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Synthesis of a-Halo Amides via Zinc-Mediated Tandem Oxida-
tion/Halogenation of Ynamides

Zhu, Jianrong™?® Ren, Xiaojuan® Tang, Feiyu® Pan, Fei® Ye, Long—Wu*’b
(% Zhejiang Jingxin Pharmaceutical CO.,LTD., Xinchang, 312500)

(* College of Chemistry and Chemical Engineering, Xiamen University, Xiamen, 361005)

Abstract a-Haloamides are a very important class of carbonyl compounds, and widely exist in a range of
natural products and bioactive molecules. Herein, we describe the realization of the tandem oxidation
/halogenation of ynamides by employing the zinc halide as both the catalyst and the halogen source, thus avoiding
the use of other external halogenating reagents. This method allows the practical synthesis of a variety of valuable
a-haloamides in moderate to good yields.

Keywords a-halo amides; oxidation; ynamide; tandem reaction

a- AR e — 2K FIREEAL G, T2 AFE TARE RAF= MRS 72 esh, &R
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PRI AL AT IO . FIREAETRAT AR S BT A AR, SeEl 7@t Zn(OTH), Bk NaBARF Ak Kk i
A AL BB SO B o ARG, (R 2 B TR R B IR 1) TMSN,(2 &) K= K, WARIE A2k
A, Kk, =2 ERTAERE &, FRATEE— 20 B AR p A (5] B A D A 70 0 i 25 905 K — 20 ST ok 1k e 114
R IC SR A A SO, AT Bk B A A AN R A ) <A, B s e i a- AR %, & AH DG4 M I D e o
TR Sy 0 T Vs ) L.

1 &R5iR

1.1 KT

0.1 mmol $eftf% 1a, 0.12 mmol 3,5- &t e &% 3a A1 0.1 mmol ZnBr, 7E 2 mL 1,2- & Z.%¢(DCE)F [ B,
TLC M B, 80°CHEFE [N 5 /NI Ja , JRRH s N 58 4. IE I A LSS P AR AT OB AR R R I B AR 2a 774 41%
(Table 1, Entry 1). A FR#kIL, DIBRBERE 1a AREREY), @47 ALTL, B la fFEAF T FIR B
SER WA 1.

WEFERIN, 248 2,6- —IRnknE Z U 3b ML, [ B Z 2 E K4 11% (Table 1, Entry 2) . 148 2 -
SUMEnE AU 3c B 2 —IRAEE EUR 3d VEEL AN (Table 1, Entry 3, Entry 4), P=R#iaA W B, H 3d 1ESA4LH
i), 2a 7ZT]ik 78% (Table 1, Entry 4). 537k, FATZAFEAC ZnBr, I FH & (Table 1, Entry 5. Entry 6), &I H 0.6
M) ZnBr, FTHUR S 1 MEAH M=% (Table 1, Entry 6). 7EX /NI, 2a BI85 7= % N 75%. d#E—511,
S TR v A A 70 6 P B I T 4 B AT S BE F = 5 (Table 1, Entry 7). FR B8 02, %R RNAE 60°C FHAEHEAT, M
A1 SEK 2 12 /NI, P24 R B#(Table 1, Entry 8). ttAt, FI4 &/ NaBr B ZnBr, #HTiZR MK, REEY
R, MEEAZE] 2a FI4 H(Table 1, Entry 9). HEMR 7T 52 NaBr i) Lewis BRI: A, S LLVELL LA,

R 1 RPMFAARAL®
Tablel  Optimization of reaction conditions
ZnBr, (1.0 equiv) o

\ conditions
N—=—pn - - TS\NJ\/Ph
|

@Kj—o‘ (1.2 equiv) Br
1a R 3 2a

Entry Oxidant Conditions Yield®/%
1 3a (R = 3,5-Cl,) DCE, 80°C, 5 h 41
2 3b (R =2,6-Br,) DCE, 80°C,5h 11
3 3¢ (R = 2-Cl) DCE, 80°C, 5 h 75
4 3d (R=2-Br) DCE, 80°C,5h 78
5 3d (R = 2-Br) DCE, 80°C, 5 h 67
6 3d (R = 2-Br) DCE, 80°C, 5 h 76(75)°
7 3d (R = 2-Br) DCE, 80°C, 5 h 72
8 3d (R = 2-Br) DCE, 60°C, 12 h 70
9¢ 3d (R=2-Br) DCE, 80°C,5h <1

Reaction run in vials; [1a] = 0.05 M. ® Measured by *H NMR using diethyl phthalate as the internal standard. ¢ 0.5 equiv of
ZnBr, was used. ¢ 0.6 equiv of ZnBr, was used. ° Isolated yield. " 2 equiv of 3d was used. 91 equiv of NaBr was used.

