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Abstract

To prepare catalyst with high catalytic efficiency and recyclability in deacetalization reaction, block
polymers P((NMS-co-OEGMA)-b-MMA) were firstly synthesized by reversible addition-fragmentation
chain transfer (RAFT) polymerization using methacrylic acid N-hydroxysuccinimide ester (NMS),
poly(ethylene glycol) methyl ether methacrylate (OEGMA) and methyl methacrylate MMA were
used as the monomers. Next, $-alanine was introduced by an activated ester functionalization
strategy. Finally, self-assembly of the resulting functionalized amphiphilic block copolymers in
water afforded the carboxyl acid-containing nanomicelles. The structures of polymers and nano-
micelles were characterized by means of GPC, *H NMR, and DLS and UV-Vis. The recovery and cat-
alytic performance of the catalysts were studied. The results showed that the lower critical solu-
tion temperature (LCST) of the carboxylic acid-containing amphiphilic block copolymers changed
with the ratio of the polymerization degree of OEGMA and NMS, and the nanomicelles showed a
particle size of 95 nm under LCST, showing good dispersibility in water. Nanomicelles catalyze the
deacetalization reaction at room temperature at a dosage of 5 mol% catalyst, and the yield of al-
dehyde/ketone can reach more than 85% in 1 h. After use, the catalyst can be recovered by heat-
ing and centrifugal precipitation.
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2.1. ¥HE5ERA

B T R R T IR BRI (OEGM Ao, 98%, 43 HT40) I [ PH A% 3 B4l L 2 ((Bifg) A \) . N-FREEDE
HI®E W fZ(NHS, 99%), AR 5 THE(AIBN, FEZE5, 99%), —HifLiK(AR), 4, 4-fHEM(4-F L)
(98%, E4id), WENMKIRTEEMMA, 99%, 7riral), p-NaEmR(99%, HE5F), NN-I IR
TRZ(DCC, 98%)A M TRl 4 T k7 A7l ARG AT (CDCls, A #ral) i [ 2 75 k5 1F S (4#r 4k
LR TR AT al). SR brat). AR ATal) . BT al). USRI (/- HTat) . LRI (b
af). =K ai) e B oM s S A THBR AR BRRrR Ui A, BrA R g, K
BN TR

2.2. MR SIHIE

SRR E 1 R, B ERRQS5 g, 16.8 mmol)7E 15 mL HEE R, e THRE 75°C,
RGBT CBRIT(4.5 9, 45.6 mmol), FEAHEHE 6 h, FRFRPITER K=K A R, (e
PN B (10 mL x 10) 353, B 2R R~ R4S 25t LRI B 5 b 54 3- Z B &2 R . 'H NMIR (400
MHz, CDCls) § 3.50 (dd, J = 11.9, 6.0 Hz, 1H), 2.55 (dd, J = 12.9, 6.9 Hz, 1H), 1.98 (s, 1H).

0
HOOC A~y Ao _CHiOH.6h )J\N ~_-coon
’ H

Figure 1. Synthesis of triacetylcarbamic acid

E 1 ZZBaERBRNam

2.3. B{Ek NMS BU$I&

¥ NHS (2.0 g, 17.2 mmol) 7% f# T 15 mL & Fkerdh, M 2.4 mL = ZH&(TEA). ¥ FREHE Tk
Wb, IF ) H A T R S B EU(MAC, 1.5 g, 14.3 mmol), [ N TR E SR T2 S IR I 4k S B 24 h
RIEER G, MO 30 mL & F B R MR G S, IR BRBRIR AN A MRS E . %
BFKBEA 1 I, ANUEHTOKBRER BN R 1585 Bk 2508 RS 3 2= . BT =4 .45 5 5 13 2
M A (1.7 g, 66%) .

2.4. PMMA26 (P1)BYE RE

# MMA (1.1 g, 11.4 mmol). CEPA [15] [16] (0.1 g, 0.4 mmol), AIBN (6.2 mg, 0.04 mmol)i&f# T 1,
4-ZF NG mL)H, RSGEFRAE 2 Bon, K FORTR A VA BSK S SR R B e B, A
rHURHIEGR 3 I, HINRN TRELEIR T A RERNAER AT, 68CHVA NHEITH. KE
SIS TE 10 h,  SOREEE R G R R SRR AL U IR & RN AR . RS 5 R Y CER
IECkE L1 RS RIRDTRE IR, WCEEDTIEY), 16 40°C B2 THRA T4 24 h, 1933 GE K PMMA
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(P1). 'H NMR (400 MHz, CDCls) & 3.50 (dd, J = 11.9, 6.0 Hz, 1H), 2.55 (dd, J = 12.9, 6.9 Hz, 1H), 1.98 (s,
1H).

