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Visible-Light-Promoted Diiodination of Alkynes Using Sodium lodide

Lu, Lingling” Li, Yiming* Jiang, Xuefeng***
(“ Shanghai Key Laboratory of Green Chemistry and Chemical Process, School of Chemistry and Molecular Engineering,
East China Normal University, Shanghai 200062)
(® State Key Laboratory of Elemento-organic Chemistry, Nankai University, Tianjin 300071)

Abstract 1,2-Diiodoalkenes can be used as precursors for synthesis of functional molecules such as heterocyclic drugs and
organic conjugated materials due to their derivability of functional groups. Herein, alkynes can be converted into 1,2-trans-
diiodioalkenes efficiently and conveniently by using inexpensive and stable sodium iodide as iodine source and air as oxidant
under the visible-light (blue light) with normal temperature and atmospheric pressure. The corresponding reactions were oper-
ated under mild conditions with inexpensive and easily accessible reagents, which obviate the need of transition-metal-cataly-
sts or oxidizing reagents. Meanwhile, this method is compatible with a wide range of substrates, including terminal and inter-

nal alkynes even the peptide and carbohydrates containing a variety of heteroatoms and active hydrogen.

Keywords 1,2-diiodoalkenes; alkynes; diiodination; visible-light

B I E A AN B AR T2 —, H
OGRS S RS T B i, )2 B TR 2RI AR
AR, RS AR IR ST 2 M A R R B e S 2 ),
PG F A R0 AR ik R I < 4 5 R AL T
AR K B B TAR 259, DA 17 [ R A
AL W P ORI AL R ARG RS, 2019 4E, 2
AL EEI TAENLH S K, FRATT/N MRS T — o B e
A xS DA R 5 43 TG AL T R (LiCL A
NaBr) 5, S8 Al WOGHE S, 9 B T (F s2 8l
TR o,0-18 5 2K OB SR s . 7R
RS RE Y, Y EEAL SIS R, SN T 5

* Corresponding author. E-mail: xfjiang@chem.ecnu.edu.cn

Received May 23, 2020; revised June 26, 2020; published online July 15, 2020.
Dedicated to Professor Henry N. C. Wong on the occasion of his 70th birthday.

AEEA, A2 R e B R A — D A A AR s T
B, dET S PRI R 5 B B TR AR, &K ISR
Wb B E R A, Bt B TFEE aa-
B xR OISR G, RAVERE, Bt ik R A 5
— PSR M R I &, Bt B WK )t BT & 3
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(A) Oxidative halogenation
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R’ \/%Hzo X=1 X=Cl, Br
SM 0, ,
> @ Q
radius 097 < 112 < 132
7P 316 > 296 > 2.66
halonium stability Cl < Br < |
(B) Conventional approaches
strong oxidants
metal catalyst |
R2 heat ; /&(w by-products
Pz > R harsh conditions
R1/ lpyorl™ | metal catalyst
1 2 strong oxidants
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(C) This work E % %
| single product
R? air rt. s R2 mild conditions
/ ' ' > R catalyst-free
R’ - I air as oxidant
1 2
B 1 Rl
Scheme 1 Diiodination of alkynes
MR R E, QMHBATERE, BUR - RA A SRt —FhoR ik £
B B(3.16, 2.96) B/ ML TR (2.66), HoRAZEGE T e
X 1 RSt
S 1, 2- BRI A S AN B P DR G e S T B e AT A 1.1 REEHRIFFE
J = Nz PR BR8] rawawa9] et g e o R .
P, JZ A TIACHET, BUACRRAS © PR, Bk RATLARE 2 b 1a JBUBRAD, BULHMEABUR, Z

