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Supporting Information 

 

This supporting information combines a wide variety of systems used or tried to catalyse the 

ring-opening polymerisation of ε-caprolactone. Experimental systems are described as well as 

the appropriate references.  Section 1 combines successful systems in the same sequence as 

addressed in the review. Section 2 addresses the systems that have been attempted for the ROP 

of ε-CL but did not lead to polymerisation, or low conversion or oligomers in the conditions 

used. This information is just as valuable as successful systems. Section 3 combines all 

reported catalysts in a periodic table as a quick reference. One can immediately see that the 

periodic table has already been well covered. References are listed at the end. 
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Section 1: Catalyst systems 

ROP catalysed by metal-based compounds 

1. Alkali-based catalysts 

Table 1.1 - Conditions for the ROP of ε-CL using alkali-based catalysts, and characteristics of the resulting PCL 

scCO2 = supercritical carbon dioxide 
[M] = concentration of monomer (ε-CL); [C/I] = concentration of catalyst/initiator 
Mn = number average molecular weight 
PDI = polydispersity index 

 

2. Alkaline earth-based catalysts 

Table 1.2 - Conditions for the ROP of ε-CL using alkaline earth-based catalysts, and characteristics of the resulting PCL 

Catalyst initiator [M]:[C]:[I] 
entry 

catalyst/initiator 
solvent 

[M]:[C/I] 

T 
(°C) 

reaction 
time 

conv. 
(%) 

yield 
(%) 

M 
(g/mol) 

PDI Ref

1 Mg

N N

NN N

N

 

toluene 500:1 20 15 min  84 34,000
(w)

 1.16 
5
 

2 Mg

N N

NN N

N

 

toluene 500:1 20 15 min  96 47,000
(w)

 1.27 
5
 

500:1 20 1 min  97 52,000
(w)

 1.41 
5
 

3 Mg

N N

NN N

N

Si

 

toluene 

5000:1 20 5 min  57 112,000
(w)

 1.43 
5
 

4 Mg

N N

NN N

N

 

toluene 500:1 20 10 min  86 38,000
(w)

 1.21 
5
 

5 Mg

N N

NN N

N

 

toluene 500:1 20 10 min  97 51,000
(w)

 1.33 
5
 

Entry Catalyst/Initiator solvent [M]:[C/I] 
T 

(°C) 
reaction 

time 
conv. 

(%) 
yield 
(%) 

Mn 
(g/mol) 

PDI Ref 

1 N

Li

 

dioxane 50:1 25 5 min 100  5,700  
1
 

2 Li

 
none 100:1 180 120 min  89 77,000  

2
 

none 250:1 20 10 min 93  12,100  
3
 

toluene 250:1 20 1 h 98  11,600  
3
 3 Na

 
benzene 250:1 20 1 h 96  10,700  

3
 

toluene 49:1 110 15 min  35 17,500 2.0 
4
 

4 
K O

 
scCO2 

(155 bar) 
49:1 108 15 min  7 6,000 2.0 

4
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Catalyst initiator [M]:[C]:[I] 
entry 

catalyst/initiator 
solvent 

[M]:[C/I] 

T 
(°C) 

reaction 
time 

conv. 
(%) 

yield 
(%) 

M 
(g/mol) 

PDI Ref

500:1 20 10 s  98 59,000
(w)

 1.45 
5
 

6 Mg

N N

NN N

N

Si

 

toluene 

5000:1 20 5 min  87 160,000
(w)

 1.42 
5
 

25:1:1 25 2 h > 99  3,500
(n)

 1.06 
6
 

200:1:1 25 2 h 97  5,600
(n)

 1.06 
6
 7 

O

O

Mg

O

O

Mg

O

O

O

O

 

OH

 

toluene 

12.5:0.06:1 25 1 h >99  1,400
(n)

 1.10 
6
 

50:1:1 40 12 h 92  5,450
(n)

 1.08 
6
 

50:1:1 70 2 h 99  3,000
(n)

 1.24 
6
 

100:1:1 70 4 h 90  11,400
(n)

 1.13 
6
 

100:0.5:1 70 5 h 95  9,500
(n)

 1.18 
6
 

8 
O

O

Mg

O

O

Mg

O

O

 

OH

 

toluene 

450:1:1 110 12 h 99  54,200
(n)

 1.35 
6
 

toluene 25:0.5:1 56 30 min 99  2,000
(n)

 1.11 
7
 

toluene 200:0.5:1 56 3 h 99  19,000
(n)

 1.19 
7
 

toluene 25:0.1:1 56 1 h 99  3,300
(n)

 1.06 
7
 

9 

O O

Mg

O

Mg

O

O O

Mg

OO

MgO O

 

OH

 

toluene 10:0.002:1 56 2 h 86  1,100
(n)

 1.12 
7
 

10 O

N

O

MgN

 

toluene 200:1 60 24 h 5.0    
8
 

11 Ca
O

O  
 none 100:1 120 10 min 100  21,000

(n)
 1.25 

9
 

toluene 100:1 ~18 1 min  100  22,800
(n)

 3.95 
10

 
12a none 

THF 100:1 ~18 8 min 100  11,800
(n)

 2.39 
10

 

12b 
OH  

THF 50:0.5:1 ~18 6 min 100  6,200
(n)

 1.24 
10

 

50:0.5:1 ~18 10 min 100  9,000
(n)

 1.29 
10

 
12c 

Ca

N

N

Si Si

SiSi

OO

 
OH  THF 

50:0.5:1 ~18 6 min 81  12,800
(n)

 1.15 
9
 

13 O2N

O

Ca NH2

 
toluene 10:1:1 70 12 h  87.2 2,400

(n)
 1.20 

11
 

14 H2N
Ca

O  xylene 650:1:1 70 3 h  92 103,000
(v)

  
12

 

15 
H2N

Ca
O  

xylene 650:1:1 70 3 h  90 90,000
(v)

  
12

 

16 

O

N

O

Ca N

O

N

O

CaN

 

toluene 200:1 60 12 h 40.1  26,000
(w)

 1.3 
8
 

89:1:1 41 2 h 100  30,300
(n)

 1.85 
13

 
17 

O
Sr

NH2  
 toluene 

439:1:1 41 6 h 100  87,400
(n) 

3.07 
13

 

44:0.5:1 40 6 h 100  45,200
(n) 

4.52 
13

 
18 

O
Sr

O  
 toluene 

78:0.5:1 40 6 h 99  59,900
(n)

 7.37 
13

 

THF = tetrahydrofuran 
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[M] = concentration of monomer (ε-CL); [C] = concentration of catalyst; [I] = concentration of initiator; [C/I] = concentration of catalyst/initiator 
M = molecular weight 
(n) = number average molecular weight, (v) = viscosimetric average molecular weight, (w) = weight average molecular weight 
PDI = polydispersity index 

3. Poor metals-based catalysts 

a. Aluminium-based catalysts 

Table 1.3 - Selected conditions for the ROP of ε-CL using aluminium-based catalysts, and characteristics of the resulting PCL 

catalyst initiator [M]:[C]:[I] 
entry 

(catalyst/initiator) 
solvent 

([M]:[C/I]) 

T 
(°C) 

reaction 
time 

conv. 
(%) 

yield 
(%) 

M 
(g/mol) 

PDI Ref. 

1 Al
OO

O

S

S

S OO

O

O

O

O

F

FF

F

F

F

F
F

F

 

OH OH

OH

 
none

(a)
 120:0.3:1 60 6 h  89 18,400 1.94 

14
 

2 Al
 

OH

 
DCM 50:0.3:1 RT 1 h 94  6,000 1.35 

15
 

3 *
Al

O
*

p

Al :

90:10  

toluene 25:1 60 20 h 89  2,900
(n)

  
16

 

4 Al
O NH

2

 

toluene  40  100    
17

 

toluene 43:1:3 40 23 h 100  3,800 1.45 
17

 
5 Al

 

NH
2  

THF 43:1:2 40 22 h 100  3,500 1.35 
17

 

6 Al

O
 

THF 55:1 20  > 99  5,300
 

1.08 
18

 

7 Al

O
 

THF 179:1 25  > 99  21,030
 

1.11 
18

 

8 Al

O
 

THF 71:1 25  > 99  6,420
 

1.10 
18

 

300:1 100 24 h  90 11,400  
19

 

45:1 15 180 min   5,100 3.1 
4
 none 

590:1 170    13,000
(n)

 2.1 
20

 

50:1 25 3 h 100  6,500  
1
 

235:1 25 0.25 h 100  9,000
(n)

 1.20 
21

 

45:1 110 180 min   2,600 2.4 
4
 

482:1 0   100 59,000
(n)

 1.1 
20

 

590:1 100   100 47,500
(n)

 1.35 
20

 

toluene 

500:1 RT 1 h 90  41,800
(n)

 1.66 
22

 

DCM 500:1 RT 18 h 80  49,790
(n)

 1.21 
22

 

51:1 110 15 min  82 7,650 2.3 
4
 

9a none 

scCO2 
(200 bar) 40:1 110 1 h  97 8,300 4.0 

23
 

9b 
OH

 
toluene 10:0.1:1 50  100   1.1 

24
 

THF 19.8:0.035:1 25    3,200
(n)

 1.18 
25

 

8.5:0.015:1 25    2,180
(n)

 1.16 
25

 

14050:38:1 25 48 h  97 12,300(n) 1.34 
20

 
9c 

OH

 toluene 

3500:9.5:1 25 48 h  97 6,200(n) 1.12 
20

 

9d 

Al

O

OO

 
A3:A4 = ?:? 

OH  THF 18.9:0.033:1 25    2,250
(n)

 1.16 
25
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catalyst initiator [M]:[C]:[I] 
entry 

(catalyst/initiator) 
solvent 

([M]:[C/I]) 

T 
(°C) 

reaction 
time 

conv. 
(%) 

yield 
(%) 

M 
(g/mol) 

PDI Ref. 

toluene 333:1 20 0.2 h 100  12,200
(n)

 1.10 
26

 
9e A3:A4 = 100:0 none 

THF 3000:1 25 1000 min   108,000
(n)

 1.03 
27

 

9f none THF 571:1 25 <10 min 86    
25

 

9g 
A3:A4 = 95:5 

HO OH  THF 10:0.0175:1 25 285 min 86    
25

 

9h A3:A4 = 90:10 none toluene 200:1 0 30 min   29,000
(n)

 1.1 
28

 

9i none THF 20:1 25 15 min 86    
25

 

10:0.0175:1 25 250 min 84  990
(n)

 1.13 
25

 
THF 

20:0.035:1 25 225 min 86    
25

 9j HO OH  

benzene 9:0.016:1 25 160 min 86    
25

 

9k 
HO

O
OH

19  
THF 20:0.035:1 25 35 min 86    

25
 

THF 20:0.035:1 25 600 min 86    
25

 
9l 

OH

 benzene 9:0.016:1 25 1000 min 81    
25

 

9m 

A3:A4 = 50:50 

OH  THF 20:0.035:1 25 785 min 80    
25

 

9n A3:A4 = 45:55 none toluene 200:1 0 30 min   28,000
(n)

 1.1 
28

 

9o 500:1 25 4000 min   280,000
(n)

  
27

 

68:1 25 2000 min   49,400
(n)

 1.45 
27

 none THF 

571:1 25 300 min 6    
25

 9p 
A3:A4 = 0:100 

HO OH  THF 10:0.0175:1 25 270 min 86    
25

 

10 SiO
2

O

Al O

O

 

OH

 
toluene 17:0.06:1 40 4 h 100  2,100  

29
 

11 Al
OO

O

Br

Br

Br  

toluene 167:1 0    9,500  
30

 

12 Al
OO

O

 

toluene 200:1 0    33,500  
30

 

13 
Al

OO

O N

N

N

 

toluene 173:1 0    11,200  
30

 

14 Al
O

Br

 

toluene 88:1 0    14,100  
30

 

15 Al
O

 

toluene 174:1 0    28,500  
30

 

16 
Al

O

N

 

toluene 87:1 0    11,750  
30

 

17a 
OH

 
DCM 300:0.3:1 RT 23 h 93  32,100 1.11 

15
 

17b 
O O

Al

 
OH  DCM 500:0.3:1 RT 42 h 92  62,600 1.14 

15
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catalyst initiator [M]:[C]:[I] 
entry 

(catalyst/initiator) 
solvent 

([M]:[C/I]) 

T 
(°C) 

reaction 
time 

conv. 
(%) 

yield 
(%) 

M 
(g/mol) 

PDI Ref. 

