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A new three-component reaction has been discovered for the synthesis of N- 
(2-chloroalky1)amides. The synthesis involves interaction of chlorine and an 
olefin in the presence of a nitrile to give an imide chloride that can be hydrolyzed 
to an N-(2-~hloroalkyl)amide. This interaction of chlorine, an olefin, and a ni- 
trile has been found to be a general reaction applicable to aromatic and aliphatic 
nitriles and hydrogen cyanide in combination with such olefins as ethylene, 
cyclohexene, 1-octene, and styrene. In addition, this synthesis can be carried out 
with bromine to give N-(2-bromoalkyl)amides. The reaction has been shown to 
proceed in two steps. The first step gives a chloroimide chloride as well as a di- 
chlorohydrocarbon arising from the original olefin, and the second step gives an 
N-(2-chloroalkyl)amide by hydrolysis of the chloroimide chloride. When hydro- 
gen cyanide is used, the N-(2-chloroalkyl)formamide is very readily hydrolyzed 
to the corresponding 2-chloroalkylamine, which is isolated as the hydrochloride. 
Products produced in these various stages have been isolated and identified. 

The interaction of chlorine and an olefin in the presence of a nitrile is postulated 
to proceed as follows: 

I. RCH=CH2 + Cl2 ---+ RCHCHzC1 + C1- + 
RCHCHz C1 

U1 - I  2. RCHCHiCl + 
+ \ N=CClR’ 

I c1- \ 

I1 
RCHCl CHIC1 

Whenever the imide chloride (I) is obtained from a nitrile having no alpha 
hydrogen atoms, it can be separated from the by-product (11) by rectification. 
When the imide chloride is formed from a nitrile containing alpha hydrogen 
atoms, it is susceptible to thermal bimolecular condensation (1) through loss 
of hydrogen chloride and should be hydrolyzed at once to the more stable N- 
(2-chloroalky1)amide. 

RCH CH2 C1 RCHCHzCl 
3. I + H2O --+ I + HCI 

NHCOR’ N=CClR’ 
I11 

When the amide (111) does not crystallize readily, its separation from the by- 

1 Presented at the Delaware Chemical Symposium on January 12, 1952. 
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product (11) by rectification is difficult since N-(2-chloroalkyl)amides are also 
sensitive to heat. 

The interaction of chlorine, an olefin, and a nitrile is an example of a three- 
component ionic reaction involving carbonium ions and can be explained on 
the basis of established principles for ionic reactions (2, 3). It is a specific case 
of a more general three-component ionic reaction involving olefins; a mecha- 
nism for this general reaction is proposed as follows: 
4. RCH=CH2 + A+ - RCHCHzA + 

IV 
5.  RCHCHlA4 + B: -4 RCHCHzA 

I + 
Bf 

v 
6. RCHCH2A + Y- -+ RCHYCHsA 

7. RCHCHzA + Y- RCHCHZA 
+ 

I 
BY 

I 
B+ 

An acidic substance A+ attacks the olefin to form a carbonium ion (IV) which 
may combine with a substance B: having an unshared electron pair (V). The 
carbonium ions from these two reactions can be stabilized either by reaction 
6, 7 with a negative ion Y- from the solution or by the expulsion of a proton. 
Reactions 5 and 6 are competing reactions and therefore the products 
RCHYCH2A and RCH(BY)CH2A are to be expected. 

Numerous examples have been described in which olefins are involved in such 
three-component ionic reactions and these can be explained by the general 
mechanism. The most recent of these examples, some of which are summarized 
in Table I, is the N-substituted amide synthesis studied by Ritter (5 ,  12). 

As suggested by recent workers (11), these data indicate that the compound 
obtained by the action of aluminum chloride on 2-(cyclohexenyl)cyclohexanone 
and acetonitrile and reported by Bruson (14) as an imino ether is probably the 
amide, 2-(1’-acetamido)cyclohexylcyclohexanone. Furthermore, the “dimer” re- 
ported by Lichty (15) in the chlorination of a-methylcrotononitrile may be a 
stable imide chloride (VIII). 

