIURETHANE WITH.: .. ANILINE. 

Six grams of nitro-ph9nyl methylene diur~thane 

was heated with ~n excess of aniline on a wateT bath 

at 160-170° c. for three hours. The prodµct was an 
I 

oily dark brown liquid which solidified partiy on · 

cooling. This was dissolved in alcohol and then rec-

rystallized. A strong odor of ammonia was evolved. 

To th::: alcohol solution water was added and the 

solution was boiled and fil terei. On cooling this 

filtrate a small amount of a white crystalline sub-

stance separated which after recrystallization and 

drying gave M. P. 173 ° C. showing that it was the 

original,material. The residue- left on the filter 

was a dark brown semi-solid mass which was dissolved 

in alcohol and then reprecipitated by· the addition 

of a large. ex.oess of water. 

Thi~ solid wa_s ·then redi.ssolved .in alcohol and 

treated with an excess of watea: in the same way, boil-

ed and filtered. From the filtrate a larger amount of 

a white crystalline substance separated which after 

drying gave the same M.P. as the original ma~erial. 

The recovery of the original material amd the fail-

ure to obtain any other product from the reaction mix 

-ture shotvs that .there is no reac.tion except a part-

ial d·ecompo si tion of the; .materials due to the high 

·temperature used. 



The same mixture was heated again for three hours· 

at 200° c. and the solid left in the flask was di0s-

olved in alcohol. The addition of water caused the 

precip~tation-of a moderate amount of a flocculent 

white substance which on recrystallization gave M.P; 

173 ° o. In this case also the larger part of the 

material was recovered; unchanged and no new· crystalL 

-ine product could be separatei from ~he reaction 

mi.xture. 

WITH .AMMOMIA SOLUTION. 

Five grams of ni tro-phenyl methylene diurethane 

was boiled with an alcoholic solution of 28 % ammo-

nia for an hour in a flask attached to a reflux con-
• 

denser. The ammonia was in considerable excess. Wh2n 

th~ solution cooled a white .flooculent precipitate 

separatei which after washing and drying gave M.P. 

· 180° C. This material was the original substance 

hence under these conditions o-nitro-phenyl methyl-

ene diurethane does not react with ammonia, 

' 



AI.UNO-PHENYL METHYLENE DIURETHAllE • 

Since·o-nitro-phenyl methylene diurethane has a 

nitre 'group attached to a phenyl group it should be 

POS$1ble to reduce this nitro group to an amino group 

giving o-amino-phenyl methylene diurethane. 

This reduction was carried out as follows : Nine 

grams of the material was added to 50 cc of v;;ry dil-

ute alcohol in a flask .attached to a long air conden-

ser. About 30 g:i;ams of tin was added to the mixture 

and then ooncentrate1 hydrochloric acid was addei from 

time to time,keeping the flask cool by immersing it : 

in cold water. The ·flask was shaken continually dur-

ing the addition of the acid. The ni tro-phenyl methyl 

-ene diurethane was rsiuced and the hydrochloride was 

formed by the· excess of hydrochloric acid present. Af-

ter all the solid had dissolved the liquid was filt-

ered off from the tin and the acid was neutralized 

with sodium hydroxide .. A white preoipi tate was form-

ed and was filterei off,and was placed in a beaker 

with an excess of alcohol and boiled for several mi-
nutes .. A part o·f the precipitate, dissolvei and the . 
liquid was filtered off. from the insoluble Portion. 

The alcoholic filtrate was diluted with water 

and cooled in a freezing mixture. A small quantity of 

a white flocculent precipitate was formsi but it could 

not be obtained pure altho two attempts to prepare it 

were made. The M.P. was not sharp but seemed to be 

about 160° c. 



PREPARATION OF' CARBONYL DIURETHANE. 
' 

Carbonyl diurethane was prepared according .to the 
. * method used by Dains. A mixture of_ pyridine .and ur-

ethane -was made in.equimolecular proportioba and a 

small amount of benzene was added to complete the 

solution~ A ten per . __ oent solution of pho sgene. in ben-

zenewas prepared and placed in a flask connected to a 

coridenser and surrounded by a freezing mixture·. The 

phosgene used was just in excess of that required to 

react completely with two moles of the urethane. The 

urethans solution was added slowly thru the top of 

the condenser. 

A reaction took: place immediately and a reddish 

colored solid separated on the sides of the flask. · 
After all of the urqthane had been· added the freseing 
mixture was replaced by a water bath and the mixture 

' . -
was heated slowly to the temperatur_e of the boiling 

point and maintained at that temperature for one hour, 

The liquid in the flask separated on coo.ling into two 

layers 1 the upper one.being benzene and the·lower one 

a red oil which later became semi-solid and crystall-

ine. The upper lay~r was separated and on standing 

crystallized out a small quantity of carbonyl diure-

thane. 

The red o i 1 was treat si with water and warmed to 
drive off tP,e benzene and co·oled in a freezing mix-

ture. The carbonyl diurethane crystallizei out and.· 

was separated. On concentrating the filtrate and 

* Jour. Am.\Chem. SOc.,XXI,1899,pp.186. 



and cooling a second crop of crystals was obtaine:l. 

Extraction with ~ther gave ·no further crystals. The 

product was purified by crystallizing from water.The 

yi~ld was just slightly. over 70% of the theo~etical. 

The M. P.: of the crystals was 104° c. while th3.t of 

pure carbonyl diurethane is 107 ° ·c. 
* . FOlin showed that the reaction for the formation 

of carbonyl diurethane takes place· in two stages 

which may be represented by the equations given be-

· low : 

(1) H2N-COO-CzHs + 000~2 =HCl +Cz115-COO-NH-COC1 

The chloride which is formed in this reaction is 

itsalf quite reactive and acts upom a second mole of 

urethane, thus : . 
· . NH-000-C if. 5 

(2) CaHs-000-NH-COCl + H2N-COO-CzH5 = CO 
i'1H-COO-C zH 5 

+ HCl 

In addition to these two reactions there is an-

other ·which takes place.whenever phosgene is allow-

ed to react with urethane and which yields allophan-

ic ethyl ester as i·ts product; taking plao e in two 

~ st~g ea, thus : 

(1)' HzN-COO-CaHs + COCla =HaN-COC,l + C2H5Cl -CO a 

(2) HzN'-COCl.+ H2N.;;;.cQ0-0 2H5 = H2N-CO~NH-COO-C2H5 
. _,. HOl 

* Am. Chem, Jour. , XIX , 1997 , pp, 349 • 



CARBONYL DIURETHANE WITH ORTHO-TOLUIDINE. 

Forty grams of carbonyl diurethane was mixed with 

o-toluidine in the proportion o·f one mole of the car-

bonyl diurethane to two of the toluidine and was heat 

-ed. on an oil bath at a temperature of 110-115° C ·for 

two hours. The product was separatei by cooling the 

flask in ice. A portion of the material gave M.P. 96° 

c. ·The niater.ial was found to be unchang.ed carbonyl · 

diurethane,hence there is no reaction at this temp-

erature. 

The same mixture was heated again at 130° C. The 

product was washed with warm dilute hydrochloric acid 

and ercrystallizei three times from hot alcohol. It 

gave M. P. 149-1500. C. A pert ion of this product was 

dissolve:l in hot dilute sodium hydroxide solution and 

reprecipi ta~ed with hydrochloric acid. This product 

when dried was a. fine white crystalline powder which 
' 0 did not melt below 300 C. 

The alcohol filtrate from the 149°produot formed 

another white crystalline precipitate after standing 

24 hours which after recrystallization and drying 

gave M~ P~ 188° c. After standing four days this fil-

trate yielded a further amount of a white c:tystalline 

precipitate which gave on drying MP. 150-170°0. 

When watei~ was added to the alcohol filtrate with 

small amounts of hydrochloric acid a considerable a-

mount of a reddish white precipitate was formed. This 



substance was insoluble in sodium hydroxide;rr~derate-

ly soluble in hot alcohol·and practically insoluble 

in cold alcohol and im water, This product was recr-

ystallized five times from dilute alcohol and warmed 

with a dilute _soditun hydroxide ~lution. It gave M~P. 

l9B°C. It etill retained a part of its pink color. 
<. 

