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Research Progress of Functional Polyacrylonitrile Fiber in
Promoting Organic Reaction

Bai, Linsheng Hong, Peng Ying, Anguo™
(School of Chemistry and Chemical Engineering, Qufu Normal University, Qufu, Shandong 273165)

Abstract Polyacrylonitrile fiber (PANF) has excellent mechanical strength, chemical resistance and good thermal stability,
and it is easy to be modified. Physical modification can be achieved by adding additives or functional monomers into polyac-
rylonitrile spinning dope or heat treating PANF. Chemical surface modification of PANF includes amination, amidation, oxida-
tion, reduction, cross-linking, hydrolysis, acid treatment and chemical grafting. Surface modification brings many special func-
tional groups to PANF, which can be further used as carriers of organic compounds, organic ligands, enzymes and transition
metals. Functionalized PANF with catalytic activity was obtained by loading the catalytic active sites. In recent years, func-
tional PANF has been widely used as heterogeneous catalyst in the field of organic synthesis. The research achievements and
progress of functional PANF catalyst in organic reactions are reviewed, including condensation reaction, coupling reaction,
addition reaction, redox reaction and multi-component one-pot reaction. The synthesis and structure of fiber catalyst are intro-
duced, the catalytic performance is discussed, and the possible catalytic mechanism is analyzed, which pave the way for the
development of better functional PANF.

Keywords polyacrylonitrile fiber; carrier; modification; functionalization; catalysis; organic synthesis
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RAFHIRBINE e sE PR DL OEPERY, PANF g K
TE, TR 2 A R | I e s e i S 2k 141,
RENH REALEVE SR BUIE P 7 /223, PANF %) il i fif
ALK — b B A R R A TR P M A TR B REAL . R,
PANF Je: il % 2 MG & IR, ThRg b e 4L
FIEAHLE RSN 2 — i R AR, A
TIHEBAE, PANF R LLEATERZ UORT i B (0 27 24
P, W IITIREIL PANF W] LIOG AL S BifR it AlR; . 5%
BB AT RO SRR, IR R BN E R R
PR OB AT DL R HE B, EAh, PANF W12\ 264k
FURT— A WL BAT RGF TR 52 £, PANF RN i
S (10 45 K A R T HL R 7 e M AR AR R )
k.

K DIREAL PANF S FIAE AT AL SN H LR — 3 AR
R, ASCEXDIREAL PANF AL AL SR WL E R
REFREAT A NANE S, AR S RN RIS
ISR AR RN 2 70— 4RIk RN Friedel-
Craft fedktb S WA — L858 8 A B I & U N %, JF
Xt DIHEM PANF (il 5 454 . HEALRICR LUK T BERI 1
FARUER RSP 4 2

1 HBERM
1.1 Knoevenagel f5&

Knoevenagel 4G &R B C=0 FI3E 47 5
WA ME IS BEBE B4 A K AE B o B-ANHLAL S 4 1)
SRR, 7 BRI C=C XU SN, BT
2N FHAERS AR TR 25 A5 G PIR D) Re R A )
SEA. PRI RO 3- T H - 1-INER 3-SR
F-N-F 4 % [ 2 4F PANF I, il 7 PiFh PANF fi#k
(1B (4L 7] PANDF (1a)F1 PANTF (1b). PANDF 74 H
FEL TR RSP T Jie 55 (4] 40 R 1 &L X 4%, T PANTF
ANE AR ZS. DK H AL 4R ORI R B(Eq. 1)
JFIRERIRIE T T REATR, I TR AR P A0 A ke A7)
(R AE 2R MR ISR FE A AR R 5. PANDF £ K 22 30 77
HRRIAL T PANTE, RIS 5 UG R AT R fiEAL

(0]

<COOEt Catalyst XN COOEt
H 4 DY
CN 1.5h,35°C m
(0]
NC /\/\ e
l\ll N
NC R |
NC CN
1a:R=H; 1b: R=CHj3
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TEH, SRR ELEA R T R IEL. PANDF f#16 1)
RRAG T E PANTF SE RS, IF B 2R AR R ) i ik
AT PANDF H 1R I e 1) ) SRR ELAE 3 n 1 2 H
Fi R T (PSR B, TR E T R L.

skSCEN N K T — RANBER D) s PANF (2a,
2b), AT ] N R ERE R T A SR R T A 4 A R )
SREUKTIOAEE. A T4k Knoevenagel 4i& A ik
B o f-ANERLEYI(Eq. 2), & %FESE HAR RN
HIRUIE T BEAL 2T 4EE AL 7] Bn-PANEApF (22)7F 50 AR 1 (21
FH ) RO GG AR MV I (2R ) i, S B AR R R pE A
PR SR 2R R I v AN (] B EE 11 v 7 e o Az B ] e
PR R, VU EE 90%~99%. FE HAEA
FBA R R A R, RTE RS 10 DL 1, A
TR PR

0 Catalyst R
PR - Y
Ar H H,0, r.t. CN
R = CN, COOEt

90% ~ 99% vyields

i 0

__C—N"O IID OH
OH

2a: R = benzyl; 2b: R = n-butyl

Loy SR DO 1 LA B ] £ T i e B R K
FE TR PANF A7, 51N T i BE 2K (A AT Las e AL
IR R B EAT AN, ¥ T Knoevenagel 46
M(Eq. 3). BAAIEMIERIEKE PIHET PANpaoF (3)
DRI R DA 24 8 75 b oot B 20 5, A9 P b0 B RV i

o PANp, oF, H,O R? R®
-~ RN =< @)
R" R 30°C,1~4h R CN

88% ~ 99% yields

R' = CgHs, 4-MeCgH,, 4-HOCgH,, 3,4-(MeO),CgH3, 4-(CH3),NCgH3,
2-O,NCgHy, 4-FCgH,, 4-CICgHy, 4-BrCgH,, 2-CF3CgH,
1-Naphthyl, 2-Furyl, 2-Thienyl

R? = H; R® = COOEt, CN, COPh

(o]
\_CONHNH\%
NC
_\—CN HN

NC—\

—CN

Chin. J. Org. Chem. 2023, 43, 1241~1270



Chinese Journal of Organic Chemistry

REVIEW

BT SN, M S P A ORI B 7 i 1
A BB R R B v, AT AR R T
SVANREREAT. S AR IR i 53 2 2 R 1 N
AT RGEAT, I DA R AT BUAR LT (U2 (88% ~99%) 4
FRPE. A e e S SR P TR R O A ) SN
R, (EARKE M (8] POk BE LA 99% I il = 45 21 7=
Y.

i SCE R A P & T R R DD RE AL I £ 4E AL
7 PANgpF (4), FBH T DT & 58 8 LRk
P 5 1) Knoevenagel 4 & ) . PANgpF I H = 2805,
&b 0.5 mol%, [BMHALE 90%LA |, fs Al ik
99%, LLEk 4- 5L TR R ICR B i, X AT REAE T
S SEPIEN LT 4 (T B AR B T EL. PANRF £E 20 7K
TEIR G BEIA 2 98% ISR, 28 TGP A 45 k.

\—c

N Hz coo®
S conn ™~ gMON:'
:—CONH\/\NHZ
—CONH
S oo

4

TR SCEDIIE AT /N HBAR N N- B 13- g
1k PANF, &% T 467 PANpF-3 (5), FfK 2w+
Knoevenagel i & M. 1% B AT DLAAEAS [ B 1 1 3 57
HHBRZEAT. PANGF-3 TEMEAL LRI 5 i 5 HE CR
sl 5 B IR, BL 92%~99% IS 45 1 AH N [
AEETY), JFH PANGF-3 IS 10 IR, Bl 5 fhfi1 5L
HIEPY FF Knoevenagel 4 & 1 = 24 VU i AL i) £
HEMEAL TR PANTTF (6), SONAEZK A1 LA 98% 1) it ey WS R A
B, AR 08 FH T 5 b O A AN PR R A
BN (ICR 95%~98%). AN, PANF 15 K HAE
SN PRI R, R A 93%. PANtF B R BLH L 7
(] 2 AE P21 k) FHHE i) e fe e .

Q
—C-NH
AN

\O R

1 /
—C-NH

N\ QH

—C-N—R—NH,

\—CN

\_(IDI /\/\N/
CNA I
N\ \—CN
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R = CHoCH,oNHCH,CH,NHCH,CH,
5
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T4 TRtk i) PANF #4475 DMAN-PANggF (7). fi#
fo il S AL e ) PANF 5 1,2- R 2k N, T
2 1 BR AR O BRI T T AR 21 2 PANF R 2
RN B, 5T AR AE R — P a0 A AL 1k ) 7R
PANF KA EE T — D omIRVEIA SR, A4l & ik 2
T 2.48 mmoleg '. ¥ DMAN-PANsg,F N FH 75 7 FE S A
E IR IR Knovenagel 46 )V H, X 3 h 8L 92%
FIWCR 13 272 4). DMAN-PANsg,F 757K o (35 24 W AR
THEHER, AR E A 258 AT,
T 2 2 4 1) S 7K B P 2R T 5 68 S B A 7 R 2 1) [
AR, BRI EB ST LR BN 5 R
MR, WCERETE 92%~99%, W LT3 [ I 1)
MgV T & gh T IR H . 4k, DMAN-PANggF
Al ARSI s T2 2 (10 ) E R .

