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Copolymerization of Different Types of Monomers through the Elaborate Design of
Cationic Propagating Species
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This study aimed to develop new copolymerization systems including

concurrent vinyl-addition and ring-opening cationic copolymerization through the elaborate design of
cationic propagating species with high reactivity and selectivity. Meaningful results were
obtained, particularly in the developments of the following systems: cationic copolymerization of
lactic acid-derived dioxolanones; ABC-pseudo periodic cationic terpolymerization of vinyl ethers,
oxiranes, and ketones; a new type of copolymerization through tandem unzipping and scrambling
reactions; controlled cationic copolymerization of vinyl ethers and cyclic acetals; synthesis of
copolymers degradable by various stimuli; living cationic polymerization of oxiranes; and cationic
vinyl-addition and ring-opening copolymerization of styrene derivatives and oxiranes.



B X C—19. F—19—1, Z—19 (@)

. WFFEBRAE S W DAY 5
BRE D TIEBRAETRICARAIROFEM - MEHE L ThHL DA’ - Jr cHYWLRTEY,
SRR ) v~ — B O=0IZ, Pl EEES E LT, EAAREOEENS . 2D
T =t EA, WFAVEE, TUMNVELRESHLERENRRELCE R, Bkow /<
—ZHWD HEES] bHHMBOAKRTELE LTHERAER, BR2MEOARMEEAERT D
F )= LOLESIIRECH 7=, TD LI, bbiud, T E TR o7-mED
FHARRIZETIHAEZ S LI ﬁW1—7wtfhi~7w®£@ﬁ?ﬁ/iﬁé¥%
%%LT%K
i<E%DNA&k@fﬁm“%i%/VHEWﬂ@a CHIE S AT Ao s s D
wfmff%ﬁ%&% EXRBT DN, ZhbREEDT @@ﬁéﬁaﬁk%%oAﬁm“
FIIREELNTE LT, KEEIIHIEZ WNCER TE S nE WD Z LA S 72T
%o Bl ik CART DK ELSLEREMIT RICAWICHAEN T REE ) ~—DLES
@ﬁ%f%okﬁ,ﬁ%%%%ﬁéﬁ,é%m%h%ﬁﬁﬂoﬁ%ﬂﬁﬁfﬁhﬁ,ﬁﬁ%/
~—EHMAAEDETCEErORERKEESEONDI EEZOND, &b, BEARMEICLD
FOG O RS Z2ic TERME ) LI TR ERRIT 22 8T, iwm“ WZICEd % & 9 7
E )~ —EEEY OREN SN D EHFEEIN D,

2. WMEOBEM

RIFFETIE, RFEHBEICLIRET ) ~—0LBEAEROBARK L, ZITESW TREEE I
SN-EEEEEZ OB TEAIRT A Z L2 BNE Lz, [ECRITHAENZWE / ~—E 95 L
T—OoODESFHEIEATLHI LT, THETICRWE D R HEE2 BRIETX 2 A[REENH D,
FTODOREE LT, BT A CEEAEREN L OEIGNE « BRI E o8 OME 2150
T2 L& ELITEIBAICE W,

3. MFED Ik
EEEOBEBIZHY, FILWILEAZROREE, TORO0E /) ~v—ikit, S, B LV
(Ve r) BEROBERLEEBI/otz, 61T, —RICITEEMHEZRERWEEH O

LHEGORREMEZBRE Lo, BRI, MT®f4JLT¢i9&T~7 TR LIz,

4. WFFERLE
() ABHERI3-CFX VT ) v e¢FX LT 0AFFy andBlE, Eoz—F A Az
—iEA

N . . o . Lactic acid
A7z EDa-E Rrx vt T7 LT \

R b ED IR = ALE S @/ NS
BRFTRER 13-DA4% Y5 7 i, 195 0N g | rR
MEHBNEMTH S, bbb, ikm B(CeF s .
13-AXY T 7 UoN AT A5 E DG e sRIR3 o

