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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 e-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 e-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 e-CL using alkali-based catalysts, and characteristics of the resulting PCL

. . T reaction conv. yield M,
Entry Catalyst/Initiator solvent [M]:[CH] (°C) time (%) (%) (g/mol) PDI Ref
Li
|
1 \rN\r dioxane 50:1 25 5 min 100 5,700 !
2 @u none 100:1 180 120 min 89 77,000 2
none 250:1 20 10 min 93 12,100 3
3 Na@ toluene 250:1 20 1h 98 11,600 3
benzene 250:1 20 1h 96 10,700 3
w;( toluene 49:1 110 15 min 35 17,500 2.0 4
4 scCO; ) . 4
(155 bar) 49:1 108 15 min 7 6,000 2.0
scCO,; = supercritical carbon dioxide
[M] = concentration of monomer (e-CL); [C/I] = concentration of catalyst/initiator
M, = number average molecular weight
PDI = polydispersity index
2. Alkaline earth-based catalysts
Table 1.2 - Conditions for the ROP of e-CL using alkaline earth-based catalysts, and characteristics of the resulting PCL
Catalyst initiator [M]:[C]:[N] T reaction conv. yield M
ent solvent o . PDI Ref
i catalystinitiator Mp:cmp (°C)  time (%) (%)  (g/mol)
( N
1 K\f/% toluene  500:1 20 15min 84  34000% 116 °
I\
»
2 %Mf/“% toluene  500:1 20 15min 96  47,000% 127 °
A)\ ‘\
N
N \}(}/ 5001 20 1min 97  52000™ 141 °
3 ¥M§/N toluene
A"\ 50001 20  5min 57 112,000% 143 °
( N
4 x{/% { toluene  500:1 20 10min 86 38000 121 °
g
N
toluene 500:1 20 10 min 97 51,000 133 °

(@)]
hy
P/

A
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Catalyst initiator [M]:[CI:[N] T reaction conv. yield M
ent solvent o . PDI Ref
i catalyst/initiator mi:cm - (°C) time (%) (%) (g/mol)
N/ W 500:1 20  10s 98  59,000" 145 °
6 ¥M'f/“ toluene
A { 50001 20  5min 87  160,000" 142 °
@) 25:1:1 25 2h >99 3,500"  1.06 °©
Q OH
7 O b toluene 200:1:1 25 2h 97 5600" 1.06 °©
O /P
D) 12.5:0.06:1 25 1h >99 1,400" 110 °
o 50:1:1 40 12 h 92 5450 108 °
3 o 50:1:1 70 2h 99 3,000M 124 8
8 b toluene 100:1:1 70 4h 90 11,400 113 8
0 100:0.5:1 70 5h 95 9,500" 118 °©
& 450:1:1 110 12 h 99 54,200" 135 °©
oy T toluene  25:0.5:1 56 30 min 99 2,000M 111 7
/ \ / O\\ o toluene  200:0.5:1 56 3h 99 19,000" 119 7
9 Co»m Mg Mg Mg«o@ b
\ / \ / toluene  25:0.1:1 56 1h 99 3,300"  1.06 ”
I 0 toluene  10:0.002:1 56 2h 86 1,100 112 7
/
/N\M{
10 gz 0 toluene 200:1 60 24 h 5.0 8
N
11 gyl none 100:1 120 10min 100 21,000" 125 °
toluene 100:1 ~18 1 min 100 22,800 395 10
12a none . " 10
aw THF 100:1 ~18 8 min 100 11,800 2.39
/NN
e .0 & - ; ") 10
12b e v o] ., ~THF 50051 ~18 6min 100 6,200(”) 1.24 '
e '\ / N . . ~ . n
126 o THE 50:0.5:1 18 10 min 100 9,000 " 1.29 ;
50:0.5:1 ~18 6 min 81 12,800 1.15
13 o Xt toluene 10:1:1 70 12 h 872 2400™ 120 ™
14 HN S0 xylene 650:1:1 70 3h 92 103,000 12
15 %o J\ xylene  650:1:1 70 3h 90 90,000 12
N
16 L ’ ! toluene  200:1 60  12h  40.1 26,000 13 °
O, @]
N.
4. (n) 13
17 )\O/Sr\NH toluene 89:1:1 41 2h 100 30,300 1.85
’ 439:1:1 41 6h 100 87,400" 307
44:0.5:1 40 6 h 100 45200" 452 °
18 toluene ’
)\o/s’\oj\ 78:0.5:1 40 6 h 99 59,900 737 ®

THF = tetrahydrofuran
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[M] = concentration of monomer (e-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 e-CL using aluminium-based catalysts, and characteristics of the resulting PCL

catalyst initiator [M]:[C]1:[11 T reaction conv. yield M
ent solvent o . PDI Ref.
v (catalystinitiator) ([mJ:[c/j) (°C) time (%) (%)  (g/mol)
-
F F
o=y° on
1 OO F wo L_ow  none® 120:0.3:1 60 6h 89 18,400 194 ™
O d
F \\S/O o F
o
OH
2 AL PN DCM 50:0.3:1 RT 1h 94 6000 135 °
3 7N T T toluene 25:1 60 20 h 89 2,900
90:10
4 LAFO\/\/NHQ toluene 40 100 7
toluene 43:1:3 40 23 h 100 3,800 145 V7
5 AT ZNNH
THF 43:1:2 40 22 h 100 3,500 135 V7
6 L/‘w THF 55:1 20 > 99 5,300 1.08 '8
/0
7 L/‘\A THF 179:1 25 >99 21,030 111 8
AN
hg , 18
8 /g.«( THF 71:1 25 >99 6,420 1.10
300:1 100 24 h 90 11,400 1
none 45:1 15 180 min 5,100 3.1 4
590:1 170 13,000 2.1 2
50:1 25 3h 100 6,500 !
235:1 25 0.25h 100 9,000 120 *
45:1 110 180 min 2,600 24 4
9a none toluene ") 20
482:1 0 100 59,000 1.1
590:1 100 100 47,500 135 2
50 500:1 RT 1h 90 41,800" 166 %
\ré T DCM 500:1 RT 18 h 80 49,790" 121 %
scCO; 51:1 110 15 min 82 7,650 2.3 4
A3ZA4 =77 23
(200 bar) 40:1 110 1h 97 8,300 4.0
% @A"“ toluene  10:0.1:1 50 100 11 %
THF 19.8:0.035:1 25 3,200 118 ®
o ﬁ 8.5:0.015:1 25 2,180™ 116 B
toluene  14050:38:1 25 48h 97  12,300(n) 1.34 %
3500:9.5:1 25 48 h 97 6,200(n) 112 %
9d Non THF 18.9:0.033:1 25 2250" 116 @ ®
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entry catalyst initiator solvent [M]:[C):[1] 01(': rea!ctlon c%/nv. yl‘;ld /M | PDI  Ref.
(catalyst/initiator) (ImMj:[C/]) (°C) time (%) (%) (g/mol)
. (n) 26
9% As:As = 100:0 none toluene 333:1 20 0.2 h. 100 12,200 o 1.10 .
THF 3000:1 25 1000 min 108,000 1.03
. . 25
of As:As = 955 none THF 571:1 25 <10 mlln 86 ”e
9g HO_~_~_-OH THF 10:0.0175:1 25 285 min 86
9h Az:As = 90:10 none toluene 200:1 0 30 min 29,000M 1.1 3
9i none THF 20:1 25 15 min 86 %
THE 10:0.0175:1 25 250 min 84 990™ 113 *®
9j HO _~_~_-OH 20:0.035:1 25 225 min 86 %
benzene  9:0.016:1 25 160 min 86 %
ok P¥A4=50:50 oo THE 200,035 25  35min 86 %
o i THF 20:0.035:1 25 600 min 86 %
benzene  9:0.016:1 25 1000 min 81 %
9m T Non THF 20:0.035:1 25 785 min 80 %
9n Az:As = 45:55 none toluene 200:1 0 30 min 28,000M 1.1 »
% 500:1 25 4000 min 280,000 7
none THF : i ) 2
AgAs = 0:100 68:1 25 2000 min 49,400 1.45 -
9p 571:1 25 300 min 6
HO_~_~_-OH THF 10:0.0175:1 25 270 min 86 %
?\«\70F o 29
10 sio )\ toluene 17:0.06:1 40 4h 100 2,100
Br
11 OOy toluene 167:1 0 9,500 30
(o]
Br)/
X
12 o\ﬁ‘"oﬁ toluene 200:1 0 33,500 30
L
\
N~
. 30
13 \’3’ ov\N toluene 173:1 0 11,200
N~
PNJ [
14 LAr"war toluene 88:1 0 14,100 %0
P
15 LM"V) toluene 174:1 0 28,500 30
g
Lo
16 3 toluene 87:1 0 11,750 3
r ~
OH
17a < | Py DCM 300:0.3:1 RT 23h 93 32100 111 "
0" So—<—>
17b S S —OH DCM 500:0.3:1 RT 42 h 92 62,600 114 "
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entry catalyst initiator solvent [M]:[C):[1] 0'2 rea!ctlon c%/nv. yl‘;ld /M | PDI  Ref.
(catalyst/initiator) (ImMj:[C/]) (°C) time (%) (%) (g/mol)
’L' ™ 15
18 oo Py DCM 50:0.3:1 RT 5h 95 6,300 1.27
| oH
19 4 ool ) Py DCM 50:0.3:1 RT 2h 100 6800 122 °
=
191
20 oo Aon THF 10:0.25:1 80 =100 1,290 ¥
~ DCM 50:1 25 3h 100 6,600 !
o
21 -
c.{ﬁ”/mj\ 10:1 3100 140 *
Cl
=N t—j N=
OH .0 E- (n) 33
29 %Cgo\“/ \AI,%}% @A toluene 500:0.5:1 25 72 h 100 42,030 1.6
=N ~ < N=
—N t—j N=
23 %C%\AJ L}f%}% gOH toluene  500:0.5:1 25 72 h 95 36,500" 15 B
R Wl
N‘ t—j ’N
H H
24 g P @OH toluene 500:0.5:1 25 12 h 99 49,500" 17 0B
=N ~ < N=
25a none toluene 2000:1 25 24h 46 44640™ 26 B
W W , n) 33
SO o none 500:0.25:1 80 20 min 71 15,900 1.3
25b =N = @A 500:0.25:1 25 24 h 98 60,750" 15
“ toluene ) - 3
) 500:0.25:1 80 20 min 91 15,400 1.1
26 (ES\( @OH toluene 500:1:1 25 11h 50 26,600" 11 *®
N;AI\,O HN
27 (5( @AOH toluene  500:0.5:1 25 11h 37 24,480 12 ¥
N., .0, .N
N/
28 @4«% toluene 50:1 50 20 h 2,700 i
=N ON=
29 {éﬂl/% toluene 50:1 50 3“
=NUN=
30 %%_@L:N_%V toluene 50:1 50 *
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catalyst initiator [M]:[C):[1] T reaction conv. yield M
ent solvent o . PDI Ref.
v (catalyst/initiator) (ImMj:[C/]) (°C) time (%) (%) (g/mol)
31 Qz_ﬁgxlih‘_g: toluene 50:1 50 34
D
W
32 >k(0jj "o toluene 250:1: 60 60 min 84  43500" 161 *°
\/
o’Al‘N
33 | "o toluene 250:1: 60 120 min 41 28,800 139 *®
v
34 W ~"on toluene 250:1: 60 120 min 77 9700" 108 *®
F 250:1: 60 30 min 99 56,000 164 *°
35a F F "o+ toluene ' .
\/ 500:1: 60 45 min 95 100,500 1.86
o7 ‘lN F
35b >k©) " gOH toluene 250:1: 60 30 min 99 72600 161
Q\ 200:1: 70 4.5 min 956 23600" 114 %
36 ! IN @OH toluene
@ g \© 400:1: 70 14 min 926 46,800" 156 ¥
37 I @AOH toluene 100:1: 70 25min 956 11,300 121 %
a
38 . @AOH toluene 100:1: 70 3 min 936 11,800 127
/\
39 N\AIJN @AOH toluene 100:1: 70 3.1 min 951  10,800" 125
/\
40 N\Al,lw @AOH toluene 100:1: 70 4.0 min 932  11,500" 124
/\
41 . @AOH toluene 100:1: 70 4.7 min 93.7 12,600" 128

