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Abstract Reversible-deactivation radical polymerization(RDRP) regulated by single-molecule alkoxyamine features
a simple process, produces polymers with light color and minimal odor, and is free of metal ion impurities. However,
the design and synthesis of alkoxyamines capable of regulating the polymerization of methacrylate monomers remains
a challenging task. In this paper, an innovative type of alkoxyamine {3-[ (2-cyanopropan-2-yl) oxy ] (isopropyl ) amino-

2, 2-dimethyl-3-phenylpropanenitrile (CPDMN) was synthesized via Schiff base reduction, potassium persulfate
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complex oxidation and radical coupling, and then the controlled polymerization behavior of methyl methacrylate

(MMA) mediated by CPDMN was investigated. The experimental results demonstrate that the monomer conversion
rate increases linearly with polymerization time, while the polymer molecular weight grows with prolonged reaction
duration. Gel permeation chromatography traces exhibit symmetrical peaks without significant tailing, indicating
characteristic features of controlled/living radical polymerization. Subsequent re-initiation experiments using poly
(methyl methacrylate) macroinitiator(PMMA-ONR) with MMA , styrene(St), and ethyl methacrylate (EMA) further
confirm the effective retention of alkoxyamine end-groups in the resulting polymers. Finally, the regulation
performance of CPDMN on MMA in the presence of oxygen was investigated , achieving a monomer conversion rate of
91.2% and a PMMA molecular weight distribution of less than 1.5, which demonstrates that CPDMN can control the
polymerization of MMA with oxygen tolerance. The as-synthesized CPDMN extends the range of monomers applicable
to nitroxide-mediated polymerization (NMP) , demonstrating promising potential for the synthesis of functional
polymeric materials.

Keywords Nitroxide-mediated radical polymerization; Methyl methacrylate; Reversible deactivation radical

polymerization; Oxygen-tolerant radical polymerization
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Scheme 1 Synthetic route and reaction conditions for CPDMN
ShA s
1 SKIGERsy

11 RXFI S

R SN AEAREN . TCKBREREE . Oxone. MMA . H 3L N1 2, T8 (EMA) | kiR S 4N .
AIBN ., BSFR T HR . LBR LR .« A ik AN 2K 4l 99. 9%, gl T A RA R NI . — & H
Bt R (SOFNHEE, 43 99. 9%, [ 254 A {243 A7 BRAS | 5 AR JZ M43 B 48 200~300 HEERZ
g R AR AN E] . AIBN £ 45 S S8 T, MMA . EMA ISt/ (5 7 3 o8 w1 48 Ak 48 4l Ak 31
-20 ‘CURAF, AR R SRR 2RI IG HH , e iRk b # B

