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Convenient Method for Preparing a-Ketoarylthioamide by Air
Oxidation under Base Conditions
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Abstract A practical method for preparing a-ketoaryl thioamide by air oxidation has been developed. Under air atmosphere,
in the presence of K,COj; as base and dimethyl sulfoxide (DMSO) as solvent at 120 °C, a variety of a-ketoarylthioamides were
obtained from aryl thioamide in yields of 42%~85%. This reaction has good substrate applicability, metal-free and atomic
economy, and provides an efficient, economical, green and convenient method for the synthesis of a-ketoaryl thioamide.
Keywords air; dimethyl sulfoxide (DMSO); K,COs; green oxidation; a-ketoaryl thioamide
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B, MRS a-75 HBEIERRACBEG AB™: LA A1 N
JERE, W R 3 KRR R IR (1B o- L E G
b I a- Y BB AL A Y ERARYDE Ak AL
g 1AM (@ BR), SRZBU, FE RS/
BAE, 193] o-75 P EEEEGARBENZ. Q)TERT o-f7 B % B IE
PEEREH]: KB o- BT Ak 2 1 1A2-1,
G LI A AR R o- 75 FH B A i 18
B, s E AR o BERRER S HS SlHKk
NS BRI N _EARBURHT o-75 B BR300 AR (i I8
%), WAL RS N N-—H R R L A e B 1S
3 a-77 FEEEEBAR B, (3) C=C BT EE:
LB AT A2 A Dy NN-— UK o, NN T 1A3,
Z G RRIG IR R C=C, &iRme. EHER MRS o-
55 I RACEE R Gii @A), fEIX 2Kk, B
REACHIEAR I R 20 G ) — Kok 2 —
ORI ERAA ARTIRN B 7 B, AR5 i A = R il
B SEE LT AR B, HEEUARE. AP RED Will-
gerodte-Kindler /(1 #:4%)!' et 2416l Willgerodte-
Kindler & N3R5 HARF=4 T4 1B (103 42)! 1), thay A
T 55 PR B e Ak N B ARG 181, il i
FAAR R -5 WL EEBRAR I (11 3 4%). S H T &k
-7 PRI ARt A PR i 11 i) 4 7 v 8 A R A, (E KB 4
TiEe i REVEM N, BA—E R RIRME, ik
BRMNERE AFIEMEALT ST AR R
R PRI S 7 35 E -9 SN NS @ VA L 1 SN X (19
020201 e b SCHRE R ORI, LA SEBRAR IR M SRR
A& -5 LR AR L (1) 77154 Moghaddam 45
i, RA&RMAESHH TR S TME. =ik
FPREE AU A 5 K FR K, a- 75 FH IR BE IR AN fiZ
(1)) 2% 7 VEATY SR AT 56 3 R e 1) 2 ).

MR, BEIRSE B E AN N 5T R B B %
VB, FrAl 2 H T (DMSO) FTA S 5 A
SRR T, DAY R AR N E R, KoCOs N
Bk, —HIETHRCNER, 120 CHRIZSABET, PLREF
Ir=R 1828 T a-77 BB ACEEZ(Scheme 2). %%

Ar . NR'R?

