F68E A 10
Vol. 68 No. 10

Bom Tk
CHINA RUBBER INDUSTRY

20214F 10 H
Oct.2021 723

SEEAP S

1,2-RT SR ER TR E R

B, ZRR
(TR BB 562 TR BE, W00 508 315211)

TE LR VLA oh FE 0B SR AP o 2 7 AR e B e B2 3 5T 1, 23T AR (RTAR 1, 23R T —4)
R BIT S HE IR, I 53 M 45 Bl P T SRR Ao 10 20 TP g L AR 1 RE P T 3 1, 23R T 0 S AR IS 45 50 A RH A1

RN TR P BE RN AR R R B AR AR D e CANAR R R MRS 0T R L B A RO IR IS ) o P
MEE T8 1 SR FE R, 2- BT e R A T 2R T R B
KA : 1, 2- T IR ARRE s OV s A s 1 ER I BSOSO 5 A AR B SR M A A A3k SN 5 Tl Ak
XEHE:1000-890X (2021) 10-0723-06 O]
DOI:10.12136/j. issn. 1000-890X. 2021. 10. 0723

hE %S TQ333.2;0643.3271
XHRFRERL: A

1,2-B T ZIag e (FFR1,2-8 T ) &8
B A AR I , B e S BT B AL P RE B e
PERE |1l B 1 e LA S AR 2 B ) 45 P st , vl 3o
IRT 2RI, et e B g BAR AR BT R
T12-RT IR TS, 1,2-8T 25
T3 R CH )R RN S R 3 R S AR 1, HoHp JE R AR
B, 2- BT ez k. oML, 2- BT &l
FLEE TR RS L, 2R T e ik
RIS IE I BT, AT AR SR s (R A Bl el
] 5 K IRAR I B A AR B TR A S et . Hh
F1,2-8 T i A aAEM v o T A0k, S it
B e B R R BRI A A A 22, S Eum

A - W
e N U N NN
R G O N

. e NN NS
AR, 2 HT M k\ k\ k\ K ‘x ‘\

E1 1,2-BTZHEHSFHRAEE

Fig.1 Isomers of 1,2-polybutadiene molecules

OSIDFFMA F R
(IR S51EH )

T PRI 2L B TS 45 0 FE B A A T ™ A I8 7 A 2R
ESE 8

1, 2= T I 0 5 = T 1) L0k K e
S A S JFC R 4R 4 S R 62 i 1) 0 R S AR
PEDIREAT AT 71, 2- R T I Z REL Y D REYE -
(1) st S AR P E 5 790 B AR A58, 3 i T BEAN
PIBIPERESE s (2) P pU AL ERE , oot il ol it 2
PEPERERIE R ARABE AT A5 (3) WK AR ER A I |
FKG AL ATREARIE L A e JEARICAIC AR IR
DIRePE. 1,2-RT I A etk nlsd g A b 0
SIS AN S R J 5 i S I 52 3

AR SCHETR LA i 0 s B R A st s i
FIH e 52 03 M S L 370 07 AR 1, 2- 3R T el ik
AT SEHE IR , IO A7 25 ek 77 XA A

1 BHHEEMRKEN

) H 308 S 2 B R AR E S ] R
VERITS 51, 2-8T 60 1 M EE ) S0 ik K A ok
W R Rz [ P2, E HmCPB A A [i] 48 i 04 H
%, DIBAL-HA — 5 T A {41, TEA R = & 3

EETE WA ARREIE A I E (LY21B040001) 5 T3 i H AR BF 3L 4 % B35 H (202003N4105)
EER N HE (1993—) , 5 WL A M, T K5 A, A AR i M BERTF 5

*1H{F 1 & A (gongdirong@nbu. edu. cn)

SIAARS: MG, IR, 1,2- R T IR I Tk R [7]. #20 Tullz, 2021, 68 (10) : 723-728.
Citation: YING Weilun, GONG Dirong. Research progress on modification of 1,2-polybutadiene rubber[J]. China Rubber Industry, 2021,

68(10) :723-728.



