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Design and Function of Permeable Peptide Polymer Vesicles and
Synthetic Macromolecular Channels

K& —pk - Ak EE

R g NI

Kazunari AKIYOSHI, Tomoki NISHIMURA, Yoshihiro SASAKI
Department of Polymer Chemistry, Graduate School of Engineering, Kyoto University

Intrinsically molecular permeable polymer vesicles have recently attracted considerable attention due to their fundamental properties

and potential applications as e.g. nano/micro biocatalytic reactors and artificial cell/organelle models. So far, research in this field has
focused on the development of permeable polymer vesicles, while the enhancement of the permeability has attracted substantially less
attention. Moreover, clear design strategies for the enhancement molecular permeability remain elusive. Here, we describe the design
and synthesis of amphiphilic peptide polymers for biologically inspired polymer vesicles of with enhanced permeability. We also
present an approach for the construction of molecular permeable liposomes by incorporating the peptide polymers.
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Fig. 1 the formation of molecular permeable polymer vesicles
by the self-assembly of maltopentaose-block-poly(propylene
oxide) and functions as enzymatic reactors and DDS
nanofactories.
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Fig. 2 chemical structure of oligo(aspartic acid)-block-
poly(propylene oxide)
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Fig. 3 (a) size distribution of the polymer vesicles, (b) TEM
image of the polymer vesicles, (c) SAXS profile of the
polymer vesicles (open circles) and a theoretical curve of
bilayer membrane model, (d) confocal laser scanning
microscopy image of a giant polymer vesicle.
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Fig. 4 Time course of the release of rhodamine 6G (red
circles), FITC-PEG (black circles), and fluorescein (green
circles) from the polymer vesicles in 150 mM NacCl solution
(pH=17) at 25 °C.
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Fig. 5 (a) Time course of the absorbance at 412 nm in PBS
buffer at 25 °C for acetylcholine esterase in the presence of
acetyl thiocholine and enzyme-loaded vesicles in the
presence of acetyl thiocholine, (b) f -glucuronidase activity
assay
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Fig. 6 The permeability tests of the hybrid vesicles for two
hydrophilic molecules. CLSM images of oligo(aspartic acid)-
b-PPO/DOPC hybrid vesicles 4 h after the addition of the
fluorophores; scale bar = 10 ym.
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Fig. 7 time course of the absorbanc at 412 nm in PBS buffer
at 25 °C for AchE-loaded liposome in the presence of ATC
(open circles) and AchE-loaded hybrid vesicles in the
presence of ATC (red circles).
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Self-organized formation of complex organoids from stem cells

K% JTik
Mototsugu EIRAKU

Institute for Frontier Life and Medical Sciences, Kyoto University

Since the first report on the technology for forming cerebral cortical tissue in culture dishes from mouse and human embryonic stem
cells (ES cells) (Eiraku et al., 2008), competition for the development of neural organoids technology has spread worldwide. At present,
neural organoids are used in a wide range of research fields, including regenerative medicine, pathological models, applications of drug
discovery platforms, and those that show usefulness as evolutionary and developmental biological models of human brain formation,
and many reports have been made. Neural organoids are often formed from pluripotent stem cells (ES / iPS cells). Multicellular
phenomena such as nerve induction, neuroepithelium formation, neural pattern formation, neurogenesis, tissue morphogenesis, and
layer structure formation are recapitulated in a culture dish. Here, I explain the process of mammalian neural development and the
principle of formation of neuronal organoids, and introduce our recent achievement, olfactory organoid formation technology.
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Living Cationic Polymerization and
Ring-Expansion Cationic Polymerization of Vinyl Ethers with MgBr; as a Catalyst
KA ik + KRR #]
Makoto OUCHI, Yuji Daito
Department of Polymer Chemistry, Graduate School of Engineering, Kyoto University

We have found magnesium bromide (MgBr,) afforded cyclic poly(IBVE)s as a catalyst for ring-expansion cationic polymerization
with a “cyclic” hemiacetal ester (HAE) bond-based initiator (1). Suppression of irreversible chain-transfer and termination reactions
were required to achieve the ring-expansion cationic polymerization, and the control was confirmed via the cationic polymerization
with the corresponding “acyclic” initiator. Indeed, the binary system of 2/MgBr, allowed highly controlled living cationic
polymerization of IBVE and the molecular weight distributions of thus obtained poly(IBVE)s were very narrow (M,/M, < 1.10).
Despite of the promising results for application of ring-expansion polymerization, the judicious choice of quencher was crucial for
syntheses of cyclic poly(IBVE)s with 1.  Consequently, aprotic polar compounds such as DMF and DMSO were found useful as the
quencher instead of methanol to keep the cyclic topology while deactivating the catalyst for quenching. The advantage of MgBr,
over a conventional catalyst (i.e., SnBrs) was that several types of cyclic molecules were available as initiators, including a
methacrylate type vinylidene group-embedded cyclic compound. The reactive group-carrying initiator allowed the pin-point
incorporation of the polar group into the resultant cyclic polymer via thiol-ene reaction while keeping the cyclic topology.
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Fig. 2 Living cationic polymerization of IBVE with
2/MgBr: [IBVE]o/[2]o/[MgBr2]o/[DTBMP]y

= 1520 or 760 or 380 or 190/5.0/10/0.15 mM in
toluene/Et,O = 9/1 at 0°C
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Fig. 3 (A) Structural analysis by 'H NMR (A) and
MALDI-TOF-MS (B). The sample of poly(IBVE) was
prepared via living cationic polymerization of IBVE with
2/MgBr,, followed by quenching with methanol. M, =
28000 for 'TH NMR, M, = 4200 for MALDI-TOF-MS.
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Fig. 4 Effects of the magnesium catalyst in cationic
polymerization of IBVE with 2 as an initiaor:
[IBVE]o/[2]0/[Mg Lewis acid]o/[DTBMP],
=380/5.0/10/0.15 mM in toluene/Et,O = 9/1 at 0°C
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Fig. 5 Effects of quencher on SEC curve of poly(IBVE)
prepared via ring-expansion cationic polymerization of
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Fig. 6 Effects of quencher on NMR spectrum of terminal
group of poly(IBVE) prepared via ring-expansion cationic
polymerization of IBVE with 1/MgBr,:
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Fig. 7 Comparison of SnBrs and MgBr, as a catalyst for
ring-expansion cationic polymerization of IBVE with 3 as
an initiator: [IBVE]o/[3]0/[MgBr:]o/[DTBMP] =
380/5.0/10/0.15 mM in toluene/Et,O = 9/1 at 0°C.
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ring-expansion cationic polymerization of IBVE with 4 as
an initiator: [IBVE]o/[3]0/[MgBr:]o/[DTBMP] =
380/5.0/10/0.15 mM in toluene/Et;O = 9/1 at 0°C.
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Fig. 9 Thiol-ene reaction of the conjugated double bond
with thioglycerol. Polymerization: [IBVE]o/[4]0/
[MgBr:]o/[DTBMP], = 380/5.0/10/0.15 mM in toluene/Et,O
= 9/1 at 0°C. Thiol-ene Reaction: o-Thioglycerol (100
eq.), Et3N (50 eq.) in THF atr.t.
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with the HAE-bond in a cyclic molecule with the model
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Open-Circuit Voltage in Nonfullerene-Based Polymer Solar Cells
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Department of Polymer Chemistry, Graduate School of Engineering, Kyoto University

