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Recognition and Luminescence Properties of N"C"N Pt(I) Complexes with
Macrocyclic Host Cucurbit[10]uril
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Abstract Transition metal complexes have been widely studied due to their unique photophysical and chemical properties.
In order to further explore the influence of host-guest interaction on luminescent property of Pt complexes, three different
substituted water-soluble Pt complexes were designed and synthesized. Cucurbit[10]uril (CB[10]), with the largest cavity
among the cucurbit[z]uril family, was selected as the host molecule. The "H NMR titration experiments proved CB[10] bind-
ed three guests with 1 © 2 stoichiometry, and the 1,3-di(2-pyridyl)benzene (N*C”N) ligand part on the guest molecule was
encapsulated antiparallelly in the cavity of CB[10] in a head-to-tail manner. Mass spectrometry characterization further
proved the binding between host and guest with 1 : 2 stoichiometry. The low-energy absorption peaks of N*C*N Pt(II) com-
plexes at >400 nm attributed to metal-metal-to-ligand charge transfer (MMLCT) were enhanced upon binding with CB[10].
Compared to free [2,6-di(2-pyridinyl)phenyl][3-(trimethylammonio)-1-propyn-1-yllplatinum(Il) chloride (Pt-1), the 3IL
emission intensity of its complex with CB[10] was enhanced dominantly. The [methyl 3,5-di(2-pyridyl)benzoato][3-(tri-
methylammonio)-1-propyn-1-yl]platinum(II) chloride (Pt-2) showed visible red phosphorescence emission at 648 nm which
was attributed to MMLCT in aqueous solution. Interestingly, binding with CB[10] led to a red-shift to 667 nm, which was
closer to near-infrared emission. Besides, the phosphorescence lifetime is enhanced by 1.5 times (14.64 to 23.74 ps), and the
quantum Yyield is enhanced by 15.6 times (2.7% to 42%) upon the host-guest complexation. The luminescent property of
[4-methoxy-2,6-di(2-pyridinyl)phenyl][3-(trimethylammonio)-1-propyn-1-yl]platinum(II) chloride (Pt-3) was similar to that
of Pt-2. Further research on the luminescence changes of Pt complexes before and after grinding in solid state indicated that
the host-guest complex showed bigger red-shift of emission wavelength than free guest. The above results showed that the
host-guest interactions based on CB[10] could shorten the distance between the platinum atoms of the two included guest
molecules, thus enhancing metal-metal interaction and 7-7 interaction of the host-guest complexes.

Keywords metal complex; N*C”N ligand; Pt(II)-Pt(II) interaction; host-guest interaction; cucurbit[10]uril
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AP TR AR AR AR RO 23 IR RE I B () A BT
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24 h 153 Pt-1~Pt-3. T FEk L FIABRIERI G,
DB EW3R1E T RIFKEYE, A5 CBI10]1HIR %)
PRALFLRE(CB[10]58 &A% TK).

Al 1 mmol/L Pt-1~Pt-3 L S W/KIEW, b EZ IR
BN CB[101ZE M, CBI10)ARIIIM SR T H 58 &
YIiEI). TH NMR B 745 (& 1R, 76 1 mmol/L (1)
WS, HEEA P2 P IHE TR R0
SRICN G, £ Pt-2 fE/KTH —E M n-n FEREH.
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{55108, XKW Pt-2 5 CB[1013R B FEAE A WL a] )R
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W] =37 # B, IR nE R B H#ENF] T CB[10]
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Figure 1 '"H NMR spectra (600 MHz, D,0) of (a) free Pt-2, and guest
Pt-2 with CB[10] at ratio of (b) 4 - 1 and (c) 2 - 1 (The free guest proton
signal is marked with * in Figure 1b)

2.2 PtECAYIRIAADIRE M R

L4 Pt-2 767K AN B I DL RO N CBI 10781 7 I 4h-
A] LIRS R (B 2), 7K AT SR R AL T 250~300 nm

http://sioc-journal.cn 1067



o F 5 R

% 320~375 nm Ak BRI, 43 5l VA JE R TC A P R e
FERRIE(IL) DA R VA I B A A 4 Ja 21 C AR i avf B A2 BR O
(IL-MLCT). 7EANAMIA] CB[10])5, KILATRf IL A0
MLCT W iebge e A0 K 210 7 Al B B AIK; 400~420 nm
ARG RE B PR RS I 3 i, X 5 3R ABL PH(IDC & AR I
1 6 T A Ak — B U821 55l RS RIS A AL R W () 3),
Pt-2 7E G A7 T 475~580 nm 4L K S5, wTIHJE T
FARR) IL 1 MLCT [ &5, meEsKAa, HIHE T
IL F1 MLCT B0 R S 5 BEFEAIK, FF7E 650 nm 4b HFI
—ANHTIE. Pe-2 IRFEMRE IS SR, BEE AR R
ThiE 650 nm Kb STIEZREIE R, R Pt-2 7EK R E
T HHLEP, 650 nm &b K ST JE TR £ 4k
SMMLCT KR SPICCRHE R, Bl S8). A CB[10]Z
J&, HHERLE 650 nm AL A om0 hn BB
FHHEKMABE 3), XRE CB0ETEEHANEA
oy, BB R T AR T2 A BE S, HE5R T
Pt-Pt M HAEH, #9)E T *MMLCT K6 5.

—— 0.1 mmol/L Pt-2 H,0
— — 0.1 mmol/L Pt-2+CB[10] H,0O

1.0\ _
0.1 mmol/L Pt-2 MeOH

05

Absorbance/a.u.