The amount obtained was less tham one gram. 

The 149°produot ·after recrystallization gave M. P. 

156°0. It is a fine white powder completely soluble 

in sodium hydroxide solution. 

The 188 product and the 150-170°:produot were com-

bined and warmed with dilute NaOH solution. A port-

ion dis.solved probably due to the presence of a sm-

all amount of the 156°product. The part which was 

insoluble in 'NaOH was recrys~allized several t.imes 

from alcoho 1, washed and driai. The p·roduct was a 

white fibrous· crystalline mate:J;ial which melts at 

200°0. with charr:i.ng. This::product is identical with 

the 196'°product obta1ned above. 
i 

On cooling the solution left after the treatment 

with wat~r ahd HCl a small 'amount of white crystal-

line substance meiting at 126°0. was obtainsi. 

In order to deterinine what the products would be 

if the reaction were carried· out at a higher tempex-

ature 40 grams of carbonyl diurethane was heated for 

two hours at 130-1406 0. with two moles of o-toluidine~ 

· The solid product was separated by recrystallization 



from alcohol and cooling in an ice mixture. This gave 

white flooculent c~ystals melting at 148~0. A part of 

this material was found to be s<?lub1e .in sodium hydr-

-oxide solution. Wh'::n the alcohol solution was allowed 

to stand for some time a further product separated in 

white flocculent crystals which gave M.P. 166°0. A 

part of this material was also found to be soluble in 

sodit1m hydroxide solutiom. / On evaporating the alcohol 

solution a white precipitate was obtained which gave 

aft·er washing and drying M. P. 183°0. 

When another quantity o~ carbonyl diure~hane was 

heated with o-toluidine under approximately_ the sa~e 

conditions as those just des~ribed the first products 

obtained did not give quite the same melting points 

as those enumerated-above but the final purified pro-

ducts were the same except for the fact that the am-

ounts of each- differed considerably and the melting 

points of the pure substances obtained did.not always 

agree more closely than one or two degrees. 

By recrystallization of the crystalline: products 

described above the following white crystalline sub-

st~nces were obtained; (1) M •. P. 183-184c c. (2) M. P. 

193-195°0. (3) M, P. 244--245~0. (4) 1.1. P. 200° C. (5) 

M. P. · 11et>c. (6) M. P. above 300°0. Product (6.) was 

obtained by .acidifying the solution of sodium hydr-

oxide ·vin which a portion o·f the crystalline _material 

had dissolved on treating with warm dilute sodium hy.'.. 



-droxide solu~ion. The white substamce which Wes then 

precipitated was' recrystallized,dried and ar:ialyzei. 

The reaction of carbonyl diurethane was. trihed at 

170-180~0. by heating a mixture of 20 grams of the m 

material with two moles of t.he toluidine for two 

hours. The product was separatei by recrystallizing 

from alcohol and was recrystallized also from benzene. 

A portion of the material was moderately soluble in 

alcohol but a considerable part was soluble with diff 

-iculty even in hot alcohol. The product after the 

first crystallization gave M. P. 1781:> o. On allowing 

the solution to stand a whits flocculent precipitate 

separated which after washing and drying gave M. P. 

181° c. On adding water to ·the solution a furthe1 .. am-

ount of the precipitate was obtained. 

The different fractions of crystalline material 

obtained ~rom this reaction were separ~ted and gave 

the following products; (1) M.P .. 24S0 c. (2) ~.P.193° 

C. (3) M.P. 196°0. (4) M.P. 200°0. (5) M.P. 188°0. 

( 6) M. P. 18 6 ° C. 

From the reaction carried out at 130°0. the pro-

ducts a~e (1) o-tolyl carbethoxy biuret (2) di-o-

tolyl biuret (3)not identified. When the reaction 

took place at 130-140 c. the products were_ (l)o-

tclyl carbethoxy biuret (2) d~-o-tolyl biur_et (3) 

carbonyl di-o-tolyl diurea (4) di-o-tolyl urea (5) 

o-tolyl oyanu,ric acid (6) M. p-. 116°0. net identi-

fied. (7) M. P. 126°0. not identified . 



The products when the reaction was barriei out at 

170-180°0. were (1) di-o-toyl urea (2) di-o-tolyl bi-

uret (3) mono-o-tolyl urea (4)carbonyl di-o-tolyl ur-

ea. When the reaction was allowed to take place at a · 

high temperature for a long time the sole product 

was di-o-tolyl urea • 

The identification of the products named above 

and the proof of their sonstitution is giveh on the - . . 
following pages. 

(1) TOLY~ CARBETHOXY BIURET ~ 

The constitution of the product melting at 156 c. 
is. proved to be that of o-tolyl carbethoxy biuret by 

the following analyses. The theoretical per cent of 

nitrogen in to lyl carbethoxy biuret is 15. se1 % • The 

analyses show : (1) 15, 70.n~ (2) 15. 93 % (3) 16, 17 % 
(4)16.06 % (5) 16,03 % •. 

Analyses : 
(1) Watch glass+ sample = 5. 0137 gm. 

n " =- 4. 7150 " 
" =0,2987 n 

N/2 acid in receiver= 10, 00 cc. 

U/2 base td titrate excess=- 3, 30 cc. 

Ammonia evolved= 6, 7 co. N/2 acid. 

Weight Nitrogen= 6.0469 gm, 

Per cent n ==- 15.70 % 

(2} Watch glass~ sample::. 5.0132 gm. 

fl " If 
=4.7144 It 

- o. 2988 " 



N/2 ·acid in receiver ·=:.10. 00 co. 

N/2 base to ·titrate excess.=. 3.20 cc. 

Ammonia evolved:-6.9 cc. N/2 acid • 

. Weight nitrogen in sample=-0.0476 gm. 

Per cent tr n n = 15. 93 %·. 

( 3) Watch glass + sample .- 5. O 165 gm. 
ti If = 4.7149 tt 

tt = 0. 3016 tt 

N/2 acid in receiver ==- 10.GO cc. 

N/2 ba·se to titrate excess= 3.03 cc. I 

Armnonia evolved = 6. 97 cc. N/2 acid. 

Weight nitrogen in sample= 0,04879 gm. 
Per cent n ft " = 16.17 % 

(4) Watch glass+ sample= 5.5568 gm, 

(5) 

ti -= 5, 2548 ti 

u =- 0 • 30 20 tt 

0,15 N acid in recemver = 25.00 cc. 

0. 1785 N base to t itaate excess-= ];30 cc. 

Ammonia evolved -= 23. 10 cc. 0. 15N acid. 

Weight Nitrogen in sample ==- O. 0485 gm. 

1. 6 cc. times 1.19 =- 1.90 cc. 

Per cent l\fi trogen in sample = 16, 06 % 

Watch glass + samp}e 
ff 

::- 5. 5546 gm, 
= 5.2545 " 

ff = o. 3001 tt 

0. 15 N ac id in receiver -=:= 50. 0 O cc, 

0.1785N base to titrate excess-= 22.45 cc. 



22.45 co. times 1.19 = 26.71 cc, 

P.mnX>nia evolved.=: 23. 29 cc: O. 15N acid. 

Weight Nitrogen in sample= o. 0489 gm. 

Per cent n " n ~ 16. 03 % • 

The reaction by which the tolyl carbe~hoxy biuret 

is formed is representei by the following equation : 

CO-NH-C7H7 I 
+ HN 

\ 
00-NH-COO-CaHs 

It was found th~t the product identified as o-tol-

yl carbethoxy biuret is soluble in dilute alkalies. 

(2) 0-TOLYL CYANURIC ACID 

Proof of the fact that the product obtained by 

treating o-tolyl oarbethoxy biuret with sodium hydro-

xide and then reprecipitating with with acid, is tol-

yl cyanuric acid,_ is given by the following analyses. 

The theoretical per cent of niytrog·en in o-to lyl cy-

anuric acid, C10H9N303, is 19,18 %. The analyses 

show: (l) 19.34 % (2) 18.76 % (3) 18.59 % (4) 19,27%. 

