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A SC T FH ) Sk AR 4 SR R b 2, R
Gt — LA S-SR T w = 99%, I FI BRI IR
HRHEA R EL R, R-ACE ZE: w = 99%, W F it
PR PR A 2RI w=99%, 14 B 1
AL TR A FRA R U (=258 48 (PA(PPh,),):
w = 99%, W 7 BT 35 359 B0 A PR A o
1.2 Wik 5 RAE

g SR S/ AL (7 [ Brucker 28 A, Brucker
Avance 1T 400 ). LI PO H L fiE e (TMS, R 73 B0H
0.03%) A A%, S0 W H . PR s G
Waters /A #), LCT Premier XE ). L) 8,31 2% 1 5 h 74
FIHEATIR . 2240-7T WO OGS (&1 Agilent
A, Agilent Cary 60 %) F15% 6154 (H A< Horiba
/A ], Fluoromax 4 spectromete #!). 1 2x107° mol/L A9
A B A I % 57, Heg/Xe 4T (Hamamatsu, LCS
Light ingcure, 200 W) A6 U6 o i BL 048 4 21 Sl ik
S (% & Brucker 2\ ], Hyperion 3000 %), fifi R {1k
BRI R R A AT K. BT B R

Thermo Fisher 23 ), Talos F200X ). DL HH B % 51,
et FH R PR T . PR B A B IR R SO
% (3&[E Thermo Fisher /A ], iCAP PRO ) L 1150 W
M F AT

1.3 ZILBWNERE B RBHAKRLFH & &

13.1 & &% DT 2R N 1 DTE
A ZRAE Sk S 7 BT, A R R A R i [3+6]
RIZALAHLE, HEA Z L0 NS 454 f 2440 45
B a5, AT AR R R o A0 2 4 Ja A KR, il B
KA AL . 85 DTE-2 il 5-1R 50K %
1 Suzuki f 3K 2 N 45 B¢ C /& DTE-4CHO. A )&,
DTE-4CHO 5 ¥F C — j& )l b & 1% H bk 2 LA HLE
POC-1, & WUFE L ILIA 1,

1.3.2 B4k DTE-4CHO & & m 100 mL ) = 1)
28 18 T R URCE B A B AR O A fE A 9 DTE-1
(1.04 g, 2.0 mmol) FIJC/K PU A WK I (THF, 30 mL), 7F
RARATHIRGER AL 278 C ByHIe L
FE, ZJEE A 2.5 mol/L 1F T 41 19 1F C b i
(1.8 mL, 4.4 mmol), 75 IR T F 2L $f 45 min, FI1
AR = H S (0.7 mL, 6.0 mmol), 7E—78 °C &4 F X
N1y F e B ROV AR R T 2 IR I RO 4 b, RN
PRI B R, BT R R B 5
oK B (2.5 g, 11.8 mmol), THF (30 mL) Jill A %
200 mL (1) = FUfC R, 54 2 58 e i i, BiS AR B

F_F

F F F,
F F F, F FF
Br Br F
NBS n-BuLi /Zj\ F F
_— — .
/@ AcOH @\Br THF /S\ TMS n-BuLi | \ / |
Trimethylsilane THF TMS” =S S~ ~TMS
F
F. F F
. F F Br
n-BuLi K7CO3
_—
THF N\ J + THF\H,0
B(OMe); { | Pd(PPhs)s
(MeO),B S S” “B(OMe); OHC CHO
DTE-2
CH,Cl»

DTE-4CHO

1 DTE-4CHO. POC-1 (4 i # 2%
Fig. 1 Synthetic route of DTE-4CHO. POC-1
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2 mol/L ) fiik R ¥ 7K ¥ W (10 mL) 1 Pd (PPhs),
(346.7 mg, 0.3 mmol), A IRY", FJ5 M A ik DTE-
1 ) THF %59, ¥ SO0 AR R A 75 °C L0 12 h
F A5 H e, We4n O, I DCM A HX (40 mL x 3),
B I MR ZE K& o B oy 4 s A 2 T 0 3 4l
b (v Tk A — S F BEAR R LE 3 2 2), 45 3] 754.8 mg
) W 8 K Rk DTE-4CHO, 7= % 59.7%., 'H-NMR
(400 MHz, CDCl,, 293 K) d: 2.04 (s, 6 H, —CH,), 7.47
(s, 2 H, thienyl-H), 8.28~8.29 (m, 6 H, phenyl-H), 10.15
(s, 4 H,—CHO). 3C-NMR (100 MHz, CDCl,, 293 K) 6t
190.60, 143.26, 139.38, 137.70, 135.40, 130.80, 130.17,
126.26, 124.46, 124.39, 14.79, 14.71, HRMS-ESI (m/z):
[M + H] * Caled. for (C5,H,30,4F,S,), 633.062 3, found:
633.0627.,