Al
/\
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catalyst initiator [M]:[C):[1] T reaction conv. yield M
entry solvent ) (°C) time (%) (%) (g/mol) PDI  Ref.
(catalyst/initiator) (IM]:[C/1])
@ OH
A ﬁ@
42 é \/A'<\r b toluene 100:1:1 25 24 h 31 8,000" 106 ¥
O O
OH
=N ‘? (n) 37
43 / AN = toluene 100:1:1 25 24h 80 19,600 1.27
O &}
/Q R OH
RN [P 37
44 .- toluene 100:1:1 25 24 h 97 26,600 1.19
o — -
Sl
/@R( OH
45 g”‘;ﬂ;r toluene 100:1:1 25 2h 92 30,500" 116 ¥
R
ﬁ R OH
R ﬁ”p ) 37
46 N toluene 100:1:1 25 1h 86 26,100 1.18
o
& o=
R
F
[;jF
E (&) OH
—N
47 { \/AI;N/ b toluene 100:1:1 25 24 h 99 29,600" 122 ¥
(o}
QF
F
Cl
OH
=N ‘ﬁ (n) 37
48 / A= toluene 100:1:1 25 24 h 31 6,700 1.05
o Q
Cl
fe.
cl o) OH
N
49 / \}L‘,/I‘\N/ b toluene 100:1:1 25 24 h 94 25,800" 117 ¥
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catalyst initiator solvent [M]:[C):[1] T reaction conv. yield M

. : ) ) PDI  Ref.
(catalyst/initiator) (ImM]:[C/1j) (°C) time (%) (%) (g/mol) ¢

entry

Cl

Cl

al ‘/O OH
=N |/ (n) 37
50 /AlcT\N/ toluene 100:1:1 25 24 h 98 27,400 1.14
o]
Saks
!
R

Cl

R OH
R o}
51 /N‘;@N/ b toluene 100:1:1 25 1h 94 30,800" 116 ¥
0o
R
R
,@R OH
R : (n) 37
52 Aw toluene 100:1:1 25 10 min 95 29,200 1.16
O/ RN
R
ﬁ 100:1:1 25 10 min 96 29,800" 116 ¥
R OH
R O
53 g’N‘;\m/ < >: toluene  300:1:1 25  60min 98 77,100" 116 ¥
o]
) 300:1:1 70 1 min 91 73,500 119 ¥

-

Ry Ry OH
54 :(’729 < toluene 100:1:1 25 10min 94 29,700 128 ¥

Ry Ry OH
55 5”;;«;"/5 { < b toluene 100:1:1 25 10 min 89 33,100" 126 ¥
R(R R OH
56 S/”‘;u;v < b toluene 100:1:1 25 10 min 47 18,100" 116 ¥
OH
57 b toluene 100:1:1 25 10 min 72 27,300 114 ¥
58a none DCM 200:1 RT 4h 71 23000 149 %
DCM 200:1:9 RT 220 h 100 2,300 1.08 38
58b —OH
none 200:1:4 RT 4h 65 3,500 107 38
59 —OH none 200:1:9 50 13 days 97 2,000 112 %
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entry catalyst initiator solvent [M]:[C):[1] 0'2 rea!ctlon c%nv. yl‘:ald /M PDI  Ref.
(catalyst/initiator) (ImMj:[C/]) (°C) time (%) (%) (g/mol)
200:1:1 50 21 days 49 10,400 118 *#
60 Ho” M none
200:1:1 50 24 days 100 2,600 112 38
61a ar none toluene 200:1 25 48h 95 4390 115 ¥
Sed o)
O o/ O*A< OH
61b o~ ) toluene 50:0.5:1 25 24 h 95 7,100 107 %
Q= 4
62 O/‘]’\"o\,A/ none toluene 50:1 25 16 h 69 7,900 104 %
P\ )
\
63 @;:J«gj@ toluene 200:1 25 2h 93 93 45300 119 %
\
7
64 oo toluene 200:1 25 2h 100 99 58,300 1.41
\
65 toluene 200:1 25 5h 100 99 117,200 137
66 toluene 60:1 25 20 h 100 96 26,100 121 %
67a toluene 400:1 53 5h 96 94 41500 116 4
67b toluene 200:0.5:1 53 3h 99 93 27,900 104 ¥
120:1 RT 1h 99 14,157 153 4
68 DCM
120:1 45 15 min 99 15,330 138  #
DCM 1000:1 RT 15h 98 141,400" 123 2
69
toluene 500:1 RT 3h 94 45400™ 158 %
500:1 RT 48h 84 46,300" 114 %2
70 toluene ") 43
100:1 25 99.7 21,800 1.04
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catalyst initiator [M]:[C):[1] T reaction conv. yield M

entry solvent o . PDI Ref.
(catalyst/initiator) (ImMj:[C/]) (°C) time (%) (%) (g/mol)
71 toluene 100:1 25 Similar than above 4
\O
72 AINJ toluene 100:1 25 Similar than above 8
4
Br Br
(a) = reaction carried out under air
THF = tetrahydrofuran, scCO, = supercritical carbon dioxide, DCM = dichloromethane
[M] = concentration of monomer (e-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 ¢-CL using tin-based catalysts, and characteristics of the resulting PCL
catalyst Initiator [M]:[C]:[1] T reaction conv. yield M
entry solvent o . PDI Ref
(catalyst/initiator) amj:fcnp  (°C)  time (%) (%)  (g/mol)
667:1 110 92,000 177 *
none . (n) 45
1a None 286:1 130 93 min 98.6 25,300 1.57
0 THF 40:1 80 283,000" 1.40 6%
Q i . ) 1
1b sn HO/\/NHZ dioxane 50:1:1 110 42 h 40 2,400 1
ol toluene 50:1:1 110 21h 100 5,700™
o (n) 48
0 O 20:0.0025:1 110 48 h 96 7,020 1.45
1c )/N O none
o 30:0.025:11 110  48h 9,890" 130
1d O none 20251 110  5days 100 18007 147
(0]
1e @‘ﬁ( none 20:40041 110  48h 100  2,600" 108
OH
o]
1f none 20:400:1 110  96h 100  3300" 157 %
HO
HO\_\
o]
1g OO—ﬁ( none 40:2001 110 90h 100  4400” 156 %
OH
none 103:0.5:1 80 3h 79.1 61,000" 128
6:7:1 80 800™ 178 2
10 53
THF 156;3-1 1 :g °" ” 17,700™  1.43 &4
1h ~"on o ‘ ' 51
103:0.5:1 80 50 h 89.9 70,000"  1.30
toluene 103:0.5:1 80 46 h 94.9 73,000 128
scCO, P (n) 51
(240 bar) 103:0.5:1 80 50 h 93.8 68,000 1.15
1i H,0 THF 33:33:1 80 6,000 52
. . (n) 54
. ﬁj‘fﬁ THF:CHCl5 71:1.5:1 80 24 h 73 8,360
NN on (1:1 viv) 48:1.5:1 80 24 h 79 19,700 >
H H
15:2:1 80 24 h 95 2,050" 134 %
1K o toluene 69:2:1 80 24 h 92  10600" 156
O NN o 179:21 80  24h 94 19,100 135
. . (n) 54
1 o~ OH THE 50:2.5:1 80 24 h 52 5,190(n) 1.17 3
100:2.5:1 80 24 h 67 8,650 1.36
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catalyst