IR VBRER L T 2R St F 4 {w LﬁQ)K/mJfoﬁn
EREAERTAAREEICER L, T4 od, ./ R! R2
CVEAEZBREI L (K1), fix OFRMET,

A8 (T LAttt g o0 0% @

7 v ERAE z SRR A S HELT

AN s E I TR ERE DL DEVESIS
FHIT X —ABI R AT VM EAT D720, BESETBIOT V0 VU ESME T T
fRFEECh >z, SHIZ, B2V =T AEBIOAF T v LllAG DY ZnEEA T
THZEERH L, 20851, AW/ EDa-E Raxv@BEhoalansd 1,3-U4x%Y 7
JUM, AFAUKBEBRICLDOER) ~—EGROTOOEM e/ ~—L LT Z L%
w7,

(2) ABC BIRZ BEEHIHIICm Tt =roa—TF 0, X5, ¥ N ORBEATF AL =0
E/\

URiobbnOfRIcEY, Eoro—F @ty oy, & o2 ladbys
L, —FHROREEREMGNIE 2 E= A0 - BIER « BV R= AN T4 ZndkE A )i
79222 RELTWE (X2), ZTOEEGRICBWTHMARKIGZMHTHZ LT, =
IT—T ), FXT, FRUNRZOIEICERYIEL 1 2>T o0 N o7 ABC B HES] =




TIEASKROEREZBEIEL, FrORFNEB IR, FORE, £ /) ~v—DORISHED NS
VAKRTHEEL, WUIRIRE c BEEMELTH LT, INODE ) v —2FE 1.2 fH, 1.4 {4,
1 HFTDNEIZ S 72285 7=

SR EEAKREAKT D - _ kﬂﬁ*
CemCEREAMECE =, o oy B Y ‘a/
o, BT/ ~v—mbdl LR R2.

THRLIFEBEOEESE Vin;l-;ther Oxirane  Ketone
E@@}iﬁﬁi@?ﬁ‘@% 7 F

WwasZ S 3 ) e
;[J)ﬁi‘qﬂﬁﬂ%é\;:gﬂg%/ﬁfEE 2. ABC BUAZ A ELHNC AT 7= = et A

Thd I LERLIZ,

R‘ R2

(3) FBHHAHE % SO & R E A SUG 2 $l A ot - Bl A BB A 1R K 5 22 HELAIILE A RO #T
L VWVE R O B 5E

BIRT X =L EBIRZ AT VO A FF o EESITBNT, £%¢ AT DT 'Y — R
WED WSO S FEHMIZ SO &, BIRT & F — VO E MRS EE D MRS IS 2/
HEDOEDLZ LT, LI A TORIIGIHESELRE L., BAEMICE, EEBRT X —
wﬁ%éz%%wm&Vﬁ%?NV(:numtPm%yf%wtﬁwi—fw#EEAf¢
THRIER) L EBERZATALTHD

eIy N TFA U EEAEE, FS(RZ i Protonic acid RTR2 O R?
7 h RS L, e W T e T 7 B ) o+<% — (O X -

~—BELE o, ZORATICH i
EBEICT DL < ﬁ@%é\él & 0 2K A R | h Alternating
‘J“Z) 2- A F 13-V F v S & F M em“ag

I MR A A (A LT, A EFLs 3t M
WORERE (MBA), ¥7o BRSSO
L CME A R LTSI A LT (8) By temperature change
5 FRELRAZ (3B, BEIC K D) .“wo‘ Heating QO Alternating ()
BT, KBRS - & CRIRMORSNC R
FEo TV EoAMEEbROAE, = 68008eee®E “coing O O 0 9 o
D X 5 7 LR 2 S RS S ©

(ZES B LWBSIHE E S5, —ik 3. BB OGS & fREAG S &
CHWOLNDEERISIZ LD Fik L FAE DR RSN E S 15
RIpHT T —FLLTHMEERLD

o,

4 BNz —F )V EERT X — VORI F A I E A R OREE

BRIRT X —E, —RICEHELWE SN TE = LE )/ v —LRIRE ) ~—DHEEIC
W, BIA LS ﬂwI*TW%X?V/ﬁkﬁ?ﬁ/ﬁEAT%@ kﬂmmﬁﬁ#%ﬁ%
NTWDLE)~—Thbd, PILOIITLUR], E=Lrz=—7 L ELEERDO 13-4/ 0%
BERO2-AFN-13-UFF Y T DOHFF L LERIZBOCTHEUIZRBRGAIRZRET 52 & T,
& D 4y - R A R0 SR ik A 16 T 48 & RTRE &

