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SYNTHESIS OF NITRILES BY FUSION OF AMIDES WITH
AMMONIUM SULPHAMATE1

Bv Jo,rN L. Borvrn
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It has been found that a eood vield of nitriles can be obtained by fusing amides
u,ith ammonium sulphamat?. The method has becn applied- successf ully to simple
aliphatic and aromitic amides. 'fhere is evidence ihat the mechanism of this
transformation involves reaction betu.cen amides and ammonium sulphamate,
giving rise to ammonium N-alko1'1 or N-aro-vlsulphamates u'hich rearrange into
ammonium bisulphate and nitriles.
During the course of a study carried out in this laboratorlr on nitriles' it u'as
found that these substances could be prepared by the fusion of amides (I) rvith
either ammonium sulphamate (II) or a mixture of sulphamic acid and ammonium carbonate at 180-210'C. The reaction takes place with the liberation
of ammonia and the formation of ammonium bisulphate according to the
following equation:(1)
RCONHz -| HzNSOzONH4 RCN + NH4HSO4 + NH3

II

I

The above reaction was carried out, using various amides as starting materials.
Liquid nitriles were distilled over, u'hereas solid nitriles were extracted u'ith a
suitable solvent.
The ease of this preparation and the good -vields obtained (see Table I)
compare favorably with the usual methods of preparing nitriles. The main disadvantage lies in the high cost of the ammonium sulphamate. This rvas minimized, horvever, b1' preparing it ,i,n si,tu by heating equivalent amounts of
ammonium carbonate and sulphamic acid u'hich is nor,v manufactured from urea
and fuming sulphuric acid (4, 7). The yields reported in Table I were obtained
by fusing equimolar quantities of reagents. However, nearly quantitative f ields
were obtained on emplof ing a small excess of ammonium sulphamate'
The transformation of amides into nitriles is known to take place through
clehydration of the amide (6). It was of interest to know what role ammonium
sulphamate played in this dehydration.
Since according to Equation (1) one mole of ammonium bisulphate is formed
from one mole of ammonillm sulphamate, it could be thought that the essential
deh-vdration step comprises the reaction:(2)
HzO * NH2SOTONHa----+ HOSOTONH, * NH'
At high temperatures the escape of ammonia would be promoted, thus preventinq further reaction to ammonium sulphate according to the following

equation:-

(3)
1

HOSO,ONH4

* NH,

(NH+)zSOa
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On this basis, it would be expected that in aqueous solution, ammonium
sulphamate would readily add water in accordance with the following scheme:-

(4)

H,NSOTONH4

+ H2O

(NH'*

HOSOTONHa)

+

(NHa)zSOr
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Actually, such addition of water to ammonium sulphamate does not take
place at all readily. After refluxing for 15 hr. in aqueous solution, ammonium
sulphamate was recovered almost intact and only traces of sulphate could be
detected. Again, rvhereas glycerol yields acrolein .lvhen heated in the presence
of a dehydrating agent, the fusion of ammonium sulphamate with glycerol at
200"C. gave no acrolein and only traces of sulphate.
From the above data, it is evident that ammonium sulphamate does not
behave simply as a normal dehydrating agent, and an alternative reaction
mechanism must be sought.
Berglund (2) reported that the fusion of sulphamic acid alone yields sulphur
dioxide, sulphuric acid, nitrogen, and u.ater. He also stated that ammonium
sulphamate (m.p. 131'C.) r,r'hen heated at about 170-180'C. is transformed
into ammonium imidodisulphonate (iII) and ammonia (Equation (5)).

(5)

2HzNSOzONHT

--_+ NH, *

HN(SOzONHa)z

III

By analogy it appeared possible that a mechanism involving an initial condensation with elimination of ammonia, followed by internal rearrangement
and splitting, would account for nitrile formation.
(6)
RCONH, * HzNSo,oNH+
RCoNHSo,oNHn + NHB
(7)
RCONHSOzONHa RCN
--+ + HOSO,ONH4
IV
In order to prove this mechanism of formation of nitriles b1' the action of
sulphamates on amides, the following experiments were made. Firstly, the
stoichiometric quantities illustrated in Equation (1) were verified by'analysis.
When equimolar amounts of acetamide and ammonium sulphamate rn-ere
fused, nearly one mole of ammonia was evolved while acetonitrile rvas isolated

in 90/6 ,f islfl.
The total sulphate present in the residue w-as found to be equal to 1.01 moles.
Hou'ever, the ammonia formation in this reaction (Equation (6)) is not entirely
conclusive, since the sulphamate fused alone gives half a mole of ammonia

