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Abstract. One step synthesis of e-caprolactam from cyclohexanone and hydroxylamine used acidic
ionic liquids [HSO3-b-N(CH3)3]HSO4 as reaction medium and catalyst were investigated. Reaction
conditions were investigated to obtain the optimum conditions. The results indicate that the yield of
CPO is 35.9% and the yield of CPL is 20.4% under optimal reaction conditions.

Introduction

¢ -caprolactam(CPL) is an important monomer for the production of nylon-6 synthetic fibers and
resins [1,2,3]. Most of the current ¢ -caprolactam production methods involve the conversion of
cyclohexanone with hydroxylamine (in its sulfate or phosphate form) into cyclohexanone
oxime(CPO), followed by Beckmann rearrangement by the action of fuming sulfuric acid, and then
treatment with ammonia giving € -caprolactam. However, this process suffers from many problems
such as the formation of large quantities of low-value ammonium sulfate, the corrosion of equipment
and environmental pollution caused by the use of fuming sulfuric acid [4, 5]. The use of room
temperature ionic liquids as environmentally friendly media for catalytic processes is widely
recognized and accepted [6, 7]. The Beckmann rearrangement was found to be efficiently progressed
using ionic liquids in the presence of PCI15, PCI13, P205 or Lewis acid as catalyst [8, 9, 10, 11, 12, 13,
14 ]. One step synthesis brings about multistep synthetic processes in ways which are both
environmentally friendly and economical. The term “one step” indicates to that two or more reactions
with distinct mechanisms occur sequentially in a single reaction vessel.

In this paper, we first report a simple and efficient process for one step synthesis ofe-caprolactam
from cyclohexanone and hydroxylamine used acidic ionic liquids [HSO3-b-N(CH3)3]HSO4 as a
reaction medium and catalyst, and the excellent conversion and selectivity were obtained.

Experimental

Reagents and instrument

All reagents and solvents used were analytical grade and were obtained commercially. Gas
chromatography was performed on BEIFEN 3420A equipped with a OV-17 (¢ 0.25mm X
30mx0.25um) column and FID.

Typical reaction procedure

The one step synthesis of e-caprolactam was carried out in liquid-phase at a certain set temperature in
a 50 ml three-necked, round-bottomed flask reactor equipped with a reflux condenser and a magnetic
stirrer. The reactor was immersed in an oil bath. A typical reaction run was as follows: 9.9g NaNO4,
4.4 g NaOH, 9.8 ml H3P04(85%),25 ml H20 were added into a three-necked flask to preparation of
phosphoric acid buffer solution, a mount of IL and 0.63 ml cyclohexanone were added in the buffer
solution. The obtained mixture was heated to the reaction temperature and stirred for 2 h . The
resulting mixture was extracted by dichloromethane. The extract liquid was analyzed by using an
BEIFEN 3420A gas chromatography.
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Results and discussion

Effect of the reaction temperature on one step synthesis of CPL from cyclohexanone and
hydroxylamine

Table.1 Effect of reaction temperature on one step synthesis of CPL from cyclohexanone and

hydroxylamine
T (°C) X (%) Scro (%) Ycro (%) Scrr (%) Yerr (%)
50 78.6 97.1 76.3 - --
80 82.2 99.6 81.9 - --
90 83.1 99.7 82.9 0.31 0.20
110 91.9 93.1 85.5 6.91 6.30
130 85.3 94.0 80.2 5.95 5.08

Reaction conditions: n(cyclohexanone): n (hydroxylamine sulphate): n (IL) =1:1:3,t=2h.
X: conversion of cyclohexanone; Scpo, Scpr: selectivity of cyclohexanone oxime ande-caprolactam;
Y cpro,YcpL: the yield of cyclohexanone oxime andg-caprolactam;

Table.1 shows the effect of the reaction temperature on one step synthesis of CPL from
cyclohexanone and hydroxylamine. When the reaction temperature is 50°C and 80°C, there is no CPL.
The conversion of cyclohexanone, the yield of CPO and CPL increase initially and then decreases
with the increase of temperature. The conversion of cyclohexanone reaches the highest (91.9%) when
the temperature rises to 110°C, while the yield of CPO increases to 85.5% and the yield of CPL
increases to 6.30%. The oximate reaction of cyclohexanone with hydroxylamine is a liquid-phase
heterogeneous reversible exothermic reaction, low temperature is beneficial to the improvement of
the cyclohexanone conversion, but, cyclohexanone, which is in the form of small droplets in the water
phase, can react with hydroxylamine in the reaction. Low temperature can reduce the mass transfer
rate, so that the reaction rate reduced greatly.

In phosphate buffer solution, when reaction temperature is below 90°C, the rearrangement of CPO
does not occur. When the temperature rises to 110°C, the yield ofe-caprolactam increase to 6.30%,
while the conversion of cyclohexanone increase from 83.1% to 91.9%. Because, part of CPO, which
is produced by oximation reaction, rearrange into CPL and then promote the oximation reaction of
cyclohexanone. In the investigated temperature range and the reaction conditions, the optimum
reaction temperature is 110°C.