O A3
AB
Y =X, SR, N3; Z= CHO, CN, OR*

BARYEGE ML, SO R, BT E RS0,
N a-75 BRI BRAC T & 1 B AR T — AN 4 = )
Jiik.
1 RS
1.1 RMFHMHK

HEHL 1-(4-PhIpk)-2- 25 35 2, e B R (1a) 1 AR S B
JEY), 1E 2.0 equiv. K,CO;, DMSO, 120 °C %85 T *t
NEAT T R R (TLO)MM, 12 h J5 RN 5E4, &
AEFELL 79%CRISE] 2a a-75 FFEEIERACEER(R 1,
Entry 2). ZJ5, 8T SMEEE. EEATRYT,
2.0 equiv. K,CO;, DMSO, 120 C N 12 h, A fE W3
HAR=), U2 AR R B & AT D). 5254,
Xof Fopth S AR IEAT T Ak, BAREERINE 1 PR, B
Je XU B FP R AT R, AN IIBRT, AR AE NI 2 H bR
FEMI(F 1, Entry 1); 243 Na,CO,. NaHCO; 1E ot
ITINEI, P304 R, 73908 75%, 76%(3% 1, En-
tries 3, 4); 4k KOH B, A AR, 1A%
B AR S 1, Entry 5). kT IERIREAT T ik,
Yk H 2.6, PIEAACE DMSO 1E AR, [N A%A
WEINE] H bRr=40; N,N-—F B (DMF){E DMSO
VE RIS, A Hbrr=A (K 1, Entries 6~
8). 'R AR FEFAT I I%, R MAE 80 CHEATHS, K
REME I HBR=40(F 1, Entry 9); 100 ‘CH N 24 h,
A B A AR 1, Entry 10); ZRNIRE N
110 CHF, RMBEIZEK, WA 76%(FK 1, Entry 11);
Mk 130, 140 CERN MR R, 722K, 250100
65%, 34%(F 1, Entries 12, 13). ZJa*} K,CO; ) &t
17k, 78 KoCOs N 1.5 equiv. i, P2407% 3 R F#(70%,
1, Entry 14); 7€ K,CO3 N 3, 4 equiv.fif, FEREH IR
Tt 4358 79%, 78%(F 1, Entries 15, 16).

BT B, i T eMm&MN N 2.0 equiv.
K,>CO;, DMSO J¥AH], 120 CHEZ S5 E T RN 12 h.

1.2 RYBEESY R
fE EIR AL, FATR S B REAT T &,

B 1 o775 B EE AR AR A 5 1R

Scheme 1 Strategies for the Synthesis of a-ketothioamides
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Scheme 2 Preparation of a-ketothioamides via metal/O, oxida-
tion system

~ R 7T
| \ o | \
N /' base/air/DMSO N .
R'—\ R heat R'—\ R
. S A S

B3 2 A% o-T7 AL AR A QLI

Scheme 3  Preparation of a-ketothioamides by air oxidation

®1ORMFML

Table 1 Optimization of the reaction conditions

o
N J base/air/solvent

heat
S

Entry Base (equiv.) Solvent Temp./’C Time/h Yield®/%

1 None DMSO 120 24 No product
2 K;CO;(2) DMSO 120 12 79

3 NaCO;(2) DMSO 120 12 75

4 NaHCO; (2) DMSO 120 16 176

5  KOH(2) DMSO 120 24 Trace

6 K,CO3(2) CH;CN  Reflux 24 No reaction
7  K,CO3(2) Acetone  Reflux 24 No reaction
8  Ky,CO;(2) DMF 120 12 Trace

9 K,CO3(2) DMSO 80 24 No reaction
10 K,CO;(2) DMSO 100 24 Trace

11 K,CO;(2) DMSO 110 16 76

12 K,CO;(2) DMSO 130 10 65

13 K,CO;(2) DMSO 140 9 34

14 K,CO;(1.5) DMSO 120 12 70

15 K,CO;(3) DMSO 120 12 79

16 K,CO;(4) DMSO 120 12 78
“Reaction conditions: a mixture of 1a (0.20 mmol) and base in solvent (1.0
mL) was heated at 120 °C for 12 h under air atmosphere (101 kPa).” Isolated
yields.

7 RNFERAE Y. 5Bk 2 for, B 1-4-1
R )-2- 4 3 2 S Ttk e P 2R A A1 3 B B ) IR A g
BEIH R4, HARA AL BRI F B RS EUR R
VI EAT AT A, BRI HIAS BRI R H bR =4
(3% 2, Entries 1~16). b, IR BA I 4
HLF R A (R AR, HERET, BRI 2R, 3N
79%, 66%(F 2, Entries 2, 3). 42K AIARAL BRI A ki
Z(F, CL, By BIE, HERF=PI7r= 201K, 7008 42%,
46%, 65%(F 2, Entries 4~6). 7] LA H AR 45 13 4]
(7= e TR AR =, RN A A IR LT
B TR, A RKIR, &, R, ., H
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EFEDHIBELL 48%, T0%, 64%, 42%K)7 453 H brr=
I3 2, Entries 8~11). 2RI A7 4 AR EE BT,
SN ERRENRFIHEAT, WWRLE 74%~T7%2 18], 7 LLE 2|
it R R A 5 R R TR (1 R IR R AR AN R (R 2,
Entries 12~14). 149908 FRACE 5, HER4
73 A RAF 79%, T8%IHI ™ % (3 2, Entries 15, 16).