CH3 CH3 
I I 
I 

CHa CHClC-N=CClCClCHClCHs 

CN 
VI11 

EXPERIMENTAL 

Two general procedures used for the synthesis of N-(2-chloroalkyl)amides are described 
in the following examples. The imide chlorides and the N-(2-chloroalkyl)amides prepared 
by these procedures are listed in Table I1 and Table 111, respectively. 
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SYNTHESIS (REF.) 

N-Alkylformamides (4). . . . . . . . . . . . . . . . .  
N-Alkylamides (5). . . . . . . . . . . . . . . . . . . . . .  
1,3-Dioxanes (6). . . . . . . . . . . . . . . . . . . . . . . .  

B-Bromoalkylpyridinium bromide (8). . .  

6-Chloroalkylacetates (10). . . . . . . . . . . . . .  
Polyamides from azelanitrile (11). . . . . . .  
N- (2-Halo-1 -ethyl)amides (12). . . . . . . . . .  
Ethyl a-ethyl-a-methylbutyrate (13). . . .  

N-Alkylformamides (7). . . . . . . . . . . . . . . . .  

6-Bromoethers (9). ..................... 

N-(2-ChlorocycZohexyZ)uceta"de. A mixture of 82 g. (1.0 mole) of cyclohexene and 82 g. 
(2.0 moles) of acetonitrile was placed in a three-necked flask fitted with a mechanical 
stirrer, a gas inlet tube, a thermometer, and a gas exit tube. The mixture was treated with 
65 g. (0.91 mole) of chlorine gas Kith rapid stirring a t  15-20" during a one-hour period. 
If allowed to  stand a t  room temperature, the colorless solution darkened rapidly with 
evolution of hydrogen chloride indicating bimolecular condensation (1). It was therefore 
poured immediately into 300 ml. of cold water, stirred vigorously for ten minutes, and then 
allowed to  stand for 30 minutes to  complete hydrolysis of the imide chloride. The mixture 
was then cooled in an ice-salt bath and filtered. The resulting white solid was air-dried to  
give 91 g. (0.535 mole, 59% yield based on chlorine) of crude N-(2-chlorocyclohexyl)aceta- 
mide. The pure amide, m.p. 129-130°, was obtained in 35% yield after several recrystal- 
lizations from methanol. This amide is apparently the dZ-trans-N-(2-chlorocyclohexyl)- 
acetamide; the cis form is reported to  melt a t  88" (16). 

,4nuE. Calc'd for CeHlaClNO: C1, 20.19; N, 7.96. 
Found: C1, 20.02, 20.12; N, 7.90, 7.88. 

TABLE I 
THREE-COMPONENT IONIC REACTIONS 

A+ 

H+ 
H+ 
CHlOH+ 
H+ 
Br+ 
Br+ 
C1+ 
CHpOH+ 
H+ 
H+ 

B: 

HCN 
RCN 
CHpO 
HCN 
CsH& 
ROH 
CHaCOpH 
RCN 
RCN 
co 

Y- 

AlCl; 
HSO; 
Expulsion H+ 
HSOT 
Br- 
Expulsion H+ 
Expulsion H+ 
HSOT 
HSO; 

Expulsion H+ 
CpHsOH 

The filtrate from the amide separation contained a water-insoluble oil, which was seps- 
rated, washed with water, and dried with "Drierite." Rectification gave 11.3 g. (0.14 mole) 
of oyclohexene, 31 g. (0.202 mole) of 1,2-dichlorocyclohexane, h.p. 6 H 3 "  (10 mm.), n: 
1.4877, and a few grams of tarry residue. These properties correspond to  the physical con- 
stants given by previous investigators (17) for 1,2-dichlorocyclohexane. 

N-(8-BromocycZohezyZ)acetamide. In a similar experiment a solution of 82 g. (1.0 mole) 
of cyclohexene in 164 g. (4.0 moles) of acetonitrile was treated with 115 g. (0.72 mole) of 
bromine for 75 minutes a t  -5" .  Hydrolysis of the imide bromide was performed during 
a 60-hour period a t  room temperature and 41.5 g. (26% yield based on bromine) of a tan 
solid was isolated. After recrystallization from ethyl acetate containing a small amount 
of methanol, 25 g. (16% yield) of pure N-(2-bromocyclohexyl)acetamide was obtained, 
m.p. 109-110'. 

