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THF;1,4- 4N, 1.4-Dioxane; — H I, DMSO; Z 15 . CH,CN; 2B . EtOH; Z R 21 . EtOA) ¥ Ky
AT AL B R R U I A UL FH B o 28 i — 20 i A A i R AR D v BT R R0 D CDCL oA ) 38 DMSO-
ds GRAC ZH LA . H NMR B 5%k 500 MHz, " C NMR B I # %k 125 MHz “67” Fn b F# 00 5 .
“T7FRAR G H BT ROV 8 i GF254 RERSIR T RS TLCGHZE %) A W . SC i Bir A5 b & 4 2 2l oot (i
FH 200~300 H fif fisg 3 75 9 o PR SAT: €835 10k 0 15 i A,

1.2 EWHE

B LA T A9 25 mL Schlenk & 0 iIn A®E S8 £ 7, SR G KR In A WE B L 1a(0.3 mmol) . #F R
iz Eh 2a(0.4 mmoD) . JNASEH Z J5 4% Schlenk & B # A LR /D 3 WL IR 5 18 ARS8 T 56 % A Bz
JE A # R DCM 2 mL. B 5 B 478 L 8 0/ Schlenk 48 PR R A AR I 4L T B AR ¥4 Schlenk 4 & T
WO AL A 2 IR T #EAT G ORI . S W — Be i 18] J5 i ) TLC AR XS B by A7 M I, 728 500 45 R R
ZEUR R R A 3~4 mL A& ERK L RIGINA EtOACc #E4T 2B, 45 2 1A JLAH UE T & F . oK B iR
BT I A D I U T 2 A i A B 0 A AR I A 3 BT R AR R AT A B Al Ak A5 B A R .

1.3 FHREHE

O-30 ) FE-S-(3- H Bk -4 F AR50 ) 2R L B JER B8R (3a) . 7= W IR - IR B8 (0 1A 5 72 R . 85 %0 (79 mg) 5 TR
F.VCAMBE V(8 2B = 20/1."H NMR (500 MHz,CDCl;)8: 10.45~10.43(m,1H),7.95(d,J =
2.3 Hz,1H),7.65(dd,J =8.7,2.3 Hz,1H),7.05(d,J =8.7 Hz,1H),5.53~5.47(m,1H),3.98(s,3H),
1.88~1.83(m,2H),1.57~1.51(m,4H),1.48~1.43(m,1H),1.39~1.33(m,2H),1.29~1.24 (m, 1H).
¥ C NMR(CDCl; ,125 MH2)6: 212.10,188.64,162.68,142.47,135.69,125.34,122.40,112.55,82.97,56.01,
30.56,25.13,23.10.

O-IF 3 3-S - (3-F ik k-4 FFF 48035 ) 4 3 ¢ JRUAR T (3b) . 7=y Mok« 3R 6 Y1 5 72 % . 85 %0 (76 mg) 5 TR
F.VCE B /VZTR ZHEE =20/1."H NMR(500 MHz,CDCl;)8: 10.48(s,1H),7.96(d,J =2.4 Hz,1H),
7.67(dd,J =8.7,2.4 Hz,1H),7.08(d,J =8.7 Hz,1H),5.84~5.79(m,1H),4.02(s,3H),1.94~1.88(m,
2H),1.85~1.80(m,2H),1.63~1.59(m,4H).” C NMR(CDCl,,125 MHz, ppm)&:212.14,188.65,162.66,
142.42,135.66,125.32,122.47,112.51,88.14,56.00,32.46,23.74.

O-(4-2K T H)-S-(3- F It -4 W1 A0 58 ) 2R JE B IR TR (3¢) . 77 W MR« TR o A4 5 72 8. 7206 (78 mg) s
R .V A MEE /V(Z TR 1) =20/1."H NMR(500 MHz,CDCl;)8:10.42(s, 1H),7.95(t, ] =2.6 Hz,
1H).7.65(dd, ] =8.7,2.4 Hz,1H),7.28(t, ] =7.5 Hz,2H),7.19(t,] =7.3 Hz,1H).,7.12(d,J =7.2 Hz,
2H).7.02(d,J] =8.7 Hz,1H).4.55(t, ] =6.4 Hz,2H),3.95(s,3H),2.57(t,J] =7.7 Hz,2H),1.76 ~1.71
(m,2H),1.63~1.56(m,2H).”C NMR(CDCl,,125 MHz)8:213.14,188.56,162.76,142.60,141.77,135.73,
128.36,128.32,125.89,125.42,122.18,112.64,74.35,55.98,35.29,27.72,27.53.

