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Fig. 1 Photothermal polymerization of epoxide and CO, catalyzed by aluminum porphyrin complex.
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Schlenk H ¥ R AL 7 F &/ F 31T . WIRIR
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99%). = . — % (DABCO, 98%) L }2 75 7K 2 WG PR 1% (NMR) IR . TH-NMR Al 13C-
VN 2K . N,N-— H L R 2 (DMF). —%  NMR J] Bruker ARX-500 il 52 , 3% I /5 A =
H 5t (DCM) AT DY SR IR (THF) 86 0 T 22 A5 iR, ¥ AR AR S (CDCL) BlOTAR — 2 I A
RAAF, EHEMH. CO,(99.999%)14F IU°F  (DMSO-dg). 'H-NMR 1t 24 467 #% 5& b5 2 FE 4 4 1Y
AR AR, BEMEH. W(EREERE W EEL(TMS), BiliEG): CDCl, 7.26(s);
H)FAE(PPNCYIE T BOE AR A R AR, DMSO-dg, 2.50(s).
HAiE 5 BN . DCM i PPNCI I J8 R 25 J 5 Al B AT IS R) R 2% (MALDI-TOF MS)3ll
AR, WHE TR ES S, T/%5E ;. MALDI-TOF MS 7% Bruker autoflex II1ZY i 1%
RAFT 2. AR PO HA T adrtdlle, WRD8E, R0 R R-2-[3-(4-5
(BO) M IR % L be (HO) ) T~ 22 i 35 A 7l ) 2 T BRI -2- R BL-2- W M B 1A — i(DCTB).
m, AP IR T s @R TINS5 wt% I BB (% (GPC)MR:  F1 FH Waters 1515
CaH, AR T 48 h 5, ZAMNEIF AT BERZBEOESONE . RPN RO, Tsh
57 el AN & E, IE AN 1 mL/min, #EE N 35 °C.
1.2 KGNS R4 B HN T W G (UV-Vis) Ml . AL 77 5
BT 7T R S SRS 38 (=635nm)  UV-Vis i & 7£ HITACHI U-4100 )¢ 3% 4% _E 3%,
fE 9 J% (LASEVER Ningbo Yuanming laser 7N DMF, & 25 °C.
Technology Co., Ltd., China). {5 F # BB R Sk k6 1.3 EUFINERRRIE
TR BE, KSR 0.1 °C, FF DT . ORI Pry-Cat B2 HH R A 1) & % 28 40 1 2 s
S0 Th 2% B i #07 o R H(PM100D, Thorlabs,  M-Cat & R4 A& g 28 0 B 7 S 745 BRI S 1.
USA)I&: . i (A4 B R an R prid
ST op T
: o 0 0 DABCO :
Por 2¢: R =1Bu
: OH :
: R R :
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i Popy-Ligim=2,R=Br
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P(jo,m)-Cat: m=10, R =H

R 5 Popy-Cat: m=2,R=Br : .
i Popyy-Cat: m=2,R=1Bu;

Fig. 2 Schematic diagram of the synthetic route to P, g)-Cat.
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TE 130 °C R B9 12 h, Bl 5 F e 75 R 28 40
. LLIE C %/ L8R R (101, VIV R, R
FRE AR E TR =1, e ESTHREE
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15193 T ISR BE AR (P )~ Lig) 1 A UMK IR G R
BRAERET, B TERTRE LSER 1la~1c M
Por 2a~2¢ 2 A\ 10 mL R N H, Bl A — &
167K 9% THF 50 95 Fh 544 78 70 5 A, 75 m N
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W 7225 °CFRMLS hJE, RN R DTN £ ik
o, B B A TR EEE . T, Py
Lig\ PemyLigs PuomyLigs Popo-Lig 1 Py sy-Lig
FER N 82%. 79%. 80%-. 83% F149%. A ik
A B 2 FH A (R4 R R AE 1% P L H 7S S R A
$24~833.
1.3.4 AP, r-Cat 5 M-Cat {15 K

1EFEMH WK P,r-Lig B M-Lig % T 15 mL
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(- Rl Ze . Bhah, FRATHXT 4l DMF #%71)
FEAAF G T EE BRSE, DISRGH stiaE s
16, AFFHIBRAERRZE 35 THR I DTk . B2, @
B HTA H ISR R G R, S5 A
H S H A KA UV-Vis 15 BV B KR
IR GRE(A), PITHEAHEA TR R 3805 ()
TR TP IR WL 7SR E B