18 
Al

O O

 

OH

 
DCM 50:0.3:1 RT 5 h 95  6,300 1.27 

15
 

19 Al
O O

 

OH

 
DCM 50:0.3:1 RT 2 h 100  6,800 1.22 

15
 

20 O

OO

O Al

O O

 

OH THF 10:0.25:1 80  ≈100  1,290  
31

 

 DCM 50:1 25 3 h 100  6,600  
1
 

21 
Al

N N

OOCl

Cl

O

 

  10:1     3,100 1.40 
32

 

22 O

N

N

Al

N

N

O

Al

 

OH

 
toluene 500:0.5:1 25 72 h 100  42,030

(n)
 1.6 

33
 

23 O

N

N

Al

N

N

O

Al

 

OH

 
toluene 500:0.5:1 25 72 h 95  36,590

(n)
 1.5 

33
 

24 O

N

N

H

Al

N

N

H

O

Al

 

OH

 
toluene 500:0.5:1 25 12 h 99  49,500

(n)
 1.7 

33
 

25a none toluene 2000:1 25 24 h 46  44,640
(n)

 2.6 
33

 

none 500:0.25:1 80 20 min 71  15,900
(n)

 1.3 
33

 

500:0.25:1 25 24 h 98  60,750
(n)

 1.5 
33

 25b 

O

N

N

Al

Al

N

N

Al

O

Al

 

OH

 toluene 
500:0.25:1 80 20 min 91  15,400

(n)
 1.1 

33
 

26 
ON HN

Al

 

OH

 
toluene 500:1:1 25 11 h 50  26,690

(n)
 1.1 

33
 

27 
ON N

Al Al

 

OH

 
toluene 500:0.5:1 25 11 h 37  24,480

(n)
 1.2 

33
 

28 O

NN

O
Al

 
 toluene 50:1 50 20 h   2,700

(n)
  

34
 

29 O

NN

O
Al

 
 toluene 50:1 50      

34
 

30 
O

NN

O
Al

 

 toluene 50:1 50      
34
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catalyst initiator [M]:[C]:[I] 
entry 

(catalyst/initiator) 
solvent 

([M]:[C/I]) 

T 
(°C) 

reaction 
time 

conv. 
(%) 

yield 
(%) 

M 
(g/mol) 

PDI Ref. 

31 
O

NN

O
Al

 

 toluene 50:1 50      
34

 

32 O N
Al

 

OH toluene 250:1:1 60 60 min  84 43,500
(n)

 1.61 
35

 

33 
O N

Al

 

OH toluene 250:1:1 60 120 min  41 28,800
(n)

 1.39 
35

 

34 
O N

Al

 

OH toluene 250:1:1 60 120 min  7.7 9,700
(n)

 1.06 
35

 

250:1:1 60 30 min  99 56,000
(n)

 1.64 
35

 
35a OH toluene 

500:1:1 60 45 min  95 100,500
(n)

 1.86 
35

 

35b 

O N
Al

F

F

F

F

F

 

OH

 
toluene 250:1:1 60 30 min  99 72,600

(n)
 1.61 

35
 

200:1:1 70 4.5 min  95.6 23,600
(n)

 1.14 
36

 

36 
N N

Al

 

OH

 
toluene 

400:1:1 70 14 min  92.6 46,800
(n)

 1.56 
36

 

37 
N N

Al

 

OH

 
toluene 100:1:1 70 2.5 min  95.6 11,300

(n) 
1.21 

36
 

38 N N
Al

 

OH

 
toluene 100:1:1 70 3 min  93.6 11,800

(n)
 1.27 

36
 

39 N N
Al

 

OH

 
toluene 100:1:1 70 3.1 min  95.1 10,800

(n)
 1.25 

36
 

40 N N
Al

 

OH

 
toluene 100:1:1 70 4.0 min  93.2 11,500

(n) 
1.24 

36
 

41 N N
Al

 

OH

 
toluene 100:1:1 70 4.7 min  93.7 12,600

(n) 
1.28 

36
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catalyst initiator [M]:[C]:[I] 
entry 

(catalyst/initiator) 
solvent 

([M]:[C/I]) 

T 
(°C) 

reaction 
time 

conv. 
(%) 

yield 
(%) 

M 
(g/mol) 

PDI Ref. 

42 
O

N
O

N
Al

 

OH

 

toluene 100:1:1 25 24 h 31  8,900
(n)

 1.06 
37

 

43 
O

N
O

N
Al

 

OH

 

toluene 100:1:1 25 24 h 80  19,600
(n)

 1.27 
37

 

44 
O

N

R

R O

NR

R

Al

* R *=with

 

OH

 

toluene 100:1:1 25 24 h 97  26,600
(n)

 1.19 
37

 

45 
O

N

R

R

R O

NR

R

R

Al

* R =with *

 

OH

 

toluene 100:1:1 25 2 h 92  30,500
(n)

 1.16 
37

 

46 
O

N

R

R

R O

NR

R

R

Al

* R =with *

 

OH

 

toluene 100:1:1 25 1 h 86  26,100
(n)

 1.18 
37

 

47 
O

N

F

F

F O

NF

F

F

Al

 

OH

 

toluene 100:1:1 25 24 h 99  29,600
(n)

 1.22 
37

 

48 
O

N

Cl

O

N

Cl

Al

 

OH

 

toluene 100:1:1 25 24 h 31  6,700
(n)

 1.05 
37

 

49 
O

N

Cl

Cl O

NCl

Cl

Al

 

OH

 

toluene 100:1:1 25 24 h 94  25,800
(n)

 1.17 
37
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catalyst initiator [M]:[C]:[I] 
entry 

(catalyst/initiator) 
solvent 

([M]:[C/I]) 

T 
(°C) 

reaction 
time 

conv. 
(%) 

yield 
(%) 

M 
(g/mol) 

PDI Ref. 

50 
O

N

Cl

Cl

Cl O

NCl

Cl

Cl

Al

 

OH

 

toluene 100:1:1 25 24 h 98  27,400
(n)

 1.14 
37

 

51 
O

N

R

R

R O

NR

R

R

Al

* R =with *

 

OH

 

toluene 100:1:1 25 1 h 94  30,800
(n)

 1.16 
37

 

52 
O

N

R

R

R O

NR

R

R

Al

* R =with *

 

OH

 

toluene 100:1:1 25 10 min 95  29,200
(n)

 1.16 
37

 

100:1:1 25 10 min 96  29,800
(n)

 1.16 
37

 

300:1:1 25 60 min 98  77,100
(n)

 1.16 
37

 53 
O

N

R

R

R O

NR

R

R

Al

* R =with *

 

OH

 

toluene 

300:1:1 70 1 min 91  73,500
(n)

 1.19 
37

 

54 
O

R2

N

R1

R1

R1 O

R2

NR1

R1

R1

Al

* R1 =

with

*

* R2 = *

 

OH

 

toluene 100:1:1 25 10 min 94  29,700
(n)

 1.28 
37

 

55 
O

R2

N

R1

R1

R1 O

R2

NR1

R1

R1

Al

* R1 =

with

*

* R2 = *

 

OH

 

toluene 100:1:1 25 10 min 89  33,100
(n)

 1.26 
37

 

56 
O

R

R

N

R

R

R O

R

R

NR

R

R

Al

* R =with *

 

OH

 

toluene 100:1:1 25 10 min 47  18,100
(n)

 1.16 
37

 

57 
O

Br

Br

N

R

R

R O

Br

Br

NR

R

R

Al

* R =with *

 

OH

 

toluene 100:1:1 25 10 min 72  27,300
(n)

 1.14 
37

 

58a none DCM 200:1 RT 4 h 71  23,000 1.49 
38

 

DCM 200:1:9 RT 220 h 100  2,300 1.08 
38

 
58b 

O

N

N Al
N

N

O
Cl

 

OH  
none 200:1:4 RT 4 h 65  3,500 1.07 

38
 

59 
N

N Al
N

N

O

 

OH  none 200:1:9 50 13 days 97  2,000 1.12 
38
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catalyst initiator [M]:[C]:[I] 
entry 

(catalyst/initiator) 
solvent 

([M]:[C/I]) 

T 
(°C) 

reaction 
time 

conv. 
(%) 

yield 
(%) 

M 
(g/mol) 

PDI Ref. 

200:1:1 50 21 days 49  10,400 1.18 
38

 
60 

N

N Al
N

N

 

OH
OH

 none 

200:1:1 50 24 days 100  2,600 1.12 
38

 

61a none toluene 200:1 25 48 h  95 43,900 1.15 
39

 

61b 

O

O

Al O

O

O

AlO

 

OH

 

toluene 50:0.5:1 25 24 h  95 7,100 1.07 
39

 

62 

O

O

Al O

O

O

O

O

AlO

 

none toluene 50:1 25 16 h  69 7,900 1.04 
39

 

63 Al
S

O

O

S

 
 toluene 200:1 25 2 h 93 93 45,300 1.19 

40
 

64 Al
S

O

O

S

Cl

 

 toluene 200:1 25 2 h 100 99 58,300 1.41 
40

 

65 
S

Al

S
Al

 

 toluene 200:1 25 5 h 100 99 117,200 1.37 
40

 

66 
S

Al

S
Al

 

 toluene 60:1 25 20 h 100 96 26,100 1.21 
40

 

67a none toluene 400:1 53 5 h 96 94 41,500 1.16 
41

 

67b 

O

O
Al

O

O

O
Al

O

 

OH

 

toluene 200:0.5:1 53 3 h 99 93 27,900 1.04 
41

 

120:1 RT 1 h  99 14,157
(n)

 1.53 
42

 

68 
O

N

Al
O

O

F

F

F

F
F

F

F
F

F

F

F

F

F

F

F

B

F
F

F

F

F

 

DCM 

120:1 45 15 min  99 15,330
(n)

 1.38 
42

 

DCM 1000:1 RT 15 h 98  141,400
(n)

 1.23 
22

 

69 Al
O

N N

O

OF

F

F

F
F

F

F
F

F

F

F

F

 
toluene 500:1 RT 3 h 94  45,400

(n)
 1.58 

22
 

500:1 RT 48 h 84  46,300
(n)

 1.14 
22

 

70 
O

N

O
Al

NO

 

toluene 
100:1 25  99.7  21,800

(n)
 1.04 

43
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catalyst initiator [M]:[C]:[I] 
entry 

(catalyst/initiator) 
solvent 

([M]:[C/I]) 

T 
(°C) 

reaction 
time 

conv. 
(%) 

yield 
(%) 

M 
(g/mol) 

PDI Ref. 