Herein, we have studied open-circuit voltage (Voc) of polymer solar cells based on a blend of a crystalline conjugated polymer
(PTzBT) and two different acceptor molecules: one is a fused-ring nonfullerene acceptor (ITIC) and the other is a fullerene derivative
acceptor (PCBM). The energy level of frontier orbitals was evaluated for these blend films by cyclic voltammetry measurements.
As aresult, we found that there is no difference in the energy level of highest occupied molecular orbital (HOMO) of PTzBT and that
ITIC has an energy level of lowest unoccupied molecular orbital (LUMO) lower than PCBM. In other words, the energy difference
between donor HOMO and acceptor LUMO AFEpa was estimated to be 1.56 eV for PTzBT/ITIC and 1.72 eV for PTzBT/PCBM,
suggesting that the charge transfer (CT) state would be lower in PTzBT/ITIC than in PTzBT/PCBM. Interestingly, however,
PTzBT/ITIC solar cells exhibited larger Voc than PTzBT/PCBM solar cells even though the LUMO of ITIC is lower than that of
PCBM. In order to address the origin of the different Voc, we measured temperature dependence of Voc of these polymer solar cells.
From an extrapolated value of Voc at 0 K, we evaluated an effective bandgap energy AEp/a of the CT state formed at a

donor/acceptor interface in these polymer solar cells.

We found that AEpya is different from AEpa for the two polymer solar cells,
suggesting that there should be some driving force to raise the interfacial CT state in PTzBT/ITIC blend films.

We discussed two

possible scenarios with the assumption that ITIC molecules are perpendicularly oriented to polymer chains as reported for similar

nonfullerene-based polymer solar cells.
longer charge separation distances in the CT state.
energy levels at the interface.
nonfullerene-based polymer solar cells.
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One is due to smaller Coulomb binding energy in PTzBT/ITIC blend films because of
The other is due to a quadrupole moment of ITIC molecules, which would raise
We believe that these findings could be applied to new strategy for improving Voc in
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Figure 1. Chemical structures of materials employed in
this study: a) PTzZBT-BOHD, b) ITIC, and ¢) PCBM.
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Table 1. Photovoltaic parameters of PTzBT/ITIC and
PTzBT/PCBM solar cells.

Acceptor  Jsc/mAcecm? Voc/V  FF  PCE/%
ITIC 8.77 0.972  0.550 4.68
PCBM 8.37 0.882  0.687 5.07
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Figure 2.  Photoelectron emission yield spectra of

PTzBT/ITIC blend (red circles), PTzBT/PCBM blend (blue
circles), and PTzBT neat (black circles) films.
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Figure 3. Cyclic voltammogram of PTzBT neat (black
lines), PTzBT/ITIC blend (red lines), and PTzBT/PCBM

(blue lines). The scan rate was 5 mV s\,

The x axis is a
relative energy assuming that the redox potential of Fc/Fc™ is

—4.8¢V.

Table 2. Energy levels of PTzBT, ITIC, and PCBM.
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Figure 4. Temperature dependence of gVoc for crystalline
polymer solar cells: PTzBT/ITIC (red circles) and
PTzBT/PCBM (blue circles). The solid lines represent the
fitting curves with Eq. 1.
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Table 3. Energy levels of PTzZBT/ITIC and PTzBT/PCBM.

AEpa / eV AEpa/eV  Difference /
(Neat) (Blend) eV
PTzBT/ITIC 1.56 1.34 0.22
PTzBT/PCBM 1.72 1.29 0.43
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Figure 5. Schematic illustration of molecular orientation at
a donor/acceptor interface in a) PTzBT/ITIC and b)
PTzBT/PCBM blend films. The orange lines, red ellipses,

and blue circles represent PTzBT polymer chains, ITIC
molecules, and PCBM molecules, respectively.
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Table 4. Quadrupole moments of ITIC.
O / eao? Oy / eac? 0:: / ea?

—105.3 31.8 73.5

Quadrupole
moment

x: long axis of the molecule, y: short axis of the molecule, z:
axis normal to the molecular plane.
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Effect of Organic Salt Possessing Multiple Association Cites on Aqueous Methylcellulose

— Analysis by Simultaneous Measurements of Viscosity and Light Transmittance —

W B SR AR - T SRR
Tsuyoshi KOGA, Motoki SHIBATA, Koji NISHIDA
Department of Polymer Chemistry, Graduate School of Engineering, Kyoto University

We have studied addition effect of sodium tetraphenylborate (NaBPhy) on thermoresponsive behavior of aqueous methylcellulose

(MC) solution. In order to evaluate the gelation and phase separation temperature we have constructed a device for the

simultaneous measurements of viscosity and light transmittance.

Whereas aqueous MC solution without NaBPhy formed gels

below the phase separation temperature, the phase separation occurred below the gelation temperature when the concentration of
added NaBPh, exceeded ca. 0.05 M. With further addition of NaBPhy, the phase separation temperature decreased initially, but it
turned upward when the concentration of added NaBPh, exceeded ca. 0.15 M. Namely, the addition effect of NaBPh, to the phase
separation switched from salting-out to salting-in. This interesting behavior is explained by a particular structure of NaBPh,, which

possesses multiple hydrophobic sites.

1. %8

KREPEDESTITiE, RIRICB W TH—BHRRE TH
STELONRFIRT D2 & THMMEMAREE, HAWIE, &
DG ERTHONRH 5, £ ZITNaCl7e & O I 2 1R
T 5L, ZLOLE, AL BRI Z IR MET
T5, L<monkEre w84 Tchs, —FH, HTIC
EEARTHENTAD 0D, NalDFHED L S I+ 252 & T
W AR A L Z IR 2 B S5 MR b
FHET 2 () 7, \MrBIRIEL., 1A 0FRERLT
WOIRBEOKEER D L0 bARMENS W LT, IRE
OVEFVEDFENAR T L2 b 0 L E 2 FTHETE 5,
THUCK LT, IR OV TRV E IS E# RO 2 7
WEZATHLENY, BEIEORA. TOLIIZT =4
DA T 2 PR E VAT IANE &2 R~ A3 58
ENBGN R TH D, A AV PEBRE VL, KB
M EMEL 725, REEMBENMENE, ZOT =F
IR BB ENE WS DI TR XA KD S ho
BV, KFENEL o127 =F U ITIRE OBk Z
WO E AT A ER2E 910D, KEEOR
SFHEEHERETHo THOEMEHN T =4 N
F Lo ZET, BARRESZTFIZL <72 KR~DUEE
MR LD LB XTI TE 5,

FIROEIED A T = XA KIZHESL L FIZIFATF LR
WA T FY A (NaSS)  (Fig. 1la) O L 5 2 GHME D
T =, BRI ER L, WE OBUKEEZ O
WAL RE LG WH D EHERI S D, EFE. NaSSHV iRV
BIERTRT 2 E RN D STV AEY,

@) 7 (b)

0

SOy Na*

OR

(c) OR
o] RO
(o]
Lo}

RO o

OR oR n

R=Hor CH;

