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Synthesis of Benzo-thioethers Based on the Intramolecular
Selective C—S Cleavage of Arylthianthreniums
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Shaanxi University of Science and Technology, Xi’an 710021, China)

Abstract  Here reported is an intramolecular nucleophilic substitution reaction of aryl-thianthrenium salts,
which conducts the selective cleavage of C—O and C—S chemical bonds and represents a novel conversion of
aryl-thianthreniums, rapidly assembling the highly conjugated tribenzo-thioester compounds. This developed
methodology is charactered by excellent functional group tolerance, good productivities, and metal-free trait. This
conversion delivers 23 examples of structurally innovative nine-membered thioethers, which puts forward an
alternative synthesizing route for the widely used crown ethers.
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[scheme LOA) JUol TR, A JR BN ZE AR 55 S R R A TR L A ST S 50 T B AR5

PP, ST BRI 7 FEUE AR R, AR T —Fh DIy v B N IR B B i
xéﬁﬁfﬁfiﬁ AFEN T — RV EH BRI ILC K LI ﬁ%ﬁ*m%*ﬂﬁA% FLC R ARG P53
H)J & [ Scheme 1(B) 1. i3RI T 401 FH C—S SRR T 5 7 SEE 0L B 2R B B 4155

T @ @ Internal C—S bond
S “Only one report™

External C—S bond “ © “Coupling partner”
“Mainly focused™

OMe TT @ D “C—O bond cleavage™ ; ; (:( D i
“Ring expansion”™ i
L T

4/ Transition metal free 4/ Selective C—S bond cleavage R ¢ Useful sulfur crown ethers

FG FG=Alkyl, aryl, alkene, alkyne,
halogen, nitrile, trifluoromethyl,
hydroxyl, carboxyl, acyl......

Scheme 1 Preparation of method of aryl-thianthreniums repoted in literatures"**'(A) and this work(B)

1 SEIGERS

1.1 KA 5{EE

AUHEEFN 2R OB, 43Bral, 2SR A BR A AL AEJZHTRERZ (200~300 H ), RHERHERL
AT BR A A 5 BRIRHE (Cs,CO;) | iRFREH (K,CO,) | RFREN (Na,CO,) . Efbf (NaH) . = ZfZ(EGN) | &
AALET (KOH) | 2K H R IEF (B2,0) . 452K —H BREF (PA) | FE BRI (Piv,0) . = Be i BR I5F (THO) |
= OBREF(TFAA) . ZBREF(Ac,0) . A H BE(DCM) | PUEIR (THF) | 1,2- "5 ZkE(DCE) . I
(Toluene) , —HFEA(DMSO) . N, N-—H FEH L (DMF) . N, N-—H 3 % (DM Ac ) 1 H Bt 4o
T (NMP), 4384k, dbat it feii TR ARG RAF .

Bruker AVANCE IIT 400 MHz % % i 2L 4% 3 3% {1 (NMR ) Al Maxis UHR-TOF % 43 3¢ [ 1% (HRMS)
X, T Bruker 2 F] ; SGW X-4B R s A, _FIR A P H A AR A BR A A
1.2 LImidiz
121 FHEEEDZH AR HERIIHET, 1 100 mL K iﬂiﬁpﬁiﬂﬁﬂ/\ 10 mmol & B . 1 mmol
Fe(NO,),-9H,0(10%) F130 mLyK B2 W, 7650 CTRHEHE3 h. FElm 4G, A S aiAmimE
pH 2 2k, P A H e FIi A s A S K A T AR L, u&%ﬁmw FATCKBRER N T8, 20l R ik 4
J&, W BAR Y TTO, BG4tk . Bl e AE @ AT, 10 100 mL 5 A R IA 5 mmol TTO .
5 mmol B 75 %2 120 mL DCM, ﬁﬁia‘z%a‘%%% mmol Tf,0 Z21& T A WAK R, FE-40 “CHigH Sy
30 min J5 , iR RSN 12 he FE ROV EE ARG, R AR ER SN K R A — A BE 2T, IR AL
A, FTCKBRRREN T, S0 e 4 %iﬂ*ﬂfﬁ% IR I LA P GE B (Ve Vieow=20: 1) IR 28
FE AT 3 B8 4l AL A5 21 0 SEE B E A1 1a~1w.
122 ZFKAATAREB AW AR ERIIET, 115 mLEEHIRKAA 0. 4 mmol Cs,CO; .
0. 6 mmol & R EF . 0. 2 mmol IEY) 1la~1w F12 mL DMSO %5, 75 120 “C F 4k S0 12 h. 15 S 45 o
J& , AR ALK R — A e 2 B, AR PR, FTCKBRRREA T8, 20 Rk 4a 15 2R .
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fie e LASIA Tk O R R 28R (i o) B A1 21 =29 F T ehi AL 1) 2a~2w.
2 GRS