SR AP NN- 1 3-8 TR Rk
PANF, H40 = 20 VUL 1) % il 2 7 PANF I, 3 3]X1
AT PANFrsea (8), fEAGTTIBA &4 3.75 mmole
g !. PANFrspa #7 ] T4k Knoevenagel i &, fELIA R
B RIFMEERm 2, SHRSEFBES R LR
P B A BRI B, U R IE 96%~99%. HH
TE &R A0 R BRI 70 R T T LAAS 21 95% LA ik
A FHETRE 1 mol%, EEMM 10 kL LIk
R YRR

K SCEN RO L-i IR 7133 PANF |, 4%
TR BRI REAL AL 7] PANLE (9), BT e rh
IINT NaxCOs, #aERHH 7 LA 1T AETE. PANLF
£ Knoevenagel 46 N R I H AR m i e Ab s 1, IF
TR 47 HbidE T 5 AP S 1) Knoevenagel 464 RN, 7R
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RIIRLEE (45 °C)FNETE 1 s BEI [A](1 hy P, 3145 50%~
99% IR, TEEVERMZ, BT ML N mk
PERIROASE, B R A TEK A BEIRAI AT,

NC—\ 0 NH,
)J\N/\/\/\COO- Na+

H
NC—\

KALARWF N AP N-Q-FEH 2 FHE)IRES N,N-
IR N-(4-MEE)-1,3-T Al PANF vz, il £ 1 X
BRI R AT, AT T AL BRI Y R 5 TR
Doebner-Knoevenagel [ N & [§(E)-a,f-NEFBEE(Eq. 4).
PIAS N BT Ab XA R L FE L e (DMAP) 250 P 2T 4 £
1071 PANppF (10)E75 %5 i IR 3 A% 11 R A s R ARG .
NRIE A DMAP B E M RN, =3 1Y)
R A 2 01 RN R O, (AR )
PEEFIR UEARE AT, 102 BT OS2 R A 1.
SRR A ORI B PRI, SR SRR
K. PANppF M40 S FHHUREE B, WA 89%~96%,
MR BRI SARIERFMEEZ D E>99 1 1), RNy
MR BRI SIARIEREEZ D E>99 1 1), RNy

9

0]

EtOOC ,’“é\\ Hydrogen bond
/KO
'N N H 1
N Ph ~-47
) / 63
/N./)® K N
U
EtO
Ph
N®
4
/
@ /Né
¢

50 A RE mRGEAT, W HAR AP TEE A 8 kLA
b, AR TN HME. 7TREM AL HLIEE 41 Scheme
1 Fi7n, DMAP AE SR AZ ARG B 1 o iR B T8 B 21
HH R A HL, T R A PR fl 2 A TR R B 2 B Al 3R
TR EE SR A 1, bE, SRS —ANE
RS BSAUE FB ) (Al J FIEUEAR, SR AT LA
IS E FIRUK, Hia I LRI A K. BT
HE AR K AR SRR A H () N—H Z [AJE A
B, AT AMA K AR, AR EA 218 i R4 2, B
T % B 25 (A7 BEARAS, IR )5 2 B E)-a, B ANHLFN
fis.
O O (6]

PANppF
RCHO +HOJ\/U\O/\ /\)I\O/\ 4)

CH4CN, 75°C R
89% ~ 96% yields
R = CgHs, 4-CH3CgHg4, 4-CH30CgH,, 4-CICgH4, 4-BrCgHa, 4-CNCgH,,
4-CF3C6H4, 4-N0206H4, 2-C|C6H4, 2-BTC6H4, 2-N02C6H4, 1-
Naphthyl, 2-Furyl, 2-Thienyl

0]
N
MoEt U
C;2 EtO

o
O &
/N\é &N 1
N
S
OH
0
N
¢

B 1 Doebner-Knoevenagel [z 7] §¢ ) bl [F] AL WL ER

Scheme 1 Possible cooperative catalytic mechanism of the Doebner-Knoevenagel reaction
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1.2 Aldol 454

Aldol 4i& RN A LA EA IH C—C #IE
BRSNS, 12 SN 2 HE i ¥4 SR I B LA S E AT o AN
TOFNAT AP 5k L 8RB 4 DO K PANF H 2 —
J AL AN A-R-L- T2 R Jot 1015 21 il OB 3] 2 1k 1) &1
HEMEALT] PANgpF (11). ¥ PANgpF FH T AL R 1
Aldol 456 R N(Bq. 5), Forb 4-fif 225 F RS RN TR B 1) S
NEERAR T 98% M, VAN 40 'C. PANgpF ff
b 4T F R F S 55 &P s B LR TA 90% LA |, (B
FNFEATE A 55 & BRI 2 T B, EE R T
AT HE I S NI (Scheme 2): PANgpF 2 ] F i 22 8 32 [4]
L5 PR SN C =N W0 i e A, e )4 25 R Ak s
BIEA S EEER S AERNPREES, /£ ¢C—C
&ﬁﬁzFﬁiE&#%$@%mmm,ﬂﬁh%@F

e YRR B ORGE T — P o oK P il I A ) R AL
HILT AL 7] PANEF-PLA (12), B4k 770 T 40K
HROGT i 2 2R H R A B ) Aldol 4 A I ML (Eq. 6).
PANEF-PLA EE A7 14 5 T i 7K 18 S0P 21 4 DL 2 5 1) R

a4, E2m T/ FIEB . X8R T H
TYER M FRIE . Bk BE LA i R BRI R i R T S K
WIS, AR RMYBEMEANE, 38T KF
SN TR . 3 5 I B RIS 2 8] TE R A B
H BT PR TR -5 e R e P PR e o 38 o S A U B, AN
TMAE PANgF-PLA FA I = 246 7. PANEF-PLA
Al DRI B K R, FFHEEMHEAD 7 K, 7Y
WA T 83%.

1.3 Pechmann &N

SR AR POUT KT —Fh PANF 51380 5K TP LR

%ﬁﬁﬁﬁﬁﬂmﬁﬁﬁ ﬁ ﬁ%%% PKAE S oL @MBmmw&%%ﬂmmFMM&um)ﬁhﬁ%?
%,Fwﬁﬁk%%ﬁﬂm%i
0 0 PANgpF i
ArJ\H + RK)J\/R2 W Ar Y, A \R1 R2 (5)
Acetone: R! = R? = H; butanone: R! = H, R? = CH; 89% ~ 96% yields
cyclopentanone: R'R? = CH,CHj; cyclohexanone: R'R? = CH,CH,CH,
CN
CONH/\Nﬁ H
CN “coor
CONH__~ .
CONHj ’
CONH
1"
OH O /] H,
AT lC\NNg NH o
H N
Hy0 coo”
Hzo

B 2 PANeF {1k Aldol & A] RE AL
Scheme 2 Possible mechanism of Aldol reaction catalyzed by PANepF
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OH O o
_PANEF-PLA X
' : ©)
H,0,40°C o, ON

90.8% yield 1.6% yield

NC-
\—CONH/\/OH

NC-\

—CN

NC H ]
_\—CONH/\/N_

NC-\ HD

12
2 2R LB SR8 T AR 7 AT, R o oH
(R0 )% = BRI 3 = ) B LS S, A Q . Chao, _PANassF | Q)»Noz @
WIS BN 95%. 92%F 90%, (EMEIERNIEIIL /I © ROt
VENIRI A 2 R A N 94% yield
0 OH "~
O\ )J\/”\ _PANF-PAMISA Rl\\ N o )LHV/N\/\M;
OH OEt toluene 110 °C = o o NC— i
R = OH, NO,, Ph \0 OH
N/\/N/\(\/)/
CN H / N\ n
n=0,2,6,10
—CNH—(\NHZ) 1
0 MeSO3
Il
CNHA R, 53 G, 136 A2 R P L T T LA ARG 3
&Nﬂ)x“”esof BRI LT3 BE, AT {56 36 L S 0 (975 . C-PANF-Na
N . wesos ST DU AL e B SEHEGS MBS R, 191 90% LA |
NH;) AR S AT EIP=4). BEAb, C-PANF-Na it s P71
2 CRE R KO R 3 B e . (573 510 2, C-PANF-

Na fEHMEH 18 2 Ja AL BE 5 8 & ) 25 10

14 H Y
enry &Y C-PANF-Na HIZE T JU(E 1), % B0 EUA {5 e 1.

Henry SN ABBEFRCNASEE Aldol R, J&—FiG 4L

. A e ) - OH
E‘J%EBZ%WF*M%%%EPIWZF B-HHREH C—C ’fﬁﬁ»ﬁzbﬁa RCHO + cHmNo, —ToNFNa_— INno, (g
JRE . o BT VR ZH 2 & T LR A (R B R T 2 HO Lt e~ 979% Jields
ERIIREAC LT A A5 PANQasF (14), fEALFFIH11¥ OH 22 R = CaHe, 4-OHCCaHa, 2NO,CeHa, 3NO,CaHa,
WS As He g NI, AR E S 1.1 mmoleg !, 4-NO,CgHy, 4-PhCgH,, 4-CH30CgH,, n-Pr

A T ZIORE e o S PP T AR i 6 PR e 1) S (E .
8). BRBEKFE N 8 ANB A B /K Ik B 5ik ) fE AL 75 PANQaB-s-
F HA BT, NS E 94% 3. PA-
Noas-sF TEARYE T 7V 7 AL TS PR3 v, SRR AE
KA R LA AT AR, I HA K 2 R S
FEHGE R VAR R T RGBT IR (86% ~99%).