W BRI SEARAL, B TATHE V2R SRR 2-1RMEIE ZA(L.2 equiv) LT, ERIA L, 2-
TR LHE, ZnBry(0.6 equiv) AT HE YR, B 80°C, KBIEFIEIY 5 h (Table 1, Entry 6).
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12 RNMERMHR

TERAACTIR L ZEAT T, BRATXS 12 5 BB Ae S AR SRS S & M AT T 9. AnsR2FT7, S FpEUAR e ik
SR B AR HOBEAT 1% S B, LA 25 3] R4 0 77 SR 45 BIAR S (1 o IRAR R 7= 10 (53%-87%). X TR'ZER], L2
FERIE NI, WL T-#RAE LU R A= A0 Rk H b= 42b~2f (Table 2, Entries 1-5); #E—5 % &R, £
ARIRINIAT , AN R Y 10 26 (GRS B, KB 46 R A B 22 57, 38 RE DURLUT I = 2R 43 2 BT 75 7= #2g~2h (Table
2, Entries 6, 7), Wi 2t B0 FFSEEURRS, #2504 Bt K 4 (Table 2, Entry 8). B3, R F N E#Ekx
B, AT LAS3% 1) R AS BIAH M 7= 42) (Table 2, Entry 9), T ZEFAN1 2 RiTFRIE (1) s N AR 2 iR MZ SR & R BETS
AR o, B-AHAIEERAL A" AN, HeBREN AR 5] A AR R0 S5 o A 28 0 22 BIL HE R 407 (0 3 25 1 (Table 2,
Entries 10~14). fJa, FATIE SR F AR uis AROBR IR e IR VDR HEAT ROSE, FERARZRAF T, AR LLT7%00) ™= 245 241
57 7 4) (Table 2, Entry 14). 111 2 BB AT FE AR I o RSB A/ B A SSE AR 2R, AN P R s b g e 42 10,

R2 U
Table 2 The reaction scope
ZnBr, (0.6 equiv)

O

N—— R, DCE, 80°C,5h pg\N)KrRz
/ X |
Ry LA, (12equiv) R, Br
o 2
Entry Product 2/Yield Entry Product 2/Yield
O o}
Ts. Ph .
1 ° hll)k( 2b, 72% 8 TSy 2i, 68%
n-Bu Br | Br
T i Ph o
2 >N 2¢, 71% 9 Ts\NJK(n-Hex 2j, 53%
Bn Br | B
i
(0] O
3 Ts\NJ\(Ph 2d, 87% 10 BS\NJ\(F’h 2k, 75%
Fl’h Br | Br
MeO
Q (0]
4 TS\NJ\(Ph 2e, 64% 11 >4 Ph 21, 76%
\) Br © T
O (0]
5 TS\N)K(Ph of, 77% 12 Ms. A_Ph 2m, 62%
TBDMSO\) Br I B
(0] cl (0]
6 Ts.y 29, 77% 13 Ns.\ ~\_Ph 2n, 67%
- -
o Br (o)
7 Tsy 2h, 80% 14 BS\.IHK/B” 20, 77%
| Br Bn
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@ Reactions run in vials; isolated yields are reported.

AR, ZfEH ZnCly (E S EALTAN SR, 1228 8 050 S ML [ ARE R GUA A 26, AT FH 1 28 A PR o- S AR
At G, S 2 AT AL S e S 26 AF R (B T4 2,6- I A A A R AR 7)) o AR OGF 122 5 9 TR A3 3 1 i
fTTHIFE. W3R 3 PR, BUBEARRM RY, RABUREE, KRMHRERIFHEAT, f95HIN A a- SR B 4a~de (Table 3,
Entries 1~5). [AIFF, RumbRIBLAZ AT LOEAT 2R, 732 H b5 4) 4f (Table 3, Entry 6). [KUk, %8BS Ny 25 A A
P o s ARBRZ ] 2 3R L 17 S D5 5.

