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1,4-Functionalization of 3-En-1-ynes with Alcohols via Zinc-Catalyzed
Regioselective N-oxide Oxidation
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Abstract y-hydroxyl or y-alkoxyl-substituted o,B-unsaturated carbonyls widely exist in a variety of natural
products and bioactive molecules. Herein, we describe the realization of 1,4-functionalization of 3-en-1-ynes with
alcohols through zinc-catalyzed regioselective N-oxide oxidation. This tandem reaction allows the practical
synthesis of a range of valuable y-alkoxyl-substituted a,3-unsaturated amides in moderate to good yields.
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Figure 1 y-Hydroxyl or y-alkoxyl-substituted a,f-unsaturated carbonyls in bioactive molecules

2014 4, Rai-shung Liu /NEIL, 248 5 mol % Zn(OTH), fEAMELLT, 10 mol % MEBE/E b, 2 HEK
Selectfluor 1 AL, 3-95- 1~ A o] 75 FE A AR L 1) y-F2 R BRI o, B-ANEAIEE AL A (K 28) ", (HAZ,
G AL Z A R ST FE R S SR D B 1,4- RIS VIR K. E AR A 2 BT X e Ik i A S O 9 A
HOO L RATSZIL T — R SR e 4. BT RO B S SO T B R A RN, TR SR T — R A
R IR R A T RO, {H A, IR RIS B AT fUR R T 1,2-XUE e, MRAG MM 1,4-A
HREEML N RGE. 2 BRI TAERE R, N T 20 S %R &R A BB A A SO N, FRATT AR
R RIESGH) 3-M-1- R E W 5 S PN, KA S T2 14-50 s Befb v, JEf53] -
PRI o B-ANERBEIAL AW, N A EE I I Th g > T3 A3t —Fh 5 Sy 4 G fai vik 11 7 15 (1 2b).

a) Hydrative oxidation by Selectfluor: 4-hydroxy-1-oxo functionalizations (Rai-Shung Liu)
5 mol % Zn(OTf)
PG MeCNIH,0 R2 i PG |2 < b po
1N‘B\_ ) + Selectfluor m» N~ NN
mo ridine !
R R \ “Py OH R 0 minor R!
(2 equiv) major

b) Oxidation by N-oxide in the presence of alcohols: 4-alkoxy-1-oxo functionalizations (this work)

5 mol % Zn(OTf), o
"2 ROH DCE RN PG
+ > N’
RY >R (ol @equv OR R’
1 2 (5 equiv) g_ Br 3

Bl 2 XIRE PR 3-4 1-bRi) 1, 4-F RERIL L

Figure 2 Regioselective 1,4-functionalization of 3-en-1-ynes

1 ZR5R
1.1 REEHMKL

0.1 mmol JREENZ 1a, 0.5 mmol £ 2a, 0.2 mmol 2-JRALIE & &A1 0.05 mmol PPhsAuNTf, 7E 2 mL 1,2- & 4
$E(DCE)H [ N, FI TLC M5 M, 80 °C fitHE M 3 /NG, JERE R B 5 4x. 8 i B A% AR A S DA 2 R B
HARF ) 3a P25 66%, |74 3a'77 % 22% (Table 1, Entry 1). F iR #0RIEL, DIHBEIZ 1a NRAYEY), BEAT RN
AR, Wi 1a TEAS R 264 T ROBi85E LR 1.

WEFCRIL, 4150 FH H Al S A7) 4 IPrAUNTS, I, tEE1S 2/ 3a, (HREI4) 3a' 7= #F Fif L7t (Table 1, Entry 2).
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B, BATERARFR BN B ELTR, RIEH Cu(OTh),. Fe(OTf),. Zn(OTf), Fl Sc(OTH)s 1E A AL S b th
RS R Y) 3a, I H LA AL EI 774 3a’(Table 1, Entries 3~6), o i Zn(OTH), 1 AL I =
iR, A5 72% (Table 1, Entry 5). 534k, FRATH 2240 1 AN [B] B9 S B2 57 il FROR AN 2K (Table 1, Entry 7, Entry 8), &
PR B N FERR B, M0 B0 A > 2 2 MR, %28 N AR RER AT, PR RS E T B (Table
1, Entry 9).5 502, 1ZKIRPIAE 40 °C FWEERHEAT, FRJLTALL, HoR RV 2 K KIEK (Table 1, Entry 10).

R 1R

Table1  Optimization of reaction conditions

catalyst (5 mol %

TS‘N — conditions ) Pho i Ts , Pho_~ i _Ts

PH \\—Ph v FoH @B (2 equiv) E/Et\)LEh ' V\IOHJ\Eh

1a 2a (5equiv) & 3a 3a’

Entry catalyst Conditions Yieéib/% Yie:)!:?/%
1 PhsPAUNTT, DCE, 80°C, 3 h 66 22
2 IPrAUNTf, DCE, 80°C, 3 h 51 29
3 Cu(OTf), DCE, 80°C, 3 h 56 <1
4 Fe(OTH), DCE, 80°C, 3 h 57 <1
5 Zn(OTH), DCE, 80°C, 3 h 72 <1
6 Sc(OTf); DCE, 80°C, 3 h 59 <1
7 Zn(OTf), toluene, 80°C, 3 h 57 <1
8 Zn(OTf), PhCI, 80°C, 3 h 54 <1
9° Zn(OTf), DCE, 80°C, 3 h 60 <1
10 Zn(OTf), DCE, 40°C, 8 h 70 <1

Reaction run in vials; [1a] = 0.05 M. ® Measured by "H NMR using diethyl phthalate as the internal standard. ¢ 2 equiv of
EtOH was used.

