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1. 

The object of the work described in this paper to find 

out the reactions involved in treatment of ureas and substituted 

ureas with certain reagents containing halogens. 

In a- paper+, Doctor D. 3. Dains gives some interesting 

results obtained by the action of acid chlorides on ureas, 

which can be formulated as follows:-

mm 

Mustard oil and an acyl anilide were the main products, while 

occasionally small quantities of an amidine base was formed. 

R1TCS + R1THC0R - RHH 

0R + COS. 

Rtf 

The question whether the reaction would go the same way if 

diphenyl urea chloride was used instead of the acyl chloride. 

This was tried but product was principally guanidines and 

mustard oil, and decomposition took place to a large extent. 

Rlffi 

pS + HC1 - (RRH)gCHR.EC1 +RECS + Hg8. 

Rlffi 

In the same paper*, Dr. Dains gives a general equation for 

the reaction tith dibasic acids as follo?/s 

B + RC0C1 = + HC1 « REGS + RNHCOR + HOI 



R CHoC00H QH^CO 
6 \ 

\ 

CO 

S 2 R + 2HP0 + H„S. (1) O £ 

RKH CHpGOOH ch2co 

+Jour. Amer. Chem. Soc., XXII, 181 

GHgCOOH CHgCOTTRH 

S + + SHgO + C0g + HgS 

GHgCOOH CH„CONRH 

If reagents were used which contained a halogen in place of 

the carboxyl group, then the reaction might go in the same 

way and the acid of the halide be formed in place of water; 

The reactions that might take place can be formulated as 

follows 

In the case of ethylenbromide the reaction goes according to 

reaction II, but in the case of oxalchloride the reaction 

goes according to reaction I. A number of reagents, which, it 

was thought should react in the same way, were heated with 

subetituted ureas, but decomposition and the action of the 

+ HBr 

II 
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acid, given off evidently prevented such action. 

The reactions with ethyleneromide and oxalchloride were 

the only ones that seemed to go quantitatively. The melting 

points were taken with ordinary laboratory thermometers and 

were not corrected, and in some cases were three or four degree« 

off, tut in these cases the readings were checked by the 

readings taken with pure substances on hand in the laboratory. 

The reagents used were Kahltaum standard reagents. Liquid 

reagents were in each case fractionated and redistilled 

before use. 

DI-METAXYLYL THIOUREA and DIPHENYL UREA CHLORIDE. 

10 grams of dimetaxylyl thiourea were mixed with 8.2 

grams of diphenyl urea chloride and heated in a flask with 

reflux condenser on an oil-bath, to 110° for about three hours,, 

A gas was given off which gave an acid reaction. 

The product was distilled with steam and xylyl mustard 

oil was distilled over. The residue was heated with dilute 

HOI and filtered, and then made alkaline with NaOH solution. 

A base was precipitated which was filtered off and recrysta-

llised several times from alcohol, m.p. 235°-xylyl 

guanidine. The residue was extracted with cold alcohol bitty 
* 

no crystalline product could, be obtained from this solution. 

The residue which melted at 88u was unchanged diphenyl 

urea chloride. 

The reaction seemed to be similar to the reaction of a 

substituted thio urea with HCI. The principal products 



"being xylyl mustard oil and the guanidine. Evidently the 

diphenyl urea chloride "broke up forming HCI. The principal 

reaction might be given as follows 

9 grams of monophenyl thiourea and 8 grams of diphenyl 

urea chloride were heated in a flask with an air condenser, on 

an oil-bath at 110°- 120° for about three hours. A gas was 

given off which had an acid reaction. The product was then 

steam distilled and phenyl mustard oil distilled over. The 

residue was heated with water and filtered hot and UaOH 

solution added until alkaline. A white precipitate formed on 

cooling, which was very small and not large enough to get 

the melting point. 

The unchanged residue was then made alkaline with UaOH 

soltion and a base was precipitated. This was recrystallised 

from alcohol. It melted at 135°, and was diphenyl guanidine. 

The remaining residue was extracted with alcohol and the 

insoluble residue filtered. This melted at 832° and was 

diphenyl urea. The alcohol solution contained an oily 

substance which was recrystallised several times from-

(CH3)2C6H3NC8 + H2S 

M01T0PHKNYL THIOUREA and DIPHENYL UREA CHLORIDE 
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alcohol and finally from gasoline which gave a crystalline comp

ound. This melted at 190° "but there was very little of it, and 

not enough to identify. 

The products were used up by continued recrystallization in 

an attempt to get them pure. There seemed to be considerable 

decomposition. 

