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Recent Progress of Organocatalyzed Group Transfer Polymerization

Chen, Yougen* Ding, Yuansheng
(Institute for Advanced Study, Shenzhen University, Shenzhen 518060)

Abstract Group transfer polymerization (GTP) is a living polymerization method for acrylic-derived monomers developed
by DuPont after living anionic polymerization in the 1980s. The acrylic-derived monomers mainly include acrylate, methac-
rylate, acrylamide and acrylonitrile. The elementary initiation and propagation reactions in GTP are all rooted in the Mukai-
yama-Michael addition reaction. Therefore, in principle both base and acid can sever as the catalyst for GTP. Before the small
molecular organocatalyst is applied to the polymerization method, the normally used base has been a soluble ionic compound
containing a sterically hindered cation, in which the nucleophilic anion acts as the true catalyst. The normally used acid has
been a metal or transition metal compound having Lewis acidity. Since 2007, small organic bases and acids have been gradu-
ally used to catalyze GTP, and this type of polymerization has been named as organocatalyzed GTP. Compared with the con-
ventional one, organocatalyzed GTP has made a great improvement in the aspects of molecular weight and molecular weight
distribution control of acrylic polymers, scope of polymerizable monomers, topological design of polymer, etc. This review
mainly focuses on the author's recent work and will be discussed from four aspects: GTP using organic strong base, GTP
using organic strong acid, a novel hydrosilane-based GTP, and polymerization mechanism.

Keywords organocatalysis; group transfer polymerization; polymerizable monomer; molecular weight and molecular

weight distribution; polymer topology
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Figure 1 Group transfer polymerization of MMA mediated by TiBP or
t-Bu-P4
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Figure 2 (a) MALDI-TOF MS spectra (reflector mode) of the PMMA
obtained from TiBP-catalyzed GTP and (b) SEC traces of PMMA ob-
tained from the first polymerization (solid line) and subsequent
post-polymerization (dashed line) catalyzed by TiBP (above) and #-Bu-P,4
(below)
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Initiation Approach
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| M, (kg-mol™y M,/M,
HO-PMMA  R=CH,CH,OH, R'=CH; 22.3~484 1.07~1.18
HC=C-PMMA R = (CH,)sC=CH, R'=CH; 22.3~49.2 1.07 ~1.12
HoC=CH-PMMA R = CH,, R'=CH=CH,  25.1~422 1.14~122

NB-PMMA R=Hch7 ,R"=CH; 20.3~40.7 1.05~1.13

Termination Approach Ré ::: R
OH

R4 R4
Lﬁﬂ*@ &
0”0 070 R®

| R* = -CH(OH)PMMA

PMMA-H, OH 29~111 114~1.17
PMMA-OCH, OH 3.0 1.14
PMMA-F, OH 2.8 117
PMMA-CF5, OH 3.0 1.14
PMMA-Ph, OH 2.8 117
PMMA-CH=CH,, OH 3.3 1.21
PMMA-C=CSi(CHs)s, OH 35 117
PMMA-N(C,Hs),, OH 35 112
PMMA-OC(CHj)s, OH 36 1.20
(PMMA),-(OH) 6.0 1.08
(PMMA)3-(OH), 116 1.05

B3 I r-Bu-P, {40 B EE R EEHS 586 1) & K3 B BEALHY PMMA
Figure 3 Synthesis of end-functionalized PMMA by #-Bu-P,-catalyzed
GTP
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Methacrylate monomers used for star-shaped polymer synthesis
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Figure 4 Multifunctional initiators and methacrylate monomers used in
t-Bu-P4-catalyzed GTP
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Table 1 Star-shaped methacrylate polymers synthesized by 7-Bu-Ps-
catalyzed GTP in THF

M, (expt.)/

Star-shaped polymer Star-shaped initiator (kgemol ')’ M M,?
PMMA; SKA; 3.9~132.0 1.07~1.14
PMMA, SKA 4 5.5~130.3 1.07~1.17
PMMA, SKA ¢ 7.5~131.6 1.06~1.15
PMMA,, SKA 1, 28.2~2649 1.06~1.12
PDMAEMA; SKA; 19.3~160° 1.20~1.27°
PDMAEMA, SKA 4 24.0~254° 1.16~1.32¢
PDMAEMA, SKA 30.2~296° 1.09~1.27¢
PDMAEMA, SKA 1» 34.3~419° 1.13~1.39¢
PAMA, SKA 4 13.6~21.2 1.11~1.16
PSMA, SKA 4 34.5~65.2 1.06~1.08

© 2020 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

“ Absolute molar masses determined in THF by SEC equipped with an mul-
ti-angle laser light scattering (MALS) detector. ” Dispersity determined by
SEC equipped with an RI detector in THF on the basis of PMMA standards.
¢ Absolute molar masses determined by MALS-SEC in DMF containg 0.01
molsL " LiCl. Polydispersity determined by SEC equipped with an RI detec-
tor in DMF containg 0.01 molsL ' LiCl on the basis of poly(N,N-dimethy-
lacrylamide) standards.
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33~10.2 1.03~1.08
38~11.9 1.02~1.07
45~139 1.05~1.08
34~11.8 1.03~1.08