ik SCEh IR B PANF S5K& BEcE, HHEA
ENK AR, B B T2 3R AT T AR S AR TR A AR C-
PANF-Na (15), }#¥ C-PANF-Na KT AR 543 15
HHEr) Henry SL(Eq. 9). HoHb ey i o 7 JE O
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% 1 PANF. C-PANF-Na. C-PANF-Na-1 #ll C-PANF-Na-18
R 1 e

Table 1 Mechanical properties of PANF, C-PANF-Na, C-
PANF-Na-1 and C-PANF-Na-18

Bty Fiber Retention ~ Retention of breaking
strength/cN strength”/%
1 PANF 11.0 100
2 C-PANF-Na 8.1 73
3 C-PANF-Na-1 8.1 73
4  C-PANF-Na-18 7.9 72

4 Based on the PANF.

W) BRI 1% A0 2H PR 48 T — ol LB A 4T 4 A 4L
7 PANTF (16), ¥4 T4 1,4- W k-2,5- —FE 1
trans-B-TEFEE A 2 2 8] (1) BB 1E Michael 431~ Henry X
Ni(Eq. 10), LAA AR R U S BEy fiT A4, PANTF 1L
KLZHL trans-p-TH 3L I8 I3 14 S B #B REI A 3t 47, A
75%~93% IS 3RAG 5 A6 PR 2 B o A g DY S
Wy, SRR RN 15 11, bl AR AR A
R R iR 2%, 1X15325 T PANGE FZR TH AR08,
S THIAH J2 1) P K A o8 15 S B2 4 B 25 ) el AT 1
B4, PANTF I3 45 10 5 i) B 2 A8 I (10 7K0).
15 MHEERR

W BRI 1 SR — i N-Z2 IR &9, B ZRED
TEHERNATTIE ), WA RAEFPUE . PR
BRZ AL, v N R I S bR 2- B R OR R B A Bl 2- R
B SIS, WP, 3. B SE BRI AT A ) 46

R NAFEN G, Ty i N PR A R A AR T
TER D Re 4k 1) PANF #4655 PANgosF (17), HEEZ & &4
£ 1.98 mmoleg !, AT Tk p-Hilli 5 2- 2 F 2K
% B4 5 JOBL(Eq. 11), N UCE R 93%. {E& IR
TV IRPIVER, S TR B 2-F IR B L LA
EAR 5 1y o O O fre B A O o T S S 2, e AR
) B-Ti 1 T B A5 )T S 8. PANgosF B 5 5 48 F 20 70T
TEHEABRA, JF B Th N F O & v

TR SCED PR RRZH ) 28 1 EAA R VTR R IO SR )
PANF i ER 1075 PANgapF (18), ¥ HAE p-
Mg 5 2-20 3 2 FH Ik i 1 AR 405 - s e R i 114 S 7
HF(Bq. 12). WFFCRIL, KM AT e A FEE v PR 571
HFIF S IIEAT. PANEApF AT DAEAL S b - i A Bk
N IR, RN 85%~99%. MEALFIIEE BAEH 10
WULE, WA HERRA TR, FARIE AR,

2 BEERMN

Heck & ¥

Heck S M & A ML 64055 45 05858 SR BB AE AR
I [ N, Heck J M. U FA B Flosi B4 254, 4
PRI, Pk IR UIFNPL I BEROZ54), Heck [ I
Tz RV 2 ZAA WL 71152, B BT R R 4 5%)
T B A AR K PAIDAT PA(0) 44 KL 8] 7 7E 24k
DifetH) PANF L, #i4 1 #4671 PANGoaF-PA(0) (19).

2.1

OH OH
N s ON,,  : OoN,,,
0 T OH PANTF
RE . T . + S (10)
HO s EtOH,50°C ¢ S R_-/\
T U
R = OCHs, NO,, F, Cl, Br, CF5 = 7
\—CONH—/\N/\/\N/
H /
\—CONHj
\—ConH
\—CN
16
‘ o o 8 mol% PANgosF [ 0
+ )J\/U\ —_— (11
O o OC,Hs  EtOH, 80 °C O Xy N0C,Hs
NH, 0 ~_OSOH NG
CNH N 93% yield
\_CN
OSO4H
\_ﬁNH/\/ 3
o)
17
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(e}
2
Xy “NHR2 N R
R R1-L N
Z Q Q LA A 3
NH; J A~ N* R
(e}

Catalyst
+ L) L
N
< (j: ) R3)
N
H

< NH, ) R3 H,0, 100 °C
R' = Cl, H3CO; R? = H, CHg; R® = 4-NO,CgH5, CH30CgHs, CHg, CH,OCH3, CH,CI

(12)

85% ~ 99% yields
NH,

2 H
N—cN N AP

Q " “OH
\—C-H/\,O
S—cN 0
N9 0-P-0H
—C-NT

H OH
18

HE A 751 9 A 2 A RN 2 SRR B A e R
(]R8, A RHAE 5E T PA(0) 2N K B0k 3 ik il 5 A 7y
1R ) Heck ST 4T T PANGoaF-PA(0)IHEALIE 1, 78
SIS TEA 2 h, fEARFII & 0.02 mol%[H &4+
T, RILLL 98% I R AR =4, FF HR NG 7 7.
PANGoaF-Pd(0)fE LL4 Nl 2 ISR (76% ~96%) fHE AL 5%
Filt IR R B (Bq. 13), 36 7] LASZELN AN [H] 5 5 7
I FEVEMELL. HhAh, PANGoaF-PA(0) AT E G %D 10
W, FETLG NPl 96% IS RAG B4, T AL
MHLEEA Scheme 3 fioR, fE&MIEFEH, Pd(0)5 C—X
A IR AN R E IR A Ar-Pd(TD)-X, DhREILEF
YE N T SR BEBR S X, LR AR X AR 11 ) 4

[Ar-PdXs]?, AHIT I MEAT.

W) BRI T 20 54 AR T — RV ER BCAR Th e AL
) PANF 128 Pd(0)FIfEAL T, Forr & A 4R Eng Ik [4]
] PANphenF-Pd(0) (20) A5 EEMEAT], RSFZ108 3 nm 1)
PA(O) G KL FIELF4E 4 I R #F. PANprenF-Pd(0)FH T
TEAL JURR AR 75 IR AN 42 HEAT Heck X M(Eq. 14), £
TSR T Y DLA N30 B U (90% ~99%) AE il AH
W R 2 iR, 5HEME Pd MR L,
PANphenF-Pd(0) B A i A4 71 FH B AR (0.1 mol%)~ SR [H]
(3 ML TEFNFEM A, HH S T E, WEHEEEH
6 X, H Pd 2 HHRBAK, BA R SEbR R HE /7.

0.02 mol% PAN goaF-Pd(0)
N(n-C4Hg)s, 120 °C

| xR
N N
R1—©/ + 2R RLON (13)
/ /

R' = 2-NO,, 4-NO,, 4-Br, 4-CN, 3-CHj; R2 = COOH, Ph, COOCH;  76% ~ 96% yields

o)
I + |+
\—CNH/\/\_,!,/\/\N S
Br | | Br
> @
|+

R
\—CNH/\/\IL/\/\N

g Br | | Br
19
X o R?
X 0.1 mol% PAN phenF-Pd(0 N
R1_:</\r + AR o PANonerPPI0), it (14)
Z N(n-C4He)s _

90% ~ 99% yields

X =Cl, Br, |
R' = H, 4-NO, 4-Br, 4-CN, 3-CHg, 3-CN, 3-CF3; R2 = COOH, Ph, COOCH,
N2 | OH
CN_A~CN

Non
N\

—CN
20
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base-HX
ArX

base

H R
R2 R1 R2 R3
Ar R®
2- 2-
H  PdX, Ar PdXs
Rz.)—(...m - H""H"'R1
Ar R® R?2 R®

B3 PANGoaF-Pd(0)fffL Heck S 3% ) m] BEALEE
Scheme 3 Possible mechanism for PANGoaF-Pd(0) catalyzed Heck reaction

R2 ARG RO GER Heck S HUEL

Table 2 Comparison of the Heck reaction of iodobenzene and acrylic with different catalytic systems

Entry Catalyst Catalyst amount/mol% Rection condition Yield/% Reuse time Ref
1 AOFs-Pd(0) 0.8 DMF, 110 'C,3 h 95.5 3 [117]
2 Pd(PNODAM-5) 2.0 Heptane, 100 C, 22 h 96 3 [118]
3 Pd/APS-MIL-101 0.93 DMF, 120 C,1h 97 — [119]
4 FeO304@PCA/Pd(0)-b-PEG 0.05 H20,90 ‘C,2h 98 10 [120]
5 PdNPore 2.0 MeOH, 80 C, 18 h 94 5 [121]
6 Pd-MPTAT-1 0.97 H>O/EtOH (V' V=1 : 1), reflux, 6 h 95 2 [122]
7 Pd-SP-CMP 0.6 1,4-Dioxane/H20 (V. V=1 :1),80 C, 12 h 99 — [123]
8 Pd@IPN 0.0229 H>0, 100 'C, 12 h 96 11 [124]
9  PANphenF-Pd(0) 0.1 Solvent-free, 110 'C, 3 h 97 6 [54]

4Yields under their optimal experimental conditions.

