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Polymerization Chemistry of Vinylboronic Acid Derivatives: Boron-Based
Monomer Design and Polymer Reaction through Side-Chain Replacement

Tsuyoshi Nishikawa™ and Makoto Ouchi”
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In chain-growth polymerization, (co)polymerization abilities of monomers are heavily
dependent on the element or functional group attaching to vinyl moiety, resulting in the limitation
of accessible polymers. The replacement of the element on the polymer main chain could lead to
access new class of polymers with overcoming the synthetic limitations. Herein, we describe the
usability of alkenylboronic acid derivatives as the monomers for radical polymerization and post—
polymerization transformation through carbon-boron bond-cleaving side-chain replacement. The
key for radical polymerization ability of alkenyl boronate was vacant p-orbital of boron for
moderate stabilization of chain growth radical. The alkenyl boronate monomers are usable for
copolymerization with common monomers as well as for RAFT polymerization. The C-B bond
transformation allows syntheses of conventionally inaccessible polymers, such as poly (¢—methyl
vinyl alcohol), poly(cr-methyl vinyl amine), styrene-vinyl alcohol copolymer, and ethylene-
acrylate copolymer. Boron on the polymer main chain was also used as the trigger for stimuli-
responsive backbone degradation of methacrylate polymer through C-B bond homolysis and -
scission. Thus, alkenyl boronate monomers have an impact on not only breakthrough of the
limitation in polymer synthesis but also development of novel polymer functions.

Key words: radical polymerization, boron, a—boryl radical, controlled polymerization, post-polym-
erization transformation, end-functionalized polymer, Suzuki-Miyaura cross coupling
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Fig. 1 Synthetic approach to conventionally inaccessible

polymers through “side-chain replacement” based
on transformability of boron.
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Fig. 2 Radical reactivity of vinylboron compounds.
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Fig. 3 Radical polymerization of azaborin-type vinylboron
monomers.
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Fig. 4 SEC traces of radical polymerization of isopropenyl-
boronic acid pinacol ester (IPBpin), 2-methylnonene,
and isopropenyl acetate (IPOAc).
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Fig. 6 C-B bond-cleaving side-chain replacement of poly-
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and poly(a-methyl vinyl amine).
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Fig. 7 Radical copolymerization behavior of IPBpin with
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Fig. 10 RAFT polymerization behaviors of IPBpin with some
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HIHESGZIT)ERDO 1 DL LT, R ~v— 0Kk
EEHFTELEPEITONS, RAFTEATELON
% PMMA O o K121 CTA ICHRT 5 F 4+ Z 27 L
EANEA SND DS, T ORIEIEILT VA IVEIREI OFfF
FEFTaNV ML ->T, #7144k TEB2 L
AHSNTWAEY,, RAFT EA TH S 172 poly(IPBpin)
WCRLTH a2V M2 EH 88728 25, Kt L

AR AL e



7 4 UHEREEE S S poly(IPBpin) 255 S 7z, & 2 T
LNAR) Y —O5FREEICERT AL, #0R LIS
DMIEIE Clsp”)-BREATHHA, AL 74 MLizL-
THIOMENIE Clsp?)-BAEG L %25 (K 12), HHETHK
YA N 3 ANB -3 = I O IR ) I/ s g
(SMC) &, Clsp)-B & iaxf L TR S % R4 —
75, Clsp))-B #&E & 12/ L TIRBUSEAMER N 2 & 25515
NTwa?, 20 C-BEaDKISHD#E % FIH T X
U, Kl &0 R L& IZ BT SR SRAISE 2 oz
ZHL, WETIEA R 2 K E R AR ) v — 245
nNnEEz 7%,

S _Se
n-CioHas
ST s
S \n/ Sn-CigHas
AIBN NC ®" s

H H

C(sp?)-B bond

C(sp®)-B bond

[Co] NC n-1 " %Q Pd]
— o (8] 0o 990 — >
Selective coupling
% at C(sp?)-B bond

NC
Transformation OH

of C(sp®)-B bond

End-functionalized polymer
prepared by orthogonal C-B
n-1 bond transformation

VZEANSw

Fig. 12 Orthogonal C-B bond transformation for synthesis of
end-functionalized polymers.

