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Abstract: A series of 4,5,9,10-tetraaryl -quinazinoquinoline derivatives were synthesized and applied to hydrogen
evolution in water splitting as photosensitizers. In this photocatalytic water reduction system, PdCl, is the most suit-
able water reduction catalyst and the reduction quenching is the main quench way for the excited photosensitizers.
The substituent effect could explain the structure-activity relationship in photocatalytic water reduction system. The
methoxy group as an electron donating substituent was found to increase the turnover number for hydrogen produc-
tion (TON) of the derivatives up to 341. Photophysical and electronic chemical characterization of quinazinoquino-
line derivatives showed that the methoxy group could increase the fluorescence quantum efficiency of the deriva-

tives up to 0.48.
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3a:R,=H,R,=H
3b:R,=F,R,=H
3c:R,=CN,R,=H
3d:R,=CH,, R,=H
3e:R,=OCH,,R,=H

3f: R,=OCH,, R,=OCH,
4a: R,=OCH,, R,=OCH,
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Fig.1  Synthesis routes of quinazino|3,4,5,6-;ja]quinoline derivatives
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123 AEBUCERT Y B A B

PL3a i, O kR &SR KR
1(0.152 g, 0.5 mmol), 2(0.196 g, 1.1 mmol). f 1k 7|
[Cp'RhCL,],(0.015 g, 0.025 mmol) 1t 2 4 (0.399 g, 2
mmol) I S 7, B i A G 5 mL KEs
il BB 130 °CL B0 HE 12 he SN 45 A5 I
NV VR H Z R, L UE, BT AR A 2 R AT R T
(Ve Vomew=3: D24 HRWGAMN G RS
W8 3a 17

3a. (O K, R 70%., 'H NMR(500 MHz,
CDCl,):6 8.23(t,J=8.2 Hz, 1H),8.05(d, J=8.2 Hz,2H),
7.97(s, 3H), 7.41~7.34(m, 16H), 7.32~7.28(m, 4H),
3C NMR(125 MHz, CDCL,): 6 146.10, 135.16, 135.02,
134.74,130.65,129.47,129.00,128.75, 128.59, 127.40,
124.12, ESI-MS:[M-OTI{]" m/z=508..

3b: i (0 [ 4K, % 69%. 'H NMR(500 MHz,
DMSO-d,): 8 8.56(s, 1H), 8.06(d, J=8.3 Hz, 2H), 7.90
(d,J=20.5 Hz,2H),7.63(s, 1H), 7.50(t, J=7.4 Hz,4H),
7.47~7.42(m, 4H), 7.40(dd, J=10.2, 3.4 Hz, 4H), 7.34
(d, J=7.5 Hz, 4H), 7.31(d, J=8.7 Hz, 3H), “C NMR
(125 MHz,DMSO-d,):8 162.91,160.95,145.20,141.91,
141.80,135.13,133.92,132.64,131.41,130.29, 129.14,
127.65,126.68,124.97,124.16,116.01, ESI-MS:[M-
OT{]" m/z=544,

3c: B (A [ A, WLE 71%, "H NMR(500 MHz,
DMSO - d,): 8 8.60(s, 1H), 8.53(s, 2H), 8.25(s, 2H),
7.92~7.91(m,4H),7.84(dd, J=4.5,3.4 Hz,4H),7.65(s,
1H), 7.51(s, 4H), 7.50(s, 4H), 7.41(s, 2H), "“C NMR
(125 MHz,DMSO-d,):6 152.87,145.03,143.22,141.19,
139.88,138.03,133.41,132.80,130.26, 129.13, 127.47,
126.68,125.56,124.40,124.21,118.33,111.58, ESI-
MS: [M-OT{]" m/z=558,

3d . A 00 [E A IR 75% ., "H NMR(500 MHz,
CDCLy): 8 9.19(s, 1H), 8.61(s, 1H), 8.23(s, 2H), 7.68~
7.68(m, 1H), 7.55(s, 4H), 7.52~7.52(m, 4H), 7.45(s,
2H), 7.33~7.32(m, 8H), 2.33~2.33(m, 6H)., “C NMR
(125MHz, CDCLy): 8 159.20, 146.30, 142.45, 140.72,
136.06,132.36,132.32,131.81,129.43,129.24, 128.76,
127.47,127.42,126.24,125.22,124.93,124.13,21.29,,

ESI-MS : [M=OT{]" m/z=536.