2.1 RMEHHEL

PIALA W 1a WA Y0t S B S EA T 00 (36 1), 150G, 58X S B AR, % BI 24 LABK R
5 (Cs,CO,) RTRIT, S 7 2 A] ik 5 fE (36 1 10 Entries 1~4). XPA R TS5 L], MaHE —
WA (DMSO) T, S R e (32 1 71 Entries 5~7). 18 FR ST HE—25%F R4 2 P a1 647
ik, AFEEROE —HIREF . fFrIIRET . LTREF . = BEBEIRET . — M L RREFS5 K H R (3 1 H Entries
8~13), SCHGEE ST, 240K FH R I A A Jn 590 B sz I A fe v . 28 U B X s I P R i A B, BELAIG
(100 “C)ELHE B il B2 (140 “C) 23 FEH bR W)y R — @ FEE T FE (K 1 Entries 14 #115). b, 25
SRS 2 SEG Y 7R A R (1 Entry 16). 505, BB R h s i i &m0 2 0. 2
mmol, J7RRMAE—EFEE A IR, BER ™0 20 74% (= 1 Entry 17). 5EF Bl SRR i
SR e SO AR s EAAREE T, DARERHE i, A8 H BRI AU, —H S WA 7
#, 7E 120 “CJ2)vi 12 h.

Table 1 Optimization of reaction conditions*

Entry Base Solvent Additive Yield*(%)
1 K,CO, DMSO Bz,0 87
2 Na,CO, DMSO Bz,0 90
3 Cs,CO, DMSO Bz,0 97
4 DBU DMSO Bz,0 51
5 Cs,CO, THF Bz,0 71
6 Cs,CO, Toluene Bz,0 81
7 Cs,CO, DMF Bz,0 75
8 Cs,CO, DMSO PA 80
9 Cs,CO, DMSO Piv,0 96
10 Cs,CO, DMSO Ac,0 93
11 Cs,CO, DMSO TE,0 95
12 Cs,C0, DMSO TFAA 51
13 Cs,CO, DMSO Benzoic acid 72
14 Cs,CO, DMSO Bz,0 87

15 Cs,CO, DMSO Bz,0 90
16" Cs,CO, DMSO Bz,0 79
17° Cs,C0, DMSO B2,0 74

a. Reaction conditions : 0.2 mmol compound la, 0.4 mmol base, 0.6 mmol additive, 2 mL solvent under Ar atmosphere at 120 °C for

12 h; b. isolated yields; c. reaction temperature is 140 C; d. under air atmosphere ; e. additive amount is 0. 2 mmol.

