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Rapid and Highly Efficient Microwave-Assisted C—N, C—0O and C—
S Coupling Reactions without a Transition-Metal Catalyst

Guo, Shengrong™ Mo, Jianjun Qian, Li Shi, Zefeng

(Department of Chemistry, Lishui University, Lishui 323000)

Yuan, Yangin

Abstract A rapid and direct coupling reactions of various N/O/S nucleophilic reagents with aryl halides have been devel-
oped in good to high yields under microwave irradiation without a transition-metal catalyst. These reactions are a particularly
powerful method for the coupling of electron-withdraw aryl halides with various nucleophilic reagents. A variety of products

including aryl ethers, N-arylamides, and aryl thioethers were synthesized in good to excellent yields.

Keywords microwave; cross-coupling reactions; aryl ethers; aryl thioethers; N-arylation
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W HL - 1) AR 0 mT DAAE AN 75 AR AR 1 4% 1 ISR
KA, ST AR (W B K il i &, BP

Base, Solvent
ACl + NuH —p " ArNu (1)
2 1 icrowave 3~5

NuH: Phenols (3a ~ 3k), Amines (4a ~ 4m), Thiols (5a ~ 5i)
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FEILEAT W LT IR 1A, (R R BE MU 3t 5 A AR e 1.

1 SRIEERS
1.1 UEMRF

JNAE Discover AR S NV 2% T EAT. 65 m H]
XT-4A BB 5 s e A, WA ARR IE; i ILIRI
Bruker Avance 300, LA TMS 4 W#r, TACE T MR
TCZEAMHTAL: Perkin-Elmer 240C. T 16124 5 24 A i 45
[R5 BT alinfb 22, BRI ah, REdk— DA,
1.2 ZXBBEENE—REKETE

AT 1 mmol, M(F&afRE)1.2 mmol, i, 2
mmol, 2 mL DMSO JIAF| 5 mL f] Discover i 2 WV 5%
L RN, fEhFE A 50 W R4S 2 min THE % 120
Cla, RNV EAERE 120 °C, kEmpdas 5~15
min, TLC EREZ M. JMEEH S, BIA 15 mL oKKH,
15 mLX3 P8 SFRAHL, IS & M K PER A BORUS,
FJCKIR R EAT T8, R B2 SR ClR, ERAE R
Moy 2545 2] BARF=4) — 05 5Lk 3a~3k. 5L 4a~
am 5 HEEE Sa~Si[REIFAIN V(LR LER) @ VOR
ci)=1:381:5].
1.3 FEHIRILEE

4- FRIE -4 i 56— OK Tk (3a): ¥R ¥ €0 [ 44, mup.
118~120 °C; "H NMR (300 MHz, CDCLy) 6: 8.29 (d, J=
9.0 Hz, 2H), 8.01 (d, J=8.8 Hz, 2H), 7.24 (d, J=8.8 Hz,
2H), 7.14 (d, J=9.0 Hz, 2H), 3.09 (s, 3H); “C NMR (75
MHz, CDCl;) 6: 161.0, 159.8, 136.6, 130.1, 126.2, 119.9,
119.0, 44.7. Anal. calcd for CI3H;;NOsS: C 53.24, H 3.78,
N 4.78; found C 53.26, H 3.80, N 4. 76.

2-FiF ik -4'- FEAR L — 2R ik (3b): ¥R 3 (5[] 44, mup.
98~99 °C; 'H NMR (300 MHz, CDCl5) §: 8.00 (dd, J=
8.2, 1.2 Hz, 1H), 7.85 (d, J=8.8 Hz, 2H), 7.54~7.58 (m,
1H), 7.33 (t, J=7.9 Hz, 1H), 7.14 (d, J=8.5 Hz, 1H), 7.04
(d, J=8.8 Hz, 1H), 2.99 (s, 3H); °C NMR (75 MHz,
CDCly) d: 161.2, 147.9, 142.3, 135.5, 134.8, 129.9, 126.2,
125.8, 123.3, 117.7, 44.7. Anal. calcd for Cl3H;{NOsS: C
53.24, H 3.78, N 4.78; found C 53.21, H3.81, N 4. 74.