3e. i (0 [ A, W% 70%., 'H NMR(500 MHz,
DMSO - d,): 8 8.56(s, 1H), 8.52(s, 2H), 8.22(d, J=2.0
Hz,2H), 7.86(s, 1H), 7.84(s, 4H), 7.51(s, 4H), 7.50(s,
5H), 7.01~7.01(m, 4H), 3.35(s, 6H), "“C NMR(125
MHz, DMSO - d,): & 159.07, 159.05, 144.96, 142.27,
141.87,137.41,134.58,129.74,129.17,128.79, 127.67,
126.77, 126.50, 126.43, 124.01, 114.16, 55.12, ESI-
MS: [M=OT{]" m/z=568..

3 A5 v (0 [ AR, IR 75%. 'H NMR(500 MHz,
CDCl,):6 8.23(t,J=8.2 Hz, 1H),8.07(d, J=8.2 Hz,2H),
8.01(d, J=6.7 Hz,2H),7.25(s, 1H), 7.25~7.13(m, 8H),
6.91(dd, J=8.4, 3.8 Hz, 8H), 3.82(s, 12H). “C NMR
(125 MHz, CDCL,): 8 159.61, 159.55, 146.30, 142.80,
139.54,136.02,129.29,128.59,127.37, 126.83, 124.96,
123.95,114.56,55.28., ESI-MS:[M-OT{]" m/z=628.

da. 15 0 AR, % 60%. "H NMR(500 MHz,
DMSO -d,): § 10.53(s, 1H), 9.27(s, 1H), 8.55(s, 1H),
8.31(s, 1H), 8.24(s, 1H), 8.02(s, 1H), 7.22(dd , J=26.4,
8.6 Hz,4H), 6.99(dd, J=8.6, 6.5 Hz, 4H), 3.37(s, 6H).
3C NMR(125 MHz,DMSO-d,):8 159.01,158.97,146.35,
143.95,141.08,140.77,134.87,132.49, 130.64, 128.89,
127.29,126.90,126.46,123.99,121.95,118.41,114.12,
55.12, ESI-MS:[M-OT{]' m/z=392.

1.3 EREK=EXL8

DA 3a ], SEE B AN R < e Ak il SR R
HEAT 3 YA <, HEBR IR 2R BL I & A3 1 2 /<, A
WRA T ESAY . ¥ 3a(1.8 mg, 3.5 wmol) Fl — 44
fEHL(8.9 mg, 5 pmol) MLADG R W HT, iITA 10 mL %
FU (Vi Vaga 2 Vi 0=41:3: 1; THF SRy UK, TEA S =
%), TG PR R A R R ERE AR 25 °C, P e i
FE, ROV FR BTGB A R A R R R
UE ) RS G RO, 0 U B A IR AR R ™ A
(U, A5 BIREAS SO AR R AN B 7 A SR B 45 1k
BEFE, LHDEIE . TRIEHEE 0.5 h B0 s — k= A1
SRIRFR, I A G s R I AR 1 ik
1.4 St

OB 3.5 wmol , FH U &K Mg 75 it )5 s e &2
50 mL A, FE S N ST B AL 2 D
1.5 fEIRRRNIR

Bc il 0.1 mol - L™ U T 3o 7 SpURA R 4z 114 D & 1k g
FL i BV W, N 3.5 wmol 3a, Fi FE 3 100 mL 25 &
SR = AR A T PR AR A A 2 E I . AR
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PR S 25 - AR F AR B Bk FL AR (d=2 mm) , % R,
W MR, S H A R Ag/AgNO, L) (0.799 5 V
vs NHE), & il , HLff B2 2 2 B2 47 19 0.1 mol - L7 (1)
DU T 5 7 R T i ) WY Sk I A TR, T TR 100
mV s, BrERELAZ 2.5 mV, JEHIIF ] 0.05 s, 7] Bg i 7]
0.5 s, i i B0 1.9 V(vs Ag/AgNO,), SR {7 -2.0 V
(vs Ag/AgNO;),