(Equation (5)).
Ammonium N-benzo-vlsulphamate (IV, R: CoH;) lvas synthesized unequivocally by reacting benzamide with a soiution of sulphuric acid in acetic
anh.vdride. The benzamide salt of N-benzoylsulphamic acid was converted by
means of ammonia into compound IV. This salt, which is not described in the
literature, had a melting point of 190-191"C. A cold aqueous solution of this
N-substituted sulphamate showed no precipitation with barium ion, but, at
the boiling point, barium sulphate was formed. Moreover, cold dilute nitric
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acid oxidized IV to a sulphate; itisknown from thework of Baumgarten (1)
that sulphamic acid or its salts could be oxidized to sulphuric acid.
(8)
HOSO,OH + H,O + N,O
HzNSOzOH + HONO,
When ammonium N-benzoylsulphamate was heated above its melting point,
benzonitrile and ammonium bisulphate'lvere isolated in quantitative yield, no
ammonia being produced during the fusion (Equation (7)).
The same reactions were carried out, although not as clearly, owing to difficulties of purification of intermediate products, w-hen sodium sulphamate u'as
treated with acetic anhydride to give rise to the expected sodium N-acetylsulphamate (V). The residue, after evaporating the reaction mixture to dryness, was heated in the usual u,'ay, tvhereupon acetonitrile distilled over and
sulphates rvere formed (Equations (9) and (10)). Similarly, the action of
benzoyl chloride on sulphamic acid in a pyridine solution gave a pfoduct from
which benzonitrile r,vas obtained on heating the residue (Equations (11) and
(12)).

(9)

(cH,co),o + H,NSo,oNa---+

rl
LCHsCONHSO'O

N_.l

+

CH3COOH

(10) CH3CONHSOzONa--=-) CHaCN * HOSOzONa
rl
(11) CcHTCOCI + H,NSO,OH'Py ---+ C6H5CONHSOTOH.Pv I +UCt
L
(12) CoHrCONHSOTOH.Py CoHTCN * HOSOzOH.Py
From this study it is concluded that the transformation of amides into
nitriles by means of ammonium sulphamate is not a simple dehydration. It
involves deamination and condensation betu'een the amides and ammonium
sulphamate, giving rise to ammonium N-alkoyl or N-aroylsulphamates which
rearrange into nitriles.

Experimental
Preparat'ion oJ l{itriles
(a) Li.qui,d N'itriles

In a distilling flask equipped u''ith a short column were placed finely powdered sulphamic acid (9.7 gm.,0.10 mole), ammonium carbonate (9.6 gm.'
0.05 mole) , and an amide (0.10 mole). The mixture r,vas heated in a metal bath
at 100-120'C. whereupon the formation of ammonium sulphamate took place
with evolution of carbon dioxide. Then the temperature was raised to 150160"C. whereupon ammonia u'as evolved and the ammonium N-alkoyl or
N-aroylsulphamate.$'as formed. At 190-200"C., the nitrile was produced and
distilled over. The results are shown in Table I.

(b) Solid Nitriles
The proportions used were the same as in the above preparation and the
heating was effected in the same way. When reaction was complete, the mix-
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ture was cooled and boiled with water to dissolve the ammonium salt. The
water insoluble material was filtered, rn'ashed with water, and crystallized from
a suitable solvent. The results are summarized in Table i.
TABLE I
Pnnp,tnerroN

8.p.,'C. I
CH3
C:Hs

CrH;
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CuH,

I

RCN

XI.p."C.*

:2:__

81-82
96-97
17-118
190-191
1

2-NOrC6H5
a

or xrrnrr,ns,

i

116-117

ol Yieldi

1. 346010

90

1. 369915
1. 381615

91

|

6D

- 529020

90

ot

All

melting points are uncorrected..
Yi,elds obtained.Jrom equ.irnolar omlunts of amid.es ond ammonium sulphamate.

