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The Preparation of.2,4-dinitraniline.



INTRODUCTION

All previous methods of preparative value for
2,4=-dinitraniline have required the use of sealed tubes or
autoclaves, The starting materials have been 2,4-dinitro-
chlorbenzene and ammonia in some form, usually in aqueous
or alcoholic solution, This type of reaction is inconvenient
for the ordinary laboratory, and the purpose of this work
was to develop a better method.

It was thought that if the boiling point of the mixture
could be raised sufficiently and still keep the ammonia in
solution, the reaction would take place without a closed
apparatus, As a suitable source of ammonia, ammonium acetate
was selected, A little glacial acetic acid was added as sol-
vent, A satisfactory method was developed and the results
are recorded in the experimental part,

The use of urea was also considered and found to be
practically as good; acetamide was unsatisfactory.

BEquations for the two methods of preparation are:-

c1 ,0
- ()¥oe > 20, C-ON‘H4 — Q% fwo + 2CH,C%0H + W, C1

N02 NO,

OI\T02+ 3 >Co — 0§02 + (CNHO) + J3HC1
N02 NOQ



HISTORICAL

Clemm! found that when 2,4-dinitro=-chlorbenzene and
ammonium hydroxide were heated in a closed tube for five
hours at 100°-120°C,, 2,4-dinitraniline was obtained,

Salkowski® found that by heating 2,4-dinitro-anisol
or 2,4-dinitro-anisic acid with aqueous or alcoholic ammonia
in a closed tube for six hours on a water bath, 2,4-dinitr-
aniline with a melting point .of 172°~174°C. resulted.

Willgerodt3 heated 2,4-dinitro-chlorbenzene with
ammonium hydroxide in a sealed tube at 100°-130°C, and
obtained 2,4-dinitraniline with a melting point of 181°-182°C,

4 prepared 2,4-dinitraniline with a melting point of

Hepp
175°C, by the action of alcoholic ammonia on 2,4-dinitro-
chlorbenzene,

Van Romburgh® found that adding a slight excess of an
amine in alcoholic solution to 244~dinitro-brombenzene, also
in alcoholic solution produced a substituted dinitro-amine.
Ammonia, however, would not give an unsubstituted amine.

Barr® obtained 2y94~-dinitraniline by heating 2,4-dinitro-
phenol and 27;; ammonium hydroxide for seven hours at 170°C.

Bamberger7 found that p-nitro nitroamine rearranges on
standing to give 2,4-dinitraniline.

Hoff8 found that on treating the same substance with
sulphuric acid at 0°C, 2,4-dinitraniline resulted.
Kenner® showed that dinitro-chlorbenzene is much more

active than mononitro-chlorbenzene so that the chlorine can

be more easily replaced by an amino group,



Sprunglo has shown that a trinitro halide of benzene is
twenty five times more active thane a dinitro halide which is
in turn two thousand times more active than a mononitro
halide,

Kymll heated 2¢4-dinitro-chlorbenzene and acetamide in a
sealed tube at 200°-210°C, for seven hours, He obtained
2y4=dinitro-acetanilid which he treated with potassium
hydroxide until it turned red and then heated the mixture tor
several hours, On cooling and puritying, the crystals were
found to be 2,4~dinitraniline,

Pfisterl? prepared 2,4-dinitraniline by heating urea and

244-dinitro-chlorbenzene together,



EXPERIMENTAL

A. Use of ammonium acetate and acetic acid.

10 grams of 2,4-dinitro-chlorbenzene, 40 grams of
ammonium acetate, and tive cc, of glacial acetic acid were
mixed and placed in a tlask fitted with a reflux condenser,
Pne flask was heated to 155°C, for eignt hours on aﬁ oil bath,
it was then cooled and the liquid filterea from the solid
which was then boiled in water and cooled again, The solid was
again filtered ana dissolved in as little alcohol as possible
at the boiling point. Water was added until the solution
became turbid whereupon it was again heated until clear. At
this point many of the subsequent were filtered to free them
of material which was insoluble both in pure alcohol and in
the alcohol and water mixture, The solution was then cooled
and the crystals filted off, They were brown in color with a
melting point of 175°-177°C. and a mixed melting point with
pure 2,4-dinitraniline showed no depression, They were thus
proven to be 2,4-dinitraniline as was expected, The yeild was
2.5 grams or about 28% of the theoretical yield.