JNM-ECZ400S 7 (400 MHz) i S 4R A (NMR ), H ASHL F#R 254t 5 Waters 2414 BIEE 25
EIEIL(GPC), H Waters 1515 B4 | Waters 2414 B8 20 6K 7 (R A1 = H3 52 BR ) €435 41 (Styragel
HR1, HR3, HR4, fLARFELREI N 10°~10° nm) AT, 35 Waters 23] .
1.2 LR
121 @1 A R 1250 mL = B IAS. 00 g(47 mmol ) 7K I | 2. 78 ¢(47 mmol ) 5 N i
160 mL FIEE, iIn A®EF, 765 CRHIFS h, RIMEHRGEEMEEER, MERPSAIMA2.83 ¢
(75 mmol) B ALAH , FLBEIEFE 2 h 5 ik )2 vk s JeORk S S 4 0, R 78 AR 05 711 5
MU= FH TR SRV, T E KRN, JOKBBREET I, FREE RS 15 20K i a Rk, /=%
$4195.0%. 'H NMR(CHCL-d), §: 7. 60~7. 14(m, 5H), 3.86~3.68(m, 2H), 2.92~2.76(m, 1H), 1. 14~
1.06 (m, 6H), “C NMR (CHCl,-d) , &: 140.75, 129.22, 128.38 (d, J=28.0 Hz), 126.95, 51.71,
48. 14, 22.98.
122 AW 2a g ¥6.56 gfbBW115 13, 12 g BRIR EANIAMETE 22 mL N EAAIK  , 7E0KIS S04
I R AR R A HEIIA 24. 1 g Oxone, HiEFE2 hmid g, FAMMEKTEG, W EZ2A 00, X
IKBRBREE T, BREEFESENR B GEIIRA, 20V et Vomes=T: D B AL 15 2R 5
AR, 7734 67.2%. "HNMR(CHCl,-d), 8: 8.27~8. 17(m, 2H), 7. 42~7.30(m, 4H), 4. 17(hept, J=
6.5 Hz, 1H), 1.46(d, J=6.5 Hz, 6H). “C NMR(CHCL-d), §: 132. 17, 130. 79, 130. 26, 128.62(d, J=
11.1Hz), 67. 87, 20. 96.
123 {44 CPDMN B & 1% #54.82 gfb&H2. 7. 76 g AIBN F150 mL F R AN A F] 100 mL #[1
B, 92 CII 6 h, TR 8 RBRRER, SRR, LMV etV oges=7: D B 4L
554, 7 IR B O FEFRAARAL A CPDMN, =% 8 61. 1%. 'H NMR(CHCL,-d), §: 7. 61~7.57(m, 2H),
7.31~7.28(m, 3H) , 4.27~4.16(m, 1H), 3.49~3.40(m, 1H), 1.64~1.55(m, 6H), 1.34~0.87 (m,
12H). “C NMR (CHCl-d) , 8: 137.29, 128.45, 128.15(d, J=8.1 Hz), 125.21, 122.73, 122.45,
75. 88, 69.70, 54. 89, 52.94, 34.38, 28.75, 25.21, 20. 70.
1.2.4 CPDMN 5| X 26 NMP K & MBIRGRG LK AT : £ 5.00 g(50 mmol )MMA |, 0.15 g
(0. 5 mmol) CPDMN #15. 00 g FI 2RI A Schlenk & Hr, F ok T2 - RASIEA IR LA, T
90 “CRZNL 4 h, N E5 G FHVK K H, i FRE TR AR, BAE VIR B Rh IO, 4

Chem. J. Chinese Universities, 2025, 46(5), 20240541 20240541(3/9)



. P4 s Kkhaus g

I l I CHEMICAL JOURNAL OF CHINESE UNIVERSITIES ﬁﬁ?ﬂiﬁ:\,i

TR AL ZS T 5 AR A5 2R H S PR FH I (PMMA).

AT HINMP B A A HBREAS, K MMA, CPDMN F1H 25 il A Schlenk % B 42 &2 1 15 %]
PMMA.
125 HEFEBEYE AR $5.00 g MMA, 0. 15 g CPDMN F15. 00 g FF 41 A Schlenk &, TUKIEF
I E 25 -0 A SR 3 I ERAS, T90 “CRV 4 h, 1531 PMMA /5 R K4 751 & 71 (PMMA-ONR,
M,=6300, M /M,=1.25) I T BCRGWIG IL. #50. 80 g KrF51 %5 PMMA-ONR i AE 1. 44 ¢ A
H, A 0. 64 ¢ MMA FIEE -, kit il 228 - e AU 2R 3 IR BRIl P 9480, T°90 'CUW 5 h, [z
A5G AP RAE VK BE R UIE , 2o U8 A B2 T4 5 R Ak BEL R ) PMMA-b-PMMA.

#0.70 g PMMA-ONR F1 1. 15 g Sti&Ffi#17E 1. 85 g A, KA R A0 B 5 7 145 3] 4 Be L IR )
PMMA-b-PSt.