71 O

N

O
Al

NO

OO  

toluene 100:1 25  Similar than above 
43

 

72 O

N

O
Al

NO

BrBr  

toluene 100:1 25  Similar than above 
43

 

(a) = reaction carried out under air 
THF = tetrahydrofuran, scCO2 = supercritical carbon dioxide, DCM = dichloromethane 
[M] = concentration of monomer (ε-CL); [C] = concentration of catalyst; [I] = concentration of initiator; [C/I] = concentration of catalyst/initiator 
RT = Room Temperature 
M = number average molecular weight 
(n) = number average molecular weight 
PDI = polydispersity index 

b. Tin-based catalysts 

Table 1.4 – Selected conditions for the ROP of ε-CL using tin-based catalysts, and characteristics of the resulting PCL 

catalyst Initiator [M]:[C]:[I] 
entry 

(catalyst/initiator) 
solvent 

([M]:[C/I]) 

T 
(°C) 

reaction 
time 

conv. 
(%) 

yield 
(%) 

M 
(g/mol) 

PDI Ref 

667:1 110    92,000
(n)

 1.77 
44

 
none 

286:1 130 93 min 98.6  25,300
(n)

 1.57 
45

 1a None 

THF 40:1 80    283,000
(n)

 1.40 
46, 47

dioxane 50:1:1 110 42 h 40  2,400
(n)

  
1
 

1b OH
NH

2

 toluene 50:1:1 110 21 h 100  5,700
(n)

  
1
 

20:0.0025:1 110 48 h  96 7,020
(n)

 1.45 
48

 
1c 

O

N

OH  

none 
30:0.025:1 110 48 h   9,890

(n)
 1.30 

48
 

1d 
OH

 
none 20:2.5:1 110 5 days  100 1,800

(n)
 1.17 

49
 

1e 

O

OH 

none 20:400:1 110 48 h  100 2,600
(n)

 1.08 
50

 

1f 

O

OH  
none 20:400:1 110 96 h  100 3,300

(n)
 1.57 

50
 

1g 
O

OH

O

OH

 

none 40:200:1 110 90 h  100 4,400
(n)

 1.56 
50

 

none 103:0.5:1 80 3 h 79.1  61,000
(n)

 1.28 
51

 

6:7:1 80    800
(n)

 1.78 
52

 

5:10:1 80 6 h 99    
53

 

167:4:1 80    17,700
(n)

 1.43 
46, 47THF 

103:0.5:1 80 50 h 89.9  70,000
(n)

 1.30 
51

 

toluene 103:0.5:1 80 46 h 94.9  73,000
(n)

 1.28 
51

 

1h OH  

scCO2 
(240 bar) 

103:0.5:1 80 50 h 93.8  68,000
(n)

 1.15 
51

 

1i OH
2  THF 33:33:1 80    6,000

(n)
  

52
 

71:1.5:1 80 24 h  73 8,360
(n)

  
54

 

1j 
N

N

N

O

NO OH

H

H H  

THF:CHCl3 
(1:1 v/v) 48:1.5:1 80 24 h  79 19,700

(n)
  

54
 

15:2:1 80 24 h  95 2,050
(n)

 1.34 
54

 

69:2:1 80 24 h  92 10,600
(n)

 1.56 
54

 1k 
N

N

N

O

NO OH

H

H H  

toluene 

179:2:1 80 24 h  94 19,100
(n)

 1.35 
54

 

50:2.5:1 80 24 h  52 5,190
(n)

 1.17 
54

 
1l 

Sn

O

O

O

O

 

OH
 THF 

100:2.5:1 80 24 h  67 8,650
(n)

 1.36 
54
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catalyst Initiator [M]:[C]:[I] 
entry 

(catalyst/initiator) 
solvent 

([M]:[C/I]) 

T 
(°C) 

reaction 
time 

conv. 
(%) 

yield 
(%) 

M 
(g/mol) 

PDI Ref 

1m OH  none 30:0.01:1 110 24 h  84 3,500 1.18 
55

 

1n NH
2  THF 100:15:1 80      

56
 

1o N
N

N

NH
2

NH
2

N

NH
2

NH
2N

NH
2

NH
2

N

NH
2

NH
2

 

THF 858:0.9:1 80    79,000
(n)

 1.04 
56

 

1p NN

N N

N NH
2

NH
2

N NH
2

NH
2

N

N

NH
2

NH
2

N

NH
2

NH
2

N
N

N
NH

2

NH
2

N NH
2

NH
2

N

N

NH
2

NH
2

N

NH
2NH

2

N
N

NNH
2

NH
2

NNH
2

NH
2

N

N

NH
2

NH
2

N

NH
2 NH

2

N
N

NNH
2

NH
2

NNH
2

NH
2

N

N

NH
2

NH
2

N

NH
2

NH
2

 

THF 2607:2.6:1 80    287,500
(n)

 1.05 
56

 

1q Ca5(PO4)3(OH) none 339:1.2:1 130 69 min   22,300
(n)

 1.41 
45

 

2 Sn
O

 
none 100:1 100 24 h  92 10,273

(n)
  

19
 

 200:1 100 24 h  92 11,414
(n)

  
19

 

 
none 

360:1 40 20 min 100  21,000
(n)

 1.80 
57

 

 toluene 362:1 40 3 h 100  21,000
(n)

 1.60 
57

 

 CFC-113 362:1 40 1 h 58.8  10,700
(n)

 2.15 
57

 

(200 bar) 131:1 60 60 min  95 14,300
(n)

 1.6 
58

 

3 Sn
O

O

 

scCO2 
(210-215 bar) 364:1 40 9.75 h 92.0  18,500

(n)
 1.85 

57
 

4 Sn
O

O

O

O

 

OH  none 30:0.01:1 110 24 h  83 3,100 1.12 
55

 

5 
Sn

O

 

toluene 120:1 75 24 h 86.2  19,753
(n)

 1.4 
59

 

30:0.01:1 20 48 h  100 3,420 1.06 
55, 60

150:0.01:1 65 2 h  90 11,400 1.4 
60

 none 

30:0.01:1 110 3 h  95 3,800 1.3 
55

 

30:0.01:1 20 14 h  90 3,300 1.05 
60

 

6a OH  

toluene 
150:0.01:1 65 4 h  85 11,400 1.41 

60
 

30:0.01:1 40 18 h  98 3,100 1.08 
55

 
6b 

OH

 
none 

30:0.01:1 65 6 h  82 2,700 1.10 
55

 

30:0.01:1 40 18 h  100 4,000 1.12 
55

 
6c 

Sn OOS S

O

O

O

O

F

F

F

F

F

F  

OH

 
none 

30:0.01:1 65 6 h  70 2,900 1.13 
55

 

THF = tetrahydrofuran, scCO2 = supercritical carbon dioxide, CFC-113 = 1,1,2-trichloro-1,2,2-trifluoroethane 
[M] = concentration of monomer (ε-CL); [C] = concentration of catalyst; [I] = concentration of initiator; [C/I] = concentration of catalyst 
M = molecular weight 
(n) = number average molecular weight 
PDI = polydispersity index 
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4. Transition metal-based catalysts 

Table 1.5 – Chosen conditions for the ROP of ε-CL using transition metal-based catalysts, and characteristics of the resulting PCL 

catalyst initiator [M]:[C]:[I] 
entry 

(catalyst/initiator) 
solvent 

([M]:[C/I]) 

T 
(°C) 

reactio
n time 

conv. 
(%) 

yield 
(%) 

M 
(g/mol) 

PDI Ref 

400:1 100 24 h  93 10,843
(n)

  
19

 
none 

4400:1 180 15 min 90  90,000
(n)

  
61

 1 Ti
O

O

O

O

 toluene 100:1 100 6 h low conversion 
62

 

2 
Ti

OO

NN

OO

 

toluene 100:1 RT 24 h  > 99 8,500
(n)

 2.60 
63

 

3 

N

O O

Ti

O O

 

toluene 100:1 20 24 h  > 99 6,700
(n)

 1.24 
64

 

4 
N

O O

Ti

O O

 

toluene 100:1 20 24 h  > 99 7,100
(n)

 1.11 
64

 

5 
N

O O

Ti

O O

 

toluene 100:1 20 24 h  > 99 6,000
(n)

 1.08 
64
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catalyst initiator [M]:[C]:[I] 
entry 

(catalyst/initiator) 
solvent 

([M]:[C/I]) 

T 
(°C) 

reactio
n time 

conv. 
(%) 

yield 
(%) 

M 
(g/mol) 

PDI Ref 

6 
O

TiO
O

O

O

O
Ti O

O

O

O

 

toluene 100:1 20 24 h  79 2,100
(n)

 1.19 
65

 

7 

Ti
O

O

O

O

Ti
O

O

O

O

OH

O
H

O H

O
H

 

toluene 100:1 20 24 h  25 1,300
(n)

 1.22 
65

 

8 
O

TiO
O

O

O

O
Ti O

O

O

O

 

toluene 100:1 20 24 h  61 2,600
(n)

 1.20 
65

 

9 
O

TiO
O

O

O

O
Ti O

O

O

O

 

toluene 100:1 20 24 h  5 1,200
(n)

 1.13 
65
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catalyst initiator [M]:[C]:[I] 
entry 

(catalyst/initiator) 
solvent 

([M]:[C/I]) 

T 
(°C) 

reactio
n time 

conv. 
(%) 

yield 
(%) 

M 
(g/mol) 

PDI Ref 

10 

O
Ti O

O

O

O

O
TiO

O

O

O

 

toluene 100:1 20 24 h  71 3,500
(n)

 1.27 
65

 

11 
O

TiO
O

O

O
O

O
Ti O

O

O

O
O

 

toluene 100:1 20 24 h  4 1,300
(n)

 1.24 
65

 

12 
O

Ti O
O

O

O

O
2
N

NO
2

O
TiO

O

O

O

 

toluene 100:1 20 24 h  29 1,500
(n)

 1.18 
65

 

13 
O

TiO
O

O

O

O
Ti O

O

O

O

 

toluene 100:1 20 24 h  45 2,050
(n)

 1.17 
65

 

14 

OO

OO

Ti

 

DCM 100:1 25 5 h 100  6,500
(n)

 1.15 
66
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catalyst initiator [M]:[C]:[I] 
entry 

(catalyst/initiator) 
solvent 

([M]:[C/I]) 

T 
(°C) 

reactio
n time 

conv. 
(%) 

yield 
(%) 

M 
(g/mol) 

PDI Ref 

15 
OO

OO

Ti

 

DCM 100:1 25 75 h 100  5,600
(n)

 1.10 
66

 

16 TiS

O

O

N

N

 

toluene 200:1 100 32 h  90.3 18,800
(n)

 1.31 
67

 

17 Ti

O

O

N

N

 

toluene 200:1 100 8 h  91.0 56,200
(n)

 1.60 
67

 

none 6000:1 60 8 days  69 538,000
(w)

  
68

 

18 B

F

FF

F

FF

F

F
F

F

F

F

F
F

F

B

F

F F

F

FF

F

F
F

F

F

F

F
F

F

Ti
+

O

Ti
+

 

toluene 2500:1 60 10 days  96 265,000
(w)

  
68

 

19 
B

F

FF

F

FF
F

F

F
F

F
F

F

F
F

B

F

F F

F

FF
F

F

F
F

F
F

F

F
F

Ti
+

O
Ti

+

 

none 1000:1 60 8 days  97 216,000
(w)

  
68

 

20 
Ti

O

N

O

N

O O

O

O

Na

 

toluene 200:1 60 2 h 97.4  32,500
(w)

 2.5 
8
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catalyst initiator [M]:[C]:[I] 
entry 

(catalyst/initiator) 
solvent 

([M]:[C/I]) 

T 
(°C) 

reactio
n time 

conv. 
(%) 

yield 
(%) 

M 
(g/mol) 

PDI Ref 

none 100:1 100 6 h  93 62,200
(n)