Fig. 1 Chemical formulae of (a): sodium styrene sulfonate
(NaSS), (b): sodium tetraphenylborate (NaBPh,), (c):
methylcellulose (MC).
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Fig. 2 Sketch of the device for simultaneous measurements
of viscosity and light transmittance.
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Fig. 3 Simultaneous measurements of viscosity and light
transmittance of egg white as a function of temperature
upon heating at a constant heating rate (1.0 °C/min)
presented in logarithmic scales.
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Fig. 4 Schematics of (a): methylcellulose (MC), (b): MC
with sodium tetraphenylborate (NaBPhy) of a deficient
concentration, (c¢): MC with NaBPh, of a sufficient
concentration.
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Fig. 5 Viscosity of 4.0 wt% aqueous methylcellulose (MC)
at 25 °C, as a function of added NaBPh, concentration.
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Fig. 6 Simultaneous measurements of viscosity and light
transmittance of 4.0 wt% MC solution as a function of
temperature upon heating at a constant heating rate
(1.0 °C/min). The lower panel shows a differential of the
transmittance curve.
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Fig. 7 Simultaneous measurements of viscosity and light
transmittance of 4.0 wt% MC solution with 0.20M NaBPh,
as a function of temperature upon heating at a constant
heating rate (1.0 °C/min).
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Temperature Dependence of the Swelling Ratio of Polyacrylamide Gels swollen by
Water/Acetonitrile Mixtures
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Swelling behavior of polyacrylamide gels in water/acetonitrile system was examined. The linear swelling ratio of the gels decreased
with increasing temperature when the water content of the mixtures was low. At high temperatures, the swelling ratio increased with
increasing water content of the mixtures. On the other hand, swelling ratio at low temperatures showed interesting behavior. Namely,
the temperature dependence curves of the linear swelling were merged into a single curve for the gels in the mixed solvents, which

can be explained by the Gibbs phase rule.
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Fig. 1 Phase diagram of the mixtures of water and

acetonitrile.
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Fig.2 Temperature dependence of swelling ratio of the

PAAm gels in the mixed solvents.
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Viscoelastic effects during uniaxial stretching of polyethylene
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We investigated changes in hierarchical structures of polyethylene (PE) during tensile testing by means of time-resolved ultra small-
angle, small-angle, and wide-angle X-ray scattering (USAXS, SAXS, and WAXS, respectively). We discovered the enhancement of
density fluctuation on the submicron scale by USAXS, which led to the generation of voids and necking. The spatial inhomogeneity
of the stress fields associated with density or crystallinity fluctuation on the submicron scale induced the inhomogeneous flow during
stretching. In other words, the change in the higher order structure than the lamellar structure dominated the mechanical properties of
PE. The enhancement of the fluctuation in linear low-density polyethylene (LLDPE) was smaller than that in high-density polyethylene
(HDPE). Mechanical melting in the LLDPE suppressed the inhomogeneous flow and delayed the generation of voids and necking. As
a result, the LLDPE exhibited two yield points on a S-S curve, while the HDPE exhibited one yield point.
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Fig.1 Schematic illustration of the hierarchical structure of polyethylene spherulites.



Table 1 Characterization of the materials used herei
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Development of Stimuli-Responsive Polymers Containing Excitation-Driven Boron Complexes

FH
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Kazuo TANAKA
Department of Polymer Chemistry, Graduate School of Engineering, Kyoto University

Organoboron conjugated molecules including polymers have attracted attention as a key material in modern organic optoelectronic
devices. However, most of emissive properties are often spoiled in the solid state by the aggregation-caused quenching. To solve this
problem, one of promising strategies is the application of AIE properties in “flexible” organoboron complexes for receiving
solid-state emission. In this presentation, the recent progresses of the AIE-inducible organoboron complexes and resulting AIE-active
materials including polymers are presented. Initially, we illustrate the discovery of the idea of “flexible boron complexes” which
show larger degree of structural relaxation in the excited state. Based on this concept, the transformation of commodity fluorescent
organoboron dyes to the AIE-active molecules is explained. Based on this result, the conjugated polymers with AIE properties were
obtained. The optical properties of conjugated polymers involving boron element are illustrated. Moreover, the applications of these
AlE-active polymers for the film-type sensors are mentioned. Next, as another instance of the AIE-active “element-blocks”
composed of organoboron molecules, the AIE behaviors observed in the carborane materials are presented. Unique solid-state

emission of the carborane derivatives is demonstrated.
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materials.
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Figure 2. Luminescent properties of dibenzothiophene
derivatives.
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Table 1. Optical properties of o-carboranes
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H 631 0.16 596 0.40 618 0.80
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T™MS 632 0.19 599 0.73 579 0.99
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Figure 3. Structural transformation in the excited state
of pyrene-tethered o-carborane.
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Figure 5. (a) Schematic illustration of film-type sensors for H,O, based on sulfide-substituted boron diiminate conjugated
polymers with oxidation-induced AIE properties. (b) Other applications of boron ketoiminates and diiminates as

luminescent chromism materials.
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Development of Imaging Technology to Visualize the Cell Proliferation Ability Based on the
Combination of Molecular Beacons and Drug Delivery System

HAH 282 - FYH B - s B —R8
Yasuhiko TABATA, Yuki MURATA, Jun-ichiro JO
Laboratory of Biomaterials, Institute for Frontier Life and Medical Sciences, Kyoto University

The objective of this study is to visualize the cell proliferation ability based on the combination of molecular beacons (MB) and drug
delivery system. Ki67 MB of a target for cell proliferation and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) MB as a
control of stable fluorescence in cells are incorporated into cationized gelatin nanospheres (cGNS). After the incubation for the cell
internalization of cGNS incorporating MB (cGNSwms), the cells were further incubated with different concentrations of basic
fibroblast growth factor (bFGF) to enhance the proliferation ability. The expression of Ki67 and the resulting proliferation ability of
cells were detected by the fluorescence of cGNSkis7 M based on the intracellular controlled release of MB. It is concluded that the
c¢GNSwms are a promising system for the chronological visualization of proliferation ability in living cells.
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Fig. 1. Characterization of cGNSmp. Amount of MB
incorporated in ¢GNS (A), apparent size (B) and zeta
potential of cGNSwms (C).
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Fig. 2. Effect of bFGF concentration on the mRNA
expression of Ki67. The cells were cultured at different
concentrations of bFGF for 24 hr. *, p < 0.05; significant
against the expression level at 0 ng/ml bFGF.
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Fig. 3. Immunofluorescent staining of Ki67: (A) Red: Ki67,
(B) Blue: DAPI (nuclei), and (C) Merged fluorescent
images. The cells were cultured with 0 (a), 5 (b), 10 (c), 20
(d), 40 (e), and 100 ng/ml bFGF (f) for 24 hr. Scale bar is
100 pm.
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Fig. 4. Time profile of cell proliferation at different

concentrations of bFGF. The cells were cultured with 0
(O), 5 (A), 20 (o), and 40 ng/ml bFGF (e), and were
trypsinized to count the cell number at different time points.
* p < 0.05; significant against the cell number cultured with
0 ng/ml bFGF at the corresponding time point. 1, p < 0.05;
significant against the cell number cultured with 5 ng/ml
bFGF at the corresponding time point.
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Fig. 5. Fluorescent microscopic images of cGNSms-incubated cells cultured with or without bFGF. The cells were incubated with
10 pg/ml cGNSkis7 MB (A) and cGNScap M (B) for 1 hr, and further for 24 hr in the presence of 0 (a), 5 (b), and 20 ng/ml bFGF (c).

