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This investigation has been undertaken with the 
purpose of studying the action of certain acid reagents 
on the substituted ureas and isourea ethers. The main 
question Which arises in a study of these compounds is 
the reaction of the anilido hydrogen toward, and its 
replacement by,such reagents. The quantity of work which 
has been done along this line is rather limited although 
this field for re-search is quite extensive. 

During the last few years Dr. P. B. Dains has 
carried on a series of investigations on this alass of 
and in a paper, published in the Journal of the American 
Chemical Society, April, 1900, he has shown that when thio 
carbanilide and organic acids were heated together at a 
temperature of 140°C. to 160°C., hydrogen sulphide and 
carbon dioxide are evolved and diphenyl urea and an anilide 
may be separated from the residue. 

The main reaction is: 
R-JHH 

*>C^S-f RCOOH — > RNCS + RNHo*RCOOH 
R~N4I 
At the temperature of the reaction the amine and 

acid unite. 
RCOOH -f RNH2 — > RNHCOR + H20 
At the same time the mustard oil is attacked 
RNCS + RCOOH —> RNHCOR + COS (HgS C02 COS HgO) 
The products usually obtained in the reaction are 
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carbon dioxide, hydrogen sulphide, water, the ariilide, 
mustard oil and carbanilide. The preceeding equations 
account for all of these products axcept the carbanilide. 
Dr. Dains gives the following theory for its formation 
as being quite probable: at the high temperatures employed, 
the thio carbanilide is more or less dissociated into 
carbodiimide and hydrogen sulphide. 

The carbodiimide then reacts with the organic acid 
as follows: 

(RN)2C 4 2RC00H > (RNH)2C0+ (RC0)20 
Dibasic asids, when heated with thio carbanilide were 

found to form an anilide, carbon dioxide and hydrogen mul-
phide. 

R-N-H H-0-0=0 CONHR 
^C-S + I — > CO24-H2S + I 

R-N4i H- 0-0=0 CONHR 
The general reaction between an acyl chloride and 

a dialphyl thio urea was found to be 
R-NHH R-N-H >C^S 4~ RC0C1 > >C^S + HC1 R-N-H R-N^C-O-R 
a-H-H 

> C* S 4- HOI — > RNCS 4- RNHCOR -b HC1 
R-N-C-O-R 
Mustard oil and an acyl anilide were the main products 

while occasionally small quantities of amidine bases were 
formed. 

In the case of the isourea ethers it is a simple 
matter to prepare the acyl derivative but with the thio 
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ureas similar compounds are obtained only under jcery favor-
able conditions. These products have been obtained, however, 
by McCrefcth (Ber. 8, 1181) by the addition od anilides to 
isocyanates. For instance, the acyl derivative of diphenyl 
urea is produced by the action of phenyl isocyanate and 
acetanilide. 

The acyl ureas and the acyl derivatives of the isourea 
ethers are not extremely stable and, when heated above their 
melting points, decompose into anilides and cyanates or 
anilides and mustard oils. 

The experimental work described in this paper has been 
limited to three general types of reactions: (1) the pro-
ducts formed by treatment of the substituted thioureas with 
urea chlorides; (2) the interaction of acid reagents with 
the isourea ethers of the general formula 

R-N-E 
\ c-S-R 

and (3) the transformation of the allyl thio ureas into the 
thiazole bases. 

The substituted ureas have been prepared by the addition 
of anilines to the various mustard oils, a method which was 
described by Gerhardt (Ber. 17, 2090). 

The isourea ethers were obtained by boiling an alcoholic 
solution of thio carbanilide with an alkyl iodide, on a 
water bath with a reflux condenser for several hours. 
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EXPERIMENTAL. 

DI-PHENYL ETHYL THIO UREA and DI-PHENYL UREA 
CHLORIDE, 

Di~phenyl ethyl thio urea was prepared by treating 
ethyl aniline with phenyl mustard oil. The two substances 
were dissolved in a little alcohol and allowed to stand over 
night. A considerable quantity of heat is evolved and the 
di-phenyl ethyl thio urea solidifies in a hard cake. It 
was washed with water and dilute hydrochloric acid and was 
then recrystallized from gasoline. 

Ten grams of this urea was mixed with an equivalent 
amount of di-phenyl urea chloride and heated in a large 
test tube in an oil bath at 150°C. to 160°C. for two hours, 
The reaction product was a dark green resinous mass, which 
was transferred to a small flask and subjected to steam 
distillation. Phenyl mustard oil distilled over. 

On filtering off the liquid in the distilling flask 
and adding sodium hydroxide solution, ethyl aniline was 
precipitated. The presence of ethyl aniline hydrochloride 
in the solution is due to the decomposition of the ethyl 
di-phenyl thio urea by the hydrogen chloride which is 
formed by the main reaction. 