O -4 O3-S -Xf FE R 56 35 JEL R I (3d) . 7™ W IR« R o (B R AR 5 7™ . 82 %6 (66 mg) s PRBE A - V Cf1 il ik ) /
V(ZPRZ ) =100/1."H NMR (500 MHz,CDCl;)8:7.38(d,J =8.0 Hz,2H),7.23(d,J =7.9 Hz,2H),
5.56~5.49(m,1H),2.39(s,3H),1.88~1.79(m,2H),1.61~1.49(m,4H),1.39~1.23(m,4H).""C NMR
(CDCl, 125 MH2)6:212.78,140.16,134.89,129.87,126.79,82.42,30.48,25.13,22.94,21.38.

O-FR S -Xf FH R 56 85 JE R I (3e) 7= Wy MR - IR B VAR s 77 %280 %6 (61 mg) s VELF . V Cf1 i ik ) /
V(LB L HE) =100/1."H NMR (500 MHz,CDCl;)6:7.36(d,J =8.1 Hz,2H),7.22(d,J =7.9 Hz,2H),
5.78~5.82(m,1H),2.39(s,3H),1.89~1.76 (m,4H),1.59~1.55(m,4H).* C NMR(CDCl,,125 MH2)4:
212.80,140.14,134.84,129.85,126.87,87.66,32.38,23.65,21.37.

O-4-BUT R FE-S- O HIZE ) B IR IR (30) 77 W PEAR - IR 38 (M4 5 77 2% 70 26 (66 mg) s BRI . V (Al
Bt/ V(LR HE) =100/1."H NMR (500 MHz,CDCl;)d: 7.39(d,J =8.0 Hz,2H),7.30(t,J =7.5 Hz,
2H),7.21(dd,J =12.3,7.7 Hz,3H),7.13(d,J =7.3 Hz.2H) ,4.56(t,] =6.3 Hz,2H),2.58(t,J =7.7 Hz,
2H),2.39(s,3H),1.76~1.70(m,2H) ,1.62~1.56 (m,2H).” C NMR(CDCl,,125 MHz)§:213.72,141.79,
140.32,134.97,129.98,128.34,128.29,126.60,125.82,73.99,35.25,27.69,27.47,21.37.

O~ O 3-S-ZR B W R IR (3g) . 7= WMok - IR B VA 5 77 6. 80 %6 (61 mg) s VEMEF . V (AT k) /V (&
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iR 2 HE) =100/1."H NMR (500 MHz,CDCl;)8:7.54~ 7.49(m,2H),7.47~7.39(m,3H),5.57~5.50 (m,
1H),1.86~1.77(m,2H),1.59~1.53(m,2H),1.46 ~1.40(m,2H),1.39~1.31(m,2H),1.30~1.23(m,
1H).""C NMR(CDCl;,125 MHz)8:211.93,134.97,130.09,129.85,129.09,82.39,30.41,25.11,22.82.

O -F4 1% - S -8 5 B JEL R TR (3h) 7= Wy P AR < R B G445 77 %8, 75 06 (54 mg) s BRI . V CAMEE) /V (&
iR Z1E)=100/1."H NMR (500 MHz,CDCIl;)8:7.52~7.46 (m,2H),7.44~7.39(m,3H),5.82~5.77(m,
1H),1.89~1.81(m,2H),1.78~1.76(m,2H) ,1.58 ~1.52(m,4H)."* C NMR(CDCl,,125 MHz)§:211.94,
134.90,130.17,129.83,129.06,87.73,32.37,23.61.

O-IA T H-S-(3,4-Z H AU ) R B 8 R R TR (3. 7= W MR IR B (8 WA 77 38, 79 00 (74 mg) s VR -
VCHEIMBE / VLR ) =100/1." H NMR(500 MHz,CDCl;)68:7.07(d,J =8.3 Hz,1H),7.00(s,1H) ,6.89
(d,J =8.3 Hz,1H),5.56~5.48(m,1H),3.91(s,3H),3.87(s,3H),1.82~1.81(m,2H),1.59~1.48(m,
AH),1.43~1.26 (m,4H).” C NMR(CDCl;,125 MHz)§:212.98,150.59,149.08,128.12,121.32,117.92,
111.28,82.35,56.01,55.90,30.51,25.12,22.93.

O~ O H-S-4-GRUT ) AR B 8 5 R TR (3j) 7 W VIR - IR B LR 772 8. 81 %6 (75 mg) s VR . V (A
Bt /V(Z B LR =100/1."H NMR (500 MHz,CDCl;)é: 7.43(d.J =2.5 Hz,4H),5.56~5.53(m,1H),
1.75(s,2H),1.59(d, ] =6.4 Hz,2H),1.40~1.28(m,15H).” C NMR(CDCl;,125 MHz)§:212.38,153.28,
134.63,126.77,126.13,81.96,34.80,31.17,30.32,25.14,22.52,

O-F5 & H-S-4- (A-T5 R S R R I B SRR TSR (30 77 W MR - TR B G AR s 77 3. 9206 (117 mg) s VEME 7]
VCEMBE / V(LR ) =90/1.' H NMR (500 MHz,CDCl;)6:7.47(ddd, J =8.2,5.0,1.9 Hz,4H),7.01
(dd,J =8.6,1.8 Hz,2H),6.93(dd,J =8.7,1.8 Hz,2H),5.59~5.51(m,1H),1.82(s,2H),1.62~1.55(m,
2H),1.52~1.32(m,6H).” C NMR(CDCl;, 125 MHz)§:212.22,158.57,155.36,136.88,132.89,124.38,
121.19,118.86,116.66,82.40,30.42,25.14,22.83.

