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Abstract: A electron-donating bidentate ligands of isocyano-compounds were designed and synthesized, which
could formed a series of aza-isocyanide heteroleptic copper photosensitizers 4a~4h with 1, 10-phenanthroline
derivatives as N ligands. The photosensitive activities of this copper complexes were studied in water reduction
system, and the turnover number (TON) of hydrogen evolution was up to 168 with bis(2-isocyanophenyl)sulfane as
isocyanide ligand and 1, 10-phenanthroline with 2, 9-disubstitutes as N ligand. After the photophysical and
photoelectric properties of these copper complexes were studied, a preliminary explanation and discussion of the
structure-activity relationship and the mechanism of photocatalytic hydrogen evolution from water were carried

out.
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Fig.1 Reported aza-isocyanide heteroleptic copper complexest*!
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Fig.2  Aza-isocyanide heteroleptic copper complexes
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1.2 & M HEERE ¥ (5.44 g, 20 mmol) ¥ T 100 mL P4 &Ik
1.2.1 2, 2'-Z 5 ik R BRIk (2) I B W, B R AR YUIRZS T Y 250 mL Schlenk i

S IE AR 2 2 2% SCHRPSHRE & iy 16 38 2o Y Hi, 0 CTFIMA=ZH(20.2 g, 200 mmol)Fl = 5 4
Tk Ak G K 9 25 i A B (B 3), BARERAETT . (15.33 g, 100 mmol),0 °CF [ Wi Sh, 4R,

FEREA MR BEE | BRI REER KR BB EEMNCR 0 °CF 2218 i A Rk R R
100 mL = PR HMA H E2(10.8 mL, 0.287 mol)f1 4, SRV E W AR R AR s S P B 25 B, A HLZ2
2 I (5.45 mL, 57.5 mmol),60 CAMF NN 1 h Ja R ERIKUER , JCK B IR 8 T4 A E A 4l b (ki
BTKBTARHNEOC, #2, 2-E8ETIRMEE  V suw/V imes=6) REIHRTY 2 .01 g, BFEH
(6.2 g, 28.7 mmol)i# T 50 mL T By 28 LT, 85%), 'H NMR (500 MHz, CDCly): § 7.48 (d, J=
INAE R AR R 0 CF R 1 h, AHGY 7.4Hz, 2H), 741 ~ 732 (m, 6H,), "“C NMR: &
VE A SN S8 A U8 U R B KR TR 1R 169.37, 132.73, 130.59, 129.99, 128.95, 128.04, ESI-
A 0 = H e 72 0 (6.25 ¢, OB 80%), = MS: [M+H]|'=237,
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Fig.3 Synthesis of bis(2-isocyanophenyl)sulfane

PATFIRE 9 7 vk A B ARBCAR 1, 53CHiER 0.2 mmol), — Z % (7 mL), DU UK (3 mL) Fl K 2 4k
TEECHE V45, 'TH NMR (500 MHz, CDCly): 8 7.59~  (0.255 g, 2.5 mmol), JHif& 2 60 CK N 12 h, S 58
7.44 (m, 4H), GC-MS: 128, IR(KBr,cm™): 2 128, b g, DR 2R I R 28 TR R 25 A R S ] S b i
122 2, 9- Ik 4, 7- TR HE1, 10-FEIE Wk (3e) M TOOKBRIREA TR AR JE T AL BERE YV aw/V 2w

5 I cu=5)13 B HA5 9 3¢(0.83 g, Y%K 78%),'H NMR
A AR 3¢ i i Sonogashira f BK [z B 74 ] (500 MHz, CDCly): 6 7.85 (d, J=2.6 Hz, 4H), 7.76~7.70
(Bl 4), HAREAEWT: (m, 4H), 7.58~7.52 (m, 10H), 7.44~7.40 (m, 6H), "“C

HAMYT R, 7F 50 mL Schlenk & H A 2, 9- NMR: & 148.62, 146.57, 143.39, 137.37, 132.33,
T4, 7-Z R 31, 10-FE M IH(0.978 g, 2 mmol), MU 129.66, 129.04, 128.71, 128.42, 127.08, 125.85,
(ZREEE)H (115.5 mg, 0.1 mmol), BLAL T4 (38 mg, 124.27,122.61,90.83,90.36,, ESI-MS: [M+H]'=533,