133 % 35L& # % POC-1 4 4 s ¥ DTE-4CHO
(63.21 mg, 0.1 mmol) il A J& 7K — 4 H K¢ (20.0 mL)
o, B 28 I A T K & (10.0 mL) (19 F
P (R, R)-#H & 1% (22.8 mg, 0.20 mmol) 5K . %R
BYTEEIR THHE 5do RN SERUE, Y2 — &
H e 5 1E O e F 45 5, 15 207 A R 41.15 mg, 7=
ok 65.1%, 'H-NMR(400 MHz, CDCl,;, 293 K) o
8.27 (s, 6 H, phenyl-H), 8.17(s, 6 H, phenyl-H), 8.06 (s,
6 H, phenyl-H), 7.93 (s, 6 H, benzyl-H), 7.42 (s, 6 H,
benzyl-H), 7.20 (s, 6 H, thienyl-H), 3.55~3.50 (m, 6 H,
—CH,), 3.44~3.38 (m, 6 H, —CH;), 1.92~1.82 (m,
66 H, —CHj, and cyclohexanediamine-H), "*C-NMR
(150 MHz, CDCl,, 293 K) &: 159.98, 158.73, 141.53,
137.07, 136.98, 134.14, 131.26, 127.70, 126.10, 124.20,
123.50, 75.06, 74.94, 33.14, 32.86, 31.59, 24.48, 24.34,
22.66, 14.80, 14.13. HRMS-ESI (m/z): [M + 2H]** Calcd.
for (CaoH, 14N ,F S,),1 183.875 1, found: 1183.8745.
1.3.4 FFEMALETF Pd@o-POC-1 #9414  FRELPOC-1
(14.2 mg, 6.00 pmol) # F CH,CL, (3.0 mL), fifi J5 7¢
TR ) A R B2 4 0.10 mol/L 1 PA(OAc),
(22.55mg, 0.1 mmol) i) CH,Cl, &K 180.0 uL. 7E 25 °C
TP, R IR A i NaBH, (4.09 mg,
108 pumol) 4 FF BV % (7.2 mL) i J5 i) 45 19 IR A
FIRPBEFE 3.0 h 5, BRI R4 29 0.5 mL, it
B UL UE Pd@o-POC-1, 1T I % RIR AW, I H &
BV 3 R, FE LS P TR, 7551 10.0 mg 18
AR 1A Pd@o-POC-1, P %H 70.4%.,

1.3.5 WA K+$F Pd@c-POC-1 #9414 FRELPOC-1
(14.2 mg, 6.00 umol) ¥ F CH,CI, (3.0 mL), /i 254 nm
FHEAMT G 10 he G20 RS Pd@o-POC-1 1Y
il 2 7 AR R, gkl 2 AR A A 2(c) B .

1.3.6 Pd Nanoparticles (Pd NPs) # #1 &  7E 2180 pL
CH,CL, FAIAHKIE A 0.10 mol/L 1) Pd(OAc), (22.55 mg,
0.1 mmol) A CH,CL I#¥ 1 mL., 7 25 C F i+
7, 1) K2 TR & i i NaBH, (22.72 mg, 600 pumol)
1) BT (40.0 mL) LA IRl & IR G . =
F£3.0 h J5, B SR R AR 2224 0.5 mL, fin SR
JE Pd NPs, i I bR 2518 & W W, JOF 1 & 1 vk %
3K, FEHEAS TR, 1351 20.9 mg 1SR €48 7R &
& Pd NPs, =34 92.6%.