H,0,, NaOH

Kt L7 14 A&7z poly(IPBpin) i2xF LT,  fififik
0 PACL(dppl) & M+ > A% v, p-THERHE
FERAF NV EIE L L 72 RKI8RING SMC % MEl L 72,
BONLE) v —0OREEZ 'THNMR A7 MLIZED
AT L7z 8 2 A, HEBEEEBICH 22— 2 HE L
FLT7A4VE—IPREEIIT TN L2 EDS, KiFO
Bpin I$H2S7 1) — WAL E N7z Z &b - 72 (F 13a).
F72, 0 E LT o Bpin HISEICHRTAE -2 D
TERIEZEA L TB 5T, KnfllEio A28 2@ R
WA TEEN/20 MA T, MALDI-TOF MS A7 k
WVHIEIZBWT S 20X A LET RIS T
bo ZORMEIRBSMC 12X > T, TAFVDIEN=
ok MY TLFaxFLE 7TIRNE Tuto/
ANFVEL EHA B ERRE T EEI R & B AT
BETH-72(X13b),

BT, VR LIEETO R Y R OEERE 1T -
7o WERILIKEE X KERILTF NV 7 2% WV AR LG %
fTolzkZh, HBoNEK) Y= HNMR A7 b
VTIFET I VICHRT L2 E— 27 Okt Fuxy
FICHRT L 70— PR E— 27 O HBEDPHER SN2

Vol.81 No4 2023

0
Br
c —< H
d b a e} a’
NC.
NC PdCl,dppf
S~ o ;'1 @& Cs,C0;
o 1o) THF/water g
— i i h
f T o 0
£(F)
bd =
CHCl, el

n=42.2 (froma) c e

r—%ﬂ
==
/

h
g ala’ =0/100 =
——
i @ ?
5 4

8 7 6 5

3 2 1 0
ppM(CDCls)

[poly(IPBpin)}/[Methyl 4-bromobenzoate]/[PdCl,(dppf)}/[Cs,CO3]

= 10/25/3/80 mM, THF/water (5/1, v/v), 70 °C, 24 h.

(b)
6/F
' i
CF NO
M 0 (IJ * o lilH 2
ala’ 0100 0100 595  0/100 0/100

Fig. 13 Selective Suzuki-Miyaura cross coupling at terminal
C(sp®)-B bond.

A, KO T ) —VIEICHET B E— a5 s hCw
5L bho72e MALDI-TOF MS A2 kVill5%E
CBWTIE, EERY) v —0 Y — 27 MiEiE IPBpin
TR TAIMEPAPLAFLVEZ LT VI — )L
(MVA) IZKHIE T B~ EZAL L Tn7zi3h, Y= 214
B AE SN DM RIS IOV TEHE SR E &
W—HERLTEY, DR LEEOERN R ERAL
Fran7z (14, PMVA ORIBRAE /) v — L LTE R
SNBEEREA Vv 7R )VIE, T TILBARzE B Y RO
TEAMEPRW-O, KinEREMEPMVA &AL Z
NWETHIL Bh o7z RERIZIRFE-R Y RGEEGEH
DERRME - BIREZ T2 LS T RS & L CEREW
=P

5. RO BEFI—IIZXFILEFAL 7 PVA
HEAEDOERK

T ) v —ThLHEELE =V (VOAC) &, H&%E
J)R=EDTVANVEBEEFMB N EBMOENTE
DY ZDRHITVHINVESICHENLE ) v —HE
GV VTV a— VHESEKOGRIZELV, 2
T, aflZAFVEEFL 22w EZ b RO U RY Fa—

319



n=41 found: 6978.137
found: 2580.164 ~58 (calcd: 6979.00)
(calcd: 2580.48) (MW of MVA) 168

” ' (MW of IPBpin)

M.

1000 3000 5000 7000 9000 11000
m/z

Fig. 14 Change of MALDI-TOF-MS spectra through
transformation of repeating boron unit of end-
functionalized poly(IPBpin).

N mmn

VI AT )V(VBpin) ZH72 7 E =)L T IV 2= VO EE
flifkE LCAZ, A4k Ee/ ~v— L oELEEZN
R 7P, a iz A F V% A $ 5 IPBpin & [ £,
VBpin b AFL ¥, (XA%)72UL—1F, 7rJ)a=
FUNELEELETRRTH o720 FICAFL Y EDIE
BB D E v =B, rygn=025, 7s=377
LV, FEEE L EZAF L v OELAICBIT A HE
(7vorc =001, 75, =58)" & lL#$ % &, VBpin (W 5 »
WCAF L v o EAEMEDNE W EHWTE %, VBpin
EAF Ly OEFERICHL, RYROBILRILETTH
&, IRARZ MVHIEIZBW T Fox o 3Eclhskd
570—FaE—=253500cm FHTICR SNz, &6
IZ DMSO-dg 1 TO 'HNMR A7 FVHllEIZ L b v
Fa¥x EICHkT 2 E— s BRON, BOED S ER
MIZE=Z VT a— )=y MIBHIN TS Z R
bho/z(E15), TORELEICBVTIE, LAALD
ZALIZ & o TIRIAVHBILO R BEAEIEONL Z &2
5, RYROMMIZL Y ELEAICBT L ERHIR DT
TELZENDbDrol,