2 HR5TR

21 HRKFSEBEFR

ST Ik M R I3, 4,5, 6-ja ] WA AR 4 (fF
iR 19 - s W) AR S ST M R e BRI ARG K =
TR 2 IR A, DL 3a OGR4 AR & 1 i
PR TR AR R R R A T R G5 .

il S AL R A e A SR R A
B A3, B BT RO RG] Y 3 S e R AR S A
il A A, T DA A5 33 04 AR 700 0 A S A K =
SRR AT N EE . L 3a G HG, 2 BN
[ AP AR R AT T 0k . 3 1T 0, 3 Y
A 5% 4 i UM TR 70— 3 =k R N e A A

BRI UM AR AL 22 5 T 5E 4 R A ELAT BT A
e fg , A b ™ A i &R 5 3 5 (TON) 7T 36
142, PR AT Rl 2 M4 1 - s o SR 1 0 ke S i
N 5 e B AR (IR AT A WA )4
FOCH I BEAIVE R o 25 X RS G 25 S o, 24
ANl AT A AR B e A = SR R LA S
SR BEAMKHEAL R A AL AT T
Ak, AL R 5 wmol I TON i . i
1 A 0388 o £ 790 B9 P 2 AN BB A T 3 14 5 R R
APERE . FTREAY IR A At i i AR AR R L
PEACRGR) A 3 S K B 28 T e A 2R 11 7
APERE T XIS AT K SR 45 R — B
PO RS T AR B 00 A B4
il UG BRI X AR 3a 7R AN R 70 HR ) e
JeEE VAT TR . S5 R w2 MR 2 Brs  FEok
BB AR R R — B S B R A AR
TR R FIRN S A A SO kA B B AR 1
MY THE TEA KB, $il S ROCR AT R &R 7
Z 5N 5.6 mL(TON=142); 1M *4iA 7 4 LB [ TEA K
I, A & Y 7 S Rl 4.3 mL(TON=109), #k 2 28 i

R1 MK SR ELTAERE

Table 1 Performance of the catalysts in photolysis of water to produce hydrogen

Entry Catalyst® n/ pmol Vi, / mL TON®
1 [Co(bipy),CL, 0.6 15
2 Fe;(CO),, 0.5 13
3 No Catalyst <1 —
4 PdCl, 2 51
5 PdCl, 5.6 142
6 PdCl, 3 76
7 PdCl, and PPh, 5and 10 1.6 41
8 (PPh,),NiCl, 1 25

#Reaction conditions: Photosensitizer: 3.5 pmol; Solvent: Vi Vi Viyo=4:3:1,10 mL; 25 C; 300 W Xe

-light irradiation (without light filter); * TON(H)=n, /np=2 000V, /(22.48ny).

R2 RERKESFBET 0
Table 2 Effect of the solvents in photolysis of water to produce hydrogen

Entry* Solvent Vy,/ mL TON®
1 CH,OH+TEA+H,0 4.8 122
2 C,H;OH+TEA+H,0 43 109
3 THF+TEA+H,0 5.6 142

#Reaction conditions: Photosensitizer: 3.5 wmol; Solvent: V| . Vip,: VH20:4: 3:1, 10 mL; PdCl,: 5 pmol;

25 °C; 300 W Xe-light irradiation (without light filter); » TON(H)ZnHl/nPSZZ 000V, /(22.48n).
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Fig.2 Fluorescence emission spectra of photosensitizer

3a in different solvents
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SR G A R b AR B v ] AR RS e i 2 TR
M 4% 28 1) R 75 8 TR LA RORORY, e AR R 1
il ST P 7 AR S IR e 2 2 I 3 T A5 2
W™ SUE LA —2L