THHBESREBR L, AR TS R N
ST, MART LS eflix OBEL - & 0o | 9770 | 9770 | oNON©
WL OBIRT & & — LB RE - ARL, | U Primary
=z =T L Ol A FA I EE 8

wamarsre v, sikres—io 8l | L | L | emuoNe
BEAPEIC OV TREHMICHN, ZofE,  £(| 970 ) Aj
BT 5o ko CRBI0 R 8| | K \_/ | secondary
BAOBBERARETHY, LITAFLE OB

2OFTBHANERD22-VAF-1,3-T i oxo OXO OXO "'0/\“*\-07{9
A IR E AR RS VAR e L) Tertiary
BHENIEFICREL, 2-Z7aa 2 Fre= _ >
/Vi**?lbgj@ijéEA %U\T iKEE ng member
DI E b ORY ~—NE5N5 2 N X 4. fixOREK, BEHREHO
brol, BIRT B X — i T 5% BRTEHZ—1

— IR = W EE N L EREIND

Eh, X T EINNR=EEMN D L EKRARETH V, BILE, # LW ELHIHIE L E AR
DOFRFBFHIBBE L TS, Fo, WITTRTVIATBZ — A EEE S ONRERY ~— 0%
it - BRROWIEIZ L DR o T,



B VINE= ATV EERRT X — VOKI A F A ILELEIZLD, kxR TDS
ENAIRE/R L VIV T B 2 — )V EEICE T 2 0ER Y ~— D&k
UNAEITE FrX ok

ORERLLLTHWLND \\| . OXO C::Jiggli;merization

% EMBRRENTETS  sive, S

D, I E=)LT—FT /LD v, v
AR AR OB AITIEBE |~ ONFro” [ o, ]  HO V.
LW RY =T L NOTSiMe \( 0 \ ~Ho
—NVEEBAZENTEAH, A Silylaczial Hemlaceial intermediate

MFETCiE, v =z — w Acid, Base, or F' (9 V
THOax ) ~v—& LT % Desilylation, %
WE/ ~—ICHEH L, Hix D Cleavage

BEtORE, BIRT £ & —L 5. VU NE= =T L EEIRT B H —LD
B = G R A o Y WD T oA S BT LB RN Y~ —

NT v =G bORESKREERT LI N TE (K5), Lo, #7254 TIEib
HILEEPEITL, EBEODFERORN) v —2RKFAETHo T, YU NVEORER, 5358,
TNHY, TAA F R ETARETH D720, AR LICEBEAEREZ T O DS ThHfkE
Liz& 25, WTFNOBEIZ O ESNICHMRICET LIRS F B Lz, U AT'2—0
DYV IVENRESND Z LTI T X — HPRHER AR L, TS BRI - BIR L
EEZLOND, TOXIITAEESRIT, SHRRBIC LY AT A Y ~— &R A
R LWFEE LTHIR SN D,

6) XL T LD L T F A EARDORRE

FXT ORI T A UCERNE, NI AL T 4 RIS EORIKIGBEZ DT
AT L, ARAFZECLE, @Yl iR RN 2 WV CER R 2 RET H 2 & T,
XTI DIV T HTFAESRERBTHIEEENE L, Hx ORI &R LTz
LA, FFXFERRTFITIE FuE Ty, 14U R loRKz—T L EHANLZ b
T, Y ua~Fk

VAFRT FNOBER C) (j ”””” @m& """"" :
CEAN - |
e it \O« Lo Cf O

5 = k %_—, E‘ Hj L/ 7%_ “Dormant” species

(K6), &<z, M6 BR=—TVIRIANZ LA TV T DO) Cr 7 AFAVEE

WY 72 BONREE, WINWIRE T, EEBRIICHTICE / ~— 2R LRI b D FEVNES
RIZHBILTHMLIZZ b, VECTEHAOEITHARSNE, EROBERT—T LIS
WEMED NS VWER=— T L TIXESAHIE SN o7c 2 &0 s, ARKIEDORZENDT-D
WITE ) e B ORI — T AN EETHDL Z EnbhoTe, £, BKET VT E KED
HEAIZEY, FHIT B —AEEL OB ER ) ~— DGR bB I RoTc, ZD LD
2, ERITRICHE L Do T AR T oD S A F A UHBRERERZEL-Z LT, —
PAEEDOHIE SN HERR Y ~—DREBERIc RN b LE22 6N 5,

