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In this study, we have developed the novel method to synthesize block
copolymers of aliphatic polycarbonates (APC), which is obtained by the alternating copolymerization
of epoxides with carbon dioxide, and vinyl polymers. The copolymerization with suitable chain
transfer agents successfully gave the APCs with functional groups for the controlled radical
polymerization of vinyl monomers. In addition, the atom tranfer radical polymerization and the
reversible addition-fragmentation chain transfer polymerization of vinyl monomers were found to
proceed to give the corresponding block copolymers of APCs and vinyl polymers.



SBS

CO2 APC
APC CO2
APC
APC
APC
APC
(1) APC
ATRP RAFT APC
RAFT APC
RAFT
CO
(2) APC APC
ATRP RAFT
(1) ATRP
ATRP o-
o 1 APC a
APC Co complex 1
u (0.05 mol%)
- [PhsP=N=PPh;]CI
> (0.05 mol%) i
o .+ Hoz@ "N oo
CO, co, 25°C.3h \
PPC
1 2- -2- _ _
la :> 0
2- -2- _N_'Co:N_ _ X
24 fsucho ?bfsu = /§J¥<R2
PPC 3a 41% entry e
1 1 13 4% 1a-3a: R'=R2=Me, X = Br
H C NMR 1b-3b: R =Me, R2=H, X = Br
PPC 3a 1¢-3c:R'=R2=H, X=Br
1d-3d : R'=Me, R =H, X = Cl
| 1e-3e . R'=R%=H X =Cl a
MALDI-TOF MS
PPC 3a 2. entry Cocomplex vyield (%)° M, MM,
2. /CTA
1 1a/2a 41(4) 4800 1.19
o- 2 1b/2b 30(17) 3,600 1.20
3 1c/2c 0(67)
1b-1e o- 4 1d/2d 46(0) 7,000 1.14
2b-2e 5 1e/2e 56 (0) 7,500 1.22
1d/zc PPC @Copolymerization conditions : propylere oxide (PO, 2.0
mL), 1 (0.050 mol%), 2 (0.75 mol%) at 25 °C, 3 h. “The
entry 3 yield of cyclic polypropylene carbonate in parenthesis.



. 2 APC MMA
PPC entries2, 4, and5 «
o a
PPC 3a
PPC CuBr o o
o CO,Me Ligand )k J\% WBr
. - 0 0 m
entries 1-3 o anisole n CO,Me
60°C, 3h
PPC-b-PMMA
o PPC W .
Me;N  NMe; - \N // N(CH;CHyNMe)s
entries4 and 5 TMEDA 2,2-bpy MegTREN
PPC 3a ATRP N Me
2 CuBr / p U
60 °C MMA HMTETA
ATRP Q; b MeaN_~y NV,
PMDETA TPMA Ve
HMTETA TPMA PMDETA _
PPC 3a
PPC entry ligand yield (%) n/im M,  My/M,
PMMA 1 TMEDA trace -
entries 3-5 2 2,2-bpy 27 25/75 23,900 1.60
3 PMDETA 41 19/81 23,100 1.17
PPC 3a MMA 4 TPMA 37 19/81 24,600 1.24
5 HMTETA 42 17/83 27,600 1.26
PPC PMMA “Polymerization conditions: MMA (1.8 mL), PPC 3a (M, = 5,
100 (SEC); My/M, = 1.09, 0.20 mol% of Br moiety to MMA),
APC CuBr (0.050 mol%), ligand (0.050 mol%), anisole (0.10 mL), 60
°Cfor3 h.
4 MMA  ATRP
(2) RAFT 1 RAFT
Co complex
[Ph3P=N=PPh3][OCOC¢Fs]
> (0.05 mol%) o o
o] CTA (0.75 mol%) M J\+ )WS
+ O A (¢]
CO, 25°C,30h NC
PO CO; 2 42%
RAFT M, = 5000, M,/M, = 1.45
/J\CO M
PPC 42% 2ve ﬁ 2 s
) prC ORI s o s
NC CO,Me
AIBN (0.1 equiv. to eld (MMA): 715
AIBN MMA RAFT trithiocarbonate group) yie : o
n/m = 41/59, M, = 14000, My/M, = 1.21
PPC  PMMA /o
—N N— )W
RAT :<< \
IJ BU - SC( S)SC12H25
OCOCqFs5
Co complex CTA
3
Yo Hiranoi, Koji Nakano, Dinuclear Co-Salcy Complexes with A Dibenzofuran Linker for

Copolymerizations of Epoxides with Cyclic Anhydrides or Carbon Dioxide, Chem. Lett. 2019, 48,

479-482.

DOI: 10.1246/cl.190079

Yo Hiranoi, Koji Nakano, Copolymerization of Epoxides with Cyclic Anhydrides Catalyzed by
Dinuclear Cobalt Complexes, Beilstein J. Org. Chem. 2018, 14, 2779-2788.

10.3762/bjoc.14.255

DOI:

Yuri Mizuno, Koji Nakano, Block Copolymers of Aliphatic Polycarbonates: Combination of
Immortal Epoxide/Carbon-dioxide Copolymerization and Atom Transfer Radical Polymerization of



Vinyl Monomers, Chem. Lett. 2018, 47, 580-583. DOI: 10.1246/cl.180045

6
Koji Nakano, Copolymerization of Epoxides with Comonomers: Catalyst and Material Designs,
International Conference on Advanced and Applied Petroleum, Petrochemicals, and Polymers in 2018
(ICAPPP2018) 2018

Minori Ida, Koji Nakano, Synthesis and Properties of Block Copolymers of
Epoxide/Cyclic-Anhydride Alternating Copolymers and Vinyl Polymers, International Conference on
Advanced and Applied Petroleum, Petrochemicals, and Polymersin 2018 (ICAPPP2018)

2018

Tomohito Tsumeda, Yuri Mizuno, Koji Nakano, Synthesis and Properties of Block Copolymers of
Aliphatic Polycarbonates and Vinyl Polymers, International Conference on Advanced and Applied
Petroleum, Petrochemicals, and Polymersin 2018 (ICAPPP2018) 2018

Yuri Mizuno, Minori Ida, Koji Nakano, Block Copolymer Synthesis:Combination of Ring-opening
Copolymerization and Controlled Radical Polymerization, Tateshina Conference on Organic Chemistry

2018
2017

66
2017

2017-169870
2017

http://web.tuat.ac.jp/~nakano/index.html

o

@

NOGUCHI, Keiichi