724 %o Tk 2021455684
_ - - o _ o}
- O f:*a L Le g cn Br
A i gt OH Br/K% T T
QQ N cPBA §§/<JO DIBAL-H 1| &g o
1 i3 2 I =y NE| I I
%, =i, 6h ECHE, =ik, 70 h TEA, DMAP, THF CH, B
Q%/\ %:/Q g\x OH 28 18 h g\g ~0 '
& & & &
= - ~| =1, 2-BT RS R
1, 22T WL, 2T AL, 2T T CH,
He=S
Cu() Br/Bpy, MeOH =0
Ei, 1~2 h /
RN
i, (CH,CH,0), H
é (RIS )
HC=
2 on T Ne=0 m (‘3H3
0 4 s H,
=20 o pit M,Qc—c‘a;lar
o g [ O\(E< (CHCHO) H [E
L 2RT M SO o LHO)GH o ONCH,CHO), H
0 U = O  Cu(DBr/Bpy, MeOH | - :
Brish, 32 L ing =) Br i, 1~2h B o]
N 2
815271 ° Ojf< A CeoB
L] 0 L] g C\(CHZCHZO) H

1, 2T IR R

1, 22T e BN I iR

B2 1,2-BT2HK(RRE) ZERRRHEREE KK

Fig. 2
i, DMAP K — H L iz ik i, THF Sy U & WK IR, Cu
() By RALE 4 , Bpy AIEILIE]

AR R PR S URUT BE /Mo (CO) (il
XA K 25 S e B M S Ak 20 JE 1 TR Ak 00
Mt A R, 2-RT WM& S8 0+ £
5 051 X WU 2R 42 AR, T FEMo (CO) (fF7E N AT
REGT AP B AL, 2- B T Bl 1
M 4E 2,0 358 2R R k. F. X GUOZEM Mg 31 4
1, 2= T 2055 R HIF IR DL 51 A G &
THRILN IR, &R TR A R R A
1,2-BT i msk k. H X, ZHANGZ "I i
PEBA B F1,2-F T 0 T8k 5 28 F B AZ N, il
B TN AT A DU R T e

W — M i BN Tz T R R AR i
EFNORIE ety Bigc IS iR g oL R B IIEIE
G LR S BAE R Y T O L
KAV RIIRZ PURE A 4% 8
A ML T2 25 7 T EL A )T B R R
J. JUSTYNSKAZ" M i 7 — 2 51 i 45 o5
WU T 7, DASR AN TN K BA G A5 R FDG IR 5 1 & 2
PE RN, A B A6 6 7 (RSH) 4R | 2 HE 1R

Reactions of 1,2-polybutadiene (film surface) grafting polyacrylate
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Fig.3 Reactions of light-initiated 1,2-polybutadiene grafting RSH
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Fig.4 Reactions of 1,2-polybutadiene zirconium hydrogenation and grafting

AR A o & 3 R I MR L ST RERT . X, GUO
BTN S AL = (SRR A1, - T —
I . T RERRIE AN T AR i rk U SR, IS s vz A
T R P RY . M. A. HEMPENIUS %10
A EAE A RE S A BNy, i1, 2- 5 T e Ao
2400 R B B ) OGRS R PR R DL SR T
TR EE S . A —EARBRAUT A R L T A
B 2- BT

3 BRESERN

1,2-R T 205 T gk 20 3% 5 g 1k
I 0 2 43 A B 1N 5 A T RE 3, sl 00 B A 4B 0
LR AT BRI M et — b oA R T
B. MARCINIEC "7 FH &7 Fic &5 Wi Ak 25 ik
B 5 [RVRL L, 2- 5 T 0 SO, i Ik P R Joe 3 5
AL 2= T o TIEE 203k b, ook, 2-%
T A ARSI A7 . G. W. COATES%:
K HGrubbs— (1) ALK 1, 2-F T M55 2
9655 H P IR T 50 (6 A SRR I 43, T T A AR T 1 v
L REAEMIEE 20 3 1478, R 2 A7 M 4 2
W RER R L (LS, B [Rul M AT AL 16
) o HE— R A, 1, 4- BT TN
Sy RSy FREWT 2L, B BUNR 4y F B B K,
R e MR T T, SHE T RE B
R L, AR AR F Grubbs— (1) i 4k 51
{EALHVBRAIZLER T A (ESBR) AT KR 28
NIy N o 45 5 B, HVBRAESBRIW 4 T
Sk P9 N0 TR ) 2 A — o R R 58 SUH e, T o
2R BE BE LR AL B S5 T R AR (SBR) L, 2L
P 52 5 B H VBREE B 3% 35 10l B2 T B , ESBRYE
BOESALIRE 1T, s A0 390 i 2 mT 815 SBRIWAH
XF 43 F 5 J 4y A, P.P. CHAPALA %W % #i
HRALE R SR, 23 T 0 5 A SN I
1,2~ T 0 50 F F24 P9 SV e T B 2 0 9

oo

V| =

[Ru]