(N BxOEHBELZ L OAF LT OREE N —FT N LD FA VRS AT
W& DN E AN T T2 R O FE 2 bt
VLRI O b v OaF5E (Dialkyl-substituted )

LD, Ay =0 hAF RZ R? B(C4Fs)s A= % %_/Q_“(_é
/@Eﬁﬁﬁ J: D %:%&% =\0R * Ay \ / R Frequent Crossover  Infrequent
CANEC Y )ZE S Vinyl ether  Oxirane e 0 Long  Oxirane Short
7‘3 %j— V2 %ﬁiﬁk L/ 9 5 j_ N homosequence

T UERHWD L, E= W}}%%J)JJ [Trlsubstltuted) [Tetrasubstltuted) [Fused rlng]
Nm—F LD RIS T 20000005 gg0000 | ! Z
FUoRBEBEPETTLZ 1;
L A LT, AWESE rore
T, 5 =B T A X 7. $$ﬁ®ﬁﬁﬁ%%0ﬁ%/7 DR

BARL S BAE LT BT D HF A IEA

IZBWT, TS VEBREOFEESCH SN = —F 0 L O ESMIC RIT TR L2 N
IR ZEHEHRE LTz, FOOIL, 7R T L9 B, :%?ﬁ&, VEHL A T
v, BIOWREELZ LAV T U a&E - 6L, Earz—TFT LD hT A HEHEEE



BEt Lz, ZofEE, iz, )‘7‘/1/%3:711/%11/%%%0*%%&2“%‘/7 YT TV FVE
DNEELRDICONTHEHEAEMETTHZ LY, BRENEEAMEICRKREIEETSZ
kﬁbﬂokoik,ﬁéﬁk@%ﬁ%ﬁ%%oﬁ#/7/iﬁ@EA%EAEAﬁ®%fﬂ
%ﬁ%ﬂoko:@iﬁ&ﬁ%V§V%ﬁ®@%@%§Kiéi@éﬁ@ﬂ%i,E&é@%
DE)~—=0EDH LWRY ~—DRIR A2 FFE L T 2 RN F A LV HBEARICBIT DM
ORI ORND LW SN D,

8) E=/A T T L BT AT A D E = AN F A - B R E AL L5 ST 7
b )~ — DA - Mg

VLT ok, Hf o~a 7 ) MtCI{OR’),
2%y REREOME L LT T g + OXR ——=s
TE=LVZ—TLDOhF 4 ESR  ves CEs
Le-h 777 b OB E m
® =T - 'VE
B EFARFIZFD, EoLD—F 10 2 ',’,'(\;'E: AGE n ®M<;3 T CEs
BFACEEERRmICERT D oOR = 'w OR —>

T?iﬁﬂ/%iﬁf‘@Tﬂ/:%yﬁ X8 E=)lz=—F /L LEBIRZ AT ILD
I A E =S F A - R RIS O

U~ —OMIEICHASAEN T T 7 FR )~ —BERT EH LWZ A T OIRELSREBER LI,
AWFFETILZZ DRIZBWT, flx Ot /) ~—2 B4 22¢ T, /797 bR ~—0D7
77 MEAERST 7 7 MR EoERIE AT Z L2 HME L (XI8), TOME, Ti &
PR E T 5MEE2 Y, v zF L UdEHENEIC b DY =L =T v keI BT T b
YOIKEEEITO L, FEHI ﬁ,@7»:%&&@&@ﬂ@:017?7h%ﬁﬁk%wﬁ?
TRV ~—DEONDZ ENbnol, £, B~ —DMIAREEN K i#%@&k

WTHRMAICHET L=, 5072777 bR Y ~—I%, TiO, DA MR \%kﬁl
Lf%ﬁfﬁf%ofk—o
Q) AF LUV EAFTT LD =L - BBRFEIRED F 4 &R DB

IhEFCTrE=/lx—

R'
Vavi% (E iﬁ@j fi *%SHE:@ Z —_ R Ph3CB(CgFs)y ( / O\)()

3 -
A"?t\/i:/@t\‘:/]/’ﬁf /\\ +w£ — A

n-BAER R -4 3t R cd | W
A S e - St deriv. Oxirane Crossover ~
E/:WPJETT"}—é N N Multiblock copolymer
LU LC 27, AR 9. 2AFLUBEEAFTT LD