Anas TREAHBE R IZERRR EE 0T PANF 21Tt J y,

Wk, 75 Cul RN % T GUREL% G LF 4 e J\/

m-PAN-Cu (21). HA7IF T-AEfL Heck SR, 7EBLAEAN N= " HO~N > NH,

PN TR0 Heek JRSEFH, £ M, KoCOs Hit it H . VS

Lo (KU, N- FPREILE 5 9 55 HEVA ). m-PAN-Cu i A ! S

o NS yon \ 21

WA 2 B EUR 135 16 B AL W R 8 2 D ) Hek {16 2

JRBE. HeAb, BEACHIRERAER 5 YU R FF R T, A s S N

AT S AR T 159 — i 4 B HL 2T S AL 7 m-PAN-Pd Xing™ WA FLSALT I HIZ AT PANF AT I

(22), HEACARLRISECE Y PANE 55 PaC il g 10 PARBALILIARHIA PARL PILATRCAL I, B T
{1, m-PAN-PA 15— RO IFAIFHEG MG Heck 0 1LA PAN-NH-PA (23). EPARZE 2 SRRl i Al
B Rueh FE L AL, Pogpi gy R TOTEAL SR & 7 ZFAEROSCRRS. PAN-
96%. WA, RELAIRIGRSFEN 5 v, St pspmpee NP PARCBURSTIMRER THAHY Heck SO, HOE
Py o 72097, AFH LIS T T RO

55 PA2 U A hE, KNS e RTOMAELRIE, FTL
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A ULIE L I 5 2% BER PR EAL IR TERE, 1X 925 T
REAL I ZFAEBR M T — Fh s,

Ve

HN ¢

R Pd

W5,

23

L 22 02 1) 4 Th R AL PANF [ — G W 51 111
FmG. SRR PSR #7225 % T PA/PAN
Y RAE AR ML, SRR I EIE A
AR T AR AR E M, B Ry 1 T AR T
PL PA/PAN ZR4E SN MHEALT, KNTEFI, TEREES T,
BT 5 HEA S T BR R AT BE R HEAT Heck Jeb. o
SURHICK 5 Y 8 FH R B I R E T BRI IR B3RS T
R 95% L L), SEARIEFEERET 99%, JEH
AT LA R A 6 YR, AbAT1 I 5 H g 22 %%
T Z LTI PAN £R4E3R, Bl f5 AT AL, Jf e
Hii £ T Cu/PrePAN £F-4E 3 48 (b 57 (24)5). fEALFTI AL
05 R 5 NGRS Y Heck e M, WH & T
84.97%, WSIN/b &I £ RSN IR AT R 2 AR v R AL
TEPE. BRI E R M 3 KA, MATE M R,
X ErR SR, bR HRE T — A
Fa g ARSI ARARAEAL 771 PA/PrePAN £74E#5(25). ¥ PAN
(1) 28 P 5 iy 30 1o T AL (10 A Ah BB A Sy AL i 32 14
IFaE BT AER, HRI/EHEAIRIK. Pd/PrePAN £ 4 4
FF AT AL 545121 Heck [, LL 83.5%~
98.0% ¥ AT 2= 1, 1E 3 R I T4 Ik T i v B AR 2 4]
(PIA7 BH 2= 5 el s 3/ e 43 k.

FASZEOIRL PACL A 245 (PS) RIS 4 )4 5 (PAN)
NETIRAAT & T YT G YUK, J5 R AARINA
W SRR B ARl 46 T FLAR G K £ 4 (PCNFs) £ 21 4T
YKL F(PA-NPs) ) & A 4 4E 1L 7] Pd NPs/PCNFs,
W55 2% FE 40 Scheme 4 AT7n. PAN ANYTH1E T
Pd-NPs {158, 1 H# Pd-NPs £ H#1k A CNFS )2,
Pd-NPs FI4F4E 2 [BRAFAEE GOR B FRVER . [FIRT,
SRYE RN AR I T K E YK FLIE. Pd NPs/

1250 http://sioc-journal.cn/
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PCNFs H THEHICR AT ER T B8 Heck [, 4L
F7 PAN 5 PS IR F B2 LA 40 I, B R #6405
IEH) 100%, F+ H PAEERREE 2 FEME 1A 98.33%. LAk,
— RYVRYITE Heck S N FSCRE R T 93%, JEH.
AL Z AT E G 5 K.

Hybrid nanofibers

PdCL PAN PS
(CPP) (TDP)

The catalytic performance
test for the Heck reaction

B3R 4 Pd NPs/PCNFs 145 i 1 £ 7% i P 1o1]
Scheme 4 Schematic of the preparation of Pd NPs/PCNFs cat-
alyst(®!]

2.2 Suzuki BBt

Suzuki B N AR E—FPTE L C—C BN, 1%
RAEAYNETE 5> T2, Sas RO, 25414 Kb kAL
SRSV [R5 BN . AL it #4722
IR JFFRE A AR, JFR T BRI N2 E
i) Pd NPs/PAN 407, {4k 55 &t #2401 Scheme 5 A
. MEACTI R FHTE Suzuki BN H1(Eq. 15), NP
98% LA I I e 28 2 BOAH B I BR 2R AL ). B EE T
A&, AT AT DA 2 ok S AE A A 7 B R REES A

o @ . b &
¢ ¢ ¥ e ¢

B 5 Pd NPs/PAN A7 1A ] 46 7 25 P 0]
Scheme 5 Schematic of the preparation of Pd NPs/PAN cata-

lystse
W ®

X=Br, | 98% ~ 99% yields

@Pd |NPs

Pd NPs/PAN
EtOH/H,0, 78 °C
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2.3 A3 1Bt

i . AN BRAE = 2 A BE (A3 (IR SN A A B A
i 1) B L 7, BT R () A s AL A R AL
Hp ] PR 67081 A3 B IDETE 24 BRI & Bk R A i 2 B
FI69700, 5K SC BRI & T — R A N-ZH AR EAR
&L WI(NHC-A) T BEAL I PANF 4L 7] PANF-NHC-Ag
(26), NHC-Ag g5 Z A H T2, AIERNAE R
R 7). PANF-NHC-Ag F TiEA0 A3 IR BLA BUR A
Ji(Eq. 16). {E5 T RE. K MR ot R TR iz i o,
1l 2% () = A AL TR AL OB BA 78% ~92% I 3 43 317
Y. AE# BT IR, b B R A R R

PANF-NHC-Ag
CH4CN, 60 °C

PEEVE, 07 E SRR, BRI T R BT RE
WL3E(Scheme 6), NI AR T G A2 I AL 1) AAAE R
T2 RPN 2R, LR AR AR AR L
WS FLRIT SR, NS 2 18] () 5 T3 Bh A & 7= R i Ak
W, H5 OB NAF 2 FT 7 A .

Tk SCED IR S ARE T — PG PANF-NHC-
Au (27), HEAFIEIEETE LT R ESR S EELT
PANF KAEZAAEIMN. HAFTES LB ES
NHC-Au #8719 E A7 B B2 3% 452 A K B2 o R 3 I 15
PANF-NHC-Au 7E5: Tl K OHRAFER] A3 HIR
FMi(Eq. 17)HEL 87%HINCRAR R4, WL NrT

R']
R3
N | (16)
\Q\/N\R“

15% ~ 92% yields

R' = H, 4-CHg; R? = Ph, H, 4-BrCgH,, 4-CH30CgH,, i-Pr; R® = Et, n-butyl, CH,CgH4; R* = H, Ph

<CN O

)
HN—\_N
o H

i
N,

—CN

0
P

N

r

AgCl

A

N\
R

R= Me, CGH50H2, C6H5

26

[|[--A&--NHE

R1

H,0

NHC---Ag” <= | PANF-NHC-Ag

R1

BX 6 PANF-NHC-Ag fi{t A3 IS (K HLER
Scheme 6 Mechanism of A3 coupling reaction catalyzed by PANF-NHC-Ag
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Xof LT FRY AR s A A AR A 5 J v 70 (R ) ik B o
1 90% IR, (R FERRMEIA (oK) R ARG, fE#
R T T R, R B U R IR R 2 o R R, B
75% ~ 87% ML 22 A AR L FR P4, T A Jre 43 3 i
KIMTE 80% LA L. PANF-NHC-Au i ) NHC-Au(III)-
G AN AL T T JURE R SR K R 85, I [0 A S
X IS INE HH R S bR PR 25 5T A« A ) S ) 2 7 DL KT
it Ak ke s EEAER. Bhabh, MEAFICE 10 IG5
WA KA R M-SR, I E RS R se &
UL

<—CN

o)
S/ o)
- Y—  AuB
H o Nﬂljj@

_H//lj ) !
£eN _‘_\n—NHZ

27

B R IHOE T R 2 R Th e
PANF #4107, PANF J8idpef, WikZ4k, i
J6 5 Cul 4515 2L PANFpagupus@Cul (28), fiEfk
FFE 3 =N 0.99 mmolsg !, K PANFpapupup@Cul
T AR R (b . AN A R b ) A3 (R
B(Eq. 18), PA 81%~95% IR SR, 51418
ISR AFIABL, - B T R I 11 s 7k AN G 5 e b ke R AH)
A DA, I BR300 30 B 88 B A R4 38 A
P, AEEE S Tk,

R2 _R®
R—= + RICHO + N~ PANF paguBus @Cul
H

Toluene, 100 °C

R = Ph, 4-CH3CgHa, CH3(CHy)y; R' = H, Ph, HyCOCgH,, 4-BrCeH,
R? = R3 = Ph, CH;CH;

2
(18)
1
P
R
81% ~ 95% yields _
Bu Br
|
/\N//\lwwv\
Bu .Cu, Bu B/~
N N Cul
/1 /+\Bu Bu\ \\C
Bug g N e
Bu Br-