Initiator

[MI:[CI:M

T

reaction

conv.

yield

entry solvent o . PDI Ref
(catalyst/initiator) (amy:rcny  (°C) time (%) (%) (g/mol)
1m ~om none 30:0.01:1 110 24 h 84 3,500 118 %
1n o NH, THF 100:15:1 80 %6
HN NH,
W T o () 56
10 o TN THF 858:0.9:1 80 79,000"  1.04
HN NH,
et P,
SNt o
1p BT e[ o THF 2607:2.6:1 80 287,500" 1.05
e At
H‘N/:/N’_[f \N N\\;_;:H?
am it
1q Cas(PO4)s(OH) none 339:1.2:1 130 69 min 22,300" 141 %
/O\n/\/\ . ") 19
2 ey none 100:1 100 24 h 92 10,273
200:1 100 24 h 92 11,414 1
none . ) 57
360:1 40 20min 100 21,000 1.80
3 o~ toluene 362:1 40 3h 100 21,000M 160 %7
o NN CFC-113 362:1 40 1h 58.8 10,700" 215 ¥
cCO (200 bar) 131:1 60 60 min 95 14,300 16 B
2 (210-215 bar) 364:1 40 9.75h 920 18,500" 185 ¥
0 § 0.
4 ﬁkosg ~on none 30:0.01:1 110  24h 83 3,100 112 %
5 L toluene 120:1 75  24h 862 19,753" 14 %
\
/O
30:0.01:1 20 48 h 100 3,420 1.06 80
none 150:0.01:1 65 2h 90 11,400 14 %
6a ~oH 30:0.01:1 110 3h 95 3,800 13 %
30:0.01:1 20 14 h 90 3,300 105 %
g q toluene 60
ngfofwofg I 150:0.01:11 65 4n 85 11,400 1.41
oH 30:0.01:1 40 18 h 98 3,100 108 %
6b none 55
30:0.01:1 65 6h 82 2,700 1.10
oH 30:0.01:1 40 18 h 100 4,000 112 %
6¢c < >—< none ’
30:0.01:1 65 6h 70 2,900 113 %

THF = tetrahydrofuran, scCO, = supercritical carbon dioxide, CFC-113 = 1,1,2-trichloro-1,2,2-trifluoroethane

[M] = concentration of monomer (e-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 e-CL using transition metal-based catalysts, and characteristics of the resulting PCL

catalyst initiator [M]:[CI:[N T reactio conv. yield M PDI

ent solvent o ] Ref
v (catalyst/initiator) (ImMj:[C/1]) (°C) n time (%) (%) (g/mol)
N o o~ none 400:1 100 24 h 93 10,843™ ™
1 T 4400:1 180 15 min 90 90,000 61
O O

/\ﬁ /\/\ toluene 100:1 100 6h low conversion 62
[ (n) 63

2 NN~ toluene 100:1 RT 24 h > 99 8,500 2.60

O%
0}
3 K toluene 100:1 20 24 h >99  6700" 124 o
(o) 0. . , .
"
OF

N/
JN
4 ° toluene 100:1 20 24 h > 99 7,100 1.11 64
N
40\ /OF
I
o) @]
5 toluene 100:1 20 24 h > 99 6,000™ 1.08 64
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catalyst initiator [M]:[CI:[N] T reactio conv. yield M
ent solvent o . PDI Ref
i (catalyst/initiator) ([mM]:[C/1]) (°C) ntime (%) (%) (g/mol)
‘Ok
O— 1o
)\ ©io/1\' % ) 65
6 iy ? O\r toluene 100:1 20 24 h 79 2,100 1.19
o—Ti<2:\©
\rO
e
N
Q-H ?
=,
° . 0] 65
7 // toluene 100:1 20 24 h 25 1,300 1.22
./O
O/TC\JI\OD H—0O
oy
PN
?k
A@2>T‘ﬁoﬁ
8 o OY toluene 100:1 20 24 h 61 2,600 1.20 6
[Pe
07T1<0©\
\rO
‘Ok
O— 1o
& ) 65
toluene 100:1 20 24 h 5 1,200 1.13
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10 toluene 100:1 20 24 h 71 3,500 1.27 &
11 toluene 100:1 20 24 h 4 1,300 1.24 65
12 toluene 100:1 20 24 h 29 1,500 1.18 6
13 toluene 100:1 20 24 h 45 2,050 1.17 &
14 DCM 100:1 25 5h 100 6,500 1.15 &
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catalyst initiator [M]:[CI:[N] T reactio conv. yield M
ent solvent o . PDI Ref
i (catalyst/initiator) ([mM]:[C/1]) (°C) ntime (%) (%) (g/mol)
15 DCM 100:1 25 75h 100 5,600 1.10 €6
oS
N
16 s—/n( toluene 200:1 100 32h 90.3 18,800  1.31 &7
— /;o Q“
T 6
17 3 toluene 200:1 100 8h 91.0  56,200”  1.60 !
& O
FoF P @
FQFQF ‘ /%F E - none 6000:1 60 8 days 69  538,000" %
18 3 B, F oIi . . F
Fﬁ Ti’ c E
i F% i?wé; toluene 2500:1 60 10 days 96 265,000 e
F
F F
;
F{%FF iF ;dL
. 3 5" r Fo/ F
Ti
19 FI;( o Fj@r: none 1000:1 60 8 days 97 216,000" %
F F B E
Rt
FF
.
O,
e toluene 200:1 60 2h 974 32,500% 25 8

20 o/
O 0.
e
N.
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catalyst initiator [M]:[CI:[N] T reactio conv. yield M
entry solvent o . PDI Ref
(catalyst/initiator) ([mM]:[C/1]) (°C) ntime (%) (%) (g/mol)
o none 100:1 100 6h 93 62,200" 2.07 °e
@‘KVC'\ ° ) ™) 62
21 s>t i toluene 100:1 100 6h 100 72,300 2.28
o [¢]
% @ o i: anisole 200:1 100 5h 91 28,200" 1.7 62
none 100:1 100 12h 55 45100 165 62
Cl
- @ Lo LO%% toluene 100:1 100 6h 88 26,000" 120 %
@o/ o ‘JO@ anisole 200:1 100 8h 93 12,500  1.08 6
dioxane 200:1 100 8h 92 20,200™  1.08 62
A
23 o—T0 toluene 175:1 70 24 h 77 15,800  1.06 89
\rO
24 iiﬁ toluene 200:1 70 24 h 89 17,600 1.10 &9
"o methanol© 133:1 60 24 h 99 99 7
HO\ P-n
25 q O\‘\<Ogo THF:H.0 ©) 70
H H\(\/ a0 (73 vIv) 60 24h 99 98
HoH
QO
SRR CINGSNY'
- . (n) 4l
26 O/O toluene 450:1 25 16 h 100 36,400 1.20
oy
<
<
27 N T s toluene 400:1 25 16 h 100 27,000 1.98 &
O <O
sic /‘Si\/
F74F P oL id (a) () 14
28 iy L ?LF Ho L on none 150:0.3:1 60 24 h 86 16,400 1.97
29 ZnO [bmim][BF ] 143:1 255 M) 9 2,260 1.3 &
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catalyst initiator [M]:[CI:[N] T reactio conv. yield M
ent solvent o . PDI Ref
i (catalyst/initiator) ([mM]:[C/1]) (°C) ntime (%) (%) (g/mol)
143:1 305 M) 62 11,060 2.5 r
30 SO O none 200:1 100 24 h 93 10,843 ™ 1
31 I toluene 25 no reported results &
32 NN D N toluene 25 3,100 1.05 &
. (n) 73
3 NN toluene 45:1 25 88 4,500 . 1.09 .
90:1 25 11,400
. (n) 73
34 Bre g 2 B toluene 53:1 25 100 3,200 . 1.1 -
260:1 25 15,500
35a QW WLN none THF 100:1 80 =100 440,000"  1.04 31
. ~ (n) 74
35b o none 30:1:1 100 100 3,350 . 1.98 )
THF 200:5:1 80 =100 25,000

120

36 /\/ o/\ ﬁ/\: z toluene 1000:1 22 min 93.5 S

I I/ F .
/ \ / F

37 /\0/ ~o" N }@/\: z none 6000:1 50 20 min 145  55,000") 2.3 7
. (n) 19

38a o o/ none none 400:1 100 24 h 92 11,756

prae
38b o @AOH toluene 10:0.1:1 50 100 24
39 g& benzene 50:1 80 10h 95 6,600 15 7
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catalyst initiator [M]:[CI:[N] T reactio conv. yield M
ent solvent o . PDI Ref
i (catalyst/initiator) ([mM]:[C/1]) (°C) ntime (%) (%) (g/mol)
’\4—\
40 ; 2012{“;05 g toluene 100:1 RT 24h >99  6,000” 260
00
[ (n) 63
41 Sy toluene 100:1 RT 24 h 10 1,000 1.59
o \ro
N 63
42 020 toluene 100:1 RT 24 h > 99 7,500 1.27
[elye)
AN
/“ﬁj
3
43 C£>/z<z { toluene 100:1 25 96 184577 263 7
D
/N
Saife
44 g>fz<: { toluene 100:1 50 76 21219” 155 7
\ —
C%N
\N
>§ o /Xv N// 77
45 - o>fZ<N 4 toluene 100:1 50 93 14,764" 138
/\N =
46 aqueous Hs[PMo10V2040] methanol© 133:1 60 12 h 99 98 4900 <17 70
methanol 133:1 60 24 h 30 26 7
methanol® 133:1 60 12 h 99 98 7
THF© 133:1 60 1h 99 99 7
. 0)
ethanol:H,0 133:1 60 24h 90 86 70