2-(4- NI IR A L) IEE Be): R B MPIRIA, 'H
NMR (300 MHz, CDCl;) &: 8.24 (d, J=4.2 Hz, 1H), 7.98
(d, J=8.5 Hz, 2H), 7.81 (t, J=6.6 Hz, 1H), 7.33 (d, J=8.5
Hz, 2H), 7.13 (t, J=6.6 Hz, 1H), 7.04 (d, J=8.1 Hz, 1H),
3.08 (s, 3H); *C NMR (75 MHz, CDCl;) 6: 162.2, 158.7,
147.6, 140.2, 135.9, 129.5, 121.2, 119.9, 112.7, 44.8. Anal.
calcd for ClLH;;NOsS: C 57.82, H 4.45, N 5.62; found C
57.80, H 4.44, N 5.66.
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4- AR -4 5L Kk (3d): IR B A [ AR, mup.
125~127 “C; '"H NMR (300 MHz, CDCL5) §: 8.28 (d, J=
9.0 Hz, 2H), 7.95 (d, J=8.8 Hz, 2H), 7.22 (d, J=8.8 Hz,
2H), 7.14 (d, J=9.0 Hz, 2H), 3.15 (q, J=7.2 Hz, 2H), 1.31
(t, J=7.2 Hz, 3H); C NMR (75 MHz, CDCl;) é: 160.9,
159.9, 144.0, 134.6, 130.9, 130.3, 126.2, 119.7, 119.0,
114.8, 50.8, 7.49. Anal. calcd for Cl43H 3NOsS: C 54.71, H
4.26,N 4.56; found C 54.75, H 4.25, N 4.55.

2- il F -4 LA FE ORI (3e): ¥R 0 fAL W 44, mup.
105~107 °C; '"H NMR (300 MHz, CDCL) §: 8.12 (d, J=
7.4 Hz, 1H), 7.88 (d, J=8.1 Hz, 2H), 7.69 (t, J=7.2 Hz,
1H), 7.45 (t, J=7.1 Hz, 1H), 7.24 (d, J=7.8 Hz, 2H), 7.10
(d, J=8.1 Hz, 2H), 3.11 (q, J=7.2 Hz, 2H), 1.28 (t, J=7.2
Hz, 3H); “C NMR (75 MHz, CDCly) d: 161.2, 148.0,
142.3, 134.8, 133.4, 130.7, 126.1, 125.7, 123.2, 117.7,
50.8, 7.49. Anal. calcd for CI,H;3sNOsS: C 54.71, H 4.26,
N 4.56; found C 54.73, H 4.23, N 4.58.

2-(4- LKL RS FR ML IE (30): ¥R B IR A&, 'H
NMR (300 MHz, CDCly) d: 8.26 (s, 1H), 7.92 (d, J=8.4
Hz, 2H), 7.79 (t, J=7.2 Hz, 1H), 7.30 (d, J=8.4 Hz, 2H),
7.12 (s, 1H), 7.04 (s, 1H), 3.12 (q, J=7.2 Hz, 2H), 1.31 (t,
J=7.2 Hz, 3H); “C NMR (75 MHz, CDCl;) d: 158.8,
140.3, 140.2, 133.9, 133.8, 130.3, 130.2, 120.9, 120.8,
50.8, 7.48. Anal. calcd for C13H3sNOsS: C 59.30, H 4.98,
N 5.32; found C 59.33, H 5.01, N 5.35.

4-G -4 KT 3g): R B IR AT, TH
NMR (300 MHz, CDCl;) d: 8.05 (dd, J=6.87, 2.40 Hz,
2H), 7.26 (dd, J=6.51, 2.10 Hz, 4H), 6.87~6.94 (m, 4H);
C NMR (75 MHz, CDCL3) 0: 163.0, 153.4, 143.0, 130.7,
130.4, 126.1, 121.9, 117.3.

4,4-AHHE IR (3h): YR B AR, mop. 138~140
T (it!" mp. 137~139 C); 'H NMR (300 MHz,
CDCLy) o: 8.30~8.36 (m, 4H), 7.34~7.40 (m, 4H); "°C
NMR (75 MHz, CDCl5) d: 168.8, 143.3, 126.8, 118.9.

4N FE-4- 5 FE T ORmR): R EE AR, mp. 154~
156 C (1it"™ mp. 155~157 “C); '"H NMR (300 MHz,
CDCLy) §: 8.31 (dd, J=7.24, 2.50 Hz, 2H), 7.94 (dd, J=
8.17, 2.30 Hz, 2H), 7.27~7.36 (m, 4H); “C NMR (75
MHz, CDCly) d: 163.0, 161.8, 143.2, 131.2, 128.6, 126.2,
125.9,118.6, 117.8.