R3 TEH
Table 3 The reaction scope

PG ZnCl, (0.6 equiv) (0]
\ o]
N—— R, DCE, 80°C,5h PG‘N)K(RZ
/ I
R Q (1.2 equiv) Ry Cl
1 Br 1}17 Br 4
(@)
Entry Product 4/Yield Entry Product 3/Yield
o]
Q Ts Ph
1 Ts\N)K(Ph 4a, 78% 4 ‘N)K( 4d, 73%
TBDMSO cl
¢
o] o]
2 TS\N Ph 4b, 77% 5 NS\N)‘K(Ph de, 74%
h-Bu Cl I ¢
o] o]
3 TS\,IHK(P*‘ 4c, 82% 6° BS\N)K/C' 4, 62%
Ph Cl Bn

3Reactions run in vials; isolated yields are reported. ® Using 1.2 equiv of 3c as the oxidant.
%K o- A A SRS Zy il i — SO B K A Ak, 19 3180 o- B BRI BRI A, Lo, 723N

HTARIE T, o-IRACBLIZ 28 5 Ve N B Bf, WIS BIMN I & R EA R o- =25 RG 2aa; 5 28 IR S N Jm P K
HEIKAE, TSR] o- 2K F RSS2 R 2ab (Scheme 1)

(1) PhCO,H (1.5 equiv) (1) BnNH, (1.1 equiv)
O K,COs5 (1.5 equiv) o TBAI (0.2 equiv) o]
o Ph  DMF,rt 10h TS\N)K(P*‘ NEts, THF, rt, 5 h Meo)K(Ph
0,CPh (2) LiOH (1.0 equiv) | B (2) MeONa (2.0 equiv) NHBn
THF/H,0, rt, 10 h r MeOH, 60 °C, 4 h
2ab, 65%, 2 steps 2a 2aa, 75%, 2 steps
Scheme 1

WS, BT RIAE RIS AL SR R T4 R, AR TR B AT RENLE, 4 Scheme 2 TR, TG
AT ZnBro WAL AR YD 1a #F BRI B Rl A, JRSE P AR A 2800 T 1) () Sn2' O T 13
B o MAFBURHIBLIZ TP a7k B, iRIR B F A s E A e G EE R AR C, BAUKiE, BIIE RN a-BARBERE
2a, [ PERE 42 Zn(OH)Br. Zn(OH)Br NIE S HEALTTEALIRY) 1a AIE IR, HEN T — DAL S 3E.
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first circle

o second circle:

Ts o
\N—_l_—Ph Ts< Ph Ts, Ts Ph
VAl - N N—==—Ph — N

ZnBr, | B / ; |
2a Bf Zn(OH)Br 2a Br
N-oxide :
a Zn(OH)Br| N-oxide . Zn(OH
3d l\ L Br k 3d B (OH):
H,O H,0
|

) o 0Zn(OH)
N Ph Br Br
D N Ph Ts. Ph
& TS\T)H/Ph Ts\N)\(Ph v Sy Ts\N)\(Ph
) |

i
6" —F ZnBr JnBr Br e zon I ZnoH .Y
N r
< Ts A B c ANors B’ c'
Scheme 2

2 g

gi LRk, TATRIDSIL T A PR R A b S s A SR, DA AR B R PR A 3 T & A e s AL
a- AR SARBE AL 4. HF S, 1% BB P fa] 5 1 JE AL A R IR A D9 A r0 AT i 305, AT 3 4 A5k FH
1% & ot LA RIS A AL e . Beoh, RGBT Y& B REHIGR ARG N AR AL, i
HAH P o- AR AL AR T — R AL T O A O

3 L
3.1 NFE5IRHF

AT L R B JERHS I [ et 7 o BT T RIS A R, B 25 RIS A M4l TH NMR i e
NMR(M 5~ TMS, #5714 CDCIls)f# F] Bruker AV-400 % Bruker AV-500 B2 i 3L 4R 2. MS {4 Fi] ESI-QTOF %4
IY TSI
32 LWHE