Pd(PPh,),, Cul

EtN, THF, 60 C

Bl 4 2, 9- K4, 7-Z -1, 10-TEME MR 3e) A K
Fig.4 Synthesis of 4, 7-diphenyl-2, 9-bis(phenylethynyl)-1, 10-phenanthroline
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FREHT ARG TS B 3K, E T (Viaww V= onVi=4:3:1) 10 mL, PRI E R KB
TARAT RS WBERR DU 25 5 (3.5 pmol) FIE HEDRE SN R SRR E QR AE 25 °C 1 FE 15 min, $TIT
BCAK (3.5 pmol) 4, 7-Z K He-1, 10-FEME MR AT A9 WUATOGIR MRS SOBi i, 1 U TR W& 7= A i &
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AH1(0.36 g, 1 mmol) Al 2, 2'-— 5 Jiff 3 — R i Ik (2)
(0.236 g, 1 mmol)Z 4P — /i (1)(0.128 g, 1 mmol),
A W BEBEHE R PRI AN OB R 1Y £ 1% 5
(0.372 g, 1 mmol), = FHEHE 2 h, B LE A, 155
F4) ] A 3 ok B ARG I HE o ) R BB 0 (K 1)
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Table 1 Data of MS test

Entry Ligand ESI-MS (M+H]) HRMS Caled. Found
1 2+3a 631.1 631.101 2 631.101 2
2 2+3b 659.1 659.132 5 659.133 7
3 2+3c 7152 715.195 1 715.193 0
4 2+3d 7432 743226 4 743229 1
5 2+3e 783.1 783.163 8 783.165 9
6 2+3f 831.1 831.163 8 659.133 7
7 2+3g 719.2 719.153 6 719.151 8
8 2+3h 775.3 775216 2 775213 2
9 143 — — —

1.5 Feigahk ) HEERE5RB

FRIBC 4, 7-Z 8 -1, 10-3E M 0k A7 2B W (3.5
wmol) .2, 2/- 5 i A AR H Ak (2.38 mg, 3.5 wmol)
TR Y ZE I (1.31 mg, 3.5 wmol), T A HEE 4f
4 B RE R R AT (U )10 mIL, 6 2 h,
P ASEVE T U BT 5 0, B 25050, D G 1 ik I e
H] 100 mL AR, JFE A E 100 mL, 765 Il 45
P ATk 2
1.6 R FERMIK

FRE 2, 9- " H 364, 7-Z0R 561, 10-3E 1% Mk ATt
AW (3.5 wmol) .2, 2/ -5 B 3 TR 6 ik (2.38 mg,
3.5 wmol) 7~ LB 2 PU 2 % 47 (1.31 mg, 3.5 pmol),
A HE 28 B 1 O R, I A SR (S BE) 10
mL, B 2 b, B Z50 0 K i 15 1R 35 i A R G U
TNV el V ox=4) T SRIG 53 50 IS 6] e B2 1Y Fes
(COY, FI = 2 B, FE = A1 T AR 2R 1 28 o
.
1.7 WK=K
8 T AR 22 552 56 2% 1, T AR PR 3% A PR A (d =2
mm) , X LB EA R 2 LA . Ag/AgNO;, 75 = i
T, L BTE 0.1 mol - L PO T JE7S S R 24 1 &M
VW, R B 100 mV-s™, BrEREAL 2.5 mV, il
PR 25 mV, P HIEFE] 0.05 s, [MIFFETE] 0.5 s, 5
AL 1.0 V, B ARHA-1.8 V,

2.1 FEKHEES

TGRS IR R 2, 27 - R TR Rk
Gy, & WAL K O A B B — S A 1 A
2,6 M7k, A IR TR 68%, SRIGTET EEar
5 POt K e Jsi i SR R b (D=2 e i T
THE I, Fey(CO),, Al SR | 5 I S 4% e 4 e &
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BCHE & P r Gk Re |
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B i i A 0 1 sh & A8 Ak IR AT 8 1 8 2 S5
J0 9 Y Cu(MeCN),PF, AT N B 3 Je7E 1 A i 7
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Fig.5 In situ synthesis of aza-isocyanide heteroleptic copper complexes

x2 HSHE
Table 2 Data of hydrogen production test

Entry* Ligand Time / h Vy, / mL TON,!
1 1+3b 10 <20 < 46
2 3b 10 <20 <46
3 2+3a 12 54 126
4 2+3b 15 7.0 163
5 2+3c¢ 18 7.2 168
6 2+3d 10 5.8 135
7 2+3e 13 5.0 117
8 2+3f 12 7.2 163
9 2+3g 15 4.8 112
10 2+3h 12 6.8 159