When more water was added to the filtrate, a mass of light
yellow crystals was precipitated, 2.5 grams of this new
material was obtained and set aside for further investigation.

A series of runs showed that a large excess of ammonium
acetate was no advantage and that heating must proceed for the
eight hours; see table of results on page 7.

A run was made with the omission of acetic acid and the
yield was 4 grams (45%) of 2,4-dinitraniline and 2 grams of

the unidentified substance., Further runs without the use of



acetic acid as solvent gave yields as high as 61% of the
theoretical; see page 7.

Since a decrease in the amount of free acetic acid
present seemed to have the effect of increasing the yield,
an attempt was made to still further decrease the acid
content of the reaction mixture by passing a continuous stream
of ammonia through it during the reaction to convert the
acetic acid to ammonium acetate as fast as it was liberated.
A diagram of the apparatus which was used and which proved to
be satisfactory is given on page 6,

By the use of this apparatus the yield was raised to
75%-80% with about 10% of the unidentified material; the
remaining 10% was lost in washing as evidenced by the yellow
color of all filtrates and washing solutions.

It was found that the time of reaction could be cut down to
six hours and that only one-half of the ammonium acetate
theoretically necessary to convert 2,4-~dinitro-chlorbenzene
to 2,4=-dinitraniline was enough in this apparatus, The rate
at which ammonia was passed was 3-4 bubbles per second as
shown in theg bubble counter; see page 7.

A run was made with refined 2,4-dinitro-chlorbenzene
instead of the technical material previously employed, and the
result was that only a trace of the unidentified substance was
obtained, It was thus proven that this foreign product was
caused by impurities in the starting materials, The reason
suggested for the decrease of unidentified substance with
increased yield was that more of the unknown was carried down

with the larger mass of 2,4-dinitraniline,



Diagram of the apparatus used in the production of

244-dinitraniline,
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Gms, Gms, Gms,.
CH5C1CO0H NaNog NaQH
100 60 43
100 60 43
100 60 43
100 60 49
100 60 43
100 60 43
100 60 45
100 60 45
100 60 43
100 60 43
100 60 43
100 60 43
100 60 43
100 60 -
100 60 -
100 60 43
100 60 43
100 60 43
100 60 43
100 60 43
100 60 495
100 60 43
100 60 43
100 60 43
100 60 43
100 60 43
100 60 43

1. % yield is based on purified yield (0.812 X crude yield),

Gms, added
material

1 gm, LiCl
1l gm, 1iCl
60 gms, boric acid
60 gms, boric acid
60 gms, boric acid
60 gms, boric acid
60 gms, boric acid
332 gms, borax
332 gms, borax
o1 gnme. LGl

20 gms, soap

214 gms., MgSO
60 gms. {CH
2.5 gns. gei

2 gms. Be(NO3)s°3Hg0

«7Ho0
% N42
agin

5 gms, caselin
10 gms. NayS8i0j3
1 gm, Th(NOz),

5 gms

-
La(NH4)2£N

2., Key to notes given on page 19,

03)

5+ 5H50

Table ITI. RESULTS OBTAINED IN THE PREPARATION OF NITROMETHANE

lst, distillation
¢.C. CH5N02

€. ¢ H20

25
230
270
265
260
275
500
400
400
445
240
270
<54
250
254
390
265
270
2535
250
280
250
2583
263
251

254
260

€

1

L 4

2nd. distillation
c.c. CHzNOp

oG, H20

92
100
150
140
100
120
200
120
110
105

C.C, ﬁdO

29
30
60
38
35
36
104
34
'35
40
30
35
32
33
33
50
30
20
29
25
20
20
28
29

25
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3rd, distillation

v}

Total c;c.