142 JeRE R HEAE

RGN REAT G HERER 5 mL g e A 5
BE AT AETFTEMAT, B EE A
7. PPNC1 A ALY 0N 2 100 5 T 58 1) s
B, BEE% A RN E IR FES. Rk
RPN BIRE S —F 1) CO,. fEERBEB KN
635 nm HIEOCHEIE 5 min J5, 2K8E7E AN CO, £ H
FrJE 77(0.5~2 MPa), B Jg FFLaTHE . R & 45K
o, FRPLIEE T UK AR 10 min, ZZ188
BRI CO,, FTHF I BE B B S5 T "H-NMR
MR, 45 G PG AL IR BE (F T S 13
BB S46). HAx =) T DCM I 22 153 hn 1 H
R R A, AifbERRAEY RS TREEE
JE#EAT GPC IR .
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SEIEIKE) T I EM) S CO, LR I L) 5%
FELE T AR I 5 A e Tt Rk R L 187 FEL 1)
ST L0 S5 M T B MURR R e R, 7R
MR G, Rl AR S T P B 7 sUNEOR
A(T) B FEE(Ty), X RO GE Ty R
G RAE IR A N HR A= R 10 3 23051, 5
—J5TH, IR R R EL A T R LA P IR BT S
T 7-n AH ELAE 55 B0 [0 2850 (e AL R S8 A )
CO, TP ILER . FEBRATZ AR AL R B, F
FH 143 3 B 1R B ek 2850 A8 465 I Wb . e SR 3
£, AT sRIE L P RIAE A, kT A T
AL RR A2 R LA TAESE H T AR IR bk Ay 45
PR TEH R TR AR, USSR
W5 CO, MmOt ES .

TR G RN ST R A B R, AT
I = 70 T B R IS (1a~1¢) 5 X #2 JE nh ik (2a~2¢)
7E DABCO [FEAL T 5615 21 LARR ik Ay 45 7 BT i
19> T ECAR Py, ry-Lig, B85 FI A ELbAICL 4 8@ 4L
75 B B (4 A6 7 P, -Cat. SR PR HRLAL ) A 1
PR BA W RS — 5, WREE S R
() OB AR R SRR R AT, BRI
RARIE T A5 BT 3 — 1, R g S i
PRIIROOC R . — 5, B4R T RATTBE v @
I el AE gk 4y 7 E R UG (R = H, Br, /Bu)
PR T R ARRAS, o mT DOd i 5 P b
PRI h e BEAE K B (m=2, 6, 10) I E 1 O
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AR (4 Bl [ 201 5 P55 -5 ISR B 7 9 A ELAE
FHRGIEAE G, 3% FiAH LA FH T 7E BC A4 "TH-NMR
HAEAL IR UV-Vis A FTE IS 21 55, A5
1IE P, ry-Cat 1B R 208 PR 32 4 RIS FH 1 48 54k
i dt, AT T Poyy-Lig 5 M-Lig I3 A A
& 'H-NMR i B A A AR 1 . IR AL S
SR IEHE IR R, TEAMINIE T m] =4
TR FLAL TN B P U O 35 R B RIS, 3
'H-NMR {5 53l # H AL E 3 X (0=-2.5~-3.5)2),
BT M-Lig, Puu-Lig I3 AL AL
[X {2 #4580 (-2.82 versus -2.77) (F3(a)), UiAHKR
SR ASONE T 25 M 98 T P y-Lig MR B0 AR ELAE
. BEJG, RICT SR Py, y-Lig 1Rk T
AHEAE FHSREE . v LUK, Pim-Lig BN ER 4
SN 2 A SR A W BRI N (m=2, 6, 10)171]
K37 6775 (0=-2.82, -2.81, -2.80) (K 3(b)), ikt
A 75 [ 2 B R) 38 o2 B AT b Wk R G PR R ELAE
Bbah, T Pon-Lig (0=-2.82), ¥4 meso {i [
RIS BRI 45 7 1) (Bu lF, BR AR
2B AL 7 22 B [ 37 (0=—2.79) 1T 24 W) HEL 7 Br /E

WAL, > 1 — 28 1) & 7 7% 5 (0=-2.91)
(B 3(c)). IXF W Pogy-Lig A HMIBR B T (14 AH ELAE
bt & meso A7 R 2R B HE W L e 7 42 /&
5.