Scale bar is 100 pm.
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Fig. 6. Fluorescent intensity of cGNSms-incubated cells
cultured with or without bFGF. The cells were incubated with
10 pg/ml ¢cGNSkis7 M (A) and ¢cGNScar ms (B) for 1 hr, and
further for 24 hr in the presence of 0, 5, and 20 ng/ml bFGF.
n.s.; not significant. *, p < 0.05; significant between the groups.
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Fig. 7. Timelapse imaging of cGNSwms-incubated cells cultured with or without bFGF. The cells were incubated with 10 pg/ml
c¢GNSkie7 mB (A) and cGNScar M (B) for 1 hr, and further for 24 hr in the presence of 0 (a) and 20 ng/ml bFGF (b). The fluorescent
images at the time point of 0, 6, 12, and 24 hr after bFGF addition are shown. Scale bar is 100 pm.
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Precision Synthesis and Structural Analysis of Regioselective Cellulosic Bottlebrushes
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A graft polymer with dense side chains is known to as molecular bottlebrush. In addition, a bottlebrush with two kinds of side chains
immiscible is called Janus bottlebrush. The self-assembly of side chains of Janus bottlebrush leads to fascinating properties in its
higher-order structure, such as micelle in a solution, surfactant at interface and microphase separation in bulk. We expected that the
bottlebrushes (including Janus type) with cellulose as a main chain take novel conformations owing to the cellulosic rigidity,
regularity, and helicity. Herein, we developed the precision synthesis routes of novel cellulosic bottlebrushes regioselectively having
polystyrene, poly(e-caprolactone) and poly(ethylene oxide) side chains and revealed their characteristics of main- and side-chain

conformation in dilute solution and higher-order structure in microscale morphologies in bulk.
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Fig. 1 (a) Cellulosic Janus bottlebrush and (b) its expected
higher-order structure.
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Scheme. 1 Synthetic routes of homo- and Janus-type cellulosic bottlebrushes
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Table. 1 Molecular characteristics of PEO-PSt-cellulose 5,
PSt-cellulose 11 and PEO-cellulose 4.

Grafted PEO or Me Grafted PSt-N3 Bottlebrush
sample| M=o M, . .
or MWy, DP DS . PDF DP DS| DP, MM,
4 (gmol™)
(gmol’)
5a 732 16 1.6| 64x10° 1.1 60 1.0 1.2x10° 2.3
5b 732 16 1.6| 33x10° 1.1 30 1.0 1.3x10° 2.4
5¢c 732 16 16| 22x10° 1.1 20 1.1| 1.3x10° 2.4
11a 14 — 18| 64x10° 1.1 60 1.1| 1.1x10° 1.6
11b 14 — 1.8 33x10° 1.1 30 1.1| 1.2x10? 17
11c 14 — 18| 22x10° 1.1 20 1.2| 1.1x10? 17
4 732 16 16| — — — —|44x10°°  15°
“Determined by GPC in THF using PSt standards.

bDetermined by SEC-MALS in DMF/LiBr. “Estimated by

SEC in DMF/LiBr with PMMA standards.

Table. 2 Molecular characteristics of PCL-PSt-cellulose 10.

Grafted PCL Grafted PS-N; Bottlebrush

M2 M2
Sample b b .
(10°g PDF DP” DS’ |(10°g PDF DP DS | fes:fecL

mol'1) mol'1)
10a 2.7 32 50 1.0 4 1.1 38 0.84| 0.20:0.80
10b 4.9 1.8 104 1.0 9.2 11 90 0.75| 0.44:0.56
10c | 73 15 100 1.5 16 1.1 158 0.64 | 0.54:0.46

“Determined by GPC in THF using PSt standards.
bDetermined by 'H-NMR. “Volume fraction ratio of PS and
PCL, determined by 'H-NMR.
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ZHTHHD (PStcellulose, 11) LA L (FED) .
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Fig. 2 Double-logarithmic plot of bottlebrush diameter (d) vs

the degree of polymerization of PSt-side chain (DPpst) for 11 in
DMEF/LiBr: the line represents a power law fit of the data.
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Fig. 3 Double-logarithmic plot of A7 vs DPps; for 11 in
DMEF/LiBr. The broken curve represents the theoretical curve
for the PSt-PSt bottlebrush calculated with 2 = 0.52 nm in a

®-solvent.
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Fig. 4 Cross-sectional structure model of PEO and PSt side
chains surrounding the main-chain core; (I) homogeneous
mixture, (II) (III) radial phase separation and (IV) Janus-like

phase separation (gray: cellulosic backbone; blue: PEO region;
orange: PSt region).
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Fig. 5 Plot of Scsaxs? vs MWacu.pst for PSt-cellulose (11): the
red curves represent the theoretical curve of core-shell model.
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Fig. 7 SAXS profiles for 10a—c in bulk films. Downward
arrows indicate the peak positions of the estimated lattice
structure with theoretical factor.
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Fig. 8 TEM images of (a) 10b and (b) 10c in bulk films
annealed at 120 °C for 24h. (c) Schematic illustration of the
packing of the Janus bottlebrush with the stained regions.
cPCL: crystalline PCL; aPCL: amorphous PCL.
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Dilute Solution Properties of Sodium Poly(j~L-glutamate)

[ RO - EER - A 7R
Saho OKA, Tomoya CHOSA, Yo NAKAMURA
Department of Polymer Chemistry, Graduate School of Engineering, Kyoto University

Light scattering measurements on sodium poly(j-L-glutamate) (P/LGA) samples in aqueous NaCl were made using a multi-angle
light scattering (MALS) detector connecting to size-exclusion chromatography (SEC-MALS) or disconnecting (MALS batch). By
the SEC-MALS measurements, radii of gyration (S?) at five salt concentrations Cs from 0.005 to 0.1 M were determined as functions
of the weight average molecular weight Mw. By the MALS batch measurements, (S?) and the second virial coefficients at Cs = 0.01

and 0.1 M were determined for PYLGA samples with different M.

