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Palladium Catalyzed Oxidation of Ynamides Using Dimethyl Sulfox-
ide as Oxidant: A Facile Way to Synthesize a-Ketoamide Derivatives
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Abstract A series of a-ketoamide derivatives were obtained from the palladium catalyzed oxidation of ynamides using cheap
and readily available dimethyl sulfoxide as oxidant and solvent under room temperature. The structures of all products were
characterized by '"H NMR, '3C NMR, IR and HRMS. This protocol has some distinct advantages of mild conditions, simple
work-up, readily available starting materials and fast reaction rate.
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Figure 1 Three pharmaceuticals containing a-ketoamide moie-
ties

1 ZR5TR
11 RMNEHER

e, BhN-RFE-N-ZR 2B FE T H ORI R (12) 5
ZHEH(DMSO) IR [ NI, 2558 T AT 8L
TS S SEBT [E) T S B S, S 25 SR AR 1. R
TEBSFR AL AL R 8 2 IR BN R e R 2R &
FIFE¥I(3R 1, Entries 1, 2). 0N A 81E NS
B, RMNF=RKIEEREE 60%LL (F 1, Entries 3~
5). AL LA AN AL I R B E AR PRI AR (R 1,
Entries 6~8). 45 55 2012 48 52 52 0 97 20 P44 55 1)
SERAHAL MM EIEINE 10 mol%f, 734
A 92%(3FK 1, Entry 9). 7EE/S RIS N2 N GENTF]
HHEAT, FEmre R AR 2] H AR 1, Entry 10). 4%
7577 B DMSO 254 VY SRR (THF) - NV,N-— F & Rk fi
(DMF)k 1,2- 5 ZKE(DCE)I AR AT B AR =4 1 4 il
(# 1, Entries 15~17), b5 5 i 0H S A0 e ik 1% 1) 52
DMSO AR Z S P RIS, BATEHZE T A FALET
SN IFEMA, DTS BRAT ) i A0 25 R B 4 (3R 1, Entries 9~
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Table 1 Reaction conditions optimization

/Ts
——N

o Ts
[PdJ/[Cu] NQ
i j O

1a 2a

Solvent 7/°C  Yield/%
DMSO r.t. Trace

Entry Catalyst (mol%)
1 Pd(OAc),(5)

2 Pd(OAc)(5) DMSO 80 Trace
3 Pd(OAc),/CuCl, (5) DMSO  rt. 65
4 Pd(OAc),/CuBr; (5) DMSO  rt. 65
5  Pd(OAc),/Cu(OAc), (55 DMSO rit. 62
6 CuClL(5) DMSO  rt. 0
7  CuBr; (5) DMSO  rt. 0
8  Cu(OAc), (5) DMSO  rt. 0
9  Pd(OAc),/CuCl, (10) DMSO  rt. 92
10> Pd(OAc),/CuCl, (10) DMSO  rt. 90
11 PdCly/CuCl, (10) DMSO  rt. 85
12 Pd(PPh;),Cly/CuCl,(10) DMSO  r.t. 77
13 Pd(dba),/CuCl, (10) DMSO  rt. 74
14 Pd(OAc),/CuCl;, (10) DMSO 0 44
15 Pd(OAc),/CuCl;, (10) THF r.t. 0
16  Pd(OAc),/CuCl, (10) DMF r.t. 0
17 Pd(OAc),/CuCl, (10) DCE r.t. 0
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“ All reactions were carried out in air atmosphere, ynamide (1.0 mmol) in 2 mL
solvent.” Under the argon atmosphere.
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TP BE A M. R R RUE 7 B R T
AL Ts(3R 2, 2a~2f)5 AL Ms(3R 2, 2h~2n)i %
NERREMAN AT, Hmre R A & a-BRBEREAT AP, 2
R' A Ms B Ts B 72 SR (35 2, 2a vs. 2i, 2b vs. 2h, 2f
vs. 2j), IXTRESE BT Ms I FL B8 0, Jkds AU
T T B bR R . 2 RO
JE 7 A . 2R B R I 8 W] 45 21 e 7 32 1) H AR 4,
HAHR BRI, By AL . FIEEERUR I s B
FRRTCH R, Y R JEM T LI P2 5N 43%(3 2,
2d). X2 B ER AR R R T R ) B 2 T Y UG
PIFEAR A A AR 4R 3-8 2 bk S M -2 - i g ke
PR HZ IR BeAF 3 Th S5 =M (3R 2, 2g). 48 R
THEIREE Boc LRI B IEPINHX AR F] 28% 1 H
B IR P a0, A 13 B AT o B G
(£ 2,20, Eq. 1).
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Table 2 Palladium catalyzed oxidation of ynamides