2 HR5®

2.1 DTE-4CHO.POC-1 i 0 5z 14 &

ik DTE-2 Fl 51548 Y Suzuki {0
AW T BE LK DTE-4CHO. | HI'H-NMR, BC-NMR
FBTIE X AR B 25 M 2547 T 2 W% . it DTE-
CHO 5 ¥ C R | g, B h I il & 7 b8 @
POC-1 (/] 2(a)). =¥ H-NMR . *C-NMRFI i i 14
55 2 B RE B 45 S — 25 UESE T POC-1 [ L T JE
. 7E ESI-MS K3 1, m/z=2366.7471, 1183.8745
X T M+ H]L M+ 2HP . POC-1 A # A
B [3 + 6] 4> F45H4, i 34> HEWY 205 BT Al 6 4
O H L HmT B (B 2(b))o W i 1 3h 25 1 o
B T A HRRAS R I BT 2 b R 7=,

9 T MG ECAE (6478, AASCH (313 £10) nm
B 48 AP R 5 POC-1 78— 58 H1 e 75 T B JT 314
B 10 s st — MO, BRI RA 2y
1. MRS, BEE M WO AR, 7E 450~720 nm
0 I B T — N8 B I RE B WU, JFAE 349 nm
Ab BT — A B A AR W R 3(a). 5 ] B
POC-1 11 4 H e 75 W vh TG € 728 SRy il £, 3 1 A
AR ATE 10 K m I BE 4540 3 iy . X SRR
DTE M I 5 (4 54 A5 Sy P B0 44 1y 3L 78 6 350748 01
— B4 FEEHME (313 £ 10) nm) AR LG (>510 nm)
RIS, POC-1 7EJFFMAREARAS (Photostationary
State, PSS) Z [i] 2 & Yl 4, 32 80 th BH 8 i 00 57 12k
12 A JEI J5 JE B B R (] 3(b)). b, POC-1 By FF
WRROER S TR E IR T R B 54 i ke 1k, 78
1500 min NACA #2008 (18] 3(c)). A BRI I, A3
R INBLIA DTE-4CHO BB A7 LY Fa I OG5 A
B @ RE (B 3(d), 3(e) F1 3(D). X— K PLFEM,
2 FLAA HLE [ B Ak — B 5 AT P 53 9 6 B0 @bk
fe, HAZHEZL A B BRI . S5 {& DTE-4CHO #H
L, POC-1 Byt 77 %4 T T K, X v g & i T4 1
I WG, Yok S BRI T E Wy oy T eSS . A A=
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ERFF EBRFF
EXOFF X FF
OHC IANS CHO uv OHC 3Oy CHO
GRS P — SRR S
CHO CHO Vis CHO CHO
O-DTE-4CHO C-DTE-4CHO

cyclohexanediamine

(a) Synthesis of [3+6] assembled covalent organic cage POC-1 from DTE-4CHO and

/;/:/ii)z, CH,Cl,

(c) Schematic illustration of preparation process of palladium nanoparticles
& 2 POC-1 Fl Pd@POC-1 %3t 54 1%
Fig. 2 Design and synthesis of POC-1 and Pd@POC-1

(313 = 10) nm [ BG40 T, B B[R] A HERS, TF 3R
A 1 W % A DR /1N, DA B AR 1) 06 2 T 3 K, 290 min S
ToAE . [FIES, (R AR ALY, X EZ R TR T
B S Y (K 3(g))s
22 RFXBEFEEH RN FHRIE

Y T4 Ja A0 5 A I S i Atk Re, R T I
2 T~ A R 52 17 AR A R, PR IR A o A
P A TGP A0S, AR KR T At A b, IR
T PA(OAc), B8 B (A 75 AL HT POC-1 TR 18 (.
T, 45 SR €0 DA B 0 ) A8 SRy A €8, S AR T RS2
TR > 75 P RS TS, Bl S HITNA
AR %) R A D S TR B ) o R (8 T W ST D
A5 Ry B, WA TR AT T TIE Y, X R W P> RE
JEE T PA(E 4(a)).