R EIREISFAAL, B TATHE T2 RN R FAT R 2-VREE B2 equiv) AEALR, BRI 1, 2-—
A kt, Zn(OTf), (5 mol %) JufiEfuil, SRR 80°C, SR []y 3 h (Table 1, Entry 5).
12 RMERMHR

TERMALHI S S AT FRAT TR 2 X Iz F PR R AL S P B A bR S B2 (3 T PR BEAT T HIE AL, anak2pis, #&
FPEUAR I o B-ANTL M I JF S ) R BEAR i M AT 12 S B, DA o 45 381 R (077 2245 B AH L y- e E U o, B-AS
YRS (59%-83%). 155, o BTN MBI I N L 2% A [ 527 I I8 28 405 0 444 B9 3 2 1
(Table 2, Entries 1~3). X FREMR, TR ARFILEIET H, JRYJLT-E0HE LS 17 2540 A R B A= 4)3a
AN3d (Table 2, Entries 1, 4), {Hj& RIEFINIET Fmf = RESAR. DB RACKR], 7E RIS AL, A5 F 3k
HURES, 725 1] 5 17} (Table 2, Entry 5); T 20 T (0 GUR FHUR, oS 45 S22 AR/, B DU 4 (7= 5 19
F P = ¥)3f (Table 2, Entry 6). 5 2415 02, ARIBEIE R L AOArSE B8O I 7 B, SR 22 W] I AR (R
72 % <20%).
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Table 2 The reaction scope

PG 5 mol % Zn(OTf), o
N DCE, 80 °C, 3 h
R/N — \, * EtoH o A’NN’PG
| D 2 . |
1 2a (5equiv) ~irver & oMY OEt , R
[e]
Entry Product 3lYield Entry Product 3/Yield
o o}
1 Ph\r/<§/ﬂ\N/Ts 3a, 65% 4 Ph o~ T8 3d, 59%
Ot Ph Ot "Bu
o o)
9 Ph\T/x§§/M\N,MBS 3b, 63% 5 s AL s 3e, 83%
OFEt Ph OEt Ph
0 Cl o
3 Phxw//Qky/”\NzMs 3c, 64% 6 s AL T 3f, 66%
OEt Ph OFt b

#Reactions run in vials; isolated yields are reported.

BTk, BATRZ R RN I REIR R S 3T THRAE. WK 3 Fow, SRR Y SRR R
RENTURI AT S B, 359 B8 LA i R0 7= SR A 2 AH LI y-Je R T o, B-AFIBEEAL A1 (68%-86%). Xt T f&] HL R
AR E R SCEE R R I, TR ) LT #8RE LA i R 7= 2R e Ak i H A 724 3g~3k (Table 3, Entries 1~5). fH 5 —1&
A2, M g S 52 b, e L 80%[ =519 241 M ¥ 724 31 (Table 3, Entry 6). #f— > 5G4 FE
REARIBE I OB, a2 . P AR RE . Jhdt . TMS. FUR TR 3E, RINIZ R Sk Bt H A B IG5
2, HERE LA S P R A BT TR 19724 3m~3t (Table 3, Entries 7~14). )5, ATEZRFIH = oREBEAT N,
TEEEZRAET, A HI LA 729%F0 80% 1= #1452 LA =4 3u~3v (Table 3, Entries 15~16), #t—3 PR M
XA R RN R R I e . Bk, ZREM S BN 14- 2B RPNy SR o, B-
AHIFIFE A YDA R B T — 2 WV T = AU & kAR, e, EHREF IR, 0 (a0 R e 5 i) 5%
P Je (o TSNH)BRAREZ R, %28 ) N 7= RARMR (W= % <20%) , 3 — B IR IEAE#E T 2
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Table 3 The reaction scope

Ts 5 mol % Zn(OTf), o
N — DCE, 80°C, 3 h
N— ; SN Ph A _Ts
orf \ o, *  ROH @ o M’T‘
1a 2 (5 equiv) N> er OR , Ph
(¢]
Entry Product 3/Yield Entry Product 3/Yield
o o]
1 MeONN/Ts 39, 73% 9 \/\/ONN/TS 30, 80%
Ph Ph Ph Ph
o) O
2 “BUONN/TS 3h, 78% 10 /\/ONN/TS 3p, 78%
Ph Ph Ph Ph
o] o]
3 )\/ONN/TS 3i, 83% 11 \/ONN/TS 3q, 76%
Ph Ph Ph Ph
o) (0]
4 \(ONN/TS 3, 72% 12 TMS/\/ONN/TS 3r, 68%
Ph Ph Ph Ph
o] o]
5 Ph/\/ONN/TS 3k, 84% 13 F/\/ONN/TS 3s, 70%
Ph Ph Ph Ph
o o
[j Ph Ph Ph Ph
0 (0]
7 BnONN/TS 3m, 81% 15 HO/\/O\‘/\)J\N/TS 3u, 72%
Ph Ph Ph Ph
fe) (0]
8 MPMONN/TS 3n, 70% 16 HO\MBONN/TS 3v, 80%
Ph Ph Ph Ph

Reactions run in vials; isolated yields are reported.

2K - AIERRE o B-AEAIERIAL SR Z 8 — P A A 2 A, A5 B P R y-Joe SR B
y-EERRE BT o B-AHAERIEAL S, tetn, 54 3¢ 55 BusSnH [l i 5o W it Bk Y SRR AL , AT 45 2 ML) & L
A, B-AHA BRI 3ca; L&) 3n 5 DDQ il [ B Al i b FAACRIECR I, DL 838%™ F45 5 y-F2 5k
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BARHT a, B-AMEAIERIE L 54 3na (14 3).

0 Bu3SnH (2.2 equiv) o)
Ph - Ms AIBN (0.2 equiv) ph_ NH
|
OEt Ph toluene, reflux, 4h OEt F|>h
3c 3ca, 71%
o DDQ (1.2 equiv) Q
PhN Ts Ph._ AL Ts
N DCM:H,0 (5:1) N
OMPM  Ph rt, overnight OH Ph
3n 3na, 83%

& 3 it — bR
Figure 3 Product elaboration

RS, BT RTIERE I AL SR R IR T4 R, BATHEAR L T %R T BEALEE, e 4 R, 56,
ST 2-Rkne BUAE I Zn(OTH), i AL I B B R A 13 EIG SR Ik B, i ep A 20 TR Sy2' it
EA 453 o A AR BURRIBERZ Th a4 C. hialfk C A Lt em, BRI HRA R y-he A B o, B-A AN
Btz 3a, [FIE P2 AERRMEALGR], HEN TS — AN SONAERA.