¥ 1. 00 g PMMA-ONR il 1. 76 ¢ EMA {&Ef#1E 2. 76 ¢ LR T Hg b, RAAMIFI A9 R A A5 2im Be It
R Y PMMA-b-PEMA.
1.2.6 S ACENE R E RN E BRI AL
127 #Ei4oFEIHE HgsTFREW, )R FRTE .

M, =ML XM, XXM i

KA X (%) M BRI 5 [ M ], (mol/L) F[ 1], (mol/L) 2351 Ky BAKFN G & 50 IRTHEH L 5 M, o M B
I FE S M, e BRI

2 GRS

2.1 RE&4XF CPDMN A= MMA B & /2200

2.1.1 R RLiR & T CPDMN 2 MMA R A& B %0 DA 2R 5, B2 [ MMA 1/ CPDMN ]=50., JZ )i B
(B4 4 h, WFFE TR BEXT CPDMN 42 MMA RA& 52 . W1 ATLUE 1, 75 80~95 °C, Bl K v i
PIFEET, SN A B e N, 352 PR A B A L v, CPDMIN A sl BT pe, IR R 9 1A P ik
B [ R ) SR e A B A L T T e T RS DR HAE 80 CCH, BB AL AN 10. 2%, iX
SERUNTEBARPIREE T , e R 0 R 8, B TS PE A B R BCR RN R, 1T HLERAR A R
A RAXT AR, R REAE . A48, 76 80 ‘CH, RAWIHI GPC K4 B &8 e Bs o T 1
K, iXSEH T80 'C HAERSr CPDMN 43+, M 559711 [MMA J/[ CPDMN ] FUAEfi K, AT 2 B0 i
PR TR TR YRR IRF] 100 CHF, FEALRF TR i A FTREAK . X02 TS R
BT, KRR A8, IRR T B SRR BRI, BURZ L R SO J LR K, b5 m 4y
T AR,

Table 1 Effect of reaction temperature on the polymerization of MMA with CPDMN as initiator

No. Temperature/C Conversion(%) L/ M, coc M /M,
1 80 10.2 800 2800 1.19
2 85 46.1 2600 3800 1.28
3 90 85.8 4600 4200 1.31
4 95 91.7 4900 4600 1.38
5 100 82.1 4400 4500 1.46

2,12 AR 5| & F| 89 FE /R X CPDMN i 45 MMA R & th %o LLFFZRIER], 7690 °C. S Ita] A
6 h I 41F R, %27 AH [ MMA J/[CPDMN | Xf MMA 5 B &1 520, 45 Rk 2 /s . biE
[MMA /[ CPDMN ]R30, BAAREE AL A58 85. 3% R[4 52. 4%, 4Tk i 4700 14 K % 21000. X2
A TRl [ MMA J/[ CPDMN J 38K, 51 % 500 A0 B2 AR T B v FE R ARG, S S50 oa o7 RF ) R 35 1 ) 2
WBERRAR, FRAL AR TR B 5 e S EE AR LRI S &SR BE AR A5 T, A BRI Fol RMRE
Vs re s K Z 0 BRT, IMBE ARG E K, o FREE R, ILAh, SR AR 1 iR
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Wi [MMA J/[ CPDMN |3 T IN , JX02 H O 3R G R R i be S R I 11 ey Rk B AT, S8 A il
FAEE ARG, N TR WEEBA R, SR T BUERY. B TR ARG [MMA 1/
[CPDMN JHSE A g o, (HIH 75 FEE 7 7B, RG T RAF . UL, 76 NMP 451K
Z 1 CPDMN VR Bt 2 5200 MMA A1 TN I — A EHE R

Table 2 Effect of the molar ratio of MMA to alkoxyamine on the polymerization of MMA with CPDMN as initiator

No. [MMA J/[CPDMN] Conversion(% ) M, ., M, ope M /M,
1 50 85.3 4600 4700 1.35
2 100 84.2 8700 8700 1.42
3 200 72.3 14800 15000 1.54
4 300 61.3 18700 18000 1.57
5 400 524 21300 21000 1.60