22 RYHRRSNEUHRIE

TERGE T e RN 2R IG S A AR TR BRI (R IR A T T 8 M5 58 (Scheme 2). 255 IR,
T J5 FEWE BER F BRI N & Pl R IR, YRELL R A 2R R A 8 HbR =Y. &
Se, TEXE F S| A—Me, —Et, —Pr fl—Bu ZE 45 L T PE B8 JE LA INE, DL B A4 77 2R (87 %~
97% ) FRAFHANL (Y H bR =9 2a~2d. TEJRPIMEINL 5] A I, %0 [FIFERERS DL 78% (NSCRAS E H bR
T 2e. BT, 255N BT A G A2, EXHE 5] A—F, —Cl, —Br, —CF, fl—0CF,, JZ )i
WIRELIE 177 2 (89%~93% ) 153 H AR 4 26~2k. SRT, il PEA—T BU AL & 03 R W5 31 451 22 11
HErr=4 2, RO ILUSRTE R BB T RNAAR RS . Z RN — RS E R R R AT
it 32k, BangE 2L (21) | R (2m) | BEHE(2n) | Bl (20, 2p) SEREE(2q) S5E5EHA], W 2R K 58%~80%.
AR 5 5L S 0 SR A R 0 A AR RS, A 2e~2t. ILAh, —HURME B IR A]
DL A OSBRI HFR 4 (2u~2w) , K 829%~87%, iEB T i BRIt ] L2 5 31l v ik 2
L I X SR A AT SN T AR 20 RO L5 .
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Scheme 2 Substrate scope of synthesizing thioethers
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Table 2 Appearance, yields, melting points(m. p.) and HRMS data of compounds 2a—2w