A\Q

Ts\ £
/N:.:h/ o rQ
Ph [Zn] [Zn]‘
A
EtOH
- (o
N—
PH \ Ph “
1a
[zn] N N/
0 >\/ HOEt [zn] Ph
Ph T c
NN S
OEt Ph 3a

Bl 4 FTRERI SR MIALER

Figure 4 Plausible reaction mechanism

2 g

i Epmd, FATRRINSEIL 7 BA HeEE (B AL X B MRS 300 -1-00 ) 1, 4-FREHIML SN, DLh a5 3] R
LR AR T A E RERILE y-Be E RO o - AR &Y. FEAE, IS fa] R (K T L Bk
Zn(OTH), 1EREALH], AT I8E Gt P AN A% 55 51 B0 Bt e AL BEAh, NI BAT IR EE . B RERIHA
o AR RS, MR I y- R s BRI o, B- AR S IR AL T — R R TR
T
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3 IERSY
31 U&FESH

AL DA R S S JERL I [ 22 7 BT T AR TR AR, BT 24 AT N M4l TH NMR R BC
NMR(A 454 TMS, %74 CDCIs)fdi F Bruker AV-400 X, Bruker AV-500 %A% i 3L R4 52 . MS i ESI-QTOF A&
I3 IR B AGI 7E
32 ZLWHE

FEEMET, E 10 mL B AR O 0.2 mmol kLA 1, 1.0 mmol B 2, 0.4 mmol 2-JnE &4, 0.01
mmol Zn(OTf), Al 4 mL 1,2- & Z%5¢, IRAEHIZIG T 80 °C [ 3 ho [N 45 H o i e VA 771, #5213k 8 (iR,
RO BLKEN (8RB 20:1~10:1) 7> B4R 40145 H bR =¥t i 3a~3v.

(E)-4-Z S8 FE-N, 4- — R FE-N-F FI R I 0 T -2-4 Ik e (3a): ¥ i (iR, *H NMR (400 MHz, CDCls) & 7.90 (d,
2H, J = 8.4 Hz), 7.51 — 7.45 (m, 3H), 7.31 (d, 2H, J = 8.4 Hz), 7.26 — 7.22 (m, 5H), 7.10 — 7.07 (m, 2H), 6.91 (dd, 1H, J =
5.2 Hz, J = 15.2 Hz), 5.73 (dd, 1H, J = 1.2 Hz, J = 15.2 Hz), 4.67 (dd, 1H, J = 1.2 Hz, J = 15.2 Hz), 3.32 — 3.22 (m, 2H),
2.43 (s, 3H), 1.02 (t, 3H, J = 6.8 Hz); *C NMR (100 MHz, CDCls)  165.0, 148.6, 144.8, 138.9, 136.1, 136.0, 130.3, 129.3,
129.2, 128.5, 126.8, 120.6, 80.5, 64.4, 21.6, 15.0; IR (neat): 3358, 2962, 2922, 2852, 1691, 1594, 1482, 1451, 1358, 1260,
1154, 1087, 1027, 798; HRESIMS Calcd for [CpsH,sNNaO,S]* (M + Na*) 458.1397, found 458.1395.

(E)-4- 2280 HE-N-[ (4- FF 480 B 2 5 ) Rl i )-NL 4- — 2R L T -2- 47 ez (3b): 8 3 (iR 4. 'H NMR (400 MHz, CDCly)
8 7.98 —7.93 (m, 2H), 7.51 — 7.45 (m, 3H), 7.31 — 7.20 (m, 5H), 7.10 — 7.07 (m, 2H), 7.00 — 6.95 (m, 2H), 6.91 (dd, 1H, J =
5.2 Hz, J = 15.2 Hz), 5.73 (dd, 1H, J = 1.6 Hz, J = 15.2 Hz), 4.68 (d, 1H, J = 5.2 Hz), 3.87 (s, 3H), 3.33 — 3.22 (m, 2H),
1.02 (t, 3H, J = 7.2 Hz); *C NMR (100 MHz, CDClI;) & 164.9, 163.8, 148.5, 138.9, 136.0, 131.5, 130.3, 129.8, 129.6, 128.5,
128.0, 126.8, 120.7, 113.8, 80.4, 64.3, 55.6, 14.9; IR (neat): 3445, 2915, 2848, 1674, 1647, 1485, 1356, 1263, 1164, 1079,
815; HRESIMS Calcd for [CosH2sNNaOsS]*™ (M + Na*) 474.1346, found 474.1345.

(E)-4- Z A8 FE-N-(FP I 9)-N,4- — K3 T -2-4 BEA% (3c): R4, 'H NMR (400 MHz, CDCly) § 7.50 — 7.45
(m, 3H), 7.32 — 7.25 (m, 5H), 7.14 (dd, 2H, J = 1.6 Hz, J = 7.6 Hz), 7.07 (dd, 1H, J = 5.2 Hz, J = 15.2 Hz), 5.79 (dd, 1H, J =
1.6 Hz, J = 15.2 Hz), 4.76 (d, 1H, J = 5.2 Hz), 3.45 (s, 3H), 3.25 — 3.26 (m, 2H), 1.04 (t, 3H, J = 6.8 Hz); *C NMR (100
MHz, CDCls) & 166.1, 149.4, 138.7, 135.1, 130.0, 129.9, 129.8, 128.6, 126.9, 120.2, 80.5, 64.4, 41.8, 15.0; IR (neat): 3450,
2974, 2928, 1687, 1640, 1593, 1490, 1454, 1320, 1279, 1155, 964; HRESIMS Calcd for [CigH,sNNaO,S]* (M + Na*)
382.1083, found 382.1089.