-

Gms .

33
33
36
34
32.5
25
35
32
32
31
20
30
99

02

31
15
26
33

50.5
50,5
56,1
52,0
49,8
38,4
53.7
49,0
49.0
47,4
42,9
46,0
50,5
49.0
47,4
23.0
59.%
50.5
0

47,4
51,4
50,5
50,5
52,0
50,95

15,4
50,5

50.5

7 yield based ont
CHzNOg 035N02 NaN02 CHgC1COOH

41,5
41.5
46,1

42 .8

41,0
31.4
44 .1
40,3
‘40,3
$9.1
95.2
o't 8
41.5
40.3
39.1
18.8
.8
41 .5
Y,

$9.1
42,1
41.5
41.5
42,8
41.5

12.6
41,5

41. 6

Remarks

Boriec acid added to CH@GIUOOH
Boric acid added to CHaC1COOH
Boric acid added to cgiclcooua
2

Boric acid added to CHSC1COONa

LigCO3 used for neutrallization
Li10H used.for neutrallization
Foamed over on boiling
Run in CO5 atmosphere

Foamed on heating
Foamed and evolved NO
Foamed on heating
Foamed on heating
NOg evolved cold; foam on heating
T'oamed on heating

on heating

Notes
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Table I, RESULTS OBTAINED IN THE FRODUCTION OF 2,4=DIN]TRANILINE Fﬁom 2,4-ﬁ;ﬁITBo-CHLORBBNZENE AND - AMMONIUM ACETATE
e :
Run Gr., 244-dinitro- Gr., ammonium Temperature Time of." sseld of : Yield of Remarks
chlorbenzene : acetate of reaction -reaction dinitraniline unknown
i gr. & .

1l 10 40 155 C, 8 hr, 2.5 B8 2.8 -

2 10 25 160 C, 8 hr, 2sD 28 2.4 ' -

3 10 20 160 0, 8 hr, 0 0 0 90% 2,4-dinitro~-chlorbenzene recovered,
4 10 40 166 G, 1l hr. 0 O 0 Same result.

S 10 30 1792, 1 b 4 44 2 Acetic acid omitted from here on.
25 10 10 170 C. 8 hr, 4,9 54 b .

7 20 30 170 €, 8 hr, B § 61 4.4 -

8 50 85 i70 €, 8 h.f. i9 42 B8 -

9 100 110 190 €. 8 hr, 44 49 37 -

10 50 17.5 176G €, 8 hr. 34 76 1 Ammonia passed in from here on.
%} 50 17.5 170 €, 8 hr, 34 76 6 -
12 50 5 170 6. 8 hr. 2% 59 7 Yield contaminated with unknown,
13 50 14 170 &. 6 hr, ol - 60 6 -
14 50 18 170 €. 6 hr, 35 78 0 Refined 2,4-dinitro-chlorbenzene used.

I




It is thus seen that the most favorable conditions for
the production of 2,4-dinitraniline by this method are:

1., The use of 3,5 grams of ammonium acetate for every
10 grams of 2,4-dinitro-chlorbenzene,

2. Heating the reaction mixture at 170°C. for six hours
on an oil bath,

3, Passing ammonia into the reaction flask throughout

the duration of heating at the rate of 3-4 bubbles a second,

An attempt was made to apply this method to the produc-
tion of p~nitraniline, 206 grams of p-nitro-chlorbenzene and
10 grams of ammonium acetate were mixed and subjected to the
same conditions under which 2,4-dinitraniline was prepared.
However, no p-nitraniline was obtained, and the starting
materials were almost quantitatively recovered, This result

was in complete accord with the work of Kenner® and Sprunglo.

