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A New Method for Synthesis of Naphtho[2,1-d]thiazole Derivatives
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Abstract A new and efficient approach has been developed to synthesize 2-substituted acylamino naphtho[2,1-d]thiazole
compounds through the reaction between 3-(2-naphthyl)-1-substituted acylthiourea and manganese(IIl) acetate under ambient
air. This reaction has the advantage of simple operation, high atom economy, environmentally friendly, and cheap reagents.
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Table 1 Optimization of reaction conditions

N R
H\H/H\H/R Conditions S’\<N \\g
I
1 2
Entry Oxidant (equiv.) Temp./C Time/min Solvent Yield®/%
1 IBD (1.2) 20 5 CH;CN 8
2 IBD (1.3) 50 15 CH;CN 15
3 IBD (1.4) 50 15 CH;CN 20
4 IBD (1.4) 60 15 CH;CN 23
5 IBD (1.4) 60 30 CH;CN 33
6 IBD (1.5) 60 30 CH;CN 33
7 IBD (1.4) 70 30 CH;CN 33
8 Mn(OAc);*2H,0 (2.0) 80 90 CH;CN 50
9 Mn(OAc);*2H,0 (1.5) 80 90 CH;CN 40
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Entry Oxidant (equiv.) Temp./C Time/min Solvent Yield”/%
10 Mn(OAc);+2H,0 (1.0) 80 90 CH;CN 25
11 Mn(OAc);*2H,0 (2.5) 80 90 CH;CN 55
12 Mn(OAc);*2H,0 (3.0) 80 90 CH;CN 55
13 Mn(OAc);*2H,0 (2.5) 80 120 CH;CN 68
14 Mn(OAc);*2H,0 (2.5) 80 150 CH;CN 82
15 Mn(OAc);*2H,0 (2.5) 80 60 CH;CN 35
16 Mn(OAc);*2H,0 (2.5) 80 180 CH;CN 82
17 Mn(OAc);*2H,0 (2.5) 70 150 CH;CN 65
18 Mn(OAc);*2H,0 (2.5) 60 150 CH;CN 32
19 Mn(OAc);*2H,0 (2.5) 50 150 CH;CN 25
20 Mn(OAc);*2H,0 (2.5) 78 150 CH;CH,0H 56
21 Mn(OAc);*2H,0 (2.5) 64 150 CH;0H 58
22 Mn(OAc);*2H,0 (2.5) 80 150 AcOH 70
23 Mn(OAc);*2H,0 (2.5) 77 150 CH;COOCH,CH; 22
24 Mn(OAc);22H,0 (2.5) 66 150 THF 56

“ All reactions were performed in air. The mixture of 1a (1.00 mmol), catalyst, and solvent (30 mL) was placed in a three-necked round bottom flask (50 mL). ® Iso-
lated yields.
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Table 2 Substrate scope for the synthesis of compounds 2a~2n
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“ Reaction conditions: 1 (1.00 mmol), Mn(OAc);*2H,0 (2.50 mmol), CH;CN (30 mL), 150 min, 80 ‘C. The value in parentheses is isolated yield.
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2H,0 (0.55 g, 2.50 mmol)Fl ZJiE(30 mL), 2RI
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LBE/AT R (60~90 °C), VIV=1 : 12]15 2-(4-FH LA H
B 3E) 25 9F 2, 1-d] M (2a) 260 mg, 7= 82%.

2-(4-FH L DR HH I 2 ) 25 32, 1-d ] HE M (2a): 260 mg,
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WA, PR 82%. mop. 234~236 C(SCHERET:
234~236 ‘C); 'H NMR (400 MHz, CDCl;) §: 11.54 (s,
1H), 8.06 (d, J=8.10 Hz, 1H), 7.92 (t, J=7.90 Hz, 3H),
7.68 (d, J=8.80 Hz, 1H), 7.63~7.57 (m, 1H), 7.53~7.48
(m, 1H), 7.39 (d, J=8.80 Hz, 1H), 7.21 (d, J=8.00 Hz,
2H), 2.36 (s, 3H); °C NMR (101 MHz, CDCl;) 6: 165.8,
159.1, 145.9, 143.9, 130.5, 129.7, 129.3, 128.9, 128.2,
128.0 127.9, 127.0, 126.9, 125.4, 124.1, 119.9, 21.6.