g1 Pd(OAC), (10 mol%) o R
C / CuCl, (10 mol%) h'l
——N - > ~R2
\R2 DMSO, r.t. S
1 2

o Ts o Ts OMe o Ts

N N N

0 0 o} Br
22 92% 2b 93% 2¢ 89%
Ts (6] Ts 1) TS F
wNA wNW N
o) 0 0
2d 43% 2e 90% 2 87%
o PO L

N\( N N
28 61% 2h 84% 2i 88%
o M F o Ws Me o Ms

N N N

Io) o) 0 Cl
2] 84% 2k 86% 82%
(0] I\Ills
© Me

2m 80% 2n 77% 20 0%

“ All reactions were carried out at room temperature in air atmosphere. Reaction condition: ynamide (1.0 mmol), Pd(OAc), (0.1 mmol), CuCl, (0.1 mmol),
DMSO (2 mL). *Isolated yield.
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Figure 2 Proposed reaction mechanism
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KL IRE1E "H NMR (400 MHz)#1 *C NMR (100
MHz)X ] Bruker AV 400 #ZREILIRACM 52, BT FHEFIN
CDCl;, TMS AWAR; 4 e SCR I L T2 H
PR BT A FAEF= 1 XT-5 B0 A0 e A (LS AR E R 1F);
BT EAE ] Agilent LC-MSD-Trap-XCT A #31 5E ;
ZLAME1E 22 B VARIAN A F] Scimitar 2000 2456154
M5E(KBr JEF); HEHTHEH 200~300 HEEf, BRI
AT (60~90 CYM LR LR, R 1 2763
WA A R, S T AR I8 A T B AR AR
3.2 ZLWAHE

7£ 25 mL M RN 1.0 mmol BRFEEAZ, 0.1 mmol
Pd(OAc),, 0.1 mmol CuCl,, 2 mL DMSO, %i# M 2 h,
TLC Kl Bi5e4xfa, AR BAR & N ZK(15 mL),
LR CFEAAL(1S mLX3), & AHUAH, HF kKot
U, ToK NapSO, T, 1hJE, ez, H2 i) siead
523 HArre¥) 2a~2n X 3a.

N-"WJE-N-So H 2R R ik i -2- 2 B -2-FR I 2 Bk i (2a):
A FE K, mp. 88~90 C CCEkE!: 89~91 C); 'H
NMR (400 MHz, CDCLy) 6: 7.89 (d, J=7.4 Hz, 2H), 7.75
(d, J=8.3 Hz, 2H), 7.62 (t, J=7.4 Hz, 1H), 7.49 (t, J=7.7
Hz, 2H), 7.23 (t, J=6.6 Hz, 7TH), 4.99 (s, 2H), 2.40 (s,
3H); *C NMR (101 MHz, CDCL3) 6: 189.0, 168.8, 146.9,
135.9, 135.8, 135.7, 134.2, 131.1, 130.9, 130.1, 129.8,
129.3,129.1, 49.6, 22.9.

N-%F B AR R - N0 R ORI -2 - R k-2 ik 2
Fkfz(2b): A GEE, mp. 135~137 °C; '"H NMR (400
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MHz, CDCl;) d: 7.86 (d, J=7.6 Hz, 2H), 7.76 (d, J=8.0
Hz, 2H), 7.61 (t, J=7.2 Hz, 1H), 7.48 (t, J=7.5 Hz, 2H),
7.24 (dd, J=20.3, 8.2 Hz, 4H), 6.76 (d, J=8.3 Hz, 2H),
4.90 (s, 2H), 3.76 (s, 3H), 2.41 (s, 3H); °C NMR (101
MHz, CDCl;) 0: 189.0, 168.9, 160.6, 146.8, 136.0, 135.6,
134.2, 131.1, 131.1, 130.9, 130.1, 129.7, 128.0, 115.1,
56.5, 49.2, 22.9; IR (KBr) v: 3062, 3003, 2969, 1677,
1610, 1597, 1363, 1214, 1165, 1091, 721 cm™'; HRMS
(ESI) caled for CypH,NNaOsS (M + Na) © 446.1033,
found 446.1038.