(viv 9:1)
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entry

47
48

49

50

51

52

53

54

catalyst initiator [M]:[CI:[N] T reactio conv. yield M
solvent o . PDI Ref
(catalyst/initiator) ([mM]:[C/1]) (°C) ntime (%) (%) (g/mol)
acetonitrile'™ 133:1 60 24 h 90 87 0
toluene 133:1 60 24h 99 96 7
aqueous H3[PMo1204] methanol© 161:1 60 24 h 99 79 7
aqueous Hg[PMogV304] methanol© 133:1 60 12 h 99 98 7
o_ 0 o
O)K ig methanol© 13:1 60 24 h 99 96 0
o O
i OH ) 14
Ag,ofEJfF wo Lo none 150:0.3:1 60 240 h 46 6,700 1.89
I
aqueous Ha[PW12040] methanol© 161:1 60 24 h 98 98 7
\/N\‘ _
~hi toluene 100:1 25 99 52,962"  1.45 7
C}\N/ >
Ve
\N
=D ;
o>f“<N 4 toluene 100:1 50 75 17,727 1.38
Vool
)
AN
N
>§ 0 /\ //
O>H<: < toluene 100:1 50 94 10,907™  1.23 7
2:}#\ -
/N

(O) = reaction performed under dioxygen atmosphere, (a) = reaction carried out under air
DCM = dichloromethane, THF = tetrahydrofuran

[M] = concentration of monomer (e-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 e-CL using rare earth metal-based catalysts, and characteristics of the resulting PCL

Entry catalyst initiator Solvent [M]:[C):[11 0'2 rea'ction c%nv. yi:ald /M PDI Ref.
(catalyst/initiator) (my:fcny  (°C) time (%) (%) (g/mol)
Toluene 50:1 25 4h >99 6,900™ 113 '8
1a none [BMIM][PF¢] 50:1 25 42 h 80 2,500 144 7
[BMIM][SbFé] 50:1 25 30h 87 900™ 131 "
1b Ho Lo _on none® 150:03:1 60 6h 66 11,400" 166 ™
1c H,0 Toluene 50:0.05:1 25 120 h >99 7,700™ 110 787°
oH 50:0.05:1 25 120 h > 99 7,500 112 ™8
1d g Toluene ") 78 79
50:1:1 25 2.3h >99 3,500 113 '
. None 30:0.01:1 40 24 h 81 3,000 108 %
1e F——F ~oH 30:0.01:1 110 3h 89 5,200 1.12 %
0=S8=0
bolr Toluene 40:0.4:1 35 21h 98 6,100 116 %
o b &N oH 30:0.01:1 40 24 h 85 3,300 108 %
1f R © T F None ’
FXF o A 30:0.01:1 65 8h 64 1,900 133 *®
30:0.01:1 40 24 h 83 2,900 107 %
19 None 55
30:0.01:1 65 8h 64 2,300 1.32
1h Toluene 50:1:1 25  5days 800™ 118
1 Toluene 50:1:1 25 21h 1,500™ 118  ®
1 Toluene 100:2:1 25  35h 11,6000 + 70
“ : 3,800™
2a Toluene 40:0.4:1 35 72 h 86 6,200 112 %
2b Toluene 40:0.4:1 50 30 h 89 4,700™ 113 %
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catalyst initiator [M]:[C):[11 T reaction conv. yield M
Ent Solvent ° . PDI Ref.
v (catalyst/initiator) (amy:rcny  (°C) time (%) (%) (g/mol)
2c @AOH Toluene 40:0.4:1 50 18 h 91 4,100" 111 %
2d H.0 Toluene 40:0.4:1 50 8h 81 2,800™ 126 %
3a ) vo Lo none® 150:0.03:11 60 48h 54 13,300" 145 M
I o
3b SO @ Toluene 50:1:1 25 120 h 100 1,700 129 "
v \//S// F
Q.0 O P [BMIM][BF 4] 50:1 25 7 days 29 500" 115
3c ;0 none [BMIM][PF¢] 50:1 25 53 h 83 2,800 142 7
[BMIM][SbFe] 50:1 25 48 h 99 1,800™ 124 7
None 47:1 110 15 min 5,180 8.0 4
500:1 5 30 min 97 45,900 8
Toluene ) ") 4
4a \o( . none 146:1 110 15 min 7,800 1.8
Y (150 bar) 58:1 106 15 min 95 15,400 1.8 4
\ro scCO, (n) 23
(200 bar) 40:1 110 1h 76 6,000 1.4
4b @A"“ Toluene 13:0.1:1 50 5 min 1,950™ 155
A .
o’ALo
Py ?J\ Y// A . o o
5 o™ O\Y/O\Y Toluene 1250:1 10 50 min 97 13,300
0.
N
o7 o
PN
)\O,Sn/o\(
Y \(dY,o . . (n) 81
6 °\s</4c%§qj\ Toluene 1000:1 40 5 min 97 12,600
P T
\(
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catalyst initiator [M]:[C):[11 T reaction conv. yield M
Ent Solvent ° . PDI Ref.
v (catalyst/initiator) (amy:rcny  (°C) time (%) (%) (g/mol)
bl
I 0,
7 4i//f Toluene 1000:1 10 5 min 97 54,000 8
Ly
22:0.1:1® 20 2.4h 100 1,900 1.3 29
&g OH Toluene 20:0.07:1® 40 25h 100 1,300 15 29
8 o 22:01:1© 40 9min 100 1,900 14 ®
)7 UV y .
THF 22:0.1:19 40 60 min 100 2,000™ 1.1 29
. (n) 2
Q. 250:1 60 30 81 88,000
9 None
@ 250:1 100 30 91 89,000 2
@ /O\ §3
10 Y )i Toluene 500:1 0 10 h 95 92,000" 110 ¥
]/ — \@
- 7 E Y
11 ¥ Toluene 500:1 0 10 h 90 89,000" 112 &
% @)
12a none Toluene 13:1 25 8,000™ 3.1 8
OH
12b Toluene 175:10:1 40 3 min 100 22,000 1.1 83
12¢ L —oH Toluene 44:8:1 20  3.5min 99 4,800 1.2 8
12d I Ao Toluene 22:7:1 20  15min 100 2,500 12 ®
S\/N\Y/N\Sl OH
12e | Toluene 43:10:1 20 3 min 100 4,500 1.3 8
\SI/ \Si/
- 7. ; (n) 83
12f s@ww Toluene 26:7:1 20 35min 100 3,400 115
129 C“ww Toluene 26:8:1 20  3.5min 100 3,600™ 115 8




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

catalyst initiator [M]:[C):[11 T reaction conv. yield M
Ent Solvent ° . PDI Ref.
v (catalyst/initiator) (amy:rcny  (°C) time (%) (%) (g/mol)
o) O. OH
13 \‘Y/ PY DCM 50:0.3:1 22 5 min 100 6,000 114 &
o
14a ) Ho Lo _on none® 150:0.3:1 60 240 h 300" 290 ™
F F
14b 0=$=0 @AOH Toluene 50:1:1 25 3h 100 2,900" 116
ONg O F
F Q.0 O /F [BMIM][BF 4] 50:1 25 2 days 29 300" 116
14¢ P o none [BMIM][PFé] 50:1 25 46 h 100 3,700 153 "
[BMIM][SbFe] 50:1 25 42 h 100 1,800 121 ™
~ None 32:1 110 15 min 7,300 6.2 4
0. 0 Toluene 140:1 110 7 min 80 16,500 15 4
15 g
\(6 scco, (150 bar) 140:1 110 15 min 25 5,050 1.4 4
2 (200 bar) 40:1 110 1h 46 3,100™ 1.2 2
" >§?>( 2000:1 0 2h 60 14,400 8
%EC,§ aw 2000:1 30 2h 75 38,900 8
16 )\ @ Toluene 2000:1 50 2h 91 44,300 8
I
KEEX 2000:1 60 2h 94 45,700 8
2000:1 80 2h 100 48,300 8
.
17a Ny @ o Toluene 50:1:1 25  85h 100 1,800" 121 7
07979 s
Fo%c bt [BMIM][BF 4] 50:1 25 6 days 32 600" 120
17b Fff‘,’ 0=3=0 none [BMIM][PFg] 50:1 25 47 h 100 3,500 156
F F
i [BMIM][SbFe] 50:1 25 29 h 100 1,700™ 122 ™
18a F @A"“ Toluene 50:1:1 25 120 h 70 900™ 119  "°
F F
18b o=g=0 none [BMIM][BF4] 50:1 25 6 days 30 300" 120