VK‘ [Ru=

OO OO

BE5 Grubbs— (Il ) EEFIELL,2-BT ZHIRURE

Fig.5 Cyclization reactions of 1, 2-polybutadiene over
Grubbs—(Il') catalyst

XU R HE RS, A AR o e TR, B
B AR 8%

4 L5iE

1, 2= T 28t I 2R3, A I s
I AR e J Ty ), A 42 i) s g S A7 LA 2R 5
YIsghk , SRR AT M . R ALY
BN ECRE RS 43 Rl 5 R I R

SE k-

(1] Z&ETt, sk242. B, 2-2R T @I & S5 AICL. 20034FE4: [
B IR IEAT A 7N WA 2 SO AL = v T 5 IS Tl B
£3,2003:47-57.

T B SRR T A AE s e s B R L0 b (¥ o I AF
85 Tl AR A= 488 Tlk, 2020, 67 (8) : 620-624.

YANG C H. Application research of low cis BR in HIPS and mass
production of HIPS[J]. China Rubber Industry,2020,67 (8) : 620-624.

[2

—



EH

10 1]

NAAE. 1, 2-8 T ZIRAR R et BT i TR

727

[3]

—
w

—
=

—_
L

[10]

[11]

[12]

[13]

[14]

[15]

[16]

GAHAGAN M, IRAQI A, CUPERTINO D C. A high activity
molybdenum containing epoxidation catalyst and its use in
regioselective epoxidation of polybutadiene[J]. Journal of the
Chemical Society Chemical Communications, 1989,21:1688-1690.
GUO F X, JANKOVA K, SCHULTE L, et al. Surface modification
of nanoporous 1, 2-polybutadiene by atom transfer radical
polymerization or click chemistry[J]. Langmuir, 2010, 26 (3) : 2008
2013.
GRUBBS R B,BROZ M E,DEAN J M, et al. Selectively epoxidized
polyisoprene—polybutadiene block copolymers[J]. Macromolecules,
2000,33(7) :2308-2310.
ABDULLIN M I, GAINULLINA T V, KUKOVINETS O S, et
al. Synthesis and properties of epoxy derivatives of syndiotactic
1,2-polybutadiene[J]. Russian Journal of Applied Chemistry, 2006,
79(8) :1306-1311.
ZHANG H X, LIY, ZHANG C Q, et al. Synthesis of dendrigraft
star-comb polybutadienes by anionic polymerization and grafting—
onto methodology[J]. Macromolecules,2009,42 (14) :5073-5079.
NAGA N, ISHINODA S, ISHIGURO H, et al. Modification and
thermal properties of syndiotactic-1, 2-polybutadiene[J]. Polymer
Bulletin,2018,76(1) :241-257.
BEHERA P K, MANDAL P, MAITI M, et al. Insights into the
preparation of vinyl polybutadiene via cobalt-based catalyst: Tuning
its properties by thiol-ene modification of vinyl group[J]. Rubber
Chemistry & Technology,2016,89 (2) :335-348.
JUSTYNSKA J, HORDYJEWICZ Z, SCHLAAD H. Toward a
toolbox of functional block copolymers via free-radical addition of
mercaptans[J]. Polymer,2005,46 (26) : 12057-12064.
BRUMMELHUIS N T, DIEHL C, SCHLAAD H. Thiolene
modification of 1, 2-polybutadiene using UV light or sunlight[J].
Macromolecules, 2008 ,41 (24) :9946-9947.
YANG G, DISCHER D E, JUSTYNSKA J, et al. Grafting short
peptides onto polybutadiene-block-poly ( ethylene oxide ) : A
platform for self-assembling hybrid amphiphiles[J]. Angewandte
Chemie International Edition,2006,45:7578-7581.
JUSTYNSKA J,HORDYJEWICZ Z,SCHLAAD H. New functional
diblock copolymers through radical addition of mercaptans[J].
Macromolecular Symposia,2006,240:41-46.
HORDYJEWICZ-BARAN Z, YOU L, SMARSLY B, et
al. Bioinspired polymer vesicles based on hydrophilically modified
polybutadienes[J]. Macromolecules,2007,40 (11) :3901-3903.
CAREY D H, FERGUSON G S. Synthesis and characterization
of surface—functionalized 1, 2-polybutadiene bearing hydroxyl or
carboxylic acid groups[J]. Macromolecules, 1994, 27 (25) : 7254~
7266.
LENHARDT J M, BLACK A L, CRAIG S L. Gem-
dichlorocyclopropanes as abundant and efficient mechanophores in
polybutadiene copolymers under mechanical stress[J]. Journal of the

American Chemical Society,2009,131(31) : 10818-10819.