Analyses 

(1) Watch glass - sample =.5. 5570 gm. 

ft n 
tr 

= 5.2548 ti 

== o. 3022 tr 

0.15 N acid in receiver= 35. 00 cc. 

0.1785N base to titrate= 6,02 cc. 

6.02 cc, times 1.19 = 7.16 cc. 

Ammonia evdlved = 27,84 cc. 0.15N 'acid, 



Weight nitrogen in.sample-=- 0.05846 gm. 

Per cent n n " =- 19.34% 

(2) Watch glass,_ sample .;_ 5. 0144 gm. 

If " n 
= 4, 7144 
= o. 3000 

" 

II 

11 

0.15 N acid in receiver~ 45.00 cc. 

0.1785 N base to titrate= i5.3 cc, 

·1s.3 oc. times 1.19 = 19.20 oc. 

Ammonia evolved=.26.80 cc. 0.15 N acid. 

Weight nitrogen in sample= 0.05628 gm. 

Per cent n II " = 18. 76 % • 

(3) Watch glass sample ::::. 5. 32~~ gm. 

ft It 

ti 
= 5.0161 
~ o. 3079 

rt 

tt 

6; 15 N acid in receiver =- 50. 00 cc. 

0.1785 N base to titrate= 19,10 co. 

19. 9 cc. times 1. 19 =- 22. 73 co. 

Ainmonia evolved=- 27.28 cc. 0.15 N acid. 

Weight nitrogen in san:ple = 0. 05726 gm. 

Per cent n " f1 = 18. 59 % • 

·(4) Watch glass t- sample -= 5. 2728 gm. 

ti " ft 
= 5. 0161 11 

::::.. o. 2568 11 

N/a acid in receiver= 10,00 cc. 

N/2 base to titrate excess = 2.93co: 

0, 505 N base n n -= 2. 90 cc. 

Ammonia evolved =- 7. 07 oc. N/2 acid. 

Weight. nitrogen in sample= O. 04949 gm. 
I 

Per cent ·rt n " =- 19, 2.7 % , 



\ 

Tolyl cyanuric acid was prepared as follows : 

Twelve grams of the tolyl carbethoxy biuret was warm-

ed with a dilute solution of sodium hydroxide. This 

solution was allowed to cool and was then acidified w 
with hydrochloric aoid. A heavy white pulverulent pre 

-cipi tate was thrown down; this was filtered off , ~was 

-hed and recrystallized. It was found that it did not 

melt below 300°0. The conversion of the tolyl carbe-

thoxy biuret into the cyanuric acid was nearly quan-

titative. 

- SILVER SALT OF 0-TOLYL CYANURIC ACID. 

In order to ,obta~n further confirmation of the con 

-stitution of the product identifiei as o-tolyl cyan-

uric acid it was thot desirable to prepare the sodium 

and silversalts. Aoco.rdingly an attempt was made to 

prepare the sodium salt· as follows: Sodium ethylate 

was prepared by dissolving small pieces of sodium in 

c6·ld absolute alcohol. The tolyl cyanuric ,acid was 

dissolvsi in absolute alcohol and this solution was ., 

added to the sodium ethylate and the mixture was al-

lowed to stand for several days. No precipitate was 

produced nor was there any other evidence of the for-

mation of a sodium sal·t. 

The addition of water to a small_ portion of the 

solution did not cause any precipitate to form but 

when water was addtd to the solution of the mixture 

in gasoline and the gasoline w~s allowed to evapor-, 

ate a white precipi tate·r1 was left in the solution. 



This white precipitate was found to be tolyl cyanur 

-ia acid and so no sodium salt was obtained by this 

method. If it were formed it would probably be eas-

ily hudrolyzed by the addition of water. 

The silver salt was preparei by two different 

methods. The first was to dissolve some of the tol~ 

yl cyanuric acid in dilute ammonia. The excess amm-

onia was ·neutralized by. the addition of ca few drops 

of nitric acid. Silver nitrate solution was then 

added to the solution in considerable excess. The 

silver salt was precipitated in the gelatimous form 

which changed over very slowly to ~ more .pulverul-. ·, 

ent form. This was then filtered off and dried in 

the dark. 

The other method used was to dissolve some of 

the tdlyl cyanuric acid in dilute sodium hydroxide 

solution. The excess of sodium hydroxide was neut-

ralized by adding a few drops of ni trmc aoid .. Sil-

ver nitrate solution was then adds:! in excess. The 

preoipi tate of the silver salt form~ a very thick 

jelly which slowly changed over to a gelatinous 

pprecipitate and finally became almost p~lverulent. 

This precipitate was flitered off and dried. It was 

analyzei for silver by igniting a.weighed.sam~~e in 

a weighed cruc.ible to constant weight anct determin-

ing the weight of silver obtained. 



The analysis for· silver shows that the mono-sil-

ver salt is the product. The theore~icalper cent of 

silver ~n c10H8o3N3Ag is 34.61 %. Analy~sis shows 

(l) 34. 99 %. 
~· 

Analysis 
Crucible· sample 14.8053 gm. 

.ft 

n 

Crucible silver 

!! 
n 

Per cent · silve-r 

The di-silver salt' could not 

13,3650 
1. 4403 

13.8700 

13!3650 
o. 5050 

34, 99 % • 

II 

" 
gm. 

ff 

ti 

be o btaitj.ed al tho a 

considerable excess of the silver nitrate was used 

in the preoipi tation •. The cause of the error in the 

analys~s probably lies in the fact that the precip-

i t~tion of the silver salt in the gelatinous form 

caused ·the occlusion of some of the silver rii trat e 

. used in the precipitation, 

. The structure of the silver salt is not defin-

itely known but ma.y be repreaenj.r,ed by one of the 

two formulae given below. 

( 1) (a) 

The reactions by which the tolyl cyanurio acid 

is formed when tolyl oarbethoxy bmuret is dissolv-

.. 



ed in sodium hydroxide and reprecipitated by acid 

may be represented by the following equajions : 

( 1) /NH-CO-NH-C7H7 '°O-NH-C7H7 

= C zHsOH + HN CO + NaQH 
\ . . . 

_ NH-CO-OC2H5 . -
\· 
CO-NH-COO Na. 

(2) C0-1\iH-C7H7 NH-CO ./ I \ 
Hl\ +HCl = NaCl + c~ NH-C7H7 

CO-NH-COON& NH-000-H 

The first equation represeij.ts the formation of 

the sodium salt due to the hydrolysis of the ethoxy 

group of the. tolyl oarbethoxy biuret. The second 

equation represents the formation of the free acid 
-

from the sodium salt. Equation f3) below shows the 

formation of the tolyl oyanuric acid by the split-

ting out of water from the mole of the free acid 

fo rmed in ( 2) 

(3) 

The equation r·epresenting the formation of the ... 

silver salt is : 



(3) DI-0-TOLYL ·BIURET . 

The constitution of the 200°product is confir-

med as that of di~o-tolyl biuret by the analyses 

given below. The theoretical per cent of nitrogen 

in di-o-to1yi ~iuret, ·c16H17o 2N3 , is 14, 84 % • The 

a~alyses show : (1) 14. 97 % (2) 15, 03 % • 
Analyses : 

(1) Watch gll:ass + sample = 5, 2379 gm. 

n II - 5.0161 n 
" - o. 2218 1f 

O. 15 N acid in receiver= 25. 00 co, 

0,18 N base to titrate= ~.65 cc, 

7,65 cc. times 1.2 = 9,18 cc, 

Ammonia evolved = 15. 82 cc. o. 15N acid ... 

Weight nitrogen = o. 03322 gm, 

Per cent· " = 14,.97 % • 

( 2) Watch glass+- sample = 5, 2676 gm. 

n " = 5, 0160· 11 

tr = o. 2516 It 

N/2 acid in receiver= 10, 00 cc. 

N/2 base to titrate= 4,55 co. 

4, 55 cc, times 1. 01 = 4, 60 cc . 

.Ammonia. evo lv€d = 5, 40 cc. N/2 acid. 

·weight nitrogen in sample~ o. 0378 gm. 