(E)-N-BUT F-4- 258 3 -4- e -N-XF ORI 3E T -2-0 % (3d): s (iR, "H NMR (400 MHz, CDCls) &
7.72 (d, 2H, J = 8.4 Hz), 7.35 — 7.20 (m, 7H), 6.90 — 6.86 (m, 2H), 4.87 (d, 1H, J = 4.0 Hz), 3.83 (t, 2H, J = 7.6 Hz), 3.48 —
3.39 (m, 2H), 2.41 (s, 3H), 1.75 — 1.66 (m, 2H), 1.42 — 1.31 (m, 2H), 1.22 (t, 3H, J = 6.8 Hz), 0.94 (t, 3H, J = 7.6 Hz); **C
NMR (100 MHz, CDCl;) & 165.4, 148.5, 144.5, 139.1, 137.0, 129.6, 128.5, 128.0, 127.5, 127.0, 120.6, 80.6, 64.4, 46.5,
32.1, 21.5, 19.9, 15.2, 13.6; IR (neat): 3443, 2960, 2925, 1682, 1634, 1355, 1280, 1165, 1084, 826; HRESIMS Calcd for
[CsH2sNNaO,S]* (M + Na*) 438.1710, found 438.1719.

(E)-4- 258 FE-N-Z -4~ (Of FE RS )-N-3xof R 2Bl i T -2-075 Wk i (3e): vk 35 (PR 4. *H NMIR (400 MHz, CDCls)
87.90 (d, 2H, J = 8.0 Hz), 7.53 — 7.45 (m, 3H), 7.31 (d, 2H, J = 8.4 Hz), 7.26 — 7.23 (m, 2H), 7.06 (d, 2H, J = 8.0 Hz), 6.97
(d, 2H, J = 8.0 Hz), 6.90 (dd, 1H, J = 5.2 Hz, J = 15.2 Hz), 5.72 (dd, 1H, J = 0.8 Hz, J = 15.2 Hz), 4.64 (d, 1H, J = 5.2 Hz),
3.31-3.19 (m, 2H), 2.43 (s, 3H), 2.29 (s, 3H), 1.01 (t, 3H, J = 6.8 Hz); *C NMR (100 MHz, CDCls) & 164.9, 148.7, 144.7,
137.8, 136.0, 135.9, 135.8, 130.3, 129.7, 129.5, 129.2, 129.1, 126.8, 120.4, 80.2, 64.1, 21.6, 21.0, 14.9; IR (neat): 3443,
2974, 2925, 1692, 1639, 1488, 1364, 1174, 1161, 1088, 913, 814; HRESIMS Calcd for [CpsH,;NNaO,S]* (M + Na")
472.1553, found 472.1550.

(E)-4-(4-F IR HE)-4- 258 FE-N-ZR 3 -N- 0 F I3 T -2- BN (3F): VR B AR 4. "H NMR (400 MHz, CDCl;)
7.89 (d, 2H, J = 8.0 Hz), 7.55 — 7.44 (m, 3H), 7.39 — 7.31 (m, 2H), 7.30 — 7.20 (m, 4H), 7.02 (d, 2H, J = 8.4 Hz), 6.85 (dd,
1H, J =5.2 Hz, J = 15.2 Hz), 5.70 (dd, 1H, J = 1.2 Hz, J = 15.2 Hz), 4.65 (d, 1H, J = 4.8 Hz), 3.31 — 3.21 (m, 2H), 2.43 (s,
3H), 1.01 (t, 3H, J = 7.2 Hz); *C NMR (100 MHz, CDCl5)  164.7, 147.9, 144.9, 137.4, 135.9, 135.8, 133.8, 130.2, 129.8,
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129.6, 129.3, 129.1, 128.6, 128.1, 121.1, 79.6, 64.4, 21.6, 14.9; IR (neat): 3445, 2974, 2926, 1691, 1641, 1596, 1488, 1454,
1364, 1162, 1088, 1015, 932, 912, 813; HRESIMS Calcd for [C,sH24CINNa0,S]* (M + Na*) 492.1007, found 492.1018.

(E)-4-F 4 3E-N,4- — ZEFE-N-SxH FH 2R R IE L T -2-J3 Ik e (30): ¥ B (AR, 'H NMR (400 MHz, CDCIs) § 7.89 (d,
2H, J = 8.0 Hz), 7.53 — 7.45 (m, 3H), 7.32 — 7.20 (m, 7H), 7.09 — 7.06 (m, 2H), 6.90 (dd, 1H, J = 5.2 Hz, J = 15.2 Hz), 5.74
(dd, 1H, J = 1.2 Hz, J = 15.2 Hz), 4.57 (dd, 1H, J = 0.8 Hz, J = 5.2 Hz), 3.12 (s, 3H), 2.42 (s, 3H); *C NMR (100 MHz,
CDCl,) 5 164.9, 148.2, 144.8, 138.3, 136.0, 135.8, 129.6, 129.3, 129.2, 128.6, 120.6, 82.2, 56.5, 21.6; IR (neat): 3446, 3063,
2929, 2825, 1690, 1639, 1597, 1488, 1454, 1362, 1162, 1088, 980, 896, 813; HRESIMS Calcd for [C,4H,sNNaO,S]* (M +
Na") 444.1240, found 444.1238.

(E)-4- T 43E-N,4- — ZEFE-N-XH FH 2R REIE L T -2-J Bk e (3h): 8 s iR 4. *H NMR (400 MHz, CDCl3) & 7.91 (d,
2H, J = 8.4 Hz), 7.53 — 7.47 (m, 3H), 7.31 (d, 2H, J = 8.4 Hz), 7.27 — 7.22 (m, 5H), 7.08 (d, 2H, J = 8.0 Hz), 6.90 (dd, 1H, J
= 4.8 Hz, J = 15.2 Hz), 5.76 (dd, 1H, J = 1.6 Hz, J = 15.2 Hz), 4.67 (d, 1H, J = 4.8 Hz), 3.25 — 3.15 (m, 2H), 2.42 (s, 3H),
1.40 — 1.33 (m, 2H), 1.21 — 1.12 (m, 2H), 0.80 (t, 3H, J = 7.2 Hz); *C NMR (100 MHz, CDCl;) & 165.0, 148.8, 144.8,
138.9, 136.0, 135.9, 130.3, 129.3, 129.2, 128.5, 126.8, 120.3, 80.5, 68.6, 31.6, 21.6, 19.2, 13.8; IR (neat): 3443, 2960, 2925,
2853, 1682, 1634, 1355, 1280, 1165, 1084; HRESIMS Calcd for [C,;H,0NNaO,S]" (M + Na*) 486.1710, found 486.1713.