454U TORE3)): A E AR, mp. 81~82 C
(1it."*! m.p. 80~81 C); '"H NMR (300 MHz, CDCLs) ¢:
7.85 (dd, J=17.32, 1.50 Hz, 2H), 7.50~7.54 (dd, J=6.89,
1.80 Hz, 2H), 7.12~7.21 (m, 4H); *C NMR (75 MHz,
CDCLy) d: 161.5, 155.9, 131.9, 130.5, 127.8, 120.7, 120.2,
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118.8, 107.1.
45 -4 TR EEK): A 4K, mp. 66~69 C
(1it.!) m.p. 68~70 ‘C); '"H NMR (300 MHz, CDCl;) ¢:
7.60~7.62 (m, 2H), 7.03~7.14 (m, 4H), 6.97~7.02 (m,
2H); “C NMR (75 MHz, CDCLy) 6: 161.9, 156.1, 152.6,
132.4,122.5,120.7, 118.5, 116.8, 106.7.

2- T gL sE (4a): AEE A, mp. 30~31 C
1it.1"% m.p. 32~33 ‘C); 'H NMR (300 MHz, CDCl;) ¢:
7.92 (s, 1H), 7.52 (t, J=8.3 Hz, 1H), 6.59 (t, J=6.0 Hz,
1H), 6.50 (d, J=8.2 Hz, 1H), 4.59 (br, 1H), 3.21~3.30
(m, 2H), 1.56~1.65 (m, 2H), 1.37~1.46 (m, 2H), 0.94 (t,
J=7.2 Hz, 3H); ®C NMR (75 MHz, CDCl;) é: 158.6,
147.3,137.8, 112.5, 106.5, 42.0, 31.6, 20.2, 13.8.

2-MHE e FEIEE (4b): 6 R A1, "H NMR
(300 MHz, CDCl3) 6: 8.15 (d, J=4.8 Hz, 1H), 7.44 (t, J=
8.1 Hz, 1H), 6.52 (t, J=6.3 Hz, 1H), 6.36 (d, J=8.5 Hz,
1H), 3.46 (t, J=6.3 Hz, 4H), 1.99~2.03 (m, 4H); "°C
NMR (75 MHz, CDCLy) 6: 156.9, 147.7, 137.2, 111.0,
106.7, 46.8, 25.5.

2-WhE KL IE (4¢): Ao EPRIBAAT ™. "TH NMR (300
MHz, CDCl3) §: 8.17 (s, 1H), 7.49 (t, J=8.0 Hz, 1H), 6.66
(d, J=8.3 Hz, 1H), 6.30 (t, J=6.5 Hz, 1H), 3.52 (br, 4H),
1.64 (br, 6H); >C NMR (75 MHz, CDCl5) &: 159.6, 147.7,
137.4,112.4,107.2, 46.4, 25.5, 24.7.

N-(4-F 7K 3)-2-F Lt me (4d): A, mp. 62~
63.6 'C (lit"" m.p. 62~63 “C); '"H NMR (300 MHz,
CDCl3) 6: 9.15 (br, 1H), 8.13 (d, J=4.2 Hz, 1H), 7.72 (d,
J=82 Hz, 2H), 7.55 (t, J=4.5 Hz, 1H), 7.27 (d, J=8.2
Hz, 2H), 6.72~6.81 (m, 2H); >C NMR (75 MHz, CDCl;)
5: 155.9, 147.6, 141.2, 137.8, 128.8, 123.9, 119.7, 115.1,
111.4.

N-FHE-2-Z FELE (de): FIEAE A, mp. 79~80 C
(1it.!"™ m.p. 78~79 C); '"H NMR (300 MHz, CDCl;) o:
4.47 (d, J=4.0 Hz, 2H), 5.06 (br, 1H), 6.34 (d, J=4.0 Hz,
1H), 6.52~6.57 (m, 1H), 7.26~7.39 (m, 1H), 8.06 (d, J=
4.0 Hz, 1H); *C NMR (75 MHz, CDCl;) 6: 158.5, 148.1,
139.9, 138.3, 128,5, 126.9, 126.7, 117.9, 106.4, 45.9 .

