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Figure 1 Common structure of RAFT agents'"
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Figure 2 Mechanism of RAFT polymerization
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Figure 3 Preparation of 4-cyanopentanoic acid dithiobenzoate™
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Figure 4 Preparation of 3-benzylsulfanylthiocarbonylsufanylpropionic acid
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Figure 6 Synthetic route of CMP™"
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Structural formula of four water-soluble RAFT agents™"
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Figure 8 Structural formula of water-soluble RAFT agents™"
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Figure 11  Structural formula of two RAFT agents
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Figure 12 Synthetic route of a RAFT agent™®

S COOH S
HO )k OH )I\ OH
S S S S
(0] (0] O

CTA 1 CTA2

Bl 13 K RAFT #545% B 0 25 4 00

Figure 13 Structural formula of a water-soluble RAFT agent™"

BRI LA IR EYE RAFT BEF B R HA B 9 K 1 (B BE R B MR AR i . AR PR LA
)R 7 IR I TF 3B P L & W —Fh 5 A D7 SR K WA PE RAFT S5 R0 i =0 n el 13 CTA 2,3%
TR A% 0 B A B BB R AR SO R TR AR W BEZ S, T K I ME RAFT 6 5 86 5 47 5 4 19 52 B
JO7 P G S 5 B e R AR 5 2 B AR L X T AR A S R R SRR

3 Z5EZE
KM RAFT 855657 2 N — B AR IS ok = BRACBRIRIS , 9F & A — 52 BB VE L 1T, ¥R 3 0E o0t

10. 14028/j. cnki. 1003-3726. 2020. 03. 002



.16 - = i I i1} Eild 2020 4F 3 H

S5 XA S T A ) RAFT BERE BRI B AT — € MK IE M. BT 7 800 8 7 RAFT BEFE R 50 76 A1
Al pH AE T A — i KL RN B 5 B8 500 20 1 b i 35 A 09 401 L U a0 1 2 T LS K OB
IR o T — 2D 4 BE R R R B KA . RAFT BER R0 b 1) 2k Mk Bl SOl e 5 LA % 57 56 45 B P 7 i
P i A PR AR E A L BEAT e M BRI B O . O TR R RAFT 5% 4% 70 (0 7K ¥ 1  [) InF 2 10 ik 2 7% L
AR T B T ACKE I A A S AT SRS I ARRE B IXAEBOR R AT AT 0 H TR BE S T A B A
P, /LG AOK R S YW IF 2 55 RAFT RGO Rl 8 K705 RAFT BEH A5 X A AT AR
FIAE KA S5 PE T BEAT 9 8% S A i 9 7 23 1 5k A 1 ik Be Sk SR W L 36 oy 7 HC T 5 el A 26 K 5 P R K
TR —E W R T AR ZKRE S5 18 T i 4t B R BRI . R0 1 RAFT 4 5% 4% 70 #4714
ARG TSN b AW AT PR R S R SR BF 5T K W M RAFT BE 5 B8 50 B9 — A J5 1], 33 % T K % 4
RAFT BEH AL BT 5 & M B A — € A R S, I SEoK I RAFT BE % F% 500 nl LW £E 7K R 4%
F I RAFT A R Rl & AT R S RE R R 5 1 . BB SR LR P 19 R OIAB 5 IR 2 3 3R 1Y
AWHESD T AR RAFT BER R 50 B BF AR 22 BN 32 K RAFT BER S50 1 7= i b 2SRE 2 ok
22 KT RAFT B A 507 KR 20 0 19 2R 45 00 PR 2 OR 8 3 k

5 Xk -

[1] OtsuT, Yoshida M. Macromol Chem, 1982, 3. 127~132.

[2] Ciftei M, Yagci Y. Macromol Rapid Commun, 2018, 39(18): 1800464.

[ 3] Georges M K, Veregin R P, Kazmaier P M, Hamer G K. Macromolecules, 1993, 26: 2987~2988.

[4] Cazotti] C, Fritz A T, Garcia V O. Smeets N M B, Dubé M A, Cunningham M F. Macromol Rapid Commun, 2019, 40
(10): 1800834.