Ph-N-H Ph-N-Ph Ph-E-Ph 
+ ;>C^0—* /C- 0 Jr PhNCS HC1 

Ph-N-Et CI' Ph-N-Et 
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Ph-N-H Ph 
^>C^S + HC1 > N-H • HC1+ PhNCS 

Ph-N-Et Et 
The green mass in the flask was extracted with boiling 

gasoline. On allowing the gasoline extract to stand a white 
solid crystallized out. This product is readily soluble in 
alcotol and moderately so in ether, glacial acetic acid and 
gasoline. It was recrystallized from the latter solvent, 
giving pure crystals, mp. 79°C. 

This compound is evidently the tri-phenyl ethyl urea 
prepared by Michler (Ber. 14, 2185) by the action of ethyl 
aniline with di-phenyl urea chloride, since the two substances 
melt at the same temperature. 

DI-PHENYL ETHYL THIO UREA and METHYL PHENYL 
UREA CHLORIDE. 

This reaction is very similar to the one preceding. 
Equal mols of the urea and urea chloride were, mixed and 
heated in an oil bath at 150°C. to 160°C. for two hours. 
The reaction product, a resinous mass, on being steam 
distilled gave phenyl mustard oil. 

The liquid in the flask was poured off, and gave a 
precipitate of ethyl aniline on being made alkaline with 
sodium hydroxide. The presence of ethyl aniline hydro-
chloride, as stated above, is due to the decomposition 
of the di-phenyl ethyl thio urea. 

The gummy residue in the flask was extracted with 
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boiling gasoline and the solution allowed to stand. A 
white solid crystallized out and recrystallized from the 
the same solvent. This urea, mp. 74°C., is readily soluble 
in alcohol and benzene but only sparingly so in ether. 

Analysis of the compound as di-phenyl ethyl methyl 
urea requires 11.02$ of nitrogen. By the "absolute nitro-
gen" method 0.2075 grams of the sample gave 21.42 cc of 
moist nitrogen at 25°C. and 740 mm of mercury. With a 
second determination 0.2080 grams of sample gave 21.65 cc 
of moist nitrogen at 23°C. and 73S mm of mercury. 

Pound Theory 
11.15 11.02 
11-35 q 0 ^ 

Ph-N-H Ph-N-i£e Ph-N-Et 
-4- ^ c ^ o — > PhNcs + HCI 

Ph-N^Et CI Ph-N-Me 

ETHYL ANILINE and METHYL PHENYL UREA CHLORIDE 
with PYRIDINE. 

Ph Ph-N -Me Ph-N~Et 
>-H + >>-0 4 C.H.N — > >C^0 4-C5H5N^HC1 

Et Cl^ Ph-N-Me 
Molecular quantities of the original materials were 

heated in an oil bath for a short time (30 min.) at 140°C. 
The pyridine hydrochloride was washed out with water and 
the residue was dissolved in hot gasoline and allowed to 
stand. The urea crystallized out and was purified from the 
same solvent. It is also soluble in alcohol, and benzene 
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but insoluble in water. This urea melts at 73°C. to 74°C. 
and is the aame product that was prepared in the preceding 
experiment. On mixing the two compounds no depression of 
the melting point could be detected. 

DI-PHENYL ETHYL THIO UREA and PHOSGENE With 
PYRIDINE. 

Ph~N~Et 
Ph-N-Et CI Ph-l/ 

2 )c~S + \C=0+2 C5H5N--> M M ) + 2 C5H5NHC1 
Ph-N-H CI Ph-ir 

Ph-N-Et 
The substances were used in the ratio expressed by 

the equation, and dissolved in benzene separately. The 
solutions of urea and pyridine were placed in a side-necked 
flask, to which was connected a reflux condenser and a 
dropping funnel. The phosgene, dissolved in benzene, was 
placed in the dropping funnel and slowly added to the urea 
and the pyridine. Since considerable heat is evolved it 
was thought well to cool the flask in cold water. 

The reaction is rather vigorous and pyridine hydro-
chloride is soon precipitated. After all of the phosgene 
was added the reaction was allowed to go on undisturbed 
for nearly an hour. The benzene solution was filtered off 
and concentrated. A crystalline product was obtained which 
was purified from alcohol, mp.l660c. It was considered to 
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be carbonyl di(di-phenyl ethyl thio urea) as indicated in 
the equation. 

On analysis 0.2304 grams of the substance gave 22.84cc. 
of moist nitrogen at 26°C. and 738 mm.of mercury. Also 
0.2510 grams of the sample gave 24.52 cc. of moist nitrogen 
at 25°C. and 737 mm. of mercury. 

Pound Theory 
10.62 10.41 
10.50 

The sulphur atoms are not replaced by oxygen when a 
solution of the substance is boiled with mercuric oxide. 

PARA MONO BR0M DI-PHENYL THIO UREA and METHYL 
PHENYL UREA CHLORIDE. 