MR PRLOL, M bR g e bR 2 3 0 S0 e ) £
IR AR R IR FLG A R Z Ol 220 B
Mg, WEFATF R T 2Rl £ 7% (Scheme 1B):
LA ) £ 7 202 AR 5 (L) 1 A B 5 B s B,
HET RADERE, R, 85 FEZHIMEARZ 1)
SEARBFIT S 704 B £ S A Vg i B A 617
7 AR R BT 5 — o DL O R ) A AL Ak
W, RIS INE M AR R, R TAE R
o FELGH e e 3k AT Rl AL . Ak 70T Oxone!™ |
H,SO4™. (NH,),S,04% . PhI(OAc),*"4%, #Rifi, it &
ST PR A P A3 A e B o 8 I R ) ) AR T 5 B
AR, LERIRYE RIS A SR . Nk, KE—
Pl AN A6 RSBl B — e R 1,2- XU 12 2R AL B 1)
AR I NEE. TRk, BATHRIE AR N R X H
fEALF], ML BB B, BR&T G, =
K K HIRS HE) N SEUR R 1,2- XU 1R 25 A )
K& (Scheme 1C), NE. gt W4 AR
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AR RS FIAT R TRIR (R 1), ZIBBIBULAATE R L
MUERFITA e 1) R, 24K 1 s 7 A 2 HR R K ke i e L
TEAR R P RSO, Bl 20 equivo v fl. 7EHDE
HR e 2S5 L R, P80 Bronsted 2 NaHSO,4+H,0 I fig
PL 90% 4 B 245 2 H AR =9 1,2- XU 206 B 2R
2a(3 1, Entry 1). {Ef Schlenk /2 N 5% HI g4t =< )5,
SRR R BE 2 56%(F 1, Entry 2), #E&S A
T, RNIAGERA(F 1, Entry 3). iXEEPLHT: Z M
A, JH 25 mL # Schlenk %t 5 A7 S &4
AR DU N 5E 4564k, 24 F AL B mi b 24X
B LN E ARUERS, =545 BTPEK(R 1, Entries 5 Al
6). Mo, MR BIAEER T ROGHEE 10 h RBIARERE,
RIETE 70 °CHIMLE T HHT, HAULEELL 28% 7= %13 F
HFrb&¥0(F 1, Entries 7, 8). WiFS2ib £ W BT 782
WEY, ATRER TR BhFE A Hy0, it I MR RGN (R
1, Entries 9, 11), WIR MK REA/KEE 1, Entry 10),
PR R B3] 40%. R &0 e OB B EE 26N 3.0
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equiv. B AT, 4.0 equiv. NaHSO,4H,0 NN,
20.0 equiv. /K ALV, LIE TR, HOGRS, R
B, =i,

RO R

Table 1 Optimization of diiodization reaction conditions

= Nal (3.0 equiv.) '
NaHSO4-H,0 (4.0 equiv.) A
CHsCN/H,0, Alr, r.t., blue LEDs

1a 2a

Entry Variation from standard conditions  Yield®/%

1 None 88 (90°)
2 None? 56
3 N, instead of air NR
4 O, instead of air 68
5 Kl instead of Nal 80
6 NHyl instead of Nal 84
7 No light NR
8 No light, 70 °C 28
9 No NaHSO,4 H,0 ND
10 No H,0 40
11 Only Nal NR

“ The reaction conditions: 1a (0.2 mmol), Nal (0.6 mmol), NaHSO4H,O (0.8
mmol), H,O (4.0 mmol), MeCN (2.0 mL), room temperature, air, 2 W X3 blue
LEDs, 10 h. °NMR yield with CH,Br; as internal standard. ¢ Isolated yields.
¢Schlenk tubes (25 mL) were sealed.

12 RYEEMHER

FERARARAT T, KRR O S SBEAT 1 R
EIEHREER 2). WA LA TR, 43, BT 5,
TE BB f e AR IR, IRELAAR 75 (107 26153 21 H b
A Y(2b~2e). B 5 (1t FL Ak 25 D R SRR,
JSEATSRE DA R A7 7= 28 A A 1,2- UL = (21, 2g). 4%
I EATFINL s o BT AR (2h~2K) I, SR B8 DA R
0 (7= FRMRIREAT . o A R B B B AE 12261 th
BELL 70%M0 7 A5 2] H AR =921, BLAh, SR TER T
WEIA M BEAE 2 VA R R AR, SRE R AR (2m). Bk
SRAL, AR RE LA S5 B R K7 AT AR R
HErr#(20~2q). X753 BRIR M BEAT 222 )5, K
I e bR R AT 15 5%, KB R R BRI
Ko, B S BURIE (MR 2 . B R, SN ERELL
PR RAFH RG] 1L2- 00k 2er~2w). &F
B (2n, 2x) R L % (2 ) 2 [ (0 R AE 1% R BLAR &R R
WREIE W RN, 2R, RIS, WESANRE 45 F o0
MU AT RIRF= RN & R A oy 1,
SINFIZL R . BATHBE T IRREE PRI %
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PR R VERS L. B S A T A (R ) i — ik
RT3, RIS DLBUR = 245 2 DUBLAL 7= )
(2z). EA I, AT NS WA R F
R (2a0). LA, ST TiE S840 &P -G BA e e i
ATAE R RELL 89% (1) #4453 B XUBILLL =) (2ab). 1,4-
TUORFE13-T R ZAR R R IR R A R AL, 5
RELT- 43 4.
1.3 FIRERIR RIALIE