SN S
MMA e
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AIBN, Dioxane, 24 h O

0
/

CEPA PMMA, (P1)

Figure 2. Synthesis of PMMA, (P1)
& 2. PMMA, (PL)BIE R

25, PFERBIRMNS R

LR )y OEGMAINMS = 60:20, & M35 ik Bt 2R ) P((NMS15-c0-OEGMAs5)-b-MMA) (P2)H
B, ARG % OEGMA (1.8 g, 6.0 mmol). NMS (0.2 g, 2.0 mmol)#i/K 2 &4 PMMA, (0.3 g, 0.1
mmol), AIBN (2.5 mg, 0.015 mmol)¥&fE T 1,4- 4% NG mL), MV EFEWE 3 Frs, # LiREAH
TR Sk 8 RN e fe B b, R R 3 Ik, BB E LA BERMNE
RAMET, 65CHHEMmT T . REREA 16 h, RESEHREBERMEITHRIEAA, SRS
(R =047 5 AL T . FAVA I IE Ceile, 812 BB, WEEDTEY), 1E 40°C HZ T4 T4 24 h
B3 B OPORDIR =Y P2. AHBII RIS A T P((NMS30-c0-OEGMAsg)-b-MMA,s) (P3) 1 P((NMS4-co-
OEGMA)-b-MMAy) (P4).

S S CN
)J\ - )J\
OEGMA, NMS
S 26 COOH A7 SOV N ae COOH
o AIBN, Dioxane, 24 h o) (¢]
(6) O
0 O 9 |
g4
\

P1
P((NMS 1g-co-OEGMA55)-b-MMA,6) (P2)

Figure 3. Synthesis of P((NMS;5-co-OEGMAGg5)-b-MMA) (P2)
& 3. P((NMS5-c0-OEGMAs5)-b-MMA) (P2)BYE Ak
2.6. p-ARBRI ST H R AR REOHI &

LA P((COOH15-co-OEGMAss)-b-MMA) (P5) 1 & B f F 4136 v fil, Bk fR &l 4 o, #
P((NMS,5-c0-OEGMAGs5)-b-MMA,6) (500 mg, 0.7 mmol), A-THZ& (307 mg, 3.5 mmol)iA#T 5 mL PY &R
(THR)H, AR =00 B 16 h, ROBL5E RS IIAET BN 2 K, RTBRENZNL, P2 KB
b-MMA) (P6)A! P((COOH4-c0-OEGMA4)-b-MMA) (P7).

3. {(NBEBRMGE
3.1 HiRE
K P e B T2 46 A B L AR I 3% 4% Bruker AVANCE 111 (400 MHz) (NMR, %i- BRUKER A ), it
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Figure 4. Synthesis and self-assembly of P((COOH 5-co-OEGMA:5)-b-MMA.) (P5)
4. P((COOH;5-c0-OEGMAGs)-b-MMAg) (P5)BIE A K B 4R 35

32. BWBRREERIE
KH Waters-Breeze %t 1515 thili(GPC) & 4t (35 [F Waters A &l), PUERKIR/E AT, R H LR
R F B NRRRE, VN 1 mU/min, &N 30°C, e B AN S T RAESY A HEFEE(PDI).

3.3. SRS

ARSI IS E AN 3 606 PRI RE R il AE AN [ FE R % 56 22 (1 775 5E P((NMS-co-OEGMA)-b-MMA)
SRR DI J5 I A I S fidii 52 (LCST), B X #84 Lambda 35 Y58 4173 66 B2 TH(UV-Vis, 4
BIRBRACES LA IRAR). BT REUREIRE & % 10.0 mg, A5 A MFT 10 mL £ B FK
o, B ALEE 5 min, 1935 H0Y0 S BRI, 8 KA R BTN E FE LCST . #eE It fE
[l 30°C~65°C, REEIFG 2 Clt— ik, BANEEIREE 5 min, ICFBANEE T 500 nm 4% 5 2 1ME .
mn Y LCST & SCNFE A fE 50%i7 ' 2R I it FE o

3.4, ZXRRIRMI

FIFH Zetasizer Nano S 44K 2» #rAX (DLS, #[E Malvern 2 @)K L R kiR . BUR &Y
P((NMS-co-OEGMA)-b-MMA) 111 45 P12 BR 1l 5 BIFE i 23 il i1l 2% 1 mg/mL (RS ROV, 0 IR R I i kAT
FEALER, RS HHATRARIR .