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

Entry

19

20

21

22

23

24

25

catalyst initiator Solvent [M]:[C):[11 o':': rea_ctlon ccinv. yl:eld IM PDI Ref.
(catalyst/initiator) (amy:rcny  (°C) time (%) (%) (g/mol)
[BMIM][PFé] 50:1 25 35h 100 2,700™ 1.41 &
[BMIM][SbF¢] 50:1 25 43 h 100 1,700™ 127 "®
<"S None 500:1 80  30min 96 14,600 2
g g Toluene 13:0.1:1 50 10min 100 1,550 1.1
.
F F
0=8=0
oo L o @) . (n) 14
SrOg Ho_L_on none 50:0.3 60 240 h 300 3.50
F O\\ ,C‘) 0/ ><F
"o
@ @ None 1000:1 170  5min 87 17,800 2
e Toluene 125:1 70 2h 65 68,000 2
@ Benzene 125:1 70 2h 70 53,000 2
\C( .0 OH 24
i @A Toluene 13:0.1:1 50 5 min 100 1,100 1.9
| |
T
)s("\Tm/N\sf\ Toluene 150:1 20  <1min 08 27,200" 238 8
/\Si/N\Si/
\ /T
o ps S‘i
C/\N/ \ | 150:1 20 20 min 98 11,000" 191 %
0. Cl N
/s.\N /Sm\c /Tm\o S Toluene
| N 300:1 20 98 13,300 157 %
Si— i Si
\
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catalyst initiator [M]:[C):[11 T reaction conv. yield M
Ent Solvent ° . PDI Ref.
v (catalyst/initiator) (amy:rcny  (°C) time (%) (%) (g/mol)
SN 7511 20 97 16,600 165
C/ v ‘ : ’ :
AN | Y, . , 86
26 S /Sm\B/S‘m\O S Toluene 150:1 20 10 min 98 17,500 1.65
N.
D S 150:1 -10 98 31,000 198 %
Xéjy( 500:1 RT  2min 100 153,000" 143 ¥
7 o7
27 Co—»Tm< Toluene
0 &
%X 2000:1 RT  5min 100 626,000" 156 ¥
28 %s/o \Sm% Toluene 500:1 RT  2min 99 123,000 140 ¥
Ny
: / (n) 82
29 s Toluene 500:1 25 5h 95 83,400 1.06
% O
v / \ ) 82
30 m o sm Toluene 500:1 20 5h 65 142,200 1.05
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catalyst initiator [M]:[C):[11 T reaction conv. yield M
Entry (catalyst/initiator) Solvent amj:recnp  (CC) time (%) (%) (g/mol) POl Ref.
- 7 g o
31 sm Toluene 500:1 0 10 h 92 108,000  1.09 ®
QT
Oc\\T/O . (n) 88
32 /SQ\ THF 275:1 RT 2 min 71 91,575 27
NSy
o]
N
jegaey
O\\‘ -0 . (n) 88
33 .0 THF 275:1 RT 2 min 71 51,750 3.3
/
NaC.
\Si/\ /\Si/
/oy
Sm
34 o:ﬁo THF 27511 RT 2 min 67 30,060™ 2.0 8
/
N
N
.
35a F——r gOH Toluene 50:1:1 25 114 h 100 1,700 122 7
0=S=0
! o]
oo\guo&s’% [BMIM][PFg] 50:1 25 49 h 100 2,400 145  7°
35b N F none
FX:\\O " [BMIM][SbFe] 50:1 25 48 h 44 1,500 113 ™
.
36a F—r @AOH Toluene 50:1:1 25 120 h 74 1,600 117 ™®
0=8=0
|
OO\?d'O;/s’i[ [BMIM][BF4] 50:1 25 5 days 30 600" 121 ™
36b FX\\S\;O ¢ none [BMIM][PF¢] 50:1 25 48 h 100 3,400 150  ”°
F [e]

F [BMIM][SbF¢] 50:1 25 29 h 100 2,500 125
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catalyst initiator [M]:[C):[11 T reaction conv. yield M
Ent Solvent ° . PDI Ref.
v (catalyst/initiator) (amy:rcny  (°C) time (%) (%) (g/mol)
.
37a F——r @AOH Toluene 50:1:1 25 30 h 100 1,700 123 "
0=8=0
|
OO\TBO;/S’;F [BMIM][BF4] 50:1 25 4 days 27 500" 1.21 &
37b o5 o F none [BMIM][PF] 50:1 25 48 h 43 1600" 153 "
PR [BMIM][SbF¢] 50:1 25 48 h 82 1,400™ 1.21 &
38 ‘vb/ /Yb’ Toluene 500:1 20 5h 25 56,600" 119 &
F oH ) 79
39a F——r @ Toluene 50:1:1 25 91h 99 2,200 1.30
0=8=0
|
OO\%U'O;/S’;F [BMIM][BF 4] 50:1 25 3 days 26 500" 117 "
39 FX\\S\;O ¢ none [BMIM][PFg] 50:1 25 47 h 100 4,400 149  7°
PR [BMIM][SbF¢] 50:1 25 48 h 80 1,100™ 118

(a) = reaction carried out under air

BMIM = 1-butyl-3-methylimidazolium, THF = tetrahydrofuran, DCM = dichloromethane, scCO, = supercritical carbon dioxide
[M] = concentration of monomer (e-CL); [C] = concentration of catalyst; [I] = concentration of initiator

(b) polymer recovered by HCI 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 e-CL and characteristics of the resulting PCL

entry catalyst initiator(s) solvent mu:me(:m) (,,E) reaction °:3,2;’ : V('.;:)d (© /mol) PDI Ref
1a Ho none 87:65:1 65  4days 1,100 1.4 %
heptane 96:143:1 65  4days 100 2,700 1.9 8
dioxane 18.3:27.3:(0.19+0.81) 65 4 days 310™ 8
H,0 toluene 18.3:27.3:(0.19+0.81) 65 4 days 750" 89
1b Z"0H . . () 89
+ heptane 18.3:27.3:(0.19+0.81) 65 4 days 100 1,600 1.8
66:99:(0.69+0.31) 65 4 days 100 2,300™ 1.9 89
1c ~on none 0.07:94:1 RT  1100h 45 2,902™) %
n-hexane 3.6:4688:1 RT 1100 h 81 1,364™ %0
crude PPL 2.3:1 60 240h 95 13000 1.7 9193
none 2.3:1 75 20days 99 2,300 3.1 93
1d none 2.3:1 60 10days 69 2,500 1.9 9
isooctane 1.1:1 45 10 days 47 920 1.6 %
toluene 1000:1 25-75 500 h 9
" 4.1:2.511 70 96 h > 80 44 2,200 1.2 %
HO S0 0.02:2.5:1 70 88 12,500
p  Lipase from Aspergillus niger none none 2.3:1 60  240h 4 780™ 13 92,93
(lipase A)
Lipase from 2.3:1 60 10 days 75 3,300 2.5 o
3 e Ty o none none 2.3:1 75  10days 98 18007 23 o
4a Lipase from Candida none 2.3:1 60 240 h 92 1,900 2.0 91-93
cylindracea none 2.3:1 75 20 days 100 3,100 3.0 %
(lipase CC) 2.3:1 75  120h 81 1,400 1.7 %
isooctane 1.1:1 45  20days 100 3,700 2.4 93
1,4-dioxane 1.1:1 45 10 days 2 740" 1.1 93
acetonitrile 1.1:1 45 10 days 1 690" 1.1 9
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o . . T reaction conv. Yyield M
entry catalyst initiator(s) solvent mu:mc(:my) C) time (%) (%) (g/mol) PDI Ref
acetone 1.1:1 45 10 days 8 810" 1.1 9
2-butanone 1.1:1 45 10 days 1 900™ 1.1 %
tert-butyl alcohol 1.1:1 45 10 days 6 630" 1.1 93
tert-butyl methyl ether 1.1:1 45 10days 37 500" 1.1 93
isopropyl ether 1.1:1 45 10 days 48 710™ 1.2 %
benzene 1.1:1 45 10days 37 720" 1.3 93
carbon tetrachloride 1.1:1 45 20days 80 1,000 2.3 93
heptane 1.1:1 45 10days 97 3,200 2.7 93
cyclooctane 1.1:1 45 10days 100 1,700™ 4.0 93
OH
4b Ho/&w none 4.1:2.5:1 70 9 h 2 %
Ho OH O\/
5a lipase from H,O 'Pr,0 0.69:0.2:1 65 5h 75 9
Candida cylindracea
5b (= Candida rugosa) none toluene 1000:1 25.75 500 h %
(lipase AY)
lipase from
Candida cylindracea H.O i .08 } 99
6 (= Candida rugosa) (lipase AY) 2 Pr,0 0.69:0.8:1 65 5h 85-92
supported on poly(propylene)
7a lipase from none 11.4:1 60 24 h 99 4,300" 2.7 100
Candida Antarctica 11.4:1 60 24 h 99 3,400™ 25 9
immobilized on acrylic resin . Y (n) 100
(Novozym® 435) none 5.7:1 60 4 h 98 5,000 2.5 o
50:1 60 24 h 98 96 4,701
100:1 70 4h 41 10,800™ 2.1 102
y 5:1 60 48 h 92 37 1,907  1.2-1.3 101
acetonitrile 102
100:1 70 4h <2
THE 5:1 60 48 h 84 18 1,032% 1213 101
100:1 70 4h ~ 26 102
. 5:1 60 48 h 99 29 2,870 1213 101
dioxane 102
100:1 70 4h ~17
. 5:1 60 24 h 97 94 3,957 1213 101
isooctane

100:1 70 4h ~ 80 ~ 15,000 102
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entry catalyst initiator(s) solvent mu:mc(:my) (0-2) re?i(;::n cg,z;’ ' y(':z )d (g Irnl,'llol) PDI Ref
chloroform 100:1 70 4h ~ 26 102

butyl ether 100:1 70 4h ~ 64 ~12,500" 102

isopropyl ether 100:1 70 4h ~72 102

100:1 70 4h 85 17,200 1.8 102

toluene 10:1 70 4h 87 44,800 1.7 102

1000:1 25-75 500 h 9

scCO; (80 bar) 10:1 35 24 h 95 35,000 14 108

none 57:1:27* 60 24 h 70 6,740™ 2.73 104

'Pr,0 0.69:0.03:1 65 5h 97 9

- H,0 MTBE 23:1:77* 60  72h 9 2070 182 104
1667:167:1 108 5h > 93 18,000 105

toluene 526:53:1 60 80 7,000 105

1667:167:1 60 80 15,000 105

7c AN N 0on none 4.4:0.4:1 60 1h 78 1,000 1.5 100
7d hs” > none 57:1.3:1 60  24h 70 2,940" 142 fo4
OH none 17:0.17:1 60 8h 93 90 3,101™ 106

e “OMO acetonitrile 17:3.4:1 60 56 h 95 38 2,141™ 1.3 108

OH N\
OH
(0]
7f oS acetonitrile 17:3.4:1 60  56h 95 37 1,037" 106
OH
N
OH
79 Ho/&\r none 4.1:2.5:1 70 96 h > 80 %
Ho OH O\/
Lipase from
8 Pseudomonas aeroginosa none none 2.3:1 60 240h 56 2,700 3.8 92
(lipase PA)

