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Tetra-butyl Ammonium lodide-Catalyzed Oxidative Dehydrogenation
for the Selective Synthesis of Z-B-Acylamino Enones
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Abstract A tetra-butyl ammonium iodide (TBAI)-catalyzed oxidative dehydrogenation of S-acylamino ketones for the syn-
thesis of Z-f-acylamino enones has been developed. The present method has some distinct advantages such as mild conditions,
high selectivity, readily available starting materials, and broad substrate scope. This method is also the first example of oxida-

tive dehydrogenation with the use of TBAI/TBHP (tert-butyl hydroperoxide) oxidation system.
Keywords iodide; catalytic dehydrogenation; f-acylamino enones; stereoselectivity
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Table 1 Optimization of reaction conditions for dehydrogena-
tion

i By
O HN Me Catalyst, Oxidant O HN Me
Base P
Ph Ph - > Ph Ph
Solvent, 80 °C
1a 2a

Entry Catalyst Base Oxidant Solvent  Yield"/%

1 TBAI DABCO TBHP THF 47
2 TBAI DABCO TBHP EtOAc 35
3 TBAI DABCO TBHP MeCN 41
4 TBAI DABCO TBHP Toluene 50
5 TBAI  DABCO TBHP  p-Xylene 52
6 TBAI DABCO TBHP Chlorobenzene 72
7 TBAI DABCO TBHP Fluorobenzene 80
8 TBAI DMAP  TBHP Fluorobenzene 31
9 TBAI Et;N TBHP Fluorobenzene Trace
10 I, DABCO TBHP Fluorobenzene 74
11 KI DABCO TBHP Fluorobenzene 71
12 NIS DABCO TBHP Fluorobenzene 51
13 TBAI DABCO H,0, Fluorobenzene 38
14 TBAI DABCO TBPB Fluorobenzene 44
15 TBAI DABCO mCPBA  Fluorobenzene 32
16 TBAI DABCO TBHP Fluorobenzene 77

© 2016 Chinese Chemical Society & SIOC, CAS

¢ Reaction conditions: 0.2 mmol of 1a, 0.02 mmol of catalyst, 0.4 mmol of
DABCO, 0.6 mmol of TBHP (70% in water) in 2 mL of solvent at 80 ‘C for 6
h. ? Isolated yield. ¢ The reaction was run with 2 mmol of 1a, 0.2 mmol of
TBAI, 4 mmol of DABCO, 6 mmol of TBHP (70% in water) in 20 mL of
solvent at 80 C for 6 h.
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Table 2 Generality of dehydrogenation reaction

j)\ TBAI (10 mol%) JOL
O HN R3 TBHP (3 equiv.) 3
DABCO (2 equiv.)

R’ R? fluorobenzene, 80 °C
1 2
Entry R R’ R®  Product Yield®/%

1 Cg¢Hs CeHs Me 2a 80
2 4-CIC4H, CeHs Me 2b 77
3 4-BrC¢H, C¢Hs Me 2¢ 75
4 4-MeCg¢Hy  Cg¢Hs Me 2d 84
5 4-MeOC4H; C4Hs Me 2e 90
6 2-Naphthyl CgHs Me 2f 81
7 2-Furyl CeHs Me 2g 83
8 2-Thienyl C¢Hs Me 2h 80
9 Cg¢Hs 4-MeCgHy Me 2i 85
10 Cg¢Hs 4-BrC¢Hy Me 2j 82
11 Cg¢Hs 4-CIC¢H4 Me 2k 82
12 Cg¢Hs 4-NO,C¢Hy; Me 21 71
13¢ CgH; Me Me 2m 57
14 Ce¢Hs CeHs C¢Hs 2n 70

¢ Reaction conditions: 0.2 mmol of 1a, 0.02 mmol of TBAI, 0.4 mmol of
DABCO, 0.6 mmol of TBHP (70% in water) in 2 mL of fluorobenzene, at
80 °C for 4~12 h. ® Isolated yield. ¢ Conversion: 71%.
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'H NMR (400 MHz)f1 “C NMR (100 MHz)*}
Bruker AVANCE 111 NMR #ZREIEHRACI &, Bt 3N
CDCL(N & WY TMS), B IELL CDCly A3 #E
(6=17.26); 15 mUIE AT IR X T A A IR TT4E A 7
AP XT-5 BUE R EA, AREIAGE DI & 7 B
KA micrOTOF-Q 11 {X##H ESTIRME, CAItEYIm
YRR AL R S I 2 5 CASCEREE XA IR
) 1a~1n (6] 45752 18 O SCER[12]305E. 5256 7
WA A AT AR, MR TR A m S AR
i 200~300 HAELE, Bl yamBEGEhEN 60~
90 C)RIZIR ..

