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An improved one-pot cost-effective synthesis of
N,N-disubstituted carbamoyl halides and

derivatives

K. Adeppa, D.C. Rupainwar, and Krishna Misra

Abstract: A convenient one-pot procedure is reported for preparing N,N-disubstituted carbamoyl chlorides by using
chlorocarbonylsulfenyl chloride as a carbonylating agent. It comprises the reaction of secondary amines with chlorocarbo-
nylsulfenyl chloride in the presence of an aprotic organic solvent to produce the corresponding N,N-disubstituted carba-
moyl halides. Insertion of the carbonyl group without using phosgene is the novelty of this method.
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Résumé : On a développé une méthode monotope pour préparer des chlorures de carbamoyle N,N-disubstitués qui fait ap-
pel au chlorure de chlorocarbonylsulfényle comme agent de carbonylation. Elle implique la réaction d’amines secondaires
avec le chlorure de chlorocarbonylsulfényle en présence d’un solvant organique aprotique qui conduit a la formation des

halogénures de carbamoyles N,N-disubstitués correspondants. La nouveauté de cette méthode correspond a I’insertion d’un

groupe carbonyle sans faire appel au phosgene.

Mots-clés : chlorure de chlorocarbonylsulfényle, amines secondaires, dichlorométhane, halogénures de carbamoyle.

Introduction

Carbamoyl halides! are an important class of commer-
cially viable chemicals. These are useful intermediates in
the preparation of thiolcarbamate herbicides via their reac-
tion with thiols such as sodium alkyl mercaptides. Carba-
moyl halides, particularly chlorides, are useful in the
preparation of 1,4-disubstituted 5-(4H)-tetrazolinones;? imi-
dazole derivatives;® Reissert analogs;* phenylcarbamates;’
unsymmetrical ureas; pyrrole-N-carbonyl compounds;® O-
®-oxoalkylcarbamates;” O-allylic urethanes and carbo-
nates;® in the synthesis of carbamates;? phthalides;'0 in the
preparation of arylisocyanates;!! N,N-dimethyl carbamoyloxy-
3-thiodiazoles-1,2,4;!2 and N,N-dialkylcarbamate esters. Car-
bamoyl chlorides are also used for Friedel-Crafts acylation!?
followed by treatment with ammonia or amines to produce
aromatic amides or substituted amides, which on hydrolysis
yield corresponding acids. For example, N,N-dimethyl car-
bamoyl chloride has been used in the production of herbi-
cides!* such as isoproturon, fenuron, diuron, and metoxuron,
and with drugs such as neostigmine bromide, neostigmine
methylsulfate,!> and pyridostigmine, which is the intermedi-
ate for the antihistaminic bulk drug loratidine. N,N-Diethyl
carbamoyl chloride has been used as an intermediate for the
antifilarial bulk drug diethlycarbamazine citrate. N-Ethyl-N-
methyl carbamoyl chloride is used as an intermediate for the
bulk drugs rivistigmine and B-propiolactone.

So far, the most prevalent commercial method for produc-
ing carbamoyl chlorides is phosgenation of ammonia or

amines.!®17 The main objective of the present work was to
develop an efficient and economically viable procedure for
preparing N,N-disubstituted carbamoyl chlorides. A further
objective was to exploit the procedure for the preparation of
unsymmetrical ureas'® and N,N-disubstituted carbamate es-
ters,!9 aromatic amides,20 and thiolcarbamate herbicides. For
the preparation of N,N-disubstituted carbamoyl chlorides,
the commercial process involves the phosgenation of secon-
dary amines. The use of phosgene, however, has several dis-
advantages. The phosgenation route is long and energy-
intensive, and requires handling highly corrosive materials
and highly toxic reagents and intermediates, especially phos-
gene and chlorine. Furthermore, the phosgenation route re-
quires the use of process equipment that can withstand high
temperatures and highly corrosive conditions, resulting in in-
creased capital cost.

A non-phosgene process for preparing N,N-disubstituted
carbamoyl chlorides, which is economical and commercially
viable and that can produce N,N-disubstituted carbamoyl
chlorides with good yields under extremely mild reaction
conditions and short reaction times, is highly desirable.
Such an attempt has been made during the present work.

Results and discussion

To develop a general method for the synthesis of carba-
moyl chlorides and their derivatives, experiments were con-
ducted through the carbonylation of secondary amines with
chlorocarbonylsulfenyl chloride at ~40 °C for 3 h and
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Scheme 1. Probable reaction mechanism for the preparation of N,N-disubstituted carbamoyl chlorides from secondary amines.
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Table 1. Reaction conditions and boiling points of the prepared N,N-disubstituted carbamoyl chlorides.
N,N-Disubstituted carbamoyl Reaction Boiling
S. No Secondary amine chloride time Yield (%) point (°C)
“ >
\u/\ <N%C. bpyy:
1 Sh 90.00 88-89
H )
g P
N e - bpy7s:
2 5h 20min 88.00 167-168
— o
/\H PN <N_<C‘ bpis:
3 5h 50min 88.60 60-62
H O, Cl
4 T 6h 50min ~ 82.20 115-116
JVHJ\ U\)\ bps:
5 a 6h 25min 84.00 114-118
O, Cl
MNM U bp,:
6 H S 5h20min  85.00 99-101
nv\j/ /j\/r\N/\/\/j\ bp,:
7 YW C,/Ko 6h 35min 88.20 140-142

>—\> Y
NH " bp .
8 L% \Kv V\[/ 4h 55min  91.20 136.140

(o)
QNH CN% bpyy:
9 c i 86.40

6h 20min 124-125
° NH Q N)J\m bpS:

10 u \ / 7h 10min 82.00 101-103
: : " N)J\CI bpl3:

11 : : 7h 30min 85.60 111-112

N
f /& bpy ;-
12 cl o 7h 15min 84.1 150-152

chlorination at room temperature for 2 h under nitrogen us-
ing dichloromethane as a solvent. To explore the general
method developed for the synthesis of carbamoyl chloride
derivatives, the experiments were conducted with chlorocar-
bonylsulfenyl chloride and a variety of secondary alkyl
amines followed by chlorination to give the corresponding
N,N-disubstituted carbamoyl chloride derivatives in substan-
tial yields.

