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Mononuclear and Dinuclear Platinum(Il) Complexes Based on
Ligands 2,3-Diphenylpyrazine or 2,3-Diphenylquinoxaline:
Crystal Structures and Photophysical Properties

LUO Kai-Jun® GENG Hao ZHANG Cheng-Yang NI Hai-Liang LI Quan™
(College of Chemistry and Materials Science, Sichuan Normal University, Chengdu 610068, China)

Abstract: Luminescent mononuclear platinum (II) complexes, [Pt(Hdpp) (acac)] (1), [Pt (Hmdpp) (acac)] (3) and
[Pt(Hdpq) (acac)] (4) and dinuclearnum(Il) complex, [Pt,(dpp)(acac),] (2) were obtained by using 2,3-diphenylp-
yrazine (H,dpp), 5-methyl-2,3-diphenylpyrazine (H,mdpp) and 2.3-diphenylquinoxaline (H.dpq) as ligands. It is
noted that the maximal emission peak value for dinuclear complex 2 is at 609 nm, which has red-shift of about
63 nm compared with its analogue mononuclear complexes 1 and 3, although they seem somewhat analogue in
lowest energy absorption band. To examine the cause of anomalous lower emission for dinuclear complex 2, the
single crystals for complexes 2, 3 and 4 were grown from dichloromethane and methanol solution. It is found that
dinuclear platinum(Il) complexes 2 incorporating 2,3-diphenylpyrazine-based bridging ligand has more twisted
conformation in the ground than its mononuclear analogue, complexes 3, which has similar structure with complex
1. Furthermore,lowest energy band for dinuclear complex 2 in exciting spectrum shows red-shift of 18 nm
compared with its absorption spectrum. The twisted geometry in ground and red-shifted exciting spectrum make

us infer reasonably that dinuclear complex 2 may undergo a more profound change from twisted geometry to
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planar conformation before emission, which led a lower triplet excited sate, resulting in the red-shifted emission of

the dinuclear complex 2. CCDC: 1517500, 2; 1517502, 3; 1517501, 4.

Keywords: synthesis; mononuclear/dinuclear platinum(ll) complex; crystal structure; spectrum red-shift
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mL SO A 30 mL S8 I 5 h G4 1R
NE, A IR A TR AT Al RS Y R A
OB 3 W, EER A B TR A AT 15
TR 5 [ 1A 218 ¢, 77 % 81% ., 'H NMR(CDCl;,400
MHz):6 7.41~7.39(m,4H),7.34~7.30(m,2H),7.27~7.23
(m,4H),3.71(s,1H), “C NMR(DMSO-ds,400 MHz)5
160.30,137.67,129.69,128.14,127.90,45.77

2-H 3.5 6-— -2 3- A ML (mdpdhp) ; K
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NMR(CDCl;,400 MHz):8 7.40~7.30(m,4H),7.29~7.22
(m,6H),4.05~4.00 (m,1H),3.53~3.48 (m,1H),3.19~
3.11(m,1H),1.48~1.47(d, j=2.5 Hz,3H)
2, 3- AR R K (Hodpq) - FF 4B —J1%(1.08 g,
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T, BARaEiA 245 g, % 77%, 'H NMR
(CDCl5,400 MHz):6 8.23~8.20(m, 1H),7.81~7.78(m,
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B G901 195 B FRIC dpdhp(0.35 ¢, 1.5 mmol),
K,PtCl,(0.65 g,1.56 mmol) LA 100 mlL XS, il
A5 mL KA 15 mL & B LBk, 7E 90 °CF KM
24 h, SUEEHE W ZE ] g A 2 0 [ R
3K Bk i, TS 135 0.71 g i 210 [
AT 71%, B A MRS (0.05 g,0.15 mmol),
BZE LN (0.06 ¢,0.60 mmol)Fl 15 mL £ %
ZHEMA 100 mL XU A, GRS T B BN
10 b #5 1E SO 080 25 v 0 G P B 22 B, A
HLJZ 2R IR K B 3 W, In A3 ek JE 7K 4 R 6 T 44
TE Rl U8 E 2 0 FH R e A 4 B AR A VR R S A