The data obtained were analyzed by theories for the wormlike

chain model to determine the persistence length and the excluded-volume strength. It was shown that the Cs dependence of these

molecular parameters cannot be explained by current theories.
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Figure 1. Chemical structure of NaPyLGA.
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180 57 - U EE B D VS IR A 25 A BE O BGEL(MALS) B HE R 1T
BIREANT D Z 212 &0 R EELIE 29T - 72 MALS
BRI ER SIS L O IR EFRFE R RE A & O Wyatt #HEIDAWN
EOS COtIR¥EE690 nm) & H\\ 7o, JIEREIZ25.0CE L
Too ARUBHIXI LT, BKRBENI~S mg/em® & LTS5
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DFIKMEPVDF 7 4 L & %38 L TR 2 [ E B /VITHEA
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TR O WELYEIRIE D 220> b LA O 35 1 2 il IR ST HEL
JEFREEARoE P LT, MALSHK: Hi#s O 3 & E 5035y 7 H:
BEEN DR Y =F L o A% & ROKEHRIZ ST 5 BEL e
FENDIE LT, 2 ORRIZ L TR O NHGELT — & & Berry
TR my MERWTHNT L, T 7ebb . SERICK
T 5 (Kc/AR)) 2 Z BN 7 M bgD2FIZH L T v b
L. ¢*—0~DIMEfE(Kc/AR0) %K, (Kc/ARo)*5xtedD 7
0y FEEBRTERLE & & Dca0~DOFMEEE L OE
MO E LY 2N ENAREHIRIT D Me, H2E Y 7 L4%
BB R E LTz, Flo, %08 5 (Ke/ARg) % clxt L
T7v v bL., c—0~DHFE(Kc/AR)=0"? % K & |
(Kc/AR) "> D@zt T 57 vy MEEBTER Lz L &
DREE LV z- 8 "SR EAEE(SDH 2Rz, 22T, K
KX CEET DNFERTH D,
K =4”42—”02(@J2 1)
A0 Ny oc

KA, noy Aoy NAlZZNZIVWEBEDJEITER, ASEHEE.
TARH FeEHE AT, BERECGICHT DJEITEE S
Onldc)ZLL F ORRICHR D T2, ¢ 731.05 mg/emPLL N D5~Ti
JE DONaPyLCGAIRIR & fHL L | [Rl CsDHKREEHRIZ 3t L CEMT
L7=Db | TR & IR & DJESTEZEAn % 11 R 690 nm D YL
Z O WyatttEBIOPTILAB DSPIC & 0 #IiE L 7=, AnZ el st
LT ey ML, TOEBAE LY C230.005, 0.01, 0.02,
0.1 MIZE I} % (0n/oc)% % NZ£10.164, 0.166, 0.167, 0.175
em¥/g L IRITE LTz, DD CUZIBUT D (dn/dc)iFNFTIC X -
TRDT=,
YA R o~ 75 7 4 —— S ABEEERELHE

0.005, 0.01, 0.02, 0.05, 0.1 MONaCIKIRHE & IARENE & L
T, NaPLGA-AFRBHI KT 2 A XYy v~ v 7T 7 ¢
— (SEC) —ZAEHHEL (MALS) MIEEZRB 2o,
TRBERIZ Ry 7B 2 R L. F94 mg/em® DVAIR % 31 Y
L 20 )L Y > AN —7 % AW TSECY AT AZIEA L
72 o SEC W 7 AT X M Fn#E T 1t % Shodex OHpak
SB8O6M-HQZ 2 AR ELHNZ D72 W TH =, MALSH: Higs &
L CTWyatttEBIDAWN EOS% ., HEH3 (RD) MHi#ss LT
Wyatt #-484 OPTILAB DSP#% AV 7=, MIZEIL=EIR (]925°C)
TBIhoT,

3. R
Figure 212—# & L TCs = 0.1 MIZF1F HSEC-MALSHI
TERE R A RS, BUGENAE & [AERIZBerry R 7 7w K
ZHWTERT —Z &t U, BiHRRAZB T 5 Med
KOS kDT,
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Figure 2. Results of SEC-MALS measurement for
NaPj)LGA at Cs=0.1 M.
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Figure 3. (S?) for NaP)LGA at the indicated Cs
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4. EE
4—1. EH_FOEFE

Figure 307 — ¥ % HHTHHET MCE S Biax AW
TR L7z, RIETMCES & HEBRIBREZ R D) 72
WIEEENRIBIC S 2 EHEM Y & o O IR D
Benoit-Doty DN TR E I 5,

(8%)0 = 5-$+ MgL - 81}%2 (1-e2) )
K CLIZHOREE 2, 2 NTAIEME T A — X &R,
T E OOTEHNIEBEREICH D Z L 2R T, 5 7HE
PRSFEAR B & &, [IEEEZRINF o, % HVTH(S?)
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ag _{1+1o +[72” {?j +87°%2 3}
x [0.933+0.067 exp(~0.85% —1.395%)]

K, Z IR TR SN D EEHBRERE AT A—29TH
50

4

2:%K@y (5)
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SiFbihd,
L=M/M; @)

I T, MUTHARBEYSTZ Y OS5 TETH D,
SEC-MALSHIE 7> b RO 1= ERT — Z IZF MBI K b
L <A LA L BEEA RO B {E % Figure 3H D
FMTRT, 7277 L. NaP/LGADOMUIZH LTk, T#%
k3 AR T3 Al — il R & 255 OfE207 nm & fFE A
L7, 15722 1&B%Table ITE L0 5,

Table I. 2! and B for NaP)LGA.

Cs [M] A7 [nm] B [nm]
0.005 28 1.3
0.01 16 0.92
0.02 12 0.6s
0.05 8.0 0.54
0.1 6.3 0.27
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Figure 4{ZBRIEANME £ VD RO 7= A2 D M5 5 %t
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TREL 25 TNBZ ERbMD,
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Figure 4. 4> for NaP)LGA double-logarithmically
plotted against Mw (O, 0.01 M; @, 0.1 M).
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HIENTE,
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FEREZ ., WUANE 7 a UgHA)Y), =ARRY AFL
VAIVIRVERT B U U A(NaPSSINI R B T — F kR
9o NaP)LGAIZHK T 5T — & slICs? < 10 TIXHAIZ X9
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Figure 5. Persistence lengths for polyelectrolytes

plotted against Cs'/2,
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X D FEHR 1T gl % L T Odik-Skolnick-Fixman# %10 % H
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nm, 0.69 nmé& L CHE LEEZTRT, G2 < SIZBIT5
NaPyLGA & HAIZxt 7~ % FRam B (3AE A2 SR BRAE 2 3R 7723,
CoRINL Y REL 22 LBMMITERMBEL Y LS
<725, —F T, NaPSSIZHRT 2 FFRAITC? < 5120
THERENORE S D,
4—4. BFRAEREDEREKREFN

Figure 6(ZNaPyLGA DHEBRIKFHIREBZ C 2Tk LT
2y hL7ebDERT, FliridFigure SEFRICH D ZHW
T3, NaP/LGAIZK}T % BIENaPSS, HAIZ AT Y
INEL Tpo TN D,
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Figure 6. Excluded-volume  strengths  for

polyelectrolytes plotted against Cs™"2.
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Molecular Design and Synthesis of Nanocarriers via Peptide Self-Assembly
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Seiya FUJITA, Choon Pin FOONG, Kayo TERADA
Department of Material Chemistry, Graduate School of Engineering, Kyoto University

Peptides and polypeptides are versatile tools in biotechnology, especially in gene/protein delivery area. The individual character of

each amino acid can be combined, resulting in huge advantage for targeted delivery systems. Targeted delivery to essential organelles

such as the mitochondria can be achieved with mitochondrial-targeting peptides, which are typically N-terminal motifs predicted to

form amphipathic helixes and enriched in positively charged basic residues. The combination of cationic, cell-penetrating and

mitochondria-targeting components reported here is an exciting new design parameter that enabled cellular uptake, localization and

expression of exogenous DNA in the mitochondria of living plants. We rationally developed dual-domain peptides containing DNA-

condensing/cell-penetrating and mitochondria-targeting sequences. This advance in plant biotechnology not only provides a stable

transformation method but will also facilitate organelle genome editing to maximize biomass production via plant breeding.

