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Gold-Catalyzed Tandem Reactions of 2-Alkynyl Arylazides: Ef-
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Abstract 3-Alkynyl indoles were efficiently prepared through trapping of a-imine gold carbenes by alkynes, generated by
gold-catalyzed tandem reactions of 2-alkynyl arylazides. The desired products were afforded up to 94% yield at 60 C with 2
mol% JohnPhosAuCl as catalyst. A very simple and general synthetic method for the efficient synthesis of 3-alkynyl indoles
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was provided.
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Scheme 1 Synthetic design for the trapping of a-imino gold carbene

1 ZR5TR
1.1 REZFHRMTL

2-1F T 4k FE 2E 5 B % (1a) (0.1 mmol), 2 mol%
JohnPhosAuCl fil 0.5 mL 2K Z4t(2a), BiFE¥ISIETE
60 CM, £ TLC ¥ 1.3 h 558K, RMEAE
BER, KFENVAWE) @ MR OE)=40 @ 1—
20 1 110 : 1]5r B AR F| 7 28 92% H #5=4) 3a(R
1, Entry 1). H_EIREERIEE, DL 1a NBEEEAT 0L
SBEZEAT, TR 1a TEASFIZAE T (1 B oL 46 R 3%
1.

T 675 S B SN TR 2. A [ 1) s SIS Ti) P
R PR L2 30 ClE, HAR=PHr=2 R H 28%, TLC
FUHH SR AT KRR B SE A R 1a {245, 1
F i R BREEZE 80 CH, MR 2 N A 74%(K 1,
Entries 2, 3). # % UL +BuXPhosAuNTf, 1t #
JohnPhosAuCl NEALT, TEAHRS T FHELL 7 h 488
ILEFILL JohnPhosAuCl ANMEALFIZRALII R, A~
FoN 18% HFRP=I(# 1, Entry 4). 4Ll SR 2L N
B, SN T K T A REEAT 52 4, BRI~ 3a 5=
%2 67%(F 1, Entry 5). 74k, i£%% 7 AuCls, Xphos,
PPh; FI-R I IPr BCARMISAEALT, EAHIA &M T, B
RESRAT HARr=4) 3a, (HHAR=WI0 = FAHRRARGER 1,
Entries 6~9). X4 AgNTf 7E 1% SRR, 75 A4H [
KM FRERS R 42% M7= 2(3 1, Entry 10), HRIGEHTH
FOEAR R MR LR, AAMERE R, %X
NIRRT, 7€ 60 CHY /M 1.3 h 7] PLERAS T
Wi B AR, %% TLC KR Ay H bk
FEY) 3a. MBI REK NI RIE 24 h SEFEREE
80 C, AINfEALF A AR RE SRS B AR 1, (A4
EALFIA LE P R85 22 (3R 1, Entries 11~13). @i FiR%
R, fEiEFELL 0.1 mmol 2-1F T Hedd 2k IS5
(1a), 0.5 mL Z ZHQa)fE A RN, 2 mol%
JohnPhosAuCl 7£ 60 C AT M4k R AR A Bt = B
1.
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Table 1 Optimization of reaction conditions

Bu-n Ph
= Cat. Y 4
©\/ *Ph—= Solvent [
N3 ” Bu-n
1a 2a 3a
Entry Catalyst 7/°C t/h Yield”/%
1 JohnPhosAuCl 60 1.3 92
2 JohnPhosAuCl 30 1.3 28
3 JohnPhosAuCl 80 1.3 74
4 t-BuXPhosAuNTf, 80 7 78
5¢ t-BuXPhosAuNTf, 80 24 67
6  AuCly 80 1.3 37
7  XPhosAuNTf, 80 1.3 33
8 PPh;AuNTf, 80 1.3 36
9  IPrAuNTf, 80 1.3 34
10 AgNTf, 80 1.3 42
114 — 60 1.3 22
124 — 60 24 67
13¢ — 80 4.4 61

© 2015 Chinese Chemical Society & SIOC, CAS

“Unless stated otherwise, all reactions were performed in 0.5 mL of phenyla-
cetylene (2a) with catalyst : 1a=0.02 : 1. * Isolated yield. ¢ (CH,Cl), was
used as solvent. Tf=Trifluoromethanesulfonyl. ¢ The reaction was proceeded
without catalyst.
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Table 2 The reaction scope