2.1.3  FUBLVE | % CPDMN 8 45 MMA B & 89 ®or N T WSS R0 R G SO AR, DU I
FAFRE | B TR . N EREEAIIE T RSO R BT TRE, T A R AYTA X MMA FI CPDMN AR ELAT
RAFI AR, BERSH ORIV IR 22 MMA H1 CPDMN 450 i AEvaml b . (i@ 31T, I 7RI% MMA
B HVFEALA | o3 TR TR MR AT, AR B9 57 R B M A B SR S RE RS T E R S Y
FE(M /M <1.5) , X RBIPrEIE IR RS R0, AT LIRS 58 BOTE FEIN R FEER5 A

Table 3 Effect of the solvent on the polymerization of MMA with CPDMN as initiator”

No. Solvent Conversion (%) M, ., M, pe M /M,
1 Toluene 86.1 8900 8800 1.39
2 1-Methoxy-2-propanol 85.4 8800 8600 1.47
3 n-Butyl acetate 89.0 9200 9200 1.44
4 1-Butanol 89.6 9300 8700 1.41
5 Diacetone alcohol 91.4 9500 9200 1.40

* [MMA ]/[ CPDMN ]=100, the reaction temperature was 90 ‘C, the reaction time was 6 h.

2.2 CPDMNiFiZ MMA BEMZI HEHR
TE90 “CF LI NI T MMA IR G s 1124158 . E 1A RTRLE W, SRR In([M, ]/[M])

Lt gt X R, RHAERDNARR PR B SR R E E , RBL n4a/TE T B R A 1080
FIZRFAES | BRI AR R AN S ROV IR AT 6, SR — G 0 8l T RE . B 1(B) /R T 40 F
TG G AR 2 [ 1 6 2, 7E[MMA J/[CPDMN ]=100 (9 4544 , IREEAL I B = 2 F i i T
FOSAA ; BEFEILRIETY, 0 T MM B Bl . 2 6 hi, MMA 3610584 85. 4%,
PMMA [ 43§14 8500, M,/M, A 1. 39. SCHKIE B Dispolreg 007 184 MMA 4 5f) 1 221 5% 2 BT,

MMA FE4650 10%~68% Ff , PMMA 53T 341y 1. 37~1. 49, HILGPCIEA M R AHE RIS . A
2.0 15000 3.0
A ) (B)
12500
1.5 125
= ° 10000 -
g 4 n §
S 10r Z 500 420 3
5 o < 750 .- 3
= . 5000 F -
03F " 415
P 2500F o o o O o
[ ]
0 -| 1 1 1 1 1 l L | 1.0
50 100 150 200 250 300 350 400 0 20 40 60
Time/min X(%)
Fig. 1 First-order rate plot(A) and evolution of molecular weight and dispersity for polymerization of
MMA with CPDMN as initiator(B)
[MMA /[ CPDMN ]=100.
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SCH FH CPDMN 3 #55 MMA 54 10 5 4k 5o
13. 29%~72. 5%, PMMA 43 5 53 41i A 1. 29~
1. 37, PMMA (1) GPC & IETE XS PR, AT B
HHERIM S, A RN ] b R AT (F
2). X JE KA CPDMN () 5 7 3 5 Dispolreg
007 B ¥A L SEAH H A BHLEE G, AT {75 CPD-
MN X} MMA A 1 JH R R AT

h TR iR, WHEET
[MMA ]/[CPDMM ] =50 1 [MMA J/[ CPDMN ] =
200 B (R 3R A N B J1 2 FRAE , 25 54N &1 3 fr
AL B3 LLEH, A [MMAL
[CPDMM T, J4 R BiAT 6 e — B etk 5l )
2, P REBER AR, RAREZE
RArpsihil . FIASE M CPDMN Y SE56 45 3%

2.5

edcba

20 22

26 28

24
Time/min

18

Fig.2 Evolution of the molecular weight distribution
for polymerization of MMA with [MMA]/[CPD-
MN]=100
a. X=13.2%, M /M =1.29; b. X=30.7%, M /M =1.33;
. X=49.3%, MJM=1.33; d. X=58.7%, M /M =1.35;
e. X=72.5%, M JM,=1.37.