28

so R AR TN AT T A KRR 1Y) PANF 47135
BLEAL T PANFrpa@NICL (29), HEALTIBE N H T4k
A3 M. AR R BA T Z N VR, 2R
i g At S B, ERRELE TR AN 26 A R AR 2R B KT
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Wz 2 (56% ~ 91%) A= Bt 1 A L 1 BCAR R T4 i, I L
PANF1ea@NiCl, FVETETE 15 AMIEIF 5 #RBA W 14
R, TEREIE R SIS Pl DL R AT T e R a i, B
A R Tk Ak 5t

CNH,
9(\_}R
CNA~ _.
o (b
CNH—R—NH,
CN

R = CH,CH,NHCH,CHoNHCH,CHoNH,CH,CH,

29

2.4 BH{BE

At I AR N AT A BT 1,3- RS,
LHE 13- I AE T R Az, B2
AEWETEDS, BATEVE 2 ThRe R A M R R R
A BEEERUTL B s R N N- R -
1,3-TA &4k PANF, FH5 Cul 2475 51 £ 4k 47 25 4 i
1671 PANFraCul (30), 1/ 13 & =ik 2 mmolsg !,
PANFrasCul B FH 75 A i b AR B ) S HH (Eq. 19).
OB E AR IR N T I, M IE T R,
PANFasCul FCINHEAL SR 3 LA 95% [ iy i - 45 2 7= 4.
B T AR QAL S NLAE R 4315 751 P #0 RE R ik
17. MR R BA LR R RN 2P, SRR
RN AR 2 BT e RO S N, AR 55 I 2 L e
PE, WCRATIR 99%. BLAh, AR DL S AT 16
RIS AN AR, BB o i 2 I

PANFTA'CU|

n-butylamine o

ACOE, air, rt.
COEL Al T 94% ~ 99% yields

4-CH30CgHj, 4-CICgH4, CHy(CH,)s

N\ ¢

_&NH\/\/ (TMeZ)m

Cul
30

BB w3 £ 1) 22 24 3h 4k PANF S8 (1) (10
7 PANFpapupus:@Cul (28) B #7 s Th B I fE A SIS
MR AR B, SO A, 1-T RN
e, EEE, EAFIHENT 1 mol%M% T, A
AR BRI s b G 2 A 1,3- 20, IR 83%~
99%. 5 LI Fi J5 i £ B P S 7 3 AR T 05 B ik 2Lk,
5L Tl i R0 S N7 B[R] 4 BA 96% N R A5 31 72 4).
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2.5 Chan-Lam 8Bt

Ly o= 2 1003 Ik o A (I0) [ s 3 A I A o v 1
PANF |, #1471k 7] CuClLL@PANpaoF (31), J5 P4
ARG 3 BB K R R T B BB K CuCLh@
PANpaoF T4 75 B2 R 5 K ) Chan-Lam 3156
i, AT N-75 FEBRMERAC A, AR B AL 1
fEALMERE, SN USCRAE I TR N AR 98%, AT
PERZAH R R RS O, 25 A AR O FE AR 5 DK M 11
SN HE IR, BL 72%~98% KIS RS 3= YI(Eq. 20).
JURPEACBR Mt DL 85% ~ 93% S A 1, T (B Bk = 4.
ZAMEATRITE 75 SR AN F ORI L B A& . N-J5 B0
J& i [ BL(Bq. 21) R R B H T RAFI3E M, &L
83%~94%MU R IR1G T — RAI=H). HE M N-REK
W Fr FL B A AL AR L, CuCl@PANpaoF EAG 5 5 R S vE
TP RO A s I Py e R R 1), L R] B B A7 7 s 75 o
I HHEE 3).
26 M. ZxEEBk. BR(AHA)SBE

FH 2T 4518106 % R R 52 (NHC) A2 5 HI AR 9 K ks 1
(AgNPs) T E] PANF I, Jiid o048 B §EE A1 NaBHq [

o,
O/B(OH : ‘s

R = MeO, Me, CI, Br

N3
CUC'Q@PANPA 2F
CH30H, 60 °C, 0.5 h

R H

|\\ B(OH), N
_ AW

R = CHg, CH30, i-Pr, F, CI, Br, NO,

H
\—CONH/\’N\I\\"

CUClz@PAN PA-2 F
CH4OH, 60 °C, 3 h

(20)
=

72% ~ 98% yields

RIS R, IR AT T AgNPs FIRLE (11 nm), &5

FIE L7 PANF-NHC@Ag (32), PANF %44 F1 NHC Bt fA&
Z A EI I EERaE T AgNPs, FEBAIEH R R4, i
A TR xR R 2 T8 ) AHA {55 R
N, HERORNZERZ(Bq. 22), AR mEtE, OV
AIYETCVEF R P AR AT, Bhah, AT L E R M 8
WL B, RHIENR H, R BAEIESLS) T2 (Scheme
THFHEELL 95% 1S 243 B 7= 4.

H
N\S//o
g (21)

R
S

=

83% ~ 94% yields

R 3 GHN-RIERIEK] Chan-Lam fHI56 SR oA R A AR 2 10 HE#R

Table 3 Comparison of different catalytic system in Chan-Lam coupling reaction for the synthesis of N-phenylimidazole

Entry Catalyst Rection condition Yield’/% Reuse time Ref.
1 Si02-NHC-Cu MeOH, 50 'C,3 h 90 6 [125]
2 Ps-Cu MeOH, 40 'C, 10 h 99 5 [126]
3 Cu@PI-COF MeOH-H20, r.t., 8 h 87 8 [127]
4 Cu-(tpa)MOF EtOH, EtsN, r.t., 12 h 99 5 [128]
5 Cus(BTC)2 EtOH, Et:N, 60 ‘C, 12 h 92 4 [129]
6 Cu-doped CoFe204 MeOH, EtsN, r.t., 5h 92 7 [130]
7 URJC-1-MOF DMEF, K2COs, r.t., 15 h 61 5 [131]
8 CuO NPs MeOH-H20, r.t., 10 h 88 6 [132]
9 CuCl2@PANpaoF MeOH, 60 ‘C, 3 h 98 5 [80]
4Yields under their optimal experimental conditions.
1 R3
R X R® PANF-NHC@Ag R S
HN No_, (22)
Il X~ SRz N Base, 25 °C , R
X =Cl, Br R
R' = Ph, 4-CH;CgH,; R? = H, Ph 72% ~ 86% yields
R® = R* = H, CH3CHj, CH3(CH,)3, CgHs(CHo),
\ ¢
HNx -
\ NH N—\
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#

C@A

PUMP ANF-NH

57 mmol h'!, 24h

B 7 ESHR SRR R = s
Scheme 7 Schematic representation of the continuous-flow
process(!]

2.7 Sonogashira {85

Sonogashira fHIEAE A — e E C—C B 22 AR
SOV C T2 TS ORR T AR S
LS80 SERRFE IR ZH 0] % 1) Pd/PrePAN 414 £ (25)
WG T 8L T 05 B A 5 28 2B Sonogashira 1
R SOME(Eq. 23), FELL 92.0%~96.3% K0 F i R 45 517

. R
_l_ o Catalyst, KOAc 'l‘ __
@I T C DMSO, 110 °C <—// o @(23)

R =CHs, F, Cl 92.0% ~ 96.3% yields
R
3t L
s, N [ NWNVI

N~ 0
amino - imino

L tautomerization
R

V). Ak, EARIRTIEMME R 5 Tk, HASE PRI R TR
SRR AR G
2.8 Gewald &}

Gewald S —Mis0E i 2- 2 HEMED) R AL S 1)
M EEIT, 2-RIEEM AT Z H T &M
Y. Gerl. FHESY EAYS WG SR, F ek
TR MRGE | —Fha BLnt i D) REAL I PANF {4671
PANp.apsF (33), FFRH A T m ik 2,5- ZF2 5k-
1,4- ZWEGERETERE 1) Gewald KM, fill#% 1 AHRLIE 3-
R 2-2 By (Eq. 24). LA RA T2 1REH,
FA R 5 B B 72 1) =B R I AT LAERAS 90%~93%
BN, FF HAl A 75 BRI YIS A B m s L. AR
BAR N AT BERIHLER (Scheme 8), ZFEALIE H 7>
HVEF 2 b U T2 B R R PR 58 9 017 2 = Pk g )
M, A B TE R B R A E B AR
Brensted %, 111 H.I& & N FISERZIRA).

R
S -OH PAN, ap.sF T/i
J: j/ + NC\/R _ T TPARS / \ (24)
HO s H,0, 80 °C g~ NHz

0/ ~ 0/ \si
R = COOEt, CN, CONH,, CONH(CH,);CH,, 0 ~ 93% yields
CONHCH,C¢Hs, COCeH;OCHs3, COCgH,CI, C4HgN

NC o |

‘ VH ©
0 SN
®
ILMVAM P \\\ ‘
H ) 5
o

R__C -H,O
N
\E/S./_H . R
E D

B 8 PANpapsF M4k Gewald Sz 3 [F) AT GEHLFE

Scheme 8 Possible mechanism for the Gewald reaction catalyzed by PANp-ap-3F
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ik SC IR R A VR E 1 — b LA A AL B
Tl 27 44 1L 77 C-PANF-Na (15), FfRnbs 2N M T
2,5- R -1 4- T 5 EEE AR AR Gewald MV,
R T4%~98%. AF FHAS [RI S AL 35 P I s I #8
RELL 80% LA E IR AL B4, W F I A 05 A 2
R F I G, MR B, e BT 2R 16 05 B
TAH .