K2 HREABE IR R &
Table 2 Scope of cyclic thioamides

()O K,CO4/ai/DMSO o (o

RAer 120 °C R1JﬁfNJ
S S
1 2
Entry R 2 Yield”/%
1 CHs 2a 79
2 2-MeOC¢H, 2b 79
3 2-MeC4H, 2¢ 66
4 2-FC¢H, 2d 42
5 2-CIC¢H,4 2e 46
6 2-BrC¢H, 2f 65
7 2-HOC4H, — —
8 3-CIC4H, 2g 48
9 3-BrCqH, 2h 70
10 3-MeCgH, 2i 64
11 3-MeOC¢H, 2j 42
12 4-MeOC¢H, 2k 77
13 4-MeC4H, 21 74
14 4-CIC4H, 2m 74
15 a-Naphthyl 2n 79

16 m 20 78
o

¢ Reaction conditions: a mixture of 1a (0.20 mmol), K,CO; (2.0 equiv.) in
DMSO (1.0 mL) was heated at 120 C for 12 h under air atmosphere (101
kPa). *Isolated yields.

ZJa, HBE T ITHERAB R G g, 4528
WNZE 3 PR, Je RN 1 ~4 DR B R AR e )
G RO, BREERAE, PR, BN E
WBRER, Forf NN- - 2- AR AR 2 B A SR d vy

®3 JTERIRGRACHE R E

Table 3 Scope of open chain thioamides

R o %
N g3  K,COy/air/DMSO Nigo
S 120 °C S
Entry R’ R® 2 Yield®/%
1 CH; CH; 2p 85
2 C,H; C,H; 2q 72
3¢ C4H9 C4Hg 2r 45

© 2021 Chinese Chemical Society & SIOC, CAS

“ Reaction conditions: a mixture of 1a (0.20 mmol), K,CO; (2.0 equiv.) in
DMSO (1.0 mL) was heated at 120 ‘C for 12 h under air atmosphere (101
kPa). " Isolated yields. ¢ Reaction time 48 h.
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Scheme 5 Plausible reaction mechanism
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ATAERME T — M AN & a5 FBEEGA
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Gy TRME. mREE .

3 SLEES
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'H NMR 1 °C NMR 7 H A#k 30 JEOL ECX 400.
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32 ZLWHE

# 1 (0.20 mmol), K,CO;5 (2.0 equiv. ) IIATHM 10

mL SR, R RSO SEEAA(1.0 mL), %% F

A IR AR R R O N E T 120 CHIRE
JIHMIEEA R EE 12 h, TLC WaMl L, [ 584 a2
W, IR BIRA R =R, UE, WEERYE, B
i ZAEJENT (LR LA TR ) 7 B AR 3= i 2.

1- 2R FE - M Wk 36 2Bt AR 20 i (2a): 7 75 €70 3] 4,
37 mg, PFFE 79%. mp. 112~114 C (it 113~
116 ‘C); '"H NMR (400 MHz, CDCl3) d: 8.03~7.97 (m,
2H), 7.62 (ddt, J=8.1, 6.9, 1.3 Hz, 1H), 7.52~7.47 (m,
2H), 4.33 (dd, J=5.5, 4.4 Hz, 2H), 3.91 (dd, J=5.5, 4.4
Hz, 2H), 3.69 (dd, J=5.6, 3.7 Hz, 2H), 3.63~3.56 (m,
2H). HRMS-ESI caled for C,HNO,S [M + H] *
236.0745, found 236.0744.

1-(2'- FH AR R DR R )-2- N B e 2B AX 4 i (2b): 3%
ol 4K, 42 mg, 7% 79%. mp. 135~138 C (lit.>
158~160 ‘C); '"H NMR (400 MHz, CDCl;) o: 7.98 (d,
J=7.7 Hz, 1H), 7.60~7.51 (m, 1H), 7.09 (t, J=7.5 Hz,
1H), 6.98 (d, J=8.4 Hz, 1H), 428~4.22 (m, 2H), 3.91~
3.88 (m, 2H), 3.87 (s, 3H), 3.80~3.73 (m, 2H), 3.70~
3.65 (m, 2H).. HRMS-ESI calcd for C;3H;NO;S [M+H]"
266.0845, found 266.0846.