9a Lipase from —OH none 3.6:4688:1 60 240 h 56 1,442™ 9
9b Pseudomonas cepacia none none 2.3:1 60 240 h 84 6,100™ 2.7 01-93
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o . . T reaction conv. Yyield M
entry catalyst initiator(s) solvent mu:mc(:my) C) time (%) (%) (g/mol) PDI Ref
(lipase PS-30) OH
(0]
9 HOo acetonitrile 17:3.4:1 60  100h 20 20 2363% 1%
OH
N
OH
9d Hom none 4.1:2.5:1 70 9 h 9 %
Ho OH O\/
lipase from
10 Pseudomonas fluorescens none none 2.3:1 75 10 days 92 7,700(”) 2.4 94,97
(lipase P)
_ 2.3:1 60 10 days 71 7,000(n) 2.2 %
lipase from none 2.3:1 75  480h 99 12,000" 2.3 9193
11 Pseudomonas fluorescens none ") 08
(lipase PF) 2.3:1 75 120 h 48 4,400 2.6
isooctane 1.1:1 45 10days 52 1,800 2.3 9
H,0 'Pr,0 0.69:0.2:1 65 5h 90 9
lipase from OH
12 Pseudomonas fluorescens o - 9%
(lipase AK) Ho™ . none 4.1:2.51 70 96 h 54
OH  N\—
0.29:1 45  20days 100 8,800 2.58 107
13a none none 0.29:1 45 10,187"  1.28 108
0.57:1 60 480 h 98 10,200 1.45 109
none 26:1.3:1 45 70 2,700 1.70 109
_ THF 38:1.9:1 37 28 2,500"  1.05 19
Lipase from 1,2-dichloroethane 50:2.5:1 37 45 3.400" 1.3 109
Pseudomonas sp. ") 109
(PSL) chI_oroform 100:5:1 37 38 2,000 1.08
13b H,0 'Pr,0 42:2.1:1 37 99 6,400 1.28 109
benzene 100:5:1 37 58 2,600 1.09 109
toluene 143:7.1:1 37 85 6,500 1.35 109
cyclohexane 250:12.5:1 37 69 7,400 1.34 109
isooctane 143:7.1:1 37 88 7,100™ 1.29 109
14 Lipase from none none 2.3:1 60 10 days 38 1,000 1.6 %
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o . . T reaction conv. Yyield M
entry catalyst initiator(s) solvent mu:mc(:m)) C) time (%) (%) (g/mol) PDI Ref
Rhyzopus delemer isooctane 1.1:1 45 10days 3 740™ 1.1 e
(lipase RD)
Lipase from none 2.3:1 60 240 h 83 840" 1.7 21,93
15 Rhyzopus japonicus none .
(lipase RJ) isooctane 1.1:1 45  10days 2 800" 1.6 %
lipase from .
16 Rhizopus miehei H,0 'Pr,0 0.69:0.03:1 65 5h 45 9
(NS-40008)
OH
immobilised lipase from
17 Mucor miehei o Q none 4.1:2.5:1 70 96 h 15 %
(Lipozyme® IM) HO =~ o\/
OH
Lipase from
18 Mucor javanicus o Q none 4.1:2.5:1 70 96 h 29 %
(lipase MAP-10) HO = o\/
19 HLE none none 2.3:1 60 10 days 17 830™ 1.2 93
20 Lipolase® none toluene 1000:1 25-75 500 h %
PPL = Porcine Pancreatic Lipase; HLE = Hog Liver Esterase
scCO, = supercritical carbon dioxide; MTBE = methyl tert-butyl ether
my = mass of monomer (e-CL); m¢ = mass of catalyst; m; = 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 e-CL catalysed by organic compounds and characteristics of the resulting PCL
s . . T reaction conv. yield M
entry catalyst initiator(s) Solvent [MI:[CI(:[1]) (°C) time (%) (%) (g/mol) PDI  Ref
N 50:0.25:1 RT 5h 76 8,200" 110 MM
1a CN)\\/Nj CCO benzene-d6
on 200:0.25:1 RT 8h 52 20,800 1.1 %™
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. . T reaction conv. yield M
entry catalyst initiator(s) Solvent [MI:[CI(:[1]) (°C) time (%) (%) (g/mol) PDI Ref
1b Kot oH Toluene 50: 0.25 :1 RT 3h 50 11,700 1.03 MM
HO OH
1c Toluene 150: 0.25 :1 RT 3h 60 23,400 119 MO
F
N F F
2 CNQ + i 0 CCO benzene-d6  20:(0.2+0.2):1  RT 72h 78 7,700” 105
\ h NLN O OH
¥ booh
.
@ Py O
3 D * i benzene-d6  20:(0.2+0.2):1  RT 120 h 78 8,100  1.04 ™M
N <O 9 .
F H H
4a @AOH None 30:3:1 120 4h 78 1,500 13 2
OH
4b HQ&O None 40:1:1 120 21h 100 6,500" 15 '
N
OH
o OH
OH
4c ﬁ"“ o m None 10:1:1 120 5h 100 4000" 15 1
o
° OH OH OH
4d bﬂ} None 10:1:1 120 3h 100 1,500 115 '®
5a @°H None 30:3:1 120 4h 90 2, 730" 43
OH O
5b Ho oH on cotton wool None 100:1:? 120 6h not measurable 4
HO o & filter paper a0 not measurable 114
S¢ o (Whatman 1) None 100:1:% 120 6h weight gain: 11%
It OH . (w) 112
6a PN None 30:3:1 120 2h 10 450
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o . . T reaction conv. yield M
entry catalyst initiator(s) Solvent [MI:[CI(:[1]) (°C) time (%) (%) (g/mol) PDI Ref
OH
6b Hq&o None 10:1:1 120 3h 20 e
OH N
7a @AOH None 30:3:1 120 2h 12 450™) 12
[e]
L, on
7b Hq&o None 10:1:1 120 3h 15 "
OH N
o 0. OHO
8 m @AOH None 30:3:1 120 4n 81 2,502" 13 "2
HO oH OH
OH
9 HOM)OLOH HQ&O\ None 10:1:1 120 3h 30 "3
OH
o
10 I, @OH None 30:3:1 120 4h <10 450™ "z
o
11 O)%H @AOH None 30:3:1 120 4h 49 1,248W 12 ™
N
(o]
12 Ho on @AOH None 30:3:1 120 4h <5 12
NH,
13a A om DCM 100:5:1 25 24h 94 82  14300" 115 '°
HCI DCM 40:1:1 30 24 h 22 1,610" 119 '
13b P (n) 116
Toluene 40:1:1 30 19 h > 98 3,500 1.22
DCM 40:1:1 30 7h > 98 3,500" 122 "¢
14a S OH 40:1:1 30 15h > 98 4500 115 "6
Toluene , ") 16
F o 98:1:1 30 420 min > 98 10,080 1.17
F—t5on oH Toluene 40:1:1 30 90 min > 98 4500" 115 '
14b Fo )\ 117
DCM 29:0.4:1 35 90 min >95 3,500  1.05
14c {on Toluene 40:1:1 30  110min  >98 5400" 113 11
1. DCM 40:1:1 30 2h > 98 4,280 107 "°
15a ) SO 40:1:1 30 15h > 98 4300" 107
Toluene ) ™ 116
100:1:1 30 255min  >98 9,700 1.07
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o . . T reaction conv. yield M
entry catalyst initiator(s) Solvent [MI:[CI(:[1]) (°C) time (%) (%) (g/mol) PDI Ref
15b Py Toluene 39:1:1 30  9mn  >98 4,0900" 110 '
15¢ {on Toluene 40:1:1 30 90min  >98 5100” 108
2 methanol© 53:1 60 12 h 99 98 70
16 HO—%—OH o 70
° THF© 3:1 60 9h 99 99
oH methanol© 80:1 60 12 h 99 98 70
17 Ho—p=o o 70
oH THF©) 3:1 60 8h 99 99
N/ OH
L=N =
18 CN”‘?NTJV 99 None 100:1:1 80 240 14 3,600" 108 "
O
OH 119
19a @ THF 100:0.5:1 25 24 h 99 11,00  1.33
H H
&op
/@N/—\N@\ \\Q ‘J
~ n O (o]
19b HOKOWOJ#OH THF 240:0.5:1 25 24h 95 4,000 145 °
o 0.
BN

(O) = reaction performed under dioxygen atmosphere

DCM = dichloromethane, THF = tetrahydrofuran

[M] = concentration of monomer (e-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