1.8

A) B) A ©
L 12000 A
2.0 ' N Ll
—_ 'y
S 15y . o 9000} 4 R
= g S 14t
= 10k = o ! = VY e
£ ¢ 6000 s e
[ ] A 12F ;1
0.5F . A ’ ' N 1 p I . A
2 a A 1
2 3000F a
0_| 1 1 1 1 L 1 1 1 1 1 1 1 1 1
50 100 150 200 250 300 350 400 0 20 40 60 80 100 0 20 40 60 80 100
Time/min X(%) X(%)

Fig.3 First-order rate plots(A) and evolution of molecular weight(B) and dispersity(C) for polymerization
of MMA at different [MMA ]/[CPDMN]
[MMA |/[ CPDMN |: 50(filled squares ) , 100(filled circles), 200(filled triangles ).

W1, W& CPDMN R BEREAR, SRGHERIEIL, ik,
2.3 PMMA-ONR ¥ % & iz

L CPDMN K531 &5, *4[MMA J/[CPDMN ]=100 5, 7£90 ‘CF 5% 6 h, 153 PMMA-ONR. PMMA-
ONR ) GPC XM, M,=8500, M /M =1. 40. ZHEIHREE (F 4) MR, 768 5. 2~6. 8 Z[AIA H B
PRI Ak 7 A 1 2 LB AR (5 B, 1558 L CPDMN 5 | & 5 Y SR A 1A R VA % 26 SRR AR 1 NMP i

2 MMA R G255 77 A B AR RS AL [
PG,

R T 2 IR SR G A i S
FE90 CF LLH R R N 4 hifil £ T
PMMA-ONR. 435 Ff MMA, St Fil EMA %
PMMA-ONR #4747 4% . & 5(A)~(C) 4>
BEAYBE R AP 555 R AW GPC g .
ATLVE M, U855 i i oK, 45
BILLMMA, StHI EMA b ¥R S| k5
J5i 43 A 6300 435113 25 9000, 13500 Al
9100, 3B PMMA-ONR 3iff 3 4 480 5 e {5
R AT, HOX A H LD I R TR 2 A
FISUEREA RAF IS | R A1 RE

Fig. 4
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"H NMR spectrum of PMMA -ONR prepared using
CPDMN as initiator

The inset shows the signal arising from terminal unsaturation

would occur.

20240541(6/9)



. P4 s Hg g R

Eu CHEMICAL JOURNAL OF CHINESE UNIVERSITIES R
b g a PMMA B a. PMMA C a. PMMA
() M,=6300 ® b a M,=6300 © ba  M=6300
M/M,=125 PDI=130 M/M=130
. PMMA-b-PMMA| b. PMMA-b-PSt b. PMMA-b-PEMA
M,=9000 M,=13500 M,=9100
M/M=131

M /M,=149 M. /M=147

16 18 20 22 24 26 28 16 18 20 22 24 26 28 16 18 20 22 24 26 28

Time/min Time/min Time/min

Fig.5 Molecular weight distribution of PMMA initiated by CPDMN([MMA]/[CPDMN]=100) and after
chain extension with MMA (A), St(B) and EMA(C)
6 /8 i T PMMA-b-PMMA, PMMA-b-PSt 1 PMMA-b-PEMA 3 Fift ff% Bt 35 5 4 19 'H NMR % 4 .
K16 (A)HPTES 0. 8~2. 0 2 [A] 1 I MMA &2 BT 5T 7~ Rl , 766 3. 6 b Hh B T S B 5T 1~ A W A e 5
FI6(B)HTES 6. 4~7. 1 Ak H BESUARIE T IHFAE(S 55 B 6(C)H7ES 3. 60 4k Hi B PMMA i B
A HE(—OCH,) BT, 756 4. 04 4k H BE-5 IR FEAH I B 3 (—OCH,—) I 70, 7168 1. 25 4k th 3
PEMA i BEH I A 3 FH 6 (—CHL) B BT U6 X — S5 FRUGIER] T BRI BRI