1-(2'- 2 2R 35 ) - 2- M Wk 6 2- B AR 2 i (2¢): B 1
HURY, 33 mg, 5% 66%. 'H NMR (400 MHz) ¢: 7.67
(d, J=7.8 Hz, 1H), 7.44 (t, J=7.5 Hz, 1H), 7.31~7.23
(m, 2H), 4.34~4.29 (m, 2H), 3.92~3.86 (m, 2H), 3.71
(dd, J=5.7, 3.6 Hz, 2H), 3.64 (dd, J=7.6, 2.7 Hz, 2H),
2.66 (s, 3H); “C NMR (100 MHz, CDCls) d: 197.13,
189.28, 142.11, 133.50, 132.83, 131.95, 126.03, 66.55,
66.45, 52.04, 47.39, 22.12. HRMS-ESI calcd for C;3H ¢N-
0,S [M+H]" 250.0902, found 250.0903.

1-(2'- 32K 3k )-2- M Ik 3 2B AR 2 i (2d): ¥ € ith
KA, 21 mg, 7% 42%. 'H NMR (400 MHz, CDCl;) o:
8.02 (td, J=7.6, 1.8 Hz, 1H), 7.60 (dddd, J=8.3, 7.2, 5.2,
1.8 Hz, 1H), 7.31 (td, J=7.8, 1.0 Hz, 1H), 7.13 (ddd, J=
10.9, 8.4, 0.9 Hz, 1H), 427 (dd, J=6.4, 3.5 Hz, 2H),
3.95~3.85 (m, 2H), 3.78 (dd, J=7.9, 3.0 Hz, 2H), 3.74~
3.67 (m, 2H); ""F NMR (400 MHz, CDCl;) §: —109.53.
HRMS-ESI caled for C,H;;NO,FS [M+H]" 254.0651,
found 254.0649.

1-(2- G 2K 3 )-2- M W 3 2- B A€ 20— (2e)78): Hithy
HERY, 25 mg, 723 46%. 'H NMR (400 MHz, CDCly) 4
7.98~7.87 (m, 1H), 7.48 (ddd, J=9.4, 6.1, 1.8 Hz, 1H),
7.43~7.37 (m, 2H), 4.27 (dd, J=6.4, 3.6 Hz, 2H), 3.95~
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3.87 (m, 2H), 3.87~3.78 (m, 4H). HRMS-ESI calcd for
C,H;3NO,SCI [M+H]" 270.0356, found 270.0356.

1-(2'- Y8 2 i )-2- Nl I - 2- B A 20 i (26): 3 £ [
&, 41 mg, F7&F 65%. m.p. 80~82 T (lit."¥ 81~
83 ‘C); '"H NMR (400 MHz, CDCl5) d: 7.86 (dd, J=17.8,
1.8 Hz, 1H), 7.61 (d, J=7.8 HZ, 1H), 7.47~7.32 (m, 2H),
4.28~4.23 (m, 2H), 3.94~3.89 (m, 2H), 3.88~3.80 (m,
4H). HRMS-ESI caled for C;,H;3sNO,SBr [M + H]*
313.9844, found 313.9845.

1-(3"- R IE)-2- N I 3 2- AR 2 i (2g): 3% el
1, 26 mg, F7E 48%. m.p. 93~95 C (lit8 92~
94 °C); "H NMR (400 MHz, CDCl;) 0: 7.97 (t, J=1.8 Hz,
1H), 7.88~7.85 (m, 1H), 7.58 (ddd, J=8.0, 2.1, 1.0 Hz,
1H), 7.44 (t, J=7.9 Hz, 1H), 4.34~4.31 (m, 2H), 3.93~
3.89 (m, 2H), 3.74~3.69 (m, 2H), 3.62~3.58 (m, 2H).
HRMS-ESI caled for C1,H;sNO,SCI [M+H]" 270.0356,
found 270.0361.