A5 FH AR 2 R T S U P A S FEARIE 26 A1
SRS ARG = S', FRATTHEN I & s S5k & -
AR BN 1T R ES B 1 F5 T4 A0 ) s S A%
BT EL(Scheme 2A). L, FA T A I BLiF2 A Al LA
RGP . 2R AR RTEZ R IO T 2
AN, InFEER A N A 28% M FALGER 1,
Entry 8), FTRATEARMESAE T, JoRE T RBIERN; &4
GRATZ AT, RO AR & Tl &+
[, PR AZ P EIIUR B 9 mT 8 35 Bh B8 I Rlcth 5 A H
TAEIS, TR PR, BT RIR TSR 45
PR A A AR, AR T AT I
MALFE(Scheme 2B): 15, HAYBURFERI K 2 AEm]
DLEAEF N8R, HE TREB| AT, ARoR Lk
BB T A e A RO 3 1, X A R Oy
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EBI T, =A% A ERut S E 0K, FEAERS
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V)P, ARG T I FsR T T H,0 8. R
B, BATRIULA S TR R S ATE BRI TR
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FOR AL A LA ” HE, FATIRE 1
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Table 2 Scope of substrates

R2

Nal (3.0 equiv.), NaHSO,*

H,0 (4.0 equiv.)

2
R1)\(R

A

R CH3CN/H,0, air, r.t., blue LEDs |
1 2
I Me | | | | | |
| I |
: : Et l CsHy1 Bu l MeO
2a, 90% 2b, 78% 2¢, 92% 2d, 90% 2e, 78% 2f, 75% 2g, 70%
' ' ' | | | Me Ve |
F. Cl H
X
| M
F Br " pn ' N7 ° 0 |
2h, 59% 2i, 60% 2j, 81% 2k, 82% 21, 70% 2m, 40% 2n, 61%
| | | | l
N Me X Ph N Ph x m
I I Me | | By Me |
20, 61% 2p, 85% 2q, 64% 2r, 74% 2s, 40%
2t, 77% 2u, 73% 2v, 65% 2w, 60%
|
| X
)\(Rz Boc\
I
i =
Functional I | MeOOC
Molecules N NH I
/, \\
Cl O Me Me
2x, 50% 2y, 72% 2z, 37%
|
Me
Me
a O I
Me>( .
ey
Me Me
2aa, 46% 2ab, 89%

¢ Reactions were performed with 1 (0.2 mmol), Nal (0.6 mmol), NaHSO,H,O (0.8 mmol), H,O (4.0 mmol), and MeCN (2.0 mL) at room temperature

under air by 2 W X3 blue LEDs irridation for 10 h. Isolated yields.

(A) Byproduct analysis

g CsHi4

Standard conditions

EtO.__O

(B) Proposed mechanism
_ . SM* or H202 +

.

P
L o H,0, &4 0,
+ 7 Ar H,0 H*
I
B 2 WREM ORI

Scheme 2 Proposed mechanism
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3.1 X5

¥l Bruker AVANCE 400 YR REILHR IS, N
bR TMS(Y FEREEE), AR CDCl; ("H NMR 4
7.26, °C NMR § 77.0)2 DMSO-ds ("H NMR ¢ 2.50, °C
NMR § 39.0); Jiii%: GCMS QP 2010 Ultra £l HP 5989A
JRBEAX; 41 41: Bruker tensor (27) 8 2L Ah i 4% .

