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Synthesis and Properties of Phenolic Resin Polymers
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Abstract Two new phenolic resin porous organic polymers PRP-1, PRP-2 were obtained by one-step polymerization of
phenolic resin reaction using functionalized pillar[n]arene and 1,4-bis(4-formylphenyl)benzene as polymerization monomers.
The pore characters of PRP-1 and PRP-2 were evaluated by solid-state nuclear magnetic carbon spectroscopy ('3C CP/MAS
NMR), fourier transform infrared spectroscopy (FT-IR), X-ray powder diffraction (PXRD), scanning electron microscopy
(SEM), nitrogen and carbon dioxide adsorption and desorption, and thermogravimetric analysis (TG). The results showed that
mutilid-hydroxyl groups on the aromatic macrocycles of pillar[5]arene significantly affect the polymer structure, and the spe-
cific surface area of PRP-2 with a higher number of hydroxyl groups is more than 10 times higher than that of PRP-1. Poly-
mers PRP-1 and PRP-2 can be used for non-homogeneous catalytic carbon dioxide (COz2) conversion, and PRP-2 exhibits
higher conversion. This work shows that the functionalized pillar[n]arene has a potential application in organic porous poly-
mers.

Keywords organic porous polymer; pillar[5]arene; phenolic resin-type polymer; CO2 conversion
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brRFAMAE. TR, HET 2 LR AR AR (A7) 1%
ORI FE AT, o TR 4B A HIAESL(MOFs) BA &
ZILEN R EPPOPs)ZEB), Hp {EA—AN M £
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T 1,4~ (4-P R R R I I BRI U PRAE 1673 em ™! A
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[X(0.05<p/po<<0.15)X} No R I H U I B, KB4
S H —E AL, TTEH KX (0.2<p/pe<<0.8)Xf
B MRR, RS AR TL, RI 1T B
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Scheme 1 Schematic of the preparation of PRP-1 and PRP-2
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Figure 1 FT-IR spectra of PRT-1 (a) and PRT-2 (b), and '*C CP/MAS NMR spectra of PRT-1 (¢) and PRT-2 (d)

(a)

B2 PRT-1(a)fl PRT-2 (b)/JF14 5
Figure 2 SEM micrographs of PRT-1 (a) and PRT-2 (b)
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Figure 3 Nitrogen sorption isotherms of PRT-1 and PRT-2 at 77 K; (b) pore size distribution of PRT-1 and PRT-2; (¢) CO> adsorption
and desorption isotherms of PRT-1 and PRT-2 at 273 K; (d) COz adsorption and desorption isotherms of PRT-1 and PRT-2 at 298 K

# 1 PRT-1 71 PRT-2 {4 CO2 5 APt A N B B @
Table 1 Cyclo-addition of CO: with propylene oxide catalyzed
by PRT-1 and PRT-2

(0]
O + co, Cat. )L

TBAB o ©

Entry  Cat. 7°C p/MPa t/h Yield/%
1 — 25 1 24 1.31
2 PRT-2 60 1 24 55.4
3 PRT-2 80 1 36 89.4
4  PRT-1 80 1 36 78.5

4 Expoxide (20 mmol), catalyst (15 mg), TBAB (1.44 mmol); determined by
"H NMR (internal standard by TBAB).

A H SEAR BRSBTS SR A% B S BT 3R, 48
Ji, s S FE R SRR A 5 R I e 1) — LB IR B R T 2
() P & BELAH B4 B AT DAE — 20 s — Ak o 7. Bl
J&, W R A SRR UGB T R ER L 1 R AR B
J&, ST P S B FOR KBRS, (R BRI R AL
VI ES T I 4t PRP-2.

2 g
DL 1,4~ (4-T 5L B0 AT AR, 43 i 5 L
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AR EAE (S5 il — D Wy I 4 5 S N1 4% 1 R A
B2 FLESYI(PRT-1 F1 PRT-2). Bt —£%%
TEFBA T T MRS FLEME LK COo,
[ B PE B 45 SRR Wl I OB AR [5]95 e KR IL 4 1)
PR LIS Z AL R SRR L TR SR FLIE M
R, BRAE 2R REY) PRP-2 REILH 5K
FbFR AN BEAA BRI O 45 44 DL B B = 1) CO, IR Bt i
AR BB (R IERY F, PRP-2 FIE N BB A AL
T CO, 5 IR AN B S ] 2% PR IR ER R, AH
EET PRT-1 I B8 (M IR BL L A%, R TAERISS R
FERB R IA A POPs F£ 8 F T-HEXIAH CO, it #5140 3%
PE—ANHr R 7T L.

3 SCIgERSY
31 UEE5ERHF

PLITAR — FF R R B AR & v 77, B Bruker
Advance 11 400 ZUAZREFEHRIGE S TH NMR . {70
AR AT AN (FTIR) 70 M 7E JASCO IR-4100 6384 %
HAL 41 KBr & vkt T o0 #r, MATERENY 400~4000
cm ' Agilent DD2-500 MHz B REIEHRI_EEAT T 8135
13C CP/MAS 17T, Rigku D/max-2400 BT 5HH4% (40
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Table 2 Substrate scope of the cyclo-addition of CO» catalyzed
by PRT-2

PRT-2/TBAB
/N 4 COp ————————
R 1MPa/g0°C/36h QO
R
Entry Epoxide Cyclic carbouate Yield/%

O,
\[ =0 89.4
(6]

ch_o
\[ /Eo 99.0
o

A

o
o
3 \/& 9 o 87.4
DS

ES

LO\/& \\\\\;)_L/o 99.8

O
2 o
5 C[ =0 59.8
O
4 Expoxide derivatives (20 mmol), catalyst (15 mg), TBAB (1.44 mmol);
determinted by 'H NMR (internal standard by TBAB).

