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Preparation and photochemical properties of cyclometalated ruthenium(Il) nitrosyl complexes

WANG Yi-Rong LIZhen WU Yu-Hao LI Xiang-Hong® ZHANG Bing-Guang
(College of Chemistry and Materials Science, South-Central Minzu University, Wuhan 430074, China)

Abstract: Complex 1 with 2-(4-methylphenyl)pyridine as C, N-ligand was used to react with NOBF, under different
conditions to afford two cyclometalated ruthenium(Il) nitrosyl complexes 2 and 3 in high yields. Herein, increasing
temperature and aerobic conditions were favored by the generation of 3. NMR, MS, IR, and single-crystal X -ray
structure analysis showed that these two nitrosyl complexes have {Ru"-NO*} characteristics. This was further con-
firmed by electrochemistry and UV-Vis absorption spectra. Subsequently, the photolyzed product of ruthenium nitro-
syl complex 2 was separated and characterized by NMR and MS spectra. The result showed that such nitrosyl com-
plexes could give a release of NO by the breakage of Ru—NO under the light, along with Ru(Il) as the oxidation
state. CCDC: 2221223, 3.
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Fig.1 Preparation of cyclometalated ruthenium(Il) nitrosyl complexes
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A YR 3% i Bruker Ascend I TM 600 MHz
NMR JEHEAYL, LA DMSO-d, M FIZE R IR FIE . &
AR AT WL I G IETE Cary 5000 UV-Vis-NIR 4366
I ETFEETNE. TS CHCA(a-F-4-FHR
FERR) A L5, 7 autoflex TM speed MALDI-TOF Ji i
I B 4T o 2040 )% % 7F Shimadzu IRTracer - 100
FTIR Y%A 1, i F KBr JE B 52 o IR 22 525
TE CHI660C FLAb 2= T AR S8 1L, DL Ag'/AgfES L
W, B Bk FL AR AE TAE B AR, P 22 /E X B 4% , "Bu,NBF,
(0.1 mol « L) VE 32 15 Ha gt 5, ¥ 7000 U, 45 48 3
h150 mVes™ ST A6 IR S50 1R o 4 VR A
H AT FRZA A 1Y CEL-HXF300-T3 AT G R 55, 78

FETPUEATHRAE o HLAh X T ERAT SR F 293 K N AE
%47 Mo Ka 1) Bruker SMART 1000 CCD 754X F il
8 I8 SADABS 2 1 X 50 M4 TR ISURF IE , A
45 A8 g A K A Ak 8 SHELX - 97 %% 4 40, 3 {if F
SQUEEZE #EATAbH

CCDC:2221223,3,
1.3 NEESTLHEBAR Y 2T INGE &

EARHUR, PR = TR AR R A RS &
¥ 1(0.095 g, 0.13 mmol) 5 Z 5 (12 mL)F1 U F5U0 iR
fi§(0.076 g,0.65 mmol), 7£ 10 °C R EEEZ N 1 h)5,
WS SOV AR AN R 3 mL. S IEEEE AR, &g
A FNS TR R £ /K T W 10 mL, R SR HT 5 2
UL JeJE 2B TOK M O BEVE = . Hoas TR
Joi SRR TR L AR CE T, I Tk 4
il % 0.089 g WE 2T (4 ik 2, 7= % . 87%. 'H NMR
(600 MHz, DMSO-d,):6 9.40(d, J=5.0 Hz, 1H),9.03(d,
J=8.0 Hz, 1H),8.96(d, J=5.4 Hz, 1H),8.88(d, J=8.2 Hz,
1H), 8.72~8.68 (m, 1H), 8.62(d, J=8.2 Hz, 1H), 8.54~
8.50(m,1H),8.43~8.39(m, 1H),8.21~8.18(m, 1H),8.16
(d,J=8.0 Hz, 1H),7.86~7.82(m, 1H),7.61(t, J=6.7 Hz,
1H),7.21(d, J=5.7 Hz, 1H),7.17(d, J=7.9 Hz, 1H),6.34
(s, 1H),2.10(s, 3H), 2.07(s, 3H), “C NMR(150 MHz,
DMSO-d,):8 162.83,155.93,153.05, 152.90, 152.79,
149.95,147.02,143.72,143.44,142.81,142.07, 139.45,
132.88,130.11,129.29,128.84,126.35,126.15, 125.31,
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124.95,122.18, 118.15, 21.33, 1.18, IR(KBr, em™):
Vieo 1 903, v, , 840, MS(MALDI-TOF, CHCA): m/z
PRI {H 642.04[M-PF, |", 5L 55 642.15, 612.06[M—
PF,-NOJ]*., C,H,F,NOP,RuJCZ 7> Hr H it (H (%)
C,36.65;H,2.69;N,8.90, SLK{H (%):C,37.265H,
2.67;N,9.12,