3 MEKRE

3.1 Michael i

TR & 7 F Ptk e s L) PANF
AL 34, HhAITEEE 1,2,3-=M4F 5 PANF A b2
(] AR, ZE AN e 3E [RI A 1 B TR B i
AT N EIR QU S B- 5K 2R AKX FR Michael
TR S B (Bq. 25). AF 3 IE B [ N e 78 3 77 K gk AT
(1, A Z BT AATET A B K S . 2R B I
TAFE MR, KIMA VLIRS ER R T g
PRI A B, SR LR A0 15 20AH R R, B
s S FE T DA 250 0 e B, (E 2 i (R B v
PE. (AL AL 1) — R B RY 52K 20 S AR B IR 2
17, FFLL 83%~96% U J 83%~99% Fr1XT i 45 14
2E=).

o FPh

NOz  Catalyst ; NO: (5
©/\ H,0, 24 h, 35 °C -

86% yield
syn:anti = 97:3

W R AR A ZH 120 B ) T LR 24 2 Th R Ak O 2
1L 77 PANoasF (14)FH THEAL & RS RIS AR 2
2 Z. W8 ) Michael JNES Ri(Eq. 26), B ZEBUR R IE

Saashie)

N\
NC—\

—CN

Chin. J. Org. Chem. 2023, 43, 1241~1270

PAN pQ nFS

0]
1,0, 12 h, 60 °C_
-0
N
02 K/N
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Wi ab, oAb BT E g B TR E IR AR, &
FE RN IR SAIE 90% LA L.
Ar.
AN, <cN Catalyst jf\No2 .

CO,Et HO,rt. NC~ “CO,Et
90% ~ 99% yields
Ar = C|C6H4, NO2CGH4, MeOC5H4, CGH5, 2-th|eny|

f&?%WLLW*HzAEET*E;‘?(QA)%WB&(TA)
XE REAL I AR 4E ML 77 PANpg.Fs (n=0.1~1) (35), H

o TA VR AT MO, QA STtk ORISR, &
T AR I R R SRR A 4 QA A TA [ LLAsl, F%
T EAHKNZFEKINE PR R IMIA . PANpg.,Fs
Al T4k Aza-Michael I N, ARG S 2 RERAE
K N(Eq. 27) MR, 2542 T AL 1 (40 1 e
BEE QA SEMIGM, AR IR HTE =
QA 5 TA WM EZ N 101 I, bR B‘ﬁ%ﬁ?,
R ATIE 99%. QA Al TA 15 [ b H R H U I XL,
R RAR A R F P2 A S B . AT B 2
%ﬂﬁﬁ“ AR, MR R R, kg
P, EAAIE B A BRI G, RV K
Eiﬂmﬁzﬂiﬁ. AL, R RIRPVE T, R A
FX.
3.2 IFfNAR

CO, 5 A N0 22 A A HLIK R B,
A WU v VE o R4 pg AR B AR PEE R R am it T
V) A R SR Tl PR B ) iy A 04990, s B IR ZH PO i T —
Z %1 PANF U3 1)K 3 59 7 A4 (i 46 77 (36a~36e),
TSGR 3 (A1 5] 5 #1) PANF b, Bl 5 DAAS [E] 2R i)
PR, 22T 5 Fh PANF Gk mkmde 551
PP, fEAGTR AL FE TE & Jm A R A 264
CO, 5HEMIN =B IR B (Eq. 28). FIREMIR
NMHLERGD Scheme 9 PR, FCAA FOA I HE5E (1 25 1A
Al AR RS, AR T IR o7k, &k
PP IR 3 i 2l I T RSB R e B SR A A R T R R,
e HLF2 L RTR ek 2 [H) 63 1) 4 Kt 0T B R T BF

oL

@7)

99% yield
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Scheme 9 Possible mechanism of the cycloaddition of CO2 with epoxides

AR RITE R, BEAN, 21 e g AL TS R R B B I 2
ARIAKER BT RA RAFHRIANE, X AT DR
ol 55 R Ak, 3 — 2D PR e AL P BE . PANF-
CEIMBr (36d)# i i A fie R HEAL T, Fo 74 1 1 2%
1K 1.90 mmoleg !, AL YR TATIL 98%, HAT
AN TR SR HUARIE (R 24 S AL A #8 AT LUGUA DA v e R 45 21
JUF 100% 05 245 K4 Y7400 A5 23 T sz BEL X J5 7 i A
A8 F R, X AT T AR R AP RHAS T B
(foR %2k, PANF-CEIMBr 75 w40 [ B T EHE A 21
I VIRETRFF IR UG PANF H 72.3%HIBUMGR L, JF Hi&
PERA I RAURGEE 4), X H I R 0 R A

1SN
.
0 Catalyst 0
atalys
S+ €O - O/Ko (28)
R 100 °C, 1.0 MPa, 2.5 h R)\/
R = Me, Cl, n-Bu, Ph, PhO
96% ~ 99% yields
—CN R
N + X

\—@NH/\/@

36a: R = CH,CH3, X = Br

36b: R = CH,CH,OH, X = Br
36¢: R = CH,COOH, X = Br
36d: R = CH,CH,COOH, X = Br
36e: R = CH,CH,COOH, X = Cl

AT X ARIE T O —Fh PANF 7 3525 e 25 B AL 75
PANT.uaaF-1 (37), HEALFIZIMIEXS PANF 4T Hf0 . ==
JEAY, LA R B T A8 il 45 1. PANT.uaaF-1 FH T CO, 5
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& 4 PANF. PANF-CEIMBr. PANF-CEIMBr-1 FI PANF-

CEIMBr-21 FIHLAE M e
Table 4 Mechanical Properties of PANF, PANF-CEIMBEr,
PANF-CEIMBr-1 and PANF-CEIMBr-21

Retention Retention of breaking

Entry Fiber strength/cN strength/%
1 PANF 10.56 100
2 PANF-CEIMBr 7.93 75.1
3 PANF-CEIMBr-1 7.91 74.9
4 PANF-CEIMBr-21 7.64 72.3
“ Based on the PANF.

AN B B, AT AT 0.5 mol%, X
LA 24%~99% WL 245 3] 1 25 Fh B FRAR TR R 1.
TEEE R, AR & BT, H T rE
FHE IR, (ETHEEALTR R BEAE A 4 K.

(0]
\—&—N/\/\lll’ (CH2)1,COOH
H |

+

NC—\ |
—CN
NC-(_ 0
—C-N""NT
H I
37

gk SCEHNIRE S T LR REAL PANF 4k
. AT LA N R AR PANF b, Bl R 91 AN
FEMEREXNT PANF i —2 0, #1157 PANpF (38a).
PANgpF (38b). PANupF (38c)Hl PANgpF (38d), F1#4)1
FfEAb 70 FH T B ML CO, SR A AR R OB,
SR NN - N-(4-HE)-1,3- T8 — i (DA) e ik
HIXUE Bett T4k PANgDF [RI7F 5 PRI R 14 Sk A S5 i B A
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38a 38b

P P EALTE P, FERE A U IR S N A M
L. 24 PANppF H%HZA DA HIERERE /0514 0.93 Al
0.16 mmoleg ', LTI EILAE 0.1 mol% MM+ F, K&
MR IS 97%. LR R B RIF M RYIE B,
R BA W BRI IR B A BE IR 8z, I H
AR TS (VR R B8 0 R, S DL A gt e

S AR LN OHRGE T — B RN ) £
BT PANFpra@Cul (39), L7 8 i
2 PR E eI PANF 5 Cul 22513 21, PANFpra-
@Cul FHI7EEN 1.8 mmoleg™!, HyH LA
Uiy A 5 s AR B B AR R N B (CuA AC) M. (Eq.
29), BEEMAFIHERN 1 mol%iIfsm T, SNl
95% I RS SRAT =), A7 4k b iR R 3 1 5 Ak 4 I
JoE A B PR L R e B8 BE 0 B B R B v T SR AR AR I
s, AT R T BRI IR R, X2 — R A
(1) ER ICARONE . AR R LA D0 S IR 2R (AT 52 1, 22 P
R SR PRI REA U R, 4, AT AT
DLEEMEA 10 WL L, I Hi% S AE & 5 E Rk
JRL S b AT DA ) 5 AR,
PANF pra@Cu

N=

N=N

— = » R'—N 29
H,0, 60 °C, 15 min \%Rz @9)

86% ~ 98% yields

R'X + NaN; + R>—=

R'=Bn; X =Cl, Br
R? = Ph, PhF, PhOMe, n-amyl

I
HNC—F—CN

9 (&

s B
"9 >@
md e N
H NC——CN o
N

N-};H

39

BB m E P AL ) PANFpapusux@Cul (28)F T
WK CuAAC B, fEZI T, MEAFIMRIHE
LG, L 82%~98% IR &K T — &R 4
1,2,3- =M 5. AR R BAR HAA IR 7 1 2 4]
fiif 5214, FURR 5 I () B S PR T 05 B .
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38¢c 38d