Per cent n ft " == 15. 03 % • 

. When this product was mixed wuth pure di-o-tolyl 

biuret the M,P. of the mixture was not lowere~ 



The reactions by which the di-o-tolyl biul'et is 

produced on heating carbonyl diurethane with o-tol-

uidine may be represented by the following equations: 
r.:- -----, 

NH-CO~C ".;)H5 H1 
Ci) I •- -~ - - -\ " 

(2) 

CO HN-C7H7 \ - . 
NH-CO-OC2H5 

l0-NH-C7H7 
- HzN-COO-CzH5 + HN 

\ 
CO-NH-C7H7 

/NH-C7H7 
NH3 + C .JI50H +- C\ . 

NH.-C7H7 



(4) CARBONYL. DI-0-TOLYL DIUREA . • 

. The two produots,one melting at 183°and the oth-

er ~t 186°0 •. were found to be identival since when 

they were mixed the M.P. of the mixture was not 

lowered. When mixed with any ,:of the other products 
' 

of the react ion the M. P. was lo\vered several deg-

rees and the difference in ana~ysis _also shows that 

this substahoe is a distinct product. The analysis 
of the 183°material .is: (1) 17. 27 % (a) 17,03 % • 
that of the 186°ma_terial is; (3) 17, 06 % • 

Analyses : 

( 1) Watch glass+ sample = 5, 2486 gm. 
tt - 5, 0160 n 

n - o. 2326 tr 

N/2 .acid in receiver= 10.00 cc. 
N/2 base to titrate= 4.22 co. 

4. 22 cc. times 1, 01 == 4, 26 co, 

Ammonia evolved=- 5. 74 cc. N/2 acid. 
Weight nitrogen in sampie ~ 0, 04018 gm. 

I 

Per cent u " _ 17. 27 % 

(2) Watch glass+ sa~ple: 5,2478 gm. 

n tf 
n 

- 5, 0161 " 
=- o. 2317 u 

.l~/2 acid.in receiver =-10.06 co, 

N/2 base to titrate =·4.68 cc, 

4.68 cc. timea 1.008 =4,71 cc. 

Ammonia evolved= 5,64 cc. N/2 acid.' 

Weight nitrogen in sample..:: o. 03946 gmg 

Per cent n 



(3) Watch glass - sample = 5.· 2606 gm. 
ff · · ==:= 5~ 0"161 n 

tt '=: 0. 2446 fl 

N/2 acid in receiver =-'10.00 cc. 
N/2 base td titrate =4.00 cc. 
4~ 00 cc. times 1. 01=4. 04 cc. 

Ammonia evolvei =- 5. 96 cc. · N/2 acid. 

Weight nitrogen in s~}Ple == o. 04172 gm. 
Per cent u ft - -= 17 ! 06 % • 

Ih order to obtain fUrther light on the constit-

ution.of this material determinations of the molar 

weight of the substance in solution were made. The 

substamoe was not sufficiently soluble in benzene 

so that. that solvent could be used;it was necessary 

therefore to use alcohol aa the solvent. If the sub-

stance were carbonyl di-o-tolyl diurea1 c17H18o3N41 

. 1 t should have a 100 lar weight of 326 and the results 

obtained in these determinations come within ten per 
cent of that value. The determinations were made by 

the boiling Point method. The difficulty in making 

the determination lay in the fact that that -the mol-
ar boiling :r;oint raising for alcohol as the solvent 

is small and furether since the substance to be det-
ermined has. a high molar weight' the rise in temper-

ature produced by dissolving a zroderatly laxge sam-

ple will be small. There was not- available a large 

amount of material for this determination and even 

if there ha<! been.the limit of solubility of the 



'-

- substance would have.prevented. a large rise in temp-

erature being o btaine a. The values obtained are : 

(1) 359 (a) 362. 5 . The reason for the ten per 

cent difference from the theoeretic~l value may lie 

in the polymerization of the diissolved substance due 

to the use of alcohol as -the solvent. 

Molar weight .. determination 

( l) Tube + alcohol = 7,9. 6236 gm. 
rt 

n 
~ 52. 1225 ti . 

= 27. 5011 " 

Allowance for vapcr in condenser= o. a gm. 

Boiling point· of alcohol;;:: 77. 12 it C, 

Watch glass -t- sample - 5, 3170 gm. 
n 

n 
= 5, 0160 tt = o. 3010 1t 

Boiling point rise ::::Q, 035° c. 

Fbrmula: M. VI. = 1150 'W 

E W 
where w is the weight of the sample and 
W is the weight of the solvent 1 and E is 

the degrees rise in the bo_iling Point of 

the• solution. 
0.301 

M. W. ::: 1150 ·· . =- 362, 5 
0. 035 • 217". 3011 

. (a) Watch glass +sample = 5. 5274 gm, 

" n 
=. 5. 0160 ff 

0.5114 ff 

Boiling point .rise =- 0, 060 C. 

0,5114 
M, W. = 1150 ------- ==- 359 • 

0. 0 6 . • 27. 3011 



The reaction by which the carbonyl di-o-tolyl di-

urea is formed is represented by the following equa-

tion 

/NH-co{g~~ 5. ~t NH-C7H7 
co ;:::.. 
\ . -~---- . 

NH-CO·t~~~_g _Hjl'IB-C7H7 

/NH-CO-MH-C7~7 
2CzHsOH:+- CO 

, \m-co_-NH-C7H7 

The evid.enoe of-ferei that carbonyl di-o-tolyl 

.diuraa is one of the products of the reaction be-

tween carbonyl diurethane and o-toluidine may be 

considered as practically conclusive. There are on-

ly two slight objections to its accepta.hce. The 

first is that even after a ·number of recrystalliza-

tions the M. P. of the material d.cpes not agree exact-

ly with that given by Pickard and Cartera who report-

ed t~at they prepared and identified this substanoe 

from o-tolyl hydroxy.oxamide 1 C7H7-NH-CO-CO-NH-OH , 
0 and that it melted at 190 (J., whereas the highest M. P. 

obtained for the substance resulting from the reactiai 

between carl.')onyl diurethane and o-toluidi,ne is 186nc. 

The second reason is that ·none of the carbonyl di-

o-tolyl diurea was obtained in the attempt to preP-

are it by the condensation of mono-o-tolyl urea witb 
. 

phosgene and hence the 186cproduct could not be com~ 

ared with any material known to be the diurea. 

It was not found possible to obtain any react'ion 

between mono-phenyl urea and phosgene so that no sy-

* Chem. Soc. London. 1 81, pp. 1571 . 



mmetrioal carbonyl diphenyl diurea could be obtained. 

* Bruce prepared it by heating some of the diu.reid, C 

C6H5-NH-CO-NH-C OCH3-N-CO-~ra-C6H5 , with dry hydrogen 

chloride in a sample tube,ethyl chloride being evolv-

ed, The product he found to melt at 2ll't)C, 
**· Pickard and Carter ,however prepared what they ide 

entified as carbonyl diphenyl_diurea,by warming an 

aqueous solution of the sodium salt of pheny~ acetyl 

hydroxy oxamide .. They found the M, P. of the sub·atance 

to be 140° a. This discrepancJ could be easily ex-

plainsi and the correctness of the melting points 

settled- if either ·the carbonyl dipheri.yl diurea or 

the oarbop~l di-tolyl diurea could be prepared by 

some independent method. 

--
MONO-TOLYL UREA WITH CARBONYL CHLORIDE • 

In an attempt to .prepare symmetrical carbonyl di-

o-tolyl diurea. a ten per cent solution of pho sgebe 

·in benzene was added to a mixture of n:o.no-o-tolyl 

urea. ana i)yridine. in the ratio of one mole of the 

phosgene to two moles of the urea. The addition was 

made· at the temper ature of a freezing mixture and 

on warming on a water bath an oily reddish layer se-

parated at the bottom of the solution~ This layer was 

separated from the solution and warmed with alcohol. 

The alcohol solution was cooled and water was addei 

to make the product crystallize. 