N-I4 3 -2-Z FEmb e (46): A 4R, mp. 103~
104 C (lit"" mp. 102.5~103.5 C); '"H NMR (300
MHz, CDCl;) 0: 8.04 (d, J=4.0 Hz, 1H), 7.91 (d, J=8.0
Hz, 1H), 6.49~6.54 (m, 1H), 6.35 (d, J=8.0 Hz, 1H),
4.48 (br, 1H), 3.48~3.56 (m, 1H), 2.01~2.05 (m, 2H),
1.60~1.78 (m, 3H), 1.35~1.42 (m, 2H), 1.18~1.24 (m,
3H); *C NMR (75 MHz, CDCl;) d: 158.9, 145.9, 138.2,
113.8, 106.8, 54.9, 32.8, 25.6, 25.1.
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N-(2- M 5 35 ) 1 bk (dg): G £ R AR . TH
NMR (300 MHz, CDCl;) o: 8.18~8.20 (m, 1H), 7.45~
7.49 (m, 1H), 6.60~6.65 (m, 2H), 3.79 (t, J=6.0 Hz, 4H),
3.47 (t, J=4.0 Hz, 4H); *C NMR (75 MHz, CDCl3) ¢:
158.1, 147.8, 138.8, 118.5, 107.5, 67.8, 48.6.

N-(2-MEERE FL) DK 4 (4h): €4 544, m.p. 38~40 C
(1it."" m.p. 39~40 °C); '"H NMR (300 MHz, CDCl;) ¢:
8.33 (d, J=4.0 Hz, 1H), 8.25 (s, 1H), 7.64~7.70 (m, 1H),
7.53 (s, 1H), 7.22 (d, J=8.2 Hz, 1H), 7.07~7.11 (m, 2H);
C NMR (75 MHz, CDCl5) 0: 148.4,138.4, 134.3, 130.0,
121.4,115.5,111.7

N-(4-TiF5HE 2R 6 ) K M (4i): 3% B B [E 4K, mop. 177~
178 C (lit." m.p. 177~179 C); '"H NMR (300 MHz,
CDCly) 0: 7.31~7.32 (m, 1H), 7.43 (s, 1H), 7.75 (t, J=8.0
Hz, 1H), 7.82 (d, J=8.0 Hz, 1H), 8.04 (s, 1H), 8.29 (d, J=
8.0 Hz, 1H), 8.33 (s, 1H); *C NMR (75 MHz, CDCl;) ¢:
146.3, 142.0, 135.4, 131.7, 125.8, 121.1, 117.6.

N-(4- L BRI 28T bk e (45): O E4A, mp. 110~
111 C (it" mp. 111~112 "C); '"H NMR (300 MHz,
CDCly) o: 8.09 (d, J=8.7 Hz, 2H), 7.96 (s, 1H), 7.50 (d,
J=8.7 Hz, 2H), 7.36 (s, 1 H), 7.25 (s, 1H), 2.64 (s, 3H);
C NMR (75 MHz, CDCl;) d: 196.4, 140.7, 135.8, 135.4,
131.2,130.3, 120.7, 117.7, 26.6.

N-(3-TFE 2R HL) K IR (4K): ¥ 35 €4 [ 44, m.p. 93~94
C (it m.p. 94~95 C); 'H NMR (300 MHz, CDCl)
8: 7.27~7.38 (m, 2H), 7.69~7.78 (m, 2H), 7.95 (s, 1H),
8.23~8.28 (m, 2H); >C NMR (75 MHz, CDCLy): § 145.1,
139.5, 136.7, 131.5, 131.2, 128.4, 123.4, 118.8, 106.5.

N-(3- il & 2% 56 ) WR ¢ (41): G (4 iR i A ™) 'H
NMR (300 MHz, CDCl;) &: 7.70 (s, 1H), 7.55~7.60 (m,
1H), 7.22~7.36 (m, 1H), 7.177.19 (m, 1H), 3.25~3.27
(m, 4H), 1.70~1.74 (m, 4H), 1.62~1.63 (m, 2H); "C
NMR (75 MHz, CDCL) &: 149.1, 148.5, 134.7, 117.8,
115.4,107.9, 48.6, 25.8, 25.1.

N-(3-fHFE A FE )L i be(4m): 35 (4 [ 44, mp. 33~
34 C (lit" mp. 33~35 C); '"H NMR (300 MHz,
CDCly) d: 7.52 (d, J=8.0 Hz, 1H), 7.40 (s, 1H), 7.31~
735 (m, 1H), 6.91 (d, J=8.0 Hz, 1H), 3.36~3.37 (m,
4H), 2.07~2.09 (m, 4H); *C NMR (75 MHz, CDCl;) ¢:
148.2, 147.9, 131,5, 117.6, 113.5, 106.4, 46.9, 25.6.