FEEMET, £ 10 mL WEEFR R O 0.2 mmol Kefifz 1, 0.12 mmol xitb%%, 0.24 mmol 2-J5 M iE & A
3d 2l 2,6- —JRMLIE R 3b Al 4 mL 1,2-— & LK, IREWEET 80°C M 10 ho W45 WG I8 Jie 251571, 49 37k
FOHRY), RSV T LR ENT(Z 8 A ik 20:1~10:1) 4y B 24045 B A5 774 -4 2a~20 B o-SAREEIE
4a~4f,

2-J5-N- FF L -2 RN P T I 5 20 9 i (2a)°°): 'H NMIR (400 MHz, CDCl) 8 7.62 (d, 2H, J = 8.4 Hz), 7.52 — 7.46
(m, 2H), 7.37 — 7.32 (m, 3H), 7.28 (d, 2H, J = 8.0 Hz), 6.51 (s, 1H), 3.23 (s, 3H), 2.42 (s, 3H); *C NMR (100 MHz, CDCl;)
5 167.8, 145.3, 135.3, 134.9, 129.9, 129.3, 129.1, 128.8, 127.6, 47.0, 33.7, 21.6.

2-V5-N-1F T FE-2- 2 JHE-N- F 2R R 1k 5 2,15k (20)*9): 'H NMR (400 MHz, CDCly) § 7.65 (d, 2H, J = 8.4 Hz), 7.48 —
7.43 (m, 2H), 7.35 — 7.22 (m, 5H), 6.40 (s, 1H), 3.70 (t, 2H, J = 7.6 Hz), 2.42 (s, 3H), 1.67 — 1.51 (m, 2H), 1.35 — 1.23 (m,
2H), 0.88 (t, 3H, J = 7.2 Hz); *C NMR (100 MHz, CDCI3) § 167.6, 145.1, 135.7, 135.3, 129.9, 129.2, 129.0, 128.8, 127.6,
47.4,46.9,31.1,21.6,19.9, 13.5.

N- 5 3 -2 JR-2- 24 L -N- F ARl R i 20 %2 (2¢)°°): *"H NMIR (400 MHz, CDCl3) § 7.65 (d, 2H, J = 8.4 Hz), 7.32 —
7.19 (m, 12H), 6.05 (s, 1H), 5.10 — 4.97 (m, 2H), 2.40 (s, 3H); *C NMR (100 MHz, CDCly) 6 167.7, 145.2, 135.7, 135.4,
134.7,129.7,129.2, 128.9, 128.8, 128.7, 128.0, 127.9, 127.2, 49.8, 46.6, 21.6.

2-JR-N,2- — HHL-N- F 2R I 2 2 B e (2d) ) *H NMR (400 MHz, CDCly) & 7.91 (d, 2H, J = 8.4 Hz), 7.54 — 7.36
(m, 3H), 7.32 (d, 2H, J = 8.4 Hz), 7.28 — 7.03 (m, 7H), 5.13 (s, 1H), 2.43 (s, 3H); *C NMR (100 MHz, CDCls) § 166.3,
145.3, 135.0, 134.9, 134.8, 130.4, 130.1, 129.7, 129.4, 129.3, 129.2, 128.7, 128.5, 47.5, 21.6.

- T 3 -2- YR -2- 248 5 -N- Y T o ik 2 18k 12 (2)°°): *H NMIR (400 MHz, CDCly) 6 7.73 (d, 2H, J = 8.4 Hz), 7.45 —
7.38 (m, 2H), 7.34 — 7.23 (m, 5H), 6.13 (s, 1H), 5.90 — 5.78 (m, 1H), 5.25 — 5.21 (m, 2H), 4.48 — 4.40 (m, 2H), 2.42 (s, 3H);
B3C NMR (100 MHz, CDCl3) § 167.2, 145.2, 135.5, 135.0, 132.1, 129.7, 129.3, 129.0, 128.8, 128.1, 118.4, 48.8, 46.6, 21.6.