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

Section 2: Ineffective systems

ROP catalysed by metal-based compounds

1. Alkali-based catalysts

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

Catalyst Initiator [M]:[CI:[1] T reaction conv. yield

entry solvent . PDI  Ref
catalyst/initiator imprcnp (°C)  time (%) (%) (g/mol)
Bl OH (@) o 14
1 P iJfF wo__L_on  none 150:0.3:1 60 240 no polymerisation
2 Na@ THF 250:1 20 1h oligomers 3
(a) = reaction done under normal atmosphere
THF = tetrahydrofuran
[M] = concentration of monomer (e-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 ¢-CL using alkaline earth-based catalysts that lead to no polymerisation, low conversion or oligomers
oo T reaction conv. yield M
n | initiator Iven M]:[CI:[I . PDI Ref
entry catalyst tiato solvent  [M]:[C]:[I] (°C) time (%) (%) (g/mol) e
i 2 /O\S//O f OH (a) isati 14
1 2485’\0/“"9 gfp wo_L_ow  none 150:0.3:1 60 240 h no polymerisation

(a) = reaction carried out under normal atmosphere

[M] = concentration of monomer (e-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 e-CL using aluminium-based catalysts that lead to no polymerisation, low conversion or oligomers

entry catalyst initiator solvent [M]:[C):[11 °I: rea'ctlon c%;w. ngld IM | PDI Ref.
(catalystinitiator) (amjy:rcny  (°C) time (%) (%) (g/mol)
<> |l .
1 0 So——> none DCM 50:0.3.1 RT 25h no polymerisation
> ==
o—;L/ oH 33
2 :/< /‘N—Q @ toluene 500:1:1 25 20 h no polymerisation
Cl
3 %féo\ﬁ{l,é;% toluene 50:1 50 no polymerisation #
=N ON=
—Sple
4 — A= toluene 50:1 50 no polymerisation 3
"D
5 N |N none toluene 100:1 70 24 h no polymerisation %
SAl”
SR
6 N |N none toluene 100:1 70 24 h no polymerisation %
SA
/\
100:1 70 24h no polymerisation %

I
7 N\Al’N none toluene
/ \
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entry catalyst initiator solvent [M]:[C):[1] 0'2 rea_ctlon cc;nv. ylfld IM PDI Ref.
(catalyst/initiator) amj:reny  (CC) time (%) (%) (g/mol)
|
8 N\Al’N none toluene 100:1 70 24 h no polymerisation %
/\
7
R O
9 %’N‘;\'Mz none toluene 100:1 25 10 min no polymerisation 3
e}
10 PhBr 120:1 100 no polymerisation 42

O T
11 O o . E DCM 120:1 40 no polymerisation 42
\ @
/AI\/\( i F -
/ ~N F
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catalyst initiator solvent [M]:[C):[1] T reaction conv. yield M

t (-} H 0, 0,
ety (catalyst/initiator) amj:reny  (CC) time (%) (%) (g/mol)

PDI

Ref.

F
YA
F
F F
12 o F, F DCM 120:1 40 no polymerisation
PH FF F

13 DCM 120:1 40 no polymerisation

42

42
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catalyst initiator [M]:[C):[1] T reaction conv. yield M
ent solvent o . PDI Ref.
v (catalyst/initiator) amj:reny  (CC) time (%) (%) (g/mol)
14 DCM 120:1 40 no polymerisation 42
15 DCM 120:1 40 no polymerisation 42
16 DCM 500:1 RT 48 h no polymerisation 22
) R OH
toluene 100:1:1 25 4h <1 ¥

DCM = dichloromethane

[M] = concentration of monomer (e-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 e-CL using transition metal-based catalysts that lead to no polymerisation, low conversion or oligomers

catalyst initiator [M]:[CI:[1] T reaction conv. yield M
ent solvent o . PDI Ref
i catalyst/initiator [M]:[C/1] (°C) time (%) (%) (g/mol)
\/\/O\ ,0\/\/ ) 62
1 /\/\O/Ti\o/\/\ toluene 100:1 100 6h low conversion
(]
2 o;}fN;o toluene 100:1 RT 24 h no polymerisation 63
[ele)
O,N NO,
3 oY d toluene 100:1 RT 24 h no polymerisation
[o)e]

63

NN/
4 @T{O toluene 100:1 RT 24 h no polymerisation &
[ele)
W@:

toluene 100:1 RT 24 h no polymerisation

DCM 100:1 25 24h no polymerisation 66
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catalyst initiator [M]:[CI:[N] T reaction conv. yield M
ent solvent ° . PDI Ref
i catalyst/initiator [M]:[C/] (°C) time (%) (%)  (g/mol)
O O\
Cl
7 /Ti\ toluene 200:1 100 no polymerisation 67
G
@Lf
8 d I\O toluene 200:1 60 24 h low conversion 8
N.
[ %f
9 =" toluene 200:1 60 24 h low conversion 8
O, O
N
ST S
10 Te O/TQO//Y\T‘iézTe toluene 100:1 100 6h low conversion 62
= Ly SSe
QT/C\
o 10 2
11 %@/Teié)( toluene 100:1 100 6h low conversion
/ % T‘/C\
12 o/T\o toluene 100:1 100 6 h low conversion 62
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catalyst initiator [M]:[CI:[N] T reaction

conv. yield M

ent solvent ° . PDI Ref
i catalyst/initiator [M]:[C/] (°C) time (%) (%)  (g/mol)
0
e | .
13 o=ti-0 toluene 100:1 100 6 h low conversion
ok
(o}
o—l.o
14 \[‘fO/ % methanol© 67:1 60 24 h low conversion 7
/
/N\Zn\
15 o? °© toluene 200:1 60 24 h low conversion 8
N.
16 toluene 100:1 RT 24 h no polymerisation 63
17 toluene 100:1 RT 24 h no polymerisation 63
18 none 150:0.3:1 60 240 h 46 6,700 189 ™
i
O\\ //O
19 />M°<\ methanol® 133:1 60 24 h no polymerisation °
o~ Il o
[e]

(O) = reaction performed under dioxygen atmosphere, (a) = reaction carried out under normal atmosphere

DCM = dichloromethane, THF = tetrahydrofuran

[M] = concentration of monomer (e-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 e-CL using rare earth metal-based catalysts that lead to no polymerisation, low conversion or oligomers

catalyst initiator [M]:[CI:[N] T reaction conv. yield M
Entry Solvent o . PDI Ref.
catalyst/initiator [M]:[C/] (°C) time (%) (%) (g/mol)
1a - o L on none®® 150:0.3:1 60 6h 66 11,400 166 M
0=S=0
(‘)\S .O\S//0 F
1b F Q\Sx‘v 5/F F none [BMIM][BF4] 50:1 25 2 days no polymerisation &
2
.
F—fr
T " (@ ) 14
2 O\T/O;s”{ Ho L _on none 150:0.03:1 60 48 h 54 13,300 1.45
F Q\ _0 O/ F F
%
F
F
F—fr
o0 oH (a) (n) 14
3 O\I‘_a'o\/s/% oL _on none 150:0.3:1 60 240 h 300 2.90
F Q _0 o ¢ F
%
F
F
F—tr
R e @) M 14
4 e F Ho_h_on none 50:0.3 60 240 h 300 3.50
F q\ ,é) O/ F?(F
o
@ Q THF 125:1 70 2h oligomer 2
5 Sm
© Dioxane 125:1 70 2h oligomer 2
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catalyst initiator [M]:[CI:[N] T reaction conv. yield M
Entry Solvent o . PDI Ref.
catalyst/initiator [M]:[C/l] (°C) time (%) (%) (g/mol)
O o}
6 /\/N‘O>S"<O N THF 275:1 RT no polymerisation 8
F
F+F
O:‘S:O o
7 OO f none [BMIM][BF4] 50:1 25  2days no polymerisation 7
F Q\ _0 O/ F
et
F
F
F+F
o oH @ 1
8 F \O\(Y)uoc\;/s” FF Ho_J_on none 150:0.3:1 60 240 h no polymerisation
0

(a) = reaction carried out under normal atmosphere

BMIM = 1-butyl-3-methylimidazolium, THF = tetrahydrofuran, DCM = dichloromethane, scCO, = supercritical carbon dioxide

[M] = concentration of monomer (e-CL); [C] = concentration of catalyst; [I] = concentration of initiator; [C/I] = concentration of catalyst/initiator
(b) polymer recovered by HCI 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 e-CL that lead to no polymerisation, low conversion or oligomers

T reaction conv. vyield M

entry catalyst initiator solvent mp:mc:m; (°C) time (%) (%) (g/mol) PDI Ref
OH
1 Crude PPL HO Q none 4.1:2.5:1 70 96 h no polymerisation %
HO OH O\

PPL = Porcine Pancreatic Lipase; HLE = Hog Liver Esterase

scCO, = supercritical carbon dioxide; MTBE = methyl tert-butyl ether

my = mass of monomer (e-CL); m¢ = mass of catalyst; m; = 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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Section 3: Periodic table overview

quick reference guide of studied systems.