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

THOMSEN M W ,KIMMICH B F. Infrared laser-induced reactions
of difluorovinylidene with 1,2-polybutadiene[J]. Macromolecules,
1991,24 (23) :6343-6345.

GLAZYRIN A B, ABDULLIN M 1. Properties of modified polymers
based on syndiotactic 1, 2-polybutadiene[J]. Russian Journal of
Applied Chemistry,2016,89 (10) : 1655-1661.

GLAZYRIN A B, ABDULLIN M I, GAZIZOVA E R.Properties
of dichlorocyclopropane derivatives of syndiotactic 1, 2-
polybutadiene[J]. Russian Journal of Applied Chemistry, 2015, 88
(3) :473-479.

GLAZYRIN A B, ABDULLIN M I, ATNABAEVA E R, et
al. Synthesis and characterization of new polymers containing
cyclopropane groups[J]. Polymer Bulletin,2018,76(7) :3643-3657.
BOUTEVIN G, AMEDURI B, BOUTEVIN B, et al. Synthesis
and use of hydroxyl telechelic polybutadienes grafted by
2-mercaptoethanol for polyurethane resins[J]. Journal of Applied
Polymer Science,2000,75 (13) : 1655-1666.

AMEDURI B, BOUTEVIN B, NOUIRI M. Synthesis and
properties of fluorinated telechelic macromolecular diols prepared
by radical grafting of fluorinated thiols onto hydroxyl-terminated
polybutadienes[J]. Journal of Polymer Science Part A: Polymer
Chemistry,1993,31 (8) :2069-2080.

DAVID R L A,KORNFIELD J A. Facile, efficient routes to diverse
protected thiols and to their deprotection and addition to create
functional polymers by thiol-ene coupling[J]. Macromolecules,
2008,41:1151-1161.

IMAIZUMI F, NAGAOKA I. Process for producing maleic
anhydride adduct of high molecular weight 1, 2-polybutadiene[P].
USA:USP 4 082 817,1978-04-04.

WYKL R HE T TR IR IR EHVBR GO ET]. F5FE
Jieil i, 2018,39 (6) :6-11,30.

LUO J H, HUA J. Study on melt free-radical grafting of maleic
anhydrideon HVBR[J]. Special Purpose Rubber Products, 2018, 39
(6) :6-11,30.

DIEDWARDO A H, KUSUMGAR R M. Oxymethylene polymer
modified with 1, 2-polybutadiene exhibiting enhanced tensile
impact properties[P]. USA : USP 4 424 307, 1984-01-03.
WIDEMAN L G. Carboxylated syndiotactic 1, 2-polybutadiene[P].
USA:USP 4 960 834,1990-10-02.

REN Y, LODGE T P, HILLMYER M A. A simple and mild route
to highly fluorinated model polymers[J]. Macromolecules, 2001, 34
(14) :4780-4787.

GOLUB M A. Photocyclization of 1, 2-polybutadiene and
3,4-polyisoprene[J]. Macromolecules, 1969,2 (5) :550-552.
MCGRATH M P, SALL E D, TREMONT 8 J. Functionalization
of polymers by metal-mediated processes[J]. Chemical Reviews,
1995,95(2) :381-398.

AJJOU A N, ALPER H. Catalytic hydrocarboxylation and

hydroesterification reactions of 1, 2-polybutadiene[J].



728 (- 202 14745684

Macromolecules, 1996,29 (5) : 1784-1788. [40] HEMPENIUS M A, MICHELBERGER W, MOLLER

[32] SANUI K, MACKNIGHT W J, LENZ R W. Hydroformylation M. Arborescent graft polybutadienes[J]. Macromolecules, 1997, 30
of a polypentenamer and preparation of derivatives therefrom[J]. (19) :5602-5605.