TG OB R RS Y R85 D R AL A A Al
ATl A, KRN —IRFEEK, 5 CaH, B4
B RS A BB R A AN R R R A it
ZACEE, BTH 300~400 HAEZENTEER MG TLARER
FERABRAF R
3.2 ZLWHE

W B RS 1 (0.2 mmol). #EALEN (0.6 mmol).
— KA B EE E4M(0.8 mmol), 7K(4.0 mmol) I BT 45 ik
B4 FEF 1 Schlenk N H, JIAN 2 mL 41, &
N BT =R WX3)H, FFE TR Bk
a5 LS 30k, DR R IR B N B85 AR SR, R
10 h )5, F#ZE ERS(TLOM I AEY 1 24k
g, H &M R AR R, FIMATKRRET
i, IR S D e e 2 R AR 2B IR A e E
Hrik o s aifk, SEIHREY) 2.

(E)-(1,2- Tl 2975 38) 2K (2a)*"™: AEE, 63 mg,
FEE 90%. mp. 71.4~72.6 C (lit?™ 71~73 C); 'H
NMR (400 MHz, Chloroform-d) ¢: 7.38~7.33 (m, 5H),
7.27 (s, 1H); *C NMR (101 MHz, Chloroform-d) J: 143.1,
128.9, 128.5, 128.4, 96.2, 80.8. MS (EI) m/z: 356 (IM]");
IR (film) v: 3061, 2922, 1481, 1438, 1234, 1149, 1072,
837, 781, 759, 694, 665, 597 cm .

(E)-1-(1,2- - ft 2075 38)-2- F L2 (2b)"™): #5 (0 iR
Wik, 58 mg, F“F 78%. 'H NMR (400 MHz, Chloro-
form-d) 0: 7.25~7.16 (m, 4H), 7.08 (d, J=7.3 Hz, 1H),
2.22 (s, 3H); *C NMR (101 MHz, Chloroform-d) J: 142.9,
134.5, 130.6, 129.0, 127.6, 126.3, 96.2, 82.9, 19.5; MS
(ED) m/z: 370 (IM]"); IR (film) v: 3061, 2916, 1917, 1477,
1454, 1377, 1151, 1103, 1041, 846, 786, 748, 719, 657,
597 cm L.

(E)-1-(1,2- " F Z 4555 )-4- 2. F ZE 2¢0)"™): B (0 iR
Wik, 71 mg, 7“F 92%. 'H NMR (400 MHz, Chloro-
form-d) §: 7.33~7.29 (m, 2H), 7.24 (s, 1H), 7.20 (d, J=
8.4 Hz, 2H), 2.67 (q, J=7.6 Hz, 2H), 1.27 (t, J=7.6 Hz,
4H); *C NMR (101 MHz, Chloroform-d) 0: 145.2, 140.2,
128.6, 127.8, 96.7, 80.1, 28.7, 15.1; MS (EI) m/z: 384
(IM]); IR (film) v: 3061, 2962, 1608, 1498, 1454, 1408,

3358 http://sioc-journal.cn/

© 2020 Chinese Chemical Society & SIOC, CAS

1244, 1149, 1049, 850, 827, 775, 596 cm ™"

(E)-1-(1,2- —flt Z 45 55)-4- IR FEEZE )™ Ttk
Wik, 77 mg, P& 90%. 'H NMR (400 MHz, Chloro-
form-d) 8: 7.21 (d, J=17.9 Hz, 2H), 7.15 (s, 1H), 7.09 (d,
J=17.8 Hz, 2H), 2.56~2.50 (m, 2H), 1.60~1.53 (m, 2H),
1.30~1.24 (m, 4H), 0.83 (t, J=6.2 Hz, 3H); *C NMR
(101 MHz, Chloroform-d) o: 144.1, 140.2, 128.5, 128.3,
96.7, 35.8, 31.5, 30.8, 22.5, 14.0; MS (EI) m/z: 426 (IM]");
IR (film) v: 2953, 2924, 2854, 1487, 1442, 1116, 1028,
831, 754, 692, 646, 574 cm .