6. FURLFRBESEHCLZEAM - TREOEL

AREEALAIZBNT, +@%L%m%ia+ﬁ%m
GO RIS, RE-FTEBEOLBEEIZBVOTRE
CRESTHZ k%)”ﬂ]%ﬂ“(b\é Bz 18-Y7 3/
F 7% L (dan) R N- X F )V A 2 /7 “FERE (mida) 1255
KR-BHIzOAH Y 7)) I BIT A2 EMTRZY AF

320

g AIBN @//
Toluene H,0,, NaOH

THF/H,0/C,HsOH
VBpln RT 24 h

Fygpin = 0.25, ey =3.77 VBpln co-St)
M,=9.8~21x10°%

My/M, = 1.68 ~1.96 N//
m, n
m (VBpin) / n (St)
=11/89 ~ 72/28 OH
P(VA-co-St)
’é\ﬁ/ / <7 m(VA) I n (St
—~ =11/89 ~ 71/29

VOAc (/k O
fvoac = 0.01, rg = 53 P(VOAGc-co-St)

Fig. 15 Use of VBpin as vinyl alcohol precursor monomer for
synthesis of styrene-vinyl alcohol copolymer.

YIHIE L TR ENLENM, TUNFZ AT IR
(@aam) i H v 7N Y T BIUF LY AF VY THIOR R 5
T, ANV ML C-H ERELORmIE L L TOMIEDH
T2, 22T, Vo LRuryBEOT A VELSE -
EABRLEIIIBU AU m EE BN LT, e 2
HHAET LTV VRO VRFEAE AL, Bl
TIUNNVERBHEFN LTS, REERICL S TESA
BEEAKE (LML 72 (®16)7s #121F, mida TAF
WARER: A H 9 5 VBmida X 1) 7V 4+ 1R L — Mk
AR DO VBRK 4 &, wy#ENp’ ML AT HE S
MLEMZIZEALEAUERS ol T2, kY
N sp' MBEE AT AHAE Th-> TORMELE 7274
VBOH), I3 AEE LD o720 —H, i?f«?f)‘m
vHEEBELMELY A T A VBaam X VBdan,
VBdepam (&, VA NVEAICLDFILT LR v —%
5.2 720 ¥512 VBaam (2B LTI, VBpin & LKL CHE
GHERAER AR ) YO8 TEHI LT RS
n, KR LREEEEOTZEEIR SN, MR
RErEFEFEICLDEEMICHIT L2 2 A, E=L
RO VEEFEARNT DA NVESERRT20ICE, DA
TER P HEEAETAI LI ARET Y A VO
B2 d2EAL, 2) 5 YA N K T FEEAOBCE I
L72ONARL L BT RER B EFa—
2 & BRI, R EEEAELEEOILEERET
MG I L AT R EpWEDOHE), OZEAEET
HhHZENPbholz, AT, VBaam OFEWEAHE
X, ESHRREOBRBIRES LM CORIEHEITLD
TEALEND 2D TH DI LIRBESN TN D,
VBaam (% VBpin & [#EZ, B4 GIHE/ ~—L D
SN NIEENTRTH 72, T2, FOLELHZED)
B L TH Ry F LIRS EOBEN RO N, FFIZX
FLYRT7 27 L= FEDOHELGIZBEWVTIE VBaam 1

LRI R) v =~ EBASNLEA RSz,

ARERALET SRS



AN B NN
AIBN (0.01 eq) D | — n
B
—> —_—
é 60°C,24h
E!\ '
H N

@o VBaam

EO VBpin
ﬁ p
o,

|
“ vedan [N
]

Et\NgN ~Et VBdepam

/

P4
I

/

Qo

/

z
I

W
W

/

VB(OH),

o 4 8y
Lol
<

e .
/ VBmida

(o]
S
g K VBF4K
.

O

-

25 50 75 100
Monomer conversion [%)]

o

Fig. 16 Effect of boron-protecting group on radical polymer-
ization ability of vinylboron compounds.
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