One mol of methyl phenyl urea chloride was mixed with 
two mols of p-mono-brom di-phenyl thio urea, and the mixture 
heated in an oil bath at 140°C. to 150°C. for an hour. A 
gas was given off which darkened lead acetate paper. The 
reaction product, a green resinous mass, on distillation 
with steam, gave phenyl mustard oil and a trace of methyl 
aniline. The gummy product remaining in the flask was ex-
tracted with hot benzene. On cooling this solution a white 
solid separated out and, when purified from benzene, meltdd 
at 240°C. to 243°C. It was a hydrochloride of di-brom tri-
phenyl guanidine. 
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C H NCH C H J H BrH Hiffl 
6 5 > 0 ^ 2 6 5 )c~s~>n H.N0S+- cf HtN^0HCi+cos+ 6)&: 
G1' BrC6H4lTH b ° BrCgHjJH CH^ 

The compound was analysed "by decomposing a known weight 
m 

of it in liquid ampnia with metallic sodium* After the am-
monia had evaporated off the sodium salts were dissolved 
and titrated with a standard solution of silver nitrate. 
One third of the number of cubic centimeters of solution 
used were taken to calculate the chlorine and the remainder 
used for the estimation of bromine. 

Analysis as CJ9H16N3ClBr2 

Found Theory 
01 6.66 6.70 

6.50 
Br 30.0 30.2 

29.3 
gf 

The addition^alkali, either sodium carbonate or 
ammonium hydroxide, to the hydro-chloride of the base, gave 
a product which was gummy both when dried on the plate or 
in a dessicator* making the effort to obtain the pure, 
free base unsuccessful. 

DI-PHENYL THIO UREA AND CHL0R FORMIC ETHYL ESTER 
withPYRIDINE. 

Equal mols of the substances were dissolved in benzene 
and boiled on a water bath with a reflux condenser for 
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thirty minutes 
C^HcRH 6 5 C6H5UH 
6«HcNH 

G S GICOOC2H5 C5H5N G S CcHcN*HGl 5n5 
'6 5' COOCOH 
Pyridine hydrochloride was precipitated and the benzeae 

solution was poured off and washed with water and dilute 
hydrochloric acid. On standing a yellow so^id crystallized 
from the "benzene solution and was purified from alcohol. 
This product is also readily soluble in chloroform and gaso-
line but only moderately so in ether. It melts at 95°C. and 
is described by Seidel (Jour. pr. Chem. 32, 261-277). 

On analysis 0.2387 grams of the substance gave 20.87 cc 
of moist nitrogen at 29°C. and 738 mm. of mercury. Also 
0.2560 grams of the samjble gave 22.74 cc. at 26°G. and 737 mm. 
of mercury. 

Analysis as CigHigOgKgS 
Found Theory 
©.21 9.33 
9.50 

THE METHYL ETHER of DI-PHENYL THIO UREA and METHYL 
PHENYL UREA CHLORIDE with PYRIDINE 

Prom theserreagents we would expect to obtain a deriv-
ative of the urea ether in which a Ph Me NC0 group would 
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would replace the anilido hydrogen of thenurea ether accord 
ing to the following equation; 

for an hour and the reaction product, a green oily mass, 
dissolved in alcohol and diluted with water, phenyl mustard 
oil was precipitated in good quantity. The supernatant 
liquid was poured off and on being allowed to stand for a 
short time a white s&lid crystallized out. It was purified 
from gasoline, giving colorless crystals which melted at 
105°C. and on analysis for nitrogen gave 12.7 per cent of 
that element. The formulas supposed in the equation re-
quires 11.2 per cent nitrogen. The other possibility is 
that there is a loss of mustard oil and that methyl di-phanyl 
urea was produced which is in accord with the analysis and 
the observation of the separation of the phenyl mustard oil. 

As a standard of comparison methyl di-phenyl urea 
was prepared from aniline and methyl phenyl urea chloride. 
It was obtained in a pure state by recrystallization from 
gasoline and melted at 104°C. which was the melting point 

C~0 C5H5N > 

When molecular quantities of each compound were mixed 
in a lagge test tube and heated on an oil bath at 160°C. 
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of the compound formed "by the above reaction. 
These facts show that the reaction, supposed to take 

place, as set forth in the preceding equation, in reality 
proceeds along a different line and indicates that the 
pyridine has no part in the process. 

The experiment was repeated by heating the original 
materials in a sealed glass tube at 150°C. for two hours. 
No pyridine was used. 

C6H5NH Cl C6H5NCIi3 
The tube opened with pressure giving the odor of mer-

captan and an inflamable gas. The pressure extinguished 
the flame making it uncertain what gas was produced. A 
repitition of the experiment gave a gas which burned with 
a blue flame which is the nature of methyl chloride. 
Phenyl mustard oil was easily obtained from the reaction 
product by diluting the alcoholic solution with water. 
Extracting the products of the reaction with gasoline gave, 
on standing, a nearly pure yield of methyl di-phenyl urea, 
mp. 106°C., which was recrystallized from gasoline. This 
urea is quite soluble in the ordinary organic solvents. 
On analysis 0.2750 grams of the sample gave 31.70 cc. of 
moist nitrogen at 24°C. and 740 mm. of mercury. 