R3
R, %), 60 © Rly
SENN — R, — JohnPhosAuCl (2 mol%), 60 °C "y A //
— = |
2
N
1N3 N R2
3
Entry Product’ t/h Yield/% |Entry Product’ t/h Yield/% | Entry Product’ t/h Yield/%
Ph Ph
7
92 2 14 90 3 I 13 94
CsHq1-n H Bu-t
3a 3b 3c
Ph
Z
4 93 5 23 86 6 | 25 90
N “ph
3d 3e 3f
Z
7 Qj\/ 35 89 8 Q{ 2 91 9 O | 1 92
CgH4 P- -MeO ,DC|CGH4 N
H
3g 3h¢ 4
Cl Ph Ph Ph
// cl // Me //
10 | 1.5 51 11 l 23 8l 12 l 45 80
cl H Bu-n H Ph H Ph
3j 3k
3i
pCICeHa pMeOCeH4 S
i _ [
—
13 y | 1.8 91 14 86 15 / 22 81
] HN
H Bu-n Bu-n
3I° 3m° 3n
// CO2Et // C5H11-I7
16 | 0.7 86 17 74 18 | 33 71
H Bu-n ” Bu-n ” Bu-n
3o 3p 3q
y Bu-t
72 é
19 | 48 65 20 | 20 73
H Bu-n HN Bu-n
3r 3s

“ Unless stated otherwise, all reactions were performed in 0.5 mL of alkyne 2 at 60 ‘C with catalyst : 1=0.02 : 1. ° Isolated yield. ¢ 0.5 mL DCE used as solvent.

WF 5 R B, R* 3B A R K BE b 5 (R = n-Bu, T2AE T EREEIRTE 90%~93%7 7 % [¥] H b57=4) 3a~3d,
n-CsH 1 )IE & 71 A SCRERTRUT SRR N 24 38 B, 74 X BB 5% e N TC KR (F2 2, Entries 1~4). 24 R?
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S A& AR T ISR E IR, T 3e IIFER
WEAT N %, HAESRAS 86%IH177 3 (K 2, Entry 5). 24 R? 3
1R 75 BB, T A2 W T R0 2 it R 1) D SR R A,
RS2 AR /S, ERAEIRAE 89%~91%IH H br =4
3f~3h(3 2, Entries 6~8). [HAEZEN 2, 24 R*=H i,
ANFEAF BT L) 3-2K LR FEW| W =4y, TR 3RkAR T R 4
TR ZRIME A% S AR U =) 4(3% 2, Entry 9). X
FRIN L R BURIE FEAT 81, RIS XU EUR )
AP IR R PR 51%, AR _ETE 18R il 2
H T AR I R P 5 R NS B R R, #B RE 3K A3
80%~81%= [ HA#/=#) 3i~3k (¥ 2, Entries 10~
12). FEZRFI B R AT, RO
IRIA b AW T A R T R A U ZobRas B
A Y (1) RS e AR U SRR, A AL H bR
W 31~3n (177 5K 81%~91%(F 2, Entries 13~15). 5
Ab, BEET A A R T A TR R R 2R AR N SR A% AR
A, FIFERRUEIRTT HbRr=4), F=% N 86%(K 2, Entry
16). X R® FEFHHLERI, TR KEERE TG X
B IE B SR A% R R B R 8 3R A5 H AR =4, R AH B
Hb5r=4 31~30 7= 28 H T B, L2628 65%~
74%(3 2, Entries 17~20).
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JRIT %, 2 AW R BRI AR o e Tl 32
SRE, AEN T AT BE R SOSIALER, E R 3R LSRR AL
WEBR 245 LR AL AR BT+ BTN . 5
b, W E o- N0 R TE ) — SRR IR (4 et DA LA
IS (4 S SR AE DL AR 18 SC AP iR,

3 S
3.1 X5

S AT B TR G R A F], o BTA 25 AR
FIBBR s HTAE, WE %N B R Bl T AR,
'H NMR 1 °C NMR(H 45~ TMS, ¥ 7A CDCLy){#
AVANCE 1II 600 M #Z# 3L R4 &, HRMS 1 H
Agilent 6540 UHD Q-TOF %443 # i A i 72 .
3.2 HEFRFYINERK

HIRAMT, /£ 5 mL 8 FURE HRIKMA 0.1
mmol 2-(RFEFFIEBSEMAEY 1, 2 mol% JohnPhosAuCl
0.5 mL BIEEAAEY) 2, BHEIISIETE 60 CRRN—E
B S TLC W45 58K, 60 e 25350 70 Bl b 54
2, FIRWAEFE SN VCAMEE) @ M(CRR OHE)=20 1~
10 © 115 B4 2015 2 B AR =4 3- £ B i\ e i7 A 4
3a~3s UL 4.