Compd. Appearance Yield(%) m. p./C HRMS, m/z[ M+H ]*(calcd.)
2a White solid 97 105—107 322.0486(322.0487)
2h White solid 88 88—90 336.0643(336.0648)
2c White solid 88 95—98 350.0799(350.0810)
2d White solid 87 107—109 364.0956(364.0949)
2e White solid 78 122—123 338.0439(338.0435)
2f White solid 93 100—101 326.0235(326.0225)
2g White solid 90 113—114 341.9940(341.9938)
2h White solid 89 135—136 385.9435(385.9440)
2i — 0 — —
2j White solid 92 96—98 392.0153(392.0162)
2k Yellow solid 92 166—169 353.0180(353.0171)
21 White solid 58 168—172 333.0282(333.0290)
2m White solid 73 155—158 336.0279(336.0284)
2n White solid 86 126—128 350.0435(350.0448)
20 White solid 87 130—132 446.0202(446.0197)
2p White solid 83 136—139 366.0384(366.0394)
2q White solid 80 274—275 352.0230(352.0228)
2r White solid 51 149—152 386.0467(386.0463)
2s White solid 82 173—175 461.9748(461.9756)
2t White solid 75 108—110 348.0643(348.0638)
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Continued
Compd. Appearance Yield(%) m. p./C HRMS, m/z[M+H |*(calcd.)
2u White solid 87 155—158 415.9540(415.9535)
2v White solid 82 141—143 403.9340(403.9344 )
2w White solid 86 139—142 340.0396(340.0392)
2h' White solid 57 83—86 423.0753(423.0756)
2n’ White solid 73 143—145 334.0482(334.0486)
2x White solid 36 156—159 484.1527(484.1531)
Sa White solid 83 85—87 290.0760(290.0765)
5b White solid 75 96—98 304.0552(304.0558)
Table 3 'H NMR and “C NMR data of compounds 2a—2w"
Compd. '"H NMR (400 MHz) , § 3C NMR(100 MHz), &
2a 7.52—7.47 (m, 2H), 7.42(d, J=7.7 Hz, 1H), 7.26—7.20 (m, 157.7, 155.3, 138.2, 138.2, 135.0, 134.8, 133.8,
2H), 7.20—7.14(m, 2H), 7.09—7.00(m, 3H), 6.93(d, J=8.2 133.6, 130.3, 129.6, 128.9, 1289, 127.2, 126.7,
Hz, 1H), 2.30(s, 3H) 125.0, 122.2, 121.9, 21.2
2b 7.59—7.50(m, 2H), 7.47(t, J=6.5 Hz, 1H), 7.31(d, J=5.3 Hz, 157.5, 155.3, 141.1, 138.1, 138.1, 134.9, 134.9,
1H), 7.25(t, J=7.3 Hz, 1H), 7.22—7.16(m, 2H), 7.13—7.04 133.3, 1324, 129.5, 1289, 1289, 127.5, 1269,
(m, 3H), 7.00(t, J=6.8 Hz, 1H), 2.63(q, J=7.6, 6.8 Hz, 2H), 125.0, 122.3, 121.9, 28.5, 15.9
1.26(t, J=6.6 Hz, 3H)
2c 7.56—7.48 (m, 2H), 7.45(d, J=7.8 Hz, 1H), 7.29(d, J=3.1 157.5, 155.3, 145.8, 138.2, 138.1, 135.1, 135.0,
Hz, 1H), 7.28—7.16(m, 3H), 7.14—7.03(m, 3H), 6.97(d, J= 133.2, 131.0, 1294, 129.0, 129.0, 1279, 1274,
8.3 Hz, 1H), 2.96—2.81(m, 1H), 1.25(d, J=6.9 Hz, 6H) 127.2, 125.0, 122.4, 122.0, 33.9, 24.5
2d 7.50 (q, J=4.6 Hz, 2H), 7.44(d, J=6.5 Hz, 2H), 7.24—7.19 157.5, 155.0, 148.2, 138.2, 138.1, 135.1, 135.0,
(m, 2H), 7.19—7.14(m, 2H), 7.10—7.01(m, 2H), 6.95(d, J= 133.0, 129.8, 129.4, 129.0, 129.0, 128.2, 127.1,
8.5 Hz, 1H), 1.30(s, 9H) 126.4, 125.0, 122.5, 121.7, 35.0, 31.9
2e 7.5—7.4(m, 1H), 7.4(d, J=9.3 Hz, 1H), 7.3(d, J=6.6 Hz, 138.6, 138.5, 137.7, 137.1, 136.5, 1354, 135.2,
IH), 7.3—7.2(m, 3H), 7.2—7.1(m, 2H), 7.0(d, J=7.7 Hz, 134.1, 133.8, 130.3, 128.6, 128.5, 125.1, 125.0,