N-JS IR - NSk PR R P k-2 - 2R k-2 - Bl ik £ Pt i
(2¢): AEE, mp. 158~159 ‘C; '"H NMR (400 MHz,
CDCLy) d: 7.98 (d, J=7.6 Hz, 2H), 7.76 (d, J=8.2 Hz,
2H), 7.66 (t, J=7.4 Hz, 1H), 7.54 (t, J=7.6 Hz, 2H), 7.45
(d, J=7.9 Hz, 1H), 7.24 (d, J=8.2 Hz, 2H), 7.16~7.03
(m, 2H), 7.06 (dd, J=10.0, 4.4 Hz, 1H), 5.11 (s, 2H), 2.39
(s, 3H); *C NMR (101 MHz, CDCl;) J: 189.0, 168.6,
147.0, 135.8, 135.3, 134.8, 134.0, 131.2, 131.1, 130.3,
130.2, 129.8, 129.1, 128.7, 124.0, 49.2, 22.9; IR (KBr) v:
3062, 3027, 2967, 1674, 1596, 1375, 1218, 1180, 1088,
744 cmfl; HRMS (ESI) calcd for Cp,HgBrNNaO,S (M+
Na)" 494.0032, found 494.0043.

N-Jis TR - IN=S%of R il g i -2- 2R -2 - Bl ik 2 T i
d): AR E, mp. 99~101 C CCEkfE P 98~
99 ‘C); '"H NMR (400 MHz, CDCl3) 6: 7.94~7.89 (m,
4H), 7.66~7.62 (m, 1H), 7.53 (t, J=7.7 Hz, 2H), 7.37 (d,
J=8.3 Hz, 2H), 5.75 (ddt, J=16.2, 10.3, 5.9 Hz, 1H), 5.20
(ddd, J=13.7, 11.2, 1.0 Hz, 2H), 4.35 (d, J=5.9 Hz, 2H),
2.46 (s, 3H); *C NMR (101 MHz, CDCl3) 6: 189.0, 168.2,
147.1, 135.7, 134.1, 132.0, 131.3, 131.0, 130.1, 129.8,
120.7, 48.5, 23.0.

N-TE T JE-N-30of FR R il gt s -2- 2R 8 -2- ik s 2 Tk Jis
(2e): HEE, mp. 85~87 C; 'H NMR (400 MHz,
CDCLy) d: 7.92 (t, J=7.9 Hz, 4H), 7.64 (ddd, J=8.6, 2.3,
1.2 Hz, 1H), 7.53 (t, J=7.6 Hz, 2H), 7.38 (d, J=8.1 Hz,
2H), 3.64 (t, J=8.0 Hz, 2H), 2.46 (s, 3H), 1.66 (dt, J=
11.9, 7.7 Hz, 2H), 1.35~1.29 (m, 2H), 0.91 (t, J=7.4 Hz,
3H); *C NMR (101 MHz, CDCl;) J: 189.2, 168.6, 147.0,
135.8, 135.6, 134.2, 131.3, 130.9, 130.1, 129.7, 46.8, 31.5,
23.0, 21.3, 14.8; IR (KBr) v: 3075, 3031, 2959, 2871,
1676, 1598, 1367, 1214, 1163, 1089, 916 cm™'; HRMS
(ESI) caled for C;oH,NNaO,S (M +Na)' 382.1083,
found 382.1088.

N-XF 95 8- -6 PR R P - 2 - R L -2 - i ik 2, T fi
(2f): AMGEAE, mp. 93~95 C; 'H NMR (400 MHz,

http://sioc-journal.cn/ 1385
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CDCly) 6: 7.85 (dd, J=5.2, 3.3 Hz, 2H), 7.76 (d, J=8.4
Hz, 2H), 7.62 (ddd, J=8.7, 2.5, 1.2 Hz, 1H), 7.49 (dd, J=
10.7, 4.8 Hz, 2H), 7.28~7.25 (m, 4H), 6.94~6.90 (m,
2H), 4.93 (s, 2H), 2.41 (s, 3H); “C NMR (101 MHz,
CDCl3) d: 189.0, 168.8, 163.7 (d, J=245.0 Hz), 147.1,
135.8, 134.1, 131.9, 131.8, 131.5 (d, J=8.0 Hz), 131.1,
130.9, 130.1, 129.7, 116.7 (d, J=22.0 Hz), 48.9, 22.9; IR
(KBr) v: 3053, 2986, 1687, 1664, 1595, 1357, 1212, 1167,
1088, 717 cmfl; HRMS (ESI) calcd for Cy,HgFNNaO,S
(M+Na)" 434.0833, found434.0834.