DL 3a Ry CHGN , B9 AR BRSBTS T SR
R AR L 43 B0 380,400,450 nm = F AN [A]
(% K AT REGT, 25 SR an & 3 Bir 7R, 7 380,400 Al
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Fig.3 Hydrogen production of photosensitizer 3a under

different wavelengths of light
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S A, o 3e B JC BT 1R B 4, il &0 TON Al 3k
341, SR 4 BOPCEE Dy S s R I, s 122 - s O
ORI A RE R K I R, TON AU STRT61 . 7T RERY
JEC DR 2 R L 5 AT ) 77 A e 74 0 8 O W R RE A 1Y
BT 8T, AN TMA S TR, mas
3 AT IRCT 3 DU R B, R 30 AT O SCRRARGE , 45 WL T
SEW A AEEA T H 7 O SR 2 7% 31 s 1 v
WREEAZ , S R BERZ B R T L, I BOR A ROE
BRG] T LAAR G i Hs v e A% 2 AT, S B AL SR
T SR A (HR 2 A R R S N e
70 B C BT VAT BT R, AT RE A S PR Y AR e A
BRI, A5 3¢ B I OE L 1 AR 1A% [R] LAl
FROLRGH PO T RCR TR

F3 T EREI MR K S SRR
Table 3 Substitute effect of the photosensitizer for photolysis of water to produce hydrogen

Entry* PS Time / h Vi, / mL TON®
1 3a (R,=H, R,=H) 8 6.2 158
2 3b (R,=F, R,=F) 8 2.0 51
3 3¢ (R,=CN, R,=H) 7 2.4 61
4 3d (R,=CH,, R,=H) 5 7.2 183
5 3e (R,=0CH,, R,=H) 10 13.4 341
6 3f (R,=R,=0CH,) 22 8.6 219
7 4a (R,=R,=0CH,) 3 9.8 249
8 None PS 8 <1 —

*Reaction conditions: Photosensitizer: 3.5 wmol; Solvent: Vit Vig,: Vyy (=4:3: 1, 10 mL; PdCL,: 5 wmol; 25 °C;

300 W Xe-light irradiation (without light filter); * TON(H)=ny, /np=2 OOOVHZ/(22.4871PS)
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Fig.4 UV absorption spectra of photosensitizer 3a~3f
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AN s i R EE T i — 2R o i T
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Hor & 2 A H AR 3e 26 B T 77 R i, @,=
0.48. da5EsR B eI, 2t 1= Rt/ JR
J& da YRR B/ | 25 )7 BEASO, B A, S 3
AN DL NG5 H 4 o 2% ' vie B VR RO R R 1Y

R

—3a

4X10°

3X10°

2X 100
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Fig.5 Fluorescence emission spectra of 3a~3f and 4a

ZEA ISR RAE S Hr FOEARK = A 45 8 JEHGR
3e A UAE T LG XA AR G- A Wz i e, H 7F 450~550
nm Z [AAT R AP D6 R G . GG 3e fir 30
B R B O RO PR U 4 T ER I 0 AR
g, F AR AT DB S G EOR 7 G AR & iR Dl il
T HE MOBERG Y 55 SR SO ik (5 Rl LA
Bt 2 P AR R IR B R Y o, SRR ) 58 A e 25
KA R, SECHOGRR A ARG, TR

and 4a
R4 HHF 3a~30F da FI KWK
Table 4 Photophysical of photosensitizer 3a~3f and 4a
PS &/ (L-mol™+cm™) A,/ nM Ao/ nm D+
3a 8414.29 444 482 0.38
3b 6 830.00 444 481 0.39
3c 7128.57 443 480 0.42
3d 7478.57 446 485 0.42
3e 8428.57 447 498 0.48
3f 7955.71 449 508 0.44
4a 9618.57 380 551 0.27

*Calculation of fluorescence quantum yield*: Reference is quinine sulfate (#=0.577); @ =® (I A)/(A,l), where

@, and D_ represent the fluorescence quantum yield of the PS and the reference substance, respectively; I, and I, repre-

sent the integrated fluorescence intensity of the PS and the reference substance, respectively; A, and A_ represent the ab-

sorbance of the PS and reference substance excited by this wavelength, respectively.
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-Volmer J5 #2 (I/I=1+K Co) AT MERL A, BIA]SR 1
PERERK, o T REH 1, AR AL AT P IR 3e 7Y
GEGIREE 5 I NI TR 5 3e BIDEGHRIE ; C, TR
FIe ., W6 ME 7RI LIEH, B EKFE=2L
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Fig.6  Fluorescence quenching of 3e by TEA
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Fig.7 Fluorescence quenching of 3e by PdCl,
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