* Jour. Am. Chem. Soc. , XXVI, pp. 450. 
** Chem. Soc. London; 81 , pp. 841 ·. · 

' 



._ 
The crystals which were vvhi te and glistening and 

. 0 
when recrystallized they gave M.P." 188 C. Wlzen they 

were mixed with the original material th3re \'las no 

lowermng of the M.P. ~ho~ing that there was no reac-

tion since the mono-o-tolyl urea was recovered Uri-

chang~ <t In the attempt to obtain this product the 

same method was used three different ti1nes with sl-

ight changes in the procedure and in the manner of 

separating the product but in no case was any other . 

product than the original material obtained. from the 

reaction mixtui--e. 

PRF.,P~TION OF MONO-PHENYL UREA • 

Mono-phenyl urea was preparai by the action of an-

iline· upon potassium cyanate in ab acetic acid solut-

ion. Thir·ty two grams of the cyanate was dissolved. in 

about 200 cc. of water and thirty seveb grams of ani-

line was added. A few cc. of acetic· acid was added 

and the mixture was stirrei continously ~ntil a white 

precipitate began to form in the solution. A few drop:; 

of hydrochloric aaid was added t~ catalyze the react-

ion. The addition of rrore cyanate oa}lsed a further 

amount of the pre_cipi ta.te. to be forme c1 The crystals 

were fil t ,ere.1 off ,;.vashed, recrystallized and dried. 

The crystals gave M.P. 147°c. while ~hat of pure 

mono~phenyl urea is l47oc. 



The yield obtained was 33 grams and since the the-

oreti.oal yield would be 69 grams this· is a 47. 8 % 
yield. The product .is soluble in hot water and only 
slightly soluble in. cold; it .is readily soluble in al-

cohol and ether. The reaction for its formation is 
given by 

MONO-PHENYL UREA WITH CARBONYL CHLORIDE. 

An attempt to prepare symmetrical carbonyl diphen-
yl diurea was made by adding a ten per cent solution 
of phosgene to a mixture of mono-phenyl urea and. pyr-

idine in the rat.io of one mole of pho sgene to two of 

the urea. The mixture was kept at the temperature of 

a freezing mixture during the addition and was then 
' 
heate:l on a water bath. An oily brown layer seoarated 

at ·the bottom of th·~; solution. The liquid above WEIS 

decantei off and the oil was dissolved in ~lcohol. 

water was added to this alcohol solution and it was 

jfhen cooled after filtering. A considerable quan·ti ty 

of fine nesile like white crystals -separate:l from 

this solution and were filtered off and drie1. Their 

M. P. was 146°0. ?-nd when mixed with pure rrono-phenyl 

ure the M. P. was not lowered showing that no reaction 

had talcen place. 

This method was tried a second time under slighlly 

different oondi tions but without results. 



~ 

(5) MOM0-0-TOLYL UREA • 

The product· obtained from the reaction of carbonyl 

diurethane with o-toluidi~e which gives M.P. 188°0.is 

mono-o-tolyl urea which is shown by the fact that on 

mixing it with pure mono-o-tolyl urea there is no lo'n-

ering .of the M. P. The analyses below give oobfirmatory 

. ·evidence of i'ts constitution. The theoretical per cent 

of nitrogen for c8H10oN 2 is 18. 66 %. l'he analyses are; 

(1) 18.89 % (2) 18.45 % 
Analyses : 

(1) ·Watch glass+ sample = 5. 2705 gm. 

·u n 
fl 

= 5,0160 11 

= o. 2545 " 

n/2 acid in receiver :::: 10. 00 co. 

W/2 base to titrate -= 3. 10 co, 

3. 10 cc-' times 1. 01==-3, 13 co. 

Ammonia evolvei =-6. 87 cc. N/2 acid. 

Weight Nitrogen in sample=0.04809.gm. 

Per cent u n n = 18,89 % 

(2) Watch glass -4- sample = 5, 2237 gm. 

fl ff. 

fl 
= 5,0161 
= o. 2076 

If 

ff 

N/2 acid in receiver -10. 00 cc, 

N/2 base to titrate· ==- 4. 50 cc. 

4. 50 cc, times 1. 008 == 4. 53 co. 

Ammonia evoived = 5,47 cc. N/2 acid. 

Weight Nitrogen - o. 03829 gm. 

Per cent II 



(. 

-PREPARETIOM OF MONO~-TOLYL UREA , 

A solution of potassium cyanate acidifisi with ac-

et io and hydrochloric aaids was allowei to react with 

an equimolecular quantity of o-toluidine. After stir-

ring thoroly a large amount of a flocculent precipit-

ate wa,s formed in the solution. This was filtered off 

recry·stallizei and dried. It is soluble in alcohol 

and practically insoluble in cold water. 

The reaotiob by which it is formed is 

• 
HCNO + CH3-C6H5-~m2 - CH3-C6H5-NH-CO-NH2 

The M.P. of pure mono-o-tolyl urea is 188oc. This 

producD melted at 188°0. The theoretical per cent of 

nitrogen.in mono-tolyl urea is 18.66 % . Analysis 

shows : ( 1) .18. St) % (a) 18, 43 % • 
Analyses : 

(1) Weight __ of':':s.sa.vnpl~"!= o. 2519 gm. 

Ammonia evolved==-. 6. 77 cc. N/2 acid. 

One oo. N/a acid= 0~007 gm. Nitrogen. 

Weight Nitrogen = o. 04739 gm. 

Per oent 18, 80 % • 

(2) Weight of sample = o. 2545 gm. 

Anu:nonia evolved-= 6.70 cc. N/2 acid. 

Weight Nitrogen = O. 04690. gm. 

Per cent " _ 18. 43 % • 
• 



The formation of the mono-o-tolyl urea wtien carb~ 

onyl diurethane is heated with o-:-toluidine may be a-

ccounted for in more than one way. It is possible 

that urethane is first formed and that this then re-

acts according to the following equation : 

The formation of the urethane majr result either 

from partial or complete interaction between carb-

onyl ·diurethane and 6-toluidine according to the 

.following equations 

( 1) 

(2) /tIB-C7H7 ; /NH-C7H7 
C~c--------= H:aN-COO-QaI15 +co . ,1m-:.Qo_o-_9 .a!!s.I 'NH-q7H7 
. L til HN- c 7H7 

The other p:>ssibility and ~he.less likely one is 

that an excess of toluidine should react ,with the 

~arbonyl diure~hane to give as products: mono-tolyl 

urea, tojyl urethane and urethane according t·o the 

following equation 

Mo evid-snce was obtained of the presence of to.lyl 



urethane among the reaction proc?-ucts but this may be 

readily accounted for by the fact that if tolyl ure-

thane were formei it would. probably react with the ex-

cess of o-toluidine present to form di-o-tolyl urea, 

which substance is, in fact, found aa one of the pro-

ducts of thereaotion 



CARBONYL DIURETH.A.LlE WITH 0-TOLUIDINE AT 

HIGH TEMPERATURES. 

In order to determine what the reaction product 

would be_ if carbonyl diurethane and o-toluidine were 

allowei to react at a high temperature for ~ longer 

time,ten grams of the material was heatei with an 

excess of o-toluidine for 12 hours at 200°0. The 

product resuljing was very difficultly soluble ~n 

95 % alcohol and after recrystallization gave M.P. 
C'l . 

248 c. and began to boil at a temperature only two 

degrees above that, 

When it was mixed with pu~e di-o-tolyl urea the 

M.P. was 248°0. showing that the· product is di-o-

tol~rl urea. Its constitution· is also confirmed by 

the following -analysef?. Theoretiacl per cent N in 

di-o-tolyl urea is 11.60 % 
(1) 11,58 % (2) 11.60 % . 

Analysis shows : 

Analyses : 

(l) Watch glass+ sample = 5. 7256 gm. 
tt 

rt 
=. 5, 0161 
= 0, 7095 

tr 
n 

0,15 N acid ih receiver= 50.00 cc. 

O. 1785 N base to titrate= 9, 12 cc. 

9, 12 cc. times l, 19 =- 10. 85 cc • 

.Amm:.Jnia evolved= 39, 15 cc. 0.15N aAtid, 

One co. aoid::.0.0021 gm. Nitrogen. 

Weight Nitrogen ~ 0.08272 gm. 

Per cent tt 11,' 58 % 



(2) Watch glass+. sample = 5. 2846 gm. 
n n 

" 
= 5, 016(;$ If 

-= O. 2685 n 

N/2 acid in receiver ~ 10,00 co. 

