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Recent Progress in the Synthesis of Sulfur-Containing Heterocycles
Using Sulfur Atom as Radical Acceptors

Yang, Wenchao™* Zhang, Mingming* Chen, Wang* Yang, Xiaohu” Feng, Jianguo™*
(“ School of Horticulture and Plant Protection, Yangzhou University, Yangzhou, Jiangsu 225009)
(® Department of Pharmacy, Zhejiang Hospital, Hangzhou 310013)

Abstract Sulfur-containing heterocyclic compounds such as thiazole, thiophene, thiopyrone, widely exist in numerous
natural products and biologically active molecules. Developing of effective strategies for the formation of sulfur-containing
heterocycles has become a popular research hotspot. Meanwhile, the free-radical cascade reaction of unsaturated bonds in the
synthesis of heterocycle has always been an important branch of synthetic chemistry, and the achieved progresses in recent
years have also demonstrated its huge potential. Researchers found that sulfur atom could act as radical acceptors to build a
C—S bond, and established a series of free radical reactions through this strategy. Among them, the radical cascade reactions
of anisole derivatives have been gradually developed into an important synthetic tool toward sulfur-containing heterocycles.
The recent advances in the field of radical-initiated reactions of anisoles for the construction of sulfur-containing heterocycles,
in which sulfur atoms play as radical acceptors, are summarized. In addition, the reaction design, mechanism and applicability
of sulfur-containing heterocyclic compounds via radical cyclization towards the synthesis of complex molecules are also
covered.
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1.3 BT 1,7-15REV B B S B IE IR H M ER T
7|

T v O T A PR I A R 0V A R B T R
VER B RS2 A = B AR, I 5] AR A T T
JEMZREMERI B SR, 2019 4E, 24 E IR EHPR
17— Rl R 1,7—%%5"]%%)@%%[2—#2—1—1]*%
A I LA R 2 8 10 77 ¥ (Scheme  16), e WA# FH i 45
1h 2K B B (BPO)YE REAL T, DU B IR AN E NIRIR, 74
B RN =AM C—S 5 —4 C—C
). I I I A AR D R T PR U AR ELAE s
b, BHRITEEEE R PLL TR C—S I T
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REMIHLIEUT Scheme 16 FT7. B, BPO Z#HIHRNHK
PR 3, H 41k NaSCN A SCN [ i3 41. 4
J&, 41 5 1,700 39 A5 F IR s A= B eR 2 A ()
42, AR 42 P15y T W B RS 2R E h 2
HHE R 43, BEJG 43 70 F NINACEIR IR - A3 2B 2 34
HHIE (A 44, )5 44 # BPO &L N IE B 7 IF I L w15
FH AR 40.

B SCpTIR, BARTT R 05 R O E
ZARKIE C—S O R T BRI SCkikE, (228
T E S—S BRI C—S BAENIRIFERA RSB43R 1)
)7 HAR D DL, 2= 418 S PO A AT TS (R FF 7 3 At L
RE T LA 05 5 B E A BRIR, 7R A 2R R T
fis (TBPB) e #F N S2 8L 1,7-He 2 +2+ 1718 d F 4

+ NaSCN

BPO (3 equiv.)

AL B (Scheme 17). % PR F) F3X — S B& SEE 1
AN [F AR e oy - MR B 1T AR D A B, 3R BRI R V%)
T 07 EE SR E YA R A R A

2 MR THREI

B A B 8 PR, RS P A B R S —
B A, FURT DA O e T
L REM IR () IR EE M T ), 40K T 2 24 S SR A 2
fh, 52K B B BB I . MR 5T
()R A, 9 B RN T B 2 NS T I 2 TR
HEE A BOTERY, BUR TR B B R BB 4
BRI 2 8 AR BRAE R ST 0 IR, 28 R B R,
FAET RSB, T+ 5 B4R A, 2018 4,

R'l
A

|// MeNO,, Ar, 120°C, 48 h

2
R N R4

Ph S,C (PhCOz), PO ¢ “NseN
| @ ; | - |
N ’I‘ 0

PhCOO -+
45 PhCO,

BK 16 1,74 SHEIRE K2 +2+ 11530
Scheme 16 [2+42+ 1] Heteroannulation of 1,7-enynes with thiocyanates

Pz
N0

R‘I

78%

SPh TBPB (1 equiv.), Et;N (2 equiv.) é N 7§
+ —
A F NJ\]/ SPh DMF, 60°C, 12 h RN R
2
R | /
3

@)

I
69%

BR 17 1705 055 TREE 2+ 2+ 123
Scheme 17 [2+2+ 1] Heteroannulation of 1,7-enynes with disulfanes
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R A ZE IR A PR T K R IERR ) 46 SR
A a-IR BRI G 47 1058 B ISUAE N, #4930
THRARIEFE XA 5 42 48 (Scheme 18), B K Z R YK
W& M FLICER A A B 40 R BN ol e i i . B
T FEA I HLERR 7T, R T AR H FR e AT ]
ReisAE. B4, IRY 47 5 Cu()MEEALFZ [A]iE T B
RS AR N e ik S, BEJS Ridk B AR 49 Tk

HEE 51 2R, % E HEREER R P, RN
TR APA H e A a1k 52, ZAEE S 40 Cu(IDE AL
515 AR AR B H BR 4.