2-1E T HE-3-2K Z Bk mg Wk (3a): EREaiHARY, 723
92%. '"H NMR (CDCls;, 600 MHz) &: 0.81 (t, J=7.4 Hz,
3H), 1.30~1.37 (m, 2H), 1.46~1.51 (m, 2H), 2.37 (t, J=
7.1 Hz, 2H), 7.35~7.38 (m, 1H), 7.41~7.42 (m, 1H),
7.45~7.48 (m, 3H), 7.58 (d, J=7.7 Hz, 1H), 7.76 (d, J=
8.0 Hz, 1H), 7.91 (d, J=7.1 Hz, 2H), 8.51 (br, 1H); "*C
NMR (CDCls, 150 MHz) 6: 13.5, 19.2, 22.0, 30.4, 62.3,
97.4, 118.2, 120.9, 125.0, 125.7, 128.2, 128.7, 128.9,
130.1, 133.7, 137.8, 147.2; IR (neat) v: 3448, 2924, 2365,
1637, 1070, 758 cm !, HRMS (ESI) calcd for C,0H;9NNa
[M+Na]" 296.1415, found 296.1408.

2-1E R HE-3-2K 2 R (3b): 3 R Y, 723
90%. 'H NMR (CDCls;, 600 MHz) 6: 0.80 (t, J=7.3 Hz,
3H), 1.20~1.24 (m, 2H), 1.28~1.32 (m, 2H), 1.48~1.53
(m, 2H), 2.36 (t, J=7.1 Hz, 2H ), 7.35~7.37 (m, 1H),
7.40~7.42 (m, 1H), 7.45~7.47 (m, 3H), 7.58 (d, J=7.6
Hz, 1H), 7.76 (d, J=7.9 Hz, 1H), 7.92 (d, J=7.1 Hz, 2H),
8.51 (br, 1H); *C NMR (CDCl;, 150 MHz) ¢: 13.8, 19.5,
22.1, 28.0, 31.0, 76.3, 97.5, 118.1, 120.9, 124.9, 125.7,
128.2, 128.7, 128.8, 128.8, 130.6, 133.6, 137.8, 147.1; IR
(neat) v: 3422, 2974, 2365, 1655, 1050, 762 cm™'; HRMS
(ESI) calcd for C,;H,NNa [M—i—Na]+ 310.1572, found
310.1575.

2- 80T -3-TR 2 B R I B (Be): B [ AR, R
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94%. m.p. 80~85 C; 'H NMR (CDCl;, 600 MHz) ¢:
1.23 (s, 9H), 7.35~7.37 (m, 1H), 7.39~7.42 (m, 1H),
7.45~7.47 (m, 3H), 7.58 (d, J=7.6 Hz, 1H), 7.78 (d, J=
7.9 Hz, 1H), 7.92 (d, J=17.3 Hz, 2H), 8.54 (br, 1H); *C
NMR (CDCl, 150 MHz) &: 30.6, 75.1, 105.1, 118.0,
120.9, 124.9, 125.6, 128.2, 128.8, 128.9, 130.6, 133.5,
137.9, 147.0; IR (neat) v: 3475, 2965, 2381, 1655, 1074,
767 cm '; HRMS (ESI) caled for CyoHoNNa [M+Na]"
296.1415, found 296.1408.

2-IR TRk -3- 0K R G| W (3d): B R [ A4, R
93%. m.p. 105~110 C; '"H NMR (CDCl;, 600 MHz) o:
0.69~0.71 (m, 2H), 0.82~0.85 (m, 2H), 1.37~1.42 (m,
1H), 7.36~7.41 (m, 2H), 7.43~7.49 (m, 3H), 7.57 (d, J=
7.6 Hz, 1H), 7.75 (d, J=7.9 Hz, 1H), 7.92 (d, J=7.3 Hz,
2H), 8.49 (br, 1H); C NMR (CDCl;, 150 MHz) §: 0.2,
8.6, 71.4, 100.4, 118.0, 120.8, 124.8, 125.7, 128.2, 128.6,
128.8, 128.9, 130.5, 133.5, 137.9, 147.1; IR (neat) v: 3448,
2924, 2346, 1655, 1059, 760 cm™'; HRMS (ESI) calcd for
CioH N [M+H]" 258.1283, found 258.1294.