1-(3- A3 )-2- M IR L 2-BRAQ 2, — B (2h): 3 (0 ]
1, 44 mg, 773 70%. m.p. 106~108 C (lit.’¢! 104~
106 “C); '"H NMR (400 MHz, CDCl;) ¢: 8.11 (t, J=1.8
Hz, 1H), 7.89 (ddd, J=7.8, 1.6, 0.9 Hz, 1H), 7.72 (ddd,
J=8.0, 1.9, 1.0 Hz, 1H), 7.36 (t, J=7.9 Hz, 1H), 433~
428 (m, 2H), 3.91~3.87 (m, 2H), 3.72~3.67 (m, 2H),
3.60~3.56 (m, 2H). HRMS-ESI calcd for C;,H;3NO,SBr
[M-+H]" 313.9850, found 313.9856.

1-(3'- F 3 2R 3 )-2- i b 3 -2- g AR 2 i (2i): ¥ 8
G4k, 32 mg, F7% 64%. mp. 152~154 C; 'H NMR
(400 MHz, CDCls) §: 7.84~7.74 (m, 2H), 7.40 (dt, J=
11.4, 7.4 Hz, 2H), 437~4.30 (m, 2H), 3.93~3.88 (m,
2H), 3.71~3.67 (m, 2H), 3.62~3.57 (m, 2H), 2.42 (s,
3H); *C NMR (100 MHz, CDCl;) J: 195.91, 188.28,
139.05, 135.46, 135.44, 133.27, 130.17, 130.16, 128.94,
128.92, 128.92, 127.30, 127.29, 127.28, 66.59, 66.58,
66.48, 66.47, 52.02, 47.19, 21.45, 21.43. HRMS- ESI calcd
for C;3H,NO,S [M+H]" 250.0902, found 250.0905.

1-(3'- AU R ik )-2- e i - 2- B AR 2 T (25): 34
EAER, 22 mg, P53 42%. m.p. 87~90 C (lit."”! 86~
89 C); '"H NMR (400 MHz, CDCLy) d: 7.54 (dd, J=9.7,
5.0 Hz, 2H), 7.39 (t, J=7.9 Hz, 1H), 7.19~7.14 (m, 1H),
4.35~430 (m, 2H), 3.93~3.88 (m, 2H), 3.86 (s, 3H),
3.73~3.67 (m, 2H), 3.63~3.57 (m, 2H). HRMS-ESI
caled for C;3Hi(NOsS [M + H]+ 266.0851, found
266.0851.

1-(4'- PR R DR 8 )-2- e e -2- B AR 2 i (2K): 7
HEE A, 41 mg, 725 77%. mp. 118~120 C (lit.!"
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120~123°C); "H NMR (400 MHz, CDCL3) 0: 7.95 (d, J=
8.8 Hz, 2H), 6.94 (d, J=8.9 Hz, 2H), 4.33~4.29 (m, 2H),
3.88 (dd, J=5.2, 2.6 Hz, 2H), 3.87 (s, 3H), 3.69~3.64 (m,
2H), 3.58 (d, J=4.2 Hz, 2H). HRMS-ESI calcd for
C3H(NOsS [M+H]" 266.0851, found 266.0854.

1-(4'- F 3 2R 38 )-2-n R I -2 AR 2 i (21): &t
[E4&, 37 mg, F2FE 74%. mp. 103~105 C (lit."?
100~102 C); '"H NMR (400 MHz, CDCl;) o: 7.86 (d,
J=8.2 Hz, 2H), 7.27 (d, J=8.0 Hz, 2H), 4.33~4.29 (m,
2H), 3.90~3.86 (m, 2H), 3.68~3.65 (m, 2H), 3.59~3.55
(m, 2H), 2.41 (s, 3H). HRMS-ESI calcd for Cj3H;sNO,S
[M+H]" 250.0902, found 250.0901.

1-(4- 5K 38 )-2- 1 Rk 2B AR 20 i (2m): 75 €00 ]
&, 40 mg, F*F 74%. m.p. 152~154 C (lit.® 153~
154 °C); '"H NMR (400 MHz, CDCl;) &: 7.95~7.89 (m,
2H), 7.48~7.42 (m, 2H), 4.30 (dd, J=6.2, 3.7 Hz, 2H),
3.89 (dd, J=6.3, 3.7 Hz, 2H), 3.71~3.66 (m, 2H), 3.60~
3.55 (m, 2H). HRMS-ESI calcd for C,H;3NO,SCI [M+
H]" 270.0356, found 270.0356.