1. #HEMESELHREM

SRk HARIREEC I\ CL AR Lo oy 7 2okt
AERER LOWBAFE T D 7-0I0E, 7 [Nz
T, BAWVEREEZ BT OHEMRESCI har R T 2%E
L. 53 F LA DERFH SN EBET D LERN H
Do LML G, BIRENCHEHEO BUBIA T2 8%, ek
B BEOI b=y RY T A~EAT L HIFIEMEL ST
R, S5, WERHIBICHIE L @t 0B AL T A
AT DL BRI Z HIET D BT bR Hi T
%o & ZCARIIETIE, XTF FRET LM - (L%
HIBERE 4 T i A DR RIICTER T2 2 & T, 3R
BN T4 ) DR Y — N 2 A ATRE/R T F N
XX VT L YR E T D3OS ) L (B, 3E
friE, I Fa FUY) OEBLORELARICT S 2
tEHBELTWS (Fig. 1) .

Cell penetrating Condensing DNA
Organellar targeting Interacting protein
Enhancing endosomal escapt

DNA (plasmid, linear, large size up to 205kb)
RNA (dsRNA, mRNA)

Protein (large size up to 160kDa)

Chemical probes (Raman, fluorescence)

e o o o

Vacuole

2. RIFRIZKDELEFEA (RTF FiE)

T ~DBIRTENIEIL, AR A FE DR
FICHEZ 2 TV D, R FAICB N TR BIAS N D
NTWBHT Za T ) o lEE 7 ) JMZRE LEF
ETHD T, T7ans T U o LD EGE L i
~EFATE RV, AT 3T OBV TR 72
FIETH D NN—T 4 VT B BT EORIE IS
R B2 AR ) L 7= 24 0 AR & FH O 2 3RS TR 1 B 7e ifF 9
& LTCEATEETH D08, MM X 2 2hRI0 DR ERI 1)
BAFEREMET DI Ho 280 L X5 vy, Iz
T, AARREE R 2T 2 72 ORI DO IR L WA R
EEMHT A 0ELHDH, AL TIL, XTTF REZEREO
AT UMEAE. b LT F FoEH OS2 FI AL
Xy I NVET Xy )T E LTHWY, BB Y V08
ERPNCEAT A EHEREE Lz, ZThubi, KERD
AR TH L7 WA V7 4V FL— 3 > (i)

Plastid

(chloroplast) o, o, Pe

ediated gene/|
slivery system tai

Mi tochor.1 dria specific organelle



THAT D, WINREATIETH Y | DRI L DHIR
EAICIFEELRD, Y rAf XFXF ZRakloe
TAREMNIINZ T, BT TR0 b~ Mg EOEEFEY~HF]
HTEDZ EAHBIL TS,
HFAANEDORTF RE T =F o oM EEA LTS
Z LI LY EETEEAT DM, Ko R
FAEZIZLD L LIIERWIFFEE IS L o> Tl ST &
7o Fex i, WY BT A VB EREREMA T T RE S L,
=T ETHI LT, ERRRNRT T R LT,
L EEELS] (CPP) LR YU I FA4 v BAE -/
BARTF Rk, RY B FAUES (EICEE) SR (A
ICHE) LA A UIIICHEER L, KBERPTIWRO
BWAEREKT 5, = DA F L MEARIE, 100225300 nm
FRIE ORI ZR L AlaEE 27 2 EHia~H DNA % 8
ATE2Y, TNETIZ, 77 A3 KDNA, _HIHDNA
(dsDNA) . —HEHRNA (dsRNA) 3 LU 100kbp a2 5
FLRDNAZE AT 25 Z LTI LT 539,
FoLERAB L b FY TR, F/ AOFEFEKH
AN Z D Z E LN TE Y fARREH %
FADEF 2T HDNAZ WS Z & T ASREIE T 25/
LTHAT D 2 ERAREIC 2 - CTE o, BB, Fox OB
TN—TThH, BET ) LEI Fary KU T 5 7 L0
[ . 2 A U2 T8I LTV 59,

3. SraAVKYTEENETEIRTFF

R L&, 2 hay RUTEBITES] (MTS) %t
HGERXTFRZ L2 ET W bay R 7 ~BET
EEAT B LN TE B, BEfEECytochrome ¢ oxidase subunit
IVHEOMTS L, 2 h=> R U 7R 12— & —cox2
ZRFOUVR—& —iltnt (GFPYH L < idRenillaVy 7 = 5
— ¥ ) B AN &S R F 7 2 I K DNA
(pDONRcox2p:rluc/gfp) & DEEEEFIFTHZ LT,
by KU 7RINOZZBETFEANEEL 2D 2 &0
HEENTVDY, CytecoxZ T U & L12% < OMTSIE, ~V
v I AEEETERT D Z ENMBNTVAD, MTSIE, 3
far RUTHZRIEEI hay RY THICEET S
B X by RY TAMBEIAFIE T 2 TOMBE A IR 2R T2
Tom20iZ & » TRk S D, Tom203585#k3 2MTSD =2 >
T Y RAEFIE LT, ooxBoe (o0 BIAKM, @ BUKM, v T
BOT X IR, B AN oekERHE SN TN
(Fig. 2a) . ABFFETIEL, @AIRPOLEWIZI ha R
UTIBITT D hary KU TEBITHEA LTS RO
FEBEMIZ, 2 AESID G (LARL) Z 5 LT
(Fig.2b) . F72, ~VU v 7 AEOLEIZL A b=
YRUTBATHEON EEBIEL, -7 X A YT X U
(Aib, U) %A L7-(LURL);. (LURR);. (LURS):% Xzt
L7z, BSEEIC L DBERO), 2 TOXTF RiZ 74
LA (FAM) IZX Va0t ~ b L THWE,

[ o: Hydrophilic; ¢: hydrophobic;}

X: any amino acid; B: basic

(b) (LARL): LARLLARLLARL
oPpXBoOQ

(LURL):LURLLURLLURL

Fig. 2 (a) Tom20-recognition motif with Cytcox. (t
peptide sequences designed by imitating the Tom?20-
‘ecognition motif.