2019, ARAKFEZEDIE H AT WX R 75 o 1 2
SZARKI RSB IR b, R RNV R, R
R AEHUR TE A EER 3 52 A N B R A7 A 1 R
Ea%fir“ W, RRINA R T RAR B R AL & 4)(Scheme 19, a).

B 46 AR IR LR R AE ST N IR AR A B R ity e i E—H R ERAEREREYEEN, — R H HER
R R
X 4 Cu(OTf), (10 mol%)
RIS . R B R23 bpy (20 mol%) X Ri
ANE . K,COy3 (1 equiv.) : R
46 O 47 CHsCN, 80 °C R ) 48
_X=S,Se,NMe _R=MeEtBn  _T._.nzt2
E = CO,Et _
EE Br EE Q E
/\)(Br /\)/' -—/ E

47 49

N
|
48 + CH,Br 6 N Me

B 18 EIHREES 510 A dE RN A LAY 48

Scheme 18 Synthesis of compound 48 by free radical reaction involving thioethers

@f% @f%ﬁ

X=S, Se 9 R=P(0), C(O), SAr, CF,COOEt
H:’ Ph 'B/P-MGCGH [5 Ph
p-MeC6H4
90%° 81% 5% 5%
o]
COPh CF,COOEt
| CN
p- MeC5H4 s Ph
88%” 2% 70% 92%°

4: R,P(O)H, AgoCO3 (10 mol%), Zn(NO3),-H,0 (10 mol%), MeCN, 100 °C, 12 h, Ar;

b: ArSH, TBHP (1.5 equiv.), CH5CN (2 mL), 80 °C, 12 h, Ny;

¢ ArCHO, TBAB (0.2 mmol), K»S,0g (2 equiv.), DCE (2 mL), 90 °C, 12 h, Ny;

d: BrCF,CO,Et, Ir(ppy)s (2 mol%), KoHPO4 (2 equiv.), DMF (2 mL), r.t., 12 h, 10 W blue LED, Ny;
€ CH;CN (2 mL), TBPB (2 equiv.), 130 °C, Ar, 12 h.

(b) 54 + AgSCF3 (NH4)2$208 (15 eqU|V.) 55 E
CH;CN, 80 °C, 12 h, N, :

B 19 @S5S A RN & s EY) 55

Scheme 19 Synthesis of compound 55 by free radical reaction involving thioethers
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WINZ NG R LB RIS R AL
FRAT AR IZ I NAR RS2 Bl AL, BRIk Ah, RN ABFE
U BT R B RERI R 2R 1, o8 AL SR 3t A E
1055 IR I A2 5 H IR M 1 55 38 B3 AN R B L i, T
ATLARTS 60%~95% MR, i, BIEHRIERLIPY R,
sz H LR BT RE 3- = H T RSO AR 55 AR
5 2RI S WA B (Scheme 19, b).

BT, A e B L R SOk s 4R R SR AT AE M
. A RSN, IRIE T SRS & RS 1k
4 & Bi(Scheme 20). 1% 5 41 FE g A 4 (03 PR 1) 7K
B RN IR NI, R T AR G0 51 i A AT AL
BERIRR, L. NI E HES SRR S
BRIAMb S BRI T B S (G —3RH 2 )Oy HEn]
PURCKEAE 5 mmol, LA 67%HI 43 M M 1)
T 1.46 g.

Ar o
o F o LPO (2 equiv.) Qi: _R?
| I, 4CzIPN (5 mol%) s
§ *HP-RE R
RO Water, White LEDs s Ar
Ar Acr*-Mes-ClO,™ (3 mol%)
o. F KoS:05 (20r 3equiv) SOAr
Ar
é + ArSONHNH, __Or O2 (101 kPa) N
EG, blue LEDs S

rt,12h

B 20 TefmikFRe i 2- BTN

Scheme 20 Metal-free synthesis of 2-substituted thioflavones
3 RESRE

Bt SR 7 0 RS2 AR Tl s BRAR IR 20 4D
90 EAITIREL CAA NERT T, HREIESE G RALY
FMEA R AL 4, — 2SS B B3 & )
SRS AH SRR IE. SR, XEETTIRE 4 oA 208 535 L
BB TV AP (/55K AR B2 B/ 1B, B an ik
W R AT AR R R AR R BT 2055, R
B A R R BOHT RONEAR R OB LA A fiEftb
T G RALEE) BT ST, MRS S 2 AR TR
WEARIE R IFF B SRR, BeAh, BARERR TR
B 5 52 AR IR SEAERR A% M A 1 b B B DL
P, EZIRT BRI, 77 TS5 R IR
WK, BRI AT i 5 B AL 5 AT e v T 1 S L e
W, REHTI RN T A AL 2R oK SRR L 2
P SRESH A RRIBRAEE Y. EAER T
A, G RIS R R TR O S R RS
T AR USSR (U EJE, U5 AR 4R T 22 1),
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