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1

2005  6,787  4.0 % 2015  1 

F  1.0 % S  1.9 %  0.8 % 

 (  1-1)1)

Table 1-1.  (1,000 ,  %) 

 2005 2015 

F 3,622 3,995 1.0  

S 372 307 -1.9  

F 14,529 28,809 7.1  

S 10,900 20,988 6.8  

2,506 2,883 1.4  

2,574 2,783 0.8  

6,578 11,556 5.8  

1,221 1,244 0.2  

25,565 28,090 0.9  

67,867 100,655 4.0  

 1938 

 1941 1951 

 66  6 

 66  6  66 

 6  1.14  10 
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 6 -  (  1-1)2) -

 380 6

-

 (  1-1)

 ( ) 

-  1 1.6 

 2008 140 ,  2  28 
3)

-
4) (Photonitrosation of Cylohexane) 

 Raching 4)  NO  (BASF) 6) , HPO (DSM) 4)  3 

 (  1-2) HPO 

Scheme 1-1 
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Figure 1-1 

Scheme 1-2 

- - -

 1  1.6 4.4  (  1-2)5)
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Table 1-2 

Process 
Ammonium Sulfate Generation 

kg / kg of Caprolactam 

 Oximation Rearrangement Total

Rasching 2.8 1.6 4.4 
BASF 1 1.6 2.6 
HPO 0 1.6 1.6 

 140  4)

-

-

Emi Chem

(TS-1) 
6)

Ishihara 
7) Ishihara 

 2 mol% 

 90% 

 10 mol% -

 30% 
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Scheme 1-3 

Ishihara Ishii 

 1,3,5-triazo-2,4,6-triphosphorine-2,2,4,4,6,6,-

chloride (TAPC) 8) TAPC 

Ishihara 

-

 (  1-3) 

Table 1-3 

 J. S. Yadav9)

 (  1-4) 

 Yadav 
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-

Scheme 1-4 

-

1938 

 95% 
10) 

 1-411)

-

Table 1-4 

-

-
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 (  1-5)

TS-1 (MFI )12)

 MFI  ( Si / Al > 100000) 

 100%,  95 % - 13) 

 2003  4 -  6 

Scheme 1-5 

2004 

130  12 

28 -

 380  350 °C 

-

 (1) -

 (2) 1 1  (3) 

 (  1-6,  1-5)
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Scheme 1-6 

Table 1-5  (1) 

1

 (100 mol%) 

2  (  1-7,  1-6)

-

Scheme 1-7 
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Table 1-6 

Table 1-7 

1

1

 (Figure 1-2)

Figure 1-2 
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(Figure 1-3) A. Coskun2) - -

 (  1-4)

Figure 1-3 

Figure 1-4 

 5 

 1 -

 2 

 3 

 4 

 5  2  4 
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 1 

1

Figure 2-1-1 
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 2 

2-2-1

 (10 mol%) 80 °C  2  2-2-1 

Scheme 2-2-1 

Table 2-2-1 

2-2-2

 2-2-2 

2  0.8%  2.9% 

2

 (  2-2-2)

 2 

2 
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Scheme 2-2-2 

Table 2-2-2

 2-2-3 80 °C  2 

24 

2  (  2-2-3)

Scheme 2-2-3 
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Table 2-2-3

2-2-3

 (1) -  (2) 

1

 (4) 

1

4  (10 mol%)  80 °C 2 

5  (  2-2-4)

Scheme 2-2-4 
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Table 2-2-4 

2-2-4

4 5

5

 (  2-2-5) 

2 

Scheme 2-2-5 

Table 2-2-5 

2 24 
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5

 100.0 % 5  (  2-2-6)

Scheme 2-2-6 

Table 2-2-6 
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 3 

2-3-1

1)

Scheme 2-3-1 

 UV-2450 UV-VIS  190  500 nm 1.0cm

 UV 4.2×10 5 mol / dm3

Figure 2-3-1 NPh3 NPh Me NPhMe2  UV 

 UV 

DFT post-

Hartree Fock  UV 
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2-3-2

-

NPh3

PPh3 I 2, -

II 6,6'- -2,2'- III

1 77.3% 

2-3-2

Scheme 2-3-2 

Table 2-3-2
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4

-

 100.0 % 
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5

2-5-1

 2 

0 °C  3 

 (1)  (91.3 %)

2-5-2

 2 

0 °C  4 

 (4)  (86.4 %)

2-5-3

 (0.5 mmol)

 (1 ml)  80 °C

 2  (10 ml) 

 0.4 N  (2 ml) 

 (50 ml)  (50 

ml) 

-  (2): 1H NMR (CDCl3  1.62-1.80 (m, 6H), 2.44-2.49 (m, 2H), 3.18-3.24 

(m, 2H), 5.49 (br, 1H).  