 2.07 
62

 

toluene 100:1 100 6 h  100 72,300
(n)

 2.28 
62

 21 
Cl

O

S

O

Ti

Cl
Cl

O

S

O

Ti

Cl

 anisole 200:1 100 5 h  91 28,200
(n)

 1.17 
62

 

none 100:1 100 12 h  55 45,100
(n)

 1.65 
62

 

toluene 100:1 100 6 h  88 26,000
(n)

 1.20 
62

 

anisole 200:1 100 8 h  93 12,500
(n)

 1.08 
62

 
22 

Cl

O

Te

O

Ti

Cl
Cl

O

Te

O

Ti

Cl

 dioxane 200:1 100 8 h  92 20,200
(n)

 1.08 
62

 

23 Ti

O

O

O

Cl

 

toluene 175:1 70 24 h 77  15,800
(n)

 1.06 
69

 

24 

N

O

O
TiO

O

 

toluene 200:1 70 24 h 89  17,600
(n)

 1.10 
69

 

methanol
(O)

 133:1 60 24 h 99 99   
70

 

25 VO O S O

O

O

O

H

H O
H

H

O

H

H
O H

H

O

H

H

 

THF:H2O 
(O)

 
(7:3 v/v) 

 60 24 h 99 98   
70

 

26 Fe

O

OO

Fe

O

O O

 

toluene 450:1 25 16 h 100  36,400
(n)

 1.20 
71

 

27 

N

N
Si

Si

Fe
N

N
Si

Si
O

 

toluene 400:1 25 16 h 100  27,000
(n)

 1.98 
71

 

28 Cu
O

O

S
S

O

O
O

O
F

F

F

F

F

F  
OH OH

OH

none
(a)

 150:0.3:1 60 24 h  86 16,400
(n)

 1.97 
14

 

29 ZnO [bmim][BF4] 143:1 255 
(MW)

   9 2,260
(w)

 1.3 
72
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catalyst initiator [M]:[C]:[I] 
entry 

(catalyst/initiator) 
solvent 

([M]:[C/I]) 

T 
(°C) 

reactio
n time 

conv. 
(%) 

yield 
(%) 

M 
(g/mol) 

PDI Ref 

143:1 305 
(MW)

   62 11,060
(w)

 2.5 
72

 

30 Zn
OO

 none 200:1 100 24 h  93 10,843 
(n)

  
19

 

31 Zn
O  toluene  25  no reported results 

73
 

32 O
Zn

O  toluene  25    3,100
(n)

 1.05 
73

 

45:1 25  88  4,500
(n)

 1.09 
73

 
33 Zn

O
Br

 toluene 
90:1 25    11,400

(n)
  

73
 

53:1 25  100  3,200
(n)

 1.1 
73

 
34 Br

O
Zn

O
Br

 toluene 
260:1 25    15,500

(n)
  

73
 

35a none THF 100:1 80  ≈100  440,000
(n)

 1.04 
31

 

none 30:1:1 100  ≈100  3,350
(n)

 1.98 
74

 
35b 

Zn
OO

OO  
OH

THF 200:5:1 80  ≈100  25,000
(n)

  
31

 

36 

F

F

F

F
F

F

F
F

F

F

F

F

F

F

F

B

F
F

F

F

F

Zn
O O

O

 

toluene 1000:1 22 
120 
min 

 93.5   
75

 

37 

F

F

F

F
F

F

F
F

F

F

F

F

F

F

F

B

F
F

F

F

F

Zn

N

O O
O

SiSi

 

none 6000:1 50 20 min  14.5 55,000
(w)

 2.3 
75

 

38a none none 400:1 100 24 h  92 11,756 
(n)

  
19

 

38b 
Zr

O

O

O

O
 

OH
toluene 10:0.1:1 50  100    

24
 

39 

O

O O

O

O

OO

O

Zr

 

benzene 50:1 80 10 h 95  6,600 1.5 
76
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catalyst initiator [M]:[C]:[I] 
entry 

(catalyst/initiator) 
solvent 

([M]:[C/I]) 

T 
(°C) 

reactio
n time 

conv. 
(%) 

yield 
(%) 

M 
(g/mol) 

PDI Ref 

40 
Zr

OO

NN

OO

 

toluene 100:1 RT 24 h  > 99 6,000
(n)

 2.60 
63

 

41 
Zr

OO

NN

OO

 

toluene 100:1 RT 24 h  10 1,000
(n)

 1.59 
63

 

42 Zr

N

OO

N

OO

 

toluene 100:1 RT 24 h  > 99 7,500
(n)

 1.27 
63

 

43 N
Zr

N

N

N

N

N

 

toluene 100:1 25   96 18,457
(n)

 2.63 
77

 

44 Zr
N

N

N

N

O

O

 

toluene 100:1 50   76 21,219
(n)

 1.55 
77

 

45 
O

Zr
N

N

N

N

O

 

toluene 100:1 50   93 14,764
(n)

 1.38 
77

 

methanol
(O)

 133:1 60 12 h 99 98 4,900
(w)

 ≤ 1.7 
70

 

methanol 133:1 60 24 h 30 26   
70

 

methanol
(a)

 133:1 60 12 h 99 98   
70

 

THF
(O)

 133:1 60 1 h 99 99   
70

 

46 aqueous H5[PMo10V2O40]  

ethanol:H2O 
(O)

 
(v/v 9:1) 

133:1 60 24 h 90 86   
70
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catalyst initiator [M]:[C]:[I] 
entry 

(catalyst/initiator) 
solvent 

([M]:[C/I]) 

T 
(°C) 

reactio
n time 

conv. 
(%) 

yield 
(%) 

M 
(g/mol) 

PDI Ref 

acetonitrile
(O)

 133:1 60 24 h 90 87   
70

 

toluene 133:1 60 24 h 99 96   
70

 

47 aqueous H3[PMo12O40] methanol
(O)

 161:1 60 24 h 99 79   
70

 

48 aqueous H6[PMo9V3O40] methanol
(O)

 133:1 60 12 h 99 98   
70

 

49 
O

O

Mo

O

O

O

O

 

methanol
(O)

 13:1 60 24 h 99 96   
70

 

50 
Ag

O S

O

O

F

F

F

 
OH OH

OH

none 150:0.3:1 60 240 h  46 6,700
(n)

 1.89 
14

 

51 aqueous H3[PW12O40] methanol
(O)

 161:1 60 24 h 98 98   
70

 

52 N
Hf

N

N

N

N

N

 

toluene 100:1 25   99 52,962
(n)

 1.45 
77

 

53 Hf
N

N

N

N

O

O

 

toluene 100:1 50   75 17,727
(n)

 1.38 
77

 

54 
O

Hf
N

N

N

N

O

 

toluene 100:1 50   94 10,907
(n)

 1.23 
77

 

(O) = reaction performed under dioxygen atmosphere, (a) = reaction carried out  under air 
DCM = dichloromethane, THF = tetrahydrofuran 
[M] = concentration of monomer (ε-CL); [C] = concentration of catalyst; [I] = concentration of initiator 
RT = Room Temperature 
(MW) = microwave heating 
M = molecular weight 
(n) = number average molecular weight, (w) = weight average molecular weight 
PDI = polydispersity index 
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5. Rare earth metal-based catalysts 

Table 1.6 – Chosen conditions for the ROP of ε-CL using rare earth metal-based catalysts, and characteristics of the resulting PCL 

catalyst initiator [M]:[C]:[I] 
Entry 

(catalyst/initiator) 
Solvent 

([M]:[C/I]) 

T 
(°C) 

reaction 
time 

conv. 
(%) 

yield 
(%) 

M 
(g/mol) 

PDI Ref. 

Toluene 50:1 25 4 h  > 99 6,900
(n)

 1.13 
78

 

[BMIM][PF6] 50:1 25 42 h  80 2,500
(n)

 1.44 
79

 1a none 

[BMIM][SbF6] 50:1 25 30 h  87 900
(n)

 1.31 
79

 

1b OH OH

OH

 
none

(a)
 150:0.3:1 60 6 h  66 11,400

(n)
 1.66 

14
 

1c H2O Toluene 50:0.05:1 25 120 h  > 99 7,700
(n)

 1.10 
78, 79

 

50:0.05:1 25 120 h  > 99 7,500
(n)

 1.12 
78

 
1d 

OH

 
Toluene 

50:1:1 25 2.3 h  > 99 3,500
(n)

 1.13 
78, 79

 

30:0.01:1 40 24 h 81  3,000 1.08 
55

 
None 

30:0.01:1 110 3 h 89  5,200 1.12 
55

 1e OH  

Toluene 40:0.4:1 35 21 h 98  6,100
(n)

 1.16 
80

 

30:0.01:1 40 24 h 85  3,300 1.08 
55

 
1f 

OH

 
None 

30:0.01:1 65 8 h 64  1,900 1.33 
55

 

30:0.01:1 40 24 h 83  2,900 1.07 
55

 
1g 

OH

 
None 

30:0.01:1 65 8 h 64  2,300 1.32 
55

 

1h 
NH

2

 
Toluene 50:1:1 25 5 days   800

(n)
 1.18 

79
 

1i 
N

H

 

Toluene 50:1:1 25 21 h   1,500
(n)

 1.18 
79

 

1j 

Sc
OO

O

S

S

S OO

O

O

O

O

F

FF

F

F

F

F
F

F

 

OH

OH

 
Toluene 100:2:1 25 3.5 h   

11,600
(n)

 + 
3,800

(n)
 

 
79

 

2a OH  Toluene 40:0.4:1 35 72 h 86  6,200
(n)

 1.12 
80

 

2b 
n

 

OH

 
Toluene 40:0.4:1 50 30 h 89  4,700

(n)
 1.13 

80
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catalyst initiator [M]:[C]:[I] 
Entry 

(catalyst/initiator) 
Solvent 

([M]:[C/I]) 

T 
(°C) 

reaction 
time 

conv. 
(%) 

yield 
(%) 

M 
(g/mol) 

PDI Ref. 

2c 
OH

 
Toluene 40:0.4:1 50 18 h 91  4,100

(n)
 1.11 

80
 

2d H2O Toluene 40:0.4:1 50 8 h 81  2,800
(n)

 1.26 
80

 

3a OH OH

OH

 
none

(a)
 150:0.03:1 60 48 h  54 13,300

(n)
 1.45 

14
 

3b 
OH

 
Toluene 50:1:1 25 120 h  100 1,700

(n)
 1.29 

79
 

[BMIM][BF4] 50:1 25 7 days  29 500
(n)

 1.15 
79

 

[BMIM][PF6] 50:1 25 53 h  83 2,800
(n)

 1.42 
79

 3c 

Y
OO

O

S

S

S OO

O

O

O

O

F

FF

F

F

F

F
F

F

 none 

[BMIM][SbF6] 50:1 25 48 h  99 1,800
(n)

 1.24 
79

 

None 47:1 110 15 min   5,180
(n)

 8.0 
4
 

500:1 5 30 min 
 

97 45,900
(n)

  
81

 
Toluene 

146:1 110 15 min   7,800
(n)

 1.8 
4
 

(150 bar) 58:1 106 15 min 
 

95 15,400
(n)

 1.8 
4
 

4a none 

scCO2 
(200 bar) 40:1 110 1 h 

 
76 6,000

(n)
 1.4 

23
 

4b 

Y
OO

O

 

OH

 
Toluene 13:0.1:1 50 5 min 

 
 1,950

(n)
 1.55 

24
 

5 Y
OO

O

Al

O

O O

Al

O

O O

Al

O

O O

 

Toluene 1250:1 10 50 min  97 13,300
(n)

  
81

 

6 Y
OO

O

Sn
O

O

Sn

O

O

Sn

O

O

 

Toluene 1000:1 40 5 min  97 12,600
(n)

  
81
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catalyst initiator [M]:[C]:[I] 
Entry 

(catalyst/initiator) 
Solvent 

([M]:[C/I]) 

T 
(°C) 

reaction 
time 

conv. 
(%) 

yield 
(%) 

M 
(g/mol) 

PDI Ref. 