An attempt was also made to apply this method to the
production of glycine, 20 grams of monochloracetic acid and
33 grams of ammonium acetate were heated together for six
hours without the addition of ammonia. The mixture was then
evaporated to 50 c.c., and was a little cloudy, but the
addition of 5 c.e, of water cleared it, A mixture of 80 c.c.
of methyl alcohol and 14 c¢,.,c. of pyridine was added, dbut no

erystals of glycine precipitated even after two days.

m\



B. Use of acetamide,

10 grams of 244-dinitro-chlorbenzene and 3.5 grams of
acetamide were heated together for eight hours at 170°C.,
both with and without the addition of ammonia, When no
ammonia was added, no dinitraniline was produced, but a
trace of it was obtained when ammonis was passed in, This
was thought to be due to the direct reaction of the ammonia
and the 2,4-dinitro-chlorbenzene and not to the presence of
acetamide at all,

C. Use of urea,

50 grams of 2,4-dinitro-chlorbenzene and 20 grams of
urea were heated on an oil bath at 170°C. for six hours., The
solid mass in the flask was treated as in the case of the use
of ammonium acetate, and a yield of yellow crystals was ob-
tained which was proven to be 2,4-dinitraniline by taking a
mixed melting point with an analytical sample. The yield was

32 grams or 71%.

An attempt was now made to identify the unknown sub-
stance obtained with the 2,4-dinitraniline, It was recrystal-
lized from water several times until it had a constant melt-
ing point. The nitrogen content was then found to be 17.4%
by the Kjeldahl method, The molecular weight, by the camphor
method, was 165, By the use of titanous chloride, as describ-
ed in directions obtained from the DuPont Co. there was found
to be one nitro group to the molecule, Considerable difficulty
was eXpefienced in making carbon and hydrogen analyses, but a

few of the determinations checked to give a final result of
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six carbons and six hydrogens so that the empirical formula
came out CgHgNoO,. A literature search was made, and no sub-
stance could be found which corresponded to the data taken,
It was then thought that the substance might contain water
of erystallization which would effect the analyses. It was
therefore crystallized from benzene, and a small amount of
crystals, which proved to be 2,4-dinitraniline, was obtained.
The benzene was evaporated down to one-fourth its original
volume and ligroin was addéd. Yellow crystals were immediate-
ly precipitated, The original unknown substanqg was then
examined ﬁﬁder the microscope and found to contain two types
of crystals; it must therefore have been a double salt or a
eutectic mixture. The substance precipitated by ligroin had
a melting point of 165°C. and a molecular weight of 182.

By the titanous chloride method, it was found qualitatively
to contain at least one nitro group. By diazotizing and
coupling with ﬁ%naphthol and acetyl H acid, brown dyes were
obtained, showing it to contain at least one amino group.

As the supply of this substance was almost used up at this
point, its investigation was dropped except to test for
acidity, It was found to be decidedly acid, and it also

gave a red color with ferric chloride which showed it to be
phenolic. The unknown substance was, therefore, a nitro
amino phenol; it was either originally present in or arose

from an impurity in the 2,4-dinitro-chlorbenzene.
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SUMMARY

2y4~dinitraniline can be satisfactorily prepared from
2s4=-dinitr-chlorbenzene and ammonium acetate in the presence
of ammonia gas, A yellow double compound of 2,4-dinitraniline
and an unidentified nitro-amino-phenol results as a by-
product when technical 2,4-dinitro-chlorbenzene is used.

2,4-dinitraniline can also be satisfactorily prepared

from 2,4-dinitro-chlorbenzene and urea,
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The Preparation of Nitromethane,
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INTRODUCTION

There have been many methods set fourth in the literature
for the preparation of nitromethane with claims for larger
yields in many cases, The object of the present work was to
improve, if possible, the present methods of preparation or to
find a better method than those now known.