Synthetic routes of complexes 1~4

Wk + 2R R (5:1,V/V), 15 12T B K 0.14 g, 7™
2 35%., '"H NMR(CDCl;,400 MHz):8 9.12~9.11(d, J=
2.5 Hz,1H),8.32~8.31(d,J=2.5 Hz, 1H),7.66~7.64(d,
J=5 Hz,1H),7.57~7.52(m,5H),7.15~7.10(t, /=5 Hz,
1H),6.75~5.70(t,J=5 Hz,1H),6.66~6.64(d,J=5 Hz,
1H),5.52(s, 1H),2.06~2.05(s,6H),, “C NMR (DMSO-
dg, 100 MHz):5 186.35,184.25,163.15,161.24,142.35,
139.04,138.52,136.97,132.31,130.25,130.34,129.35,
129.25,129.05,128.71,126.40,125.32,123.17,102.71,
28.60,27.11, MS(FAB) m/z:526.102 6[M+1]", JCE 7
Bt , CoHisN,O,Pt 3T 5B (%) . C 48.00,H 3.45,N 5.33;
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SCHOAE (%) . C 48.02,H 3.47,N 5.53,

BCG¥ 2 B9 I BN %A RN S g o A2 R) 1 1Y
B, HIRTE R SO I R AR dpdhp 5
SR Y R R Z R 12, 72 22%, 'H
NMR(CDCl;,400 MHz):8 8.72(s, 1H),8.04~8.02(d, J=
8 Hz,1H),7.69~7.67(d,J=8 Hz,1H),7.02~6.99(t, =8
Hz,1H),5.50 (s, 1H),5.30 (s, 1H),2.06 (s,3H),2.03 (s,
3H), “C NMR (DMSO-ds, 400 MHz):8 186.50, 184.20,
162.32,142.28,141.64,137.48,131.07,130.55,127.30,
122.80,102.68,28.22,27.05, MS (FAB) m/z:819.11
[M+1], TCE W1, CHuN, 0P, THMH (%) : C 38.15,
H 2.96,N 3.42; 5. 5016 (%) C 38.17,H 3.01,N 3.62,

BCEY 3 006 1 R S NS B s FR W) 1 7Y
G, 7P F N 32% ., 'H NMR(CDCl;, 400 MHz) :8 8.60
(s,1H),7.64~7.62(m,5H),7.11~7.07 (t,J=5 Hz,1H),
6.72~6.68(t,J=5 Hz,1H),6.56~6.54(d, /=5 Hz,1H),
5.51(s,1H),2.69(s,3H),2.07(3H),2.04(s, 3H), “C NMR
(DMS0-d,,400 MHz):5 186.49,184.44,152.51,150.86,
140.22,138.47,138.27,130.28,129.51,129.09, 128.96,
128.72,127.00,123.18,102.69,29.71,28.40,21.36,, MS
(FAB) m/z:540.118 9[M+1]", JCZF 434, CHyN,0,Pt
TH53 18 (%).C 48.98,H 3.74,N 5.19; L % {H (%) . C
48.99,H 3.73,N 5.28,

BG4 06 1 B S A SE B R R 1 7Y

G, 7% 36.5%, 'H NMR (CDCl;,400 MHz):8
9.33~9.31(d,J=5 Hz,1H),8.11~8.09(d,J=5 Hz,1H),
7.75 ~7.73 (m,4H),7.55 (m,4H),7.14 (s, 1H),6.75 (s,
1H),5.61(s,1H),2.09~2.05(m,6H), "C NMR(DMSO-
dg,400 MHz):8 186.09,184.47,142.58,141.53,139.16,
130.51,129.86,129.85,129.48,129.32,129.22 ,129.04,
128.90,126.01,123.37,102.01,29.72,28.35 ,MS(FAB)
m/z:576.138 9M+1]", JTCE 53 4T, C,sHyN,0,Pt THHE
(%):C 52.17,H 3.50,N 4.87; L% {4 (%).C 52.19,H
3.43,N 4.98,

B 1 A R LS IS R AR = A e
W 10 mL /N SR 5K /N A 2R A B Y
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1.3 H2EHUK

AR X IR AT SRR B Xealibur Eos M5 AT 5
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TEA AR IR B AITER 1 IR 2 P
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Table 1 Main crystal parameters of complexes 2, 3 and 4