1-2RJ-2-[3- (R L Aph-2- ) 5= 1-1,2- i (2g): (0[]
&, mp. 144~146 C CCHAEPY: 149~150 'C); 'H
NMR (400 MHz, CDCls) 6: 7.87 (d, J=7.5 Hz, 2H), 7.63
(t, J=7.4 Hz, 1H), 7.50 (t, J=7.7 Hz, 2H), 4.56 (t, J=
8.0 Hz, 2H), 4.13 (t, J=8.0 Hz, 2H); *C NMR (101 MHz,
CDCly) d: 186.8, 165.4, 152.1, 133.8, 131.3, 128.3, 128.0,
63.0, 39.9.

N-3%oF A A J- V- R T k-2 - DR k-2 - B ik £ T e
(2h): AEA, mp. 104~106 ‘C; 'H NMR (400 MHz,
CDCly) d: 7.89 (d, J=7.3 Hz, 2H), 7.63~7.61 (m, 1H),
7.50 (t, J=6.9 Hz, 2H), 7.38 (d, J=7.4 Hz, 2H), 6.92 (d,
J=7.4 Hz, 2H), 5.10 (s, 2H), 3.81 (s, 3H), 2.88 (s, 3H);
C NMR (101 MHz, CDCl;) d: 188.5, 167.1, 159.8, 134.7,
132.3, 130.4, 129.9, 128.8, 126.7, 114.4, 55.3, 47.1, 43.1;
IR (KBr) v: 3024, 3007, 2955, 1686, 1676, 1613, 1514,
1354, 1214, 1051, 898 cm '; HRMS (ESI) caled for
C7H;NNaOsS (M+Na)™ 370.0720, found 370.0723.

N-7 B -N- AR I i -2- 2R L -2 Fk ik 2 ki (2i): &
O [E 4R, m.p. 118~120 “C; '"H NMR (400 MHz, CDCl;) 6:
7.90 (d, J=7.3 Hz, 2H), 7.63 (t, J=6.5 Hz, 1H), 7.50 (t,
J=6.9 Hz, 2H), 7.43~7.36 (m, 5H), 5.16 (s, 2H), 2.90 (s,
3H); “C NMR (101 MHz, CDCly) 0: 188.5, 167.1, 134.7,
132.3, 130.0, 129.1, 128.8, 128.7, 128.6, 47.5, 43.0; IR
(KBr) v: 3076, 3025, 2934, 1678, 1597, 1510, 1359, 1224,
1064, 716 cmfl; HRMS (ESI) caled for C;sH;sNNaO4S
(M+Na)" 340.0614, found 340.0615.

N5 G0 - V- R k- 2- 2 3k - 2- 3R 3 2T (2):
F {4 & 44, m.p. 143~144 ‘C; 'H NMR (400 MHz, CDCl;)
J:7.88 (d, J=7.3 Hz, 2H), 7.64 (t, J=6.6 Hz, 1H), 7.52~
7.44 (m, 4H), 7.09 (t, J=7.8 Hz, 2H), 5.11 (s, 2H), 2.96 (s,
3H); *C NMR (101 MHz, CDCl;) 6: 188.4, 167.1, 162.8
(d, J=247.0 Hz), 134.8, 132.2, 130.8 (d, J=8.0 Hz),
129.9, 128.8, 116.1 (d, J=22.0 Hz), 46.9, 43.1; IR (KBr)
v: 3076, 3035, 2934, 1678, 1597, 1510, 1358, 1224, 1160,
1064, 716 cmfl; HRMS (ESI) calcd for C¢H,FNNaO,S

1386 http://sioc-journal.cn/
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(M+Na)" 358.0520, found 358.0521.

N-SXoF 6 38 - V- PR R 26 -2- R L - 2- B 3 2k (2K ):
4 4K, m.p. 126~128 C; 'H NMR (400 MHz, CDCl;)
8: 7.90 (d, J=17.5 Hz, 2H), 7.65~7.62 (m, 1H), 7.50 (t,
J=17.0 Hz, 2H), 7.33 (d, J=7.1 Hz, 2H), 7.22 (t, J=11.9
Hz, 2H), 5.12 (s, 2H), 2.89 (s, 3H), 2.36 (s, 3H); °C NMR
(101 MHz, CDCly) §: 188.5, 167.1, 138.5, 134.7, 132.3,
131.7, 129.9, 129.7, 128.8, 128.7, 47.3, 43.1, 21.2; IR
(KBr) v: 3025, 2922, 1678, 1598, 1356, 1208, 1156, 1046,
715 cm'; HRMS (ESI) caled for Ci;H;NNaO,S (M+
Na)" 354.0770, found 354.0769.