2-(2- FHJE 2R I 2 ) 25 32, 1-d]HE M (2b): 220 mg,
HEE A, 722 70%. mp. 194~196 C; 'H NMR (400
MHz, CDCLy) d: 12.84 (s, 1H), 8.03 (d, J=8.10 Hz, 1H),
7.86 (d, J=8.00 Hz, 1H), 7.64 (d, J=7.60 Hz, 1H), 7.61~
7.55 (m, 1H), 7.47 (dt, J=14.00, 3.00 Hz, 2H), 7.34~7.27
(m, 2H), 7.07~7.00 (m, 1H), 6.57 (d, J=8.80 Hz, 1H),
2.66 (s, 3H); *C NMR (101 MHz, CDCl3) 6: 168.2, 159.3,
145.6, 137.9, 133.2, 131.7, 130.4, 128.9, 128.2, 128.0,
127.7, 127.3, 127.0, 126.9, 126.3, 125.4, 124.1, 119.3,
20.4; HRMS (ESI) caled for C;9H;sN,OS [M—i—H]+
319.0905, found 319.0910.

2-(3- LR L 2 ) 25 92, 1-d] e (2¢): 240 mg,
HEEAR, 7232 76%. m.p. 206~207 C; 'H NMR (400
MHz, CDCl) d: 12.67 (s, 1H), 8.07 (d, J=7.50 Hz, 1H),
7.88 (s, 2H), 7.80 (s, 1H), 7.69~7.55 (m, 2H), 7.51 (d, J=
6.90 Hz, 1H), 7.28 (s, 2H), 7.13 (d, J=8.30 Hz, 1H), 2.06
(s, 3H); *C NMR (101 MHz, CDCl;) J: 166.4, 159.6,
145.8, 139.0, 133.8, 132.0, 130.4, 128.9, 128.7, 128.1,
127.8, 127.7, 127.1, 127.0, 125.4, 125.4, 124.1, 119.8,
21.1; HRMS (ESI) caled for C;9H;sN,OS [M—i—H]+
319.0905, found 319.0914.

2-(2- FHAR L O F B 55) 25 9 [2, 1-d) HE M (2d): 270
mg, AMEE, P25 80%. mp. 214~216 C; 'H NMR
(400 MHz, CDCly) d: 11.28 (s, 1H), 8.34 (dd, J=7.80,
1.80 Hz, 1H), 8.03 (d, J=8.10 Hz, 1H), 7.92 (d, J=8.10
Hz, 1H), 7.85 (q, J=8.80 Hz, 2H), 7.63~7.45 (m, 3H),
7.19~7.12 (m, 1H), 7.03 (d, J=8.30 Hz, 1H), 4.09 (s,
3H); *C NMR (101 MHz, CDCLy) d: 163.0, 157.9, 157.4,
146.8, 134.8, 132.8, 130.5, 129.0, 128.3, 127.2, 127.0,
125.2, 124.1, 121.8, 120.3, 118.9, 111.7, 56.4; HRMS
(ESI) caled for CioH sN,0,S [M+H]" 335.0854, found
335.0866.

2-(2- 5K W B & JE) 25 91 [2,1-d] ME I (2e): 290 mg,
@ E A, 772 85%. mp. 188~190 ‘C; 'H NMR (400
MHz, CDCl) d: 12.78 (s, 1H), 8.03 (d, J=8.10 Hz, 1H),
7.88 (d, J=8.00 Hz, 1H), 7.83~7.75 (m, 1H), 7.59 (t, J=
7.30 Hz, 1H), 7.50 (t, J=7.70 Hz, 2H), 7.33~7.26 (m,
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2H), 7.25~7.20 (m, 1H), 6.86 (d, J=8.50 Hz, 1H); "*C
NMR (101 MHz, CDCLy) d: 165.1, 158.9, 145.7, 133.1,
132.7, 131.8, 130.7, 130.5, 130.4, 128.9, 128.0, 127.6,
127.3, 127.1, 127.1, 125.5, 124.1, 119.1; HRMS (ESI)
caled for C;sH;,CIN,OS [M+ H]" 339.0359, found
339.0367.