BT E 1 2y, (n)-e (7 )BRIE,  TMIRAE UV-Vis
H1 420 nm P2 H BRI (Soret-4iT) 20, Soret-iif
F1hy e 750 735 Ak, 308 5 T I K 1) SR BOIR A BRURK R
1 AT FH SR R AE A A 70 (¥ b bk B 56 A LA FIEBOL, 4
3R, 5M-CatAHE, Ppp-CatfE 408 nm
Ab IR B R M, X R R D T R
PRI AE Rk s 2 R R T H 3R &, 358
T IR I B A BAE A, ftE T H T ERIE
JIT 75 F BE EBY. 5 TH-NMR H g AK ) 26 41 45 SR AH
Bk, BEA Py, ry-Cat B PRI 8] 25 69 950 /N (& 3(e))
A S meso 37 1) 2% FR HUAR 5 W L 7~ B8 7 16 38
(FE3(f)),  MRIRRAE 408 m A 0 IR AL 558 P DAL e
G [ PR AH ELAE FH o P 3 s i i . DL R
ATCAUL, AHECT B0 TR M-Cat, 0 114
HHI P p)-Cat B BRI B RN, H P, y-Cat
P Bl 170 2580 7 2 i 5 3t A o 2 1 B8 8 9 /) DA
S MRk meso A7 2R PR BRI I L BB T ) 4 v
T35 .

@ (b)
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0=-2.82 ppm (2,018
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Fig. 3 (a—c) 'H-NMR spectra of P, r-Lig and M-Lig; (d—f) UV-Vis spectra of P, z-Cat and M-Cat.
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FROT AR A U5 DA S S 6T I BRI K (R B F 2
IEPE . FRATGE B 55 ) DM A 375 70 Fc 1 I ihl 24
TN 1.8 mmol/L VAR, FHEREE N
2.2 W-em B G YRR B R ERIT 7 AN [F) 45 R i 4 55
o #ERE . W 4@ TR, Py,r-Cat ISR TE
R BTN TR BE S 4EFET AR, 1T M-Cat HF7E
IR EE N A T A, ERIREEF R
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10 e REZ R HAEE, KRBT e
R L —S(AT=61.1~62.4 °C, n=23.6%~23.9%).
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HH T — Br R SR L~ 2808 A5 M bk B 7 [A] B 25 5 T
R - HEFR R VR TRAE 635 nm A TR AL 53 I
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Fig. 4 (a) Kinetic monitoring of solution temperature; (b) Linear time data versus —In 6 was obtained from the cooling period
which gives the thermal time constant (z) of the solution; (¢) The absorption intensity of the solution at 635 nm; (d) Maximum
temperature rise (A7) and photothermal conversion efficiency (#) of the catalysts.
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I P py-Cat I AT AL 37.2 °C, n AN
15.8%. ML T, Bu 45 BT R0 A R i |
P o oy-Cat IIHUR 75 R S iE I AR st 74 1y
WFRRE, DRIy K31 30.9%. SR T FEAL S ]
Ak A TT I R ), BRI IIAT R A 52.2 °C.
24 IWENLH/COMXARE

N T e DAY 3 T A AL SN L2 1Y
OGRS MR A R, AT TR
LT (Pyp)-Cat Bk M-Cat) 5 B 4L 575 (PPNCZH
FRZH 5314 25 TR R 5 CO, MR
(1), B, FE[POY/[AI/[PPNCI]=4000/1/0.25,
CO, [k /192 MPa, JGHE IR 58 B2 2.2 W-ecm™

4 AF F P 6 h, RFLT Puu-Cat 5 M-Cat ff)
B AL 1 BE (] 5(a)). W3R 1 entries 1 12 Frow,
P o y-Cat 52 2t T PRIk &5 P 338 5 ¥ W 9] 280N A0 e
SEE, HHECT M-Cat HAG 5 5 B A3 14 (TOF=
540 h™! versus 80 h™")FI R &k 14(99% versus
82%), H—HME T ma T REAFIIRE. tak,
BEE CIRAR IR SR (2.2, 1.1, 0.5, 0 W-cm™),
P o 1-Cat fHE AU A4 2R (1) 06 FGIEL P I T 0k /N (65,50,
30, 25°C), JRMIHIEMER CO, & EIFMWHI NN .
LA AR PR 2 7 B K (540, 370, 140, 110 hY),
MY CUBS A T 51(44%, 47%, 51%, 53%)
(3R 1, entries 1, 3~5).