THEMI, E=1T ) B = - BB A S A
~— kLTX?V/ﬁ

ERWEEASOMEEZRF L (K9), EAICBWT, AFLUVEEAFT VT OmEN
HITHEE IND D12, BORRIGEOMAEDLENEE TChH o7, XL p-ATF VATV
VEB-ATFrxE/uvk R UCOEEESTIEIWEE / v — L bEE IR ~—»NAER LTz,
ZOAREWE 'H, PC, 2D NMR 12 X 0 BEMICRIT L, RicT vax s i Lo p- A F AT
LY HMESERAE SR L TED NMR A7 ML EREGT A Z LT, REAERGEZMES HLE
ANEITLIEZEZHONE Lz, EBIT, pAFALAFLUNLR-AF Lok R
UADRFELEFERNC L VAR T D sec-Xv VN —T VEN BB LTS R YD, <
NFTay IV MOEEERET LI ENbNoTe, TOXIICEHRAREHEOE=LE /) ~v—FB X
OA X T VORI FAVILEENAREL 2D 2 LT, FILOVES THMEIOBRBIC SRS
EHIR SN D,

(10) Z D1t
EROMIZ, FTROT—<REIZOVWTHMRFT LI, £z, L7 —~%25H, —Ho7T—
< IIBE LW Z Rl TV D,
c AWRESEBENC L D oL —T L A U T ORI F A BN TG
AT AUEMEBEEEE RIS RWE ) v —ThHOIRMRE =LV O F AU HEE Bk T X
— VAot ) v— T AHAILEEROHKE
3TN axvTEY ROBFAUIRES
B FREEHC X A=A —T DY B S A TF A EE DT O LM R o0 BE %
XTI E b O E = L= —T VOGN - Ak S, T VBRI B WL A AR
& B EAEIT X D SEAERIVERE



15 15 0 0

Kanazawa Arihiro Aoshima Sadahito 53

Cationic Copolymerization of Styrene Derivatives and Oxiranes via Concurrent Vinyl-Addition and 2020

Ring-Opening Mechanisms: Multiblock Copolymer Formation via Occasional Crossover Reactions

Macromolecules 5255 5265
DOl

10.1021/acs.macromol .0c00854

Hotta Daisuke Kanazawa Arihiro Aoshima Sadahito 42

tert- Butyl Esters as Potential Reversible Chain Transfer Agents for Concurrent Cationic Vinyl 2021

- Addition and Ring- Opening Copolymerization of Vinyl Ethers and Oxiranes

Macromolecular Rapid Communications

2000479 2000479

DOl
10.1002/marc.202000479

Higuchi Motoki Kanazawa Arihiro Aoshima Sadahito 53

Design of Graft Architectures via Simultaneous Kinetic Control of Cationic Vinyl-Addition 2020

Polymerization of Vinyl Ethers, Coordination Ring-Opening Polymerization of Cyclic Esters, and

Merging at the Propagating Chain End

Macromolecules 3822 3831
DOl

10.1021/acs-macromol .0c00531




Watanabe Hironobu Yamamoto Takuya Kanazawa Arihiro Aoshima Sadahito 11

Stereoselective cationic polymerization of vinyl ethers by easily and finely tunable titanium 2020

complexes prepared from tartrate-derived diols: isospecific polymerization and recognition of

chiral side chains

Polymer Chemistry 3398 3403
DOl

10.1039/D0PY00343C

Asakawa Tomohito Kanazawa Arihiro Aoshima Sadahito 53

Cationic Polymerization of Phenyl Vinyl Ethers: Investigations of the Propagation Mechanism, 2020

the Living Polymerization of Ortho-Substituted Derivatives, and the Step-Growth Polymerization

of Divinyl Derivatives

Macromolecules 6887 6897
DOl

10.1021/acs.macromol.0c01351

Haraguchi Rui Nishikawa Tsuyoshi Kanazawa Arihiro Aoshima Sadahito 53

Metal-Free Living Cationic Polymerization Using Diaryliodonium Salts as Organic Lewis Acid 2020

Catalysts

Macromolecules 4185 4192
DOl

10.1021/acs.macromol .0c00823

Higuchi Motoki Kanazawa Arihiro Aoshima Sadahito 9

Tandem Unzipping and Scrambling Reactions for the Synthesis of Alternating Copolymers by the 2020