Macromolecules, 1974,7 (6) :952-954. [41] CAMERON G G, QURESHI M Y. Grafting of polybutadiene

[33] TREMONT S J, REMSEN E, MILLS P L. Hydroformylation functionalised with chlorosilane groups[J]. Macromolecular Rapid
of 1, 2- and 1, 4-polybutadiene and their mixtures with Communications, 1981,2 (4) :287-291.
hydridocarbonyltris (triphenylphosphine) rhodium ( 1 ) catalyst and [42] NARAYANAN P, CLUBLEY B G, COLE-HAMILTON D
excess triphenylphosphine[J]. Macromolecules, 1990,23 (7) : 1984~ J. Polycarboxylic acids via catalytic hydrocarboxylation of
1993. polybutadienes[J]. Journal of the Chemical Society, 1991,3 (22) :

[34] LINY C,ZHENG J,LIU F,et al. Synthesis of well-defined comb- 1628-1630.
like graft ( Co ) polymers by nucleophilic substitution reaction [43] NARAYANAN P, KAYE B, COLE-HAMILTON D
between living polymers and polyhalohydrocarbon[J]. Journal of J. Polycarboxylic acids via catalytic hydrocarboxylation of
Polymer Science Part A: Polymer Chemistry, 2013, 51 (7) : 1664~ polybutadienes[J]. Journal of Materials Chemistry, 1993,3 (1) : 19~
1671. 26.

[35] ZHENG J,LIU F,LIN Y C,et al. Synthesis of diverse well-defined [44] MARCINIEC B, LEWANDOWSKI M, PIETRASZUK
functional polymers based on hydrozirconation and subsequent C. Functionalization of 1, 2-polybutadiene by ruthenium complex
anti-markovnikov halogenation of 1, 2-polybutadiene[J]. catalysed coupling with vinylsilanes[J]. Polymer, 1997, 38 (20) :
Macromolecules,2012,45(3) : 1190-1197. 5169-5172.

[36] CHUNG T C, RAATE M, BERLUCHE E, et al. Synthesis of [45] COATES G W,GRUBBS R H. Quantitative ring—closing metathesis
functional hydrocarbon polymers with well-defined molecular of polyolefins[J]. Journal of the American Chemical Society, 1996,
structures[J]. Macromolecules, 1988,21(7) : 1903-1907. 118(1) :229-230.

[37] GUO X, FARWAHA R, REMPEL G L. Catalytic hydrosilylation [46] A, BIRRMG, SRAAE , 45, @ IR IR T IR LR T 445
of diene-based polymers. 1. Hydrosilylation of polybutadiene[J]. TR A8 U A3 g JORE D). A5 AR B Tl , 2017,40 (5) :402.
Macromolecules, 1990,23 (24) : 5047-5054. HUAJ, HU C P, ZHANG B B, et al. Cross metathesis reaction

[38] GUO X, REMPEL G L. Catalytic hydrosilylation of diene-based between high vinyl polybutadiene rubber and emulsion-polymerized
polymers. 2. Hydrosilylation of styrene-butadiene copolymer and styrene-butadiene rubber[J]. China Synthetic Rubber Industry,
nitrile-butadiene copolymer[J]. Macromolecules, 1992,25 (2) : 883~ 2017,40(5) :402.

886. [47] CHAPALA P P, BERMESHEV M V, KORCHAGINA S A,

[39] SIBTAIN F,REMPEL G L. Chemical modification of polymers: et al. Synthesis of 3, 4-dihydroxyphenyl-containing polymeric
catalytic hydroformylation and hydroxymethylation of styrene— materials from 1, 2-polybutadiene and eugenol via thiol-ene
butadiene copolymers[J]. Journal of Polymer Science Part A: addition[J]. Russian Chemical Bulletin,2016,65 (4) : 1061-1066.
Polymer Chemistry, 1991,29 (5) : 629-635. KRB :2021-04-16

Research Progress on Modification of 1,2-Polybutadiene Rubber

YING Weilun, GONG Dirong
(Ningbo University,Ningbo 315211, China)

Abstract: The research progress on the modification of 1, 2-polybutadiene rubber (referred to as
1,2-polybutadiene) by free radical addition reaction, catalytic addition reaction and olefin metathesis reaction
was summarized, and the characteristics of the modification methods were analyzed. The introduction of
polar functional groups into the molecule could improve the compatibility of 1, 2-polybutadiene with polar
complexing agents, improve processing performance, physical properties and thermal stability, and obtain
special functions (such as cycleability, surface tackiness, degradability , self-healing, shape memory,etc) . The
rich vinyls on molecule side chains provided many possibilities for 1,2-polybutadiene modification.

Key words: 1, 2—-polybutadiene rubber; modification; grafting; free radical addition reaction; catalytic

addition reaction;olefin metathesis reaction ; functionalization



