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Synthesis and catalytic performance of porous organic cages

CAI Yue, HE Tao, FANG Weiwei
(School of Chemistry and Chemical Engineering, Hefei University of Technology, Hefei 230009, China)

Abstract: In this paper, the target porous organic cages(POCs) RCC3 was simply and efficiently syn-
thesized through a two-step reaction, which was used as a ligand to coordinate with CuBr; to construct
a POCs complex RCC3@Cu. The X-ray diffraction(XRD) and electrospray ionization mass spectrome-
try(ESI-MS) were used to characterize the structure and composition of RCC3@Cu. It was conformed
that RCC3@Cu was a copper complex with stable coordination structure and was expected to be used
to mediate atom transfer radical polymerization(ATRP). RCC3 was employed as a ligand for ATRP of
methyl methacrylate(MMA) , the conversion rate would achieve up to 80% in 2 h, and the polymer
dispersity index(PDI) was 1. 15; the final conversion rate could reach 98. 5%, and the PDI was 1. 16.
The polymerization kinetics showed that RCC3-mediated ATRP was approximate to the first-order re-
action kinetics, which accorded with the characteristics of living polymerization. Monomer versatility
of RCC3 was further demonstrated by the ATRP of various monomers. The results showed that RCC3
ligand can be effectively applied to ATRP catalysis and it is worth further research.
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RP, 54 H ATRP fiEfbvEfE. f8 ] RCC3 fiEfk
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L1 X5
o = P (A 97%) . (1R, 2R)-(-)-1,

2-IRC g (4B JE 98%0) L = H R (A 99%0) .
ToKBREREE CAR) AL AR (4l BE 99. 99%0) IR
PR (4t E 99. 95%0) AR H ik (Anisole) (AR) N,
N-— L B (4l 99. 8 %0) , ¥ T Aladdin;
2-ILH T IR 1% (EtBriB) (4 fF 98%0) I T A =
BRHE s S kR (DCMD) (AR) , JE /K 2 (AR) |
=FA AR VHEE (AR A LN (AR , 41
THEZGEBMEARFABRA . DL 25 B
. JCT 5 Ahalifh. DI H IR g (MMA)
(HlJE 99. 5%0) N MR FH iR (MA) (AR) VK 2 4
(SO (4l 99%) , ¥ F Aladdin, i 33 H P A Ak
FRAE VR R 2 BHLZR 550 5 1 FH 5 NS5 PRk PR 44 T e
(Nipam) (4l 98%0) , g+ TCI, i i 76 1E O Be
EEEa et =g RE

SRS VNMR S600 A%tz S5 Y
(proton nuclear magnetic resonance,' H NMR)
PATAZRE D3 SR ) H AR 2% D/MAX2500VL/
PC & H0 X it i T XRD Ml ; >R € B
KR Vanquish Q Exactive Plus % U 25 FH-#t 5,
Y36 Dk B i e F A AT ESIEMS 3t ; 5k FH &
H GPC-20A BIBEE 7 (A5 XA T BE B 5 4
i (gel permeation chromatography, GPC) iz,
1.2 32I§
1.2.1 %3UAM%E CC3-R 644 &

ZIRICHR14 1,8 0.5 g (3. 08 mmoD) #FE =
FHEE AP SN 75 F AR 10 mL DCM;
SRIGIIA 10 pL 1) =38 CBRAE R W e 5 B ) AL
Fs B G ZEEIMA 10 mL %45 0.5 g(4. 46 mmol)
(IR, 2R)-(-)-1,2- A iy DCM W . H4 ] g
R B R IR E RN 7 dL AT DO B A5
B d AR DRBERTT 1 . 200 mL ARFREL 95 ¢ 5 1y
ToK L5 DCM IR A 3 WU T fb A R e e H
2T PR EEE 158 2 fLA P CC3-R,
1.2.2 % 3LAM%E RCC3 &4 &

ZMRCHER13 ], 8 0.5 g (0. 45 mmol) CC3-R
25 mLA&R 1 1 =B 5SHEIRGH
WAE R b hi P B WA BN A 0.5 ¢
(13. 2 mmoD) M A AL M I 2 IR e+ S v 12 hs 7
A1 mL KK N RS #f 12 h, £
as PR R, I 50 mL S0 % R LA HLAE
Z I K ZEBCE HLAR 3 I, B4k 100 mL; FJo/K
TR EE T A WA G L2 PR A T 2
&, 15 Hbr Z LA P98 RCC3 7). ¥ Hbrr™
PR ED R B Ja >R FH' H NMR R AR H 454
AW B R ESIMS #IEHrF &, £
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DI

1.2.3 33UAAER S H &

$ 22.8 mg (0. 02 mmol) RCC3 1 4. 5 mg
(0. 02 mmol) CuBr; HIAF] 5 mL B, B {4
Hog ey fa, wE 1 h, s B A7 P
CEY HOVE 8 TC 5 ) 2 18 DA FR st b A o
72 WS WCBEC A ) AR £ 2Tk ek [EVA S L A
HE T THR2HEE B ZAA0ERS
PRCC3@Cu,