3.5. R4 EL I

AL T g K S A (5 mol%) it T 25 mL WY&, AN 1 mL £ FF/K, %S 10 min, A RN
YhJa, W4 FEE 2 2 500 r/min. FEAERE — B 1] BT Sk 3G 0 SONR, B ON R AR REER, B L

DOI: 10.12677/jocr.2022.103008 83 HHL A5


https://doi.org/10.12677/jocr.2022.103008

v 5%

JEVAAR PR g, 25 R, ] 7895B-5977 A AVS FELHIA(GC-MS, 3E[E Agilent 23 7)) & M A%
LA 10 AR AR ) 28R
4, ER57L
4.1, BREEBYNERS T

Wik 5 fror, B REAVRE YR AR, AR fE R EE. 6 = 5.5 ppm
A1 6= 6.0 ppm A Yo [ 7 Ft R 36 DR 448 82 F i =C-H (b) AL A7 8%, 6 = 0.8~1.0 ppm (1) X F 14 Ay F L 7
IR G b IR A2 A R, RPEN 1, AR BE SR R I B AR TR 5 R S P s 35 S R AR 43 THD AR
TR RE RN RN 91%, RIEHRIEZE H FERENERII RSN 26.
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Figure 5. 'H NMR spectrum of crude product of P1
& 5. P1 #4874 'H NMR

Wik 6 praws, BLP2 MM, PSRk BOLIRMIBEAT AR AL R R G S, UL=B b ks, %
HTIIAS B AR AR 7 AR O 22,78, &4 e R W0 (K SR A SUBE AR 23 T AR R 1.89, i AL AR (155

HRN: %;;ngloo% —02%, B4R OEGMA |- FIAIEYE: 4.25 ppm & BPL = E ik, B4 2 J5HA

B = HIERRR D AR SR, ATARAE SR A AT A AR A Z A% S OEGMA L {3

%nm%:m%, M & H OEGMA HIEEAE: 60x91% =55, ] NMS [543 18, LIAH

[ P 77 2R G AR T L 481 6 53 iR B SRR AT BT, A Ak 28 230 100%.

oA T REAYHT 5 (0 T 352 R BER A WIE4T TH NMR 20 #T, 418 7 s, il 26088 6 = 4.2 ppm
N OEGMA ) RIS ML, b 2207854 0 = 2.81 ppm A NMS W1 F BLERAE I . 244k 226775 0 6 = 2.81 ppm
SEATHR, WEENIFEN 6 = 2.53 ppm H BB ILALAL MIRFIENE, IF IR BOL R Y LR CL e e S B-TH
RIR N o B ARSI T2 5 GPC M LR TR, Wk 1R, KRB
H O FEMHEAK,
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Figure 6. *H NMR spectra of crude product of P2 and before polymerization

& 6. P2 # /=4 FNEE A BHTHY 'H NMR
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Figure 7. Comparison of *H NMR spectra of P2 before and after activated ester functionalization
B 7. P2 ZELBEINRELATIS *H NMR XSELE
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Table 1. Molecular weight of macromolecular chain transfer agent and amphiphilic block copolymer
1L AN FHREBTIMAERELRYINS FE

BEW e S Mn® Mn® Mw
P1 P(MMAy) 2915 7011 7751
P2 P((NMS 15-c0-OEGMAss)-b-MMA 5) 22352 26835 46749
P3 P((NMS3-c0-OEGMAg,)-b-MMA5) 21525 23997 39969
P4 P((NMS 19-cO-OEGMA 0)-b-MMA,) 19595 26845 52991

R A A S O 4 TR PGPC U I 4 TR, My, GPC Il I 3 4 1 5

4.2. PKRRETRIIE 4T

X B L B A5 4 798 22 i BB R B 1) 4 PR PR e R AT A Kok BE DK, ] 8 P, 45 SRR B B
EirBILEREY L OEGMA & &MY, P B g oK R R R AR IR WG K, Wi oA LhiIS &), P2 kifel
98 nm, P3 ¥ifE N 124 nm, P4 %ifsly 400 nm.