While methods have been found giving slightly larger
yields, the increase is not large enough to justify the added
cost of materials,

The reactions occurring in the preparation of nitro-

methane areé-

0 0

1. CH,CLCZ0H+ NaOH =3 CH,C1CZ0Na + Hy0

, 29 . 40

2. CHgClCZONa +NaNOy —— CHpNO4CZONa 4 N2l

0 ,
3. CHoNO,CZ0Na + He0 ——3 CHLNOo+ NaHCO
, 2 2 3N02 3

The yield is materially decreased by the formation of

methazonic acid in the important side reaction:-

4. 2CH,NO,+ NaHCO; —— HON=CHCH=N(0)ONa + COy+ Ho0
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HISTORICAL

Nitromethane has been made by the action of potassium
nitrite on potassium chloracetate (Kolbel and Preibischd),
by the action of silver nitrite on methyl iodide (Meyer and
Stuber? and Ray and Neogi®) and the products of both types of.
reaction proven to be identical (Meyer?), by the action of
the corresponding sodium salts (Auger®), by the oxidation
of methyl amine by Caro's Reagent (Bambergers), by the action
of potassium nitrite on dimethyl sulphate (Waldenv), by sub-
stituting potassium carbonate for potassium hydroxide in the
formation of potassium chloracetate (Steinkopf®), by the use
of the corresponding calecium salts (Steinkopf and Kirchofflo),
and by the use of sodium carbonate instead of potassium
carbonate (Wah1ll),

The only ones of the above methods studied were those
using sodium salts in boiling agqueous solution, either alone
or in the presence of other substances it was thought might be
beneficial,

Whitmore and Whitmorelz'ﬁsed a slightly alkaline solution
of sodium chloracetate and sodium nitrite and obtained a 38%
yield of nitromethane,

Mexieff and Carcanasld have prepared nitromethane by the
action of sodium nitrite on methyl p-toluene sulphonate dbut
did not mention the percentage yield obtained,

Hiranol4 neutralized the chloracetic acid with sodium
carbonate, added sodium nitrite and sodium c¢hloride, and

steam distilled., His yield was 53%.
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Wang and Tsengl5 added molar quantities of boric acid to
the sodium chloracetate solution and upon reaction with sodium
nitrite, obtained a 58% yield of nitromethane,

Pritzl and Adkinsl® found that a good yield could be ob-
tained by adding a quarter of the sodium chloracetate solution
to the sodium nitrite solution, heating until distillation
started, and then adding the remainder of the sodium chlor-
acetate solution slowly and continuously from a dropping
funnel over a period of about fifteen minutes as distillation

proceeds,
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EXPERINMENTAL

In general, a standard procedure originated by Pritzl and
Adkinsl6 was employed:-

A solution of 60 grams of sodium nitrite in 100 c.c, of
water was placed in a two liter flask fitted with a downward
condenser and a dropping funnel, A solution of 100 grams of
chloracetic acid in 200 c¢.c, of water was now neutrallized
with 40% sodium hydroxide solution (43 grams of solid sodium
hydroxide needed) in the cold and the resulting sodium
chloracetate solution placed in the dropping funnel, The
sodium nitrite solution was heated until water began to dis-
till and the sodium chloracetate then added slowly. Nitro-
methane soon started to distill over with the water and was
collected in the automatic separator (see diagram on page 17).
The water layer was saturated with sodium chloride and re-
distilled; more nitromethane was thus obtained, and the water
layer from this distillation, saturated with sodium chloride
and distilled, gave a third small portion of nitromethane,
Further "salting out" was not practical,

Many modifications were applied to this method, but no
matter what the modification, all substances were added to
the sodium nitrite solution unless otherwise indicated. The
only general modification was that of adding one fourth of
the sodium chloracetate before heating and the rest affer
distillation had started, as was done in the original pro-
cedure, See table of results on page 18 and notes explain-

ing them on page 19,



Diagram of the apparatus used in the preparation of

nitromethane.

CHo,CICOONa
sol’n.

/00
NaNO, sol'n. - !
2 liter flask 22
Avtomatic Separator>_

17
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Table I, RESULTS OBTAINED IN THE FRODUCTION OF 2,4=DIN]TRANILINE Fﬁom 2,4-ﬁ;ﬁITBo-CHLORBBNZENE AND - AMMONIUM ACETATE
e :
Run Gr., 244-dinitro- Gr., ammonium Temperature Time of." sseld of : Yield of Remarks
chlorbenzene : acetate of reaction -reaction dinitraniline unknown
i gr. & .