2-R 5 -3 0 b BRI Wk (Be): B IR, 77
#* 86%. '"H NMR (CDCl;, 600 MHz) d: 4.33 (s, 2H), 4.52
(s, 2H), 7.23~7.26 (m, 3H), 7.33~7.36 (m, 1H), 7.40~
7.42 (m, 2H), 7.45~7.48 (m, 1H), 7.52~7.55 (m, 1H),
7.66 (d, J=17.7 Hz, 1H), 7.78 (d, J=8.0 Hz, 1H ), 7.89 (d,
J=8.0 Hz, 2H), 8.50 (br, 1H); *C NMR (CDCl;, 150
MHz) 6: 57.7,71.9, 81.9, 91.9, 116.9, 120.9, 125.2, 125.9,
127.9, 128.0, 128.3, 128.5, 128.9, 129.0, 129.8, 130.4,
133.9, 137.0, 138.1, 147.5; IR (neat) v: 3430, 2926, 2357,
1638, 1044, 779 cm ~'; HRMS (ESI) caled for
CoH;QNONa  [M~+Na]" 360.1364, found 360.1365.

2- L -3-OK 2 R W (3): B R, R
90%. '"H NMR (CDCl;, 600 MHz) d: 7.285~7.30 (m, 2H),
7.32~7.34 (m, 1H), 7.37~7.39 (m, 3H), 7.44~7.50 (m,
3H), 7.52~7.55 (m, 1H), 7.73 (d, J=7.8 Hz, 1H), 7.840
(d, J=7.8 Hz, 1H), 7.93 (d, J=8.4 Hz, 2H), 8.59 (br, 1H);
C NMR (CDCls, 150 MHz) §: 85.0, 95.7, 117.4, 120.9,
122.1, 125.1, 125.8, 128.2, 128.5, 128.9, 128.9, 129.0,
129.5, 130.4, 131.5, 133.4, 137.8, 147.3; IR (neat) v: 3432,
2930, 2370, 1655, 1073, 770 cm™'; HRMS (ESI) calcd for
for Co,H (N [M+H]" 294.1283, found 294.1285.

2-(4- F AR R ORI -3- 08 2 e BRI Wk (3g): 8 £ BT 4,
P 89%. m.p. 96~100 C; 'H NMR (CDCls;, 600 MHz)
5: 3.79 (s, 3H), 6.79~6.82 (m, 2H), 7.30~7.32 (m, 2H),
7.35~7.38 (m, 1H), 7.44~7.47 (m, 3H), 7.49~7.51 (m,
1H), 7.69 (d, J=7.6 Hz, 1H), 7.82 (d, J=8.0 Hz, 1H), 7.89

1704 http://sioc-journal.cn/
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(d, J=8.3 Hz, 2H), 8.59 (br, 1H); *C NMR (CDCl;, 150
MHz) &: 55.3, 83.8, 96.0, 114.2, 117.7, 120.9, 124.9,
125.7, 128.2, 128.9, 128.9, 129.1, 130.5, 133.0, 133.1,
133.1, 137.5, 147.2, 160.2; IR (neat) v: 3448, 2923, 2365,
1655, 1074, 766 cm™'; HRMS (ESI) caled for C,3H;NO-
Na [M+Na]" 346.1208, found 346.1207.

2-(4-FRFE)-3-TK B FEI W (3h): B AL A, F=
91%. m.p. 94~98 C; '"H NMR (CDCl;, 600 MHz) ¢:
7.25~7.26 (m, 2H), 7.28~7.29 (m, 2H), 7.36~7.39 (m,
1H), 7.45~7.50 (m, 3H), 7.53~7.56 (m, 1H), 7.70 (d, J=
7.7 Hz, 1H), 7.80 (d, J=8.0 Hz, 1H ), 7.91 (d, J=8.4 Hz,
2H), 8.50 (br, 1H); *C NMR (CDCl;, 150 MHz) 6: 85.8,
94.4, 117.3, 120.5, 120.8, 125.2, 125.7, 128.3, 128.9,
128.9, 129.1, 129.7, 130.3, 132.7, 133.3, 135.1, 137.8,
147.3; IR (neat) v: 3449, 2934, 2373, 1655, 1066, 771
cm '; HRMS (ESI) caled for C,H;sCIN [M—+H]"
328.0893, found 328.0895.