2-5-N-[2-(FUT 3 — F R R e 6 A 0 ) £ 3] -2- 2 35 -N- SR BRI 2 R (2f): 3% e 3l 4. *H NMIR (400 MHz,
CDCl3) 8 7.79 (d, 2H, J = 8.4 Hz), 7.40 — 7.27 (m, 7H), 6.34 (s, 1H), 4.08 —=3.77 (m, 4H), 2.44 (s, 3H), 0.90 (s, 9H), 0.08 (s,

Chin. J. Org. Chem.2018,38, XXXX~XXXX © 2018Chinese Chemical Society&SIOC, CAS http://sioc-journal.cn/5
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3H), 0.07 (s, 3H); *C NMR (100 MHz, CDCl3) 8 167.3, 145.0, 135.7, 135.3, 129.5, 129.2, 129.0, 128.7, 128.3, 62.2, 48.6,
48.3, 25.9, 21.6, 18.3, -5.4, -5.5; IR (neat): 2928, 1706, 1596, 1361, 1264, 1169, 837, 739 cm™; MS (ESI, m/z) 548 (M +
Na*); HRESIMS Calcd for [Cy3H3,BrNNaO,SSi]* (M + Na*) 548.0902, found 548.0904.

2-TH-2-(4-50 K L) -N- H - N- T Tk 32 2195712 (29) ) 'H NMIR (400 MHz, CDClg) & 7.66 (d, 2H, J = 8.4 Hz), 7.44
(d, 2H, J = 8.4 Hz), 7.37 — 7.26 (m, 4H), 6.48 (s, 1H), 3.24 (s, 3H), 2.42 (s, 3H); *C NMR (100 MHz, CDCl;) & 167.6,
145.5, 135.2, 134.8, 133.8, 130.5, 129.9, 128.9, 127.5, 45.4, 33.7, 21.5.

2-J51-2-(4- TR 2 52 -N- - N- FF SRtk i 2 19k e (2h)): *H NMIR (400 MHz, CDCls) & 7.65 (d, 2H, J = 8.4 Hz), 7.45
(d, 2H, J = 8.4 Hz), 7.37 (d, 2H, J = 8.8 Hz), 7.30 (d, 2H, J = 8.4 Hz), 6.47 (s, 1H), 3.24 (s, 3H), 2.42 (s, 3H); **C NMR (100
MHz, CDCls)  167.6, 145.5, 134.8, 134.3, 131.8, 130.7, 129.9, 127.4, 123.5, 45.5, 33.8, 21.5.

2-J5-N- P JE-2- (0] FF 2 35 ) -N- FR B 5 5 2 % (21)): *H NMIR (400 MHz, CDCl,) 6 7.64 (d, 2H, J = 8.0 Hz), 7.37
(d, 2H, J = 8.0 Hz), 7.28 (d, 2H, J = 8.0 Hz), 7.14 (d, 2H, J = 8.0 Hz), 6.46 (s, 1H), 3.22 (s, 3H), 2.43 (s, 3H), 2.34 (s, 3H);
3C NMR (100 MHz, CDCl3) & 167.9, 145.3, 139.4, 135.0, 132.3, 129.9, 129.6, 129.0, 127.7, 47.1, 33.7, 21.6, 21.2.

2-JR-N- I - N- FF 2l ok i = I 4(2j): *'H NMIR (400 MHz, CDCl3) & 7.83 (d, 2H, J = 8.4 Hz), 7.36 (d, 2H, J = 8.0
Hz), 5.07 (t, 1H, J = 7.2 Hz), 3.33 (s, 3H), 2.45 (s, 3H), 2.10— 1.93 (m, 2H), 1.44 — 1.12 (m, 8H), 0.88 (t, 3H, J = 6.8 Hz);
3C NMR (100 MHz, CDCI3) & 169.7, 145.3, 135.3, 129.9, 127.8, 45.3, 34.8, 33.5, 31.4, 28.6, 27.1, 22.4, 21.7, 14.0.