1l 10 40 155 C, 8 hr, 2.5 B8 2.8 -

2 10 25 160 C, 8 hr, 2sD 28 2.4 ' -

3 10 20 160 0, 8 hr, 0 0 0 90% 2,4-dinitro~-chlorbenzene recovered,
4 10 40 166 G, 1l hr. 0 O 0 Same result.

S 10 30 1792, 1 b 4 44 2 Acetic acid omitted from here on.
25 10 10 170 C. 8 hr, 4,9 54 b .

7 20 30 170 €, 8 hr, B § 61 4.4 -

8 50 85 i70 €, 8 h.f. i9 42 B8 -

9 100 110 190 €. 8 hr, 44 49 37 -

10 50 17.5 176G €, 8 hr. 34 76 1 Ammonia passed in from here on.
%} 50 17.5 170 €, 8 hr, 34 76 6 -
12 50 5 170 6. 8 hr. 2% 59 7 Yield contaminated with unknown,
13 50 14 170 &. 6 hr, ol - 60 6 -
14 50 18 170 €. 6 hr, 35 78 0 Refined 2,4-dinitro-chlorbenzene used.
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100 60 43
100 60 45
100 60 45
100 60 43
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100 60 43
100 60 43
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100 60 -
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100 60 43
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100 60 43
100 60 43
100 60 43
100 60 495
100 60 43
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100 60 43
100 60 43
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100 60 43

1. % yield is based on purified yield (0.812 X crude yield),

Gms, added
material

1 gm, LiCl
1l gm, 1iCl
60 gms, boric acid
60 gms, boric acid
60 gms, boric acid
60 gms, boric acid
60 gms, boric acid
332 gms, borax
332 gms, borax
o1 gnme. LGl

20 gms, soap

214 gms., MgSO
60 gms. {CH
2.5 gns. gei

2 gms. Be(NO3)s°3Hg0

«7Ho0
% N42
agin

5 gms, caselin
10 gms. NayS8i0j3
1 gm, Th(NOz),

5 gms

-
La(NH4)2£N

2., Key to notes given on page 19,
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5+ 5H50

Table ITI. RESULTS OBTAINED IN THE PREPARATION OF NITROMETHANE

lst, distillation
¢.C. CH5N02

€. ¢ H20

25
230
270
265
260
275
500
400
400
445
240
270
<54
250
254
390
265
270
2535
250
280
250
2583
263
251

254
260

€

1

L 4

2nd. distillation
c.c. CHzNOp

oG, H20

92
100
150
140
100
120
200
120
110
105

C.C, ﬁdO

29
30
60
38
35
36
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34
'35
40
30
35
32
33
33
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20
29
25
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28
29

25
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3rd, distillation

v}

Total c;c.

-

Gms .

33
33
36
34
32.5
25
35
32
32
31
20
30
99

02

31
15
26
33

50.5
50,5
56,1
52,0
49,8
38,4
53.7
49,0
49.0
47,4
42,9
46,0
50,5
49.0
47,4
23.0
59.%
50.5
0

47,4
51,4
50,5
50,5
52,0
50,95

15,4
50,5

50.5

7 yield based ont
CHzNOg 035N02 NaN02 CHgC1COOH

41,5
41.5
46,1

42 .8

41,0
31.4
44 .1
40,3
‘40,3
$9.1
95.2
o't 8
41.5
40.3
39.1
18.8
.8
41 .5
Y,

$9.1
42,1
41.5
41.5
42,8
41.5

12.6
41,5

41. 6

Remarks

Boriec acid added to CH@GIUOOH
Boric acid added to CHaC1COOH
Boric acid added to cgiclcooua
2

Boric acid added to CHSC1COONa

LigCO3 used for neutrallization
Li10H used.for neutrallization
Foamed over on boiling
Run in CO5 atmosphere

Foamed on heating
Foamed and evolved NO
Foamed on heating
Foamed on heating
NOg evolved cold; foam on heating
T'oamed on heating

on heating

Notes

o' od

O R COCCTCCOCUTRPCCT o P gD

e

(B « T8 o Bl ¢

2



19
Key to Notes on Results

a, Sodium nitrite solution heated to boiling; sodium chlor-
acetate then added slowly.

b. One quarter of the sodium chloracetate solution added
before heating; the rest added slowly after boiling had
started as in (a).

c, 250 c.c. water added,

d. Sodium chloracetate all added and the mixture refluxed
for one hour before starting distillation.

e, Reaction run in a distilling flask.

f. Mean based on fourteen comparable runs.