2-5-4

 (0.5 mmol)

 (1 ml)  80 °C

 2  (10 ml) 

 0.4 N  (2 ml) 

 (50 ml)  (50 

ml) 

2-  (5): 1H NMR (CDCl3 -1.88 (m, 10H), 2.40-2.46 (m, 2H), 3.33-

3.39 (m, 2H), 5.73 (br, 1H).  
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 1 

 (Scheme 3-1-1)

1

10 

mol% 2

Scheme 3-1-1 
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 2 

3-2-1

 (0.5 mmol)  (10 mol%) 

80 °C  2  3-2-1 

Scheme 3-2-1 

Table 3-2-1 

3-2-2

 (0.5 mmol)  (10 

mol%)  (10 mol%) 80 °C  2  3-2-2 

64.9% 2

Scheme 3-2-2 
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Table 3-2-2

3-2-3

 (  3-2-3)

Scheme 3-2-3 
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Table 3-2-3 

3-2-4

 3-2-3 

10 mol%  20 mol% 

 (10 mol%) 

2  12.5%  56.7%  (  3-2-4)

Scheme 3-2-4 

Table 3-2-4 
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 3-2-5 

1.5 2 2

20 mol%  2 

 10 mol%  24 

Scheme 3-2-5 

Table 3-2-5 
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3-2-5

0.5 mmol

3-2-6

 (10 mol%)  (20 mol%) 

 (1)  5 mmol  10 2 

2  24  75% 

Table 3-2-6 

3-2-6

 (4) 4 (0.5 

mmol)  80 °C  (20 mol%) 

 24  (10 mol%) 

 24  48  (10 mol%) 

 48 

5  (10 mol%) 

 (20 mol%)  48 

 (10 20 mol%) 

 2 

 (1) 
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Scheme 3-2-6 

Table 3-2-7 



32

 3 

 (1) 

 (1) 

80 C  2 -  (2)  79.5 % 

20 mol%  79.3 % 2

 (5) 

2 

5  78.7 % 
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 4 

3-4-1

 (0.5 mmol)

 (1 ml) 

 80 °C  2  (10 ml) 

 0.4 N  (2 ml) 

 (50 ml) 

 (50 ml) 

-  (2): 1H NMR (CDCl3  1.62-1.80 (m, 6H), 2.44-2.49 (m, 2H), 

3.18-3.24 (m, 2H), 5.49 (br, 1H).  

3-4-2

 (0.5 mmol)

 (1 ml) 

 80 °C  2  (10 ml) 

 0.4 N  (2 ml) 

 (50 ml) 

 (50 ml) 

2-  (5): 1H NMR (CDCl3 -1.88 (m, 10H), 2.40-2.46 (m, 

2H), 3.33-3.39 (m, 2H), 5.73 (br, 1H).  
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 4 

 1 

-  (2) 

 (1) 

1 1 

(Scheme 4-1-1).1)

Scheme 4-1-1 

3
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 2 

4-2-1

1 (0.5 mmol) 

80 °C 2  20 

 76.5% 2  (  4-2-1)

Scheme 4-2-1 

Table 4-2-1 

4-2-2
2) 1 (0.5 

mmol)  (10 mol%)  (10 mol%) 

2  89.0%  (  4-2-2)

57.7% 

 Ishihara  30% 

Ishihara 
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Table 4-2-2 

4-2-3 

1 (0.5 mmol)  (10 mol%)

(10 mol%) 

2  76.8%  (  4-2-3)

Table 4-2-3 

4-2-4

1 (0.5 mmol)  (10 mol%)

 (10 mol%) 

2  75.7%  (  4-2-4)
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Table 4-2-4 

4-2-5

1 (0.5 mmol) 

 (10 mol%)  (10 mol%) 

2  88.3%  (  4-2-5)

 3  45% 

 10 mol% 

Table 4-2-5 
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 3 

 (4) 

 2 5

 (  4-3-1)

5

5

Scheme 4-3-1 
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Table 4-3-1 
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 4 

1

1 (0.5 mmol) 

2  (  4-4-1)

2

 97.5 % 

 74.3 % 

Scheme 4-4-1 

Table 4-4-1
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 5 

2

3

10 mol%
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 6 

4-6-1

 (0.5 mmol)

 (1 ml) 

 80 °C  2  (10 ml) 

 0.4 N  (2 ml) 

 (50 ml) 

 (50 ml) 

-  (2): 1H NMR (CDCl3  1.62-1.80 (m, 6H), 2.44-

2.49 (m, 2H), 3.18-3.24 (m, 2H), 5.49 (br, 1H).  

4-6-2

 (0.5 mmol)

 (1 ml) 

 80 °C  2  (10 ml) 

 0.4 N  (2 ml) 

 (50 ml) 

 (50 ml) 

2-  (5): 1H NMR (CDCl3 -1.88 (m, 10H), 

2.40-2.46 (m, 2H), 3.33-3.39 (m, 2H), 5.73 (br, 1H).  
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 (1) 

1

-  (2) 

1

1.

 10 mol% 1 80 C, 2 h

2  10%  5% 

 68% 

81% 

2

2.

1

2

 10 mol% 2  13%  

24  70%  20 mol% 



45

24  86% 2

2

10 20 mol% 2

3.

10 mol% 

77% 77% 88% 2

1

89% 
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