4 FUTERRN

41 SRR

97 2 5] 80 £F UV V3g 3 T 308 i By L % # (RAFT)
SRV LA T e R A A 118 R PR R T e 1 RS
T 1- LI HE-3- CFER AR L0 R A #2172 PANF
b, B E BB T A e T AR Keggin BUBEISERA
Eh IR BE e M AE AL 7] PANF@SPA&VIMPW (40). B
it RAFT AT N TGN S, BRE T
PANF 118 2 10 s, AL 504 FH T I 1 454k R R (Eq.
30). FEFFEH T AL AL S B AL EE (Scheme 10),
TE R B FE R, AL AR X B K, AT LA B A LR 2,
TE SN2 SR, 38 58 470 5 MR Lk R S AR T 4 A 7 )
e BAE N SR BPIRAS, K PEEUR A 55 T 7=
AR A T 2R TH A O 8 B, R TR S AR B AR, AT AR
X SRR KM 2 (A A 2 vl 1. AR R A b
HEBER AL L, I DL R &7 B R IR (70%~91%)
SRAFAAT=H), FER X TR R A RIF AR
7. B FEAS T BT R A WA, JF B
T AT AEAE 10 YR B R s R 2. Ak,
AT DU IR A 4 R g B 5 b, AR 5 oK S B
R B v g, WEB T HAE T b (i 7. @il
RAFT RAWMHEA AR 7] PANF EEAGHRGE, %1
YE9 PANF el R (it 7 — o i) S %

HAR PR ILL AgNOs 15 P #% I 1F 4 i B A,
K L7 22 N iR e B R ) 4% T 2 G K A 4 A
1b571 Ag NPs/CNFs, $i42y 10~30 nm ARk 51 5
TIEA 4R, AT H] 2R FE a0 Scheme 11 FR. fE
HHEEET Ag NPs/CNFs 1E2K LM A4k = Bi(Eq. 31)H
HIMEAGTE T, 48 O 32 SR N IR SR b MR H i
TR I 2L A 8 v (R AT P, DA S TR R A9 711,
K OITFALFRIEF] 59.8%, IER L P BTN 46.7%,
T 2% FR S D3 B U 52%. T BE A F T4 K AR I s B
RIMML ARG 04k 2 [0 i A5 p b RIVE L, A7
AR .
42 REFERKN

TR RO T HE BT AN [F) 24 25 1
CTYEMEALT] PANF-QAS (41), FF LB AL N AIE R 77,
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o

R H
R1

H,0, H,0,, 90 °C

70% ~ 91% yields

R = CgHs, CgHsCHoCHy, CH3(CHy)s, FCgHa, CH30CeH,, CH3CgHy

R'=H, CHj, CgHs

N

relatively hydrophobic .

. N

reaction stage AN
: NO, :
: O N O Light _ .
H responsive :
\\ group H
: ONg¥o) :
E “(~7/\)n?<\j)‘n‘— E
E [N> .
AW , :
TSN+ HXPW, 50,403 ) @ Active center &
H ~ H

—

O
N O Light

) responsive
\\ group

Gl

S work-up stage RN
. N

- N
4EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEs

) ring opening

HXPW;20403%

ER 10 PANF@SPA&VIMPW fIFEALHLIE
Scheme 10 Conversion mechanism of the PANF@SPA&VImMPW

~ AgNPS/CNF cHo
S S
TBHP, 82 °C
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Scheme 11  Scheme of the Ag NPs/CNFs preparation process!!%

B TR B 72 B RISk s (L)
S5 Z RN RAINIE SR S N(Bq. 32). BB e gE . BOR
AR PH B AR I R AR AT BE N B s, B
P AR (91%~99%) 3 2. i T AL L mi 13K
BRSSP AT BE A . MR SR T
PRI h 2GR PR (AT 1), AL R TR
BRUDI, BT FE R AL AR R B B R T

o OH
R'[)kRZ R1 R2
or PANF-QAS or
Ar—N3 —— Ar—NH, (32)
or H,0, 35 °C or
Br
= | = |
A S
O,N O.N

R' = CgHs, 4-"BUOCgHy, 4-BnOCgHs, "HeptOCgHy,
CH3(CH,)g, 4-NO,CgH,
R? = H, CgHs, CHs

\ﬁ X_ R‘I
+
CNH\/\/N:
R R
NC—\
CN

R = Me, Et; R" = ethyl, butyl, heptyl, dodecyl, benzyl;

X =Br, Cl
M
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TE RS AUR M2, B R N, 2R bR N F
FHENIH 2 ZREWEE L, T Bk, B
T AT DATERA S E iR 8l 1% A R T R B T 28
. b, pH IR KFEEE E & fgm Mo, RIE
Kreevoy J7 2, NaBH, 17K fift ifi 2 iff 5 (1)t = A pH B 1)
FRAR TG, M NaBHy /KRS RSB, X s N AS
.

Arslan ZEU2NE N JH -7 E VTR ZnO 90K)ZRE
7E PANF L, SR b i It i I ARG K 2 T 5T
RE T A I i A, o S o % 1) S M AR AR 9 K S 7 1R (Pd
NOEMiE] PANF L, &6 MENAA] PA@MPTMS@
ZnO@PAN-NF, AL &t 240 Scheme 12 FT7R.
AL T E K LB R 2,4,6- =3 2K (TNT) I
R N(Bq. 33). HTHEAFIMERmALLL Pd NC 5
ZnO K HIG ANz, 107 Re 6% POE A Ao AL TNT
HIIE R, 38 5 BN 20 s.

W) B0 K1) A R 2L 153 14 1) 45 1) 48 1) e A £ 4 14 A7)
PANGoaF-Pd(0) (19)H T 4-TE 5 IR0 )5 R 4-20 2k
K (Eq. 34), RBAREAM, HALREIL 99%, RN
99%, T H43 PANGoaF-PA(0)#EAL )G, /K 4-RiFEk
W (& B A A, VR T A 4RO s Tk
FIMLEE(Scheme 13), DU %0 ER AR n DA I 25 122 # 77
hYE LR AR, BN T AR IR R REE;, B 4-hH
FRW @ S IR G A gERE EE, MBI KE
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Figure 1 Two modes of quaternary ammonium salt loading in PANF-QAS

CH, CHs,
OzN\@/N% Pd@MPTMS@ZnO@PAN-NF H2N\©/NH2 23
NaBH,, H,0 ¢

NO, NH,

Electrospinning e —
a I_‘ "\

ALD Deposition

s Pd Decoration

o8 d
s
Pd Nanocubes
J
’_\ )
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f 5

B 12 Pd@MPTMS@ZnO@PAN-NF [l 4% T 2 i f5 102
Scheme 12 Scheme of the PA@MPTMS@ZnO@PAN-NF preparation process!!%%]

MBI LR, AT i S R s fe ) X aR ol B4l

Ik, RIS, AT A LB B TR §
EALTTURITE . SRS, PANGQAF-PA(0) A A3 A48 ] o © (34)
10 YR JLTEA T W, SRR 10 (50, i o, Ort b

DYRERHE 96%, A IEALHL AT BT SEB F

i B A ALV 42 A A KR
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Pd X
N* N*
Pd X
N* N*
Pd X

(0)

B3R 13 PANGoaF-PA(0)HEALIR R 4-H 52K )
Scheme 13 PANGoaF-Pd(0) catalyzed reduction of 4-nitro-
phenol
Ja Ak I 1) 4 T R SCAG TR 06 U % (HPET) 2501 (1) 27 4
(PANF-g-HPEI), FT3k43 B2 4E4F 9/ R & 42K
Fi - (AuNPs) [ SCRFFIAIRR E 7, e Eh 7k 7 HAR
%79 3.0 nm ] AuNPs. PANF-g-HPEI 1% ) AuNPs
e 42) AT VE A Z AL IR TR 4 56 2K Wy 1) s Ak
7, HAT 5K HPEL & &) PANF-g-HPEIL I ¥ 1 7% 7!
AuNPs = I A 22, A7) 1Y) % A6 0 (TON) fmy i
5X10%, FF HAEf AT A2 IR EE .

NH,

42
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XA R TE 7 —Fh & T B R A 4
13k Ag(0)FIMELLTT PANa.csF-Ag(0) (43), fEALTTIRE
A A-RY SR I 5 S B, #E A Ek 99.6%. 2
et A ) L RIS AN 2 (R8O A R T Ag(0) KL (1)
FasE, MES T LB B A ERRE R T, T3
o U T DS 2 1A 5N BN KR T, X AEAR L RS (AL
R IR EEAEH. AN, PANoa.caF-Ag(0)7E H 51§ 1]
20 KJE, MNEARTET 99%, EH Ag FIRHFRE
H1(53.5%).

Q ety (CHICHs
CNH N

| N
\,CN Ag(0)
| +/ (CH2)3CH3

0
I
CNH/\/\T\

43

5 BEF—IBERN
5.1 Biginelli & &

S REZREAISIE T PANF 713 Fe(IID AL
71l PANFpa@FeCls (44), fEACTFIR FH 81 5 i At 2 5K
HE) FeCly 254 Wb ik 4. HEALTRI T LS | p-TR G
ARG AR AT Biginelli SN, ST 3,4- A M0E-
2-(LH)-Bi/GREZEA S 0(Eq. 35). MR REAT 21
TSR, ZMEURI T ERE SR 13- B AR
R, #BUA R AF AR R U (81% ~94%) & 1 T — &5
B =H. Ak, AR R G AR M A el v i
10 MEIR), ResA RN T s, HE AT
LR S AN R AR AT T TR, X R A VAR T
AANME.