Pound Theory 
12.63 12.41 
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All efforts to bring about this reaction by boiling 
the components in benzene solution met with no success. 

THE ETHYL ETHER of ORTHO DI-TOLYL THIO UREA and 
METHYL PHENYL UREA CHLORIDE, 

Molecular quantities of the two substances were heatdd 
in a sealed tube at 150°C. for two hours. The tube opened 
with pressure giving ethyl chloride which burned with a 
greenish flame. Ortho tolyl mustard oil was easily obtained 
by diluting the alcoholic solution of the reaction product 
with water. A gasoline extract of the reaction product 
gave o-tolyl methyl phenyl urea which was purified from 
alcohol, mp. 117°C. 

C7H7NH C6H5NCH3 C7H7NH 
C7H7NV * CI/ C6H5NCH3 

This urea was further identified by comparison with 
the product formed from ortho toluidine and methyl phenyl 
urea chloride when heated at a temperature of 125°C. This 
compound melted at the same point as the one formed in the 
main reaction. On mixing the two bodies no depression of 
the melting point could be detected. 

On analysis 0.2080 grams of the sample gave 22.51 cc. 
of moist nitrogen at 25°C. and 740 mm. of mercury. Also 
0.2195 grams of the substance gave 22.85 cc. of moist nit-
rogen at 2@°C. and 738 mm. of mercury. 
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Analysis as CigH^ONg 
.Pound Theory 
11.72 11.66 
11.50 

THE ETHYL ETHER of ORTHO D3>TOLYL THIO UREA and 
DI-PHENYL UREA CHLORIDE. 

p n L
C6H5N56H5A C6H5NC6H5 

C7H7NH * ° CI y C7H7NH 
C7H7NCS +• C2H5C1 

The reacting materials were mixed together, mol for mol, 
and heated under the same conditions which prevailed in the 
preceding experiment* The tube opened with pressure; ethyl 
chloride escaped and "burned with a gceen flame. The reaction 
product, a thick oily mixture, was removed to a flask and 
distilled with steam. Ortho tolyl mustard oil distilled over 
and was extracted with ether« The solid material remaining 
in the flask was dissolved in gasoline* On allowing this 
solution to stand crystals of o-tolyl di-phenyl urea were 
formed. This urea is readily soluble in alcohol, benzene 
and chloroform and moderately so in gasoline, from which 
it w%s recrystalized, mp. 85°C* 

On analysis 0.2693 grams of the sample gave 22.39 cc 
of moist nitrogen at 23°C* and 738 mm of mercury. Ml so 
0.2215 grams of the substance gave 19.00 cc of moist 
nitrogen at 740 mm of mercury. 



15. 

Analysis as C H OH 20 18 2 

Found Theory 
$.05 9.27 
9.11 

•THE METHYL ETHER OF DI-PHENYL THIO UREA and 
ACETIC ANHYDRIDE. 

One mol of the urea was heated at 115°C» for fifteen 
minutes with rather more that an equivalent amount of 
acetic anhydride. The reaction product was a light yellow 
liquid and was dissolved in alcohol. On diluting this sol-
ution with water and allowing it to stand over night a 
white solid was obtained which was purified from hot dilute 
alcohol. The pure product melts at 70°C. 

On analysis 0.2250 grams of the sample gave 20.84 cc 
of moist nitrogen at 24°C. and 739 mm of mercury. Also 
0.2775 grams of the substance gave 25.60 gc of moist 
nitrogen at 26°C. and 740 mm of mercury. 

Calculated as C|6H160NgS 

CH3C0 l-S-CHs-f- /0 
CHgCO 

/C-S-CH3 4- CH3COOH 
'6 5' 

Found Theory 
10.04 9.78 
9.90 
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The addition of the CHgCO group had greatly reduced 
the basic properties of this isourea ether. The acetyl deriv-
ative is only faintly soluble in dilute acids and does not 
form a solid hydrochloride by passing dry hydrogen chloride 
into its benzene solution* Neither- does it form a picrate 
when a benzene solution of picric acid is added to a ben-
zene solution of the substance. Boiling alkalis split off 
the acetyl group giving the original product. 

THE METHYL ETHER of DI-PHENYL THIO UREA and 

Two mols of the isourea ether were dissolved in ben-
zene and to this solution was added one mol of acetyl chlor-
ide slowly* On allowing the contents of the flask to stand 
over night a resinous product was precipitated. The super-
natant liquid was poured off and, when concentrated, gave 
cubical crystals which were purified from gasoline* This 
is the same product as that obtained in the preceding reac-
tion* It melts at 70°C* 

The gummy precipitate which was formed in the flask 
was dissolved in alcohol and treated with dilute alkali* 
A white precipitate was thrown down which melted at 106°C* 
and was the or/iginal material. 