\

L X -
N NN
~.” NN\

~- D

00 1 1 1
250 300 350 400 450 500
Wavelength/nm

B 2 Z{E5T Pt-2 (0.1 mmol/L)EAFEH LA IMAMLAT CB[10]
(BEEHA T 2)ETfE RSN S (E IR T)

Figure 2 UV-Vis spectra recorded for guest Pt-2 (0.1 mmol/L) in dif-
ferent solvents and with excess CB[10] (host and guest with 1 : 2 stoi-
chiometry, r.t.)
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Figure 3 Fluorescence spectra recorded for guest Pt-2 (0.1 mmol/L) in
different solvents and with excess CB[10] (1x=400 nm, r.t.)
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Figure 4 Normalized emission spectrum of guests Pt-1~Pt-3 and
host-guest complexes (host and guest with 1 : 2 stoichiometry, ¢=0.1
mmol/L, Aex=400 nm, r.t.)

R1 BEREREAEGIERPB G SR r%
Table 1 Phosphorescence lifetimes and quantum yields of guest and
host-guest complexes in solution

Complex Amax’/mm To/1U8 Qen/ %0
Pt-1 485 13.01 22
Pt-1-+CBJ[10] 495 20.89 16.6
Pt-2 648 14.64 2.7
Pt-2+ CBJ[10] 667 23.74 42.0
Pt-3 585 19.78 1.9
Pt-3-+CBJ[10] 608 22.59 5.3

© 2022 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

4 ¢=0.1 mmol/L, 1.x=400 nm, r.t.
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Figure 5 Normalized fluorescence spectra of guest Pt-2 and host-guest
complexes before and after grinding (Aex=400 nm, r.t.)
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4 SKIGERSY
41 UE5H

Agilent 600 A% HEFLR ¥ wEAX, AR D20.
SHIMAD2U UV-3600 #£4M¥ &%, PerkinElmer LS- 55 %
HeAX2S, Spectrofluorometer FS5 %8 Y6 X #s. AT HEE. 2

i TR PR A A T B 4 A 4l ).
42 BLEYIERK

i 56 K AL & ¥ [HC=CCH,NMe;]Cl (58 mg, 0.43
mmol)F1 KOH (24 mg, 0.43 mmol)7£ 10 mL P f o
45 min J&, BHAYI[PNACAN)CI] (100 mg, 0.22 mmol)
PLJ 5 mg 1) Cul IR A, SRS %M T XA 24 h.
JRNEFF U6 B A Y R 3R AR R ARV, e 4 o g
JEE W, N 100 mL 8, 5 aiiet s, M
TR B B, HE TR 5 2R E B E A=Y Pt-1
(60 mg, =3 47%). m.p.>320 C; 'H NMR (600 MHz,
DMSO-ds) 0: 9.11 (d, J=5.1 Hz, 2H), 8.19 (td, J=7.8, 1.7
Hz, 2H), 8.09 (d, J=7.9 Hz, 2H), 7.77 (d, J=17.6 Hz, 2H),
7.52~7.38 (m, 2H), 7.24 (t, J=7.6 Hz, 1H), 4.33 (s, 2H),
3.15 (s, 9H); '*C NMR (151 MHz, Methanol-dy) &: 176.49,
169.57, 154.31, 143.10, 140.09, 139.42, 123.80, 123.53,
123.46, 120.57, 119.74, 59.53, 51.34; HRMS (ESI) calcd
for CosHy,CIN3Pt [M—C17] 523.1451, found 523.1461.

BL &Y Pe-2 A1 Pe-3 LU RN 5 15 A K.

Pt-2: R G E K, % 68%. mp.>320 C; 'H
NMR (600 MHz, DMSO-dq) d: 9.16 (d, J=5.4 Hz, 2H),
8.34 (s, 2H), 8.30 (d, J=8.1 Hz, 2H), 8.26~8.20 (m, 2H),
7.52 (t, J=6.6 Hz, 2H), 4.37 (s, 2H), 3.88 (s, 3H), 3.16 (s,
9H); 3C NMR (151 MHz, Methanol-ds) 6: 183.83, 167.80,
167.23, 153.88, 142.35, 139.66, 138.71, 124.30, 124.27,
123.54, 119.99, 94.79, 61.09, 51.13; HRMS (ESI) calcd for
C24H24C1N302Pt [M_Cli] 5811511, found 581.1511.

Pt-3: IR A, 2% 57%. mp.>320 C. 'H
NMR (600 MHz, DMSO-dq) J: 9.08 (d, J=5.6 Hz, 2H),
8.23~8.14 (m, 2H), 8.11 (d, J=7.7 Hz, 2H), 7.49 (s, 2H),
7.46~7.40 (m, 2H), 4.31 (s, 2H), 3.83 (s, 3H), 3.15 (s,
9H); 3C NMR (151 MHz, Methanol-ds) 6: 169.28, 157.87,
154.17, 143.49, 140.25, 139.22, 123.57, 119.90, 110.34,
59.83, 55.01, 51.13; HRMS (ESI) caled for Ca3HyCl-
N;O.Pt [M—CI 1" 553.1556, found 553.1561.

4.3 XA ESYIHERBIECHANE

I1] 1 mmol/L [ & A 5 (D20 B8] 4 /K) i N Al ik
T CB[10], 75 B0 )5 B IS B B — e W A
TAREMEIEIR VS AL Hb B i prl e . [ AR
T I T A PR ATV VU V2 R T MR ) 5
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