Nta base to titrate~ 5,50 co, 

5. 50 oo. times 1. 01==-5.55 oc • 

.Arjlmonia evolvei =- 4. 45 cc. N/2 acid • 

. Weight Nitrogen .:::. o. 63115 gm. 

Per cent rr - 11, 60 % • 

The reactions by which the di-o-tolyl urea is for-

mei are represented by the following equations : 
,---1 
I H-LJUbQ~~ 
• NH-coo-a -::>Hi::: 1 NH-C7H7 
/---- -Q..wJ I ( l) 

co . = aHaN-COO-CzH5 + co 
\- - - ~ - - -~ ' " I NH-£OO-C2H5 j . NH-C7H7 
~- 11=! "HN.:0-7H"7 . 

Di-o-tolyl urea is also obtained as one of the 

. products when the reaction is carriei out at 130-140 

c. but only in very small amount, When the reaction 

is carried out at 170-180°0. the yield is moderately 

large but when the reaction is allowed to talce place 
I) . . . 

· below 130 c. none is obtaine:l • 

0 



MON0-0-TOLYL UREA WITH CHLOR-CAHBONIC ESTER. 

Since it was thought that one of the unidentified 

products orf the reaction might be tolyl allophanic 

ester it was thought desirable to prepare this subst-

ance in order to identify the product. Pickard and 

* aarter ·prepared o-tolyl allophanic ester and report-

ed that it melts at 137-00. 

In order to prepare it ten grams of the urea was 

mixei with a few cc. of benzene and pyridine was added 

in excess of the arnount theoretically necessary to 

combine with the hydrochloric acid liberated in the 

reaction. The ohloroarbonio ester was add~ a m1 
drops at a time during a peroid of about an hour. · 

From ~he solution there separated a quantity of a 

brownish white crystalline substance which when rear-
.. 6 

ystallized from alcoh0l gave M. P. 135 c. When the sol-

ution was allowed to evaporate a small amount of sol-

id material was left which after recrysta+lizatio:-~ 

gave M.P. 136~C. The total yield of the two products 

uas &bout two grams. 

In order to obtain a larger amount of this substance 

for analysis this reaction was carried out a second 

time in the. same way except that no benzene was added 

and the mixture was heated in otder to insure that the 

rea~t'thon should go to completion. ·From this reaction 

the yield of the tolyl allophanic ester was slightly 

Chem. Soc. London., 81 , . pp. 1571 , 



. . 

more than fo~r grams. The product was obtained suffic-

iently pure that it melted at 137"0. In addition to 
. ' 

tnese two products a small amount of a white crystal-

line substance was obtaine:l which after recrystalliz-

ation gave M.P. 186~0. and was found to be a part ·of 

the_ original material recovered. unchanged since when. 

it was mixed wi·bh pure mono-o-to lyl urea the M. P. of 

the mixture was not lowered 

The product v1hich one would expect ·to ,obtain from 

this reao~ion is o-tolyl allopha.nio ester which 

should contain theoretically 12, 61 % nitrogen, The an-

alyses show : (1) 12,88 % (2) 12.~2 % 

. Ana.ly se s : 
(1) Watch glass +- sample = 5. 2687 gm. 

ft It 
n 

= 5, 0160 " 
= 0. 2527 II 

N/2 aaid in receiver= 10.00 cc, 

N/2 ba~e to titrate excess= 5. 30 cc. 

5.30 cc. times 1,01:::. 5,35 co • 

. Ammonia evalved ~ 4.$5 cc. N/2 acid. 

Weight Nitrogen= 0.03255 gm. 

Per cent " = 12. 88 % • 

(2X Watch gll:ass. +- sample = 5. 2163 gm, 

n n 
tf 

= s; 01so 11 

= ·o, 2002 11 

N/2 acid in receiver= 10. 00 cc; 

N/2 base to ti·trate excess = 6. 30 cc. 

6.30 cc. times 1.01=6.36 cc. 

Anunomia. evolvei = · 3. 64 cc. N/2 acid. 

Weight Nitrogen -=- o. 02548 gm. 



Per cent Nitrogen = 12.72 % • 
o-tolyl-allophanio ester, the· product of this re-

action is readily soluble in alcohol and in aoetio 

· aoi4 and is moderately soluble in water. It was found 

that tolyl allophanio ester ·is soluble in warm dilute 

sadium hydroxide solution and that when hydrochloric 

acid is added to this solution and it is allowed to 

stand the ~arger part of the tolyl allophanic ester 

is reprecipitate d. 

The reaction for the formation of tolyl allophanic 

ester is given by the following equation : 

.I was unable,to find o-tolyl allophanic ester among 

the products of the reaction between carbonyl diureth-

ane and o-toluidine. 



. CARB01TYL DIURETHA11E WITH ex_ NAPHTHYLAMINE. 

Six grams of 0( naphthylamine was heated with an ex-

cess of_ carbonyl diurethane in a flask attacheil to· a 

reflux condenser for three hors at 130°0. The solid 

which was left in the flask was warmed withalcohol. 

Part of the product was readily soluble in alcohol 

wh"ile, the rest was very difficultly soluble. The sol-

uble portion was recrystallized and gave M. P. 198°0. 

This product was analyzsi for nitrogen with this · 

result : (1) 13,92 % • 
Analysis : 

( l) Watch glass + sample = 5. 2178 gm; 
ti 

' ti 
==- 5. 0161 n = o. 2017 " 

n/2 acid in receiver == 10. 00 co. 

N/2 base to titrate excess = 5. 95 ·co. 

5.95 co, times 1.008 =- 5.99 cc. 

Weight Nitrogen = o. 02807 gm. 

Per cent " =- 13,92 % • 

The quantity of the 198~ product available was not 

sufficient for a second analysis and on account of in-

sufficient time and the fact that the results as far · 

as they were obtaime d seem to be entirely apalogous to 

tho~e obtaine:l ~ith p naphthylarni~e the investigation 

of the reaction between carbonyl diurethane and 0( • 

naphthylamine was not carried any furether, 



(1) {j. NAPHTHYL CARBETHOXY BIURET • 

It was f~und that the 198° product is soluble in 

solutions of alkalies and when the alkaline solution 

is acidified a white pulvcrulent precipitate is pro-

duce:i which -after washing and drying is found not to 

melt below. 29o0 c. This behavoir is analogous to that 

observed with the 196° pr? duct. from ·the reaotlhon of 

J3naphthylamine and carbonyl diurethane and shows 

that the 198° product isUnaphthyl carbethoxy biuret 

an~ that the product obtained by dissolving it in al-

kali and reprecipitating with the addition of acid 

is 0\ naphthyl cyanurio acid: • The theoretical _per 

cent of D:i trogen innaph thyl carb~thox}t biuret , 

c·15H1504M3 , is 13. 95 % _while the percentage found on 

analytsi.s is 13. 92 % • 
Some question might arise as to whether this prod-

uct might not perhaps be di-Cl-oarbon~l diurea,due to 

the fac·t that the per cent of nitrogen. in that subst-

ance is 14~07 % , very close to that of the carbeth-

oxy biuret and \7i thin the limits of error of the me-

thod used in the analysis; that question is disposed 

of by the fact that the substance dissolves in alkali 

and gives a high meljing derivati~e,a substitutei cy-

anuric acid> when this solution is acidifiei. The di-

urea would probably not be appreciably sol~ble in al-

kali and if it were would not be repreoipi tated by the 
0 addition of acid as the 198 product was • 



The equation repreaent.ing the formation of the d. 

naphthyl oarbethoxy biuret from the reaction of car-

bonyl diurethane and a& naphthylamine is : 

/
NH-CO- foe .:il5 1f1 

-~-'"' 
co-NH-C10H7 

CO HN-C10H7 -
\-

I 
CzHsOH -t- HN 

. \ 
UH-COO-Czij5 CO-NH-COO-CaHs 

The equations representing the.reactions by which 

the OC naphthyl cyanurio acid is formei are : 

CO-NH-c10H7 I . 
( 1) HN 1- NaDH 

\ . 

t°O-NH-C10H7 

- C2H50H ;- HN 
\ 

00-NH-OOO~C 2"115 co-NH-COON a 

CO-NH-010H7 CO-NH-c10H7 I I 
( 2} HN" f. HCl =- NaCl + HN 

\ \ 
CO-NH-COO Na CO-~lli-00-0H 

CO-M ... "-c10H7 I <H' 
( 3) HN ', '.;.. ., '' ' ' CO-NH-CO.),,QH> 

JI 



( 2) DI- ~ -NAPHTHYL ·UREA • 

The product melting at 280°0 a'1s analyzsi for .ni tr-

ogen by. the Kjeldahl method with the following results: 

(1) 9. 28 % (2) 9. 36 % • 
·.Analyses : 

( 1) Watch glass+ sample ="- 5. 4103 gm. 
n t1 

n 
~ 5,0l6Q 
= o. 3943 

tr 
II 

H/2 acid in receiver= 10. 00 cc. 