Pd@o-POC-1 [ '"H-NMR il 5 & B 4 4 F 56
— 5 (K 4(b))o X ULHH Pd B JFRTJG 43 F IR SRR

ANAR | PR VAT B A R T A AR R 4T A1
& (K 4(c)), 7 1650 cm™ BT & B C=N A4 7 435 17 Wi
W, U B R B OR B . O TR AN IR e M, A
25~600 °C (A I LL 5 C/min (Y04 2
T THAESIT (TGA). WA, HRIE TGAIIZE (& 4(d)),
POC-1 1 Pd@o-POC-1 I} R 4F A etk . 78
25~320.18 °C Ay i B 3 il N, POC-1 11 2% R AY Ky
5.6%, T Pd@o-POC-1 1% 2 5 # | B = T POC-1, fil
#F) 250.13 °C B, Pd@o-POC-1 Y 2k F K N 6.4%.,
A K B Pd@o-POC-1 7E K F 250.13 °C B & Fa &
1, BT AR . — R UG, KR I0RE 1)
ok 8 (i 43500 KT 20% B & S 8000k R, [
A A SR O 3 2o F B B 45 B T A & Bk
(ICP-OES) ffi 5 41 1y 1 2% &, & I Pd@o-POC-1 FlI
Pd@c-POC-1 B4 171 28 18 43 7 2 8.87% Fil 0.94%, 3=
B T/ AR 5358 14 28 B R /IN T B0P & T 4 £
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1l [ POC-1 PSS 020 [

Y I‘%I 0.20 POC-1 PSS

S 10 | Vis 3 0.15) g 015}

T =1 =

B 8F — POC-1 PSS g 8 I

g | Z POC- open 5 0107 £ 0.10

— ° °

T 4l | < 005 < 0.05}

T 2f 0k POC-1 open
0L, ; — O e

270 370 470 570 670 0123456789 101112 0 300 600 900 12001500
Wavelength/nm Cycle t/min

(a) POC-1 (c=1x10"° mol/L) under
irradiation with UV light in CH>Cl,

(b) Absorption of POC-1 (=570 nm, c=1x10">
mol/L) in CH,Cl, upon irradiation of UV light
and visible light, alternatively

(c) Decay curves of POC-1 (4=570 nm,

¢=1x1073 mol/L) at open and PSS states
upon irradiation of UV light

0.4
0.4 DTE-4CHO PSS - *
g f T sl DTE-4CHO PSS
803'\\‘\\\\‘\\\\ g
— DTE-4CHO PSS = VL 2
—DTE-4CHO open ao.z-\ nn nnnuann ‘ | S02f
S S
2ol NI 2
<™ ‘)\‘\“\\H\‘ <01t
\
p N\ Or Vis UV DTE-4CHO open L DTE-4CHO open
270 370 470 570 670 0123456789101112 0 300 600 900 1200 1500
Wavelength/nm Cycle t/min
(d) DTE-4CHO (c=1x10" mol/L) under ~ (e) Absorption of DTE-4CHO (/=570 nm, (f) Decay curves of DTE-4CHO (/=570 nm,
irradiation with UV light in CH,Cl, =1x107° mol/L) in CH,Cl, upon irradiation c=1x107° mol/L) at open and PSS states
of UV light and visible light, alternatively upon irradiation of UV light
2T N R I~
. 1 1 J] b n
N 290 min - R T S - - BRVANE
I e - 1 1 A
. | | \
AL ﬂﬁ\gal&?ﬁiﬂwwn\_‘ JAUMUMMWJW/ L"‘ \/\ N
ﬂ 60 min HH ol R R ‘ﬁ 1
S e ML L B 1 N | hVNS
| 5min177 Jl‘ l\,,,,,,,,i,ﬂk"‘ Lk } |
‘ 0 min | 3 JN“\ N
‘ : J\/UL\‘ xuf&w#\ J . N ."\ . \/.\#J:_
8.4 82 80 7.8 76 74 72 7.0 68 66 80 7.5 70 6535 3.0 25 20 150
0 0
() Partial '"H-NMR (400 MHz, CDCls, 293 K) spectra of the phototransformation of POC-1 from the ring-open to
the ring-closed form upon UV light irradiation
13 POC-1 il DTE-4CHO R G & t4sE
Fig. 3 Photoresponsive properties of POC-1 and DTE-4CHO
A Beor TR AT AL . JE— DRI R o BRI VR B
MM AERIERE G AMES B T2 ME &REx, ¥EIE’!JEE%7 0.23 nm, X )i T #74 Pd fec Z?:ﬂ"@

(HAADF-STEM) 43 M7 T 41 44 K Jokr 1) 1 428 A 43 A
(&l 5(a) #1 5(c))o #F & FH B & & B R 0.1 mg/mL 1)
Pd@ o0-POC-1 Fl Pd@ c-POC-1 i 1k 71 B B 75 Ui fHil
B o N VA VBT E TR A B ) A b R TR
1700 5 . TEM 43 B 3% W] 48 94 oK Jk: 43 #E R 4,
Pd@o-POC-1H1 Pd@c-POC-1 WX B4 (2.5 +
0.2) nm F1 (2.0 + 0.2) nm ([ 5(b) F1 5(d)). M TEM [
mapping Eli&Hn L&, Pd, N, C. F Al S JLE %)
o3 (Bl 5(e))o R, FATR AR Jo 5 434 1 18 5 AH
B, e B H AL T AR JR L, DT N K R