2H), 6.7(s, 1H), 6.6(d, J=8.6 Hz, H), 3.8(s, 3H) 121.0, 111.3, 110.1, 107.2, 55.6
2f 7.54—7.48 (m, 2H), 7.46 (d, J=7.8 Hz, 1H), 7.25—7.13 (m, 160.4, 157.9, 157.3, 153.4(d, J=3.1 Hz), 138.1,
4H), 7.09(1, J=7.6 Hz, 1H), 7.03(d, J=7.8 Hz, 1H), 7.01—  137.3, 1352, 134.8, 133.5, 129.6, 129.3, 129.1,
6.96(m, 1H), 6.91(t, J=8.2 Hz, 1H) 127.6, 125.3, 123.0(d, J=8.6 Hz), 122.3, 119.2(d,
J=24.4Hz), 115.9(d, J=23.0 Hz)
2g 7.51—7.44(m, 2H), 7.41(d, J=6.0 Hz, 1H), 7.38(s, 1H), 7.24 157.3, 156.1, 138.1, 137.4, 1353, 134.7, 134.2,
(t, J=7.7 Hz, 1H) , 7.21—7.14 (m, 3H), 7.07 (1, J=7.6 Hz, 130.0, 129.7, 129.5, 129.3, 129.1, 128.3, 126.9,
1H), 7.03(d, J=8.0 Hz, 1H), 6.94(d, J=8.6 Hz, 1H) 125.5, 122.9, 122.1
2h 7.51(s, 1H), 7.50—7.44(m, 2H), 7.40(d, J=7.7 Hz, 1H), 7.30 157.5, 156.8, 138.3, 137.6, 1359, 135.3, 134.8,
(d, J=8.6 Hz, 1H), 7.23(d, J=7.8 Hz, 1H), 7.21—7.15 (m, 134.4, 132.5, 130.0, 129.3, 129.1, 128.7, 126.9,
2H), 7.07(t, J=7.6 Hz, 1H), 7.02(d, J=8.1 Hz, 1H), 6.88(d, 125.5, 1234, 122.1, 117.2
J=8.6 Hz, 1H)
2j 7.52—7.47 (m, 2H), 7.44(d, J=7.8 Hz, 1H), 7.30—7.23 (m, 157.3, 155.7, 1454, 138.1, 137.3, 135.5, 134.6,
2H), 7.23—7.17(m, 2H), 7.12—7.03(m, 3H), 7.00(d, J=8.8 134.0, 129.9, 1294, 129.2, 128.7, 127.6, 125.6,
Hz, 1H) 125.4, 122.8, 122.4, 122.2(q, J=257.3 Hz), 121.9
2k 7.53—7.47 (m, 2H), 7.45(d, J=7.7 Hz, 1H), 7.32—7.23 (m, 157.3, 155.7, 1454, 138.1, 137.2, 135.5, 134.0,
2H), 7.23—7.17(m, 2H), 7.13—7.03(m, 3H), 7.01(d, J=8.8 129.9, 129. (d, J=18.9 Hz), 128.7, 127.6, 125.6,
Hz, 1H) 125.3, 122.7, 122.3, 121.8, 120.9(q, J=257.5 Hz)
21 825(d, J=2.8 Hz, 1H), 8.11(d, J=9.0 Hz, 1H), 7.54—7.45  162.8, 157.5, 144.1, 138.0, 137.2, 136.2, 135.8,
(m, 2H), 7.40(d, J=7.8 Hz, 1H), 7.36 (t, J=7.7 Hz, 1H),  134.1, 131.1, 130.7, 129.5, 129.3, 126.5, 125.5,
7.25—7.19(m, 2H), 7.13(t, J=9.1 Hz, 3H) 125.2, 125.0, 121.6, 121.3
2m 7.64(s, 1H), 7.51(d, J=8.5 Hz, 1H), 7.50—7.44(m, 2H), 7.40 161.3, 157.5, 138.1, 136.1, 135.7, 134.1, 133.7,
(d, J=7.2 Hz, 1H), 7.34(t, J=7.7 Hz, 1H), 7.24—7.18 (m, 131.0, 129.4, 129.2, 126.3, 125.7, 125.2, 121.9,
2H), 7.15—7.06(m, 3H) 121.7, 118.6, 108.4
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Compd. 'H NMR (400 MHz), & C NMR(100 MHz), &
2n 9.86(s, 1H), 7.87(s, 1H), 7.78(d, J=8.4 Hz, 1H), 7.53—7.44  190.7, 162.7, 157.7, 138.0, 137.7, 137.4, 1359,
(m, 2H), 7.39 (d, J=7.6 Hz, 1H), 7.37—7.30(m, 1H), 7.21—  135.5, 134.1, 133.2, 131.3, 1309, 129.1, 129.1,
7.08(m, 5H) 126.1, 125.2, 124.9, 121.7, 121.6
20 7.96(s, 1H), 7.80(d, J=8.5 Hz, 1H), 7.50—7.39(m, 2H), 7.36  196.6, 161.4, 157.5, 137.8, 137.7, 1354, 1353,
(d, J=8.0 Hz, 1H), 7.26 (1, J=7.7 Hz, 1H), 7.16—7.09 (m,  135.2, 134.1, 133.7, 130.5, 130.2, 129.0, 128.9,
2H), 7.06(d, J=7.6 Hz, 3H), 2.49(s, 3H) 125.8, 125.7, 124.9, 121.7, 121.2, 26.9
2p 7.83(s, 1H), 7.74—7.62(m, 3H), 7.51—7.45(m, 2H), 7.41 1939, 161.3, 157.6, 139.3, 138.0, 137.8, 137.0,
(d, J=8.5 Hz, 3H), 7.32(t, J=7.6 Hz, 1H), 7.22—7.16 (m,  136.2, 135.5, 135.4, 134.3, 133.5, 131.9, 131.8,
