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Study on the Synthesis, Crystal Structure and Properties of Ruthenium Complexs with
Ploypyridine Derivative Ligands
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and Chemistry, CAS, Beijing 100190, China)

Abstract: Ruthenium(I) complexs with polypyridine-based derivative ligands, [Ru (tpy-PhCH,-Im-naph),] (PF),
(C1) and [Ru(2,2"-bpy).(2,2" -bpy-(CHx-Im),)|(PF4)4(C2) (tpy=2,2":6",2"-terpyridine, 2,2"-bpy=2,2’-bipyridine, Im=
imidazole, Naph =5,7-dimethyl-1,8-naphthyridine) have been synthesized, and were characterized by 'H NMR,
ESI-MS, UV-Vis, fluorescence spectra, elemental analysis. Single-crystal X-ray diffraction analysis reveals that
C1 is a cation-anion complex, and constructed of molecular stacking along the ¢ axis to form cavities structure.
Cyclic voltammetry studies on the complexes showed one electron Ru(ll)/Ru(Il) reversible couple with £y, of 1.26 V
and 1.32 V, respectively. In addition, the CO, adducts of C1 and C2 were investigated by IR spectra. CCDC:
957798, Cl1.
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Scheme 2 Formation of N-heterocyclic carbene
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Scheme 3 Synthesis route of L1, C1, L2 and C2
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1.1 {5k

'H NMR % H % & Bruker 24 A /) DPX 400
MHz #% # L 424, TMS & N #5 |, (CD;),SO 1 CD,CN
¥ ESI-MS BT 7E APEX I #! FT-ICR J5 i35 X
ARG S A—AT WL ISOGE >R T Hitachi UV-3100
JETEAYL, TG G £ ¥ W 5 6 6615 R A Hitachi
F-4500 906G RGN, S 2 1) &G ¥ W 21 A0 6 i
K H Excalibur 3100 18 B 0748 $6 21 40 5% 3% /% KBr
JE R, FHE T 4 000~500 em™ 5 X- 5 4% B DR
H Rigaku Saturn724 CCD X-ray Han T4, Mk
ZMNACR H i R AR ALER 28 F Y CHI660C H L7
TAES WK T A A Tl 2 AT BR A W) 5
IR SN i B o N R T
1.2 & H
12,1 2-(3-PKme)-5,7-— FH 1 8-ZR WE 1Y 45 i

FEPKE(1.8 ¢,26.5 mmol), FEALH (1.2 ¢,22.10
mmol) AU T HIRILE (0.5 g,1.55 mmol) % T 200
ml PRI R P FEIRTE G 1 PE 30 min 5, A
2-5H-5,7- " JE-1,8-Z80E(4.0 g,26.51 mmol), i # (Al
T4 h, SRS AR H B = I DR AR bR R
E A 30 mL 7K, 100 mL — & BEAEHL 3 1K
B I N IEK MgSO, T4 v e+, RL™
JHVE JEEAE 70 B A5 BB 20 A (V ey o /V e, 0,=3197)
FE# 3.5 g (710%), 'H NMR  (DMSO-d.,400 MHz): 6

8.76 (s, 1H, Im), 8.70 (d, /=8 Hz, 1H, NP), 8.16 (s,
1H, Im), 8.04 (d, /=8 Hz, 1H, NP), 7.36 (s, 1H, NP),
7.19 (s,1H, Im), 2.67~2.63 (d, 6H, Me), JCFR 57, 5%
9MH (%):C 69.57; H 5.33; N 24.79; 151l (%).C
69.62; H 5.39;N 24.98,
122 1-(2-(5,7-= W H-1,8-Z8 IE ))-3-(4" -(p- 1! L oK
$£)-2,27:6" 2"~ IR R IE ) WK e RS R (L1) Y &
52[24]

4'-(p-TR IR H)-2,2":6",2"- = BLMERE (300 mg,
1.34 mmol) Fl 2-(1-Z(-PKME)-5,7-— H FE-1,8-Z5 W& (539
mg, 1.34 mmol) MAFEEAT 50 mL X — H KAy [ g
PO AR 70 CHEFER L 6 h, S 7 rh i
VA AT ) B 4 R v AN B 2 B AR
EIRE NI FRRY 3 DS e L 75 Wl iV = sl o SR AP
755 mg (90%), 'H NMR (DMSO-d,, 400 MHz): &
10.61 (s,1H), 8.95 (d, J=8.8 Hz, 1H), 8.79~8.63 (m,
7H), 8.19 (dd, J=20.8, 5.3 Hz, 2H), 8.04 (dd, J=7.0,
4.9 Hz, 4H), 7.79 (d, J=8.3 Hz, 2H), 7.55~7.49 (m,
3H), 5.69 (s, 2H), 2.71 (d, J=20.1 Hz, 6H). ESI-MS
milz: 546.3(M*), JCE T, LK 1A (%) C, 66.87; H,
4.53; N, 15.32; it%1H (%):C, 67.09; H, 4.50; N,
15.65.
123 EAEY C1 & M