(E)-1-(FUT #)-4-(1,2- B2 )5 35) K 2e)!"Y: % %
IRBAE, 64 mg, F2F 78%. '"H NMR (400 MHz,
Chloroform-d) ¢: 7.37 (d, J=8.4 Hz, 2H), 7.32 (d, J=8.2
Hz, 2H), 7.23 (s, 1H), 1.33 (s, 9H); °*C NMR (101 MHz,
Chloroform-d) d: 152.1, 139.8, 128.3, 125.2, 96.7, 34.8,
31.2; MS (EI) m/z: 412 ((M]"); IR (film) v: 2960, 1606,
1498, 1460, 1361, 1267, 1155, 1105, 1016, 856, 839, 819,
775, 705, 599 cm .

(E)-1-(1,2- W 245 55)-3- | L 22 2™ 3 (il
PRI, 58 mg, 7“% 76%. '"H NMR (400 MHz, Chloro-
form-d) 0: 7.34~7.22 (m, 2H), 6.95 (d, J=7.7 Hz, 1H),
6.87 (d, J=5.7 Hz, 2H), 3.83 (s, 3H); *C NMR (101 MHz,
Chloroform-d) 6: 159.2, 144.2, 129.5, 120.8, 114.8, 113.8,
95.8, 55.3; MS (EI) m/z: 386 (IM]"); IR (film) v: 3062,
2920, 1589, 1577, 1477, 1427, 1286, 1263, 1220, 1047,
790, 759, 696 cm .

(E)-1-(1,2- - fl 2975 35 )-4- H 48 FE 22 2g)!"Y): Tt il
RAK, 55 mg, 725 70%. '"H NMR (400 MHz, Chloro-
form-d) o: 7.37~7.31 (m, 2H), 7.19 (s, 1H), 6.90~6.85
(m, 2H), 3.83 (s, 3H); "*C NMR (101 MHz, Chloroform-d)
8:159.8, 135.2, 130.2, 113.6, 96.5, 55.3; MS (EI) m/z: 386
(IM]); IR (film) v: 3064, 2927, 2833, 1604, 1500, 1294,
1251, 1174, 1153, 1109, 1029, 852, 829, 769, 624, 594 cm .

(E)-1-(1,2- —flt Z 45 55)-3- 5 22 2h)" ™ 35 (0 i R
&, 44 mg, 77Z 59%. '"H NMR (400 MHz, Chloroform-d)
8: 734 (td, J=17.9, 5.8 Hz, 1H), 7.31 (s, 1H), 7.14 (d, J=
7.8 Hz, 1H), 7.09~6.98 (m, 2H); *C NMR (101 MHz,
Chloroform-d) 6: 162.2 (d, J=248.5 Hz), 145.0 (d, J=8.1
Hz), 130.1 (d, J=8.4 Hz), 124.2 (d, J=3.0 Hz), 116.1 (d,
J=21.1 Hz), 115.6 (d, J=22.9 Hz), 93.9, 81.8; '’F NMR
(282 MHz, Chloroform-d) : —111.9 (td, J/=8.7, 5.6 Hz);
MS (EI) m/z: 294 (IM]"); IR (film) v: 3064, 2920, 2850,
1581, 1477, 1427, 1261, 1203, 1122, 941, 875, 767, 694,
611 cm .