4- FP R 8L - Tk A T (Sa): R 0 IR
U8 "H NMR (CDCls, 300 MHz) J: 8.44 (d, J=2.8 Hz,
1H), 7.51 (d, J=7.8 Hz, 2H), 7.44 (d, J=7.2 Hz, 1H), 7.24
(d, J=7.2 Hz, 2H), 7.00 (t, J=6.4 Hz, 1H), 6.84 (d, J=38.1
Hz, 1H); "C NMR (CDCl;, 75 MHz) J: 162.2, 149.1,
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139.6, 136.1, 135.3, 130.5, 126.8, 120.9, 119.6.
2- FF L O R -2 Lk W R A K (Sb): VR B L IR R
U8 TH NMR (CDCls, 300 MHz) J: 8.45 (d, J=4.2 Hz,
1H), 7.63 (d, J=7.5 Hz, 1H), 7.38 (t, J=7.6 Hz, 1H), 7.24
(d, J=7.2 Hz, 2H), 7.03 (t, J=6.4 Hz, 1H), 6.84 (d, J=8.1
Hz, 1H); “C NMR (CDCl;, 75 MHz) §: 161.1, 148.8,
142.8, 137.4, 136.7, 131.2, 130.2, 127.3, 120.7, 119.7.

1- 2 20 nHE I % 1B (Se): 0 o PR AU, TH
NMR (CDCl;, 300 MHz) J: 8.39 (br d, J=4.5 Hz, 1H),
7.55~7.60 (m, 2H), 7.37~7.42 (m, 4H), 6.96 (ddd, J=
1.1, 4.8, 7.4 Hz, 1H), 6.86 (d, J=7.5 Hz, 1H); °C NMR
(CDCl;, 75 MHz) d: 119.8, 121.3, 129.0, 129.6, 131.1,
134.9, 136.6, 149.5, 161.5.

2- AR R DR G -2 - ML o 6 4 K (SdD): 9% 0 €5 IR
#AU81 TH NMR (CDCls, 300 MHz) d: 8.42 (d, J=3.9 Hz,
1H), 7.60 (d, J=7.2 Hz, 1H), 7.41~7.47 (m, 2H), 6.96~
7.04 (m, 3H), 6.82 (d, J=8.1 Hz, 1H); °C NMR (CDCl,
75 MHz) 6: 160.8, 159.7, 149.2, 136.9, 136.6, 131.4,
122.2,121.4,119.6,118.5, 111.6, 55.9.

2- R AR D - I L1 K (Se): 98 B (0 DR s A4,
'H NMR (CDCls, 300 MHz) 6: 7.55~7.57 (m, 1H),
7.34~7.47 (m, 5H), 7.12~7.16 (m, 1H), 7.01~7.05 (m,
1H), 6.91~6.94 (m, 1H); *C NMR (CDCls, 75 MHz) ¢:
159.5, 151.0, 150.9, 138.5, 138.2, 135.8, 131.8, 131.5,
127.2, 124.4, 120.6.

2GR 2 L I FE R IR (56): 8 B £ vl PR AR TS,
'H NMR (CDCls, 300 Hz) J: 8.46 (d, J=3.4 Hz, 1H), 7.66
(d, J=4.5 Hz, 1H), 7.53~7.61 (m, 2H), 7.32~7.39 (m,
2H), 7.06 (t, J=6.6 Hz, 1H), 6.93 (d, J=8.1 Hz, 1H); "*C
NMR (CDCl;, 75 MHz) 6: 159.1, 150.3, 149.7, 138.7,
137.0, 136.7, 130.6, 130.5, 127.7, 121.9, 120.4.