R (0] Ar
X O=X PANFpy@FeCl
ArCHO + J\ + REAME.- Secs | NH (35)
HoN™ NHy EtOH, Reflux N/J*x
H
X=0,8 R=OEt Me 81% ~ 94% yields
o)

Il
HNC—F—CN
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Tk SCED IR ZH ) A5 T R A A SR KR S T
[W4E F i PANF 44,7 Bn-PANgF (45), F56H T
1k Biginelli [ M. & FpHUCAR DS 2 1§ 5 JLF0 B8 A0 IR LA
85%~98% IS H G il 1 AHRL= 4. {H 2 LK F it 2.1
LBENIEY), FEARTG BT, HEMZ T Ak
KA R AR 2 TR

g
\—C-N
\—CONHR \ P
Q / OH

\—CONHR 0
N 9 0-P—OH
L C—NT
H OH
R = benzyl
45

52 2EEEKAMRL

UG 2R K I R, T
= HLANE AR, W ST IR. BUR JeiE b
P B b2 i S SR04 05 5 3t 4y

AW TR RELIY) PANF E1L7T] PANpaoF
(3), JKE AT AR I 5 R [a) 2K 1 =4 5
A 2-F I -4H-EUT (Eq. 36) 1 B, PANpaoF R
GBI AT AR K AR B B R PR A R B, KA 56 UE
R B W R A I R 2 i i [ 1 5 o e
e R s B2, T ELW AR ey, 2% O Tk e QR R e
Wy-2- FE I e B L 80% LA b IR ISR A s AH L =9, I
H 13-3 O B S I R B AEF R T
SN ] BEIHLEE (Scheme 14), % FHEE [ B IE 5 PANpaoF
PR Ao i 308 4 S N A S 2 ST o v (04, 4R J5 PR T — I
B B 7Bt 2E B Knovenagel P29, AR 1y A 57 4%
iR 53 () N AEEREL, A2 R )M B i i Michael JHERAE
3 Knovenagel 7290, )5, 40T WML HAS
SR R 2- A FE-AH- (0.

PR BFTR A OTIL)L 4- — HHZ SLntk g (DMAP)fiT4
YITh R PANF R, 2051 51 NBE K R FE RIS K2
FERA T H R, W& 7 I aetb 177 PA-
Np.pmarF (46a)F1 PANE pvarF (46b). LTI T L —
W= E R 2-A R -2- BRI R N(Bq. 37), #R K

e ©/CHO
N
CNH™ Y

\ HN
HO®
PANPA-2F
o R NC.__CN
N
o \—(l‘lNH/\/ ©
N\ 0 ~ N N\_/
CNH™Y/ N /0
@
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02N N
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Il
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Scheme 14 Possible mechanism for the preparation of 2-amino-4H-chromene
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NH,
CN
PAN paoF 07

CHO .
+ NCTCN —_— (36)
©/ H,0, 80 °C
OH Ho

95% yield
NH,
oH o\ N
POk
CN PANg.onapF
RCHO + ( + or —BOVAR | or (37)

CN O e} H,0, 110 °C, 1 h
j;;r oo
A
R = CgHs, CICgH4, BrCgH4, NO,CgH, R

PhCgHa, -BuCgHs, CH3OCgH,, CoHyq

46a

PEEUIKI PANp.omarF B S FIEALTEPE . P91k %
PERAFE M, X082 BT A AN R (] T 25 5
HEN SN2 R BN R TS, d3Eim S5 S
PERL B, (23 M. PANg.pwmapF %S BAEHA R 1)
JEMDERNAE, LA 91%~98% IR H] T — R4
Y. UeAh, HEALFIRTIEAE 8 IR, ISR E IR B
AR 50 £, 7= b USCRAT) Rk 98%, BT A HE— D 1)
Tl Ak B F A 5T

W) B KT TR A ZHL D00 i) 2% T — F DMAP T g4k 11
PANF f#1471) PANDmarF (47), FE5H A TEfLEE . A
G o- 25 By = 4 o OB A A 2- R - 2-
PANpmapF 757K A F i SR R4 i AR G i, (HA7E
LR MV 1) AR R I AT A & 1, /KT U
BN, T LN e A N, i AT AT T A 2 A
75 BN, HLL 80%~99% ISR R =4, F HAE
WFIATIEAE R 7 IR, ABATTIEHRIE O T — P fa] 5 (1 5L
e hBEAL IO 2T 4EME AL 77 PANTF (48), K3 H F & R
R 2-FIH-2- B IFH RN, L 86%~97% IR A T )L
FAS A (R AR =420

Jl
N\ R CNH,
CNH, I
O H
o | e
CphodCn i
Noen \—CN
47 48
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NH,

0
91% ~ 98% yields

NC o}

ICIE—N/\/OH

H
N o
I
_C_N/\/\N A

ot 1

46b

6 Friedel-Craft ki1t

75 1) Friedel-Craft fr5E b 5N A2 A HLAL S A i
AR RLZ —, SN2 N T O & A
). L RAEREAHNOTT R T —FhEi B0 PANF fEiEs
TR 7] PANF-EAN (49), 181071 49 i@ Kfii
{05 PANF 75l B /K V0 P B AL T R R 2 (4115 31
ff), PANF-EAN #{ 8 FH 76 15| W Ak & P FH B 1¥) Friedel-
Craft K340 B H1(Eq. 38). PANF-EAN 7EfE{LI| Wk
AN, RAKVENER, AR 95% M milieR
B3, VEE R N R AEE KRB TIX — LR, R
T — PR S SR I MLBE (Scheme  15). £F4E 1) 23 HH
W& i 8 43 T BE B A N Bronsted BRI TE AL BRIE, #4515
WRSEAZ N A EIE b [FIR, 2SR A R R Eh S A e P
HE ARSI EE — A “RE” . RS, 54 I
TR AESEREINAL, R IR 7 IR B 2 52 R “ il
R OSRE, i AR DT R AR B, KA R
JRFIER, AT ORI R Tk, b <R
AR, AR SRRIBEAT, SRR A A
AL ST b 5 S — . ZM ik R AR S
HIBE N 52 Pk, D5 REE M 7 IR T LA B AN R AR [ s ik
HREA R, PL 87%~96% I R GE =), (HA
ARO[ FEL R I, 5 FLTG 7 e e 1 e 2
PEA WD R, e RO AR AT DU R BOK, 9 BRIk
AT AR B AR, A2 s 4, X2 1%k R 11
—KFEm.
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Scheme 15 Possible “release and catch” catalytic process
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|
HN
R 15 wrEen
R Rl, 2 R
m PANEAN KX\ X
2 = _/ (38
Iy + R2CHO HaO. 1t I \ (38)
H HN NH

R'=H, 1-Me, 2-Me, 5-Br

87% ~ 96% yields
R2 = Ar, alkyl

e PR MO o % T B TR
PANF T8 SER(PTA) AL T CAT-12 (50), HH PTA
I T AR A . AT T S -l
IR LM Friedel-Craft FrEb N, AT 3-(2-fiHE
BG4k S W(Eq. 39), CAT-12 fEAL & Rl U Y
B CIRAE D S W R BCR ATIA 89%~99%. HIT
TE IR LR 58 — 20 T B sk GE B8 - AR ) A4 vT DA 45 a7
BAREEASE, BT LARY) E TR i A b4 i 7 R R
T B

Iy R R ZH A ) 45 R BR T RE 1L PANF 4L
PANgosF (1) THifh 4-BEFET RS EBMN

1264 http://sioc-journal.cn/

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

R3
N,
R1/\(N02 . @ CAT-12 y 39)
R2 N H0.80°C NO,
R R’
R'=H, 2-ClI R2

R2=H, CHs 88% ~ 99% yields
R3 = CI, NOy, H, Ph, 3-OCHjs, 2-CF3, 4-CN, 4-Br

(0]
n +_CH,Ph
\—CNH/\/\'I'\ 2

\ o O

\—gNH/\/\N+<
CH,Ph
. = [HPO4-12WO4]C>)r
50

Friedel-Craft N, & 7T 3,3-EFFENG-FEET
F)(Eq. 40). & PR FHIE I BSCR AR RIS 2] 90% LA
b, EAFITE K S BRI 1) E SR B, FE H 4R 4
STHI ) FE PR SRV TR 8Nt A B T3 e MR IR
T AT RER AL B (Scheme 16), B35, T ML
F BB RO R T4, TR I HE IS 1 A (A4,
SRR U TR BT B FL s IR RO S, B8 00, T
FEELII S, I AR PR A R A T, %
IR H AR (R B R ORI, A AL S P IR, 5 =
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Table 5 Types of catalytic active centers

Entry Active center species Catalyst
1 Tertiary amine group la~1b, 5, 8, 16, 48, 52a~52b
2 Secondary amine group 6
3 Proline amides 3,12
4 Aminopyridine group 7,10, 33, 38b~38d, 46a—~46b, 47
5 Chiral pyrrolidine 34
6 Phosphoric acid group 45, 51
7 Proline group 4,11
8 L-Lysine 9
9 Sulfonic acid group 17
10 Phosphotungstic acid 4,50
11 Quaternary ammonium group 13, 14, 35,37, 41,49
12 Imidazole ionic liquid 36a~—~36e
13 Supported metal Cu 21, 28, 30, 31, 39, 53
14 Pd nanoparticles 19, 23
15 Pd complex 20, 22
16 Doping Pd 25
17 Ag complex 26
18 Ag nanoparticles 32
19 Supported metal Au 27,42
20 Ni complex 29
21 Fe complex 44, 54
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