SUMMARY

A study of certain conditions affecting the prepara-
tion of nitromethane has been made with a view to increas-
ing the yield., A great variety of substances have been
added as possible "catalysts”, and although some brought
about a decrease in yield, in no case was more nitro-
methane obtained than resulted from the standard procedure
except in the presence of lithium salts where the yields

were variable and not reproducible.

20
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The Preparation of llethyl Urea.
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INTRODUCTION

It is universally agreed that diazomethane is the most
useful methylating agent known for general purposes. It has
two drawbacks, however,- its toxicity and its difficulty of
preparation; the former can be overcome by proper ventila-
tion and care in manipulation., Diazomethane has usually been

made by the action of alkaline solutions on nitrosomethyl-

urethanes -
/OB
A _No
0=¢{ WO #KOH ——s= (CHsH-K ) +Cols0K +COq + HgO
\ 3 215 2
0CoHg
/NO N0
(CHzN-K ) + H,0 ——3» KOH + (CHBN-rI ) —> CHzN=NOH —>
/:ﬁT
CH
\&N
It can also be prepared from nitrosomethylurea:-
o ,CHz o /CH3
[ \ N\ +NalNO, +Ho80, —> o—c\ \xNo +Na.HSO4+HZO]
Nilg Nitg
/CH
N, _NO
0=C__ MO + KOH —3 COg +NH; +(CHy WK )
\mIg
NO Pae
(e, ok ) + H,0 ——> KOH + (CH WoH ) —> CHN=NOH —>
3 3 3
_—X
GHs I
\gﬂ

Nitrosomethylurethane is relatively expensive to buy or make
and is a liquid having disagreeable physiological properties.
Nitrosomethylurea is an innocuous solid but is expensive

owing to the price of methyl urea.
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The purpose of this investigation was to devise a suit-
able method for the preparation of methyl urea., This looked

like a relatively simple problem, for, according to Thorpe

and Whitelyﬁ, the original directions of Hofmanl were sat-
isfactory:-
20 0
CH3C-NH2 + Br2 3y HBr + CHSC\N/H
\Br
40 e
CHSC\ /i + NaQOH ——3» NaBr + (CHSC\ s ) —> CHzN=C=0
XN, N
NBr \oH
40 OH
CH;N=C=0 +CHzC=NHy > (CH5N=C\ P: ) —>
0
N\chHS
CH
P i)
0=C
NNGH 0
NcZeH,
CH CH
e 7
o= + HNOz + Hy 0 ——>» 0=C + CH5COOH
NC=CH;
~CHz ,CH
N Wer
=C +BaCO;5 ———pe O‘-'-'C(
“NH,, * HNO3 NH,

However, it turned out otherwise, and after considerable
experimental work, the conclusion was reached that too many
details of manipulation needed to be rediscovered before the
process would be satisfactory. This same conclusion was

reached by Arndt and Amende7. Since our copy of the journal
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containing their work was at the bindery, their article was
not found in time to prevent our attempting to solve the
problem, In their paper they give a most excellent discus-
sion of the whole question and have included satisfactory

experimental procedures for the preparation of the necess-
ary intermediates, as well as solutions of diazomethane of

known strength,
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HISTORICAL

Hofmanl made methyl urea as outlined by the equations
on page 23,
Fischer® obtained methyl urea from caffoline as out-

lined by the equation:-

0=C JPOH  +PI;+HI —> o-c N OH+ 1, —>
N =C-NH I\T-Q—H
CHy H ‘CHy
CH
7/
o=c‘/N-‘H i
\N-H
g

Pischer® also obtained methyl urea by treating caffeine
with hydrochloric acid and potassium chloride according to

the outline equation:-

,CH ~CHz
N—C—E-N—OFS AiH
O-'C +30 +2Hg0 ——>= 0-0 +

CH
WosB o
IR ARSI
O-C "
M-¢=0 Mol
| iy
The by product is dimethyl alloxan.