7 Y

O

O
O

Sn

O

O
Y O

O

O

 

Toluene 1000:1 10 5 min  97 54,000
(n)

  
81

 

22:0.1:1
(b)

 20 2.4 h 100  1,900
(n)

 1.3 
29

 

20:0.07:1
(b)

 40 2.5 h 100  1,300
(n)

 1.5 
29

 Toluene 

22:0.1:1
(c)

 40 9 min 100  1,900
(n)

 1.1 
29

 
8 SiO

2

O

Y O

O

 

OH

 

THF 22:0.1:1
(c)

 40 60 min 100  2,000
(n)

 1.1 
29

 

250:1 60 30  81 88,000
(n)

  
2
 

9 
Y

 

None 

250:1 100 30  91 89,000
(n)

  
2
 

10 Y

O

Y

O

 

Toluene 500:1 0 10 h 95  92,000
(n)

 1.10 
82

 

11 Y

O

O

 

Toluene 500:1 0 10 h 90  89,000
(n)

 1.12 
82

 

12a none Toluene 13:1 25    8,000
(n)

 3.1 
83

 

12b 
OH

 
Toluene 175:10:1 40 3 min 100  22,000

(n)
 1.1 

83
 

12c OH  Toluene 44:8:1 20 3.5 min 99  4,800
(n)

 1.2 
83

 

12d OH  Toluene 22:7:1 20 1.5 min 100  2,500
(n)

 1.2 
83

 

12e 

OH

 

Toluene 43:10:1 20 3 min 100  4,500
(n)

 1.3 
83

 

12f 
OH

S

 
Toluene 26:7:1 20 3.5 min 100  3,400

(n)
 1.15 

83
 

12g 

Y

NN

N

Si

Si Si

Si Si

Si

 

OH
N

 
Toluene 26:8:1 20 3.5 min 100  3,600

(n)
 1.15 

83
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catalyst initiator [M]:[C]:[I] 
Entry 

(catalyst/initiator) 
Solvent 

([M]:[C/I]) 

T 
(°C) 

reaction 
time 

conv. 
(%) 

yield 
(%) 

M 
(g/mol) 

PDI Ref. 

13 Y

OO

O

 

OH

 
DCM 50:0.3:1 22 5 min 100  6,000

(n)
 1.14 

84
 

14a OH OH

OH

 
none

(a)
 150:0.3:1 60 240 h   300

(n)
 2.90 

14
 

14b 
OH

 
Toluene 50:1:1 25 3 h  100 2,900

(n)
 1.16 

79
 

[BMIM][BF4] 50:1 25 2 days  29 300
(n)

 1.16 
79

 

[BMIM][PF6] 50:1 25 46 h  100 3,700
(n)

 1.53 
79

 14c 

La
OO

O

S

S

S OO

O

O

O

O

F

FF

F

F

F

F
F

F

 none 

[BMIM][SbF6] 50:1 25 42 h  100 1,800
(n)

 1.21 
79

 

None 32:1 110 15 min   7,300
(n)

 6.2 
4
 

Toluene 140:1 110 7 min  80 16,500
(n)

 1.5 
4
 

(150 bar) 140:1 110 15 min  25 5,050
(n)

 1.4 
4
 

15 La
OO

O

 
scCO2 

(200 bar) 40:1 110 1 h  46 3,100
(n) 

1.2 
23

 

2000:1 0 2 h 60  14,400
(v)

  
85

 

2000:1 30 2 h 75  38,900
(v)

  
85

 

2000:1 50 2 h 91  44,300
(v)

  
85

 

2000:1 60 2 h 94  45,700
(v)

  
85

 

16 

La
O

N

N

O

N

N

ONN

 

Toluene 

2000:1 80 2 h 100  48,300
(v)

  
85

 

17a 
OH

 
Toluene 50:1:1 25 8.5 h  100 1,800

(n)
 1.21 

79
 

[BMIM][BF4] 50:1 25 6 days  32 600
(n)

 1.20 
79

 

[BMIM][PF6] 50:1 25 47 h  100 3,500
(n)

 1.56 
79

 17b 

Ce

O
O

O
O

S
S

S OO

OO
O

O

F

FF

F

FF

F

F

F

S

O

O

F

F

F

 

none 

[BMIM][SbF6] 50:1 25 29 h  100 1,700
(n)

 1.22 
79

 

18a 
OH

 
Toluene 50:1:1 25 120 h  70 900

(n)
 1.19 

79
 

18b 
Nd

OO
S

S OO
O

O

F

FF

F

none [BMIM][BF4] 50:1 25 6 days  30 300
(n)

 1.20 
79

 

Supplementary Material (ESI) for Chemical Society Reviews
This journal is (c) The Royal Society of Chemistry 2009



catalyst initiator [M]:[C]:[I] 
Entry 

(catalyst/initiator) 
Solvent 

([M]:[C/I]) 

T 
(°C) 

reaction 
time 

conv. 
(%) 

yield 
(%) 

M 
(g/mol) 

PDI Ref. 

[BMIM][PF6] 50:1 25 35 h  100 2,700
(n)

 1.41 
79

 

[BMIM][SbF6] 50:1 25 43 h  100 1,700
(n)

 1.27 
79

 

19 
Nd

 

None 500:1 80 30 min  96 14,600  
2
 

20 Nd
OO

O

 

OH

 
Toluene 13:0.1:1 50 10 min 100  1,550

(n)
 1.1 

24
 

21 Sm
OO

O

S

S

S OO

O

O

O

O

F

FF

F

F

F

F
F

F

 

OH OH

OH

 
none

(a)
 50:0.3 60 240 h   300

(n)
 3.50 

14
 

None 1000:1 170 5 min  87 17,800
(n)

  
2
 

Toluene 125:1 70 2 h  65 68,000
(n)

  
2
 

22 
Sm

 
Benzene 125:1 70 2 h  70 53,000

(n)
  

2
 

23 Sm
OO

O

 

OH

 
Toluene 13:0.1:1 50 5 min 100  1,100

(n)
 1.9 

24
 

24 Sm

NN

N

Si

Si Si

Si Si

Si

 

Toluene 150:1 20 < 1 min  98 27,200
(n)

 2.38 
86

 

150:1 20 20 min  98 11,000
(n)

 1.91 
86

 

25 Sm

Cl

N

N

Si

Si

SiSi

O

Sm

Cl

N

N

Si

Si

Si Si

O

 

Toluene 

300:1 20   98 13,300
(n)

 1.57 
86
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catalyst initiator [M]:[C]:[I] 
Entry 

(catalyst/initiator) 
Solvent 

([M]:[C/I]) 

T 
(°C) 

reaction 
time 

conv. 
(%) 

yield 
(%) 

M 
(g/mol) 

PDI Ref. 

75:1 20   97 16,600 1.65 
86

 

150:1 20 10 min  98 17,500 1.65 
86

 26 Sm

Br

N

N

Si

Si

SiSi

O

Sm

Br

N

N

Si

Si

Si Si

O

 

Toluene 

150:1 -10   98 31,000 1.98 
86

 

500:1 RT 2 min 100  153,000
(n)

 1.43 
87

 

27 
O

O Sm

O

O

O

 

Toluene 

2000:1 RT 5 min 100  626,000
(n)

 1.56 
87

 

28 Sm

O

O

Sm

 

Toluene 500:1 RT 2 min 99  123,000
(n)

 1.40 
87

 

29 Sm

O

 

Toluene 500:1 25 5 h 95  83,400
(n)

 1.06 
82

 

30 Sm

H

H

Sm

 

Toluene 500:1 20 5 h 65  142,200
(n)

 1.05 
82
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catalyst initiator [M]:[C]:[I] 
Entry 

(catalyst/initiator) 
Solvent 

([M]:[C/I]) 

T 
(°C) 

reaction 
time 

conv. 
(%) 

yield 
(%) 

M 
(g/mol) 

PDI Ref. 

31 
O

O

Sm

 

Toluene 500:1 0 10 h 92  108,000
(n)

 1.09 
82

 

32 

N

OO

Sm

O

N

O O

O

 

THF 275:1 RT 2 min 71  91,575
(n)

 2.7 
88

 

33 

N

OO
Sm

N

N

O O

N

 

THF 275:1 RT 2 min 71  51,750
(n)

 3.3 
88

 

34 

N

O O

Sm

N

N
SiSi

 

THF 275:1 RT 2 min 67  30,060
(n)

 2.0 
88

 

35a 
OH

 
Toluene 50:1:1 25 114 h  100 1,700

(n)
 1.22 

79
 

[BMIM][PF6] 50:1 25 49 h  100 2,400
(n)

 1.45 
79

 

35b 

Eu
OO

O

S

S

S OO

O

O

O

O

F

FF

F

F

F

F
F

F

 

none 
[BMIM][SbF6] 50:1 25 48 h  44 1,500

(n)
 1.13 

79
 

36a 
OH

 
Toluene 50:1:1 25 120 h  74 1,600

(n)
 1.17 

79
 

[BMIM][BF4] 50:1 25 5 days  30 600
(n)

 1.21 
79

 

[BMIM][PF6] 50:1 25 48 h  100 3,400
(n)

 1.50 
79

 36b 

Gd
OO

O

S

S

S OO

O

O

O

O

F

FF

F

F

F

F
F

F

 

none 

[BMIM][SbF6] 50:1 25 29 h  100 2,500
(n)

 1.25 
79
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catalyst initiator [M]:[C]:[I] 
Entry 

(catalyst/initiator) 
Solvent 

([M]:[C/I]) 

T 
(°C) 

reaction 
time 

conv. 
(%) 

yield 
(%) 

M 
(g/mol) 

PDI Ref. 