B (111 SETECE 5(6). BB S R, 488K
Ui e B RS s i (=S T (S IRTE)
23 FHEFREMELEE R

T 4R AW (4-NP) 246 T . En
Yo A A KR EE5 3 ), A 4-NP 1Y
R A R L. O TR PA@POC-14#4k
F AT FH T VR 9 A Ak SR A 4, AR SC L NaBH M4k
TIE 443K (4-NP) A2 i -2 3R W} (4-AP) K ik
B S o ELAR SIS T« TSR A 4 AL
#] PA@POC-1 (3.46 mg, 1.40 pmol) il A 40.0 mL H i
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Pd(OAc), NaBH4 I) Washed
II) Dried e

POC-1 Pd(0)@POC-1
(a) Preparation process diagram of Pd@POC-1

-
-

120 ¢ 10 ¢
Pd@POC-1 —
POC-1 3 100 s 15 25013 AN
S 80+ ' = —6.4%
[} ! | &
E—— L2 oMo : E 40|
£ i i s
R H | =
Pd@o-POC-1 g 40 ! 2 65t
g 20 &
= — POC-1
T | 0r2930cm™ 1649 cm™! —90  — Pd@o-POC-1
8.58.07.57.06.56.0 2.52.01.51.00.50 3500 2500 1500 500 0 120 240 360 480 600
) Wave number/cm™! Temperature/ °C
(b) 'H-NMR (400 MHz, CDCl3, 293 K) spectra  (c) FT-IR spectra of POC-1 and PA@POC-1 (d) Thermogravimetric analysis (TGA)
of POC-1 and Pd@POC-1 of POC-1 and Pd@POC-1 depicting

high thermal stability
&l 4 Pd@POC-1 5 POC-1 WX} L4 Hr
Fig. 4 Comparative analysis of Pd@POC-1 and POC-1
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Photocontrollable Organic Cage Encapsulated Palladium
Nanoparticles: Catalytic Reduction of Nitrobenzene Derivatives

WANG Xiangli, LI Mengqi, ZHU Weihong
(Institute of Fine Chemicals, School of Chemistry and Molecular Engineering, East China
University of Science and Technology, Shanghai 200237, China)

Abstract: Porous organic cages possess an internal cavity and stable aromatic backbones with multiple palladium
binding sites, which are suitable for controlled synthesis and stabilization of palladium nanoparticles. In recent years,
various types of porous organic cages have been employed to construct nanoparticles for catalytic reactions. However,
few organic cages constructed by photoresponsive units have been used to control catalytic reactions by photo
irradiation. Herein, stable photo-controllable organic cages of POC-1 are constructed from dithienylethene with
aldehyde and cyclohexanediamine through dynamic imine chemistry, showing a typical [3+6] molecular configuration.
The metal nanoparticles of palladium are encapsulated by the organic cages as nanocatalysts, which are characterized
by high-angle annular dark field-scanning transmission electron microscopy (HAADF-STEM) and Cryo-Transmission
Electron Microscopy (cryo-TEM). Through the TEM analysis, it can be concluded that 2.5 nm Pd nanoparticles could
be stabilized in open form organic cages, while 2.0 nm Pd nanoparticles could be encapsulated in closed-form cages. As
compared with the catalytic reduction of nitroaromatics by ultraviolet-visible spectroscopy (UV-Vis), the catalytic rate
of Pd@ 0-POC-1 is about four times higher than that of Pd@ c-POC-1. In-situ illumination experiments demonstrates
that catalytic reaction activity is significantly associated with the varying loading amounts of palladium in the
open/closed cages, which might be related to the size of the cavity of open and closed forms. Compared to the closed
form, the open form exhibits higher catalytic reduction performance due to its higher palladium loading. This study
provides a novel idea for utilizing photo-controlled organic cages encapsulating nanoparticles in catalytic reactions,
offering broad application prospects.

Key words: photoswitch; porous organic cage; palladium nanoparticle; nitrobenzene derivative; catalytic

reduction reaction
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