(E)-4-5 T 483 -N,4- 2K FE-N-5F FR R BEIE T -2-075 Ih I (3i): VR PR, "H NMR (400 MHz, CDCl) § 7.91
(d, 2H, J = 8.4 Hz), 7.52 — 7.46 (m, 3H), 7.31 (d, 2H, J = 8.4 Hz), 7.28 — 7.23 (m, 5H), 7.09 — 7.06 (m, 2H), 6.90 (dd, 1H, J
= 4.8 Hz, J = 15.2 Hz), 5.78 (dd, 1H, J = 1.6 Hz, J = 15.2 Hz), 4.66 (dd, 1H, J = 1.6 Hz, J = 4.8 Hz), 3.01 — 2.92 (m, 2H),
2.42 (s, 3H), 1.71 - 1.61 (m, 1H), 0.71 (t, 6H, J = 6.4 Hz); **C NMR (100 MHz, CDCl5) & 165.0, 148.8, 144.8, 138.9, 136.1,
136.0, 130.3, 129.3, 129.2, 128.5, 126.8, 120.1, 80.5, 75.5, 28.5, 21.6, 19.1, 19.0; IR (neat): 3445, 2956, 2923, 1689, 1639,
1482, 1462, 1372, 1280, 1155, 1086; HRESIMS Calcd for [C,;H,oNNaO,S]" (M + Na*) 486.1710, found 486.1705.

(E)-4-5 P 58I -N,4- — 2K FE-N-5F FRRBRIBEIE T -2-07 h i (3)): e e illR4. "H NMR (400 MHz, CDCly) § 7.91
(d, 2H, J = 8.4 Hz), 7.52 — 7.45 (m, 3H), 7.31 (d, 2H, J = 8.0 Hz), 7.27 — 7.19 (m, 5H), 7.10 — 7.08 (m, 2H), 6.92 (dd, 1H, J
=5.2 Hz, J = 15.2 Hz), 5.74 (dd, 1H, J = 1.6 Hz, J = 15.2 Hz), 4.80 (t, 1H, J = 4.0 Hz), 3.45 — 3.38 (m, 1H), 2.43 (s, 3H),
0.98 (d, 3H, J = 6.0 Hz), 0.93 (d, 3H, J = 6.0 Hz); *C NMR (100 MHz, CDCl,) & 165.0, 149.3, 144.8, 139.4, 136.0, 130.3,
129.3, 129.2, 128.5, 126.8, 120.4, 77.7, 69.7, 22.2, 21.9, 21.6; IR (neat): 3447, 2918, 2843, 1684, 1635, 1488, 1363, 1275,
1161, 1088, 913; HRESIMS Calcd for [CosH,,NNaO,S]* (M + Na*) 472.1553, found 472.1561.

(E)-4-7K 258 FE N, 4- 2K FE-N-X) FR 2R BRI T -2-07 BE i (3K): ¥Rk B ik 4. 'H NMR (400 MHz, CDCl3) § 7.95
(d, 2H, J = 8.4 Hz), 7.58 — 7.48 (m, 3H), 7.38 — 7.20 (m, 10H), 7.07 — 7.02 (m, 4H), 6.92 (dd, 1H, J = 5.2 Hz, J = 15.2 Hz),
5.80 (d, 1H, J = 15.2 Hz), 4.71 (d, 1H, J = 4.8 Hz), 3.45 (t, 2H, J = 6.8 Hz), 2.74 (t, 2H, J = 6.8 Hz), 2.46 (s, 3H); *C NMR
(100 MHz, CDCl,) & 164.8, 148.4, 144.7, 138.6, 138.4, 135.9, 135.8, 130.2, 129.7, 129.5, 129.2, 129.1, 128.7, 128.4, 128.1,
127.9, 126.7, 126.0, 120.2, 80.5, 69.5, 36.1, 21.5; IR (neat): 3443, 3062, 2921, 2853, 1691, 1639, 1597, 1488, 1453, 1363,
1174, 1162, 1088, 913, 809; HRESIMS Calcd for [C5;H,0NNaO,S]* (M + Na*) 534.1710, found 534.1712.

(E)-4-FF CLAEFE-N, 4- 2K FE-N-50F FR R BEIE T -2-07 Bh I (31): VR B iR, "H NMR (400 MHz, CDCl) § 7.91
(d, 2H, J = 8.4 Hz), 7.50 — 7.45 (m, 3H), 7.31 (d, 2H, J = 8.0 Hz), 7.27 — 7.21 (m, 5H), 7.11 — 7.09 (m, 2H), 6.92 (dd, 1H, J
= 4.4 Hz,J=14.8 Hz), 5.78 (dd, 1H, J = 1.6 Hz, J = 15.2 Hz), 4.86 (dd, 1H, J = 1.2 Hz, J = 4.8 Hz), 3.13 — 3.08 (m, 1H),
2.43 (s, 3H), 1.69 — 1.58 (m, 1H), 1.54 — 1.36 (m, 4H), 1.21 — 1.05 (m, 5H); **C NMR (100 MHz, CDCl5)  165.1, 149.5,
144.8,139.5, 136.1, 130.3, 129.3, 129.2, 128.5, 126.8, 120.3, 75.2, 32.2, 31.6, 25.6, 23.6, 23.5, 21.6; IR (neat): 3438, 2929,
2852, 2691, 1639, 1448, 1364, 1280, 1174, 1161, 1088, 814; HRESIMS Calcd for [C,sH3;NNaO,S]" (M + Na*) 512.1866,
found 512.1867.