2-(3-5 K H B 2L ) 25 9 [2,1-d] ME ML (2): 250 meg,
HEE A, 723 74%. mp. 224~226 “C; 'H NMR (400
MHz, CDCl;) 6: 13.18 (s, 1H), 8.12 (s, 1H), 8.00 (s, 2H),
7.94~7.83 (m, 1H), 7.71 (s, 1H), 7.65~7.31 (m, 5H); *C
NMR (101 MHz, CDCl;) d: 164.5, 159.6, 144.9, 135.3,
133.5, 133.1, 130.5, 130.2, 129.0, 128.6, 128.3, 128.0,
127.5, 127.2, 126.1, 125.6, 124.0, 119.1; HRMS (ESI)
caled for C,;3H;,CIN,OS [M—|—H]+ 339.0359, found
339.0371.

2-(4- S 7K L& 5 ) 25 9 [2,1-d] E M (2g): 300 mg,
@ E AR, 723 88%. m.p. 240~241 C; 'H NMR (400
MHz, CDCl;) d: 13.30 (s, 1H), 8.19 (s, 2H), 8.08~7.72
(m, 3H), 7.60 (s, 1H), 7.51 (s, 2H), 7.17 (s, 2H); *C NMR
(101 MHz, CDCl3) d: 167.0, 164.6, 130.9, 130.8, 130.5,
130.4, 129.0, 128.1, 127.9, 127.9, 127.5, 127.3, 125.6,
124.0, 116.3, 116.1; HRMS (ESI) calcd for C;5H;,CIN,OS
[M+H]" 339.0359, found 339.0365.

2-(3- VR 7K R 2 38 ) 25 91 [2,1-d] HE M (2h): 280 mg,
HEE AR, 7% 73%. mp. 190~192 C; 'H NMR (400
MHz, CDCl3) d: 12.67 (s, 1H), 8.16 (s, 1H), 8.07 (d, J=
8.00 Hz, 1H), 7.93 (dd, J=13.10, 7.70 Hz, 2H), 7.70~
7.58 (m, 3H), 7.53 (t, J=7.40 Hz, 1H), 7.24~7.14 (m,
2H); *C NMR (101 MHz, CDCl3) §: 164.7, 135.9, 134.0,
131.4, 130.6, 130.5, 129.0, 128.1, 127.7, 127.3, 127.2,
126.6, 125.6, 124.1, 123.3, 119.5; HRMS (ESI) calcd for
CsH,BrN,0S [M+H]" 382.9853, found 382.9857.

2-(4- R 2K F R ) 25 9F [2,1-d) HE M (2i): 280 mg,
H AR, 723 73%. mp. 266~267 C; 'H NMR (400
MHz, CDCl;) d: 11.58 (s, 1H), 8.08 (d, J=6.40 Hz, 1H),
8.00~7.84 (m, 3H), 7.74 (d, J=7.50 Hz, 1H), 7.67~7.49
(m, 4H), 7.39 (d, J=7.40 Hz, 1H); *C NMR (101 MHz,
CDCly) d: 164.9, 158.6, 145.8, 132.4, 130.9, 130.6, 129.4,
129.1, 128.2, 128.1, 127.3, 127.2, 125.6, 124.1, 119.7,
HRMS (ESI) caled for C;sH;,BrN,OS [M + H] *
382.9853, found 382.9855.

2-(4- 5K F R (R ) 25 9F [2,1-d] HE M (2)): 270 mg,
H @ E AR, 723 84%. m.p. 245~247 C; 'H NMR (400
MHz, CDCl3) d: 11.68 (s, 1H), 8.21~7.88 (m, 3H), 7.77
(s, 2H), 7.69~7.34 (m, 5H); *C NMR (101 MHz, CDCl5)
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5 164.6, 164.2 ('Jep=219.17 Hz), 139.7, 130.6, 130.3,
129.4, 129.4, 129.1 CJep=5.75 Hz), 128.1, 127.3, 127.2,
126.8 (“Jop=2.02 Hz), 125.6, 124.1, 119.6 (Jep=19.19
Hz); HRMS (ESI) caled for C;sH;,FN,OS [M—|—H]+
323.0654, found 323.0665.