ACETYL CHLORIDE 

2 !~SCH3 
O - C - C H 3 



17 

This acetyl derivative is readily soluble in alcohol, 
chloroform, gasoline and benzene but only moderately so in 
ether. 

THE ETHYL ETHER of ORTHO DI-TOLYL THIO UREA and 
META NITRO BENZOYL CHLORIDE with PYRIDINE. 

Molecular quantities of the reacting substances were 
used. The urea ether and pyridine were placed in a flask 
and dissolved in benzene. The nitro benzoyl chloride was 
slowly added to this solution. A small amount of heat was 
evolved and a solid precipitated, which was shown to be . 
pyridine hydrochloride by treating it with aqueous sodium 
hydroxide. 

Slow evaporation of the benzene solution gave a product, 
which, when recrystalized from benzene, melted at 122°C. 
0 On analysis 0,3015 grams of the sample gave 27.4 cc 
of moist nitrogen at 24°C. and 739 mm of mercury. On a 
second determination 0.2775 grams of the substance gave 
25.6 cc of moist nitrogen at 26°C. and 740 mm of mercury. 

Calculation as C24H23°3N3S 

Found Theory 
9.85 9.70 
9.90 

This compound is a meta nitro benzoyl derivatative of 

the original isourea ether. 
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C H-% 
' ' N O 2 C 6 H 4 C O C I + C5H5N 

c7H?NH 

C„H„H 
S-C0HC-T- C KH KNHC1 2 5 5 5 

O O 6 H 4 H O 2 

For further identification of this derivative of the 
isourea ether, the substance was boiled in alcoholic potash 
for about thirty minutes, \ 

C 7 M V C 7H 7NH 
' P-S-C0H.+ KOH >C»0 + NOPCAHACOOK+C„HRSH 

C 7 H 7 / 2 5 C„H7rfi ^ 6 4 2 5 

' ' COC6H4NO2 

The odor of ethyl mercaptan soon became quite notice-
able. On cooling the solution and diluting with water the 
ortho di-tolyl urea separated out and was identified by its 
melting point, 250°C# The supernatant solution was poured 
off and concentrated on the hot plate• On making the sol-
ution acidic with hydrochloric acid meta nitro benzoic 
acid was precipitated and identified by its melting point, 
141°C# 

THE METHYL ETHER of DI~PHENYL THIO UREA and META 
NITRO BENZOYL CHLORIDE With PYRIDINE. 

This reaction is very similar to the one preceding 

and was carried out under the same general conditions. 
Molecular quantities of the isourea ether and pyridine 

were dissolved in benzene and to this solution the meta 
nitro benzoyl chloride in a little benzene, was slowly 
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added with constant shaking. 
C FH 5N\ 

£-S-CH~ + N0 PC RH AC0C1 + CCHCN > 
° " 6 4 5 0 6 5 
6A*5% CgHgNHCl 
G6H5N-

^O-O6H4NO2 

On allowing the flask to stand over night pyridine 
hydrochloride was precipitated. The benzene solution was 
poured off and washed with water and dilute hydrochloric 
acid to remove any excess pyridine. The benzene solution 
was concentrated somewhat and on standing, a resinous 
material settled out, which was purified from gasoline. 
It melts at 101°C. and is the meta nitro benzoyl derivative 
of the original isourea ether as illustrated in the equation, 
This product is also soluble in chloroform and alcohol but 
recrystalization from these solvents did nor yield a good 
pure sample. The basic properties of the original substance 
have been almost entirely over corae by the addition of the 
nitro benzoyl radical. 

On analysis 9.2510 grams of the sample gave 19.25 cc 
of moist nitrogen at 23°C. abd 738 mm of mercury. Also 
0.2257 grams of the substance gave 22.54 cc of moist 
nitrogen at 28°C. and 740 mm of mercury. 

Calculation as C2iHi7°3W3S 

Pound Theory 
10.51 10.70 
10.60 
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ALLYL PHENYL THIO UREA and BENZOYL CHLORIDE 
with PYRIDINE. 

Molecular quantities of these reagents were dissolved 
in benzene separately and the benzoyl chloride was slowly 
added to the solution of urea and pyridine. On allowing the 
flask to stand over night a white precipitate was formed 
which proved to be pyridine hydrochloride. The benzene sol-
ution was poured off and washed with water and dilute hydro-
chloric acid to remove any excess pyridine. When the solution 
was allowed to evaporate at room temperature it gaje a pure 
crystalline product which melted at 125°C. and was considered 
to be the benzoyl derivative of allyl phenyl thio urea. 

