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Photocatalyzed Homo-Coupling of a-Amino Acid Derivatives

Promoted by Sulfur Hexafluoride
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Abstract : Sulfur hexafluoride ( SFy ) is widely used in the electrical industry as insulating gas, and its global warming
potential is 23 500 times of carbon dioxide(CO,). However,SF, is extremely inert,and its degradation and utilization are
highly challenging. In this study,we have found that the SF¢ promoted C—C bond coupling with a-amino acid derivatives
as the substrates could be achieved under the conditions of photocatalysis at ambient temperature and atmospheric pressure.
The studies show that solvents,reaction time and concentrations of substrates are important factors for the efficiency of the
reactions. These findings showcase a new strategy for the efficiently photo-catalyzed degradation and utilization of SF gas.
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465 nm BOGXT (15 W, i LT B4 BRI B &)) | BE BEFE2% (KA HS-7).
1.3 AR EE

i F Bruker Avance 400 spectrometer 2 BEAASXT P~ AL M EA T ' H NMR A1 C NMR 2. IR B A
R TR E DT ("H NMR ; CHCL, 4 7.26 ppm;°C NMR; CHCL, 24 77.0 ppm).

14 ZWHE

TEEATRESIBEFET (0 8 mL B S FIIA 0.5 mmol - HERRATAEY 5.6 mg(1 mmol%) JE AL
(Ir[ dF( CF,) ppy 1,(dibpy) ) PF, 3 mL — 4 H 58 ( DCM) |, T o~ S8 FERRAG A= M1 DAL ) TR VAT, 55
ARSI AR SL A SE, AR BRI TE, FRLE 5 min J5, EEIR T (23 °C) A
KK 465 nm B LED WG RS IEHERE 15 h. SN SERUR , Zead Bez8 ke 4 - A TR Z M 0 8 (RERG , 2R 2 TG
A T TR 5 VAW S e ) 13- 21074
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2,3- X ( AFEEIL) BEFAMR — 2 HE (2a). "H NMR (400 MHz,CDCl,) 8 7.21-7.17(m,4H) ,6.82-6.81
(t,J=7.2 Hz,2H) ,6.73-6.69(m,4H) ,4.69-4.58(m,2H) ,4.30-4.17(m,4H) ,1.31(¢,J=7.2 Hz,3H) ,1.26
(t,J=7.2 Hz,3H) ppm. “C NMR( 101 MHz,CDCl,)$ 171.0,170.7,146.5,146.4,129.3,129.3,119.2,119.1,
114.4,114.2,62.0,61.8,59.3,59.1,14.1,14.0 ppm. HRMS (ESI) m/z; [ M+H ] " Caled for C,,H,;N,0} 357.
1809 ; Found 357.1807.

2,3-A( (4-RIEF) FIE) T FR 2 FK(2b). '"H NMR (400 MHz,CDCL,)8 7.26(d,J=8.8 Hz,4H) ,
6.55(d,J=8.7 Hz,4H) ,4.55(s,2H) ,4.28-4.22(m,4H),1.30(t,J=7.1 Hz,6H). "C NMR (101 MHz,
CDCl,)8 171.2,146.3,133.2,116.7,112.1,63.1,59.9,15.2. HRMS (ESI) m/z: [ M+H ] Caled for C,,H,,
Br,N,0} 513.0019; Found 513.0015.

2,3- W ((4-FAI) FH) T R~ ZFR(2¢). '"H NMR(400 MHz,CDCI,) 8 6.91-6.87(m,4H) ,6.65
-6.61(m,4H) ,4.51 (s,2H),4.28=4.16 (m,4H) ,1.29(t,]J=7.2 Hz,6H). "C NMR (101 MHz, CDCI,)
8170.7,156.8(d,J. . =237.4 Hz) ,142.7(d,J.,=2.1 Hz) | 115.9(d, J., =22.4 Hz) ,115.5(d,J., =7.6
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Hz),61.9,59.9,14.2. F NMR (376 MHz, CDCL,) 8-125.5. HRMS (ESI) m/z: [ M+H]* Caled for C,, H,,
F,N,0} 393.1620; Found 393.1622.