Effect of the molar ratio of cyclohexanone and IL on one step synthesis of CPL from
cyclohexanone and hydroxylamine

The effect of the molar ratio of cyclohexanone and IL on one step synthesis of CPL from
cyclohexanone and hydroxylamine is studied in range from 1:0 to 1:12.

Table 2 Effect of the molar ratio of cyclohexanone and IL on one step synthesis of CPL
from cyclohexanone and hydroxylamine

molar ratio X (%) Scro (%) Ycro (%) SerL (%) YerL (%)

1:0 91.9 93.1 85.7 6.7 6.19
1:3 91.9 93.1 85.5 6.9 6.38
1:4 83.6 92.0 76.9 8.0 6.74
1:5 83.2 89.2 74.2 10.8 9.01
1:6 81.7 89.5 73.1 10.5 8.59
1:7 74.3 80.7 60.0 19.3 14.3
1:8 74.2 81.3 60.8 18.6 13.4
1:10 58.5 76.4 46.7 19.3 11.8
1:12 18.6 49.5 92 50.5 9.40

Reaction conditions: n(cyclohexanone):n(hydroxylamine sulphate)=1:1,T=110°C,t=2h
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The reaction equation of the oximation reaction of cyclohexanone with hydroxylamine is shown in
Eq.1. The reaction rate constant k1, k2 is almost entirely depends on the pH and temperature. The
effect of molar ratio of cyclohexanone and IL on one step synthesis of CPL is investigated at 110°C.
As shown in Table.2, the conversion of cyclohexanone, the yield of CPO decreases gradually,
whereas the yield of CPL first increases gradually and then decreases with the elevation of the IL.

With the elevation of the IL, the pH of buffer solution, the reaction rate constant k1 and the
conversion of cyclohexanone decreased gradually. H. Egberink[15] studied the synthesis of oxime
from cyclohexanone and hydroxylamine and the hydrolysis mechanism of oxime in aqueous solution
system. It was found that when the pH decreased, it was more advantageous to CPO hydrolysis.
Because most part of oxime was in the form of protonation of CPO in the aqueous solution system.
So, when the pH decreases,the reaction rate constant k2 will be increased.

(0] NOH

k1
+

(1)

The ionic liquid, which is a type of quaternary ammonium salt sulfonic acid, has good solubility of
ketone, oxime and amide. It plays a role of catalyst and solvent in the reaction process. Beckmann
rearrangement of CPO to CPL is a acid catalytic reaction. The system acidity and the yield of CPL
increases with the elevation of the IL. After the molar ratio of cyclohexanone and IL is 1:7, the yield of
CPO decreases, reduces the reaction speed of Beckmann rearrangement, the yield of CPL begin to
decrease. So that, under the investigated reaction conditions, the best molar ration of cyclohexanone
to IL is 1:7.

The effect of phase transfer catalysis on one step synthesis of CPL from cyclohexanone and
hydroxylamine

Table3 Effect of the Phase transfer catalysis on one step synthesis of CPL
from cyclohexanone and hydroxylamine

) Scro Ycro Scrr Yero
Phase transfer catalysis X (%)
(%) (%) (%) (%)
- 74.3 80.7 60.0 19.3 14.3
TAB 57.4 62.5 35.9 35.6 204
CTAB 65.4 87.7 55.4 12.3 10.0

Reaction conditions: n(cyclohexanone):n(hydroxylamine sulphate):n ( IL ) =1:1:7,T=110°C,t=2h.

As shown in Table 3, the conversion of cyclohexanone and the yield of CPO decreased, whereas the
yield of CPL increased with the addition of tetrabutyl ammonium bromide(TAB). The addition of
TAB favors Beckmann rearrangement of CPO to CPL. However, the conversion of cyclohexanone,
the yield of CPO and CPL decreased with cetyltrimethylammoniumbromide(CTAB) be added. This is
because that cyclohexanone and CPO are oil soluble, hydroxylamine is water soluble, the poor
solubility of reactants and intermediate, the reaction is not likely to happen. With the addition of phase
transfer catalysis, the intermiscibility of cyclohexanone and CPO increase, the hydrolysis and
Beckmann rearrangement reaction of cyclohexanone oxime can be further react. So the conversion of
cyclohexanone, the yield of CPO decreased, the yield of CPL increased. The catalytic effect for using
TAB is better than using CTAB. The yield of CPL increased to 20.4%, the reason is that the catalytic
effect of approximate symmetry quaternary salt ions is better than the ions has a long chain
substituent[16].
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Conclusions

Acidic ionic liquids [HSO3-b-N(CH3);]HSOy,, as a reaction medium and catalyst, can be effective in
one step synthesis of CPL from cyclohexanone and hydroxylamine. The effect of the reaction
temperature, the molar ratio of cyclohexanone to IL and phase transfer catalysis on the reaction
system were investigated. The optimized reaction conditions were: molar ratio of cyclohexanone and
hydroxylamine and IL 1:1:7, the reaction temperature 110°C, reaction time 2h, tetrabutyl ammonium
bromide as a phase transf er catalyst, the selectivity to CPO is 62.5%, the yield of CPO is 35.9%; the
select iveity to CPL is 35.6% ,the yield of CPL is 20.4%.
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