2H), 7.12(d, J=8.3 Hz, 3H) 130.6, 129.1, 129.0, 129.0, 1259, 125.6, 124.9,
121.7, 121.2
2q 8.08(s, 1H), 7.93(d, J=8.5 Hz, 1H), 7.53—7.43(m, 2H), 7.39  166.4, 161.5, 157.6, 138.0, 137.8, 136.6, 1354,
(d, J=8.0 Hz, 1H), 7.30(t, J=7.6 Hz, 1H), 7.18(d, J=4.6 Hz,  135.3, 134.4, 131.5, 130.5, 129.0, 126.7, 12538,
2H), 7.08(t, J=7.3 Hz, 3H), 3.87(s, 3H) 125.6, 124.8, 121.7, 121.2, 52.7
2r 7.6(s, 1H), 7.6—7.4(m, 8H), 7.3(t, J=7.3 Hz, 1H), 7.2(d, J=  157.7, 157.0, 140.3, 138.2, 138.1, 135.1, 135.0,
5.9 Hz, 1H), 7.2—7.1(m, 2H), 7.1(t, J=7.5 Hz, 3H) 134.0, 1323, 129.9, 129.4, 129.0, 128.3, 128.0,
127.5, 127.1, 125.3, 122.3, 122.2
2s 7.56 (s, 1H), 7.53—7.44 (m, 4H), 7.40(d, J=7.7 Hz, 1H), 157.6, 157.2, 139.1, 1382, 138.0, 136.9, 135.3,
7.36(d, J=8.5 Hz, 3H), 7.25—7.21 (m, 1H), 7.19—7.12(m,  134.7, 134.2, 132.5, 1319, 129.9, 129.1, 129.0,
2H), 7.05(d, J=8.3 Hz, 3H) 128.1, 127.2, 127.1, 125.4, 122.3, 122.2
2t 7.5—7.5(m, 2H), 7.4(d, J=7.8 Hz, 1H), 7.3—7.2(m, 2H),  157.6, 155.8, 1382, 138.1, 137.5, 137.0, 135.1,
72—7.1(m, 2H), 7.1—7.0(m, 3H), 7.0(d, J=8.2 Hz, 1H),  134.9, 133.5, 1332, 129.7, 129.6, 129.0, 1289,
6.1—5.9(m, 1H), 5.1(s, 1H), 5.1(d, J=5.4 Hz, 1H), 3.3(d,  127.5, 127.1, 125.1, 122.3, 122.0, 116.8, 39.8
J=6.7 Hz, 2H)
2u 7.51—7.46(m, 2H), 7.43—7.39(m, 1H), 7.34—7.28(m, 2H),  159.1, 1582, 157.9, 140.2, 138.6, 137.8, 1362,
7.20—7.12(m, 2H), 7.06(t, J=7.3 Hz, 2H), 6.69(s, 1H), 3.89 1352, 134.0, 130.8, 128.8, 128.7, 125.4, 122.9,
(s, 3H) 120.8, 114.6, 106.5, 105.1, 57.0
2v 7.50—7.41(m, 3H), 7.29—7.23(m, 1H), 7.22—7.14(m, 4H),  157.2, 157.1, 154.6, 153.5(d, J=3.1 Hz), 138.0,
7.09(t, J=7.6 Hz, 1H), 7.03(d, J=8.0 Hz, 1H) 137.0, 135.7, 134.4, 134.2, 130.1, 129.4(d, J=19.7
Hz) , 128.0 (d, J=6.7 Hz) , 127.5, 1262, 125.8,
122.3, 119.5(d, J=25.0 Hz), 108.5(d, J=22.7 Hz)
2w 7.53—7.44(m, 2H), 7.41(d, J=17.7 Hz, 1H), 7.28—7.22(m,  159.1, 157.6, 156.6, 153.4(d, J=2.9 Hz) , 138.2,
1H), 7.21—7.14(m, 2H), 7.10—6.98(m, 3H), 6.87(d, J=6.8  137.6, 135.1, 134.8, 133.8, 129.8, 129.0(d, J=11.4
Hz, 1H), 2.23(s, 3H) Hz), 126.7(d, J=18.9 Hz), 126.7, 125.1, 125.0(d,
J=8.2 Hz), 124.3(d, J=5.5 Hz), 122.0, 119.6(d, J=
249 Hz), 15.1(d, J=3.0 Hz)
2h' 7.7(d, J=7.6 Hz, 1H), 7.5(d, J=8.4 Hz, 4H), 7.5(d, J=7.9 Hz,  157.8, 1559, 138.4, 137.9, 136.6, 136.6, 1354,
2H), 7.4—7.3(m, 1H), 7.3(d, J=3.2 Hz, 2H), 72—7.1(m,  134.7, 134.5, 130.1, 129.9, 129.3, 129.1, 128.4,
7H), 6.7(s, 1H) 128.1, 127.1, 1255, 125.4, 123.1, 122.7, 122.3,
121.8, 121.1, 110.9, 104.4
20’ 7.6—7.5(m, 2H), 7.5(s, 1H), 7.4(d, J=7.8 Hz, 1H), 7.3—7.2  157.6, 157.2, 138.2, 138.0, 1359, 135.1, 134.9,
(m, 2H), 7.2—7.2(m, 2H), 7.1—7.0(m, 2H), 7.0(d, J=8.4  134.8, 134.0, 131.6, 129.8, 129.0, 127.4, 126.9,
Hz, 1H), 6.7—6.5(m, 1H), 5.7(d, J=17.6 Hz, 1H), 52(d, J= 126.8, 125.2, 122.1, 122.0, 114.5
10.9 Hz, 1H)
2x 7.5—7.4(m, 2H), 7.4(d, J=7.8 Hz, 1H), 7.2(d, J=7.7 Hz,  159.8, 157.8, 155.6, 138.7, 138.4, 1382, 137.0,