'4naZ. Calc'd for CsHlrBrNO: Br, 36.34; N, 6.36. 
Found: Br, 36.54, 36.71; N, 6.28, 6.10. 

N-(2-Chloroeihyl)trichloroacetimidyl chloride. Ethylene and chlorine gas were passed 
simultaneously into 82 g. (2.0 moles) of acetonitrile cooled to  15" with an ice-bath. The mix- 
ture was stirred rapidly while 1.08 moles of ethylene gas was measured by a flowmeter and 
introduced during a 23 hour period. Chlorine was added by gradual warming of a cold trap 
containing a weighed quantity of liquid chlorine. When all the ethylene gas had been 
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added, the chlorine addition was continued for 41 hours thereafter. The reaction tempera- 
ture was allowed to  rise to 30-35" during this period and the reaction was stopped when 360 
g. (5.07 moles) of chlorine had been introduced. The mixture was purged with nitrogen to  
remove hydrogen chloride and then rectified. After removing a small amount of low-boiling 
material, consisting chiefly of acetonitrile and 1,2-dichloroethane, 122 g. of N-(2-chloro- 
ethy1)trichloroacetimidyl chloride was obtained, b.p. 71-73' (3 mni.), n: 1.5150. This repre- 
sents a 50% yield based on the ethylene used. 

Anal .  Calc'd for C,H4Cl,N: C1, 72.87; N,  5.78. 
Found: C1, 72.11, 71.95; N, 5.83, 6.01. 

TABLE I11 
N-(~-~HLOROALKYL)AMIDES, R'NHCOR 

ALKENE 

Styrene 

Ethene 
Cyclohexene 
Cyclohexene 
Cyclohexene 
Ethene 
Isobutene 
Cyclohexene 

2-Chloro-I-phenyl- 

2-Chloroet hyl 
ethyl 

2-Chlorocyclohexyl 
2-Chlorocyclohexyl 
2-Chlorocyclohexyl 

2-Chloro-1, I-dimethyl 
2-Chloroethyl 

2-Chloroc~clohexyl 121 

- 
1 ANALYSES 

0 All melting points taken on a Fisher-Johns melting point block. 
b Crystallized from ethyl acetate. After 2 years this compound apparently rearranged 

t o  the oxazoline hydrochloride having the new m.p. 160.5-161". The amide was reported 
by Lusskin and Ritter (12). 

c From chloroform-petroleum ether. 
d From methanol; m.p. of dl-cis form reported as 88" by Osterberg and Kendall (16). 
e From ethanol. 

From benzene-methanol mixture. 
From benzene. 

* From benzene; dl-cis form melts a t  153-154" (18). 
i Starting material, acetonitrile, was completely chlorinated during the reaction. 

N-(b-ChZoroethyE)trichloroacetamide. N-(2-Chloroethyl)trichloroacetimidyl chloride (42 
g., 0.17 mole) was refluxed with 100 ml. of water, 100 ml. of methanol, and 15 ml. of conc'd 
hydrochloric acid for two hours. The mixture was cooled to  ice temperature, crystallized, 
and filtered. The 30 g. of white solid obtained represented an82% yield of N-(2-chloroethyl)- 
trichloroacetamide. The pure compound, m.p. 76-76.5", was obtained in 48% yield (18 g.) 
after recrystallization from benzene and showed no melting point depression when mixed 
with an authentic sample of N-(2-chloroethyl) trichloroacetamide synthesized from 2- 
chloroethylamine and trichloroacetyl chloride. 

Anal .  Calc'd for C4H,Cl$O: C1, 63.08; N,  6.22. 