G-RJUL C„HRNH 
° 0 >C-S + C RH RC0CL-F ° 0 >c*-s 4- CrHrHHCI 

C.H.NH 6 ° ° 5 CFIHJT ° 5 

C0C6H5 
On analysis 0.2685 grams of the sample gave 26.8 cc 

of moist nitrogen at 24°C. and 739 mm of mercury. 
Calculation as C17H160IT2S 

Pound Theory 
9.61 9.46 

"When the benzene solution was concentrated on the hot 
plate the crystalline product which was obtained was shown 
to be benzanilide, mp. 160°C. This would indicate that at 
boiling temperatures the benzoyl deritative of the original 
thio urea is decomposed into the anAlide and allyl mustard 
oil. 
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The contents of the flask were distilled with steam 
to remove any allyl mtstard oil and the distillate was 
made stongly alkaline with concentrated ammonia. On stand-
ing, allyl thio urea was obtained which was identified by 
its melting point. 

ALLYL PHEKYL THIO UREA and ACETYL CHLORIDE 
with PYRIDINE. 

C3H5IUI CH3 >C^S + CHgCOCl +- C5H5N —> >C=0 + G3H5NCSfC5HgNlCl 
CgHgNH GgHgNH 
The reacting materials were taken in the proportion 

indicated by the equation and dissolved in benzene separ-
ately. The acid chloride was added to the solution of the 
urea and pyridine and the flask allowed to stand for an haur. 
Quite an appreciable quantity of heat was evolved and a 
white precipitate separated out which was pyridine hydro-
chloride,, The supernatant benzene solution was decanted 
into a separat<bry funnel and washed with water until free 
from pyridine. On allowing the solution to evaporate at 
room temperature, a nearly pure solid crystallized out and 
was shown to be acetanilide, mp. 112°C. When the liquid 
remaining in the flask was subjected to steam distillation, 
allyl mustard oil was carried over. It was extracted from 
the distillate with benzene and a little aniline was added. 
After the mixture had stood for two or three days allyl 
phenyl thio urea crystallized out. 
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The acetyl derivative of allyl phenyl thio urea is 
evidently easily decomposed so that it is not obtained 
even the solution was allowed to crystallize at room 
temperature. 

ALLYL PARA CHLORPHENYL THIO UREA and ACETYL CHLORIDE • 
Ten grams of the urea was dissolved in benzene and 

an equivalent amount of acetyl chloride was added with 
constant shaking. A small amount of heat was evolved and 
the flask was allowed too stand for an hour. A solid separ-
ated out which was insoluble in water and dilute acids. 
Concentration of the benzene solution gave more of the 
same compound. It was purified from alcohol, mp. 84° C. and 
proved to be an acetyl derivative of the original urea. 

C3H5NIL C3H5NH 
(>S + CHgCSOCl —> )C^S + HGl 

CIC5H4&H CIC6H4Ns 
XOCH3 

Analysis of the compound as C 1 2%3N2 S C 1 0 

Pound Theory 
13.50 12£1 fa chlorine 

There is a possibility that the acetyl group is 
attached to the other nitrogen atom near the allyl group. 
When the product was heated to a few degrees above its 
melting point for a few minutes, it decomposed into allyl 
mustard oil, which was recognised by its strong odor, and, 
on extracting the contents of the tube with hot water, a 
compound was obtained which, although not pure, gave a 
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good copper wire test for halogen and was thought to he 
p-chlor acetanilide. It was not sufficiently pure to he 
identified by a melting point. 

ALLYL PARA BROMPHENYL THIO UREA and ACETYL CHLORIDE. 
Equivalent quantities of these reagents in benzene so-

lution react with the evolution of heat giving a crystalline 
product, on standing, which, when purified from alcohol, 
melted at 86°C. This product was not soluble in acids and 
when boiled iri alcoholic potash the acetyl group was hydro-
iyzed off, giving the original urea. When the acetyl deriv-
ative was heated above its melting point for a short time, 
allyl mustard oil and p-bromacetanilide were obtained. These 
observations indicate that the reaction proceeds as follows: 

c3h5nh c3h5nh NC^Sf CH3COCI —* + HC1 
BrC6H4NH BrC.H.IC 

COCHg 
Analysis as c 1 2 Hi3 N2 0 S B r liQ^i^ ammonia method 

Found Theory 
24. 11 24.44 % bromine 

In all of the preceeding experiments acyl derivatives 
have been obtained by the reaction of the acid chlorides 
with the substituted ureas or isourea ethers, or such com-
pounds, if formed, were decomposed during the reaction into 
mustard oils and anilides. The allyl thio ureas under some 
conditions have a tendency toward rearrangement, thus 
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forming the thiazole bases. 
Young and Crookes (Jour. Ghem. Soe. 8S, 59-76) have 

shown that allyl phenyl thio urea, when heated in a closed 
vessel with concentrated hydrochloric acid at 1C0°C., is 
converted into a thiazole according to the following equation. 

HC1 
C,E5NH M_—-G-Ho ° 0 S^t; JU rrm ^ \3 4-\ * 
C-H 

5 >C-S + HGl — > \3 +) ' 
-ifli 

6 5 6 5 

THhether the hydrogen atom is attached to the nitrogen 
atom; of the ring or the nitrogen atom outside of the ring 
is still somewhat of an open question. 