(E)-4-(F I IE)-N,4- — ZRHE-N-X F 2R BEIE T -2-M W% (3m): sk iRy, "H NMR (400 MHz, CDCly) §
7.90 (d, 2H, J = 8.4 Hz), 7.53 — 7.49 (m, 2H), 7.31 — 7.19 (m, 11H), 7.10 — 7.06 (m, 2H), 7.05 — 7.03 (m, 2H), 6.92 (dd, 1H,
J=5.2Hz,J =152 Hz), 5.85 (dd, 1H, J = 1.6 Hz, J = 15.2 Hz), 4.77 (dd, 1H, J = 1.6 Hz, J = 5.2 Hz), 4.33 (m, 2H), 2.43 (s,
3H); *C NMR (100 MHz, CDCIls) & 164.9, 148.2, 144.8, 138.2, 137.6, 135.9, 130.3, 129.8, 129.6, 129.3, 129.1, 128.6,
128.2,127.5, 127.1, 126.9, 120.7, 79.4, 70.0, 21.6; IR (neat): 3365, 2919, 2849, 1689, 1630, 1597, 1493, 1451, 1358, 1154,
1089; HRESIMS Calcd for [C3oH,;NNaO,S]* (M + Na*) 520.1553, found 520.1552.
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(E)-4-[(4-FF R IE W HE) S ]-N, 4- — 283N P 2R L | -2-0 BE A% (3n): R 3 (APIRY). 'H NMR (400 MHz,
CDCly) 8 7.90 (d, 2H, J = 8.4 Hz), 7.54 — 7.46 (m, 3H), 7.31 — 7.20 (m, 7H), 7.11 — 7.08 (m, 2H), 6.98 (d, 2H, J = 8.8 Hz),
6.92 (dd, 1H, J = 4.8 Hz, J = 15.2 Hz), 6.78 (d, 2H, J = 8.4 Hz), 5.82 (dd, 1H, J = 1.6 Hz , J = 15.2 Hz), 4.74 (dd, 1H, J =
1.2 Hz ,J = 4.8 Hz), 4.25 (d, 1H, J = 11.6 Hz), 4.29 (d, 1H, J = 12.0 Hz), 3.77 (s, 3H), 2.41(s, 3H); *C NMR (100 MHz,
CDCly) & 164.9, 159.0, 148.3, 144.8, 138.8, 135.9, 130.3, 129.8, 129.6, 129.5, 129.3, 129.1, 128.8, 128.5, 128.1, 126.9,
120.7, 79.0, 69.7, 55.1, 21.5; IR (neat): 3436, 3003, 2932, 1691, 1611, 1531, 1488, 1362, 1247, 1173, 1087, 1032, 814;
HRESIMS Calcd for [C3;HasNNaOsS]* (M + Na*) 550.1659, found 550.1655.

(E)-4-( T -3-MFE 48 3E)-N, 4- —ZFFE-N-xF H R R SE T -2- M BE A% (30): % (iR, "H NMR (400 MHz, CDCl3)
87.90 (d, 2H, J = 8.0 Hz), 7.53 — 7.45 (m, 3H), 7.31 (d, 2H, J = 8.4 Hz), 7.26 — 7.22 (m, 5H), 7.09 — 7.06 (m, 2H), 6.90 (dd,
1H, J = 4.8 Hz, J = 15.2 Hz), 5.76 (dd, 1H, J = 1.6 Hz, J = 15.2 Hz), 5.65 — 5.55 (m, 1H), 4.95 — 4.90 (m, 2H), 4.68 (dd, 1H,
J=1.2 Hz, J = 4.8 Hz), 3.30 — 3.20 (m, 2H), 2.42 (s, 3H), 2.16 — 2.11 (m, 2H); **C NMR (100 MHz, CDCls) & 165.0, 148.5,
144.8, 134.8, 130.3, 129.8, 129.6, 129.3, 129.2, 128.5, 128.1, 126.8, 120.3, 116.4, 80.5, 68.1, 34.0, 21.6; IR (neat): 3389,
3067, 2920, 1692, 1641, 1596, 1488, 1364, 1187, 1174, 1162, 1119, 1088, 983, 814; HRESIMS Calcd for [C,7H,;NNaO,S]*
(M + Na*) 484.1553, found 484.1550.

(E)-4-J5 TH 48 35 -N- (PP L B ) -N 4- 2R 35 T -2-4 Bhi% (3p): R FE itk 4. '*H NMR (400 MHz, CDCls) & 7.90
(d, 2H, J = 8.4 Hz), 7.51 — 7.45 (m, 3H), 7.31 (d, 2H, J = 8.4 Hz), 7.28 — 7.22 (m, 5H), 7.10 — 7.07 (m, 2H), 6.91 (dd, 1H, J
=5.2 Hz, J = 15.2 Hz), 5.78 (dd, 1H, J = 2.0 Hz, J = 15.2 Hz), 5.75 — 5.65 (m, 1H), 5.06 (dd, 1H, J = 1.2 Hz, J = 15.2 Hz),
5.04 —5.01 (m, 1H), 4.75 (dd, 1H, J = 1.2 Hz, J = 15.2 Hz), 3.86 — 3.71 (m, 2H), 2.43 (s, 3H); *C NMR (100 MHz, CDCl5)
5 165.0, 148.3, 144.8, 133.9, 130.3, 129.8, 129.6, 129.3, 129.2, 128.6, 128.2, 126.9, 120.6, 79.6, 69.2, 21.6; IR (neat): 3435,
2920, 2849, 1691, 1640, 1596, 1488, 1363, 1174, 1162, 1087, 696, 573, 574; HRESIMS Calcd for [C,sH,sNNa0,S]" (M +
Na®) 470.1397, found 470.1398.