3-(4- LIRFETEIL) G (4): AEEHRYD, FEER 92%.
'H NMR (CDCl;, 600 MHz) d: 3.30 (s, 1H), 7.35~7.37
(m, 1H), 7.44~7.47 (m, 3H), 7.53~7.55 (m, 1H), 7.69 (d,
J=17.7 Hz, 1H), 7.78 (d, J=8.0 Hz, 1H ), 7.92 (d, J=7.2
Hz, 2H), 8.49 (br, 1H); *C NMR (CDCl;, 150 MHz) J:
79.1, 83.8, 116.1, 120.8, 125.1, 125.8, 128.3, 128.8, 128.9,
130.1, 130.3, 134.4, 138.3, 147.4; IR (neat) v: 3448, 2923,
2346, 1655, 1073, 759 cm™'; HRMS (ESI) calcd for
C¢H ;2N [M—+H]" 218.0970, found 218.0970.

2-1F T 2-5,7- 8-3-0K L BRI Wk (3i): A (iR
), P23 51%. "H NMR (CDCls, 600 MHz) 6: 0.85 (t, J=
7.3 Hz, 3H), 1.21~1.25 (m, 2H), 1.33~1.38 (m, 2H), 2.22
(t, J=7.1 Hz, 2H), 7.28~7.29 (m, 2H), 7.35~7.39 (m,
3H), 7.43~7.45 (m, 2H), 7.93 (br, 1H); *C NMR (CDCl;,
150 MHz) d: 13.4, 19.0, 21.7, 29.7, 74.1, 99.9, 125.5,
126.3, 127.7, 128.9, 129.1, 129.4, 131.0, 132.0, 133.9,
134.5, 136.5, 139.6; IR (neat) v: 3433, 2923, 2348, 1658,
1073, 762 cmfl; HRMS (ESI) calcd for for CyHy,CIL,N [M
+H]" 342.0816, found 342.0818.

2-IRFE-6-F-3- IR LB AR W (3j): B A, Fe
81%. m.p. 115~118 ‘C; '"H NMR (CDCl;, 600 MHz) o:
7.29~7.31 (m, 2H), 7.34~7.39 (m, 4H), 7.44~7.47 (m,
3H), 7.65 (d, J=8.4 Hz, 1H), 7.90~7.92 (m, 3H), 8.62
(br, 1H); *C NMR (CDCl;, 150 MHz) 0: 84.2, 96.7, 115.5,
120.6, 121.7, 125.1, 125.8, 128.4, 128.6, 128.9, 129.2,
129.3, 130.1, 131.5, 134.3, 135.3, 138.3, 147.5; IR (neat)
v: 3447, 2922, 1497, 1240, 1023, 752 cm™'; HRMS (ESI)
caled for C,,H;sCIN [M+H]" 328.0893, found 328.0895.
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2-IRHE-6- L3-8 LR FL M| W (3K): 31 (ufElA, 77
Z 80%. m.p. 115~118 “C; '"H NMR (CDCl;, 600 MHz)
J9: 2.48 (s, 3H), 7.27~7.33 (m, 4H), 7.36~7.38 (m, 3H),
7.43~7.48 (m, 2H), 7.61 (d, J=8.4 Hz, 1H), 7.67 (s, 1H),
7.92 (d, J=7.2 Hz, 2H), 8.58 (br, 1H); >C NMR (CDCl,
150 MHz) J: 21.4, 85.1, 95.0, 114.2, 120.9, 122.3, 125.5,
125.7, 128.2, 128.5, 128.8, 128.9, 129.8, 130.5, 131.4,
133.2, 137.5, 140.4, 147.2; IR (neat) v: 3448, 2921, 1468,
1241, 1035, 753 cmfl; HRMS (ESI) caled for C,oHigN [M
+H]" 296.1439, found 296.1440.