We found that this one-step reaction is general and is ap-
plicable to most secondary alkyl amines. The reaction condi-
tions for the preparation of N,N-disubstituted carbamoyl
chlorides starting from different secondary alkyl amines are
summarized in Table 1, and the GC analysis as compared
with the standard samples are summarized in Table 2. A
probable mechanism for the preparation of N,N-disubstituted
carbamoyl chlorides from different secondary alkyl amines
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Table 2. Comparative GC retention time data of prepared compounds vs standard compounds

Retention time (min)

Serial No. N,N-Disubstituted carbamoyl chloride Sample Standard
\ o
1 < <c. 5.62 5.62
\N_<O
2 / - 432 432
N\ «{"
3 < - 6.56 6.56
O\’/CI
5 /}\/N\)\ 5.95 5.95
OYCI
6 \/\/“J 5.86 5.86
7 /K/C&o 6.43 6.43
8 \(v V\[/ 732 732
o
9 CN%C. 6.52 6.52
g NA‘J\CI
10 \ / 7.20 7.20
o
NJ\CI
11 i > 6.32 6.32
©/\N/\©
12 CI/’KO 6.50 6.50

Note: GC, THERMO Fischer model GC 1000; 8 ft glass (0.8 mm ID); 10% SE-30 on Chromosorb W
(80—100 mesh ); initial column temperature, 70 °C for 2 min; temperature rise rate, 25 °C/min; final
column temperature, 240 °C held for 5 min; injector temperature, 240 °C; detector temperature, 250 °C.
Two hundred milligrams of the sample and the standard were dissolved in 5 mL of toluene and 0.5 puL of

each solution was injected.

has been suggested in Scheme 1. The present method has
obvious advantages, compared with those reported in the lit-
erature, namely milder reaction conditions, use of less toxic
materials, and better yields resulting in cost effectiveness of
the procedure and general applicability.

Experimental details

Dimethylamine, diethylamine, di-n-propylamine, diiso-
propyl amine, N,N-ethyl-methylamine, di-n-butylamine, pi-
peridine, and dichloromethane were sponsored by Merck

(India), and perchloromethyl mercaptan was sponsored by
India Pesticides Limited (Lucknow, India). All the products
gave satisfactory boiling points. Gas chromatographic analy-
sis was performed on a Thermo Fisher model GC-1000 gas
chromatograph, and the results were consistent with the lit-
erature data.

Chlorocarbonylsulfenyl chloride (CCSC)?2!
Perchloromethyl mercaptan (PCMM) (294 mL, 500 g,

2.7 mol) was taken in a 2 L reaction flask equipped with a

reflux condenser, a thermometer, and a stirrer, and a mixture
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of water (54 mL, 3.0 mol) in concd sulfuric acid (620 mL)
was added. The heterogenous mixture was vigorously stirred
for 6 h at 45-50 °C as HCI evolved, and then stirred over-
night at 25 °C to ensure complete reaction of PCMM at the
expense of a decreased yield of chlorocarbonylsulfenyl
chloride (CCSC), which can hydrolyze. The upper phase
(280 g, 80%) was separated and distilled through a column,
bp 98-101 °C (lit.,2! bp 98 °C) to yield 230 g (65%) of the
clear light yellow liquid of CCSC (65%).

General procedure for the preparation of N,V-
dialkylcarbamoyl chlorides

A stirred solution of secondary amine (0.47 mol) in
800 mL dichloromethane in a 2 L reaction flask equipped
with a reflux condenser and a stirrer was heated at ~40 °C
under nitrogen. CCSC (65.50 g, 0.50 mol) at ~40 °C under
nitrogen was added with stirring. The reaction mixture was
stirred for an additional 3 h under reflux until evolution of
HCI gas was completed. After cooling to room temperature
(RT), the dark green liquid was chlorinated with chlorine
(35.5 g, 0.50 mol) and the reaction mass was stirred for an
additional 2 h under these conditions, followed by distilla-
tion at atmospheric pressure to remove solvent and sulfur di-
chloride. This reddish brown material was transferred into a
100 mL capacity distillation flask and distilled under re-
duced pressure (10 mm Hg; 1 mmHg = 133.3224 Pa). The
total yield of N,N-disubstituted carbamoyl chloride was
80%—86%. Retention times in GLC as compared with the
standard are given in Table 2.

Conclusion

The present method describes a simple, efficient one-pot
method for the synthesis of commercially important N,N-
disubstituted carbamoyl chlorides from the corresponding
secondary amines and chlorocarbonylsulfenyl chloride. The
process is economically viable;the enhanced rate of reaction,
negligible byproducts, and cleaner reaction profiles make it
a useful and attractive process for synthesis. The generalized
and simple product-isolation procedures play an important
role in the development of this novel method. It is an impor-
tant step toward developing a greener and more efficient
commercial synthesis for a group of compounds that are
used to make important intermediates for the synthesis of a
large number of commercially important products. This is an
improvement over the phosgenation method being used at
present.
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