4-FA LA Gl RARER(Sg): TR AR, mp. 81~
82 C (it m.p. 82~83 'C); 'H NMR (300 MHz,
CDCl;) d: 8.05~8.07 (m, 2H), 7.46 (d, J=8.0 Hz, 2H),
7.29 (d, J=8.0 Hz, 2H), 7.14~7.17 (m, 2H), 2.44 (s, 3H);
C NMR (75 MHz, CDCl;) d: 149.3, 145.4, 140.3, 135.1,
130.9, 126.8, 126.5, 124.3,21 .4,

4-TFE — KB EE(Sh): BT 4R, mp. 56~57 C
(1it.*” m.p. 55~57 C); '"H NMR (300 MHz, CDCl;) o:
8.13 (dd, J=9.2, 2.3 Hz, 2H), 7.58 (d, J=2.8 Hz, 2H),
7.52~7.56 (m, 3H), 7.28 (dd, J=9.2, 2.3 Hz, 2H); "*C
NMR (75 MHz, CDCly) 6: 148.7, 145.5, 134.9, 130.5,
130.2, 129.9, 126.8, 124.2.

4- G -4 THEE R E(SE): SRR E K. mp. 87~
88 C (1it.” m.p. 87~88.5 ‘C); '"H NMR (300 MHz,
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CDCly) d: 8.14 (d, J=8.8 Hz, 2H), 7.59 (d, J=8.8 Hz,
2H), 7.54 (d, J=8.4 Hz, 2H), 7.35 (d, J=8.8 Hz, 2H); "*C
NMR (75 MHz, CDCL) &: 147.8, 136.7, 136.1, 131.0,
130.4, 130.1, 128.1, 124.9.

4- LR A R R (S)): ¥R B AT, mup. 63~65
C (it mp. 63~64 °C); '"H NMR (CDCl;, 300 MHz)
0: 2.36 (s, 3H), 7.20~7.34 (m, 4H), 7.43 (dd, J=8.0, 1.9
Hz, 2H), 7.70 (dd, J=8.2, 1.7 Hz, 2H), 9.81 (s, 1H); *C
NMR (75 MHz, CDCly) 6: 21.3, 126.6, 128.5, 129.4,
129.8, 130.1, 130.6, 134.8, 139.7, 148.2, 191.1.

4-ZR B LR I (SK): R A i 44, mp. 52~54 C
(1it.** m.p. 52~53 “C); '"H NMR (CDCl;, 300 MHz) ¢:
9.91 (s, 1H), 7.71 (g, J=4.6 Hz, 2H), 7.50~7.54 (m, 2H),
7.41~7.48 (m, 3H), 7.22 (d, J=8.3 Hz, 1H); MS (70 eV)
mlz (%): 215 ((M+2]", 5.8), 214 (M ", 70), 213 (M—1]"
100), 186 (28), 78 (55), 34 (35).

4= R HE IR I (SD): R s A AR, map. 94~96
C (it mp. 95~96 °C); 'H NMR (CDCl;, 300 MHz)
5: 9.83 (s, 1H), 7.66 (d, J=8.8 Hz, 2H), 7.32 (q, J=4.7
Hz, 2H), 7.22 (d, J=8.5 Hz, 2H), 7.12 (d, J=8.6 Hz, 2H);
MS (70 eV) m/z (%): 232 (M", 50), 231 ((IM—1]", 70),
128 (100), 108 (34), 77 (15), 29 (28).

2 ZR5HE
2.1 BRI RN A A5 00

T 56 UGS AR I 2 Iy 5 ) G 3 25 1) s 1 Ry AR
SNE, PRGBS S 8 s ) & (0 A AL 771
41 DMF, DME, DMSO, NMP, /K, %{i, &M THF 4
h N, NG S BT RN, fETC AR 4%
PR, $658 1.2 PTIR S DRI T O, R W=
iR 1.

SN ek JEE A 5 i N 1) — AN EE SRR R, A SCHR AT
A, AR N R E — B AE 90~150 ‘C2fn), HZAE
120 CAfh, AR TR 90 "CHE =
FHRE 140 °C R FaR IR AR I S N, AH J Wy = e
BIAWATE 120 C RN =26, DRI HE N 1R 3 3 1
JEAE 120 'C. B EME R ATLLE H, /& DMSO, DMF
S NMP SER AT HUES I o RO LU AL, f = 28]
LLIA ] 92% (3£ 1, Entries 1~9)£E 7K P RAEA [V
(R 1, Entry 10), 75 T /. S5 & M THF 555581
YRR SN [ 77 RS (Z 1, Entries 10~14), £EJCIEH
ZATF, IS AT WU e Iy, 52 I (R nl LA
FI| 2% 70%019 77 %3 1, Entry 15), %] +-BuOK B
[P 22 v G AR AR R, USRI A 3
I AR S N AE LLEAT (R 1, Entry 16), M3
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BilikE HRILX
R R BT Y ™= 2 1) 50 @
Table 1 The effect of solvents and base on the yield
(o)
c /©/OH cl Base, solvent e /©/ \©\
H _—
3 \S + [ j\NO Microwave 3 >S\ NO,
O// o 2 7 X0
Entry Solvent Base Yield®/% Entry Solvent Base Yield®/%
1 DMSO KOH 68 9 NMP t-BuOK 82
2 DMSO K,CO; 54 10 H,O KOH Trace
3 DMSO K;PO,4+3H,0 76 11 n-BuOH t-BuOK 45
4 DMSO DBU 70 12 CH;CN t-BuOK 65
5 DMSO t-BuOK 92 13 CHCl; t-BuOK 38
6 DMSO NaOCH; 84 14 THF t-BuOK 50
7 DMF t-BuOK 67 15 Neat Pyridine 70
8 DME t-BuOK 86 16 DMSO t-BuOK Trace®