The reaction is probably very complicated. The principal 

products formed were 

Phenyl mustard oil - CgH^NCS. 

Diphenyl urea - (CgH^NH)gCO. 

Diphenyl guanidine - (C5H5NH)gC:NH. 

MONOPHENYL THIOUREA and DIPHENYL UREA CHLORIDE. 

The above reaction was carried out again using 19 grams 

of monophenyl thiourea and 17.5 grams of diphenyl urea chloride. 

It was thoroughly mixed and heated as before in a flask with 

a reflux condenser on theoil-bath, at 110° for nearly three 

hours and then the temperature was raised to 140° for about 

15 minutes. 

The product was extracted with chloroform and filtered. 

The residue was extracted with gasoline and a very small 

amount of crystalline substance was obtained melting at 253° * 

this was not a sufficient quantity to identify. 

The chloroform extract was steam distilled. The residue 

was treated with dilute HCI solution, and filtered hot. A 

compound separated which melted at 53° and was diphenyl amine. 

The solution was then made alkaline with NaOH solution. The 

remainder of the residue was extracted with gasoline, and a 
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compound, was obtained which first melted at 45° and was 

found to be diphenyl amine the same as above. The residue was 

recryotaliised and melted at 88° and was found to be diphenyl 

urea chloride. 

The steam-distillate was filtered and NaOH solution added. 

Phenyl isocyanide was found here. 

This reaction, is probably very complicated. The 

principal products of the reaction are:-

Diphenyl amine, diphenyl guanidine, diphenyl urea 

chloride and phenyl mustard oil. 

MONOPHENYL THIOUREA and DIPHENYL UREA CHLORIDE. 

Heated 35 grams of monophenyl thiourea and 15 grams of 

diphenyl urea chloride, to 130° on an oil-bath, with an air 

condenser until no bubbles were seen. 

Gas - The gas was slightly acid and gave a slight test 

for sulphide. It did not give a test for COg. It was 

probably COS. 

Residue - The residue was a soft brown wax. It was steam 

distilled and the residue filtered and NaOH solution added. 

The basic compound was recrystallised from alcohol and 

melted at 145°. The sulphur test was negative. The compound 

7/a8 found to be diphenyl guanidine. The residue was then 

extracted with hot water and cooled. A small precipitate 

came down which melted at 148° and was monophenyl thiourea. 

The remainder of the residue was extracted with alcohol but • 

no crystallin compound was obtained. The residue insoluble 



in alcohol melted at 260° was a white powder "but was ohtaine d 

in very small quantities. 

The steam distillate contained phenyl mustard oil. It 

did not give a tes for diphenyl amine. It was made alkaline 

with NaOE solution "but no solid was obtained. 

This reaction was very complicated. The principal 

products of the reaction were 

Diphenyl guanidine, phenyl mustard oil and monophenyl 

thiourea. . 

MONOPHENYL UREA and DIPHENYL UREA CHLORIDE. 

13 grams of monophenyl urea and 15 grams of diphenyl 

urea chloride were heated on an oil-bath with an air condenser, 

for three hours at 120°. The product was extracted with water 

and filtered. The residue was dissolved in alcohol but no 

crystalline product was obtained. The water extract was made 

alkaline with NaOH solution. A base was obtained which melted 

at 58° and was recrystallised from alcohol and melted at 65°. 

The picrate melted at 75; 

Dissolved the residue in alcohol and crystals came out 

on standing which melted at 175°. Extracted the crystals with 

HOI solution and the residue melted at 205°. The filtrate a 

strong diphenyl amine test. Extracted the residue with 

chloroform and the compound melted at 227°. Recrystallised 

this from alcohol and it melted at 235° and diphenyl urea. 

Nothing could be obtained from the residue insoluble 

in alcohol which was all, or nearly so, inorganic. 
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Evidently the reaction with, the .substituted ureas and 

diphenyl urea chloride takes in several different ways andalso 

decomposition takes place at the same time. The principal 

products of the reaction wera:-

Diphenyl urea, diphenyl amine. 

DIPHENYL THIOUREA and DICHLORHYDRIN. 

15 grams of diphenyl thiourea and 8 grams of dichlorhydrir 

were heated on an oil-bath for two hours. The result was a 

dark paste which gave a disagreeable odor and was probably 

decomposition products. 

These reactions were carried out with he possibility 

that they might react as : 

C 

It seems that the dichlorhydrin broke down so readily 

and completely that it was impossible to separate anything 

from the mixture. 