BAGUT % ER A, SOV IR EE N 30 °CL, 15
] 0.087 g BE LA K 3. 7% :85%. '"H NMR(600
MHz, DMSO-d,): 8 9.41(d, J=5.4 Hz, 1H),9.03(dd, J=
16.2, 6.9 Hz, 2H), 8.89(dd, J=12.9, 8.2 Hz, 2H), 8.85
(s, 1H), 8.72(t, J=7.9 Hz, 1H), 8.60(t, J=7.8 Hz, 1H),
8.432(t, J=7.8 Hz, 1H), 8.25~8.18(m, 1H), 7.96(t, J=
6.6 Hz,1H),7.61(t, J=6.6 Hz,1H),7.21(d,J=5.6 Hz, 1H),
6.69(s, 1H), 2.30(s, 3H), 2.08(s, 6H). “C NMR (150
MHz, DMSO - d,): & 161.61, 161.34, 153.56, 153.45,
153.29,150.66,149.74,147.66,144.31, 144.20, 143.37,
142.19,137.34,135.33,130.62,129.85, 126.74, 126.63,
125.88,123.76,121.62,118.51,20.12,1.60, IR(KBr,
em™):v_y 1909,v, , 840, MS(MALDI-TOF,CHCA):
mlz P8l 687.04[M-PF, ", S 56 {A 499.97[M-PF,
CH,CN]* , 471.25[M-PF, -NO-CH,CN]* . C,,H,F,,
N,O,P,Ru-CH,CN JC & 20 B B8 {8 (%) : C, 35.75; H,
277;N,11.22, SEHA{EH (%): C, 36.04; H, 3.02; N,
11.08.
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¥ 90 mg W AHBEEC A1) 2 TR AE LIS R W0T i
KT RO 3 h 5, B 78 B 25 R 5, BL CHLCN/if A
KNO/H,O(KFRH A 50 1: 1) J9 ¥ i Wi (R=0.31), fif
WEAT Z AT o B AR BRI R . Bl SR LR R FE
/<, Tk 25 AT B AR A R S, "H NMR(600
MHz, DMSO-d,):6 8.98(d, J=8.2 Hz, 1H), 8.91(t, J=7.5
Hz,2H),8.64(d,J=5.7 Hz, 1H),8.58(d, J=8.2 Hz, 1H),
8.53(t,J=7.8 Hz, 1H), 8.44(t, J=7.8 Hz, 1H),8.41~8.35
(m,2H),8.19(d, J=5.5 Hz, 1H), 8.08(t, J=6.5 Hz, 1H),
7.93~7.88(m, 1H),7.86(d, J=8.1 Hz, 1H),7.81(t, J=6.5
Hz,1H),7.52(s,1H),2.55(s,3H),2.34(s,3H),1.91(s,3H).,
BC NMR(151 MHz, DMSO - dJ): § 162.98, 156.26,
155.69,155.43,155.28,152.45,151.87, 143.67, 141.88,
141.05,140.67,135.17,129.60,129.48 , 128.88, 128.46,
127.99,127.97,127.76,126.30,124.83, 124.70, 115.84,
21.15,3.87,2.98, MS(MALDI-TOF,CHCA): m/z Bit
{8 426.05[M-PF, —2CH,CN", S2 51l 426.44.,
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Fig.2  Crystal structure of complex 3 with 50% thermal
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Table 1 Selected bond lengths (nm) and angles (°) of complex 3

Rul—N1 0.174 9(9) Rul—N2 0.207 6(9) Rul—(23 0.205 3(10)
Rul—N3 0.208 9(9) N1—01 0.112 0(12) Rul—N5 0.210 5(9)
N4—C1 0.112 5(16) Rul—N4 0.217 09) N6—03 0.119 9(15)
N6—02 0.121 8(15)

Rul—N1—01 178.5(9) N1—Rul—C23 94.4(4) N1—Rul—N4 93.6(4)

Rul—N4—cC1 169.5(11)
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Table 2 Selectivities to products 2 and 3 of the reactions between

complex 1 and NOBF, under various conditions

Reaction condition

Selectivity / %

T/C Gas atmosphere
10 Ar
10 Air
30 Ar
30 Air
45 Ar

2 3
95 5
94 6
92 8
— 100
80 20

23 MRER{TIMEEBRESYHXDENLFER
% JEF{Ru"-NO" EL A 4t BB NO 1Y AT RE
BT 7RG A Y 2 A3 B 20 T TROLE A RO IR
A S SN AT WSO T (18] 3), AH ORI G 25 T 3R 3
o, SRRE SRR T2 0 3AE T WO X LT A I
£ 310 nm [T 13547 5 & F dar(Ru)—7* (bpy)BRiE
7E 250 F11 280 nm Bz (49 W Wt U J& T C, N-Fe fA Fi