LDA
PhLi

vi

vil

vii

NaOTf
NaCsHs

Mg(OTf),
Mg(C;3Hs)(tbpamd)
Mg(‘Bu)(tbpamd)
Mg(CH,SiMe;)(tbpamd)
Mg(CsHs)(pbpamd)
Mg('Bu)(pbpamd)
Mg(CH,SiMe3)(pbpamd)
[Mg(u-MEMPEP)(THF)],
[Mg(u-MMPEP)(THF)],
[(MCIMP),Mg,(THF)],
Mg[Me,NC,H4N(4,6-Bu,Bn0O-3),]

4 KO'Bu

Ca(OMe),
[Ca(N(SiMe3)),(THF),]
0-0,N(CgH4)(CH2),0CaNH,
H,NCaO'Pr
[Ca{Me,NC,H,N(4,6-'Bu,BnO-3),}1,

'PrOSrNH,
Sr(O'Pr),

Al(OTf),
Et,AIO(CH2)sNH,
AlEt,
Et,AlOMe
Et,AIOCH,CHCH,
AI(O'Pr);

Al(O(CH,)Br)s
Al(O(CH,)sCHCHy)s
Al(O(CH,)sNEt,)s
Et,AIO(CH,),Br
Et,AlO(CH2)sCHCH,
Et,AIO(CH,)sNEt,

AlMes
MeAl(OPhPh,),
MeAIl(OPh'Bu,Me),
MeAI(OPh'Bu),

Al(acac);
hapenAlO'Pr
TPPAI(O(CO)CH,CH(CH3)).Cl
TPPAIOMe
TPPAIEt
[EDBP)AI(u-OBn)],
[(PhCHO)AI(EDBP)(u-OBn)],
[(MOBT),AlMe]

[(MOBT),AICI]
[(L-TMBM)AIEt,],
[(u-TMBM)AI'Bu_],
[(MMPEP)-Al(u-OBn)],
[Y(A(O'Pr)s)s]

[Al(tomSalen)Cl]
[Al(tbmSalen)Me]
[Al(tomSalen)Et]
[Al(tbmSalcen)Cl]
[Al(tomSalcen)Me]
[Al(tbomSalcen)Et]
Me,Al[0-2-'Bu-6-((2,6-Pr,CgHs)N=CH)CgHs]
Me,Al[O-2-'Bu-6-('BUN=CH)CgHj]
Me,Al[O-2-'Bu-6-(C1oH15sN=CH)CgHs]
Me,Al[O-2-'Bu-6-(CsFsN=CH)CsHs]
0-CgH4(CH=NCgHs)(NC4Hs)AIMe,
0-CeH4(CH=N(2,6-Me,CqHs))(N(2,6-Me,CsHs)AIMe,
0-CeHa(CH=N(2,6-Et,CsHs))(N(2,6-Et,CsHs)AIMe,
0-CgH4(CH=N(2,6-Pr,CsH3))(N(2,6-Me,CgHs)AMe,
o-CaH,,(CH=N22,6-‘Pr2C5H3))(N(2,6-Et2C5H3)AIMez
[*AIOPr)(thf)][B(CeFs)d]
[{2-(CsHsN=CH)C4H4O}AIMe;]
(PrO)A{CH,NMeCH,C(CF3),0},
(‘Bu,-BPBA)AI(O-Pr)
(‘Bu,0OMe-BPBA)AI(O'Pr)
('Bu,Br-BPBA)AI(O'Pr)

6

7

cf. f block table
Figure

cf. d block table
Figure 3.

Sn(Oct),
("Bu);SnOMe
("Bu),Sn(OMe);
("Bu),Sn(Oct),
(Bn)(OMe)Sn(Ph(Bu)s),
Sn(OTH),
[Y(Sn(O'Pr)s)]

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'-,2-ethylenebis(3-tert-butyl-5-methylsalicylideneimine)
tbmSalcem = N,N'-trans-I,2-cyclohexanediyl-bis(3-tert-butyl-5-methylsalicylideneimine)
MEMPEP-H, = 2,2’-(2-methoxybenzylidene)-bis(4,6-di(1-methyl-1-phenylethyl)phenol)
MMPEP-H, = 2,2’-methylene-bis(4,6-di(1-methyl-1-phenylethyl)phenol)

Figure 3.1 — Summary of the metal-based catalysts used for the ROP of e-CL

hapen = dichloro[ethylene - N,N' - bis(acetophenone iminato)]

MCIMP-H; = 2,2’-methylenebis(4-chloro-6-isopropyl-3-methylphenol)

TPP = 5,10,15,20-tetraphenylporphynato

EDBP-H, = 2,2'-ethylidenebis(4,6-di-tert-butylphenol)
MOBT-H = 2-methoxybenzenethiol

TMBM-H = 2,4,6-trimethylbenzylmercaptan
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d2

d3

d4

d5

ds

d7

dQ

d1ﬂ

d1

Sc(OTf)
PS-(Ph(CH.)s),PhS0,Sc(OTH),

Ti(O"Bu),
[(CH,N(Me)-4,6-'BuBnO-3),]Ti(O'Pr),
[(CH,N(Me)-4,6-MeBnO-3),]Ti(O'Pr),
[(CH,N(Me)-6-NO,BnO-3),] Ti(O'Pr),

[(Py-CH,N(4,6-'BuBnO-3),] Ti(OPr),
[(Py-CH,N(4,6-MeBnO-3),]Ti(O'Pr),
[(MeN(4,6-'BuBnO-3),] Ti(O'Pr),
[(BnN(4,6-'BuBnO-3),]Ti(O'Pr),
[(CoH7CH,N(4,6-'BuBnO-3),]Ti(O'Pr),
[(1,6-0,Ph)Ti(O'Pr)s],
[(1,6-0,Ph), Ti(ProH),],
[(1,6-0,-3-MePh)Ti(O'Pr)s],
[(1,6-0,-3-'BuPh)Ti(O'Pr)s],
[(1,6-0,-2,5-'Bu,Ph)Ti(O'Pr)s],
[(1,6-0,-3-MeOPh)Ti(O'Pr)s],
[(1,6-0,-3-NO,Ph)Ti(Q'Pr)s],

[(1,6-0,-2-MePh)Ti(O'Pr)s],
(CHy(3-'Bu-5-MePhO-2),)Ti(O'Pr),
(CHy(3-PhPhO-2),)Ti(O'Pr),
(CHa(3-'Bu-5-MePhO-2),)Ti(OCl),
(S(3-'Bu-5-MePh0-2),Ti(NEt,),
(CHa(3-'Bu-5-MePhO-2),Ti(NEt,),
(CHy(3-'Bu-5-MePh0-2),TiCl,

5 {CpI™CsHiB(CoFs)iITi},0
{(n™-'PrCsHa)ln -CsH3B(CeFs)a]Ti},0
[Me,N(CH,);N(4,6-'BuBnO-3),]Ti(O'Pr),
[Me;N(CH,),N(4-'Bu-6-MeBnO-3),]Ti(O'Pr),
[Me,N(CH,),N(4-Bu-6-MeBnO-3),]Ti(O'Pr),(Na)(THF),
[(S(3-'Bu-5-MePh0-2),TiCl,],
[(Te(3-Bu-5-MePhO-2),TiCl,],
[(Te(3-'Bu-5-MePh0-2),Ti(OPr),],
[(Te(3-Bu-5-MePhO-2),Ti(CsHs)Cl]
[(Te(3-'Bu-5-MePhO-2),Ti(CsMes)Cll,
[CI,Ti(OPh-2,5-Me,),(THF);]
CITi(OPr);

[VO(acac),]
VOS0,.H,0

[Fe(OCHPh,),],
[(Bn(NSiMej),),FeOCHPh,]

Cu(OT),

Zn(O"Bu),
EtZnO(CH,);CHCH,
Zn(O(CHy);CHCHy),

EtZnO(CH,),Br
Zn(O(CHy).Br),
Zn(Oct),

[Me,N(CH,),N (4—'Bu—6—MeBnO—3)2]Zn
[(Et20)sZnCH,CH;3][B(CgFs)a]
[(Et20)sZnN(SiMe3),][B(CeFs)a]

Y(OTf)s
Y(O'Pr),
[Sn(Y(O'Pr)a)2]
YPh,
[Cp.YOMe],
[Cp,YOMe(THF)]
Y(N(SiMes),)s
Y(0-2,6-'Bu,Ph);

N((CH,);0)3TiO'Pr

Zr(O"Bu),

Zr(acac),
[(CH,N(Me)-4,6-MeBnO-3),]Zr(O'Pr),
[(CH,N(Me)-4,6-BuBnO-3),]Zr(O'Pr),

[(Py-CH,N(4,6-MeBnO-3),]Zr(O'Pr),
[(Py-CH,N(4,6-'BuBnO-3),]Zr(O'Pr),
[(Py-CH,N(BnO-3)(4,6-C(CH3),PhBnO-3)]Zr(O'Pr),
[(C4HaN)oZr(C4HsN-CHoNEL, )]
[(2,6-MePhO),Zr(C4H,N-CH,NEt,),]
[(2,6-'BuPh0),Zr(C4HsN-CH,NEt,),]

Hs[PMo010V040]
H3[PM01204]
Heg[PM0gV3040]
[MoOy(acac),]
Mo(CO)s

AgOTF

La(OTf),
La(O'Pr);

[(C4HaN),Hf(C4HaN-CH,NE,),]
[(2,6-MePhO),Hf(C4HsN-CH,NEt,),]
[(2,6-BuPhO),Hf(C4HsN-CH,NE,),]

H3[PW12040]

La(0-2,4-'Buy-6-(CHNPy)Ph);

Figure 3.2 — Summary of the metal-based catalysts used for the ROP of e-CL, d-block
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'5

f7

£

f‘ 0

f11

f12

f1 3

f‘ 4

o

Ce(OT),

Nd(OTf)s
NdPh,
Nd(O'Pr);

Sm(OTf)s
SmPh;
Sm(O'Pr)s
Sm(N(SiMe;),)s
[CISm(N(SiMe3)2)o(THF)],
[BrSm(N(SiMes)z)(THF)],
Sm(O-2,6-Bu-4-MePh),(THF);
[(CsMes)Sm(u-0-2,6-'Bu-4-MePh)],
[(CsMes),SmH],
[(CsMes),SmOEt(OEt,)]
[(MeO(CH,),N(4,6-BuBnO-3),),Sm]
[(Me;N(CH,),N(4,6-BuBnO-3),),Sm]
[("PrN(4,6-'BuBnO-3),),Sm]
[(Me,N(CH,),N(4,6-'BuBnO-3),)SmN(SiMes),]

Eu(OTf)

Gd(OTf);

Yb(OTf);
[(CsMes),YbH],

Lu(OTf,

Figure 3.3 — Summary of the metal-based catalysts used for the ROP of e-CL, f bloc
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