1.2.4 ATRP %3

# 3.6 mg (0. 025 mmol) CuBr, 1 28.5 mg
(0. 025 mmol) RCC3 il A% Schlenk fz W&,
P 795 pL (7.5 mmoD) f§ MMA #1 795 ul. i)
Anisole 1E & #; #E4T 3 IRFRUE freeze-pump-
thaw I BF B 25 48000 1 0B TR ST A8 A
11 p1.€0. 075 mmoD [ 5] % 7 EtBriB, JF1E 70 °C
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BE Y 7 BN 38 8 (polymer dispersity index,
PDD . HAh B8} LG 1) F AR 1 3R G S8 3 24 4% B
R BRIHAT
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1.3.1 ESI-MS m]%

FRECAS [A] 28 7R e i RCC3 AT CuBr » il A H
WEVE i w08 1 h, (RO AL 7T 505 ARG FEFR IR |
/R Vanquish Q Exactive Plus Y pU 2 i H 35
BB BT AL kAT ESI-MS i
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PLIE R U8, 7 & H: GPC-20A Y BE 8% 05 (415
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RID 47 6k W #% . 38 2 AS [\ 43 F 2 0 %8 7 A
PMMA R AL IE S5 5 15 R A W7 i B 5K
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1141.88 ( yn(CuBry)

n(RCC3):n(CuBr,)=]:1
n(RCC3):n(CuBr,)=1:3

[Cu(RCC3)-H]" [Cu(RCC3)Br]"
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TH m/z R 1 141. 88, i%'H NMR [l & 5 Sk
(13 ] i i RCC3 M S A5 HAR 3 i
R 584, £ RCC3 HinZ L
AP A L) .
2.1.2 %ILHME AL BEA ) XRD K AE
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Bl 4 B,
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i
I_:LE_X
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20(°)
4 SAENEREEEYH XRDIEE

CC3-R

Hi& 4 ARl CC3-R BAT 45 fh 454 . 15 S0k
[ 15 J4R3E A A5 R AR » U1 IR T30 i Fg D1 44 e 45
Sy FIERI DY TE RS54 s L CC3-R IEJi7 2 RCC3, 4%
A2 A 2K A8 IUOC RE TR S LA, XRD R BN

10°~ 307 {4 K T 06 , 3% 2 R T 30 JHg 45 44 BT 4 I
VUG S 78 S P B R PR T B0 T8 RS
P s RCC3 B b AL J5 » XRD 4K IH FR 3 1
10°~30° WK 5 W , Ut B IE A7 AL 4R )5 RCC3 4K
IH PR A7 58 3% 1Y 43 F 45 00 A e & 5 2 [ ik XRD
P o R DB 1 AT 3 0, BT AE » (RCC3)

n(CuBr,)=1 : 1 B} CuBr, 522 A% RCC3 L.,
A A A B

2.1.3 % 3UHHEE I A b46g ESIMS 547

i ESIMS RAEBL A A8 . 244
PLIE S A Y1) ESEMS 3% K& 3 fs .

Wit XRD & B, RCC3@Cu it &9 TG E T
A W IG5 0o B AT SR S B S D 254 S TR AR
S ESIEMS RAEFLA PRI 4L . A 3 /]
LI H : RCC3 78 ESI-MS i #1141, 88 194y
T Fig, o RCC3 Jin b H™ fyi&, 5 RCC3 )43
FHEDEHD; 24 n(RCC3) : n(CuBr,) Ky 1 ¢ 1 1,
1 203. 805 K RCC3 44— 4~ Cu? R 2k &
—A~H",1 284. 72 K[ Cu(RCC3) Br]™, 1B It
B A i A RCC3 MBI R 1524 n(RCC3)
n(CuBr;,)F 1 3 i}, B CuBr, K k& KIHE
BRI 1 TG .

Wk XRD f1 ESI-MS 43 87 1] %1, RCC3 Fil
CuBr, 7] DA BH A e A AR 8 1 3 I 4 8 e
Y. AT ATRP fiEfk.

2.2 RCC3 +&my ATRP 5236
2.2.1 FREEBFEMHTAF MMA &5 ATRP

ARSCAEAS R L 50 258 T i 47 RCC3 A 3 1)
ATRP, 57 5 AR T R 1 s 1, Hoth AR
HM BRI A R R 1 A,

£1 FARBEETAS MMA K ATRP B& £HRRBER

SRS BE/C aCAR)  n(GIEFD + a(BA) : n(Cw) EHF BHE/h IR/ % g M, Ly M, PDI
1 60 100:1:0.10:0.10 I F gk 4 57 5 700 7 300 1.15
2 70 100 :1:0.10: 0. 10 R H ik 4 63 6 300 9 000 1.12
3 70 100 :1:0.33+:0.33 P e 2 80 8 000 11 300 1.15
4 70 1001 0.33: 1.00 2 2 69 6 900 12 400 1. 20
5 70 100 :1:0.33:0.33 DMF 2 91 9 100 12 900 1.20
6 70 100 :1:0.33:0.33 2 H Tk 16 98 9 800 15 200 1.16