Bl X 5 AT 5 (XRD). 3 A& 4T 134 B 1 8 1l e
(SEM)#F 5244 FH 1) /& FEI Nova Nano SEM 450 #3131
B, TIEHEEN 20 kV. £ Quantachrome Autosorb
1Q M A WSt 8 A (1) W Bt — it B 4. KA Mettler
Toledo TGA/DSC 3+ ##riX, fEFRBN AR T AT
PHEIHT(TGA). FEFHLL 10 “C/min (KT HEHE R M =I5
hn#AE] 800 C.

B A5 38 N BE R 7 AT 3K, TG 75 13— 25 LR
AT,

32 WK
32,1 A ALA[5]FIE(PS) M A &

MR SCHR[4 1] R 4 B A AR [5]05 R (PS). 18
1000 mL (1) = FUR A AT 28 — HITi(13.8 g, 0.10 mol).
Z R H£(27.3 g, 0.90 mol)Fl 1- — & Z%(750 mL). 7E@&
SRR = EORAE 29 CHRIKIEFHEEE 20 min, FVE
BRI\ = ®ALH 2.8 (12.5 mL, 10.1 mol), 780t HE %
. A5 N VR €8 A D B R, SERIINN 4 (100
mL)E KN, SR GRS RE 5 min, 732K & A R 4
DlvE, SLuE, JEUFH 4BEGO0 mL X 3). LR LB (50
mL X3k, RJE R IEDHAME T =N &Rk, 7E
FEIR T WA 7 A 20 min Eid . JEVH
10% NaOH ¥7(10 mL X 3)¥e ik, WA ER S Akt
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B, WURANUA, e TS 2 B Ok 206 g,
WF 45.8%. m.p. 248.5~249.0 C, 5 CHR[4113RiE—
F. 'TH NMR (400 MHz, CDCls, 298 K) d: 6.76 (s), 3.78
(s), 3.65 (s). Anal. calcd for Cy4sHs0O10: C 66.43, H 6.40;
found C, 66.39, H 6.34.

322 BAAE[S]FIR(P5-0)89 5 &

] 1000 mL BeAF 510N P5 (15 g, 20 mmol) Al
TEHFHEHDCM) (350 mL), IR ARG 2 B0 K
(50 mL)FIHEREI4%(22 g, 40 mmol). /2 il (TLC)HR
ERMRI B, S SMEE IR S, 43l FH 2518 7K (100 mL X 2)Fl1
RN £R7K (100 mL)Pesk. WEEA HIAHHH TEK MgSO4
Tl FEZERR AT, B PE/DCM (f3 i T/
TEREE, VIv=1 )Wk RN, ARG E A
P5-0 13.9 g, % 70.2%. 'H NMR (400 MHz, CDCl;,
298 K) J: 6.84 (s, 2H), 6.81 (s, 2H), 6.79 (s, 2H), 6.67 (s,
2H), 6.66 (s, 2H), 3.80 (s, 6H), 3.75 (s, 6H), 3.71 (s, 12H),
3.63 (s, 6H), 3.59 (s, 4H).

3.2.3 FZEA[5]F 2 (P5S-OH) ) Ak

1 250 mL B T =00 ML A P5-0 2.0 g,
2.78 mmol)EfR(E DCM (100 mL)H, &AM T, ¥
Na,S:04 (9.6 g, 55.6 mmol) I E Mk R, =iEHit
P, BEJE, RN DCM (100 mLX3)2HL, &9F
A HUAR, MV Z5087K (100 mL X 2) A A1 37K (100
mL)Pes, WEA VAR MgSOs T, ez
6 E AR P5-OH, B3 K5 .

3.2.4 A FAA[S)1FEP) AR

TERSRY T, BED PS (2.0 g, 2.78 mmol ) fif
£ DCM (60 mL)H, fEUKIA ¥ =8 1LHI6.0 g, 41.2
mmol)ZZ M2 A B Je ik R, ZfiHE24 h. fi)5, 76
VKB T BAS VKA KRN, A KR A G H, 5
>, 1 mol/L HCI (100 mL)¥eik HhJE, 38 H H i s
AR, SR IRER IV, A E T At (BEmR, &
e/l Viv=1:1), RAERZER, 530G E
P2, E#EE T —H M.

3.2.5 %44 PRT-1 4= PRT-2 494 5%,

EGESGRETR, K& P1(0.290 g, 0.40 mmol)ak
P2 (0.244 g, 0.40 mmol). 4,4- =K~ H%(0.230 g, 0.8
mmol). 1,4- 475 (2 mL)IIAF] 25 mL &7 i,
BT 220 CHIMAE RN 72 h, fRH NS, Hiuk, A
VUSRIR(THF) R [CH2EL 24 h, A5 B2 T8 24 h, 153
I E A PRT-1 f1 PRT-2. PRT-1 JTEK /T
FHiBE C 73.78, H 6.47, 0 19.75; 25644 C 71.47, H 9.07,
O 20.37. PRT-2 LR /i #IR{E C 71.29, H 4.82, O
23.89; SLIGMH C 71.85,H 3.37,025.79.
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HBhA Rl (Supporting Information) B[ RS 28
SR DL PR SR G200 . A LR . =
AACTRI BN, A=Y B A%, X AL AT DL G 2 A
F1I }¥ 33t (http://sioc-journal.cn/) I N %K.
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