WRMERE (1Y) r—ar*BRIE . JERRJE 310 nm BT 09 T
WA W G 5T B, 76 280 nim 22 A7 1A W' 2 38 568, [R) st
AT WG XS0 BT 58 1 W Mg |, - A O B
[i) ) 264, W BE B T IR A I R T
dr(Ru)—7*(NO) Y MLCT BK 1T FlEE mE e & C, N-Fii
RF NO* Y LLCT BRI, DL W' i A8 1 158 BH
TECRSEAET B G W Al BRAAAE 4T N I HL 5%
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Fig.3 Time-dependent UV-Vis absorption spectra of complexes 2 and 3 in CH,CN (20 pmol - L") under xenon lamp irradiation
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Table 3 Photophysical and electrochemical properties of complexes 2 and 3, and the amounts

of NO released by the complexes under light irradiation

eno” ! (pemol < L71)

Complex Ayl / nm E} IV E LIV
10 min 60 min
2 254(1.90x10%, 270sh, 318(1.74x10%), 441sh -0.19512% -0.6322%, -0.9331>° 3.25 9.91
3 257(2.31x10%), 278sh, 311(1.68x10%), 441sh 0.068 -0.480, -0.748 4.08 14.16

2The absorbances of 2 and 3 (20 pmol L") were measured in acetonitrile, and the corresponding molar absorptivity was shown in parenthe-

ses. " The potentials were recorded in MeCN and referenced against the internal Fe*/Fc? redox couple by the addition of 36 mV; £, for Ru**/Ru’*

and £, for NO* — NO- and NO+ — NO". © The concentration was measured in CH,CN/H,0 (1:19, V/V), and the concentrations of 2 and 3 were

50 wmol - L7!, respectively.

Bl e, Mg, EXEIMAN T, BR T 2M3IE
CH,CN/H,O(MRF LE Ay 10 19)3 W A8 WOt 33 i Fiof
] A8 Ak . W S5 Bim  FE BB AAE T L i 24
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RUFEIFEE . 3, R Griess IFIPEAL Tl &
Y2 A3 AE IR R B NO B BE 1, 45 SR T3 3.
H R AL, 3% 245 W 7E G BN B BB R NO, HL
B 45 ' BT [B] A9 188 i, NO Bl Bl =2 3 m . DALk,
BE A 2 F0 3 AT 4 G NO Ay 10 3R HL 1
HFAEAE , HoAE B BR T 1) NO Bl i K F 2, X il fE
JE W JE Al Ru 5 NO 19454 1198/, Ru—NO
T 5 Wi R i 8™,

BEAh XA 2 R 3 Y HL Ak 2 1 ST T 2 B
& T B4 2 13 9 Ru(ll) — Ru(l4 Ak 47 5351
HBLAE-0.195%17110.068 V(vs Fe'/Fe), B4 3 1
AR 2 B L S6. M5 TR F 2 ik o ir
LAY BC A 4 3 10 Ru(D A Fa e o W8 3 e . At
A A BRI LA 8 2 T 3 7E-0.48~-0.93 V(vs Fe'/
Fe') 35 Bl W 4 Ui T Ru"NO* — Ru"NO- H1

Ru"NO+ — Ru"NO [ 25 ¥ L8 Ji i 01,

RS LA 2 6 RS R WG T AR PR, 43 5
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BSOS XA 15 S5 5, 0768 2.34
F111.89 40 HY B 2 4~ J&@ T CH,CN i H 3k . R0
Bt & 4 1Y 45 ¥4 7] BE K [Ru" (Meppy) (bpy) (CH,CN),]*
(HMeppy=2 - (4 - H1 K&) 2% B it g), 0 & 4 Jir 7w
BC NMR 3 HP R 5 5 52 85 MW & . B, B
b (18] S7 4 [8]) H PR 7E 426.44 A 1Y 4y T B Tl 5
[Ru(bpy)(Meppy)]*(m/z B AH : 426.05) 4 W) 7 , 444.21
Ab 1) 43 F 25 - 18 1] 5 [Ru(bpy) (Meppy) (H,0)]* (m/z B
WAH : 444.06)— 3, #E— D UESE T O™ H) 5 1045
o DA g5 BT B AP Y Ru—
NO &R W,

A2, (Ru"-NO* )OIV Al Pt e & M G ke
JiNO B 385 R 7= ARG M R FRC1, A T
Ve G Es R R PO & R ET b T2 F Ak ik
IR Ru(lD, 3 AT B8 2 Tk B B LA SR e A
—E IR JEME , AT A A 1 Ru(D-1 700 Ak T TR
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Fig.4 Schematic diagram of photolysis of complex 2
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Supporting information is available at http://www.wjhxxb.cn
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