N-BR G I -N- R O Sk - 2- TR k- 2- FR 3 2L Tk iz (21):
F 4K, m.p. 110~111 °C; 'TH NMR (400 MHz, CDCl;)
8: 7.94 (d, J=17.5 Hz, 2H), 7.67 (dd, J=21.9, 15.4 Hz,
1H), 7.53~7.45 (m, 4H), 7.28 (d, J=25.7 Hz, 2H), 5.24
(s, 2H), 3.03 (s, 3H); “C NMR (101 MHz, CDCl;) o:
188.0, 166.8, 134.8, 133.6, 132.3, 132.0, 130.1, 130.0,
129.6, 129.6, 128.8, 127.2, 45.6, 42.6; IR (KBr) v: 3060,
3014, 2965, 1682, 1597, 1367, 1205, 1159, 1050, 708
cm” !, HRMS (ESI) calcd for C¢H;4CINNaO,4S (M—i—Na)+
374.0224, found 374.0227.

N-SXF PR AR B DR D - V- PP g - 2 - DR L -2 - ik 7, T i
(2m): AEEA, mp. 138~140 C; '"H NMR (400 MHz,
CDCly) 6: 7.93 (d, J=7.1 Hz, 2H), 7.66 (t, J=17.5 Hz,
1H), 7.51 (t, J=6.9 Hz, 2H), 7.27 (d, J=7.9 Hz, 2H), 6.94
(d, J=7.6 Hz, 2H), 3.81 (s, 3H), 3.40 (s, 3H); °C NMR
(101 MHz, CDCly) §: 188.0, 167.3, 160.9, 134.9, 132.2,
131.2, 129.8, 128.9, 125.6, 115.0, 55.5, 41.0; IR (KBr) v:
3068, 3015, 2979, 1685, 1608, 1508, 1367, 1239, 1150,
1028, 708 cm'; HRMS (ESI) caled for C;¢H;sNNaOsS
(M+Na)" 356.0563, found 356.0568.

N-5Xf R 3 - - PR R 36 -2- R L - 2- B 3 21k (2):
4 4K, m.p. 127~128 C; 'H NMR (400 MHz, CDCl;)
8: 7.94 (d, J=7.2 Hz, 2H), 7.66 (dd, J=20.8, 14.4 Hz,
1H), 7.51 (t, J=7.5 Hz, 2H), 7.25 (s, 4H), 3.40 (s, 3H),
2.38 (s, 3H); *C NMR (101 MHz, CDCl5) &: 188.0, 167.2,
140.8, 134.9, 132.2, 130.7, 130.5, 129.9, 129.7, 128.9,
41.1, 21.3; IR (KBr) v: 3016, 2932, 1691, 1610, 1598,
1507, 1368, 1236, 1158, 1023, 710 cm™'; HRMS (ESI)
caled for C;H;sNNaO,S (M +Na)' 340.0614, found
340.0615.

5-ZRFL 3% F R FEIEME2- (3a): A EE A, mup.
181~183 °C; '"H NMR (400 MHz, CDCl3) §: 7.55~7.54
(m, 2H), 7.48 (d, J=8.5 Hz, 2H), 7.41~7.38 (m, 2H),
7.34~7.28 (m, 1H), 7.27~7.21 (m, 2H), 7.12 (s, 1H),

Chin. J. Org. Chem. 2016, 36, 1382~1388
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2.36 (s, 3H); C NMR (101 MHz, CDCl3) 6: 154.0, 141.0,
137.9, 134.3, 131.3, 130.2, 129.7, 128.3, 124.4, 122.3,
110.0, 22.2; IR (KBr) v: 3127, 3037, 1742, 1655, 1517,
1398, 1250, 1207, 1056, 1024, 734 cm '; HRMS (ESI)
caled for C;4H;3NNaO, (M-i-Na)+ 274.0838, found
274.0838.

%4 Bh A4 L (Supporting Information)

R H

NMR % °C NMR 15 &, XSkl AT LG 3 AT 9 3
(http://sioc-journal.cn/) I N %k
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