O-F O 3-S-4-(1, 1-I ) FL 8 R MR iR (3D = Wy MR IR B IR 5 77 % .86 %0 (65 mg) s VEML I . V (A I
B /V(Z W Z ) =100/1."H NMR (500 MHz,CDCl;)é: 7.64(dd, ] =14.2,7.9 Hz,4H),7.58(d, ] =
8.2 Hz,2H),7.48(t,J =7.6 Hz,2H),7.40(t,J] =7.3 Hz,1H),5.60~5.53(m,1H),1.89~1.81(m,2H),
1.63~1.57(m,2H),1.50~1.48(m,2H),1.46 ~1.40(m,1H),1.40~1.34 (m,2H),1.31~1.25(m, 1 H).
C NMR(CDCl, ,125 MH2)6:211.88,142.67,139.95,135.27,128.91,128.87,127.88,127.71,127.13.82.49,
30.44,25.11,22.86.

O-U-FUT HH)-S-4-(1, 1- ) 3L 5 TR R g (3m) . 7= W Mtk 3R 3 AR 72K .66 %0 (75 mg) s PEBEA .
VA /V(Z R Z B8 =100/1."H NMR (500 MHz,CDCl;)6:7.64(d,J =8.2 Hz,2H),7.59(dd, ] =
12.3,8.0 Hz,4H),7.48(t,J =7.5 Hz,2H),7.40(t,J =7.3 Hz,1H),7.23(t,J =7.3 Hz,2H),7.17(t,] =
7.2 Hz,1H),7.10(d.,J =7.3 Hz,2H),4.58(t, ] =6.3 Hz,2H),2.56(t,J =7.7 Hz,2H),1.63~1.57 (m,
2H),1.63~1.57 (m,2H).* C NMR(CDCl,, 125 MHz)§:212.87,142.80,141.72,139.84,135.35,128.88,
128.67,128.28,127.93,127.80,127.15,125.81,74.09,35.26,27.70,27.54.
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i N 455 nm @OERSE, DCM AR BOR 58)  EA7 e A (B 1. 26 3 1~7) JAE i Evy N AR AR, 2
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T RGBT O A R B R N BB IR R R R PR LB (R 1L, 5 H 20 MR IRER TIRE
XoF 5 I B 5 W) FESBE DGR S5 F T Fh s SO R B L A5 SRR R E A E S R BUTREIRGR 1,48 21~22).
HR A — R DL Ak 52 50, 45 30 S i B AR A5 140 LA S AR R g 5 391 A =5 0 R BRI 37 T 6 B, B i)
J 24 h(E1.5H 14,

®1 REFHRLE

Tab. 1 Optimization of reaction conditions

0] 0]

&}
T S S 0
H MeCN, N H
+ .
o O\ )J\ .8 v - \[J/
~0 BF, (0] S Na 20 W blue LED ~0 {

la 2a
Entry Base Solvent Yield“ /% Entry Base Solvent Yield*/ %
1 DIPEA DCM 66 12 None 1,4-Dioxane 56
2 Na; COs3 DCM 53 13 None DMSO 80
3 K, COs3 DCM 51 14 None CH;CN 85
4 BuOLi DCM 63 15 None H,O 54
5 Csy CO;4 DCM 43 16 None EtOH 57
6 Et;N DCM 82 17 None DMSO/H, O(V/V=4/1) 78
7 Pyridine DCM 72 18 None DMSO/H,O(V/V=3/2) 75
8 None DCM 81 19 None DMSO/H,O(V/V=1/1) 70
9 None DMF 47 20 None CH;CN Trace’
10 None NMP 65 21 None CH3;CN 12¢
11 None THF 39 22 None CH;3;CN 154

Note: Reaction conditions,1a(0.3 mmol) ,2a(0.4 mmol) ,base(0.6 mmol) and solvent(2.0 mL.)at room temperature under irradiation with a