Termination approach
M, (kg-mol™) M, /M,

n " ) w n
PMMA-OH 3.46 1.07
n PMMA-C=CH 3.25 1.06
O O(|) 00”0 PMMA-CH=CH, 3.73 1.07

‘ % PMMABr 3.69 1.07

El5 AHRRELN MMA [R5 RS SR 5 B R L.
Figure 5 GTP of MMA using acidic organic catalysts and its
end-functionalization.
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Conv., quantitative
SKAPT Acrylate M, > 100 kg-mol!  Acrylate polymer
monomer MM, < 1.10
Hydrophobic M, (kg mol™y M, /M,
R =Me 9.70~975 1.02~1.04
Et 10.8~1084 1.03~1.04
n-Bu 14.7~1419 1.02~1.05
CH,CH(CH,CH3)C4Hg 18.6 ~220.0 1.03 ~1.06
cyclo-CgHq4 26.8~166.7 1.02~1.15
C1gH15 (dicyclopentanyl) 10.7 1.08
Hydrophilic M, (kg -m0|'1) MM,
R = CH,CH,OCHj5 144 ~140.3 1.03~1.05
CH,CH,OCH,CH,0OCHj3 18.9 1.06
Functional M, (kg-mol™")  M,/M,
R = CH,CH=CH, 11.0 1.04
CH,C=CH 18.6 1.10
CH,CH,0Si(CH(CH3)2)3 21.2 1.02
Si(CH(CH3)2)s 10.7 1.15

B 6 A HLERMEAL IR 1 2L A e R SR 5

Figure 6 GTP of acrylaye monomers using acidic organic catalysts.
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Initiation approach M, (kg -mol) My/M,,

HO-PMMA 410~142.7 1.02~1.10
H,C=CH-PMMA  4.01~129.3 1.02~1.07

0" 00" O HC=C-PMMA  448~1318 1.03~1.10
R2 n-CsHy  NB-PMMA 446~1363 1.02~1.10
. -1
Termination approach My (kg-mol™) - My/My
PMMA-OH 436~54.1 1.02~1.08

PMMA-CH=CH, 4.18 ~54.2 1.03 ~ 1.08
n PMMA-C=CH 4.85~58.1 1.03~1.06

0 Y00 0070  PMMA-Br 4.04~529 1.03~1.07
|
I n-C4H9 R
Telechelic
My (kg-mol™y  My,/M,
! HO-PMMA-OH 4.38 1.10
o~ "oo 00 <|3 HC=C-PMMA-C=CH 4.91 1.08
R n-C4Hg R HC=C-PMMA-OH 4.24 1.08
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Figure 7 Preparation of a-,w- and a,w-end-functionalized poly(n-butyl
acrylate) by GTP using acidic organic catalysts
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catalyzed GTP of acrylate monomers
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Initiation approach M sec (kg-mol™) My/M,,

H HO-PDEAA 2.39~24.1 1.05~1.17
m H,C=CH-PDEAA 2.52~21.3 1.06~1.19

\,}l OEt,N"So HC=C-PDEAA 301~178 1.06~1.16
R1

Mn,SEC (kg " m0|_1) Mw/Mn

PDEAA-OH 232 1.05
PDEAA-C=CH 249 1.05

Termination approach

n

PDEAA-Br 197  1.04
0

| |
R

Telechelic

rﬁ:&r@

\ITI OELN"S0 070

R? R Mysec (kg-mol™) My/M,

HC=C-PDEAA-Br 248~823 1.05~1.08

ﬂlaN3 click reaction
=

DME Cyclic 2.67~7.14

1.07 ~ 1.1
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Figure 10 Design of a-, w- and a, w-end-functionalized, and cyclic
poly(NV,N-dialkylacrylamide) by GTP using acidic organic catalysts
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Cyclohexyl 44~277 1.04 ~1.07
Dicyclopentanyl 54~13.7 1.04
2-Methoxyethyl 42~319 1.05~1.15
2-(2-Ethoxyethoxy)ethyl 49~26.5 1.04~1.13
Tetrahydrofurfuryl 3.5~7.50 1.12~1.13
Allyl 4.7~7.70 1.13~1.14
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1 n-Decyl 6.4 1.05
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Figure 11 An in-situ GTP method for acrylic-derived monomers using
B(C¢Fs)s/hrdrosilane combination as a catalysis/initiation system
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Figure 12 Synthesis of defect-free a-monohydroxyl, dihydrooxyl,
ethynyl, hydroxyl end-functionalized PDEAAs by GTP using Me,EtSiH
and various functional methacrylamides
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Figure 13 The associative and dissociative mechanisms in the group
transfer polymerization using strong organic base catalyst.
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Figure 15  Mechanism of group transfer polymerization using
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