(E)-N,4- - Z3E-4- (1R -2- PR IE S IE)-N-Xof FR 2R IE I T -2-J BE % (30): ¥R B (iR 4. 'H NMR (400 MHz, CDCl;)
§7.90 (d, 2H, J = 8.4Hz), 7.52 — 7.45 (m, 3H), 7.31 (d, 2H, J = 8.0 Hz), 7.27 — 7.23 (m, 5H), 7.11 — 7.09 (m, 2H), 6.91 (dd,
1H, J = 5.2 Hz, J = 15.2 Hz), 5.75 (d, 1H, J = 16.4 Hz), 5.00 (d, 1H, J = 4.4 Hz), 3.97 (dd, 1H, J = 2.4 Hz, J = 15.6 Hz),
3.84 (dd, 1H, J = 2.4 Hz, J = 16.0 Hz), 2.43 (s, 3H), 2.34 (t, 1H, J = 2.4 Hz); *C NMR (100 MHz, CDCls) & 164.8, 147.3,
144.9, 137.4, 135.9, 135.8, 130.3, 129.2, 128.6, 127.3, 121.3, 78.9, 74.9, 55.4, 21.6; IR (neat): 3285, 2921, 2853, 1659,
1636, 1591, 1496, 1454, 1364, 1165, 1081, 831; HRESIMS Calcd for [CpsH,sNNaO,S]" (M + Na') 468.1240, found
468.1241.

(E)-N,4- — ZK 3 -N- F SR i i J -4-[2-(= W 2 PR RE e 388 ) R3] T -2- W B (3r): vk s iR 4. 'H NMR (400
MHz, CDCly) § 7.97 (d, 2H, J = 8.4 Hz), 7.61 — 7.53 (m, 3H), 7.38 (d, 2H, J = 8.4 Hz), 7.35 — 7.29 (m, 5H), 7.17 — 7.14 (m,
2H), 6.98 (dd, 1H, J = 5.2 Hz, J = 15.2 Hz), 5.84 (dd, 1H, J = 1.2 Hz, J = 14.8 Hz), 4.75 (dd, 1H, J = 1.2 Hz, J = 5.2 H2),
3.38 (t, 2H, J = 7.6 Hz), 2.50 (s, 3H), 0.88 — 0.79 (m, 2H), 0.04 (s, 9H); *C NMR (100 MHz, CDCl3) § 165.0, 149.0, 144.8,
138.9, 136.0, 135.9, 130.3, 129.3, 129.2, 128.5, 126.9, 120.1, 80.4, 66.3, 21.6, 17.9, 1.31; IR (neat): 3445, 2952, 2920, 2851,
1694, 1639, 1488, 1454, 1366, 1248, 1175, 1161, 1088, 837; HRESIMS Calcd for [CpsH33NNa0,SSi]* (M + Na*) 530.1792,
found 530.1787.

(E)-4-(2-9 2.5 3E)-N, 4- — K FE-N-55t FE 2R B EIE T -2-Ja BE I (3s): iR E PR, '"H NMR (400 MHz, CDCl3) &
7.90 (d, 2H, J = 8.4 Hz), 7.52 — 7.45 (m, 3H), 7.31 (d, 2H, J = 8.4 Hz), 7.27 — 7.22 (m, 5H), 7.11 — 7.08 (m, 2H), 6.91 (dd,
1H, J =5.2 Hz, J = 15.2 Hz), 5.77 (dd, 1H, J = 1.6 Hz, J = 15.2 Hz), 4.77 (dd, 1H, J = 1.2 Hz, J = 5.2 Hz), 4.43 (t, 1H, J =
4.0 Hz), 4.31 (t, 1H, J = 4.0 Hz), 3.50 (t, 1H, J = 4.0 Hz), 3.43 (t, 1H, J = 4.0 Hz), 2.43 (s, 3H); *C NMR (100 MHz,
CDCly) & 164.8, 147.7, 144.9, 138.1, 136.0, 135.8, 130.3, 129.3, 128.6, 126.9, 120.9, 82.6 (d, J = 168.8 Hz), 80.1, 67.5 (d, J
=19.8 Hz), 21.6; IR (neat): 3445, 2954, 2922, 1691, 1640, 1596, 1488, 1453, 1362, 1163, 1120, 1088, 912, 814; HRESIMS
Calcd for [CysH4FNNa0,S]" (M + Na*) 476.1302, found 476.1309.

(E)-4-(FA P 3 F A E)-N,4- — R FE-N-XF R 3E T -2- 08 1% (3t): w3 (8R4, 'H NMR (400 MHz, CDCl,) &
7.82 (d, 2H, J = 8.4Hz), 7.44 — 7.37 (m, 3H), 7.27 — 7.14 (m, 7H), 7.02 — 7.00 (m, 2H), 6.84 (dd, 1H, J = 5.2 Hz, J = 15.2
Hz), 5.65 (dd, 1H, J = 1.6 Hz, J = 15.2 Hz), 4.65 (d, 1H, J = 5.2 Hz), 3.04 — 2.96 (m, 2H), 2.33 (s, 3H), 0.82 — 0.72 (m, 1H),
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0.33 - 0.29 (m, 2H), -0.07 — -0.11 (m, 2H); *C NMR (100 MHz,CDCls) & 164.9, 148.6, 144.8, 138.8, 135.9, 135.8, 130.3,
129.2, 128.5, 126.8, 120.6, 80.0, 73.2, 21.6, 10.3, 2.8, 2.7; IR (neat): 3440, 2920, 2851, 1689, 1639, 1597, 1488, 1364, 1174,
1161, 1087, 1029, 812; HRESIMS Calcd for [C,7H,sNNaO,S]" (M + Na*) 484.1553, found 484.1555.