When 2-phenyl imido, ^-methyl thiazole was treated 
with methyl iodide, the compound, which was obtained, con-
tained a methyl group in position 3, instead of being coma 
nected to the nitrogen of the anilido group. This and sim-
ilar experiments led Young and Crookes to adopt the above 
formula in preference to the configuration where the hydro-
gen atom is attached to the nitrogen outside of the ring. 

HL- 2C-H0 M f -IIs i &\ 
C6M-~C£ I Jc-E or C g H g H ^ , Jc-H 

In a later work the writer hopes to study this slass 
of compounds more extensively. If this thiazole contains 
a replaceable hydrogen at position 3, it would be inter-
esting to synthesize such a compound from allyl aniline 
and phenyl mustard oil, and converting the allyl di-phenyl 
thio urea thus obtained into the thiazole, which must then 



contain a phenyl group attached to each nitrogen atom. 

ALLYL PHENYL THIO UREA anfi CONCENTRATED 

Fifteen grams of allyl phenyl thio urea and nearly 
three times that weight of pure, concentrated hydrochloric 
acid were placed in a pressure flask and immersed in a 
water bath. The water was heated to boiling and maintained 
at that temperature until all of the urea had dissolved. 
This required nearly an hour. The liquid was then poured 
into a beaker, diluted with water, and made alkaline with 
strong sodium hydroxide solution. A white basic solid was 
precipitated and purified from alcohol, mp. 116°C. Its 
picrate melts at 155°C. This thiazole has been formerly 
prepared by Young and Crookes ( Jour. Ghem. Soc. 89, 66). 

ALLYL PARA BROMPHENYL THIO UREA and 
CONCENTRATED HYDROCHLORIC AC:I®. 

Ten grams of this urea was placed in a pressure flask 
and treated as in the above experiment. When the urea had 
entirely dissolved the liquid was poured out into a beakmi, 
diluted with water and made alkaline with a concentrated s 
solution of sodium hydroxide. The white solid which was 
purified from hot dilute alcohol, giving pure crystals 

HYDROCHLORIC ACID 

HC1 
C-H.NH 
* ° >CrS -f HC1 
C 6h/h C HP.NH-6 o 



which melt at 107,°C 

BrG6H4fe 

HC1 
N C~K, 2 p*S +• HC1 II 

Analysis of this 2~p~brom phenyl amido, 5-methyl, 
4,5-dihydro thiazole as CioHiiN2SBr 

0.2685 grams of the sample gave 26.80 cc of moist 
nitrogen at 2S°C. and 738 mm of mercury. 

0'. 2930 grams of the substance gave 29.50 cc of moist 
nitrogen at 29°C. and 740 mm pressure. 

ALLYL PARA BR0MPHENYL THIO UREA and ACETYL CHLORIDE. 
Equivalent quantities of these reagents, were heated on 

a water bath for twenty minutes • The oily product was dis-
solved in alcohol and made alkaline with sodium carbonate 
solution. A precipitate was formed which, when purified 
from alcohol, melted at 107°C. This is the same product as 
that prepared in the preceeding experiment. It is soluble 
in the ordinary organic solvents and dilute acids. It gave 
a picrate which melted at 156°C. 

ALLYL PARA CHL0RPHEHYL THIO UREA and ACETYL CHLORIDE. 
• Allyl p-tchlorpheiiyl thio urea and acetyl chloride in 

equivalent amounts were placed in a large test tube and 
heated slightly on the water bath. The oily mixture which 

Found Theory 
10.40 10.70 

10.63 
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is produced by the reaction was dissolved in alcohol and 
made slightly alkaline with sodium carbonate solution. 
The 2**ehlorpheny 1 amide, 5-methyl, 4,5-dihydro thiazole 
was precipitated as the free base and was purifiwd from 
alcohol, mp. 116°C. 

On analysis 0.2275 grams of the sample gave 16.75 cc 
o 

of moist nitrogen at 25 0. and T4Cmm pressure. 
Calculation as C^E^NgS CI 

Found Theory 
12.58 12.40 

The hydrochloride of the base was prepared by passing 
dry hydrogen chloride into the benzene solution of the 
substance. The salt melts at 226°C. 

The hydrochloride was analyzed by titrating a known 
weight of it with a standard solution of sodium hydroxide. 

Analysis as C10H1g2
SGi2 

Pound Theory 
14.20 % of hydrogen chloride. 

CvHcNK N̂  C^Ho 3 5 b*s II I 2 
Cl CfiH4HH CIC.H.NH- C a- H 

b 4 b 4 N c H 3 

ALLYL PHENYL THIO UREA and ACETYL CHLORIDE* Equivalent quantities of the urea and the acetyl chloride 
were heated on a water bath for thirty minutes. The pro*-% 
duct of the reaction was a thick oil which was dissolved 
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in alcohol and made slightly alkaline with sodium carbon-
ate solution. The white precipitate, which was formed, 
was purified from alcohol. It melted at 116°C. and is 
the same product as that prepared from allyl phenyl thio 
urea and hydrochloric acid, p 25. This 2-anilido, 5-methyl, 
4,5-dihydro thiazole is readily soluble in alcohol, gas-
oline and benzene and exteemely so in ehloriform. 