P ECAR 1-(2-(5,7- = H 3K -1 8-Z5 B ))-3-(4" - (p-H
FEORHE)-2,27:6",27- BRI BE) PRV R £R (1L1)(400
mg, 0.64 mmol)¥# T 50 mL ZEEH JIA 10 mL A
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84 mg RuCly-3H,0 /K WIT I 6 h, [ 56 B
J& R R U8 R NHPF(976 mg, 3.83
mmol) ¥ 10 mL K WM A BN ER T i HE 1 h, 0
Hod gk ve 3 W A B f, TEC R LS N,
PR R LA TR AR 400 mg, WOR 70%
PR 80 07 3G % R 1E O/ S Bk i &
K pE stk ik, 'H NMR (400 MHz, CD,CN) &
9.97 (s, 2H), 9.14 (s, 4H), 8.98 (d, J=8.8 Hz, 2H), 8.77
(d, J=8.1 Hz, 4H), 8.51 (s, 2H), 8.42 (d, J=8.3 Hz, 4H),
8.07 (dd, J=15.7, 8.3 Hz, 6H), 7.98 (d, J=8.3 Hz, 4H),
7.88 (s, 2H), 7.62~7.48 (m, 6H), 7.35~7.24 (m, 4H),
5.83 (s,4H),2.87 (d, J=13.4 Hz, 12H), ESI-MS m/z:
208.3(M*), 446.2 (M+PFs)*, 742.5 (M+2PF¢ ), JC#E
AT, LA (%):C, 46.91; H, 3.57; N, 10.82; 115
fH.C,47.39; H, 3.18; N, 11.05,
1.2.4  4.4'-7(1,3-Z H WK )2, 27 I ik IE 5 R A6
(L2) A i 2ol

1 1-F ZE K (164 mg, 2.00 mmol) il A B 4
44" - (B JE)-2,27 JHK Ik BE (342 mg, 1.00 mmol) #Y
30 mL X R R AR R 6 b, R i
R ORI AT K G TR A SO 8 B R R
IH g RO DR SRR 3 Uk, LA TR A K [
A, 773,400 mg (80%), 'H NMR (400 MHz, DMSO-
dg) 8 9.33 (s, 2H), 8.74 (d, J=5.0 Hz, 2H), 8.40 (s,
2H), 7.84 (d, J=35.7 Hz, 4H), 7.46 (d, J=4.5 Hz, 2H),
5.64 (s, 4H), 3.90 (s, 6H). ESI-MS m/z: 165.6(M*), JC
EWT, L (%) C, 46.97; H, 4.62; N, 16.32; it
AH(%) . C, 47.45; H, 4.38; N, 16.60,
125 BAEY C2 G,

FERCR L2 4,47-2(1,3-Z F JEpkme)-2 27 I it g
R MR 8 (253 mg, 0.50 mmol) F cis-Ru (bpy).Cl,

(242 mg, 0.50 mmol)?" ¥#F 20 mL CH;0H/H,0 (1:1,
VIV)RR AR I ENR 4 b RS H S  @H
WU FIEROINA T 1.60 g NH,PF, 11 1
IS, CSEAT H A I 2T [RA Kk, 2 Tk ok | LA
TH#E, 15779 484 mg, 77 % 72% ., 'H NMR (400
MHz, CD,CN) & 8.60~8.42 (m, 6H), 8.32 (s, 3H), 8.07
(dd, J=15.3, 7.5 Hz, 4H), 7.72 (dd, J=29.2, 5.8 Hz,
6H), 7.42 (d, J=14.0 Hz, 7TH), 7.26 (d, J=6.4 Hz, 2H),
5.49 (s, 4H), 3.88 (s, 6H). ESI-MS m/z: 190.1(M*), JC
EWT, LR AE (%) C, 35.99; H, 3.25 N, 10.03; 15
{E (%) C, 35.86; H, 2.86; N, 10.45,
1.2.6 C1.C25 CO, Wi

Wt A G R N, PR P71 50 mL = H 42
Az B 3 K E T N, AT, mEPInA 1
(500 mg,0.28 mmol),5 mlL 4ifk izt ) DU &k e, 458 FF
fHEHIR A Y5 SR 5 B B TR oI BT BEA (38
mg,0.33 mmol), C1 T H I W AS N, KM
N, T4 A CO,, = B FE ML 5 h, #5153 CO,,
AT BR L DU LRI, N, DA T A5 380 Y TR 48 €2 [ 44
FH DU Sk iR 7E A3 RV B T
1.3 X-S&BEEHHNERRBEHIESH