THE] 70 °C . [FIAE B BN ) e A A3 A0 vy

M1 528 1 MISEEs 2 nf RUA . ) 60 CHe

7] P

PDI A5 78 (& BG4 1 RSB 4 i Al 25 88
K, H % B = RCC3 A1 CuBr 44k 71 19 9 5
Mt . FHER 1 S8 2~5280 4 Al AL n (B R FHD ¢
n(BiHR) = n(Cu)=1+0.33:0.33 0,76 2 h %%

FER AT LK E] 80 %0 , [ By BR S 43 - 1 M S B
W22/, PDLAL AT AFSHIAE 1. 15, M 15K
B 3 FISEHS 5 ] LA Y (8 IR A 1 700 R Y ok
FARIRA T LU A S A M 55 DMF R 1, {H
RETHIMERELF ., Rz 822 il i, DMF
AT LAFEAH ) B ()55 2 5 g e ke, [RIEEER 1
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2.2.2 RCC3 A% MMA ¢ ATRP 43 h %
A 2. 2. 1 G e iy S5 1, e 1 th 58 3

WIAAEEA T ) 1253 B G5 2R AN 8] 5 B .

2.5
2.0r n
.
g 1.5r n
S .
= 1or
n
0.5
0 05 10 15 20 25 30
t/h
(a)
207 13.0
n M,
o PDI
15} 125
S10f 1208
051 41.5
‘ , B, o9 1.0
0 20 20 60 80 100
A%

(®
5 MMAWMREHMNESN

MIE Sa AT LA i IFRIFE 0~2. 5 h Ju A .

FEAL R SR O R IEA T AL L — S 8l )2
M 5 ATUAE ) AR 58U oy AR S 4L
PEXR LB RS 61.5% ;5] RACERAL T 1
HsEgs 3, 0] LUH I T4 KK R A w1780 01
SEIGHT SR RCC3 B B2 R . Al A TR 5%
%R PDLERAT LA /N 1. 15, ARIELL |
2B B RCC3 A 51 ATRP 54 1 1
RAFHIE.

2.2.3 RCC3 4~% = F #key ATRP

SR UE RCC3 VR Be A4 14 A 1z F %, 4 3C
#EFT RCC3 A AR HLR ) ATRP 5256, 505
5 2 Fra),

HE—ABCAR Y BRIz P L 3l 2
FEPIIA IR T IR B I R HH RS SR R R 2
ISR A S0 B FE MMA L MA | St 1 Ay 5
RUFAIR, A 2 5080 1~5C050 3 /T LUA . 4%
B3 1) S S I RO B B A AR, LR
RCC3 /- F:45 JE R B IR [ e 2 R A P B0 s G
& MMA MA 62 St #n] LLd ot RCC3 A&
(1) ATRP, 1538 538 /3 F = 3E H oy =i
(<L 20 EREY.

AR S Nipam 1E Sy P 95 15 1 288 B 44K 1) 45
RIBA(R, 7 ATRP H Py s ok e 24 AT 3 75 220
TSCAA AT PR s 5 i B A 6] 4 1) 3 4 e 452 R T
M 2 5286 4 Af LLE H L RCC3 By PDI 4K IH
/NF 1L 20, B RCC3 BA — & By B AR 38 B2, LA
NS AIETHURI LU NIVE S i3/ D e €/l bl
RCC3 BHA RA4Fmysikiz e, Ha i s BA
WA PR E R NIUE S

®2 RCCINEFTREEAMLE ATRPRBEER

B RS N n(ELAE) /n (51 K50 WEE/C mE/h R/ % HIE M. KPR M, PDI
1 MMA 100 70 16 98 9800 15200 116
2 MA 100 25 16 64 5 500 6000  1.17
3 St 100 70 12 60 6 200 4500 118
4 Nipam 200 25 4 75 17000 24100  1.19
- i ATRP, 455 R B AR B A R 4 1 58 A 45 1

D) ASCE 3 W 25 O A i H b 2 LA P
RCC3, N A IR B3 T Z 2 fa db B, &
56, Lk RCC3 fE Bk, #4 2l A 4) RCC3@Cu,
FEiE Rk XRD il ESIMS RAFH A %5254 . k& 3
RCC3@Cu Rl 1. B4 iia e .

2) ffi] RCC3 BLik A T8 AU 1L {& MMA ()

PR ARSI A Z R R A R B A
M) 5 308 3t SR 4 B0 g 2 % B 7 A O AT B —
N B 15 AF A TE TR R A RHE

3) ARSCWFFE T AR SRR SR SR L UE
W] RCC3 Bk HA H Az k. RCC3 ZALA L
SERCIRREG SO T ATRP fit k., H & s e 5
FREA B HAT 25 B (AN F A (L
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