35

— P2
---p3
30 —= P4
251
201
=
Ist
0[
sk
0 !
1 1 1
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Figure 8. Nanoparticle size distribution of amphiphilic block copolymer

8. FFEERER LB AKRE 5 E

4.3. YRR EMERERIR

Xt UV-Vis MR 45 B4 T 081, Wl 9 fras, &I P5. P6. P7 [ LCST &KX}y 44°C. 50°C. 57°C,
AESEALES ThEEAL Z BT P2, P3. P4 ff] 42°C. 48°C. 55CHEE F &, X% 2l T3k EeeH %t
FI5INSEE . BT B4R A BRE AN 25°C, 15 & BIFE AL RIS P RERE . A SCRA PS5 T K
FA AR A AL TR A T HE AL VR RETE 70 o
4.4. {E4EgEMIR

DL — () = 2L 3 B I o fRE A 7 0 0 P W R A T 3R AT M4 1 S 7, AL S S R B 1 10 B
N, MEARCRWEE 2 FroR, WARESERAMERAET, KIKFER PRI NI A 1 h, K
B (B4R 30%, [AIINFEAT 8 R B P04, SRIGERSAAE T, HMEEARZ, F£2 ha,
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HIE IR AL AR IR 3 70%,  ATTIER 1 (A0 S 7 A 2 7 B 00Ul M EAT o R I — R R AR A 0
W, BRI, THEAFIFEER H L3 15%. SR BB GOR BRI T MG RE 20 #, LA P5
ONMEAETR], 2P LA IEAE 1 h 2R R TR R 7 R AT IR B 949%, A R I 2 A I 18] B SE
G, AT ORIEGBCE, KB FPEHIE 1 h. RSB AR YIIR R, AR I R A A oAt
A AR SAL S, P EAR 7 SR ATIA E) 83% A E

——P2

EH /%

|
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Figure 9. LCST analysis curve of polymers
B 9. BAYIM LCST Hifrehsk
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Figure 10. Catalytic reaction equation
B 10. AR ATER

Table 2. Catalytic effect of acid-functionalized nanoparticles on different acetal/ketal substrates

7 2. AHAEER R PRESR I T R 4R RS /FA R4 A L 3R

Y5 &Y e i 8] /min FEER %
o~ o

o oo -
~ - o

o_ 0O

DOI: 10.12677/jocr.2022.103008 87 HHL A5



https://doi.org/10.12677/jocr.2022.103008

v 5%

Continued

60 91

M MM BUEY 1L mmol 5T 1 mL HO H, I 5 mol% AL B GRIRHR, 78 25°C R M 1 h,

4.5, LTI EICE gE =

UL 2R Y — VP LG K D B 98 1 9K IBR K IRTSCT i S AR . IRNESERUR , RN R 2
BEREHL, KA THRZ LCST LA E(55°C), EIZIMRE Lo a8 5 B2 WA, 1 QBB EUTEY 3 G
BRI EIEAT R R G 12 RS AT AR K 58T B 4R oK AT EE R A - 2 S 45 R,
I L AR K R S AR AR AR 3 R AR M A, X PR BN G RE b, AL
FIMEA Pk, BT MEATEER L.

5. &

AICFIH RAFT A FEERTHREAL S T /A R B WSk BCL R Y, e KR A3 2 &%
BRI . 3T 'tH NMR. UV-Vis. DLS X R AWK R BT 7 #4E, @it GC-MS X R &
VIR AL RE AT IR AL, REB BN ®:

a) OEGMA Fil NMS 7EAE Ny kil & A s, BA IR M3, Bl 4 i SO i o ik BEIL SR P
1] LCST 5 OEGMA 1 NMS [5G LBl 5%,  Fir il 4 1) =il O W S5 ik BE L SR LCST 43 il
42°C. 48°C. 55°C, JEMLERThREML KRG I NRIL IS, AW LCST 405l F % 44°C., 50°C. 57°C.

b) 7E LCST LA RE, &R EEGURIRARAEKAE P A RAF I8, X4 s v B A AR 5 i e
Ao ANIF R BRI AL E] 83% LA =2, 1ZgN KR A AT E 0 A B O U I AT IR A A
N SSIRE AR AR ) S R SO A T o ) S

B

T4 B A5 (2021C01076) B
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