32 ZWHE

HARLAY 2 4 7778, Lh2a & OB 75 10
mL FEEFRP I 3- 2B & FE-1,3- 3 (0.2
mmol, 53 mg), VT Z:M{b#(0.02 mmol, 7 mg), DAB-
CO (0.4 mmol, 44 mg), TBHP (70% in water) (0.6 mmol,
116 mg) LA KSR (2 mL), ¥ FIREWINHAZ] 80 Tk
N, FH 2 5 (TLC) AR A U S . B %2 5 R4 4k 56 42
B VR A A R, VR AR IO TR AR R
BNIET(10 mL), SRJEH R IR A3 IR, B I REBUR,
FTCKBREREA T, I8, BEZRWRAATT Bk M. IR
FREZMT 0 B[P VOR k) @ MR LER)=10 :
114521 2a.

(2)-N-(3-7%-1,3- K - 1- NI 25 4 BE % (2a): A
E AR, IR 42 mg (80%). m.p. 60~62 C; 'H NMR
(CDCls, 400 MHz) d: 12.27 (s, 1H), 7.98~7.95 (m, 2H),
7.57 (tt, J=4.8, 0.8 Hz, 1H), 7.50~7.46 (m, 4H), 7.45~
7.40 (m, 3H), 6.33 (s, 1H), 2.25 (s, 3H); *C NMR (CDCl;,
100 MHz) d: 191.7, 168.9, 156.3, 138.6, 136.2, 132.7,
129.8, 128.7, 128.1, 127.8, 127.4, 104.8, 25.1. HRMS
(ESI) calcd for C;7sH;(NO, [M—|—H]+ 266.1176, found
266.1179.

(Z)-N-[3-(4- SR 55)-3- 5 A= -1 - R JE-1- P s 26 ) & Tk
fZ(2b): A @&, #E 37 mg (77%). mp. 106~
109 ‘C; 'H NMR (CDCls, 400 MHz) d: 12.23 (s, 1H), 7.90
(d, J=6.8 Hz, 2H), 7.49~7.40 (m, 7H), 6.25 (s, 1H), 2.24
(s, 3H); “C NMR (CDCl;, 100 MHz) §: 190.2, 168.8,
156.9, 139.2, 136.9, 136.1, 129.9, 129.2, 129.0, 128.1,
127.4, 104.2, 25.1. HRMS (ESI) caled for C;,H;sCINO,
[M+H]" 300.0786, found 300.0791.

(Z)-N-[3-(4- TR FE )-3- S A4 - 1- R Bk - 1- TR O B ) £ Tk

http://sioc-journal.cn/ 1683
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ffZ(2¢): % 50 mg (75%), FIEE. mp. 99~102 C;
'H NMR (CDCls, 400 MHz) 6: 12.23 (s, 1H), 7.82 (d, J=
8.4 Hz, 2H), 7.61 (d, J=8.4 Hz, 2H),7.48~7.40 (m, 5H),
6.25 (s, 1H), 2.24 (s, 3H); *C NMR (CDCl;, 100 MHz) ¢:
190.4, 168.8, 157.0, 137.4, 136.1, 132.0, 130.0, 129.3,
128.1, 127.4, 104.2, 25.1. HRMS (ESI) calcd for C;;H,sBr-
NO,[M-+H]" 344.0281, found 344.0282.

(Z)-N-[3-58 - 1-2K 5L -3-0F F R I - 1- TR 45 228 ) T e
(2d): W% 46 mg (84%), HEME A, mp. 117~120 C;
'H NMR (CDCls, 400 MHz) 6: 12.29 (s, 1H), 7.87 (d, J=
8.4 Hz, 2H), 7.48~7.38 (m, 5H), 7.28 (d, J=8.0 Hz, 2H),
6.31 (s, 1H), 2.43 (s, 3H), 2.24 (s, 3H); *C NMR (CDCl,,
100 MHz) J: 191.4, 168.9, 155.9, 143.7, 136.4, 136.0,
129.8, 129.4, 128.1, 128.0, 127.4, 104.8, 25.1, 21.7.
HRMS (ESI) caled for C;sH;sNO, [M+H]" 280.1332,
found 280.1339.