15 grams of diphenyl thiourea and 8 grams of freshly 

distilled dichlorhydrin were heated to 155° for three hours 

Or -

+HCL 

DIPHENYL THIOUREA AND DICHLORHYDRIN 



The mixture was a red, wax-like fum 7/hich was very hard at room 

temperature. Water was added and the mixture "boiled and filt

ered. Nothing could "be obtained from the residue except a very 

small amount of diphenyl thiourea. 

The water extract was made alkaline with NaOH solution 

which percipitated a base. This melted at 139° and was 

triphenyl guanidine. 

Evidently HC1 was liberated in the decomposition of the 

dichlorhydrin and this acted upon the diphenyl thiourea 

forming the guanidine. The strong disagreeable odor was p 

partly due to the phenyl mustard oil present. 

C6H5¥ °6H5*3 

\s + HCL ^0»HO6H5.HC1 + c6H5iros + h2s. 

CsH5lfH C6H5im 

The basic compound which was obtained was analysed 

and found to be as stated triphenyl guanidine. The platinum 

salt was used for the analysis. 

Analysus for (C-^Hl^Ng)gHgPtClg^ 

Theoretical -23.881? Pt. 

-Analysis I. • 23.83/2 Pt. 

Analysis II. —33.07^ Pt. 

ANILINE AND DICHLORHYDRIN. 

14.5 grams of aniline and 10 grams of dichlorhydrin 

were heated on an oil-bath at 160° for about an hour. The 

resulting miiure was very hard gum-like, translucent red 

mixture. This was extracted with water and boiled. 
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Nothing could."be obtained from the residue. 

The extract was made alkaline with NaOH solution and a 

white precipitate came down which turned "brown and then a 

•purple shade. A rather.large qantity of oil thus separated out 

which had an odor like that of ,quinoiine. This was steam dis

tilled and a clear oil came over which was aniline. 

At the end of the reaction, the aniline must have been 

present as the hydrochloride. The only source of hydrochloric 

acid possible was from the dichlorhydrin. The dichlorhydrin, 

therefore, must have broken down liberating hydrochloric acid. ' 

As to the rest of the decomposition products nothing definite 

could be obtained and the product had the appearance of some 

carbonixation and decomposition in general, 

AOETYLENDICHLORIDE AND DIPHENYL THIOUREA. 

Heated 20 grams of diphenyl thiourea and enough 

acetylendichloride to moisten it well which was about equal 

weight, 20 grams, on the water bath with a reflux condenser for 

about two hours. 

There was no change found. The mixture was insoluble 

in water but very soluble in hot alcohol. The compound 

crystallised from alcohol in shining plates which melted at 1 

151? A mixture with diphenyl thiourea melted at 151°. It was 

the original substance and evidently no change had. taken place. 

As in the experiment above the diphenyl thiourea and 

dichlorhydrin were heated together with the possibility that 

they would unite as:- , 
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C.HRIH C1CH \ + | 
HOI 
C6H5N- OH 

c6h5i 5h 
+H01 

DIPHEIYL THIOUREA A1JD ACETYLEIDICHLORIDE. 

SO grams of diphenyl thiourea and 10 grams of 

acetylendichloride were heated in a bomb tube, at 140°, for 

one and l/4 hours. The tube was then opened by heating an 

end and the gas evolved gave an illuminous flame, which was 

possibly acetylene. The material in thetube was a reddish-

bro?/n liquid HgS was recognized by its odor. The liquid was 

poured off and steam distilled. The distillate contained 

phenyl mustard oil. The residue was filtered and made 

alkaline with laOH solution and a base came down that melted 
, , o 

at 136 and triphenyl guanidine. Considerable amount of 

crystally were separated from the original liquid which 

melted at 155° and was the original diphenyl thiourea. 

Evidently HC1 is liberated and this acts upon the 

diphenyl thiourea as 

17 grams of* diparatolyl thiourea and 8 grams of acetylen

dicliloride were heated in a bomb tube at 150° for one and 

one-half hours. Pyridine was added to take up thsHcl that 

might be formed. The tube was opened by heat. HC1 was added 

to dissolve the pyridine and the residue melted at 176° .and 

DIPARATOLYL THIOUREA AID ACETYLEFDICHLORIDE. 
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and was the original diparatolyl thiourea. 

DIPKE1TYL THIOUREA A1TD OXALYLCHLORIDE. 