Complex 2 3 4
Empirical formula CoH,NO,Pt, CHoN,0,Pt CopsHoN,0,Pt
Formula weight 818.65 1078.98 575.52
Crystal system Monoclinic Triclinic Triclinic
Space group P2/c Pl Pl
a/ nm 0.908 92(2) 1.230 43(6) 1.004 44(6)
b/ nm 2.009 26(4) 1.326 89(5) 1.026 63(5)
¢/ nm 1.346 89(3) 1.379 40(7) 1.036 48(6)
al (%) 90 108.903(4) 99.712(4)
B/ 108.492(3) 113.138(5) 108.526(5)
v /(%) 90 93.025(3) 95.070(4)
V / 2.332(10) 1.916(17) 0.987 3(10)
Z 4 2 2
D./ (g-em™) 2.331 1.869 1.936
F(000) 1528 1 040 556
Crystal size / mm 0.3x0.25%0.2 0.3x0.3x0.2 0.3x0.2x0.2
26 range / (°) 6.228~52.742 5.826~52.744 6.246~52.744
Reflections collected 10 346 15993 8276
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Independent reflections 4765 7 833 4035
Data, restraints, parameters 4765, 0, 311 7 833, 0, 493 4 035, 0, 273
Goodness-of-fit on F? 1.05 1.014 1.006
Final R indexes [/=20(])] R=0.028 3, wR,=0.048 3 R=0.030 8, wR,=0.0514 R=0.028 9, wR,=0.0500
Final R indexes (all data) R=0.036 6, wR,=0.050 8 R=0.042 5, wR,=0.055 6 R=0.033 3, wR,=0.052 1
Largest diff. peak and hole / (e-nm™) 930 and -930 950 and -1 190 810 and -1 040

F2 BEYW2IANEIZEKTER
Table 2 Selected bond lengths (nm) and bond angels (°) for 2, 3 and 4

2

Pt1-01 0.208 7(4) Pt1-02 0.199 7(3) Pt1-N1 0.197 9(4)

Pt1-C1 0.195 1(5) P12-03 0.209 4(3) P12-04 0.200 3(3)

P12-N2 0.197 8(4) P12-C14 0.196 2(5) C6-C7 0.147 2(7)

C8-C9 0.146 6(6)
02-Pt1-01 91.80(14) NI1-Pt1-01 93.42(15) N1-Pt1-02 174.44(15)

C1-Pt1-01 170.86(17) C1-Pt1-02 93.85(18) C1-Pt1-N1 81.21(19)

04-Pt2-03 92.29(13) N2-Pt2-03 93.03(15) N2-Pt2-04 174.05(16)

C14-P12-03 172.64(16) C14-P12-04 93.41(17) C14-Pt2-N2 81.52(18)
3

N3-Pt2 0.198 1(4) 03-Pr2 0.199 6(3) 04-Pr2 0.208 5(3)

C7-Ptl 0.196 2(5) C18-01 0.126 6(6) C20-02 0.126 9(6)

N1-Ptl 0.197 4(4) 01-Ptl 0.199 4(3) 02-Ptl 0.208 6(3)

C29-Pr2 0.195 3(5) C25-C34 0.148 8(6) C26-C28 0.145 9(7)

C24-C27 0.150 8(7) C3-C12 0.147 8(7) C4-Co 0.146 8(6)
C29-Pt2-N3 81.45(19) C29-Pt2-03 92.63(18) C29-Pt2-04 173.79(17)
N3-P12-03 174.05(15) N3-P12-04 93.47(15) 03-P12-04 92.48(13)

4

N3-P12 0.198 1(4) 03-P12 0.199 6(3) 04-P12 0.208 5(3)

C7-Ptl 0.196 2(5) €20-02 0.126 9(6) 01-Pt1 0.199 4(3)

C18-01 0.126 6(6) N1-Pt1 0.197 4(4) 02-Pt1 0.208 6(3)

C29-P12 0.195 3(5) (26-C28 0.145 9(7) C3-C12 0.147 8(7)