37a 
OH

 
Toluene 50:1:1 25 30 h  100 1,700

(n)
 1.23 

79
 

[BMIM][BF4] 50:1 25 4 days  27 500
(n)

 1.21 
79

 

[BMIM][PF6] 50:1 25 48 h  43 1,600
(n)

 1.53 
79

 37b 

Yb
OO

O

S

S

S OO

O

O

O

O

F

FF

F

F

F

F
F

F

 

none 

[BMIM][SbF6] 50:1 25 48 h  82 1,400
(n)

 1.21 
79

 

38 Yb Yb

 

Toluene 500:1 20 5 h 25  56,600
(n)

 1.19 
82

 

39a 
OH

 
Toluene 50:1:1 25 91 h  99 2,200

(n)
 1.30 

79
 

[BMIM][BF4] 50:1 25 3 days  26 500
(n)

 1.17 
79

 

[BMIM][PF6] 50:1 25 47 h  100 4,400
(n)

 1.49 
79

 39b 

Lu
OO

O

S

S

S OO

O

O

O

O

F

FF

F

F

F

F
F

F

 

none 

[BMIM][SbF6] 50:1 25 48 h  80 1,100
(n)

 1.18 
79

 
(a) = reaction carried out under air 
BMIM = 1-butyl-3-methylimidazolium, THF = tetrahydrofuran, DCM = dichloromethane, scCO2 = supercritical carbon dioxide 
[M] = concentration of monomer (ε-CL); [C] = concentration of catalyst; [I] = concentration of initiator 
(b) polymer recovered by HCl hydrolysis + decantation ; (c) polymer recovered by MeOH hydrolysis + decantation 
RT = Room Temperature 
M = molecular weight 
(n) = number average molecular weight, (v) = viscosimetric average molecular weight 
PDI = polydispersity index 
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Enzymatic Ring-Opening Polymerisation (eROP) 

Table 1.7 – Selected conditions for the eROP of ε-CL and characteristics of the resulting PCL 

entry catalyst initiator(s) solvent mM:mC(:mI) 
T 

(°C) 
reaction 

time 
conv. 
(%) 

yield 
(%) 

M 
(g/mol) 

PDI Ref 

none 87:65:1 65 4 days   1,100
(n)

 1.4 
89

 
1a OH

2  
heptane 96:143:1 65 4 days 100  2,700

(n)
 1.9 

89
 

dioxane 18.3:27.3:(0.19+0.81) 65 4 days   310
(n)

  
89

 

toluene 18.3:27.3:(0.19+0.81) 65 4 days   750
(n)

  
89

 

18.3:27.3:(0.19+0.81) 65 4 days 100  1,600
(n)

 1.8 
89

 
1b 

OH
2  

+  OH  
heptane 

66:99:(0.69+0.31) 65 4 days 100  2,300
(n)

 1.9 
89

 

none 0.07:94:1 RT 1100 h  45 2,902
(w)

  
90

 
1c OH  

n-hexane 3.6:4688:1 RT 1100 h  81 1,364
(w)

  
90

 

2.3:1 60 240 h 95  1,300
(n)

 1.7 
91-93

 

2.3:1 75 20 days 99  2,300
(n)

 3.1 
93

 none 

2.3:1 60 10 days 69  2,500
(n)

 1.9 
94

 

isooctane 1.1:1 45 10 days 47  920
(n)

 1.6 
93

 

1d none 

toluene 1000:1 25-75 500 h     
95

 

4.1:2.5:1 70 96 h > 80 44 2,200
(n)

 1.2 
96

 

1e 

crude PPL 

O
HO

HO
OH

O

OH

none 

0.02:2.5:1 70   88 12,500
(n)

  
96

 

2 
Lipase from Aspergillus niger 

(lipase A) 
none none 2.3:1 60 240 h 4  780

(n)
 1.3 

92, 93
 

2.3:1 60 10 days 75  3,300
(n)

 2.5 
94

 
3 

Lipase from 
Candida cylindracea 

(lipase B) 

none none 
2.3:1 75 10 days 98  1,800

(n)
 2.3 

97
 

2.3:1 60 240 h 92  1,900
(n)

 2.0 
91-93

 

2.3:1 75 20 days 100  3,100
(n)

 3.0 
93

 none 

2.3:1 75 120 h 81  1,400
(n)

 1.7 
98

 

isooctane 1.1:1 45 20 days 100  3,700
(n)

 2.4 
93

 

1,4-dioxane 1.1:1 45 10 days 2  740
(n)

 1.1 
93

 

4a Lipase from Candida 
cylindracea 
(lipase CC) 

none 

acetonitrile 1.1:1 45 10 days 1  690
(n)

 1.1 
93
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entry catalyst initiator(s) solvent mM:mC(:mI) 
T 

(°C) 
reaction 

time 
conv. 
(%) 

yield 
(%) 

M 
(g/mol) 

PDI Ref 

acetone 1.1:1 45 10 days 8  810
(n)

 1.1 
93

 

2-butanone 1.1:1 45 10 days 1  900
(n)

 1.1 
93

 

tert-butyl alcohol 1.1:1 45 10 days 6  630
(n)

 1.1 
93

 

tert-butyl methyl ether 1.1:1 45 10 days 37  500
(n)

 1.1 
93

 

isopropyl ether 1.1:1 45 10 days 48  710
(n)

 1.2 
93

 

benzene 1.1:1 45 10 days 37  720
(n)

 1.3 
93

 

carbon tetrachloride 1.1:1 45 20 days 80  1,000
(n)

 2.3 
93

 

heptane 1.1:1 45 10 days 97  3,200
(n)

 2.7 
93

 

cyclooctane 1.1:1 45 10 days 100  1,700
(n)

 4.0 
93

 

4b O
HO

HO
OH

O

OH

none 4.1:2.5:1 70 96 h 2    
96

 

5a OH
2  

i
Pr2O 0.69:0.2:1 65 5 h 75    

99
 

5b 

lipase from 
Candida cylindracea 
(= Candida rugosa) 

(lipase AY) 
none toluene 1000:1 25-75 500 h     

95
 

6 

lipase from 
Candida cylindracea 

(= Candida rugosa) (lipase AY) 
 supported on poly(propylene) 

OH
2  

i
Pr2O 0.69:0.8:1 65 5 h 85-92    

99
 

11.4:1 60 24 h 99  4,300
(n)

 2.7 
100

 

11.4:1 60 24 h 99  3,400
(n)

 2.5 
93

 

5.7:1 60 4 h 98  5,000
(n)

 2.5 
100

 

50:1 60 24 h 98 96 4,701
(w)

  
101

 

none 

100:1 70 4 h 41  10,800
(n)

 2.1 
102

 

5:1 60 48 h 92 37 1,907
(w)

 1.2-1.3 
101

 
acetonitrile 

100:1 70 4 h < 2    
102

 

5:1 60 48 h 84 18 1,932
(w)

 1.2-1.3 
101

 
THF 

100:1 70 4 h ~ 26    
102

 

5:1 60 48 h 99 29 2,870
(w)

 1.2-1.3 
101

 
dioxane 

100:1 70 4 h ~ 17    
102

 

5:1 60 24 h 97 94 3,957
(w)

 1.2-1.3 
101

 

7a lipase from 
Candida Antarctica 

immobilized on acrylic resin 
(Novozym

®
 435) 

none 

isooctane 
100:1 70 4 h ~ 80  ~ 15,000

(n)
 

102
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entry catalyst initiator(s) solvent mM:mC(:mI) 
T 

(°C) 
reaction 

time 
conv. 
(%) 

yield 
(%) 

M 
(g/mol) 

PDI Ref 

chloroform 100:1 70 4 h ~ 26    
102

 

butyl ether 100:1 70 4 h ~ 64  ~12,500
(n)

 
102

 

isopropyl ether 100:1 70 4 h ~ 72    
102

 

100:1 70 4 h 85  17,200
(n)

 1.8 
102

 

10:1 70 4 h 87  44,800
(n)

 1.7 
102

 toluene 

1000:1 25-75 500 h     
95

 

scCO2 (80 bar) 10:1 35 24 h 95  35,000
(n)

 1.4 
103

 

none 57:1:??* 60 24 h  70 6,740
(n)

 2.73 
104

 
i
Pr2O 0.69:0.03:1 65 5 h 97    

99
 

MTBE 23:1:??* 60 72 h  90 2070
(n)

 1.82 
104

 

1667:167:1 108 5 h > 93  18,000
(n)

  
105

 

526:53:1 60  80  7,000
(n)

  
105

 

7b OH
2  

toluene 

1667:167:1 60  80  15,000
(n)

  
105

 

7c OH  none 4.4:0.4:1 60 1 h 78  1,000
(n)

 1.5 
100

 

7d HS
OH

 
none 57:1.3:1 60 24 h  70 2,940

(n)
 1.42 

104
 

none 17:0.17:1 60 8 h 93 90 3,101
(w)

  
106

 

7e O
HO

HO
OH

O

OH

 
acetonitrile 17:3.4:1 60 56 h 95 38 2,141

(w)
 1.3 

106
 

7f 
O

HO
HO

O

OH

OH

 

acetonitrile 17:3.4:1 60 56 h 95 37 1,037
(w)

  
106

 

7g O
HO

HO
OH

O

OH

none 4.1:2.5:1 70 96 h > 80    
96

 

8 
Lipase from 

Pseudomonas aeroginosa 
(lipase PA) 

none none 2.3:1 60 240h 56  2,700
(n)

 3.8 
92

 

9a OH  none 3.6:4688:1 60 240 h  56 1,442
(w)

  
90

 

9b 

Lipase from 
Pseudomonas cepacia none none 2.3:1 60 240 h  84 6,100

(n)
 2.7 

91-93
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entry catalyst initiator(s) solvent mM:mC(:mI) 
T 

(°C) 
reaction 

time 
conv. 
(%) 

yield 
(%) 

M 
(g/mol) 

PDI Ref 

9c 
O

HO
HO

O

OH

OH

 

acetonitrile 17:3.4:1 60 100 h 20 20 2,363
(w)

  
106

 

9d 

(lipase PS-30) 

O
HO

HO
OH

O

OH

none 4.1:2.5:1 70 96 h 9    
96

 

10 
lipase from 

Pseudomonas fluorescens 
 (lipase P) 

none none 2.3:1 75 10 days 92  7,700
(n)

 2.4 
94, 97

 

2.3:1 60 10 days 71  7,000(n) 2.2 
93

 

2.3:1 75 480 h 99  12,000
(n)

 2.3 
91-93

 none 

2.3:1 75 120 h 48  4,400
(n)

 2.6 
98

 
11 

lipase from 
Pseudomonas fluorescens 

 (lipase PF) 
none 

isooctane 1.1:1 45 10 days 52  1,800
(n)

 2.3 
93

 

OH
2  

i
Pr2O 0.69:0.2:1 65 5 h 90    

99
 

12 
lipase from 

Pseudomonas fluorescens 
 (lipase AK) 

O
HO

HO
OH

O

OH

none 4.1:2.5:1 70 96 h 54    
96

 

0.29:1 45 20 days 100  8,800
(n)

 2.58 
107

 

0.29:1 45    10,187
(n)

 1.28 
108

 13a none none 

0.57:1 60 480 h 98  10,200
(n)

 1.45 
109

 

none 26:1.3:1 45  70  2,700
(n)

 1.70 
109

 

THF 38:1.9:1 37  28  2,500
(n)

 1.05 
109

 

1,2-dichloroethane 50:2.5:1 37  45  3,400
(n)

 1.23 
109

 

chloroform 100:5:1 37  38  2,000
(n)

 1.08 
109

 
i
Pr2O 42:2.1:1 37  99  6,400

(n)
 1.28 

109
 

benzene 100:5:1 37  58  2,600
(n)

 1.09 
109

 

toluene 143:7.1:1 37  85  6,500
(n)

 1.35 
109

 

cyclohexane 250:12.5:1 37  69  7,400
(n)

 1.34 
109

 

13b 

Lipase from 
Pseudomonas sp. 