20 W blue LED(455 nm)for 24 h.“Isolated yield.” Without blue LED irradiation. At 40 °C .no light.? At 60 “C .no light.

22 REKYMER

TER 8 S I SO A5 PR S5 SR T 4R 9% B0 SR s ot AS (] B 6 AT 1 T 22 1 ot AS TR BBCAR 1) B 84 26 1 R 8 i i
2 YW E N TS B R AT TR YL A R RS R R 2 PSR 5 R AR WL R [ Y SR W B RE A RO B Y
S-J5 IR EREE 3,1 % R4 Ga~3m) . B Jo 5 OB IR B L 1- 8 -4 T BB ikt B 1) 3 i iR 46 5
J5 HEB S FR AT A0 . b 4B H S R S KT L 1 B 84 R 5 R R R A U AT AR 3a~3c, SR RAET2 Y ~
85 V0. Bl J5 X2 T 4 o SR A 1 D5 Bk B I B 8 AR R AT 4R R 6 R ORGSR SR R DL 70 0 ~ 82 %0 I 7 R
B =) 3d~ 30070 LU A B B 85 5k 5 B UL £ B A IS 3g.3h L DL 80 %6 .75 %6 1y ;R AR B 4 L
A B A AN AR B R RCT SR A LA 79 %6 .81 Y B 7 R AR H 3i~3j. Hi Al Y F Ak A W 0 4- 1R Bk
Rk A B B 85 ER 5 PR O 5 B TR AR 0 A5 B X R A AT AR 3k, RN 9200 BROR A R I B s Eh AR B T
XF LB 7= 31.3m, 72 3k 86 %0 .66 0. R A5 BRI AE R P A R DY SLEUIR M SR SR MR M T R
W AT A2 P L UE B T2 R W B AT R I W Y L RS- R R IR 28 Ak A W i 0 g R B o A A 0t
YEH.
2.3 KRR FAMSEHR

F2 Rk T UE M R B VAR B N E AR SRR 1a B R ERER 2a SNIRWHEAT T s AL, DL 78 %
MCRAF BT B AR =9 3a. 0080, S T F B 22 %6 B R 2% PR I T 2 2 . R E AT T H OB SE R FE HOB T L 71%
() 77 A 2 7= 4 3aC ] 4) 33X B 25 I 70 400iF B 1 12 5K W TR AR I A 1.

AN FEARME A T AL PR S5 1a 5B RAREL 2a RN =W 5 o 38 DL 94 %6 1 43 77 238 [l Jig 1 &0, ]
DAAR 2L A 8 5580 P e B, T A A 85 £ L 00 UE B I SR W KL A R e T I L WL 5 TR,
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Tab. 2 Reaction extension
m® S S__0
S ; O § ~ps
R o . Moo _ MMM, | R e
pZ B, 0 S Na 20 W blue LED = S
1 2 3
OlC S\n/() OHC S\n/() OHC
\()Kj/ I \O \()I ]/ I T ; jij/ M\/\@
3a(85%) 3b (85%) 3¢ (72%)
. S 0 S 0
YO O IOT0 77U
jepaclres
3d (82%) 3e (80%) 3£ (70%)
S 0 0 S 0
S__0 A \O -
T S SORRS
S 0
3g (80%) 3h (75%) 31 (79%)
S 0 Br S\n/()
T T T
0
33 (81%) 3k (92%)
31 (86%) 3m (66%)

Note: Reaction conditions,1(0.3 mmol),2(0.4 mmol) ,and acetonitrile(2.0 mL.) at room temperature under irradiation with a

20 W blue LED(455 nm) for 24 h.isolated yield.

Gram scale reaction

0O
0 S O
Y Segae
i )]\ MeCN, rt, N, ~0 S
o + 0.0
\() BF, 0O 3a

S Na 20 W blue LED

2a 78%
4.2 mmol 5.6 mmol 3.3 mmol (1.02 g)
Irradiation with natural sunlight
O 0
']"l@ S S (0]
€] + ©] . .
\)‘j@/m ()J\s@Na MeCN, rt, N, \)ﬁij S
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A new strategy for the synthesis of S-arylxanthate via electron
donor acceptor complex photoactivation

Yang Daoshan, Zuo Junze

(College of Chemistry and Molecular Engineering, Qingdao University of Science and Technology, Qingdao 266042, China)

Abstract: Xanthate esters have been attacting chemists’ interest as an important component in medicinal chemistry,
agricultural chemistry. and materials chemistry. However, the efficient synthesis of S-aryl-substituted xanthate esters has still
faced challenges. Herein, we report a new strategy for the construction of C—S bonds based on the EDA(electron donor accep-
tor) process under light-induced conditions. A series of S-aryl xanthates were obtained in moderate to excellent yields under
mild metal-free conditions. Gram-scale and sunlight experiments demonstrated the potential applications of the reaction, which
will provide a new strategy for the synthesis of xanthate esters.

Keywords: xanthate esters; electron donor acceptor complex; thianthrenium salts; visible light induction; construction

of C—S bond
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