(25-C34 0.148 8(6) (24-C27 0.150 8(7) C4-C6 0.146 8(6)
(29-P12-N3 81.45(19) (29-P12-04 173.79(17) N3-P12-04 93.47(15)
C29-Pt2-03 92.63(18) N3-Pt2-03 174.05(15) 03-Pt2-04 92.48(13)
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BeAR 2,3- R BEmb g fn 5P 0k 2 3- TR Rl B A AL B A R IR B AT oM A 4
VR A N T AR, RIS, S ORI RN T AT BeAE RN R B T L B AL YE R
LW ARE] 5, 6- oK 2 3- A MR A 2-F =SSR BRI T RS R . SR T
H5,6- TR 3-TAME T AL ESE MR BN EKR S Y R W EIE 2SS T R
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N 1 O-Pt-O Z [ fXF 7] f1 (subtend angle) 4351 4
7.79°C%F Pel FLA5 401 5.76°(%F Pr2 L &5 4) ., 5 5-H
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C-Pt-N Hl O-P-O Z A () T A L BC A4 3 KT —
fi5 U B BEAH#E P-C P-N M Pr-O 8 K 43 3] 78
0.195 1(5)~0.196 2(5) nm,0.197 8(4)~0.197 9(4) nm
F10.199 7(3)~0.209 4(3) nm &, 55 —J7 I, Mk

W5 R IR Z 8] (0 I £ 43 50 h 24.07° (FHXF T Pl i
A W) 22.76° (X T Pr2 BLA W), H AL EL A
Y 3RK T 100, B FILER 2,3 R+ 1%
F 0 2 ANORIAH EARET A0 A SRR T A
B, 573 — A T A TET A 8K SR BB — o 5 i it £ 9 Xk
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B RR E

Ellipsoid probability level: 50%; Hydrogen atoms in the molecule

are omitted for clarity
K2 BEY 2 1R IREE
Fig.2  Crystal structure of complex 2

B3 REAY 3 MREEHNE LAY 3ET
ZARHRR SRR PLTE— DA RAICH A 2
ANPST T, SRR A T R AR
R HERUE IR = e 4540, 4K Pol A 2R
A& P2 TIEEE 4300 0.331 9 A1 0.318 9 nm, i F

Pt2

Pt2

Pt1

Ellipsoid probability level: 50%; Hydrogen atoms in the molecule are omitted for clarity

3 BaY 3R R IRER (26 &AL RLUAL (14T
Fig.3 Crystal structure of complex 3 (left) and packing diagram (right)
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PR 2 A4~ 0 B, BLAZ T C-Pi-N Fl O-Pt-0
Z (B 1) A A 2.59° (% Prl FiL A #) F 3.60° (%t
P2 B A W), BLA 8 C-P-N Al O-Pi-0 43 5 4
80.96(18)°,92.16(13)°(XF Ptl FiL & 1) F1 81.45(19)°,
92.48(13)°(XF Pr2 FL & #0), A1 WL Pt 5 FC AT iU L
Il 97 T 1E B A AL Pr-C BEESAE 0.195 3 (5)~
0.196 2(5) nm Z ] ; Pt-N BB 7F 0.197 4(4)~0.198 1(4)
nm Z 8] ;Pt-O 85 B 7E 0.199 4(3)~0.208 6(3) nm Z
[i) 3 e C A5 2 [) 9 BB 8 0 A — i 1Y) B 4 S T T
BYRIEEN, M 5T S 5 R R IR Sk
W P11 T8 2Z 18] 149 2 £ 43 500 2 13.43°(%F Prl L& 4))
A1 15.29°06F P2 BL&97),2 >R 30 22 (6] 79 5% 41 23l
7 63.97°F1 58.58°, H THECAY 3 k2= 454 51
AW 1AL, AEMEIRW S i L2 T —
KR ATHENE G 1A SEEY 3 A0 &I

45k

B &9 4 B ARSI W 4 B J& T =R
R, BB PLECACE S BCG ) 3 AHRL, &840
SECARTE s i i E IR B S C1-Pil-
N1 F1 01-Pt1-02 43514 80.60(17)° 1 89.27(11)°,, Fic