(PSL) 
OH

2  

isooctane 143:7.1:1 37  88  7,100
(n)

 1.29 
109

 

14 Lipase from none none 2.3:1 60 10 days 38  1,000
(n)

 1.6 
93
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entry catalyst initiator(s) solvent mM:mC(:mI) 
T 

(°C) 
reaction 

time 
conv. 
(%) 

yield 
(%) 

M 
(g/mol) 

PDI Ref 

Rhyzopus delemer 
(lipase RD) 

isooctane 1.1:1 45 10 days 3  740
(n)

 1.1 
93

 

none 2.3:1 60 240 h 83  840
(n)

 1.7 
91, 93

 
15 

Lipase from 
Rhyzopus japonicus 

(lipase RJ) 

none 
isooctane 1.1:1 45 10 days 2  800

(n)
 1.6 

93
 

16 
lipase from 

Rhizopus miehei 
(NS-40008) 

OH
2  

i
Pr2O 0.69:0.03:1 65 5 h 45    

99
 

17 
immobilised lipase from 

Mucor miehei 
(Lipozyme

®
 IM) 

O
HO

HO
OH

O

OH

none 4.1:2.5:1 70 96 h 15    
96

 

18 
Lipase from 

Mucor javanicus 
(lipase MAP-10) 

O
HO

HO
OH

O

OH

none 4.1:2.5:1 70 96 h 29    
96

 

19 HLE none none 2.3:1 60 10 days 17  830
(n)

 1.2 
93

 

20 Lipolase® none toluene 1000:1 25-75 500 h     
95

 

PPL = Porcine Pancreatic Lipase; HLE = Hog Liver Esterase 
scCO2 = supercritical carbon dioxide; MTBE = methyl tert-butyl ether 
mM = mass of monomer (ε-CL); mC = mass of catalyst; mI = mass of initiator 
RT = Room Temperature 
M = molecular weight 
(n) = number average molecular weight, (w) = weight average molecular weight 
PDI = polydispersity index 

 

ROP catalysed by organic compounds and inorganic acids 

Table 1.8 - Selected conditions for the ROP of ε-CL catalysed by organic compounds and characteristics of the resulting PCL 

entry catalyst initiator(s) Solvent [M]:[C](:[I]) 
T 

(°C) 
reaction 

time 
conv. 
(%) 

yield 
(%) 

M 
(g/mol) 

PDI Ref 

50:0.25:1 RT 5 h 76  8,200
(n)

 1.10 
110, 111

 
1a 

N

N

N  
OH  

benzene-d6 
200:0.25:1 RT 8 h 52  20,800

(n)
 1.16 

110, 111
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entry catalyst initiator(s) Solvent [M]:[C](:[I]) 
T 

(°C) 
reaction 

time 
conv. 
(%) 

yield 
(%) 

M 
(g/mol) 

PDI Ref 

1b H
O

OH
 
120  

Toluene 50: 0.25 :1 RT 3 h 50  11,100
(n)

 1.03 
110, 111

 

1c 

OH
OH

 6 0  

Toluene 150: 0.25 :1 RT 3 h 60  23,400
(n)

 1.11 
110, 111

 

2 
N

N

N

  

+  

N N

S

H HF

F

F

F

FF

 

OH  

benzene-d6 20:(0.2+0.2):1 RT 72 h 78  7,700
(n)

 1.05 
110

 

3 
N

N   

+  

N N

S

H HF

F

F

F

FF

 

OH  

benzene-d6 20:(0.2+0.2):1 RT 120 h 78  8,100
(n)

 1.04 
110

 

4a 
OH

 
None 30:3:1 120 4 h 78  1,590

(w)
 1.3 

112
 

4b O

OH

OH OH

OH

O

 

None 40:1:1 120 21 h 100  6,500
(n) 

1.5 
113

 

4c 
O

O

O

OH

OH

OH

OH

OH

OH

OH

OH

 

None 10:1:1 120 5 h 100  4,000
(n)

 1.5 
113

 

4d 

OH

O

OH

 

 

O

O

O

O

O

OH

OH

OH OH

OH OH

OH

OH

OHOH

OH

 

None 10:1:1 120 3 h 100  1,500
(n) 

1.15 
113

 

5a 
OH

 
None 30:3:1 120 4 h 90  2,730

(w)
 1.3 

112
 

5b cotton wool None 100:1:? 120 6 h   not measurable 
114

 

5c 

OH
OH

O

OH

OH

O

 
O

O
HO

OH

OH

OH
O O

OH

HO

OH
H

n

filter paper 
(Whatman 1) 

None 100:1:? 120 6 h   
not measurable 

weight gain: 11% 
114

 

6a 
OH

O

 
OH

 
None 30:3:1 120 2 h 10  450

(w)
  

112
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entry catalyst initiator(s) Solvent [M]:[C](:[I]) 
T 

(°C) 
reaction 

time 
conv. 
(%) 

yield 
(%) 

M 
(g/mol) 

PDI Ref 

6b O

OH

OH OH

OH

O

 

None 10:1:1 120 3 h 20    
113

 

7a 
OH

 
None 30:3:1 120 2 h 12  450

(w)
  

112
 

7b 
OH

O

 
O

OH

OH OH

OH

O

 

None 10:1:1 120 3 h 15    
113

 

8 
OH OH

OO
OHO

OH  

OH

 
None 30:3:1 120 4 h 81  2,502

(w)
 1.3 

112
 

9 
OH

O

OH

 
O

OH

OH OH

OH

O

 

None 10:1:1 120 3 h 30    
113

 

10 NH
2 OH

O

 

OH

 
None 30:3:1 120 4 h < 10  450

(w)
  

112
 

11 OH

O

N  

OH

 
None 30:3:1 120 4 h 49  1,248

(w)
 1.2 

112
 

12 OH

O

OH

NH
2  

OH

 
None 30:3:1 120 4 h < 5    

112
 

13a OH  DCM 100:5:1 25 24 h 94 82 14,300
(n)

 1.15 
115

 

DCM 40:1:1 30 24 h 22 
 

1,610
(n) 

1.19 
116

 
13b 

HCl 
O H  

Toluene 40:1:1 30 19 h > 98 
 

3,500
(n) 

1.22 
116

 

DCM 40:1:1 30 7 h > 98 
 

3,500
(n) 

1.22 
116

 

40:1:1 30 1.5 h > 98 
 

4,500
(n) 

1.15 
116

 14a OH
 

Toluene 
98:1:1 30 420 min > 98 

 
10,080

(n)
 1.17 

116
 

Toluene 40:1:1 30 90 min > 98 
 

4,500
(n)

 1.15 
116

 
14b 

OH

 DCM 29:0.4:1 35 90 min > 95 
 

3,500
(n)

 1.05 
117

 

14c 

S OH

O

O

F

F

F

 

OH

 
Toluene 40:1:1 30 110 min > 98 

 
5,400

(n)
 1.13 

116
 

DCM 40:1:1 30 2 h > 98 
 

4,280
(n) 

1.07 
116

 

40:1:1 30 1.5 h > 98 
 

4,300
(n) 

1.07 
116

 15a 
S OH

O

O  
OH

 
Toluene 

100:1:1 30 255 min > 98 
 

9,700
(n)

 1.07 
116
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entry catalyst initiator(s) Solvent [M]:[C](:[I]) 
T 

(°C) 
reaction 

time 
conv. 
(%) 

yield 
(%) 

M 
(g/mol) 

PDI Ref 

15b 
OH

 
Toluene 39:1:1 30 90 min > 98 

 
4,090

(n)
 1.10 

116
 

15c OH

 
Toluene 40:1:1 30 90 min > 98 

 
5,100

(n)
 1.08 

116
 

 methanol
(O)

 53:1 60 12 h 99 98   
70

 
16 S

O

O

OHOH

  THF
(O)

 3:1 60 9 h 99 99   
70

 

 methanol
(O)

 80:1 60 12 h 99 98   
70

 
17 P

OH

O

OH

OH

  THF
(O)

 3:1 60 8 h 99 99   
70

 

18 
N

N

P
N

N

 

OH

 

None 100:1:1 80 240 14  3,600
(n)

 1.08 
118

 

19a 
OH

 
THF 100:0.5:1 25 24 h 99  11,100 1.33 

119
 

19b 

NN

 
O

O

H

O

OO

O

H

O

H

O

O
OH

O
OH

H

n

 

n

 

n

 

n

 

n

 

n

 

 

THF 240:0.5:1 25 24 h 95  4,000 1.15 
119

 

(O) = reaction performed under dioxygen atmosphere 
DCM = dichloromethane, THF = tetrahydrofuran 
[M] = concentration of monomer (ε-CL); [C] = concentration of catalyst; [I] = concentration of initiator 
RT = Room Temperature 
M = molecular weight 
(n) = number average molecular weight, (w) = weight average molecular weight 
PDI = polydispersity index 
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Section 2: Ineffective systems 

ROP catalysed by metal-based compounds 

1. Alkali-based catalysts 

Table 2.1 - Conditions for the ROP of ε-CL using alkali-based catalysts that lead to no polymerisation, low conversion or oligomers 

Catalyst Initiator [M]:[C]:[I] 
entry 

catalyst/initiator 
solvent 

[M]:[C/I] 

T 
(°C) 

reaction 
time 

conv. 
(%) 

yield 
(%) 

M 
(g/mol) 

PDI Ref 

1 
Na

O S

O

O

F

F

F

 
OH OH

OH

 
none

(a)
 150:0.3:1 60 240 no polymerisation 

14
 

2 Na

 
THF 250:1 20 1 h oligomers 

3
 

(a) = reaction done under normal atmosphere 
THF = tetrahydrofuran 
[M] = concentration of monomer (ε-CL); [C] = concentration of catalyst; [I] = concentration of initiator; [C/I] = concentration of catalyst/initiator 
M = molecular weight 
PDI = polydispersity index 
 

2. Alkaline earth-based catalysts 

Table 2.2 - Conditions for the ROP of ε-CL using alkaline earth-based catalysts that lead to no polymerisation, low conversion or oligomers 

entry catalyst initiator solvent [M]:[C]:[I] 
T 

(°C) 
reaction 

time 
conv. 

(%) 
yield 
(%) 

M 
(g/mol) 

PDI Ref

1 Mg
O

O

S
S

O

O
O

O

F

F

F

F

F

F
 

OH OH

OH

 
none

(a)
 150:0.3:1 60 240 h no polymerisation 

14
 

(a) = reaction carried out under normal atmosphere 
[M] = concentration of monomer (ε-CL); [C] = concentration of catalyst; [I] = concentration of initiator 
M = molecular weight 
PDI = polydispersity index 
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3. Poor metals-based catalysts 

Table 2.3 - Selected conditions for the ROP of ε-CL using aluminium-based catalysts that lead to no polymerisation, low conversion or oligomers 

catalyst initiator [M]:[C]:[I] 
entry 

(catalyst/initiator) 
solvent 

([M]:[C/I]) 

T 
(°C) 

reaction 
time 

conv. 
(%) 

yield 
(%) 

M 
(g/mol) 

PDI Ref. 

1 O O
Al

 

none DCM 50:0.3.1 RT 2.5 h no polymerisation 
15

 

2 N

O Al

 

OH

 
toluene 500:1:1 25 20 h no polymerisation 

33
 

3 O

NN

O
Al

Cl

 
toluene 50:1 50  no polymerisation 

34
 

4 
O

NN

O
Al

Cl

 

toluene 50:1 50  no polymerisation 
34

 

5 
N N

Al

 

none toluene 100:1 70 24 h no polymerisation 
36

 

6 
N N

Al

 

none toluene 100:1 70 24 h no polymerisation 
36

 

7 N N
Al

 

none toluene 100:1 70 24 h no polymerisation 
36
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catalyst initiator [M]:[C]:[I] 
entry 

(catalyst/initiator) 
solvent 

([M]:[C/I]) 

T 
(°C) 

reaction 
time 

conv. 
(%) 

yield 
(%) 

M 
(g/mol) 

PDI Ref. 

8 N N
Al

 

none toluene 100:1 70 24 h no polymerisation 
36

 

9 
O

N

R

R

R O

NR

R

R

Al

* R =with *

 

none toluene 100:1 25 10 min no polymerisation 
37

 

10 O

N

Al
Br F

F

F

F
F

F

F
F

F

F

F

F

F

F

F

B

F
F

F

F

F

 

PhBr 120:1 100  no polymerisation 
42

 

11 
O

N

Al

O

F

F

F

F
F

F

F
F

F

F

F

F

F

F

F

B

F
F

F

F

F

 

DCM 120:1 40  no polymerisation 
42
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catalyst initiator [M]:[C]:[I] 
entry 

(catalyst/initiator) 
solvent 

([M]:[C/I]) 

T 
(°C) 

reaction 
time 

conv. 
(%) 

yield 
(%) 

M 
(g/mol) 

PDI Ref. 