(Z)-N-[3-(4- H S R 2R 0 )-3- B 2 - 1- R L - 1- P O 25 )
LTEHE(2e): TF 53 mg (90%), M. mp. 125~
128 “C;'H NMR (CDCls, 400 MHz) d: 12.29 (s, 1H), 7.96
(d, J=9.2 Hz, 2H), 7.47~7.38 (m, 5H), 6.96 (d, J=9.2
Hz, 2H), 6.29 (s, 1H), 3.88 (s, 3H), 2.23 (s, 3H); °*C NMR
(CDCls, 100 MHz) d: 190.3, 168.9, 163.4, 155.5, 136.4,
131.4, 130.1, 129.6, 128.1, 127.3, 113.9, 104.7, 55.5, 25.1.
HRMS (ESI) caled for C;sHsNO; [M+H]" 296.1281,
found 296.1280.

(Z)-N-[3-(2-Z8 2 )-3- S 2 - 1 - R BL - 1- T i 25 ] & Tt i
(2f): W% 51 mg (81%), HEFEE. mp. 112~115 C;
'H NMR (CDCls, 400 MHz) 6: 12.36 (s, 1H), 8.48 (s, 1H),
8.05 (dd, J=8.8, 2.0 Hz, 1H), 7.98~7.88 (m, 3H), 7.62~
7.42 (m, 7H), 6.49 (s, 1H), 2.27 (s, 3H); *C NMR (CDCl;,
100 MHz) d: 191.5, 168.9, 156.2, 136.3, 135.9, 135.4,
132.6, 129.8, 129.5, 129.2, 128.6, 128.4, 128.1, 127.7,
127.4, 126.8, 123.8, 104.8, 25.1. HRMS (ESI) calcd for
CH,sNO, [M+H]" 316.1332, found 316.1326.

(Z)-N-[3-(2- W e 5 )-3- A8 Ak - 1 - R AR - 1- P I B2 ) £ Tk
iz (2g): UK 42 mg (83%), F iR, '"H NMR (CDCl;,
400 MHz) 6: 12.06 (s, 1H), 7.60 (d, 1H, J=1.2 Hz ),
7.47~7.36 (m, 5H ), 7.23 (d, J=3.6 Hz, 1H), 6.56 (dd,
J=4.4,1.6 Hz, 1H), 6.23 (s, 1H), 2.21 (s, 3H); *C NMR
(CDCls, 100 MHz) 0: 179.8, 168.7, 156.2, 153.4, 146.4,
135.9, 129.8, 128.0, 127.3, 116.7, 112.6, 104.3, 25.0.
HRMS (ESI) caled for C;sH,NO; [M+H]" 256.0968,
found 256.0967.

(Z)-N-[3-(2- MWy 3 )-3- 5 % - 1- R B Py 2k - 1- M B2 ) &
ik % (2h): L 43 mg (80%), = (Liki{A. '"H NMR
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(CDCls, 400 MHz) 8: 12.06 (s, 1H), 7.73 (dd, J=4.0, 0.8
Hz, 1H), 7.66 (dd, J=4.8, 1.2 Hz, 1H), 7.47~7.38 (m,
5H), 7.14 (dd, J=5.2, 4.0 Hz, 1H), 6.19 (s, 1H), 2.21 (s,
3H); *C NMR (CDCls, 100 MHz) o: 183.9, 168.7, 155.9,
1457, 135.9, 133.8, 130.9, 129.8, 128.3, 128.0, 127.3,
104.7, 25.0. HRMS (ESI) calcd for CsH,NO,S [M-+H]"
272.0740, found 272.0746.