Table 1 Photothermal polymerization of epoxides and CO,.

d t TOF ¢ CUf  Selec.® M, gpc"
Entry 2 EP. Cat. EP./Al/PPNCI © ’ h
(MPa) (h) (h7") (%) (%) (kg/mol)

PO Pn)-Cat 4000/1/0.25 2.0 6 540 44 99 39.1 1.36

2 PO M-Cat 4000/1/0.25 2.0 6 80 94 82 3.1 1.22
3b PO Pn)-Cat 4000/1/0.25 2.0 6 370 47 99 25.1 1.26
40 PO P m-Cat 4000/1/0.25 2.0 6 140 51 99 10.6 1.29
5b PO Pn-Cat 4000/1/0.25 2.0 6 110 53 99 8.3 1.30
6 PO P.m-Cat 4000/1/0.25 2.0 6 280 54 99 14.9 1.63
7 PO P1om-Cat 4000/1/0.25 2.0 6 220 64 99 13.1 1.45
8 PO P p-Cat 4000/1/0.25 2.0 6 380 42 99 17.6 1.42
9 PO P py-Cat 4000/1/0.25 2.0 6 190 64 98 10.4 1.44
10 PO Pon-Cat 4000/1/0.25 0.5 3 320 32 99 11.3 1.61
11 PO P n)-Cat 4000/1/0.25 1.0 3 370 35 99 16.1 1.34
12 PO Pon-Cat 4000/1/0.25 1.5 3 500 42 99 19.7 1.31
13 PO Pn)-Cat 4000/1/0.25 2.0 3 660 45 99 22.4 1.35
14 PO Pon-Cat 4000/1/0.5 2.0 3 480 56 97 16.9 1.38
15 PO Pn)-Cat 4000/1/0.75 2.0 3 350 64 95 7.6 1.55
16 PO Pon-Cat 4000/1/1 2.0 3 220 69 88 3.8 1.69
17 PO P n)-Cat 20000/1/0.25 2.0 24 320 43 99 113.8 1.38
18 BO P, )-Cat 4000/1/0.25 2.0 6 320 83 97 16.8 1.47
19 HO P n-Cat 4000/1/0.25 2.0 6 280 85 96 152 1.55

2 All polymerization reactions were carried out in 2.0 mL of neat PO at 5 mL pressure-resistant quartz tubes under 635 nm laser
irradiation. Except for entries 3—5, the power density of the light source was 2.2 W-cm™, and the photothermal temperature of
all systems was 65 °C; ® From entry 3 to entry 5, the power densities of the light source were 1.1, 0.5, and 0 W-cm™, respectively,
and the corresponding temperatures of the systems were 50, 30, and 25 °C, respectively; ¢ Molar ratio of epoxides, Al centers,
and PPNCI; ¢ Pressure of CO,; ¢ Turnover frequency (TOF) for conversion of PO to products based on Al centers per hour;
f The content of carbonate unit; & The weight percentage of the polymer over cyclic carbonates; " The molecular weight and
polymer dispersity index (PDI) of polymers were determined by gel permeation chromatography (GPC) in DCM, calibrated
with polystyrene standards.

PR, BEETE YRRl R RS,
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Fig. 5 (a) Performance of catalysts with different structures in the polymerization of PO and CO,; (b) Effect of the CO, pressure
on the performance of P, ;-Cat; (c) Effect of the ratio of PPNCI to Al center on the performance of P, ;;)-Cat; (d) Effect of the

epoxide structure on the catalytic performance of P, ;;)-Cat.
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Photothermal Polymerization of Epoxides and Carbon Dioxide Catalyzed
by Polymeric Aluminum Porphyrin
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Abstract Photothermal polymerization offers both the spatiotemporal controllability of light-responsive processes
and the high efficiency of thermal polymerization, making it highly promising for practical applications. In this
work, an aluminum porphyrin backbone polymeric catalyst (P, g)-Cat) was developed for the efficient photothermal
copolymerization of epoxides and CO,. The modular synthesis strategy provides a basis for systematically
studying the structure-performance relationship of P, r)-Cat. The study showed that increasing the spatial distance
of the active centers (m=2, 6, 10) impaired the synergistic effect of P, ;-Cat, but the photothermal efficiency
remained stable (#~23.8%). Meanwhile, as the electron-withdrawing ability of the para-substituent of porphyrin
meso-benzene increases (R = rBu, H, Br), the synergistic effect of the catalyst increases, but the # decreases
(30.9%, 23.8%, 15.8%). Taking into account both synergistic catalysis and photothermal performance, P, ;;)-Cat
exhibited the best catalytic activity in the photothermal copolymerization of propylene oxide (PO) and CO, (TOF=
660 h~!, polymer selectivity >99%). Moreover, due to the local enrichment of multiple active centers, P py-Cat
maintained catalytic performance even at extremely low loadings ([PO]/[A1]=20000/1). This study not only optimizes
photothermal polymerization systems but also offers a new perspective on the modular design of polymer catalysts.
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