1-25 3L 2- 1 R 2- A AR 2 i (2m): 40 Ealfl 44, 45
mg, 773 79%. m.p. 127~129 C (1t 121~124 C);
'H NMR (400 MHz, CDCl3) 6: 9.21 (d, J=8.7 Hz, 1H),
8.09 (d, J=8.2 Hz, 1H), 8.02 (dd, J=7.3, 1.0 Hz, 1H),
791 (d, J=8.0 Hz, 1H), 7.70 (ddd, J=8.5, 6.9, 1.3 Hz,
1H), 7.61~7.55 (m, 1H), 7.53~7.47 (m, 1H), 4.41~4.33
(m, 2H), 3.96~3.90 (m, 2H), 3.76 ~3.66 (m, 4H).
HRMS-ESI caled for C6H;(NO,S [M+H]" 286.0896,
found 286.0898.

1-(2'- 2K I R PR 2 )-2- P b - 2- B AR 2 — B (20): 3%
EE, 43 mg, F*F 78%. mp. 151~153 C (it
152~155 °C); '"H NMR (400 MHz, CDCl;) 6: 7.65 (t, J=
7.9 Hz, 1H), 7.59 (d, J=0.8 Hz, 1H), 7.53 (dd, J=8.5, 0.7
Hz, 1H), 7.48~7.42 (m, 1H), 7.28 (dd, J=6.1, 1.9 Hz,
1H), 4.28~4.24 (m, 2H), 3.88~3.83 (m, 2H), 3.70~3.61
(m, 4H). HRMS-ESI caled for C;4H;,NO;S [M+H]"
276.0694, found 276.0698. 522 CHkIREH — )

1-Z8 56 -2-N,N- — F B -2-Ti A & i (2p): 25t 1]
&, 33 mg, & 85%. m.p. 79~81 T (lit" 80~
81 C); '"H NMR (400 MHz, CDCl;) 0: 8.04~7.91 (m,
2H), 7.61 (t, J=7.4 Hz, 1H), 7.48 (t, J=7.7 Hz, 2H), 3.56
(s, 3H), 3.23 (s, 3H). HRMS-ESI calcd for C;oH;;NOS
[M+H]" 194.0640, found 194.0645.

1-F3E-2-N,N-— 2, 2-Bi AR 2 i 2q)™: ¥ taith
RA, 32 mg, F#F 72%. 'H NMR (400 MHz, CDCl;) o:
8.01~7.92 (m, 2H), 7.57 (t, J=7.4 Hz, 1H), 7.45 (t, J=
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7.7 Hz, 2H), 4.04 (q, J=7.1 Hz, 2H), 3.47 (q, J=7.1 Hz,
2H), 1.39 (t, J=7.2 Hz, 3H), 1.20 (t, J=7.1 Hz, 3H).
HRMS-ESI caled for C;,H;¢NOS [M+H]" 222.0953,
found 222.0950

1- 2856 2-NN- T 3 2-f A% 2 i 2r)™: 3%t
R, 25 mg, 723 45%. '"H NMR (400 MHz, CDCl;) 6:
8.02~7.90 (m, 2H), 7.61~7.53 (m, 1H), 7.45 (dd, J=
11.5, 4.1 Hz, 2H), 4.06~3.86 (m, 2H), 3.42~3.28 (m,
2H), 1.82 (dt, J=15.7, 7.8 Hz, 2H), 1.66~1.56 (m, 2H),
1.50~1.39 (m, 2H), 1.23~1.11 (m, 2H), 1.00 (t, J=7.4
Hz, 3H), 0.79 (t, J=7.3 Hz, 3H). HRMS-ESI calcd for
C1sH2sNOS [M+H]" 278.1579, found 278.1567.

45 Bh#4 Bl (Supporting Information) HArb &4 'H
NMR Fl °C NMR & xSkl n] LA 2 AT 93l
(http://sioc-journal.cn/) I N %K.
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