8-Chlorocyclohexylamine hydrochloride. A mixture of 82 g. (1 .O mole) of cyclohexene and 
84 g. (3.1 moles) of hydrogen cyanide was cooled to  10' and treated with 85 g. of chlorine 
gas during a two-hour period while maintaining rapid stirring. The resulting mixture was 
poured onto ice and the organic layer separated and washed several times with water. The 

Found: C1, 62.89, 62.78; N, 6.26, 6.10. 
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remaining organic liquid was refluxed with 200 ml. of 3 N hydrochloric acid on a steam- 
bath for 12 hours. The mixture was then treated with 30 ml. of methanol, refluxed two 
hours longer, and steam-distilled. The distillate consisted of 2.0 g. of cyclohexene and 18.0 
g. of 1,2-dichlorocyclohexane. The residue was filtered from about 2.5 g. of ta r  and evap- 
orated t o  dryness. The tan-colored hydrochloride weighed 59 g., representing a 35% yield 
of 2-chlorocyclohexylamine hydrochloride. The pure hydrochloride, m.p. 213-214' (sub. 
175-213'), was obtained in 26% yield by recrystallization from ethanol. This is apparently 
the dl-trans-form; the dl-cis-2-chlorocyclohexylamine hydrochloride is reported t o  melt a t  
185-186" dec. (18). 

Anal. Calc'd for CsH,aChN: C1, 41.76; N, 8.24. 

Hydrolysis of N-(9-chloroalkyl)amides. Acid hydrolysis of an N-(2-chloroalkyl)tide 
gives a salt of the corresponding hydroxyamine. N-(2-Chloro-l-phenylethyl)acetamide 
synthesized from chlorine, styrene, and acetonitrile was hydrolyzed by heating with couc'd 
hydrochloric acid on a steam-bath for 24 hours and then evaporating to  dryness. Recrystal- 
lization of the crude product from a mixture of ethyl acetate and methanol (90-10 by vol.) 
gave a 90% yield of 8-hydroxy-a-phenylethylamine hydrochloride, m.p. 132-135". This 
compound appears to  decompose at this initial melting point, resolidify, and subsequently 
remelt at 147-149". These observations confirm those previously reported for this compound 
(19). 

Similar hydroxyamine hydrochlorides were prepared starting from 1-octene and from 
cyclohexene using acetonitrile as the nitrile component. 1-Octene gave N-2-(l-chloro- 
6ctyl)acetamide which was hydrolyzed with conc'd hydrochloric acid to  give a 15.4% 
yield (based on 1-octene) of 1-hydroxymethylheptylamine hydrochloride, m.p. 106' from 
benzene-ethanol mixture. 

Found: C1, 41.42, 41.40; N, 8.03, 7.88. 

Anal. Calc'd for CBHsoClNO: C1, 19.54; N, 7.72. 

Cyclohexene gave N-(2-chlorocyclohexyl)acetamide, which was hydrolyzed to  2-hy- 

Anal. Calc'd for COHlaClNO: C1, 23.43; N, 9.29. 

This product appears to  be the dl-cis-2-hydroxycyclohexylamine hydrochloride which 
has been reported t o  melt a t  189-100°; the dl-trans-2-hydroxycyclohexylamine hydro- 
chloride melts at 176-177" (18). 

Found: C1, 20.28; N ,  7.66. 

droxycyclohexylamine hydrochloride, m.p. 188-189', recrystallized from ethanol. 

Found: C1, 23.42; N,  9.24. 

SUMMARY 

A new three-component reaction has been discovered in which chlorine or 
bromine interacts with an olefin and a nitrile to form an imide halide. The imide 
halide can be isolated if the nitrile has no alpha hydrogen atoms; it can also be 
hydrolyzed to the corresponding N-(2-haloalkyl)amide. The reaction has been 
applied to the preparation of a number of new N-(2-haloalkyl)amides from such 
olefins as ethylene, cyclohexene, 1-octene, and styrene in combination with hy- 
drogen cyanide, acetonitrile, acrylonitrile, pivalonitrile, and benzonitrile. When 
hydrogen cyanide was used, the formamide derivative was readily hydrolyzed 
to a 2-haloalkylamine. 

WILMINGTON, DELAWARE 
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