B 0.16x0.12x0.06 mm K/N C1 b A 3547
R, X B2 AT 9 £ 7F Rigaku Saturn724 CCD X-ray
g AT A B 113 K B, Mo Kae B8 (A =
0.071 073 nm) Lk w/260 BT XM i@ i 2 50 5
HE AT OB IEDS ) 4544 ] SHELXS 97 F2/7 Hi B
Pk e R SR A bR K A ) S v I R
A SHELXL 97 &P R ER0 B T 7K 43 F S & 4Bk
FHERS A 77 =

CCDC:957798,C1,

F1 CIMREHIEMITHSH

Table 1 Crystal data and structure refinement for C1

Empirical formula CHeF2NsOP,Ru D./ (g-em™) 1.579

Formula weight 1 833.31 w/ mm™ 0.4

Temperature 113(2) K F(000) 1852

Crystal system Orthorhombie 01/ 1.88 to 25.02

Space group Pec2 Ry, wRAI>20(1)) 0.071 4, 0.181 6

a/ nm 2.101 81(19) R\, wRA(all data) 0.072 8, 0.182 4

b/ nm 1.082 16(8) Reflections collected 32 277/6 575 (R;,=0.047 0)
¢/ nm 1.695 45(16) Data / restraints / parameters 6 575/124/586

V/nm? 3.856 3(6) GOF on F? 1.114

A 2 Largest diff. peak and hole / (e-nm™) 780 and -438
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Table 2 Selected bond length (nm) and angles (°) for the complex C1

Ru(1)-N(2) 0.198 9(5) N(2)-C(6) 0.136 1(10) N(5)-C(24) 0.138 5(13)

Ru(1)-N(2) 0.198 9(5) N(2)-C(10) 0.136 8(10) N(5)-C(26) 0.145 1(11)

Ru(1)-N(3) 0.206 2(7) N(3)-C(15) 0.134 8(10) N(6)-C(26) 0.129 0(11)

Ru(1)-N(3) 0.206 2(7) N(3)-C(11) 0.137 4(9) N(6)-C(33) 0.135 5(10)

Ru(1)-N(1y 0.208 1(6) N(4)-C(25) 0.134 4(11) N(7)-C(32) 0.132 6(11)

Ru(1)-N(1) 0.208 1(6) N(4)-C(23) 0.139 7(14) N(7)-C(33) 0.138 2(10)

N(1)-C(1) 0.135 1(10) N(@4)-C(22) 0.146 3(13) N(1)-C(5) 0.136 5(9)

N(5)-C(25) 0.134 7(12)
N(2)-Ru(1)-N(2)' 179.4(4) N(2)i-Ru(1)-N(1) 101.2(2) C(15)-N(3)-Ru(1) 127.5(6)
N(2)-Ru(1)-N(3) 101.8(3) N(3)i-Ru(1)-N(1) 91.8(2) C(11)-N(3)-Ru(1) 115.9(5)
N(2)i-Ru(1)-N(3) 78.5(3) N(3)-Ru(1)-N(1) 157.02) C(25)-N(4)-C(23) 107.0(8)
N(2)-Ru(1)-N(3) 78.5(3) N(1)i-Ru(1)-N(1) 92.0(3) C(25)-N(4)-C(22) 126.2(9)
N(2)i-Ru(1)-N(3) 101.8(3) C(1)-N(1)-C(5) 118.3(7) C(23)-N(4)-C(22) 126.4(8)
N(3)i-Ru(1)-N(3) 93.4(4) C(1)-N(1)-Ru(1) 127.5(5) C(25)-N(5)-C(24) 109.1(8)
N(2)-Ru(1)-N(1) 101.2(2) C(5)-N(1)-Ru(1) 114.1(5) C(25)-N(5)-C(26) 124.209)
N(2)i-Ru(1)-N(1) 78.4(2) C(6)-N(2)-C(10) 120.6(6) C(24)-N(5)-C(26) 126.7(9)
N(3)i-Ru(1)-N(1) 157.0(2) C(6)-N(2)-Ru(1) 119.4(5) C(26)-N(6)-C(33) 116.4(7)
N(@3)-Ru(1)-N(1) 91.8(2) C(10)-N(2)-Ru(1) 119.9(5) C(32)-N(7)-C(33)
Symmetry code:' —x+1, —y+3, z
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Table 3 Hydrogen bond lengths and bond angles of C1
D-H--A d(D-H) / nm d(H--A) / nm d(D-+-A) / nm ZDHA /()
C9-H9---N7 0.951 2.526 3.434 159.75
C12-H12---N6 0.950 2.654 3.526 152.81