15 grams of diphenyl thiourea and 8 grams of 

oxalylchloride were mixed. The reaction was immediate hut 

not very fast. The diphenyl thiourea and oxalylchloride were 

both in benzene solution. The product was steam distilled 

to get rid of the benzene. The product was reorystallised 

from hot alcohol and melted at 80S0. This was 2-Thiocarb-

onyl-,5-Dike to-1,3,-Diphenyltetrahydroimidazol#. The 

reaction was 
HC1 

C6H5ITH C1C0 C6H5?"~—9° 

+H01. Si 

C6H5UH CICO 06H5!f— 00 

M. V. Stojentin+ prepared this compound by heating 

together diphenyl thiourea and ethyloxalylchloride and 
p 

feives this formula. Hoffman gives the melting point as 

204°. 

# Bar. 31,138. 

+ Jour, fur Praktische Chemis, (8) 32, 1. 

E Ber. E, 138. (588) 

DIPHEIYL THIOUREA and OXALYLCHLORIDE. 

15 grams of diphenyl thourea and 8 grams of 

oxalylchloride in benzene solutions were mixed ?/ith two 

mols of pyridine. The product was then steam distilled 

to get rid of the benzene and pyridine. The residue was 
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recrystallised from alcohol. Yellow crystals were obtained 

which melted at 202° the same as before. 

There was a very small amount of a white residue 

which melted at 243° but not enough for indentification, 

DIPARATOLYL THIOUREA AND OXALYLCHLORIDE. 

20 grams of dipsratolyl thiourea and 10 grama of 

oxalylchloride and two mole of pyridine were added 

together as benzene solutions. The produot was steam 

distilled to get rid of the benzene and pyridine. The 

product was then recrystailised from hot alcohol and melted 

at 235°, It was 2-thiocarbonyl -4,5 -oiketo - 1, 3 - di 

(4 - methylphenyl) tetrahydroimidazol.+ The reaction was: — 
HC1 

(CH3)C6H4¥H pCl (CH3)C6H4lf3 ^j!0 

CI GS + « SO' 

m AoCl (CH.3)06H4»i-

+ HC1 

CO (CH3)C6H, 

This compound is described by Rudolf Andreasek$, who gives 

the melting point as 236°. 

It is slightly soluble in water and alcohol and very 

soluble in benzene. It crystallises as bronze needles. 

+ 0 1899,11,306. 

# Ber. 31, 138. 

THIOUREA A1TD OXALVI,CHLORIDE. 

15 grams of thiourea were dissolved in benzene and 

two moIs of pyridine were added. Then a henzene solution of 

oxalylchloride were added using 9 grams of the chloride. Thie 

was carried out in a freezing mixture. It was then steam 
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distilled to get rid of the "benzene and pyridine. The product 

was then recrystallised from hot water. The melting point was 

154°, and yield was small. The product was 2- thiocarbonyl-

4,5 - diketotetrahytoimidazol*. The reaction was 

Q0C1 HC1, HH VO 

H JilH 

OS + 

C0C1 

+ HC1. 

-00 

This compound has been prepared by Michael*, who 

does not describe it. 

It crystallises as yellow needles. 

MONOPHBHYL THIOUREA and OXALYLOHLORIDE. 

15 grams of monophenyl thiourea were dissolved in 

benzene and two mols of pyridine were added and then a 

benzene solution of IE grams of oxalylchloride were added in 

benzene solution. This was carried out in a freezing solution. 

The mixture was then steam distilled to remove the benzene 

and the pyridine. The product was then recrystallised from 

hot water. The compound melted at 133°, and was E-thiocarbonyl-
4,5-diketo- l-phenyltetrahydroimidazol0. The reaction was 

HHH G0C1 HOL. Hlf- ——QO 

c6h5hh C0C1 

+H01. 

00 

This compound was made by Hector1" by treating 

diphenvlthioureaccyanide with HC1. 

+ J. pr. (2) 49, 39. #Ph. Oh. 16, 715. 2Beilstein 11,411 
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It is slightly soluble in aloohol and crystallises in 

yellowish-golden needles. 

DIPHEHYL THIOUREA and ETHYLKNBROMIDE. 

15 grams of aiphenyl thiourea and 11 grams of ethylen-

bromide were heated on the oil-bath at 130° for one and one-

half hours. Dissolved the entire product in water and made 

alkaline with ITaOH and a base precipitated. This was recrystaDr-

ises from gasoline. It was a white crystalline compound 

melting at 135°. This product was S-phenylinido- 3-phenyltetra-

hydrothiazol+" The reaction was:-

qn2Br 

C6H5TT^ pEz + HBr. 

CHgBr 
£ 

This compound is described by W. Will" , who gives the 

melting point as 136° 

DIPHEUYL THIOUREA and DIBROM-DICHLOR-ETHAUE 

Dibromidichlorethane was prepared by adding, to 50 grams 

of acetylene dichlorlde, 93 grams of bromine. This was then 

fractionated. 