N/2 base to titrate excess= 4,73 cc. 

4, 7 3 cc. time· a l. 008 ::;:.4. 77 co. 

·Ammonia evolved= 5. 23 oc. N/2 acid. 

Weight Nitrogen = o. 03661 gm. 

Per cent n 

(2) Watch glass +·sample -=- 5. 3938 gl]l. 

n 
fl 

'= 5, 0160 
=6.3778 

N/2 acid in receiver= 10.00 co. 

n 
II 

N/2 base to titrate excess== 4,91 oo. 

4.91 cc, times 1,008 =- 4.95 cc. , 

Ammonia evolved ~ 5,05 cc, N/a acid. 

Weight Nitrogen.::. 0,03521 gm. 

Per cent = 9, 36 % • 

The above ahalyses confirm the constitution of this 

product as that of di- «-naphthyl urea which has a the 

-oretioal per cent nitrogen for c 21H150Nz of-9,00 %. 



~ 1) 

(a) 

The equations which represent the formatiqn of di-~ 

naphthyl urea from heating carbonyl diurethane with tX 

naphthylamine are 

, 'H.;. HN-C 10H7 
f 'I 

~NH:aoo:.c z1I::i co, __ - - - - _qj. 

0Im-coo-:c2115~ . 
\ - -- - __ ,. 
\ f ,g-j HN-C10H7 

/NH-C1oH7 

co 

" lifH-C1oli7 

---------1. 



CARBONYL DI"Q'RETHANE WITH ~ NAPHTHYLAMI!'IE • 

Seven grams of ca2bonyl di urethane was mixed with a 

slight excess of ~ naphthylamine, placed in a· flask 

attached to a reflux air condenser and heated to l3o0c. 
for three hours on an oil bath. _Upom cooling the mater 

-ial in the flask so lidifie a. After treating this mate 

-rial with hot alcohol and filtering a white powdery 

residue remain~dwhich was very difficultly soluble in 

alcohol. It was recrystallized twice from glacial ace-

tic acid and gave M.P. 289°c. _The yield ~as not. large. 

On cooling the alcoholic filtrate a white floccul-

ent orystaliine preoipi tate was forme a. This precip-

i tate retainsi a pinkish color even after several re-

crystallizations. The yiela was about three grams. 

This reaction was carried ~ut a second time using 

double quantity of each of the materials and heating 

the mixture to 14o0 o. The products obtained in this 

case cmere the same as. in the other reaction I exoept 

that recrystallization gave both products with great-

. er purity as shown b~r the fact that one rnel ted. at 

2si0 c and the other at.196cC. The 196hproduc~ was 

proved to be identical wi-th the product obtained from 

the firsj reaction which melted at 194°0. · In addition 

to.these two products it was found that the addmtion 

of water to the alcoholic filtrate gave a pr.ecipi tate 
' 0 

whose M. P. was about ·140 c. and which was found to be 

largely naph thy lam in e mix ei with smal 1 amo nn ts o f 



. the· two products of the reaction. 

This reaction was tried twice more at temperatures 

of 120'tl and- 150° ,respectively ,and it was found that 

in every case the products were the same with the ex-

- ception that at the higher temperatures the proportion 

o~ the 291c product obtainei was greater while when 

the reaction was run at low temperatures the 196°pro-

duct was in the greater pro'portion and there was a: 

larger am:>unt of the ~ naphthylamine reooverei unch-

anged from the reaction mixture, 

( l) (3 NAPHTHYL CAksETHOXY BIURET • -

The product obtained from this reaction which melt-

e:l. at 196°0. is .naphthyl oarbethoxy biuret,which is 

confirmed by the following nitrogen analyses: (l) 

13.97 % (2) 14~00 % (3) 13.90 % • The theoretical 

• per cent of nitrogen in naphthyl carbethaxy biuret , 

o15H15o 4N3, is 13, 95 % • 
Analyses 

( l) Watch glass 1- samyle = 5. 2265 gm. 

tf 

n 
= 5. 0161 If 

= O. 2104 n 

N/2 acid in receiver =10. 00 cc, 

N/2 base to titrate -excess = 5. 7 5 oc. 

5, 7'5 co. times l. 008 = 5. 79 co. 

Ammonia evolved :: 4. 21 cc. N/2 acid·. 

Weight Nitrogen-== 0, 02943 gm • 

Per cent 13,97 % • 



(3) Watch glass + sample -=- 5. 2428 gm. 
n = 5. 0160 tr 

::: 0.2267 n 

N/2 acid in receiver == 10. 00 co. 

N/2 base to ti tra.te excess = 5. 42 cc. 

5.42 cc. times 1.008 ==: 5,47 oc. 

Ammonia evolved = 4. 53 cc. N/a aoid • 

Weight Nitrogen= o. 03171 gm. 

Per cent rr =- 14. 00 % • 

( 2) Watch glass+. sample - 5. 2331 . gm. 

n II = 5, Q 161 If • 

n = o. roio n 

n/2 acid i::i receiver = 10. oo cc. 

N/2 base to ,titrate excess . .:. 5, 85 cc. 

5.85 cc. timea l,008 = 5.89.cc. 

Ammonia evolved = 4.11 cc. N/2 acid. 

Weight Nitrogen - 0. 0 287 7 gm. 

Per cent n 

Further confirma~ion of its constitutio~ is obtain~ 

ed fi~om the· fact that it is soluble in water so lut:l.ons 

of alkalies on warming and is not reprecipi tated on 

cooling but when the solution is acidified a pulvei·u-

lent preoipi tate is inuneqiately thrown down. This pre-

cipitate is naphthyl cyanuric acii which is confirm• 

ed by the nitrogen analyses: (l) 16.09 % (2) 16,21 %. 
The theoretical per cent of nitxogen of naphthyl oyan-

uric acid is 16.46 % . 



~ NAPHTHYL CYANURIC ACID. 

The naphthyl cyanuric acid was prepared from the 

naphthyl oarbethoxy biuret by warming three grams of . 

this material with a noderately concentra~ed solution 

of sodium hydroxide. This alkaline solution was then 

fltered and cooled and acidified with dilute suifuric 

acid. A heavy white preoipi tate was immediately thrown 

down; this was -filtered off,washed and dried and was 

then anamyze d for nitrogen. This product did not melt 

be lo \'L ;290 o. C. 

The reactions by which the f naphthyl carbethoxy 

biuret is formed and the reactions by which it is con-

verted 'into ~ naphthyl cyanuric acid are identical . ~ ·. 

with those given fo:r the formation of the corresi;on~" 

ing 0\ naphthyl comrx:>unds under the. de script ion of the 

reactions of cA naphthylamine. 

The theoretical per cent of nitrogen in naphthyl 

cyanuric acid is 16,46 %. · The analyses follow : 

Analyses : 

(1) Watch glass +. sample =- 5. 2718 gm, 
n n - 5, 0160 " = 0. 2558 . II 

N/2 acid in receiver;::: 10. 00 cc. 

N/a base to titrate excess = 4.04 cc. 

4.04 cc. times 1.008 = 4.07 cc. 

Ammonia evolved= 5, 93 cc. N/2 acid. 

Weight Nitrogen= o. 04153 gm. 