1H), 7.2—7.1(m, 2H), 7.1—7.0(m, 2H), 6.8(s, 1H), 5.6(s,
1H), 2.8(d, J=5.0 Hz, 2H), 2.4—2.2(m, 3H), 2.2—2.0 (m,
1H), 1.9(d, J=11.8 Hz, 2H), 1.8(1d, J=11.2, 6.3 Hz, 1H),
1.7—1.5(m, 4H), 1.4(q, J=11.8, 10.5 Hz, 1H), 1.3(s, 1H),
1.0(s, 3H)

135.1, 134.8, 133.8, 130.5, 129.7, 128.9, 128.8,
127.0, 125.6, 123.0, 122.1, 122.0, 115.0, 53.3,
46.4, 44.2, 36.9, 33.2, 29.5, 28.9, 27.1, 26.2, 153
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Continued
Compd. 'H NMR (400 MHz), & C NMR(100 MHz), &
Sa 7.8(d, J=7.6 Hz, 1H), 7.5(d, J=6.7 Hz, 2H), 7.4(t, J=6.7 Hz, 154.6, 152.6, 145.8, 137.5, 136.8, 134.6, 131.7,
3H), 7.3(t, J=7.4 Hz, 1H), 7.2(s, 1H), 7.2—7.1(m, 2H), 7.0 130.9, 130.5, 130.3, 129.6, 129.0, 128.8, 128.6,
(d, J=8.1 Hz, 1H), 2.3(s, 3H) 127.5, 125.4, 123.1, 121.8, 21.1
5h 99(s, 1H), 8.0(s, 1H), 7.8(d, J=7.7 Hz, 1H), 7.8(d, J=8.2 191.0, 161.3, 151.5, 145.5, 137.2, 136.9, 134.0,
Hz, 1H), 7.6(d, J=6.3 Hz, 2H), 7.4(d, J=7.4 Hz, 3H), 7.4(d, 133.3, 131.3, 130.7, 129.9, 129.8, 129.3, 129.2,
J=8.3 Hz, 1H), 7.3(t, J=7.4 Hz, 1H), 7.1(d, J=7.9 Hz, 1H) 128.9, 128.8, 126.2, 124.2, 121.7