2- 7K PR S 25 1 [2,1-d] EME (2K): 230 mg, 75 fELfH]
&, PRE 75%. m.p. 204~206 ‘C; 'H NMR (400 MHz,
CDCLy) d: 12.77 (s, 1H), 8.06 (t, J=7.30 Hz, 3H), 7.92~
7.81 (m, 1H), 7.65~7.44 (m, 4H), 7.35 (t, J=7.40 Hz,
2H), 7.04 (s, 1H); °C NMR (101 MHz, CDCl;) 6: 166.3,
159.9, 145.8, 133.1, 1322, 130.5, 129.2, 129.1, 128.9,
128.3, 128.1, 127.1, 127.0, 125.5, 124.1, 119.8; HRMS
(ESI) caled for C;sH;3N,OS [M+H]" 305.0748, found
305.0757.

2-(2- R I FE R 3 ) 25 9F [2,1-d] ME M (21): 180 mg,
H Ak, 72 % 61%. mp. 80~82 ‘C; 'H NMR (400
MHz, CDCLy) &: 10.78 (s, 1H), 8.03 (d, J=8.10 Hz, 1H),
7.93 (d, J=8.00 Hz, 1H), 7.85~7.81 (m, 2H), 7.43~7.40
(m, 2H), 7.34~7.33 (m, 1H), 6.59~6.52 (m, 2H); "*C
NMR (101 MHz, CDCl;) 6: 158.4, 155.8, 151.1, 146.4,
145.9, 145.5, 130.5, 128.9, 127.6, 126.6, 125.5, 124.2,
120.3, 117.1, 113.1, 112.9; HRMS (ESI) caled for
C16H11N,O,S [M+H]" 295.0542, found 295.0537.

2- TR FEZE I [2,1-d]EME(2m): 250 mg, [ {fH
&, P7E 92%. m.p. 180~182 ‘C; 'H NMR (400 MHz,
CDCly) 6: 11.88 (s, 1H), 8.04 (d, J=8.10 Hz, 1H), 7.96 (d,
J=8.00 Hz, 1H), 7.87 (q, J=8.80 Hz, 2H), 7.61 (t, J=
7.40 Hz, 1H), 7.53 (t, J=7.40 Hz, 1H), 2.50 (t, J=7.50
Hz, 2H), 1.82~1.73 (m, 2H), 0.93 (t, J=7.40 Hz, 3H); "°C
NMR (101 MHz, CDCl;) 6: 171.9, 159.3, 145.7, 130.5,
129.0, 128.3, 127.8, 127.5, 127.3, 125.5, 124.1, 119.5,
38.3, 18.6, 13.7; HRMS (ESI) calcd for C,sH;sN,OS [M+
H]" 271.0905, found 271.0919.

2- LR FEZEIF[2,1-d]WEME(2n): 220 mg, [ [H
&, P7E 91%. m.p. 264~266 ‘C; 'H NMR (400 MHz,
DMSO-dg) d: 12.48 (s, 1H), 8.06 (dd, J=8.20, 0.90 Hz,
2H), 7.95 (d, J=8.80 Hz, 1H), 7.87 (d, J=8.80 Hz, 1H),
7.66~7.60 (m, 1H), 7.57~7.51 (m, 1H), 2.25 (s, 3H); "°C
NMR (101 MHz, DMSO-d;) d: 169.7, 157.8, 147.0, 130.4,
129.4, 128.1, 127.7, 127.4, 1272, 125.6, 124.4, 120.8,
23.2; HRMS (ESI) caled for C;3H;N,OS [M+H]"
243.0593, found 243.0599.

B4 #}(Supporting Information) {t.54%) 2a~2n 1]
"HNMR Fil C NMR &l X2kl n] LA 5 AT
¥ (http://sioc-journal.cn/) b F %X,
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