(E)-1-50-3-(1,2- i 247 55 ) 2R )" 3% iR

Chin. J. Org. Chem. 2020, 40, 3354~3361
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1%, 47 mg, & 60%. 'H NMR (400 MHz, Chloro-
form-d) d: 7.36~7.27 (m, 4H), 7.25~7.21 (m, 1H); *C
NMR (101 MHz, Chloroform-d) ¢: 144.7, 134.1, 129.7,
129.1, 128.5, 126.7, 93.8, 82.1; MS (EI) m/z: 389 (IM]");
IR (film) v: 3292, 3064, 1562, 1471, 1408, 1238, 1195,
1159, 1093, 1078, 881, 844, 785, 736, 719, 686, 607 cm .
(E)-1-(1,2- Tl 2,975 35 )-4-F8 25 (25)"™): %t IR Vi
1K, 61 mg, %% 81%. 'H NMR (400 MHz, Chloroform-d)
5: 7.39~7.32 (m, 2H), 7.27 (s, 1H), 7.10~7.02 (m, 2H);
C NMR (101 MHz, Chloroform-d) : 162.5 (d, J=250.8
Hz), 139.1 (d, J=3.5 Hz), 130.6 (d, J=8.5 Hz), 115.5 (d,
J=22.0 Hz), 94.8, 81.5; '"F NMR (282 MHz, Chloro-
form-d) 6: —111.0 (tt, J=8.3, 4.8 Hz); MS (EI) m/z: 374
(IM]9); IR (film) v: 3062, 1598, 1591, 1498, 1402, 1230,
1157, 1093, 1014, 858, 835, 783, 624, 594 cm ™.
(E)-1-1R-4-(1,2- B 2. )7 3) 28 2K)2'™): 9 £ [ 4,
72 mg, F7FE 82%. mp. 55.6~57.4 C (lit*"™ 63~
64 C); '"H NMR (400 MHz, Chloroform-d) 0: 7.53~7.48
(m, 2H), 7.29 (s, 1H), 7.26~7.22 (m, 2H); *C NMR (101
MHz, Chloroform-d) d: 142.0, 131.7, 130.2, 123.1, 94.5,
81.7; MS (EI) m/z: 434 (IM]"); IR (film) v: 3061, 1897,
1573, 1475, 1390, 1244, 1151, 1103, 1068, 1008, 943, 844,
815,779,719, 597, 553 cm ™.
(E)-4-(1,2- —Hl 2035 38)-1, - BE 2R 2022 3 0 [ 44K
62 mg, “F 70%. m.p. 96.3~98.0 ‘C(lit.*> 96~98 C);
"H NMR (400 MHz, Chloroform-d) : 7.62 (dd, J=11.2,
8.0 Hz, 4H), 7.50~7.45 (m, 4H), 7.40 (d, J=7.1 Hz, 1H),
7.31 (s, 1H); °C NMR (101 MHz, Chloroform-d) J: 141.8,
141.7, 140.2, 129.1, 128.9, 127.7, 127.1, 127.1, 96.1, 80.7;
MS (EI) m/z: 432 (IM]"); IR (film) v: 3064, 1672, 1604,
1483, 1400, 1263, 1151, 1004, 852, 829, 769, 738, 690,
597 cm” L.
(E)-3- ((1,2- M 20 5 ymng (2m)!"™): 35 38 €] 1,
27 mg, “F 40%. mp. 67.0~68.7 C; 'H NMR (400
MHz, Chloroform-d) J: 8.69~8.61 (m, 1H), 8.56 (d, J=
3.7 Hz, 1H), 7.67 (dt, J=7.9, 1.9 Hz, 1H), 7.42 (s, 1H),
7.32 (dd, J=17.9, 4.9 Hz, 1H); *C NMR (101 MHz, Chlo-
roform-d) 5: 149.6, 149.2, 139.3, 136.3, 123.2, 91.5, 83.2;
MS (EI) m/z: 357; IR (film) v: 3059, 2922, 1573, 1467,
1408, 1247, 1192, 1157, 1120, 1024, 846, 806, 707, 601.
(E)-N-(3-(1,2- Tl 2. )i B8 ) R 58)-2,2,3,3- DU FE L IR T
Fe-1-FR B % (2n): A BEE, 60 mg, % 61%. m.p.
151.3~152.1 C; 'H NMR (400 MHz, Chloroform-d) o:
7.53 (d, J=6.9 Hz, 1H), 7.34 (s, 1H), 7.28 (s, 1H), 7.23 (d,
J=7.3 Hz, 1H), 7.20 (s, 1H), 6.99 (d, J=7.6 Hz, 1H), 1.29
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(s, 6H), 1.17 (s, 6H); *C NMR (101 MHz, Chloroform-d)
d: 170.1, 143.7, 138.5, 129.1, 123.5, 120.0, 119.0, 95.5,
38.5,29.7,23.8, 16.7; IR (film) v: 3298, 2922, 2864, 1658,
1587, 1541, 1479, 1423, 1377, 1300, 1224, 1197, 1112,
798, 698 cm '; HRMS (ESI) caled for C;¢H;9[,NONa
[M+Na]" 517.9454, found 517.9445.

