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In this study, we explored new principles for designing novel polymer
materials capable of controlled chemical decomposition/degradation, leveraging insights from
precision polymerization. Specifically, we utilized stable covalent species traditionally employed
for side-reaction control in precision polymerization to design unexplored polymer materials
convertible into active species for decomposition. We elucidated their properties and focused on
various chemical bonds forming polymer chains. Through precise design and synthesis of model
compounds and model polymers/oligomers via precision polymerization, we re-evaluated the
molecular-level bond cleavage (chemical decomposition) reactions. Additionally, we collaborated with

other researchers to systematize this field as a new academic domain.
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Interlocking Degradation
- 1. Interlocking Degradation of Vinyl Polymers by Introducing the
3 Pendant-Responsive Comonomers (This Work).
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1. Degradation of various copolymers.

| m MMy My, MM
Entry copolymer  m:n  Noi (orghal) (Original) (Deg) (Deg) oo

1 1/MA 24:76 27 14300 2.53 2500 160 20%
2 1/MA 16:84 23 16800 2.60 3500 1.88 20%
3 1/MA 12:88 20 18100 2.83 4600 2.08 18%
4 1/MA 8:92 13 16600 3.52 6300 280 19%
5 1/MA 5:95 9 17600 3.25 8600 289 21%
6 2/MA 3:87 27 21100 4.38 6800 3.76 11%
7 2/MA 6:94 16 24600 3.58 11700 455 12%
8 1/MMA 1:99 2 18100 2.38 14200 2.29 -

9 2/MMA 6:94 8 14000 2.93 8900 3.5 -

4Degradation condition: [-Cl]y/[CuCl]o/[PMDETA], = 20/20/20 mM in toluene at 100 °C.
bDetermined by SEC analysis. °Egeg. = calcd./[M,(deg.)/M,(original)]. caled. = 1/(1+N_g).
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2. Radical Copolymerization of SLA and MA.

Entry  [MAl:[SLAly [MAlp+[SLAly Initistor Temp. Time (S0 My(SEC) MMy 1:m:n(NMR)
1 90:10 2000 ABBN  60°C  75h  92/36 6700 258 985:1.1:04
2 95: 5 8800 AIBN  60°C  24h  96/65 28400  3.26 97.4:1.9:0.7
3 90:10 8800 AIBN  60°C  24h  90/60 27800  2.86 94.8:3.6:16
4 85:15 8800 ABBN  60°C  72h  86/61 17000 269 925:55:2.0
5 80 : 20 8800 AIBN  60°C  72h  80/56 12700 237 90.1:7.1:2.8
6 90:10 8000 AIBN  80°C  14h  92/44 8400 278 99.2:0.5:0.3
7 90:10 8000 V-70  20°C  134h  98/86 45000 173 89.2:7.9:29
8 80:20 8000 V-70  20°C  201h  87/75 31900 173 823:125:5.2
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[~SC(=0)-]o/[n-BuNH,]y = 1/100 eq. in CHClg, 40 °C.
[-S-1o/[AgNO3, = 1/20 eq. in THF/H,0 = 19/1, 40 °C.

. (A) Degradation of poly(SLA-co-MA) with n-BuNH2 or AgNO3 at
40 °C. (B) Mh,after/ Mn,before as a function of the number of SLA-
derived units per chain. Dashed lines denote the calculated values
where Mh,after/Mn,before = 1/(1 + Number of degradable units).
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