2,3 WK R E L) T R — 2K F5 (2d). "H NMR (400 MHz,CDCI,) 8 7.38-7.33(m,5H) ,7.25-
7.22(m,2H) ,7.08-7.04(m,9H) ,6.76(d,J=2.0 Hz,4H) ,5.01 (s,2H) ,2.28(s,6H). "C NMR (101 MHz,
CDCL,)d 169.7,150.2,143.7,130.0,129.6,129.1,126.4,121.4 114.8,59.8,20.5. HRMS(ESI) m/z; [ M+H]*
Caled for C, Hy,N,O; 481.2122; Found 481.2121.

2,3-RL(XF I AEILEHL) T /% (2e). "H NMR (400 MHz,CDCI,)$ 7.12-7.10(m,4H) ,6.73-6.70(m,
4H) ,4.72-4.65(m,2H) ,4.24-4.16(m,2H) ,2.30(s,6H). "C NMR (101 MHz, CDCL,) 8 140.9,131.6,
130.3,116.0,115.8,50.0,20.5. HRMS( ESI) m/z; [ M+H] " Caled for C, H, N} 291.1604 ; Found 291.1602.
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BIPCAR 25 A 2 7] DCM OGRS 15 h SR EE 0.17 M, BTl SEOE IR0 R 44% .
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Table 1 Optimization of photocatalyzed homo-coupling of a-amino acid derivatives

SF, (1 atm)
o 10 mmol%(Ir[dF(CF,)ppy],(dtbpy))PF; Iih 0
2 Ph” g\)I\Q/\ solvent > . O/\
Blue LEDs (465 nm), 23 C, time ~~0 NH
O fl’h
la 2a
Entry Solvent Photocatalyst Time(h) Concentration Yield( %)

1 THF (Ir[ dF(CF5 ) ppy ] ,(dtbbpy) ) PF¢ 15 0.17 M 14
2 CH,;CN (Ir[ dF(CF5) ppy ], (dtbbpy) ) PF, 15 0.17 M 18
3 DCM (Ir[ dF(CF5) ppy ], (dtbbpy) ) PF¢ 15 0.17 M 44
4 DCE (Ir[ dF(CF5 ) ppy ],(dtbbpy) ) PF4 15 0.17 M 38
5 DCM (Ir[ dF(CF5) ppy ], (dthbpy) ) PF, 12 0.17 M 23
6 DCM (Ir[ dF(CF5) ppy ] ,(dtbbpy) ) PF, 36 0.17 M 19
7 DCM (Ir[ dF(CF5) ppy ], (dtbbpy) ) PF, 15 0.20 M 35
8 DCM (Ir[ dF(CF5) ppy ] ,(dtbbpy) ) PF4 15 0.10 M 30
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Fig.1 Substrates of photocatalytic SF;-promoted homo-coupling of a-amino acid derivatives
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Table 2 Control experiments and radical trap experiment
SF,(1 atm)
o 10 mmol%(Ir[dF(CF,)ppyl,(dtbpy))PF, PhQ
H HN /\
DCM(0.17 M) O
2 Ph’N\)]\O/\ » o
Blue LEDs (465 nm), 23 °C, 15 h ~ I}JH
O Ph
la 2a
Entry SF Photocatalyst Light TEMPO Yield( %)
1 / VvV Vv / trace
2 vV / vV / N.D.
3 vV vV / / N.D.
4 vV vV vV vV N.D.
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vs. SCE'™)) i HAG A0 N ZIEFR TR F LI B 1, BEJS L 7, B A o -2 RRER [ %, SR 5 8 A
- H I IEMBCA L 2, 3- XU CREEEEL) BEHIIR — LM (2a) 7=, [FlI SF, 7 M 720K KR M Sk
AT Te(T0) 200 =0 8K , F BB Sl 00 B T A0 SF [ 3%, I 4ksl & A R i fe >
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Fig. 2 Possible mechanism of the homo-coupling of a-amino acid derivatives
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