Per cent ~ 16.21 



( 2) Watch glass +sample "=a 5; 27 22 gm, 

u If = 5! 0160 n 
tr = o. 2562 " 

N/2 acid in receiver = 10.00 co. 

M/2 base to titrate excess :: 4,09 cc. 

4,09 co. times 1.008 =- 4,12 cc, 

P..mmonia evolved~ 5, 88 cc. N/2 acid, 

Weight Nitrogen= 0.04116 g~. 

Per cent u ~ 16, 09 % • 

(2) PRODUCT M. P, 29i° C. HOT IDENTIFIED. 

Ho definite report on the constitution of the prod-

uct melting at 291°0, can be made at this time on ac-

count of the c!ailure to obtain satisfactor1 analyses. 

By analogy with the('), naphthylamine reaction this pro~ 

duct would seem to be di- ~ naphthyl urea but the re-

sults on analysis show the percentage of nitr-ogen to 

far too great. Its M.P.,291°0. agrees weil with that 

-~eportei for di-~ -naphhtyl urea in Beilstein ~-293°0. 

The analyses obtained are:(l) 13.44 % (2) 13,36 % 
(3) 13.75 % (4) 13.12 %_. 

·Analyses 

(1) Watch glass -t- sample . =- 5. 3175 gm. 

n · · n 
u 

= 5. 0160 ft 

:: o. 3015 ft 

N/2 acid in _receiver = 10. 00 cc. 

N/2 base to titrate excess= 4.18 cc. 

4, 18 cc. times 1. 008 = 4. 21 oc. 



(a) 

Ammonia evolved == 5. 79 cc. N/2 acid , 

Weight Nitrogen - o. 04053 gm. 

Per cent 11 13, 44 % • 

Watch glass + sample =- 5, 3273 gm. 

ff n = 5.0160 tt 

n =- 0.3113 " 
N/2 acid· in receiver ~ 10 .. 00 cc, 

H/2 base to titrate excess = 4.03 cc. 

4. 03 vu. times 1,008 = 4, 06 co. 

Amrr.onia evolved = 5. 94 cc. N/2 acid • 

Weight Ni t:rogen _ 0, 04158 gm. 

Per cent n _ 13,36 % . 

(3) Watch glass + sample =. 5, 2712 gm, 

n u 
tr 

= 5, 0161 ti 

=- o. 2551 " 

N/2 ac·id in receiver = 10, 00 cc. 

N/2 base to titrate excess= 5,18 co. 

5.18 cc. times 1,008 = 5;22 .cc. 
I 

Ammonia evolved:::::. 4,78 cc. N/2 acid. 

Weight Ni txogen =-0. 03346 gm, 

Per cent - 13, 12 % • 



SU1~1ARY AND CONCLUSIONS • 

As a summary and.discussiob of the results accomp-

lished in this investigation it will be particularly 

interesting tto compare the products actually obtained 

With those which the preliminary discussion showed 

might be obtained. With o-to luidine acoo rdirig to that 

outline it mig~t be possible1J"to find airong the prod-

ucts the following : 

( 1) 0-tolyl carbetho~ biuret 

(2)· Carbonyl di-o-tolyl di urea 

(3) Di-o-tolyl biuret 

(4) Mono-o-to lyl urea 

(5) .D-o-tolyl urea 

(6) 0-toly..l cyanuric 

(7) Tolyl allophanic 

(8) Urethane 

(9) Allophanio ·ester 

(10) Urea 

(11) Tolyl urethane 

acid 

ester 

(12) Mono-o-tolyl carbethdxy urea 

Of the products named above the first six namEd were 

obtainei and identified; the la.st six were ndlt. If urea, 

urethane or to lyl urethane were formed they would pro-

bably react furhher to giya sorne of _the ·other products 

named above, which accounts for the. fact that they do 

not appear among the reaction products, The same thing 



may i:o s~ibly be true in the cases of the tclyl allo-

phanic ester, allophanic ester and the mono-o-tolyl 

carbethoxy urea or it may be that a changa in the con-

ditions of the reaction would cause these products to 

appear. 

The tolyl cyanuric acid does not· appear as a prim-

ary product of the reaction but is preparei from the 

o~jolyl carbethoxy biuret, '. 
The second point· of interest brought out in thms 

work is the influence of the temperature upon the 

course of the reaction and upan the products which 

are obtained. The tendency evidenced is that at the 

lower ~emperatures the greater part ~f the product is 

o-tolyl carbethoxy bittret and the di-o-tolyl biuret , 

while at somewhat higher temperatures mono-o-tolyl 

urea and di-o~tolyl urea began to appear 1 and as the 

temperature was raised their proportion increased unt~· 

il at the highest temperature usei the sole producj is 

di-o-tolyl urea. At the inte~~ediate temperatures an-

. other product, carbonyl di-o-tolyl diurea , is also ob 

-tained but it does not appear at either the higher or 

the lower temperatures. A summary of this temperature 

effect in the reaction with o-toluidine is given on 

the following page. 

Of the posEdble products from the reaction between 

a. naphthylamine and carbonyl di urethane only two 1 rA 

naphthyl carbethoxy biuret and di- 0\ naphthyl urea 



v1ere obtained. Th-e tend~npy for the formation of the 

other products is ·apparently not very great or else 

they react further under the conditions of these ex-

periments. 

In the same way the only products from the reaction 

of ~ naphthylamine and carbonyl diurethane are ~ naph-

thyl carbethoxy biuret and di-~ ~aphthyl urea (?). In 

both cases the naphthyl cyanuric acid was· obtained as 

a secondary product. 

,The experiments with methylene di urethane, phenyl 

methylene diurethane and o-nitro-phenyl methylene di-

urethane were rather disappointing as the only react~ 

ion apparently possible to obtain 'Yas the one between 

methylene diuretharie and aniline in which the sole 

product is diphenyl urea. Small amounts of other pro-

ducts may have been formsi but the difficulty of sep-

arating any crystalline substan6e from the reaction 

mixture made it imf()ssible to obtain any of these sub-

stances for identification. An opportunity f9r further 
i I investigation is offered by the compounds diphenyl me-

thylene diurethane and phenyl methyl methylene diure~ 

thane to see if they show the same unreactivity. 

, \Vi th regard to the reactions of carbonyl diurethane 

it is desirable that experiments should be tried using 

a series of the amines including ethylamine,aniline , 

ortho and meta toluidines, phenyl hy~razine, and 



(1) 

( 2) 

( 3) 

(4) 

( 5) 

( 6) 

, 
SUMMARY OF REACTION BETWEEN CARBONYL DIURETHANE 

AND ORTHO-TOLUIDINE • 

Reaction 
Product 

Quantity of each product obtained. ' 

13ot>c. 14o'0 c. ~1sottc. . 200°c. 
,,,NH-C7H7 co 
':r:rn:2 

Mono-o-tolym 
~ 

,AIB-C7H7 co 
"-NH-C7H7 

Di-o-tolyl 
~ 

. 
Di;....Q-tQly~ 

biuret 

None 

. None 

Small 
an:ount 

None 

Very 
little 

Several 
grams 

Several 
grams 

Several 
grams 

several 
grams 

,...CO-NH-C7H7 
HM Principal 
'co-NH-COO-C2H5 product 

. Several 
grams 

None 

0-tolyl oarbethoxy 
biuret 

...... rrn-co.:..~m-c 7H7 co . 
'-NI-I-CO-l.'!H-C7H7 

Carbonyl di-o-
to·lyLdiurea 

.,-' ·7 II? 
.,,N.Ij: ~ &JQ ' 

CO ,N-C7H7 
'NH - CO .· 

0-tolyl cyanuric 
acid 

(s·econdary product ) 

None 

Several 
grams 

Several 
grams 

Several 
grams 

Several 
grams 

• I 

None 

None 

Sole 
product. 

Nobe 

None 

None • 

·None. 



naphthylamines,etq.,together with a correlatio~ of the 

results so that more· definite conclusions as to the 

course of the reactio?). between an amine and carbonyl 

d~u:r;ethane may be drawn. 

In conclusion, t wish_especially.to thank Dr. Dains 

for his continuai kindness in directing the work and 

for the many valuable suggestions he has offered to -

aid in 'its prosecution .• 