2- V5 -N-[ (4- V5 5 ) Tl 79 JEE ] -N- FP R -2- 2 3 20 1 % (2K) ) *H NMIR (400 MHz, CDCl) 8 7.76 — 7.58 (m, 4H), 7.46 —
7.40 (m, 2H), 7.38 — 7.32 (m, 3H), 6.32 (s, 1H), 3.26 (s, 3H); *C NMR (100 MHz, CDCl;)  167.4, 136.8, 134.9, 132.5,
129.5,129.4, 129.3, 129.0, 128.9, 47.1, 33.8.

2- V5 -N-[ (4- FF AR i 8 5 ) Tl 2L ]-N- P R -2- 2 5 2Bk e (21)°): 'H NMIR (400 MIHz, CDCl,) & 7.68 (d, 2H, J = 8.8
Hz), 7.52 — 7.44 (m, 2H), 7.40 — 7.28 (m, 3H), 6.93 (d, 2H, J = 8.8 Hz), 6.49 (s, 1H), 3.85 (s, 3H), 3.22 (s, 3H); *C NMR
(100 MHz, CDCl,) 6 167.7, 164.0, 135.3, 130.0, 129.2, 129.1, 129.0, 128.8, 114.4, 55.7, 47.1, 33.6.

2-JR-N- I 2 -N- FR T gt ik -2- 2 3k 2. k2 (2m): *H NMR (400 MHz, CDCl,) & 7.58 — 7.50 (m, 2H), 7.45 — 7.34 (m,
3H), 6.28 (s, 1H), 3.30 (s, 3H), 3.09 (s, 3H); *C NMR (100 MHz, CDCl,) & 167.9, 134.8, 129.5, 129.1, 129.0, 47.0, 40.9,
33.3.

2- L -N- FFT N[ (2- i 3 258 6 ) Bk ok O ) -2- 2 5 Z k2 (2n) ) *H NMIR (400 MHz, CDCls) & 8.46 — 8.37 (m, 1H),
7.85 — 7.72 (m, 3H), 7.49 — 7.30 (m, 5H), 5.87 (s, 1H), 3.41 (s, 3H); **C NMR (100 MHz, CDCl,) & 167.2, 147.8, 134.9,
134.6, 134.3,132.4, 132.1, 129.6, 129.0, 128.8, 124.7, 47.6, 33.7.

N-76 38 -2- R -N-[(4- TR 28 38 ) iR 3L ] 2 1% (20): B EaHRY). 'H NMR (400 MHz, CDCly) § 7.73 — 7.58 (m, 4H),
7.41 — 7.22 (m, 5H) 5.11 (s, 2H), 4.09 (s, 2H); *C NMR (100 MHz, CDCly) & 166.2, 137.3, 135.4, 132.4, 129.6, 129.5,
128.9, 128.2, 127.4, 50.1, 28.5; IR (neat): 2922, 1702, 1573, 1364, 1265, 1170, 739 cm™; MS (ESI, m/z) 468 (M + Na");
HRESIMS Calcd for [C1sH13Br,NNaO;S]* (M + Na*) 467.8881, found 467.8880.

2-50-N- P JE-2- 0 RN PR T 1 5 20 1 i (4a)°): 'H NMIR (400 MHz, CDCl;) & 7.58 (d, 2H, J = 8.4 Hz), 7.47 —
7.42 (m, 2H), 7.40 — 7.33 (m, 3H), 7.27 (d, J = 8.0 Hz, 2H), 3.19 (s, 3H), 2.43 (s, 3H); *C NMR (100 MHz, CDCls) &
167.9, 145.3, 135.1, 134.8, 129.8, 129.3, 128.9, 128.5, 127.6, 58.6, 33.5, 21.5.

N-1E T 3-2-50-2- 25 3E-N- F 2R 56 20k (4b): %3 iRy, 'H NMR (400 MHz, CDCly) § 7.65 (d, 2H, J =
8.4 Hz), 7.48 — 7.44 (m, 2H), 7.35 — 7.25 (m, 5H), 6.40 (s, 1H), 3.70 (t, 2H, J = 7.6 Hz), 2.42 (s, 3H), 1.67 — 1.48 (m, 2H),
1.35 — 1.17 (m, 2H), 0.88 (t, 3H, J = 7.2 Hz); ®C NMR (100 MHz, CDCls) & 167.6, 145.1, 135.7, 135.3, 129.9, 129.2,
129.0, 128.8, 127.6, 47.4, 46.9, 31.1, 21.6, 19.9, 13.5; IR (neat): 2960, 1704, 1596, 1455, 1406, 1307, 1169, 734 cm™; MS
(ESI, m/z) 402 (M + Na*); HRESIMS Calcd for [C1oH»,CINNaO,S]* (M + Na*) 402.0907, found 402.0905.