C24
C22

W C21

Ellipsoid probability level: 50%; Hydrogen atoms in the molecule
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Fig.5 UV-Vis absorption spectra of the complexes 1~4
in diluted DCM solution
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Table 3 UV-Vis absorption of the complexes 1~4 in diluted DCM solution

Complex Aue / nm (& / (Lemol™-em™))
1 208 (3.71x10), 248 (3.4x10%), 290 (2.14x10%), 340 (1.52x10), 304 (7.3x10°), 444 (2.5x10°)
2 209 (5.47x109, 256 (3.65x10), 327 (1.64x10%), 401 (1.54x10%), 449 (6.4x10°)
3 259 (3.14x10%, 274 (2.81x10%, 315 (1.64x10%), 356 (1.1x10%, 399 (6.2x10°), 448(3.3x10")
4 242 (3.16x109, 258 (3.43x10), 306 (3.21x10°), 389 (1.74x10%), 441(1.15x10°), 481 (4.0x10°)
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Fig.6  PL spectra of complexes 1~4 in THF solution
at 298 K
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Fig.7 PL spectra of complexes 1~4 in THF solution
at 77 K
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Table 4 PL emission, quantum yield (¢.,), radiation constant, non-radiation constant and lifetime of complexes 1~4

Complex X/ nm (298 K) X/ nm (77 K) b K /s K. /s 71 s (77 K)
1 540, 565(sh) 535, 545, 579 031 2.58x10° 5.75x10° 0.12(1.3)
2 609 601, 644 0.12 6.6x10° 4.89x10° 0.18(1.6)
3 544, 575(sh) 534, 543, 579 0.33 1.43x106 2.92x10° 0.23(2.3)
4 642 597, 607, 631 0.18 6.4x10° 2.93x10° 0.28(2.6)




GEFEI 5, L 2, 3- ORI IR a2 | 3- T IR SR s i AR A AR 1) B A

%3

XURZ 4 Ja BTG 5 40 ) i A 45 A 5 50 0y B I 413

Wi AR /NG S X T L 2, 3 A R I b Ay TC A £ i
B4, i TR IR B B R IR R 2,3
TORFEMEE S BRI EC A 1 AH LG A AN 546 nm
2L %] T 632 nm, MTERA Y 1~4 19 PLOGIE T
Be&9 1 A9 2 09 PL OGS BN FER, 7EXTE
T 5 AR —AT WL OB 3% i i Hie b 2 MBI B A
IR SO | B A 2 FE AR RE A 0 WOV E
BEAEWLABET 5 om, (HEER A 2 1 PLOGIE
' A N 609 nm, 5 HLE Y 1(A,,,=546 nm)HH LK
ZI%% 63 nm, AR S BECA Y 2 G AR
WKL R WE? RV 2 WAZ SR A Y | A
A FECA Y PP Z E BB /NF 0.38 nm,
M= A5 F N A PP AR EAE R = A il & i -4
& %) FE A 19 B A BR A (MMILCT) 82422 i 45 30 e 75
Y PL OGS &R KL . STEEAY 2 1 ik
H PP BE BRI RERIT, S 2 AN AR TR Y
FEES N 0.669 1 nm, 4 ) [H] #E B W SR 3m KF = A 4
JE A EAE RIS, e A 2, &R 41 -
B2 1) 1 AH B AR SR OR 2 PL OGS A0 RS 1 SR A
M ANEC &4 1 F1 2 /58 4h—ml WL O i il | &
TS BRI LA A W], 7 3.2 WAy b | i ad ic
BY15 2 B IRSSH FL R IESE T RS A 2 1Y
HA B A 1 HA E il i A A I,
AT LLAFHEEC A9 2 19 PL OGS SHA S
¥ RYAR AV AT O BVAE 4 S 3 0l 2 1, Bl & 9 2 KR
T L A R ) ST T R R ) B AR HE IR T R
BB, BEECAY 2 0 PL IO, W T
TESC ORI 2 A B TR EL AW 1 A 2 13K
ROCTEHAT T (K 8), KKl 8 H &l 5 M b #k, 5

Intensity / a.u.

350 400 450 500 550 600
Wavelength / nm

K8 WIRTRAY 1S 2 76 THF W b i
Wik

Fig.8 Excitation spectra of complexes 1 and 2 in THF
solution at 298 K
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