9. XTFROI hary R THNEEFICKT 5 K
HIEZ TR D 7D IREEBREL A 450 L 72 1.0% SDS/KEA IR
TH @AM (CD) A7 MRIER1T -7 (Fig.3a) . Aib
&R L 72V FAM-(LARL); Tl 222 nm & 207 nmiZ &, 192
nmmiZIED E—7 BB S, o-~V v 7 AREEZ BT D
Z Ny inoTz, —F . FAM-(LARL):;D 7T Z = % AiblZ
&t L 72FAM-(LURL)3!Z. FAM-(LARL); & [Fl££12222, 207
mmiZ &, 194mmiZ EDOE—27 Z7R L7223, 222nm & 207 nm
DE—IRENRRE L, oo~ v 7 AREEE TR L TN
¥ RIELTWA Z L AVRIE X F7, FAM-(LURR); % /3
Kb LTzo-~Y v 7 ZAEFEKR L TNWDZ Engholz
M. FOMEII/NE Do 72, FAM-(LURR);D~Y v 7 A4
EIX, TAX =V EEOTFA LV KFEIZE D, FAM-
(LURLRBICHARTARZETH DL EE2BND, 72, FAM-
(LURS) IZFRE 1T/ NSV DD, FAM-(LARL); & [RIfED E°
— %R, e~ v AREEDIR N o o, JERY
v T D — > T H D Gaussian Accelerated MD
(GaMD) EIC XV REMIEZFHHE T 5 L. (LARLs &
(LARLBIEZ E e~ Y v 7 A DGR & BT D5 RN
FHi, CDAY MLOFER L —E LTz (Fig. 3b) .
Wiz, XTF RO bar RYTBITHEOMEE LT, &
it (BEA20.6 um) DOEMIZFAM-T ~ UL~ TF K& a—
N, =T 4 I NT U EEROTE ~ XX RO
JWVEIZE A LTz, D, MitoTracker® Red CMXRos% i
WTC har RY 7EGE L, HERL —V — B
(CLSM) I kv MiaNRTfE£ 814 L7z, (LARL): T,
FAMEHI 3£ D5t 73MitoTracker® Red CMXRos DA & 4 4
JRTEL TV — 5T, Ml RIZIEN o T2t Blag S
72o —HEBO@LARL)IZI Fa RUTA~ABITLTWDH—F
T, RERSITRNC BAE LTz, (LURL); TlE, FAMH
Sk & MitoTracker® Red CMXRos D8 A3 5 VO C
HBE LT, ST, Wiz Etho 471 7 IZFAME ¥R
DOEIITBZRENT, (LURLKIZ I b= R 7@
IZBATT D Z e E >, I hay R TAMER
BTNy Rl R & 5 2 LT, Tom20 & O EZhE A A
ERANEBRLIZEEZOND,
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4 . PICsome

R b RUTH AR, HEMR: ZFIATE 50
T, BAOBEANZBWTIE, &7 LOMIERLHEE 2 SR
AR & RARDEEBLETHDL, £ T,
AMFFETlX, CRISPR/Cas9% Ribonucleoprotein (RNP) & L
THIAT2Z LT, Y7 AOmEEITH, RNPEZFIHT
DAYy M. B DIZCasOiE a2 AT D MBI/
<. FLfE® b, CasdBET K LERRNWZDTH
b, BalZINETICH, CPPEX VU EE, A F Mk
HEERIC L VEALSES 2 LT, iila~0E Az
REILCTES, LinL, HOX Vo) 7 EHR RN T
RSN D-0, REIRNCO 2ERBIIRECTH -7,
ZOEHIBREROL L BEMMICHEIERBLL, #MICEE
Z AP CE DEERIR RO BTV D,

ZI T, Fexld, ERAORYSEREEZENE LTH
BENTWDLIRIA A vraryrT vy 7 AT 7 )0

(PICsome) (Z& H L7z, PICsomelXIEE APV o v 7

BEROBCEENSRDI T EARESKL LTS
N5, £/, PlCsomelX¥-EEa2A L. WA Iz X
7RISR ORE SN L EEERBETEL L
SREEATS, ZOWENS, Ik LHEKELT, B
PNCHSRER L SR B 7-0DF ¥ U 7 & LTER TV S,

AAFFEClE, BEE 2 NG SE7-PICsomeZ i L, =0
FKEIZCPPEEER LT2th, Thafipila~EA+5Z &
2 X D ~OFHRIE AN 52 Mt Uiz (Fig.4) . Bk &
LT HEMB D F~A o ~TF =1 U (ATP)
DV R AR S ARTEMEAL & & % Neomycin phosphor
transferase II (NPTII) %3%®R L. NPTII% NG L 7=PICsome
DR ~DE AR L ORI F~ A v oMt HE
I DOWTRRETZAT 5727,

(b)

(LARL); (LURL)3;
(LURR), (LURS),

WV &<

TNAXERT A7 0y 7 HEAGIKTH 5 Alkyne-TEG-

b-P(Lys-(COOH)FB LR Y U 2> (PLys) & LTz, =
NHDOKEREZ 1:1 TRA SE10 o EEES, BrEEGEL
(DLS) MIEZ1T/e o7z, TORER, 150 nmFEfE DRI %
FEOEARBIERT 5 Z &R ootz BN HELE
HRVE 1 BMEE (FE-SEM) Bl L 0 | BRIROEAIKRDTE
FAMERR S AT, RIS, BEROEEMZ N LS 5720
12, 1Y EDOFEAFIEDCE AV TA7F MU DG 21T
Rol. BE#OESIRE S L -#HE DY) % FE-SEM
B LT L 2 A, WERCZHINE T 2 BIR DL S IRA 40k
A E . PICsome DI R 7=,

Wi, v —% 3 &R L7-NPTII (RhB-NPTII) % PICsome
IZE A L7z, RhB-NPTHAEAE F O KK FIZHE T
PICsome% ##§4% &4, RhB-NPTII% PICsomelZ Nl & €7,
PICsomelZ PN'EL & 1172 52> 72 RhB-NPTIL & B AT 1 &L V) BR 2=
L. #EFERES 8 (FCS) HIEZEIT-7- & Z A, PICsomedE
FF7E T CIERhB-NPTU D HLHLURFH]130.243 ms Tdh o 7= DI
*LC, PICsomefffE FCOHLHEFRII16.09 ms TH > 7=,
PICsomef7AE F COORB-NPTIID HA L FE I 0 H#8 KSR
N7=Z &5, RhB-NPTIIZPICsome~NE T35 &
T L7,

PICosme% > 1 A X} XF (Arabidopsis thaliana) DIFA
ZATH L CEAERETT/2o72, £9°, RhB-NPTIIZNE
S PICsome D FEHIZHER L CWA T ILF AR LTT
Y REHTHCPP Th HNs-(LysAibAlayZ 7 U v 7 K
X V&R L7729, 55 7= PICsome/KIATRIZZEAE 2 &l
Z T - DAL Z E L, CLSM#BIZ2 %1772 > 7=, CPP&
g Cld e —4 I VHROEAPEE SN o7,
CPP{EAit: CITAAPE 2 S HOENBIZR STz, 2 OffR
25 PICsomelZCPPAAERY 2 Z & T, Al ~DEA
MNARETHDHZ L ERLT,
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PICsome formation (vesicle)
for delivery of gene & protein