(2)-N-[3-58 24 -3- R F-1-(4- W 23 H E-1- 1 ) 2
Bk B (2i): W 47 mg (85%), L ifk. 'H NMR
(CDCls, 400 MHz) 6: 12.26 (s, 1H), (d, J=7.2 Hz , 2H),
7.56 (t, J=7.2 Hz, 1H), 7.48 (t, J=7.2 Hz, 2H), 7.38 (d,
J=8.4 Hz, 2H), 7.22 (d, J=8.4 Hz, 2H), 6.33 (s, 1H), 2.41
(s, 3H), 2.25 (s, 3H); “C NMR (CDCl;, 100 MHz) o:
191.6, 168.9, 156.4, 140.2, 138.7, 133.2, 132.6, 128.8,
128.6, 127.7, 127.3, 104.4, 25.1, 21.4. HRMS (ESI) calcd
for C,sH;sNO, [M+H]" 280.1332, found 280.1330.

(Z)-N-[1-(4- 1R FFE)-3- 58 R -3- AL P - 1- M B 1 &
FERZ (2j): UK 56 mg (82%), FEEAE A, m.p. 94~96 C;
'H NMR (CDCls, 400 MHz) §: 12.24 (s, 1H), 7.95 (d, J=
7.2 Hz, 2H), 7.60~7.45 (m, 5H), 7.33 (d, J=8.4 Hz, 2H),
6.29 (s, 1H), 2.25 (s, 3H); *C NMR (CDCl;, 100 MHz) 6:
191.7, 168.9, 154.9, 138.4, 135.1, 132.9, 131.3, 128.9,
128.7, 127.8, 124.2, 104.8, 25.1. HRMS (ESI) calcd for
C,7H,4BrNNaO, [M+Na]" 366.0100, found 366.0091.

(Z)-N-[1-(4-FURFE)-3- 580U -3- AL P - 1- M B 1 &
Bk 2K): L E 49 mg (82%), ik, '"H NMR
(CDCls, 400 MHz) 6: 12.25 (s, 1H), (d, J=7.6 Hz, 2H),
7.58 (t, J=7.6 Hz, 1H), 7.49 (t, J=7.6 Hz, 2H), 7.41~
7.34 (m, 4H), 6.29 (s, 1H), 2.25 (s, 3H); °C NMR (CDCl;,
100 MHz) d: 191.7, 168.9, 154.9, 138.4, 135.9, 134.6,
132.9, 128.71, 128.70, 128.4, 127.8, 104.8, 25.1. HRMS
(ESI) caled for Cj;H;sCINO, [M+H]" 300.0786, found
300.0781.

(2)-N-[3-(4-fiF§ HE TR 5L )-3- S 44 -3- R AL -1- TN A 34 ) &
BE Rz 2l): R 44 mg (71%), HOEE. mp. 158~
161 “C;'HNMR (CDCls, 400 MHz) J: 12.26 (s, 1H), 8.26
(d, J=8.8 Hz, 2H), 7.98~7.94 (m, 2H), 7.63~7.57 (m,
3H), 7.50 (t, J=7.6 Hz, 2H), 6.32 (s, 1H), 2.26 (s, 3H); °C
NMR (CDCl;, 100 MHz) &: 191.7, 168.9, 153.3, 148.2,
142.8, 138.1, 133.3, 128.8, 128.2, 128.0, 123.4, 105.7,
24.9. HRMS (ESI) caled. for C;;H;sN,O, [M +H] "
311.1026, found 311.1024.

(Z)-N-(4-A A4 -4-FBE2-T 4 38 2 e 2m)!' ™ i
# 23 mg (57%), AMGRE A mp. 98~99 C; 'H NMR
(CDCls, 400 MHz) 6: 12.81 (s, 1H), 7.90 (d, J=7.2 Hz,

Chin. J. Org. Chem. 2016, 36, 1681~1685
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2H), 7.54 (t, J=7.2 Hz, 1H), 7.46 (t, J=7.2 Hz, 2H), 6.04
(s, 1H), 2.52 (s, 3H), 2.23 (s, 3H).

(Z)-N-(3- 80 7% -1,3- — 2R ke -1- P 48 ) 2K WY 1t i

@) YR 46 mg (70%), HEAE . mp. 99~101 C;
'H NMR (CDCls, 400 MHz) d: 12.37 (s, 1H), 8.14~8.10
(m, 2H), 8.03~7.99 (m, 2H), 7.63~7.52 (m, 6H), 7.51~
7.43 (m, 5H), 6.46 (s, 1H).

44 Bh#4 8 (Supporting Information) 7= 4 [ 4% il &1
AR Bl . 3X ok AT DL A B A T I 35 (http://sioc-
journal.cn/) | T #.
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