ALLYL META TOLYL THIO UREA and ACETYL CHLORIDE. 

C-zHcNH N — GcHo 
3 5 >C~S — + II I 

CoH^im CryH^NH-a ,C-H 
-CH3 T 7 w " \ g / \ ; 

In this reaction equal mols of the urea and acid 
chloride were placed in a large test tube and heated on 
the water bath for a short time. The reaction product is 
a light yellow liquid smelling strongly of acetyl chloride, 
which is converted into ethyl acetate by the addition of 
alcohol. The alcoholic solution was mad® slightly alkaline 
with sodium carbonate solution and a white precipitate 
was formed, which was 2-tolyl amido, 5«methyl, 4,5 dihydro 
thiazole. It was recrystallized from alcohol, mp. 90°C. 
This compound is readily soluble in alcohol, benzene, and 
gasoline and extremely so in chloroform . It is basic, 
dissolving readily in dilute acids and forms a picrate 
which melts at 158°C. 

On analysis 0.2055 grams of the sample gave 25.25 cc 
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of moist nitrogen at 25°C. and 740 mm of mercury. Also 
0.2290 grams of the substance gave 28.20 cc of moist 
nitrogen at 22°C. and 738 mm pressure. 

Calculated as C^H^I^S 
Pound Theory 
13.26 13.60 
13.48 

ALLYL PHENYL THIO UREA and BENZOYL CHLORIDE. 
Equivalent quantities of the thio urea and benzoyl 

chloride were placed in a small flask and heated on a 
water bath for thirty minutea. The reaction product, a 
thick oil, was dissolved in alcohol and made alkaline 
with sodium carbonate. The impure solid, 2~anilido, 
5-methyl, 4,5-dihydro thiazole, which was precipitated, 
was recrystallized from alcohol, mp. 115°C. This reaction 
involves the transformation of the allyl thio urea into 
the thiazole base whichhhas been shown in previous experi-
ments to take place under the influence of hydrochloric 
acid or acetyl chloride. The products formed by the action 
of each of these acid reagents on allyl phenyl thio urea 
are identical. 

ANILID0 DI** HYDRO METHYL THIAZOLE and BENZOYL CHLORIDE 
with PYRIDINE. 

In this thiazole we have a bonding similar to that of 
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the isc urea ethers. 

RNH-C. .0 

thiazole 

The hydrogen atom of the anili&o group of the isourea 
ether is replaceable "by a benzoyl radical as has been shown 
by previous experiments. It would therefore seem that the 
the thiazole from analogy of bonding should react with 
benzoyl chloride, to form 2~benzoyl anilido, 5-methyl, 
4,5-dihydro thiazole. 

C0C6H5 
Of course there is a posaibllity that the benzoyl 

group is attached to the nitrogen atom at position three, 
instead of having the configuration given above. 

The reaction was tried by dissolving ten grams of the 
thiazole in pyridine, and an equivalent amount of benzoyl 
chloride was slowly added with constant shaking. A con-
siderable quantity of heat was evolved and a solid was pre-
cipitated which proved to be pyridine hydrochloride. It wa 
was filtered off and the pyridine solution allowed to stand 
over night. A crystalline product separated out and when 
purified from alcohol melted at 11S°C. It is moderately 

* 4 M — & N — — R | 
^ C 

isourea ether 
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soluble in ether, readily soluble in carbon bisulphide, 
alcohol, benzene and gasoline, and extremely soluble in 
chloroform. 

A1 though the melting point of this benzoyl derivative 
was nearly the same as that of the original thiazole, a 
mixture of equal parts of the twp products showed a depres-
sion of nearly thirty degrees in the melting point. 

On analysis as C^H^ONgS By Kjeldahl method. 
Found Theory 
©. 65 9.46 % of nitrogen 
9.74 

The basic properties of the thiazole appear to have 
been destroyed by the addition of the acid radical. The 
benzoyl derivative did not form a picrate when a benzene 
solution of the substance was added to a benzene solution 
of picric acid. When the benzoyl derivative of the thiazole 
was boiled with alcoholic potash the original thiazole and 
benzoic acid were obtained, both of which were identified 
by their melting points. 

Cold dilute hydrochloric acid will also bring about 
this hydrolysis showing that the benzoyl group is evidently 
held very loosely * It is interesting to compare the loose 
bonding of the benzoyl group in this compound with similar 
acyl derivatives of the isourea ethers which have been 
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described in previous experiments. 
In conclusion I wish to express my appreciation to 

Dr. P. B. Dains for his many helpful suggestions during 
this work. 

Chemical Laboratories, 
University of Kansas. 
May 12, 1915. 
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