2-1E T FE-3-(4- 50K LRI k3D KRk, 77
% 91%. m.p. 96~100 C; "H NMR (CDCls;, 600 MHz) ¢:
0.81 (t, J=7.3 Hz, 3H), 1.31~1.36 (m, 2H), 1.45~1.50
(m, 2H), 2.36 (t, J=7.1 Hz, 2H), 7.41~7.48 (m, 4H), 7.59
(d, J=7.6 Hz, 1H), 7.74 (d, J=7.9 Hz, 1H), 7.85 (d, J=
8.4 Hz, 2H), 8.49 (br, 1H); *C NMR (CDCls, 150 MHz) 6:
13.5, 19.2, 22.0, 30.3, 76.2, 97.4, 118.2, 121.0, 125.0,
125.5, 127.0, 128.8, 129.0, 129.1, 133.7, 133.9, 137.7,
146.1; IR (neat) v: 3445, 2923, 2352, 1645, 1025, 749
cm '; HRMS (ESI) caled for CyH;sCIN [M+H]"
308.1206, found 308.1210.

2-1F T 3E-3-(4- F AR JE 2K 20 32 ) M| e (Bm): A% 20 ]
1, P25 86%. m.p. 98~101 C; 'H NMR (CDCl;, 600
MHz) 6: 0.82 (t, J=7.4 Hz, 3H), 1.32~1.37 (m, 2H),
1.47~1.51 (m, 2H), 2.37 (t, J=7.1 Hz, 2H), 3.87 (s, 3H),
6.98~7.00 (m, 2H), 7.39~7.42 (m, 1H), 7.44~7.47 (m,
1H), 7.58 (d, J=7.7 Hz, 1H), 7.75 (d, J=8.0 Hz, 1H), 7.83
(d, J=8.8 Hz, 2H), 8.42 (br, 1H); *C NMR (CDCl,, 150
MHz) ¢6: 13.5, 19.2, 22.0, 30.3, 76.4, 97.3, 114.3, 118.1,
120.1, 123.3, 125.0, 125.5, 127.0, 128.7, 128.8, 133.6,
147.0, 159.6; IR (neat) v: 3448, 2924, 2361, 1655, 1048,
754 cm'; HRMS (ESI) caled for C,;H, NONa [M+Na]”
326.1521, found 326.1518.

2-1E T 2E-3-(MEWY -3- 2B IE) MW (3n): B (AR,
% 81%. 'H NMR (CDCls, 600 MHz) J: 0.84 (t, J=7.2
Hz, 3H), 1.33~1.39 (m, 2H), 1.48~1.53 (m, 2H), 2.38 (t,
J=17.2 Hz, 2H), 7.41~7.45 (m, 2H), 7.48 (t, J=7.5 Hz,
1H), 7.53~7.54 (m, 1H), 7.60 (d, J=7.8 Hz, 1H), 7.75~
7.79 (m, 2H), 8.42 (br, 1H); °*C NMR (CDCl;, 150 MHz)
9: 13.4, 19.2, 22.0, 30.3, 76.3, 97.3, 118.2, 120.7, 121.1,
125.0, 125.8, 126.4, 128.7, 128.9, 131.7, 133.6, 137.7,
143.3; IR (neat) v: 3448, 2927, 2231, 1491, 1032, 761
cm~'; HRMS (ESI) caled for CgHgNS [M+H]"
280.1160, found 280.1162.

2-1E T FE-3- N JR IR B 15| Wk (30): A% (LR YY),
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& 86%. 'H NMR (CDCl;, 600 MHz) 6: 0.88 (t, J=7.2
Hz, 3H), 1.32~1.38 (m, 4H), 1.42 (t, J=7.2 Hz, 3H),
1.47~1.52 (m, 2H), 2.35 (t, J=7.2 Hz, 2H), 4.45 (q, J=
7.2 Hz, 2H), 7.41~7.46 (m, 2H), 7.57 (d, J=7.8 Hz, 1H),
7.70 (d, J=7.8 Hz, 1H), 8.79 (br, 1H); >C NMR (CDCl;,
150 MHz) 6: 13.4, 14.3, 19.1, 21.9, 30.0, 61.3, 75.7, 98.0,
118.3, 124.9, 128.7, 129.4, 132.3, 133.6, 137.0, 139.6,
160.7; TR (neat) v: 3448, 2925, 2347, 1637, 1035, 765
cm'; HRMS (ESI) caled for C;;H,NO, [M+H]"
270.1494, found 270.1496.