An excess of 0.2 mole
tative vield.

of

ammonium sulphamate gave a nearl1- quanti-

Antmonia and Sutphates Fornred,in the React,ion
In a distilling flask, a mixture of ammonium sulphamate, m.p. 131'C. (11.4
gm., 0.10 mole) and acetamide (5.9 gm., 0.10 mole) u'as fused in the manner
described above. The anmonia eliminated during the reaction u'as srvept from
the flash br- a stream o[ nitrogen and absorbed in an acid solution. The amount
of ammonia titrated lvas equal to I.62 gm., rvhich is equivalent to 0.095 mole.
The residue, after the acetonitrile had been distilled over, u'as anal)'zed as it
was. Calc. for SO+HNHa: SO4, 83.5%; NHs, l+.87a. Found: SOr, SaBTa;
NH3, 15.1%. Since nitric acid readily oxidized sulphamic acid, the precipitation of barium sulphate u'as made in dilute hydrochloric acid.

Ileating of Ammonium Sulphamate with Water and Glycerol
Ammonium sulphamate, fused alone at 180'C. and then at 300'C., gave a
good yield of ammonium imidodisulphonate (5). \Vhen ammonium sulphamate
luas boiled under reflux for J5 hr., no ammonia was evolved and the starting
material was recovered unchanged. A mixture of ammonium sulphamate and
glycerol heated at 200-220"C. did not -vield acrolein.
.Ant

mon,ium N - B enzoylsulphomate

(IV,

R : CoHr)

To a cold mixture of acetic anhyfl1i6[" (70 gm.) and concentrated sulphuric
acid (9.6 gm., 0.098 mole) was added benzamide (24.2 gm.,0.2 mole). The
mixture was stirred at room temperature. When all the benzamide u'as dis,solved, a new crystalline solid separated out. The mixture was allowed to stand
in the refrigerator overnight. The solid was filtered, washed with acetic anhydride, and finally several times with anhydrous ether. This benzamide salt
of N-benzoylsulphamic acid melted at 150-151"C., instead of 145-146'C. as
reported by Biihner (3). Yield,30.5 gm. (91%). This sulphate-free substance
lyas dissolved in cold ammonium hydroxide (107a,200 ml.). Benzamide, which
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separated out, was filtered, while the aqueous layer was extracted several times
rvith ether to remove any dissolved benzamide. Then the aqueous solution
rvhich was free from sulphate was evaporated in aacuo. If evaporation was done
at 50-60'C., some sulphate was formed. The crystalline compound obtained
melted at 190-191"C. with decomposition. Yield, 20.3 gm. (937o frombenza-

mide). Calc. for CzHroOaNzS:. S, 14.6/6. Found: S, 14.70/6. The sulphur
content was determined by boiling the sample in a dilute solution of nitric
acid and adding barium chloride.
itrile Jr om Ammonium N - B enzoylsulphomate
Ammonium N-benzoylsulphamate (2.18 gm., 0.01 mole) rn'as fused at 200"C.
for one hour. No ammonia u'as formed. Benzonitrile distiiled over, b.p. 190191"C. Yield, 0.8 gm. By u'ashing the apparatus and extracting the residue
with ether, an additional quantity of benzonitrile was obtained amounting to
0.2 gm. The total yield amounted to 1.0 gm. (97%).By treating the residue
r.vith barium ion in dilute hydrochloric acid,2.35 gm. (0.0101 mole) of barium
sulphate was formed.
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B enzon

Action of Acet'ic Anhyd,r'ide on Sulphamates
A mixture of acetic anhydride (50 ml.), sulphamic acid (9.7 gm.,0.1 mole),
and sodium carbonate (5.3 gm., 0.05 mole) was refluxed for five hours. The
mixture was evaporated to dr1'ngs. under reduced pressure. The residue was
heated at200 220"C.whereupon acetonitrile distilled over, b.p. 82"C., without
any formation of ammonia. Yield,3.0 gm. (i3%). The residue, which contained a large amount of sulphates, u''as not analS'zed.
Act'ion oJ Benzoyl Chlor'ide on Sulphamate
A mixture of benzoyl chloride (14.0 gm., 0.10 mole) and finely divided sulphamic acid (9.7 gm., 0.10 mole) in pl,ridine (50 ml.) was refluxed for five hours.
After the mixture \\ras evaporated to dryness, the residue was heated at 200220"C., r,vhereupon benzonitrile distilled over, b.p. 190-191"C. Yield, 8.2 gm.
(80%). No ammoniawas evolved during the distiliation. The residue contained
a large amount of sulphates.
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