2 #R5iTie

2.1 BRIEEHRER

BEY Cl 22— e -2 a8t s
Y1, t A 2 F [Ru (tpy-PhCH,-Im-Naph),|** #1 ] £
PFg VA K515 5 S8R0, DL 1, C1 8 T IEAS
AR A5 AHE IR Pec2, MIREE I S8R 1 o,
PHES 7 rh i ol 43 8 B Ru> WoSBCh, &4 Ru®
S35 2 ANECAREY 3 4 N R AL, B/ R 4G
4 ,Ru 5 N2 W BE B e &2 (0.198 9 nm) N3 K Z
(0.206 2 nm), 5 N1 % 1£(0.208 1 nm),*F-¥ Ru-
N #4K4.0.204 4 nm, 2 DECAKA tpy FrE-F-1H L
SPAR LI B, A N 88.3°, tpy 5 AHIE MY AR IR LT
1E 295000 Z1H £y, 84 S B AR LR 2,

MIE 2 AT LLE H C1 4 F RUBTOIR  C1 i b
AU TR R R SR HED U ¢ BhMERRIN 4y TSR
JP S Y FLIEIR , Ru &b F 2549 BT i il | fk
H¥ C1 T py Y €9-HO Fil C12-H12 555 1 441
TR ZENE N BT IR R T 55 U5 | SR Y B K A
W3R 3, A 55+ Z 0158 b U5 B2 i — 4k R
(%l 3),

22 UEYHXEERFR,

it &9 C1 T C2 195 41 T WG 1% 7E 2 6 5 T
R T IE B 1075 mol - L7, &5 LA 4, MK
AATLLVEN ) ETRAY C1 REZEWIRIER 3 4.
284 312 il 489 nm, FH 284 nm &b W Ik 04 55 5
284 1 312 nm HJE HEAK L1 WK 7-7" BRIT e
{ETE 10° £ 9,8 30 By S % 489 nm HJE T4
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Symmetry code: ' —x+1, —y+3, z
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Fig.1  Crystal structure of complex C1 with 30% thermal ellipsoids

Symmetry code: ' 1-x, —1+y, —0.5+z; © 1-x, —1+y, 0.5+z; Symmetry code: ' 1-x, y, =0.5+z; * 1-x, —2+y, -0.5+z
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Fig.2 Molecular stacking of C1 along the b axis and ¢ axis
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Fig.3 Intermolecular hydrogen bonds in compound C1
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Fig.4 UV-Vis absorption spectra of complexes C1(a) and C2(b) in CH;CN
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Fri T C1 R C2 WSO, C1 7E A A E s
RS FITE CHLCN WP I TOE R SHR S5, C2 18 & o]
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Fig.5 Emission spectrum of complex C2 in CH;CN,
A.=464 nm
23 Cl1#C2HHBHFEERMR
BCA % C1 AT C2 1 Ak I i i A6 38 1 7 PR AR
EWE R =R & DU A KCL Y Ag/AgCl
A 2 el (] R BRI TR E | E,,=0.40 V),
B R LR A X ERL R B FL A Ry AR LR 5 B Al LR
it T ALO; Ry AR FTEE | JF0 47 5 4 1 rEL B R
4K FEEYE 5 min, W18 205 ,0.1 mol - L (9 1Y
IE T S OB MR B VR 0 SR T, Hl &R

100 mV-s™ FEFRZE WLE 6,

550 600

Potential / V
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Fig.6  Cyclic voltammograms of C1 and C2 in CH;CN
solution

X T CL, IR A A E,=1.231 V, BIR I (E
HL7 E,=1.300 V,AE,=1.300-1.231=0.069 V, %
PR — A R (IS 2 0.059 V) B 0
LU i,=11.7 wA, PFHAR W AR i,=22.8 WA i,/
i, =1.95, 2 W3 & — /> ) 300 AL 3 Tl 7 X I 1Y
Al 350 2 Rull/Ru(), E,=1.26 V, B E, AR
WIIC & ) HAT B4 ra Ak 2R A 1 L C2 AT — X
A3 S A R E L, =1.286 V, E,=1.367 V, E,=
1.32 'V, %F 57 B AT 3356 2 Ru(/Ru() ™,

24 C1#C25 CO,MIREL,

1,3 A7 B Ay R s m ] DUTE B 09 1 F R A8 R R 22
FATME T C1,C2 X CO, A [ A B 28 48
1) C1-CO, A ML L s 553 C1 iy
LLAME R AR B =0 IR JEIEFE 1 610 em™ A F
W J0p (% R e g 7 2R B 7 ) TR AEAE NHC-CO, 16 7
BT, LN WK 7 A B C2 2 1.2.6 1Y
LY HRAE LT MG BRTE 1 600 £ 1 700 em™ 4
W Jud f o R g 1 R
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