Degner and P_eckman4 determined the melting point of

methyl urea as 10°C.

5

Stieglitz and Tarle® made acetyl methyl urea as out-

lined by the equation:-

L 40
CHzC__,C1l+ KOH ——3- KC1+(CH;C, ,0H)
i i
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0
(CHzCZ ,OH) + CH,N=C=0 +KC1 ——3 KOCL+
\N o
My
(CH5N=C\ ) ——3 0=(
N Ny-H
\cto \cto

The melting point of the acetyl methyl urea thus obtained
was 178.5°C,

Thorpe and Whitely® repeated the experiments of Hofmanl
with good results,

Arndt and Amende” found that the directions given
by the previous workers were entirely inadequate in that

too many experimental conditions have to be rediscovered.
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EXPERIMaNTAL

After studying the methods of preparation known for
methyl urea, it was decided to follow those given by Thorpe
and WhitelyG. This procedure gave much lower yields than
those claimed for acetyl methyl urea, and no methyl urea
was obtained at all, Varying conditions affected the yield
only slightly., The best yield obtained of acetyl methyl urea
was less than 403%.

In the formation of methyl urea from the acetyl deriva-
tive, most of the nitrite was lost on washing, and the rest
seemed to decompose during the reaction with barium carbon-
ate.

According to directions, 10 grams of acetamide and 13.5
grams of bromine were mixed and cooled. 10% sodium hydroxide
was added until the color turned yellow., The mixture was then
heated on a steam bath and more sodium hydroxide solution
added every time the color changed to red, Upon cooling, a
25% yield of acetyl methyl urea with a melting point of 181° -
182°C. was obtained. The process of heating on the steam bath
took about one and one-half hours,

The conditions were varied greatly:-

a. Quantities of from one-half to double the theoretical
amount of bromine required were used; the theoretical amount
gave the best yield.

b. The full amount of bromine was added to one- half
the full amount of acetamide and sodium hydroxide added to

a vyellow color. The other half of the acetamide was then
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added and the mixture heated as before. The same low yield
was obtained.

c. The brominated product of acetamide was even isolated
and let react with acetamide, but this did not increase the
yield at all,

d. The reaction was tried in chloroform, toluene, and
tertiary butyl alcohol as solvents, but no yield was obtained
at all in these cases,

e. With larger quantities of reactants, the yields
decreased rapidly: the reaction seems to favor small amounts
of reactants,

f. The time of allowing the acetamide and bromine to
set together before adding sodium hydroxide was increased
up to 72 hours without any effect on the yield.

g, If all the sodium hydroxide were added at the same
time instead of in small quantities as the red color appeared
on heating, no red color appeared at all and no product was
obtained,

Methyl urea nitrate was easily obtained from the
acetyl methyl urea, but most of it was lost in washing, and
no methyl urea resulted from heating this nitrate with
barium carbonate, We had such a small amount of acetyl
methyl urea that no further investigation was made of this

preparation,



SUMMARY

Acetyl methyl urea can be obtained in poor yields

from acetamide and bromine by the directions described.

29
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GENERAL SUMMARY

The experimental work described in this thesis has
given the following results:-

l, Satisfactory reproducible directions for the prep-
aration of 2,4-dinitraniline by two methods have been
devised.

2, In the presence of lithium salts, the preparation
of nitromethane from sodium chloracetate and sodium nitrite
gives somewhat greater yields than the usual method origin-
ally devised by Steinkopf, but the difference is not great
enough to warrant the increased cost,

3. The published directions for preparing methyl urea
are unsatisfactory in spite of their claims, This conclusion
has been independently reached by workers in Germany,

The first step, acetyl methyl urea, gives yields of less

than 40%; we were unable to increase this yield.
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