OgHgClg + Brg - CgHgOloBrg 

20 grams of diphenyl thiourea and 18 grams of dibrom-

dichlorethane were heated at 160°, for one and one-half hours. 

The product was extracted with water and filtered. The product 

was made alkaline with UaOH soltion and a base was precipitated. 

Recrystallises from alcohol and it melted at 143°. This was 

shown to be triphenyl guanidine by mixing with pure triphenyl 



guanidine; the melting point did not change. 

The residue was dissolved in alcohol and then recrystallisedj|| 

from benzene, when it melted at 158°. This was found, in the 

same way to be diphenyl thiourea, for when it was mixed with 

pure diphenyl thiourea the melting point did not change. Phenyl 

mustard oil was recognised by the odor. 

Evidently the only change that took place was that 

caused by the acid liberated when the dibrom-diohlor-ethane 

broke down. There v/as indication of a little decomposition. 

The chief reaction was 

B-Dibrom-B-phenyl-propionic acid was prepared by adding 

53 grams of bromine to a solution of 50 grams of cinnamic acid. 

They reacted rapidly and the product was recrystallised. It 

melted at 195°. 

10 grams of diphenyl thiourea and 18 grams of the brom-

acid were heated together, 150° for about two hours. The 

product was dissolved in water and filtered. The filtrate was 

made alkaline with NaGH solution and a base separated which was 

recrystallised and melted at 143°. This.was found to be 

triphenyl guanidine by mixing with the pure substance and the 

melting point did not change. 

The residue was treated with NaOH solution and an acid 

8 Acid ss 

DIPHENYL THIOUREA and DIBROM PHENYL PROPIONIC ACID. 
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was obtained which melted at 153° and was found, by mixing 

with pure compound in the laboratory, and the melting point 

did not change, to be cinnamic acid, some unchanged diphenyl 

thiourea waa obtained also. 

This reaction was undertaken with the possibility that the 

reaction might be:- * 
HBr 

C6H5JH BrHOCOOH C6H5H -CHCOOH 

C6H5lAl yCHC6H5 + HBr. 

H BrHC.C6H5 S 

/ OSH5U= 

Evidently, however the reaction was that of HBr upon 

the diphenyl thiourea and giving cinnamic acid as one of the 

products. 

06H5ie C6H5HH 

2 \s + HBr - J^C:HG6H5. HBR + C6H5H0S + H2S 

C6H5lfH C6H5im 

PHENYL METAXYLYL THIOUREA and ETHYLENE BROMIDE. 

12 grams of phenyl metaxylyl thiourea and 9 grams of 

ethylene bromide were heated on the oil-bath at 160°, for 

about one and one-half hours. The resulting product was 

dissolved in water and it nearly all dissolved. The water 

solution was made alkaline and a basic product was precipitated, 

This was recrystallised several times from alcohol and then 

from gasoline several times and a crystalline compound was 

obtained which melted at 86°. The picrate melted at 151°. It 

was treated with molar Quantities of plating c chloride using 

acetic acid and then chloroform, but no crystalline compound 

was obtained. 
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The reaction was:-
HBr 

BrCHg 06H?(CH3)31^ CHg + ̂  >SH + BrCHo » C-Hrjr-C Clio 

V 
This was analysed for Nitrogen (Kjeldahl) . as Cp Ĥpg^S 

Th e o r e t i c a l -  - - - - - - - - -  9. 9 3 $  

I.Found 10.06$ 

II. Found 10.53$ 

According to previous nomenclature this compound should he B~ 

phenylimido- 3-me'axylyltetrahydrothiazol. Nothing could "be 

found in the literature in regard to this compound. This was 

heated in the bomb furnaces at 140° for 3 hours, A slight test 

for aniline was gotten but most of the original compound was 

obtained from the product. 

METABR0M+DI?HRNYL THI0U'':EA and ETHYLENE BROMIDE. 

IS grams of metabrom-diphenyl thiourea and 10 of 

ethylene bromide were heated on the oil-bath at 130°-130° for 

one and one-half hours. The product was dissolved in water and 

the solution made alkaline with UaOH solution. A base was 

precipitated hich was recrystallised from gasoline, and melted 

at 163°. 

According to the reactions above this reaction should 

be 
HBr 

tetrahrdrothiazol. 
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In conclusion, I wish to t; ank Doctor F. B. Dains* for 

his many helpful suggestions during this work. 

Chemical Laboratories, 

University of Kansas. 

May 15th., 1915. 