(E)-4-(2-F25 2.5 3E)-N, 4- — 2K FE-N-Xof FR 2R R E 3 T -2-0% BE % (3u): VR B iR Y. 'H NMR (400 MHz, CDCl3) §
7.89 (d, 2H, J = 8.0 Hz), 7.53 — 7.45 (m, 3H), 7.31 (d, 2H, J = 8.0 Hz), 7.29 — 7.19 (m, 5H), 7.09 — 7.06 (m, 2H), 6.90 (dd,
1H,J=5.2 Hz, J = 15.2 Hz), 5.72 (dd, 1H, J = 1.6 Hz, J = 15.2 Hz), 4.73 (dd, 1H, J = 1.2 Hz, J = 5.2 Hz), 3.55 (t, 2H, J =
4.0 Hz), 3.32 (t, 2H, J = 4.8 Hz), 2.42 (s, 3H), 1.98 — 1.81 (m, 1H); *C NMR (100 MHz, CDCl;) & 164.7, 147.7, 144.9,
138.2, 135.8, 130.2, 129.3, 129.2, 128.6, 126.8, 120.8, 80.9, 69.9, 61.6, 21.6; IR (neat): 3442, 2912, 2850, 1691, 1682, 1644,
1488, 1361, 1275, 1158, 1087, 1014, 815; HRESIMS Calcd for [CosHsNNaOsS]™ (M + Na*) 474.1346, found 474.1345.

(E)-4-[(5-¥203E) S IE]-N,4- — ZRFE-N-xF H R L IE T -2-4BER% 3v): i (iR, 'H NMR (400 MHz, CDCl;)
§7.90 (d, 2H, J = 8.4 Hz), 7.53 — 7.45 (m, 3H), 7.26 — 7.19 (m, 2H), 7.18 — 7.08 (m, 5H), 7.11 — 7.08 (m, 2H), 6.90 (dd, 1H,
J=5.2Hz, J=15.2Hz),5.74 (dd, 1H, J = 0.8 Hz, J = 15.2 Hz), 4.66 (d, 1H, J = 4.4 Hz), 3.57 — 3.54 (m, 2H), 3.25 — 3.16
(m, 2H), 2.42 (s, 3H), 1.78 — 1.56 (m, 1H), 1.50 — 1.38 (m, 4H), 1.34 — 1.19 (m, 2H); *C NMR (100 MHz, CDCl;) & 164.9,
148.6, 144.8, 138.7, 135.9, 130.3, 129.7, 129.5, 129.2, 129.1, 128.5, 128.0, 126.7, 120.4, 80.5, 68.6, 62.5, 32.2, 29.2, 22.1,
21.5; IR (neat): 3439, 2920, 2856, 1634, 1493, 1451, 1356, 1274, 1176, 1165, 1084, 816; HRESIMS Calcd for
[CsH3:NNaOsS]* (M + Na*) 516.1815, found 516.1811.

(E)-4- 5 HE-N4- R B T -2- 1k % (3ca): = 4FAF T, #£10 mL YRR HK i A0.2 mmol Etf%3c, 0.04
mmol AIBN, 0.44 mmol =T IEE M4 mL H2K, IRAE LG INIEIR, SBA0RE R4 h, N S5 R 5 I e 257
#, IR LR EN B S AR 3ca"™”. 'H NMR (400 MHz, CDCl,) §7.91 — 7.76 (m, 1H), 7.68 — 7.43 (m, 2H),
7.40 — 7.20 (m, 7H), 7.19 — 7.07 (m, 1H), 6.95 (dd, 1H, J = 4.8 Hz, J = 15.0 Hz), 6.26 (d, 1H, J = 8.8 Hz), 4.85 (d, 1H, J =
4.0 Hz), 3.59 — 3.41 (m, 2H), 1.26 — 1.18 (m, 3H); **C NMR (100 MHz, CDCI;) & 165.0, 145.1, 139.2, 138.3, 129.1, 128.9,
128.5, 127.0, 124.4, 123.8, 120.3, 81.3, 63.8, 15.3. HRESIMS Calcd for [CisH;eNNaO,]" (M + Na®) 304.1308, found
304.1311.

(E)-4-F25E-N,4- " 2K F-N-XF SRS T -2-M Bt i (3na): IR R, 7610 mL IR H 4 i 0.1 mmol
Btf%3n, 0.5 mL DCM, 0.1 mL H,0, 0.12 mmol 2,3- —4(-5,6- - F LA E(DDQ), A& BIAIJGE =R &M R R HE & B2
h. SR FEIMAL0 mL NapS,03% K, LEEAHL, A HIAHFNaHCOz%E, HAHINaCIsE, MgSO, T4k, g, Ut iE%:
WA, IREVEEAEENT(VOaHE)/NV (LR L86)=3/1), 220 EMR~Y3na. Z &9 C ey, Hilk BEdE
SR IE R —%". 'H NMR (400 MHz, CDCls) §7.88 (d, 2H, J = 8.4 Hz), 7.52 — 7.43 (m, 3H), 7.34 — 7.22 (m, 7H),
7.11 (d, 2H, J = 7.6 Hz), 6.96 (dd, 1H, J = 4.8 Hz, J = 15.2 Hz), 5.82 (dd, 1H, J = 1.6 Hz, J = 14.8 Hz), 5.13 (d, 1H, J = 4.0
Hz), 2.42 (s, 3H), 2.23 — 2.06 (m, 1H); *C NMR (100 MHz, CDCl,) & 165.0, 149.6, 144.8, 140.4, 135.9, 135.7, 130.2,
129.9, 129.7,129.3, 129.2, 128.6, 128.2, 126.3, 119.8, 73.1, 21.6.

45 Bh A1 Rl (Supporting Information) ¢ & #13a~3v, 3caMli3nalff) & iE ki, X S b RE AT DA G 37 A AS T 9 3t
(http://sioc-journal.cn/) L F#L.
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N Br
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The realization of the 1,4-functionalization of 3-en-1-ynes with alcohols through zinc-catalyzed
regioselective N-oxide oxidation is described. This tandem reaction allows the practical synthesis of a
range of valuable y-alkoxyl-substituted a,B-unsaturated amides in moderate to good yields.

12http://sioc-journal.cn/ © 2019Chinese Chemical Society&SIOC, CAS Chin. J. Org. Chem.2019,39, XXXX~XXXX