@R REZAT: (1.2 mmol), FEUAHEHR(1.0 mmol), (2.0 mmol), ¥H(2.0 mL), KR ] 5~15 min. * 73 B5/7 2. ¢ WA 120 C RN 12 h BB,

kG, -BuOK 7E Fad (1R 7] o 1 7= 22 48 H B A7 7
IR, ARG AR NI R 1 FsER 4 R
i LAE A DMSO 1, LA -BuOK Mhig, n] LA 25 it
(1) 45 3. AR SN 22 A0 A FRIAAAE IR O BT I
N, LERHAT BRI JS, FRATINNIE A 4 77 2k
AT IR, BRERMEAFINS 7= 2% K S N I [A] (1) 5% 0, ZE A
10 mol% [T PR AL A TR s I, e W I = 26 I R A
Ffem, MR TR S SERIERFLIR, %R N™
Yoy B A KA, A 10 mol %o 4k, 7.4,
RN P HERNA AT FEA B A P, PRt A T
PRAE LTI IS AE T, BT O 4 A8 TS T 78

W
22 BM5xRFTEBERRN

MR N AL I RE T LA H, L DMSO
W, -BuOK Jfik, 7EJCHEALTIIINS B0 T W] A 24
MR EER. N T REAZSON AT IRE ], 8o
B FLL 5 10 P 5 TR A i T ) S AR Jeidt AT C—O
AT SUMER, SR g AR 2. o U HE AR ARV VR I AR
T3 REREIAT (R AR AT B, RS TR T AR SR
A EAN.

&2 WS EAITRIMBIR Y ¢
Table 2 The C—O cross-coupling reaction of phenol with aryl chlorides

OH CI O
X A t-BuOK, DMSO
R @/ . mRZ R’ @/ \@Rz
= X A Microwave, 120 C = X%
1 2 3a~3o
X=CH, N
Entry Phenol Aryl chloride Product Yield®/%
. oo
HyCO,S NO, H3CO,S NO,
3a
NO,
OH 0.
z o c. o .
H3CO,S NO, H3CO.S
3b
OH N O‘M
3 o .
HCO,S N HaCO,S s
c
EtO,S NO, EtO,S NO,
3d
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Entry Phenol

Aryl chloride

Product Yield®/%

OH
Cl

Q

Et0,S

(o))
o
T
S
o

Et0,S

9
J g

; 9
O,N NO,
OH of
9 K L
O,N CN
OH Cl
0 L Ot
Cl CN
OH Cl
1 L L
F CN
OH Cl
2 LT &
Cl

NO,

o)
o g
EtO,S
3e
O.__N
IOR®
80
Et0,S &
3f
JOmS!
Cl NO, %0
39
O. :
O,N” : NO 88
2 3h 2
o
JORG o
O,N CN
3i
JO ALY
Cl CN 80
3j
0
L 4
F CN
3k
o)
/©/ \© Trace
Cl

“ R REZAT: (1.2 mmol), ZAET5 (1.0 mmol), AT EEE(2.0 mmol), DMSO (2.0 mL), 2SI [] 5~15 min. ® 43 57 %

23 kb QAR FEGBILR L

TERE R R A7 R E TR, fi491% 2815
BRI B 5 ) C—O R S N n] LA TE ML 51
4 SRR, 1 — 25 AR AT T I e R Bk
BN SR C—N AR Y o] DALE [ RE R 45 2F 1 ik
TTAEG, 645 B HAL, P2 RAE 75%~94% [,
SN ) TS B 5~15 min (3 3, Eq. 2). &ARe . &
AR 5 2R A5 VT A4 1 5 B ] LU T s fre S 05 o g A T4
W, reseimy, HR W MaE P2 a7 & ik, RIS
AR IR A R A SN, TSR B R A G s W =
T 5%.