2-1E T 2E-3-(1-1E O k)5 W (3p): 35 (bR, 7=
# 74%. "H NMR (CDCls, 600 MHz) §: 0.91 (t, J=7.4 Hz,
3H), 0.96 (t, J=7.6 Hz, 3H), 1.36~1.40 (m, 2H), 1.42~
1.46 (m, 2H), 1.49~1.53 (m, 2H), 1.70~1.75 (m, 2H),
2.35 (t, J=7.1 Hz, 2H), 2.81 (t, J=7.1 Hz, 2H), 7.35~
7.37 (m, 1H), 7.40~7.43 (m, 1H),7.54 (d, J=7.6 Hz, 1H),
7.68 (d, J=8.0 Hz, 1H), 8.00 (br, 1H); >C NMR (CDCl;,
150 MHz) d: 13.5, 13.8, 19.2, 22.0, 22.3, 25.3, 30.3, 31.6,
76.4,96.9, 118.1, 122.0, 125.0, 128.5, 128.6, 133.6, 138.1,
147.6; TR (neat) v: 3431, 2956, 2385, 1038, 760 cm ';
HRMS (ESI) calcd. for C,sH,sNNa [M+Na]': 276.1728,
found: 276.1729.

2-1E T HE-3-(1-IE b I W (3q): 34 (iR, 7™
% 71%. 'H NMR (CDCls, 600 MHz) 6: 0.90~0.92 (m,
6H), 1.35~1.41 (m, 6H), 1.48~1.53 (m, 2H), 1.72~1.77
(m, 2H), 2.35 (t, J=7.1 Hz, 2H), 2.80 (t, J=7.7 Hz, 2H),
7.35~7.37 (m, 1H), 7.40~7.43 (m, 1H), 7.54 (d, J=17.7
Hz, 1H), 7.69 (d, J=8.0 Hz, 1H), 8.00 (br, 1H); *C NMR
(CDClLs, 150 MHz) 6: 13.5, 14.0, 19.2, 22.0, 22.4, 25.6,
29.1, 30.3, 31.4, 76.4, 96.9, 118.0, 122.0, 125.0, 128.5,
128.6, 133.6, 138.1, 147.7; IR (neat) v: 3448, 2927, 2372,
1655, 1041, 760 cm'; HRMS (ESI) caled for CoH,sNNa
[M+Na]™ 290.1885, found 290.1888.

2-1E T 2-3-(3,3- T BE-1- T k) I5| W 3r): 2 i
R, 773 65%. 'H NMR (CDCls, 600 MHz) d: 0.90 (t,
J=17.4 Hz, 3H), 1.37~1.40 (m, 2H), 1.42 (s, 9H), 1.49~
1.54 (m, 2H), 2.35 (t, J=7.1 Hz, 2H), 7.34~7.36 (m, 1H),
7.40~7.43 (m, 1H), 7.53 (d, J=7.7 Hz, 1H), 7.69 (d, J=
8.0 Hz, 1H), 8.00 (br, 1H); *C NMR (CDCls, 150 MHz) ¢:
13.5, 19.2, 22.0, 30.4, 30.4, 30.8, 76.5, 96.8, 117.9, 120.0,
125.0, 128.4, 128.6, 133.5, 138.2, 156.9; IR (neat) v: 3442,
2959, 2323, 1636, 1034, 761 cm™'; HRMS (ESI) calcd for
Cy5H,3;NNa [M+Na]" 276.1728, found 276.1729.

2-1F T HE-3-FR TN Jk 2 B BE 5 I (3s): 3 L R4,
P& 73%. '"H NMR (CDCls, 600 MHz) d: 0.90~0.93 (m,
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5H), 0.99~1.02 (m, 2H), 1.36~1.42 (m, 2H), 1.49~1.54
(m, 2H), 2.01~2.06 (m, 1H), 2.36 (t, J=7.2 Hz, 2H),
7.34~7.37 (m, 1H), 7.39~7.42 (m, 1H), 7.53 (d, J=7.8
Hz, 1H), 7.66 (d, J=7.8 Hz, 1H), 7.95 (br, 1H); °*C NMR
(CDCl3, 150 MHz) o: 6.67, 7.7, 13.5, 19.2, 22.0, 30.3,
76.4,96.9, 118.1, 121.1, 124.9, 128.5, 128.6, 133.6, 138.0,
149.5; IR (neat) v: 3442, 2926, 2376, 1638, 1071, 761 cm ™ ;
HRMS (ESI) caled for C;;H;oNNa [M+Na]" 260.1415,
found 260.1425.

45 BT KL (Supporting Information)

&) 3a~3s [ 4

f¥) "H NMR 1 °C NMR 3. X Sppk}ar LL 4 5 AR T
WX 3k (http://sioc-journal.cn/) I T %%,
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