[5] Wang]J S, Matyjaszewski K. ] Am Ceram Soc, 1995, 117: 5614~5615.

[ 6] Kitahya C, Schmitz C, Strehmel V, Yagci Y, Strehmel B. Angew Chem Int Ed, 2018, 57(26): 7898~7902.

[ 7] Chiefari J, Chong Y K, Ercole F, Krstina J. Jeffery J, Le T P, Mayadunne R T, Meijs G F, Moad C L, Moad G, Rizzardo E,
Thang S H. Macromolecules, 1998, 31(16): 5559~5562.

[ 8] Gurnani P, Bray C P, Richardson R A E, Peltier R, Perrier S. Macromol Rapid Commun, 2018, 40(2): 1800314.

[ 9] Moad G, Rizzardo E, Thang S H. Polymer, 2008, 49(5); 1079~1131.

[10] Ohshio M, Ishihara K, Yusa S. Polymers, 2019, 11(2): 327.

[11] Kayser L V, Russell M D, Rodriquez D, Abuhamdieh S N, Dhong C. Khan S. Lipomi D J. Chem Mater, 2018, 30(13) . 4459~
4468.

[12] Siljanovska P G. Arbe A, Auschra C, Paulis M. Polymers, 2019, 11(8): 1259.

[13] Qin C, Feng M, Luo W, Liu M, Han M, Ma S, Wang Y. Journal of Wuhan University of Technology-Mater Sci Ed, 2018, 33(4) :
987~994.

[14] Skandalis A, Pispas S. J Polym Sci Part A: Polym Chem, 2019, 57(16): 1771~1783.

[15] Li S, Nie H, Gu S, Han Z, Han G, Zhang W. ACS Macro Lett, 2019, 8(7);: 783~788.

[16] Guo Q. Zhang X. ] Biomater Sci Polym Ed, 2019, 30(10): 815~831.

[17] 2REE, ®i%=52, JuRET, W Da. {2 5/EY TR, 2016, 33(10): 35~38.

[18] Keddie D J, Moad G. Rizzardo E, Thang S H. Macromolecules, 2012, 45. 5321~5342.

[19] Barner~Kowollik C, Quinn J F, Nguyen T L, Heuts J P, Davis T P. Macromolecules, 2001, 34(22). 7849~7857.

[20] w22, RAFT REME K 8h H 2058, Bifg. B B REM #0830, 2008.

[21] VEETT, 5, RIER. LR, 2009, 27(6) . 927~931.

[22] Mitsukami Y, Donovan M S, Lowe A B, McCormic C L.. Macromolecules, 2001, 34. 2244~2256.

[23] Le T P, Moad G, Rizzardo E, Thang S H. AU, WO1997US12540. 1997—07—03.

[24] Stenzel M H, Davis T P, Fane A G. ] Mater Chem, 2003, 13: 2090~2097.

[25] Thomas D B, Sumerlin B S, Lowe A B, McCormick C L. Macromolecules, 2003, 36. 1436~1439.

[26] Lai] T, Filla D, Ronald S. Macromolecules, 2002, 35: 6754~6756.

(271 ZEMEIR. KM RAFT 5 & 08 AR I R AR & i i . ik o RSk R 24800 -2 i 38 3, 2009.

[28] >k# CG. 4 H. ¥, 201680026420. 4. 2016—04—22.

10. 14028/j. enki. 1003-3726. 2020. 03. 002



% 3 = N ¥ W Eild ¢ 17 .

[29] Sumerlin B S, Donovan M S, Mitsukami Y, Lowe A B, McCormick C L. Macromolecules, 2001, 34: 6561~6564.
[30] Sumerlin B'S, Lowe A B, Thomas D B, McCormick C L. Macromolecules, 2003, 36: 5982~5987.

[31] Vasilieva Y A, Thomas D B, Scales C W, McCormick C L. Macromolecules, 2004, 37 2728~2737.

[32] Kopet M. Krys P, Yuan R, Matyjaszewski K. Macromolecules, 2016, 49(16) ; 5877 ~5883.