* Characterization using deuterated chloroform as solvent for 'H NMR and '*C NMR.

23 RMHIEBIRR

R T RGER SN B SN AL, AT T AT S . i e LM A 1a RS, KIAEAR N
T i et ik 2 R R I 1 X6 BR 2%, 35908 B AR P40 2a A2 i 5 A R TR 2 00k TR A B 105 L v S5 ISR R AT
PR s FHOR B R AR R H BRI REAS L) 69% (1) 45 2] HAR =9 [ Scheme 3(A) |. Z54 ik R4 %] I
B, A I AT RS SN AR 2R R A 7 A AR B R R I N E TR E . R R AR A B,
W 2 SR ) 5 S g BUER I, S A 15 BAH R A FR L =, i A T A R R AR B P ) 2
[Scheme 3(B) ], 4571 T Sz et A v B4R C—O B A RV T A 2 LB FE v A B B — 3R . 27 BTk,
AR T LT AT REAIHLER [Scheme 3(C) 1. H 96, RS TFHNRIFHEZEA; FE, &R
JRF I C—S ik F Tk, T30 C—S BTS2 R AR A s )5, 76 TfO 8¢ PhCO, SERZGAIVER T
s L B0, 1533 BART=4) 2.

S S
"0 s LY
S BZzO S O
Oo\ DMSO @
= Ar,120°C, 12 h
Me OTf

M
la ¢ 2a

1. No Cs2COs, 2a(0%); 2. no (PhCO),0, 2a(0%); 3. PACOOK instead of Cs.COs, 2a(42%); 4. PAnCOOH instead of (PhCO),0, 2a(69%).

S S
(B) Cs:CO;
+ BZzO 9
S S 0
- DMSO
Me  Ar120°C, 121
HOOC OTf
1 2q

© @SD Q/S S\Q
$ % \ 9 9
Intramolecular - N S (0]
f O = N TfO- or PhCO:
R OTf

1 R A R 2

MeOOC

Scheme 3 Mechanism for the preparation of compound 2

24 TEUEERNAER

5, R T 2PN B I, JeIE 5 T AR OR ST A AL [ Scheme 4(A) ], SE5G
ZERFW], KA Th R E) 1 mmol Sy RIS, 45 21 H AR 2h (14 SO ISR AAR AT W . AT A=Ak 5 THT
TEMUAL ] 5 N, N-— B 4 Z AR R T, BAR™ Y 2h REAE 515153 3a it — 25 & 2E Ullman
EEA H C—N BT, L 57% 7 24 Ak G 9 2h' 5 7ERUT BES VRN, (LG9 2n AT LU
55 3 = ORI B A Wiittig S W LD HA EE C=C 8, 15 B&G B G 2n' , SOV ™ R 73%
[Scheme 4(B) |5 A= 43 PE 20—-fE FA6 i 1 07 S SR IS4 1x [RIRERE RS & A B AR U [ Scheme 4(C) |,
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Ji7R, DAZRTFEEW Eh da Fl b R J5URE, TEFRIE ST BEBE 43301 LA 83% F1 75% 1Y 7™ 56 IUAH L 19 2R 5\
JCHLRE Sa F ShALE Y . R T AR — RS TG U ik 2 UiRedk, S Zomiik ik &
Wi AL T S B

0
S A\ 9
(A) @(SD Cs.CO5(2 mmol) Q \Q (DfN> (3a) S 0
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Cul(20%, molar fraction)

DMSO
0 (-)Tf Ar. 120°C.12h @ CH3NH(CH2)2NHCH3(40%, molar fraction) / N
Br ’ ’ C i j

Br K5PO4(0.7 mmol based on 0.2 mmol 2h)
1h(1 mmol) 2h(70%) toluene, Ar, 100 °C 2h'(57%)
gese Q0
! 9 5 CH;P"Ph;Br~, ‘BuOK(0.6 mmol) S - 0
THEF, r. t.
OHC N\
2n(0.2 mmol) 2n'(73%)
S
© _S
Cs>C0O3(0.4 mmol) 9
Sy OMe B2:0(0.6 mmol) S 0
Q DMSO, Ar, 120°C, 12h O

i H

(o) 1x(0.2 mmol) 2x(36%)
(D) O Cs5:COs(0.4 mmol) O
+ Bz0(0.6 mmol) 8
S Se 0
/@OMe DMSO, Ar, 120 °C, 12 h @
OTf
Me Me
43(0.2 mmol) 53(83%)
(E) Cs,CO4(0.4 mmol)
s Bz,0(0.6 mmol
/©/0Me DMSO, Ar, 120°C, 12 h C}
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OHC OHC
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Scheme 4 Further transformation of this developed protocol
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