12 
O

N

Al
F

F

F

F
F

F

F
F

F

F

F

F

F

F

F

B

F
F

F

F

F

 

DCM 120:1 40  no polymerisation 
42

 

13 O

N

Al
O

N

Al

F

F F

F

F

F

F

F F

F

F

F

F

F

F

B
F

F F

F F

F

F
F

F

F

F

F

FF

F

F

F

F

F

F

B F

FF

FF

 

DCM 120:1 40  no polymerisation 
42
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catalyst initiator [M]:[C]:[I] 
entry 

(catalyst/initiator) 
solvent 

([M]:[C/I]) 

T 
(°C) 

reaction 
time 

conv. 
(%) 

yield 
(%) 

M 
(g/mol) 

PDI Ref. 

14 O

N

Al
O

N

Al

F

F F

F

F

F

F

F F

F

F

F

F

F

F

B

F
F

F
F

F

F

FF

F

F

F

F

FF

F

F

F

F

F

F

B

FF
F

F
F

 

DCM 120:1 40  no polymerisation 
42

 

15 
O

N

Al

OH
F

F

F

F

F

F

F
F F

F

F

F

F

F

F

B

F
F

F

F

F

 

DCM 120:1 40  no polymerisation 
42

 

16 
O

N

O
Al

NO

 

DCM 500:1 RT 48 h no polymerisation 
22

 

17 
O

R

R

N
O

R

R

N
Al

* R =with *

 

OH

 

toluene 100:1:1 25 4 h < 1    
37

 

DCM = dichloromethane 
[M] = concentration of monomer (ε-CL); [C] = concentration of catalyst; [I] = concentration of initiator; [C/I] = concentration of catalyst/initiator 
RT = Room Temperature 
M = molecular weight 
PDI = polydispersity index 
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4. Transition metal-based catalysts 

Table 2.4 – Chosen conditions for the ROP of ε-CL using transition metal-based catalysts that lead to no polymerisation, low conversion or oligomers 

catalyst initiator [M]:[C]:[I] 
entry 

catalyst/initiator 
solvent 

[M]:[C/I] 

T 
(°C) 

reaction 
time 

conv. 
(%) 

yield 
(%) 

M 
(g/mol) 

PDI Ref 

1 Ti
O

O

O

O

 

toluene 100:1 100 6 h low conversion 
62

 

2 
Ti

OO

NN

OO

 

toluene 100:1 RT 24 h no polymerisation 
63

 

3 
Ti

OO

NN

OO

NO
2

O
2
N

 

toluene 100:1 RT 24 h no polymerisation 
63

 

4 Ti

N

OO

N

OO

 

toluene 100:1 RT 24 h no polymerisation 
63

 

5 Ti

N

OO

N

OO

 

toluene 100:1 RT 24 h no polymerisation 
63

 

6 

Cl

O

Cl

O

OO

Ti

 

DCM 100:1 25 24 h no polymerisation 
66
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catalyst initiator [M]:[C]:[I] 
entry 

catalyst/initiator 
solvent 

[M]:[C/I] 

T 
(°C) 

reaction 
time 

conv. 
(%) 

yield 
(%) 

M 
(g/mol) 

PDI Ref 

7 Ti

O

O

Cl

Cl

 

toluene 200:1 100  no polymerisation 
67

 

8 
O

N

O

TiN O
O

 

toluene 200:1 60 24 h low conversion 
8
 

9 
O

N

O

TiN O
O

 

toluene 200:1 60 24 h low conversion 
8
 

10 
O

O

Te

O

Ti

O

O

O

Te

O

Ti

O

 

toluene 100:1 100 6 h low conversion 
62

 

11 

Cl

O

Te

O

Ti

 

toluene 100:1 100 6 h low conversion 
62

 

12 

Cl

O

Te

O

Ti

 

toluene 100:1 100 6 h low conversion 
62
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catalyst initiator [M]:[C]:[I] 
entry 

catalyst/initiator 
solvent 

[M]:[C/I] 

T 
(°C) 

reaction 
time 

conv. 
(%) 

yield 
(%) 

M 
(g/mol) 

PDI Ref 

13 

O

OO Ti

Cl

Cl

O

 

toluene 100:1 100 6 h low conversion 
62

 

14 
O

OV

O

O

O

 

methanol
(O)

 67:1 60 24 h low conversion 
70

 

15 O

N

O

ZnN

 

toluene 200:1 60 24 h low conversion 
8
 

16 Zr

N

OO

N

OO

 

toluene 100:1 RT 24 h no polymerisation 
63

 

17 Zr

N

OO

N

OO

 

toluene 100:1 RT 24 h no polymerisation 
63

 

18 
Ag

O S

O

O

F

F

F

 
OH OH

OH

 
none 150:0.3:1 60 240 h  46 6,700

(n)
 1.89 

14
 

19 Mo

O

O

O

O

O

O

 

methanol
(O)

 133:1 60 24 h no polymerisation 
70

 

(O) = reaction performed under dioxygen atmosphere, (a) = reaction carried out under normal atmosphere 
DCM = dichloromethane, THF = tetrahydrofuran 
[M] = concentration of monomer (ε-CL); [C] = concentration of catalyst; [I] = concentration of initiator; [C/I] = concentration of catalyst/initiator 
RT = Room Temperature 
(MW) = microwave heating 
M = molecular weight 
(n) = number average molecular weight, (w) = weight average molecular weight 
PDI = polydispersity index 
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5. Rare earth metal-based catalysts 

Table 2.5 – Chosen conditions for the ROP of ε-CL using rare earth metal-based catalysts that lead to no polymerisation, low conversion or oligomers 

catalyst initiator [M]:[C]:[I] 
Entry 

catalyst/initiator 
Solvent 

[M]:[C/I] 

T 
(°C) 

reaction 
time 

conv. 
(%) 

yield 
(%) 

M 
(g/mol) 

PDI Ref. 

1a OH OH

OH

 
none

(a)
 150:0.3:1 60 6 h  66 11,400

(n)
 1.66 

14
 

1b 
Sc

OO

O

S

S

S OO

O

O

O

O

F

FF

F

F

F

F
F

F

 

none [BMIM][BF4] 50:1 25 2 days no polymerisation 
79

 

2 Y
OO

O

S

S

S OO

O

O

O

O

F

FF

F

F

F

F
F

F

 

OH OH

OH

 
none

(a)
 150:0.03:1 60 48 h  54 13,300

(n)
 1.45 

14
 

3 La
OO

O

S

S

S OO

O

O

O

O

F

FF

F

F

F

F
F

F

 

OH OH

OH

 
none

(a)
 150:0.3:1 60 240 h   300

(n)
 2.90 

14
 

4 Sm
OO

O

S

S

S OO

O

O

O

O

F

FF

F

F

F

F
F

F

 

OH OH

OH

 
none

(a)
 50:0.3 60 240 h   300

(n)
 3.50 

14
 

THF 125:1 70 2 h   oligomer  
2
 

5 
Sm

 

Dioxane 125:1 70 2 h   oligomer  
2
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catalyst initiator [M]:[C]:[I] 
Entry 

catalyst/initiator 
Solvent 

[M]:[C/I] 

T 
(°C) 

reaction 
time 

conv. 
(%) 

yield 
(%) 

M 
(g/mol) 

PDI Ref. 

6 N

O

O

Sm N

O

O

 

THF 275:1 RT  no polymerisation 
88

 

7 Eu
OO

O

S

S

S OO

O

O

O

O

F

FF

F

F

F

F
F

F

 

none [BMIM][BF4] 50:1 25 2 days no polymerisation 
79

 

8 Yb
OO

O

S

S

S OO

O

O

O

O

F

FF

F

F

F

F
F

F

 

OH OH

OH

 
none

(a)
 150:0.3:1 60 240 h no polymerisation 

14
 

(a) = reaction carried out under normal atmosphere 
BMIM = 1-butyl-3-methylimidazolium, THF = tetrahydrofuran, DCM = dichloromethane, scCO2 = supercritical carbon dioxide 
[M] = concentration of monomer (ε-CL); [C] = concentration of catalyst; [I] = concentration of initiator; [C/I] = concentration of catalyst/initiator 
(b) polymer recovered by HCl hydrolysis + decantation ; (c) polymer recovered by MeOH hydrolysis + decantation 
RT = Room Temperature 
M = molecular weight 
(n) = number average molecular weight, (v) = viscosimetric average molecular weight 
PDI = polydispersity index 
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Enzymatic Ring-Opening Polymerisation (eROP) 

Table 2.6 – Selected conditions for the eROP of ε-CL that lead to no polymerisation, low conversion or oligomers 

entry catalyst initiator solvent mM:mC:mI 
T 

(°C) 
reaction 

time 
conv. 
(%) 

yield 
(%) 

M 
(g/mol) 

PDI Ref 

1 Crude PPL O
HO

HO
OH

O

OH

 

none 4.1:2.5:1 70 96 h no polymerisation 
96

 

PPL = Porcine Pancreatic Lipase; HLE = Hog Liver Esterase 
scCO2 = supercritical carbon dioxide; MTBE = methyl tert-butyl ether 
mM = mass of monomer (ε-CL); mC = mass of catalyst; mI = mass of initiator 
RT = Room Temperature 
M = molecular weight 
(n) = number average molecular weight, (w) = weight average molecular weight 
PDI = polydispersity index 
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Page 48 of 52 
 

Section 3: Periodic table overview 

 
The different metal catalysts reported in this review are represented in the periodic table as a 

quick reference guide of studied systems.  

 

 
 I II  III IV V VI VII VIII 

1      

2 
LDA 
PhLi 

         

3 
NaOTf 
NaC5H5 

Mg(OTf)2 
Mg(C3H5)(tbpamd) 
Mg(

t
Bu)(tbpamd) 

Mg(CH2SiMe3)(tbpamd) 
Mg(C3H5)(pbpamd) 
Mg(

t
Bu)(pbpamd) 

Mg(CH2SiMe3)(pbpamd) 
[Mg(μ-MEMPEP)(THF)]2 
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7   

cf. f block table 
Figure  

cf. d block table 
Figure 3. 

      

tbpamd = N-ethyl-N’-tert-butylbis(3,5-dimethylpyrazol-1-yl)acetamidinate 
pbpamd = N,N’-diisopropylbis(3,5-dimethylpyrazol-1-yl)acetamidinate 
tbmSalen = N,N'-l,2-ethylenebis(3-tert-butyl-5-methylsalicylideneimine) 
tbmSalcem = N,N'-trans-l,2-cyclohexanediyl-bis(3-tert-butyl-5-methylsalicylideneimine) 
MEMPEP-H2 = 2,2’-(2-methoxybenzylidene)-bis(4,6-di(1-methyl-1-phenylethyl)phenol) 
MMPEP-H2 = 2,2’-methylene-bis(4,6-di(1-methyl-1-phenylethyl)phenol) 

hapen = dichloro[ethylene - N,N' - bis(acetophenone iminato)] 
MCIMP-H2 = 2,2’-methylenebis(4-chloro-6-isopropyl-3-methylphenol) 
TPP = 5,10,15,20-tetraphenylporphynato 
EDBP-H2 = 2,2’-ethylidenebis(4,6-di-tert-butylphenol) 
MOBT-H = 2-methoxybenzenethiol 
TMBM-H = 2,4,6-trimethylbenzylmercaptan 
 

Figure 3.1 – Summary of the metal-based catalysts used for the ROP of ε-CL 
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Figure 3.2 – Summary of the metal-based catalysts used for the ROP of ε-CL, d-block 
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Figure 3.3 – Summary of the metal-based catalysts used for the ROP of ε-CL, f bloc 
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