[33] Adharis A, Vesper D, Koning N, Katja L. Green Chem, 2018, 20(2): 476~484.

[34] Yusa S, Yokoyama Y, Morishima Y. Macromolecules, 2009, 42: 276~383.

[35] Donovan M S, Sumerlin B’ S, Lowe A B, McCormick C L. Macromolecules, 2002, 35: 8663~8666.

[36] Convertine A J, Benoit D' S, Duvall C L, Hoffman A S, Stayton P S. ] Controlled Release, 2009, 133: 221~229.
[37] Moad G, Chong Y K, Postma A, Rizzardo E, Thang S H. Polymer, 2005, 46; 8458~8468.

[38] Xu X, Smith A E, Kirkland S E, McCormick C L. Macromolecules, 2008, 41: 8429~8435.

[39] Xu X, Flores ] D, McCormick C L. Macromolecules, 2011, 44; 1327~1334.

[40] Das P K, Dean D N, Fogel A L, Liu F, Abel B A, McCormick C L, Morgan S E. Biomacromolecules, 2017, 18(10): 3359~3366.
[41] Convertine A J, Lokitz BS, Lowe A B, Scales C W, Myrick L J, McCormic C L. Macromol Rapid Commun, 2005, 26: 791~795.
[42] Kuliasha C A, Fedderwitz R L, Calvo P R, Sumerlin B S, Brennan A B. Macromolecules, 2018, 51(2): 306~317.
[43] McKenzie T G, Colombo E, Fu Q, Ashokkumar M, Qiao G G. Angew Chem Int Ed, 2017, 56(40): 12302~12306.
[44] Zhang Y, Yu L, Dai X, Zhang L, Tan J. ACS Macro Lett, 2019, 8: 1102~1109.

[45] Tan]J, Xu Q. Li X, He J, Zhang Y, Dai X, Zhang L.. Macromol Rapid Commun, 2018, 39(9): 1700871.

(461 BREFIE, £, TV W4T, 2018, (1): 23~37.

[47] Saha P, Kather M, Banerjee S L, Singha N K, Pich A. Eur Polym J, 2019, 118: 195~204.

(48] GKMG. W T H8. MORE, £3C9 . Mot 2508, A AAE . BUIRM . BRiE>Z. HlE, 201910195824, 1. 2019 —3—15.

[49] Albertin L, Wolnik A, Ghadban A, Dubreuil F. Macromol Chem Phys, 2012, 213(17): 1768~1782.

[50] skMs, w785, xlah, X, B, £, B, 201910704905, X, 2019—8—1.

Progress in Preparation and Application of Water-soluble RAFT Agents

YANG Zi-teng', DENG Bo', LIAO Wen-ping' » WANG Wen-zhe', ZHANG Peng' ",
ZHONG Lei*, REN Hong-jun’
(1. School of Chemistry and Chemical Engineering » Chongqing University of Science & Technology »
Chongqing 401331, China s 2. Befar Group Company limited » Binzhou 256600, China s
3. Linpan Oil Production Plant of Shengli Oilfield Branch , Dezhou 251507, China)

Abstract: Reversible addition-fragmentation chain transfer polymerization (RAFT) is an effective controlled/living free
radical polymerization method. It is widely used in the preparation of functional polymers. The key to RAFT
polymerization is to select the appropriate RAFT agent. The preparation of water-soluble RAFT agents is critical based on
environmentally sound and non-hazardous requirements. The paper introduces the mechanism of RAFT polymerization and
summarizes the preparation and application of water-soluble RAFT agents. The mechanism of water solubility of RAFT
chain transfer agent was discussed. On the one hand. the role of polar group. on the other hand, the role of ionic bond
hydrogen bond etc. that has certain enlightenment for the preparation of water-soluble RAFT agent. The macro-RAFT
agent often contains hydrophilic groups and hydrophobic groups with dispersion effect. Under the aqueous phase condition,
not only a narrow molecular weight distribution block copolymer can be prepared by chain extension reaction, but also
micro/nano-gel can be prepared.
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