Cationic Ring-Opening Copolymerization of a Cyclic Acetal and a Cyclic Ester

ACS Macro Letters 77 83

Dol
10.1021/acsmacrolett.9b00874




Kato Ryusei Kanazawa Arihiro Aoshima Sadahito

Desilylation-Triggered Degradable Silylacetal Polymers Synthesized via Controlled Cationic 2019

Copolymerization of Trimethylsilyl Vinyl Ether and Cyclic Acetals

ACS Macro Letters 1498 1503
DOl

10.1021/acsmacrolett.9b00745

Mimura Maki Kanazawa Arihiro Aoshima Sadahito 52

ABC Pseudo-Periodic Sequence Control by Cationic Orthogonal Terpolymerization of Vinyl Ether, 2019

Oxirane, and Ketone

Macromolecules 7572 7583
DOl

10.1021/acs.macromol .9b01573

Maruyama Kazuya Kanazawa Arihiro Aoshima Sadahito 10

Controlled cationic copolymerization of vinyl monomers and cyclic acetals via concurrent vinyl- 2019

addition and ring-opening mechanisms: the systematic study of structural effects on the

copolymerization behavior

Polymer Chemistry 5304 5314
DOl

10.1039/c9py01024F

Kigoshi Sensho Kanazawa Arihiro Kanaoka Shokyoku Aoshima Sadahito 57

Structure-property relationship of phenoxyimine ligands/metal chloride initiating systems for 2019

controlled cationic polymerizations of alkyl vinyl ethers

Journal of Polymer Science Part A: Polymer Chemistry 2021 2029

DOl
10.1002/pola.29458




Kigoshi Sensho Kanazawa Arihiro Kanaoka Shokyoku Aoshima Sadahito 10

Screening of metal complex catalysts using bidentate Schiff base ligands for controlled 2019

cationic polymerization of vinyl ethers using in situ complexation method

Polymer Chemistry 4209 4219
DOl

10.1039/c9py00351g

Hotta Daisuke Kanazawa Arihiro Aoshima Sadahito 51

Generation of “ Living” Species Using Perfluoroalkylsulfonic Acids in Concurrent Cationic 2018

Vinyl-Addition and Ring-Opening Copolymerization via Crossover Reactions

Macromolecules 7983 7992
DOl

10.1021/acs.macromol .8b01686

Hyoi Kano Kanazawa Arihiro Aoshima Sadahito 8

Cationic Ring-Opening Co- and Terpolymerizations of Lactic Acid-Derived 1,3-Dioxolan-4-ones 2019

with Oxiranes and Vinyl Ethers: Nonhomopolymerizable Monomer for Degradable Co- and Terpolymers

ACS Macro Letters 128 133
DOl

10.1021/acsmacrolett.8b00868

Kigoshi Sensho Kanazawa Arihiro Kanaoka Shokyoku Aoshima Sadahito 57

Tetradentate schiff base ligand/MCIn initiating systems for the controlled cationic 2019

polymerization of isobutyl vinyl ether: Effects of the ligand framework

Journal of Polymer Science Part A: Polymer Chemistry 989 996

DOl
10.1002/pola.29354




46

69

2020

69

2020

69

2020

69

2020




69

2020

69

2020

1,3-

69

2020

66

2020




1,3- -2~

66 [

2020

69

2020

69

2020

69

2020




69

2020

69

2020

1,3-

69

2020

46

2020




68

2019

68

2019

68

2019

68

2019




68

2019

68

2019

68

2019

65

2019




65

2019

68

2019

68

2019

68

2019




68

2019

68

2019

9 CSJ

2019

2019

ABC

67

2018




67

2018

67

2018

67

2018

67

2018




2018

64

2018

64

2018

67

2018




: ABC

67

2018

67

2018

67

2018

Kazuya Maruyama, Arihiro Kanazawa, Sadahito Aoshima

Controlled Cationic Vinyl-Addition and Ring-Opening Copolymerization of Vinyl Monomers and Cyclic Acetals

The 12th SPSJ International Polymer Conference

2018




2018KIPS

2018

Arihiro Kanazawa

Cationic Terpolymerization of Vinyl, Cyclic, and Carbonyl Monomers via Selective Crossover Reactions

99

2019

HP
http://www.chem.sci.osaka-u.ac.jp/lab/aoshima/index.html