2-50-N,2- 2R HE-N- F 2R RS BRI 20 (4c): R B EIPIRY. 'H NMR (400 MHz, CDCl3) § 7.91 (d, 2H, J = 8.4 Hz),
7.52 — 7.18 (m, 8H), 7.10 — 6.94 (m, 4H), 5.12 (s, 1H), 2.44 (s, 2H); *C NMR (100 MHz, CDCl;) & 166.6, 145.3, 135.1,
134.7, 134.6, 130.4, 130.3, 129.7, 129.4, 129.3, 129.2, 128.8, 128.1, 59.1, 21.6; IR (neat): 2925, 1715, 1596, 1488, 1366,
1265, 1173, 737 cm™; MS (ESI, m/z) 422 (M + Na*); HRESIMS Calcd for [Cy1H1sCINNaO5S]* (M + Na*) 422.0594, found
422.0585.

N-[2-(HU T 3 = F G fe e B A 0 ) £ 3] -2- S 2- K B -N- FR S IR 3 20Tk % (4d): %3 63k 4. 'H NMR (400 MHz,

6http://sioc-journal.cn/ © 2018Chinese Chemical Society&SIOC, CAS Chin. J. Org. Chem.2018,38, XXXX~XXXX
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CDCly) 5 7.78 (d, 2H, J = 8.4 Hz), 7.36 — 7.27 (m, 5H), 7.26 — 7.19 (m, 2H), 6.31 (s, 1H), 4.02 — 3.68 (m, 4H), 2.44 (s, 3H),
0.90 (s, 9H), 0.08 (s, 3H), 0.07 (s, 3H); *C NMR (100 MHz, CDCl;) & 167.6, 145.0, 135.7, 135.0, 129.5, 129.4, 129.1,
128.4, 128.3, 62.2, 59.4, 48.3, 25.9, 21.6, 18.3, -5.5, -5.6; IR (neat): 2928, 1710, 1596, 1359, 1168, 1069, 836 cm*; MS
(ESI, m/z) 504 (M + Na*); HRESIMS Calcd for [C,3H3,CINNaO,SSi]* (M + Na*) 504.1408, found 504.1405.

2-50-N- FF N[ (2- i 32 58 5 ) Rk o ]-2- 2 36 2 1k e (4e) ) *H NMIR (400 MHz, CDCl) & 8.45 (d, 1H, J = 2.4 Hz),
7.90 — 7.69 (m, 3H), 7.50 — 7.31 (m, 5H), 5.84 (s, 1H), 3.36 (s, 3H); *C NMR (100 MHz, CDCl;) & 167.4, 147.7, 135.0,
134.7,134.0, 132.4, 132.0, 129.7, 129.2, 128.2, 124.7, 59.5, 33.4.

-6 38 -N-[ (4- 1R 25 3 ) B 36 )-2- L 2 B A (4): R EaiiiRY). "H NMR (400 MHz, CDCl3) § 7.67 — 7.58 (m, 4H),
7.38 — 7.27 (m, 5H), 5.07 (s, 2H), 4.36 (s, 2H); *C NMR (100 MHz, CDCly) & 166.3, 137.4, 135.3, 132.6, 129.6, 129.5,
128.9, 128.2, 127.7, 50.0, 43.8; IR (neat): 2920, 1709, 1573, 1362, 1169, 743 cm™; MS (ESI, m/z) 424 (M + Na®);
HRESIMS Calcd for [C1sH13BrCINNaO5S]” (M + Na*) 423.9386, found 423.9385.

5 Bh A1k (Supporting Information) L& W2, 20, 4b~AdRIAf S RE AR Bk X Le Rl ] LL 4 3% M AS F X 35
(http://sioc-journal.cn/) %K.
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