R!
R cl ' ‘
. A t-BuOK, DMSO _N
N SR S e
R . X\/ Microwave, 120 C x\/
2 4a ~ 4t

R', R? = H, Alkyl, Aryl; X = CH, N
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24 W5 xRFEREEKRLN

B, X C—S MR MNHAT T FIFE IR ER, Sk
LER LR 4. IR RN M T C—0 & C—N
BIBE SN, FH TR ) 1) P A% R e ok, S I ) L 5 R (1)
I SE Rk, SR . Gl RIS IR S oy AL R
NI, ATCAASE] 90% LA B RAFHIF= 2, 559950 IR
Yt SACTE s S AR IR W SN I, T LA 3] 80% L
R 5 ARG R AR N AR SR
C—S 1B 52 I () 77 2588 C—O by C—N B IR s W ) 7= 6
P

ZE FPTIR, EMEAFRISIET, L TR HE 5,
BUT REBEON B, RSN, SEILT Wy B i S
AL EATT B C—0, C—N M C—S MBI [ v, %07
FEHARELSAR, BAERE, RNVAER, 728w
SERE L, AT RASE B B4R g AR VEME L 58 BRI S
M.
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3 AT IR Y
Table 3 The C—N cross-coupling reaction of amines with aryl chlorides
Entry Amine Aryl chloride Product Yield®/%
X
N &
1 ZNONH, | N” NN 86
N~ cl H
4a
X
X ‘ 7
2 CNH » N D 91
N~ Cl
4b
X
» : >
3 . » N '\O 86
N N cl
4c
N Cl
N \
4 CI—QNHZ | N" N 92
N~ Cl H
4d
| X
X
S Hw@ » NEY 84
N e H
de
X
N B
6 | N" N 89
NH, N cl H
4f
| X
HN X P
7 @ » NN 85
N~ cl Lo
49
S
X L
8 HN" N - NN N 90
=/ N~ °Cl =/
4h
NO,
9 HN SN /@ /N 94
\=/ Cl (N;,
4i
(0]
o /@)k
N
HN N
10 \__J /@)k (\N 75
cl =
4j
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Entry Amine Aryl chloride Product Yield®/%
N
=
NN cl NO, &N NO,
11 \—/ \©/ \©/ 78
4k
O cl NO, O\l NO,
12 \@ \@ 76
N
H
4]
cl NO, CN NO,
13 CNH \©f \© 81
4m
“ R REGAT: (1.2 mmol), FACT5 (1.0 mmol), AT EEE(2.0 mmol), DMSO (2.0 mL), 2SI [A] 5~15 min. ® 43 57 %
R4 G EATTRI BRI N ¢
Table 3 The C—S cross-coupling reaction of thiophene with aryl chlorides
NSH O +-BUOK, DMSO %
R171 + mR2 R2
= X A Mlcrowave 120 C
1 2 5a ~ 50
X=CH, N
Entry Thiophene Aryl chloride Product Yield’/%
S
SH X ‘ X
1 - c No_~ 95
3
HsC N~ cl 5a
CHj3
SH
A S
2 @[ B B 78
CHs N~ cl N~
5b
SH N S [
3 ©/ | P N~ 92
N~ Cl 5c
o OCHs
AN S
. . ~ :
OCH; N~ ~Cl N A
5d
Br
SH
X S
5 ©: | \ 80
Br N~ °CI N~
5e
Cl
SH
N S\
SN O » 0 :
Cl N~ °CI N~
5f
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BHULE MRIEX
Entry Thiophene Aryl chloride Product Yield’/%

SH
7 /©/
Ha

Q

SH
0 o
H3C
SH
l O
SH
o joy
Cl

OHC

oL
HaC NO, 94
59
L
NG, 91
5h
S
SRS .
Cl NO,
5i
jomet
HsC CHO %3
5j
L
CHO 84
5k
JoR SN
Cl CHO 81
51

@R REGAT: (1.2 mmol), FACTE (1.0 mmol), AT EEEH(2.0 mmol), DMSO (2.0 mL), 2SI [A] 5~15 min. ® 43 57 %
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