Citrine@PICsome

Fig. 4 Experimental scheme of PICsome study with intact plants.
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The Effect of Viscosity on the Coupling and Hydrogen-Abstraction Reaction
between Transient and Persistent Radicals
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The effect of viscosity on the radical termination reaction between a transient radical and a persistent radical undergoing a coupling
reaction (Coup) or hydrogen abstraction (4bst) was examined. In a non-viscous solvent, such as benzene, all the transient radicals
studied exclusively coupled with 2,2,6,6-tetramethylpiperidine-1-oxyl (TEMPO) with >99% Coup/Abst selectivity, but Coup/Abst
decreased as the viscosity increased (89/11 in PEG400 at 25 °C). While bulk viscosity is a good parameter to predict the Coup/Abst
selectivity in each solvent, microviscosity is the more general parameter. Poly(methyl methacrylate) (PMMA)-end radicals had a more
significant viscosity effect than polystyrene (PSt)-end radicals, and the Coup/Abst ratio of the former dropped to 50/50 in highly viscous
media (7puik = 3980 mPa s), while the latter maintained high Coup/Abst selectivity (84/16). These results, together with the low thermal
stability of dormant PMMA-TEMPO species compared with that of PSt-TEMPO species, are attributed to the limitation of the

nitroxide-mediated radical polymerization of MMA.
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Scheme 1. a) Coupling (Coup)/hydrogen-abstraction (Abst)

pathways in nitroxide-mediated radical polymerization (NMP),

and b) combination (Comb)/disproportionation (Disp) pathways

in the self-termination reaction of a polystyrene (PSt) mimetic

radical, 1-phenylethyl.
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1adD 5 D Coup & AbstlZFIM T 5,
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Scheme 2. TEMPO trapping experiments for the radicals
generated from organotellurium precursors.
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Table 1. Effect of bulk and microviscosity in the reaction between transient and persistent radicals”

Run  Precursor Solvent Temp Toulk? D¢ Yield? (%) Coup/Abst®
(°C) (mPas)  (x107m?s™) Jor7 4or8

1 la CeDs 60 0.41 3.27 99 0.6 99.4/0.6
2 la CsDs 40 0.61 2.38 99 0.5 99.5/0.5
3 la CsDs 25 1.1 2.01 99 0.6 99.4/0.6
4 la DMSO-ds 60 1.2 1.45 97 2.1 97.9/2.1
5 la DMSO-ds 40 1.7 1.09 96 2.5 97.5/2.5
6 la DMSO-ds 25 2.3 0.88 95 3.8 96/4

7 la PEG400 60 21 0.56 90 8.9 91/9

8 la PEG400 40 44 0.47 84 9.4 88/12
9 la PEG400 25 84 0.41 79 134 85/15
10 5¢ CsDs 60 0.41 2.01 99 0.2 99.8/0.2
11 5¢ CsDs 40 0.61 1.45 99 0.3 99.7/0.3
12 5¢ CsDs 25 1.1 1.09 99 0.5 99.5/0.5
13/ Sc CeDs 25 1.1 1.09 99 0.6 99.4/0.6
14 5¢ DMSO-ds 60 1.2 0.88 98 1.3 98.7/1.3
15 5¢ DMSO-ds 40 1.7 0.56 98 1.7 98.2/1.8
16 5¢ DMSO-ds 25 2.3 3.27 97 2.3 97.72.3
17 5¢ PEG400 60 21 2.01 91 4.1 96/4
18 5¢ PEG400 40 44 2.01 89 7.3 93/7
19 Sc PEG400 25 84 1.45 84 9 89/11
200 5¢ PEG400 25 84 1.45 83 8 89/11
21 5d CsDs 60 0.41 3.27 99 0.4 99.6/0.4
22 5d CsDs 40 0.61 2.38 99 0.6 99.4/0.6
23 5d CsDs 25 1.1 2.01 99 0.6 99.4/0.6
24 5d DMSO-ds 60 1.2 1.45 98 0.8 99.2/0.8
25 5d DMSO-ds 40 1.7 1.09 98 1.2 98.8/1.2
26 5d DMSO-d¢ 25 2.3 0.88 96 2.3 97.7/2.3
27 5d PEG400 60 21 0.56 90 4.5 95/5
28 5d PEG400 40 44 3.27 85 6.0 92/8
29 5d PEG400 25 84 2.38 82 10 89/11
30 1b CsDs 25 1.38 n.d.g 99" 0.4 99/1
31 1b CsDe/PSt (8/2) 25 808 n.d.$ 66" 34 66/34
32 1b CeDg/PSt (1/1) 25 3980 n.d.g 50" 50 50/50
33 Se CsDs 25 1.53 n.d.g 99 0.2 99/1
34 Se CsDs/PSt (8/2) 25 780 n.d.g 82 9.0 90/10
35 Se CsDg/PSt (1/1) 25 3580 n.d.g 78 15 84/16

A solution of the precursor (0.030 mmol) and TEMPO (1.1 equiv.) in a solvent (0.60 mL) was irradiated by a 500 W Hg lamp through a
<470 nm cut-off filter. “Bulk viscosity determined by a viscometer. ‘Diffusion constant of methyl isobutyrate, which is a model compound
of radical 2a, determined by the DOSY NMR experiments. The same diffusion constants were used for radicals 6¢ and 6d due to the low
concentration of the reaction. “Determined by the '"H NMR. “Only the ratio obtained using 1A and SA was calculated because of the
presence of side reaction when 1B and 5B were used. /TIPNO was used instead of TEMPO. ¢Not determined. "Yield was estimated by
subtracting the yield of 4b after confirming the quantitative conversion of 1bA to PMMA having same M, by size exclusion

chromatography.
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Figure 1. Correlation of Coup/Abst selectivity and a) inverse of

temperature, b) bulk viscosity, and c) inverse of diffusion constant
in the reaction of 1a, 5¢, or 5d with TEMPO

HDHZ BTz (Scheme le) , AU T 7 U LR T ¥
T ATIEIRBIZ Disp TR IE T 572 . ZOEIRISIZE T D
BN FATHA LTl e o722 L n | BT OERITRY
T U NEERET Y 1V ORGSR B S 2N LT o4
Thbd,
PLEDOFERIEL, T VA NFEIZEER 7 < KEEE O Abst &
721 i,cDisp%XEk%t%iJuéﬁé EV) —EEERLTRBY, T
WM L WD ESEE T VST D T V37 ORI
f@*%naziﬂs CEVFHTE D, 08 T 12a TEMPO & D
SO s % Scheme 312K LTz, 1ZIEKIGIET A NV_T 83—
A E R ZZE 2T OCEER BWIZEA L7 E )
DIRE D, &I 0B Coup, AbstDIHEITT D720 DELE ~ & 1

EEER Z 3720, BEOWEY A%%%Z}’L WZA Tl
M3 2ULENRD D, CoupNETT HOICIET VAL D

SOMOM A —## iz d 5 —>Dfid[h Lﬁ\ﬁhfiu\@ WL,
AbstiZC- Hf*/\J:TEMPO@SOMO# —# EIC B DL
o LIz, ZICE DL TRIOEEZEILL /SN, 20
=6, TRIEDOPEEE 3 < 7‘@5&\ CouplIARF| & 72 5,

CO,Me XN% _Coup o
e olate)
COzMe >bé i ) i
oD CO,Me
2a (%) >(N% iSt» 4a
NG e

Scheme 3. The collision model for explaining the viscosity effect.
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Figure 3. Correlation of Coup/Abst selectivity and bulk viscosity in
the reaction between 1b or Se and TEMPO
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Scheme 4. Thermal decomposition of TEMPO adducts 3a and 7¢ in

the presence of benzenethiol.
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Figure 4. The decomposition kinetics of 3a and 7c.
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