“Reaction condition:Ligand (3.5 pmol), Cu(MeCN),PF¢(3.5 pmol), Fe;s(CO)y, (5 wmol), THF+TEA+H0 (Vi Viga:V gy o =4:3:1, 10 mL),25 °C,300

W Xe-light irradiation (output 1.5 W), without light filter.
"TON;=ny/ne,=2 000V, /(24.48n,)

B — AR FLH I LA ) 4a~4h(E 5), b T il —HiF
] LT PR BT S G AU 24 e G BOR) R AS fin
SIEBCAAR A SR R R BEEAR WA 7 A (Entry 2),
Wt B S5 I A 1 77 A 2 ) 0 7 A ) OB R 3R
[ B}, 38 23 75 43 9% I 3% (HERMIS) X T B 4 4 i & 4 1
AT TR, UE ST Z e 4 A5 90 00 A7 A, T HL 2% T 46
B 45 400 1) A9 sk vy | 29 B0 1% o) T 2 i v 2 i
i T 1 O T S R IR S A B DA G 2 4,
T-Z R FEC1, 10-FEME MR 2, 9 Ay B3k RN S N Sk

iF 26 B Hc i e O M A TON Tk £ 168,
BiE 2, 9 17 BUR LIS K 20T e R B m e as
PEB TR, R T R A B3 AT BELRS T 2% P 4 >
R AR, T BB A 2R R 4 e 5 40 1 LA 5%
M) AN K, il &0 TON XA %) 163,2, 9 o JTCHUR S i
I AR L BOE P | R R 2, 9 47 I IR SR
AL BE Bl 1 G & AR K, i HLA R TR —
] 14 D TR A AL D | AT 9 2 A A S 2 e [T
2, 9 {7 A be A IR IENT M C A 9t R E K Y
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Fig.6 UV absorption spectra of 4a~4h
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Fig.7 Fluorescence emission spectra of 4a~4h
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Fig.8 Fluorescence spectra of 4b quenched by Et;N
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Fig.9 Fluorescence spectra of 4b quenched by Fe;(CO),,
YRR, 2 Fey(CO)y, N KFNE  BEE Fes(CO)y, 1Y
e BE 9 R, 9 e P JGBOR B T HLAE 490 nm
Gh 2 B W P T R T Fes(COY 01
A SHOR TR R P RSB S RO S S T T

[TEAJ"
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LI 980T S8 A i A K PRI S i R A% TG A0 P
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KA H T = S v B & Fey(CO)y, 9 T8,
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TR 1] ) FE 2 AR B [HFey(CO) 5 3 W 1
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[Fes(CO)] o [Fes(CO), | HH8 i 5 — GG 48 5 4R
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Fig.10  Proposed reaction mechanism for the photocatalytic production of hydrogen
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Fig.11  Cyclic voltammetry of complexes 4a~4h
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Table 3 Electrochemical properties of copper complexes
Entry Complex Oxidation potential / V Reduction potential / V Potential difference / V
1 4a -0.73 -1.64 0.91
2 4b -0.70 -1.72 1.02
3 4c -0.78 -1.62 0.84
4 4d -0.74 -1.66 0.92
5 4e -0.75 -1.66 0.91
6 4f -0.75 -1.65 0.9
7 4g -0.75 -1.67 0.92
8 4h -0.75 -1.66 0.91

B FCAA  SH A 2, 9- AR k-4, 7- 0K 31, 109
W IR S A7 B T S T R 2 LA G AR DG
KR R R —E WGBS, A TON 1 ik
168, 45 A X [T 3% 19 i 75 4 10647 48 SISO 33 Fn 28
KRS RIS R R B 2, 9 A A T3
VA B B A 1) 1 4 v LG 5 0 1 ) 00 T R BT 3
FE P (128 (B A7 BRSO A A — 2 P SE MR, 4% A) 57 BEL/IN
BRI 4 v = A B 5 2 0 A, ) R
PENCVE R LI W I A K Ry BRI
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