A) ®) cH, © a

CHs CH: H 3
i C%szCu{‘,-)-szC- + ] |
e HZC—J;-)-(-HZC—C—)— ] 4 e —C H:C-C—)—
é ) 1 O%\? b (I; s )\0
Z Z
o? o 0Z o Ch o

|
CHs CHs

Fig. 6 "H NMR spectra of PMMA-b-PMMA (A), PMMA-b-PSt(B) and PMMA-b-PEMA (C)
24 BEEHET CPDMA X MMA HiEERE&
HAFKMH T RDRP R G H T LR 5ol fbimsz 28] iz -2, JHitl, SR THERBA
2514 F CPDMN X MMA I3 R AT GErE . K’ 7(A) WICE S F MMA BREHDGFEIR A, BREEIER
RICEBHER ; B 7(B) NAERSLM T MMA REHDCHIRE, BEFEBRCHIRE GEPRIA . JTTE

a. M=9500, M,,/M,=1.48
b. M,=8500, M/M,=1.40
ab

1 1 1 1 1

16 18 20 22 24 26 28

Time/min
Fig.7 Photographs of PMMA prepared with Fig.8 GPC traces of PMMA synthesized under
CPDMN as initiator under anaerobic anaerobic(a) and aerobic(b) conditions

condition(A) and aerobic condition(B)
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MR, MMA FEALE N 84. 1% ; HAASM T, MMA AL RE R 91. 3%. A58 5M FHREEA H B K
FHERBN G, HR R, FORER R oA MR i, Xl e R e A T8 . K8 ha
AFNTCE PRI 2T FrfS PMMA (4 GPC %R . RIS FTLIAE H, AL FRIRGHEE EY, HAAHE
FEESE(M /M, =1.48). A5 T, CPDMN A+ MMA R4 1 )5 K AT BB J& : CPDMN A7 #AE AU A e e
HHEA K A R, DEASAAET, WK A BRI et | A R, ikl 5 A h 2L
5 CPDMN JZ ), FRAE s RVERRE A 3L, IR A 5 T Ak, — 5 T S AL 52 o 7
DA U AR R, T AR U A LA CPDMN 2545 B8 1405, B AR b, 41
A TE
3

% #

PR T — P B b A CPDMN B9 8 5 F5E T CPDMN X MMA IR R G1Th . 5T
RAWSE | RAWHE | BRG] & EE R S A Rg ), 255538 7E[ MMA /[ CPDMA ]=100, i&
FER90 °C, W 6 hitf, MMA #4407 85. 4%, PMMA B3T3 4 8500, M /M, 4 1. 39; BAIREL ALK F)
Iy bR 2R PERE K, R SRS L, HAaFRamss, WIEXiR, A Bt Ems, B
AT H RS W . B R S0 BoR BA IR A &4 W E S S A RN, DA
PMMA-ONR 5| & MMA , St Fl EMA § 5% i 525645 Tl B, e S Mo JE0R B AT, BERS 5 Ak H Frine Bt
Y. TR T CPDMN 7E4 A4 T X MMA IR A T g, KBS A TR AHLEL, A
AR IR AEERE YL, Fif5 PMMA 2 F R FISE, UER T CPDMA 72 ARBRSASME T ol DL
XFMMA W R A . be A 5 e CPDMN BG5BT A LUK NMP e LR 3R G EL T IR TR iR 2 1
PRFIRER, PEASARIRE | AR A R T MMA B NMP R4, & T NMP R4 b E L fl 2k
FIAT PR SR YE B, HLAT T R i 0 i 5

& % x #t
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