(E)-1,2- —fl-2- 3L I 2,975 (20)"™): 3 (IR T A,
46 mg, 7“3 61%. '"H NMR (400 MHz, Chloroform-d) o:
7.41~7.23 (m, 5H), 2.83 (s, 3H); C NMR (101 MHz,
Chloroform-d) o: 148.1, 128.4, 128.4, 1282, 96.3, 95.5,
40.2; MS (EI) m/z: 370 ((M]7); IR (film) v: 3055, 2910,
1487, 1440, 1371, 1072, 1029, 1002, 987, 844, 754, 692,
632,576 cm ™.

(E)-1,2- Hli-2- 2 2. 52K 20 2p) ™ # (iR il
&, 78 mg, 77#% 85%. '"H NMR (400 MHz, Chloroform-d)
8:7.30 (d, J=5.6 Hz, 6H), 7.23 (dd, J=14.9, 7.4 Hz, 2H),
7.13 (d, J=17.9 Hz, 2H), 3.17~3.08 (m, 2H), 2.97~2.90
(m, 2H); *C NMR (101 MHz, Chloroform-d) &: 148.1,
139.8, 129.0, 128.4, 128.4, 128.3, 128.2, 126.4, 103.5,
95.7, 52.5, 34.3; MS (EI) m/z: 460 (IM]"); IR (film) v:
3028, 1598, 1489, 1454, 1442, 1340, 1076, 968, 914, 754,
690, 580 cm .

(E)-1,2-—f-2-2K £ 5:-(4-FH ) 2K 20 (2q): 28 (i
RIBAK, 60 mg, 2% 64%. '"H NMR (400 MHz, Chloro-
form-d) §: 7.28~7.25 (m, 3H), 7.19 (s, 2H), 7.09 (d, J=
7.9 Hz, 2H), 7.00 (d, J=8.1 Hz, 2H), 3.07 (dd, J/=9.4, 6.3
Hz, 2H), 2.90 (dd, J=9.4, 6.3 Hz, 2H), 2.29 (s, 3H); "*C
NMR (101 MHz, Chloroform-d) &: 145.3, 139.8, 138.2,
129.1, 129.0, 128.4, 128.2, 126.4, 103.2, 96.1, 52.7, 34.3,
21.4; IR (film) v: 3024, 2920, 1504, 1496, 1452, 1180,
1022, 812, 758, 746, 698, 586 cm™'; HRMS (EI) calcd for
C\7H,6I, 473.9342, found 473.9334.

(E)-1,2- M-4- 28 B 1- T 4 o)™ R g iR i,
57 mg, ;“& 74%. '"H NMR (300 MHz, Chloroform-d) o:
7.45~7.19 (m, 5H), 6.91 (s, 1H), 2.89 (s, 4H); *C NMR
(101 MHz, Chloroform-d) J: 139.6, 128.8, 128.4, 126.4,
102.4, 80.1, 46.8, 34.1; MS (EI) m/z: 384 (IM]"); IR (film)
v: 3062, 3024, 2943, 1602, 1494, 1452, 1215, 1163, 1004,
902, 773, 746, 696, 590, 559 cm .

(E)-1,2-HL-3- I BE-4- (U T B R EE-1-T J&(2s): G
EIEWWAR, 57 mg, % 40%. '"H NMR (400 MHz,
Chloroform-d) d: 7.36~7.28 (m, 2H), 7.18 (d, J=8.3 Hz,
2H), 6.82 (s, 1H), 2.74~2.47 (m, 3H), 1.32 (s, 9H), 1.01
(d, J=6.1 Hz, 3H); *C NMR (101 MHz, Chloroform-d) ¢:
149.2, 135.5, 129.0, 125.1, 114.8, 45.9, 42.1, 34.4, 31.4,
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20.2; IR (film) v: 2962, 2866, 1903, 1514, 1454, 1361,
1269, 1220, 1109, 1049, 929, 856, 827, 771, 623, 565
cm”'; HRMS (EI) caled for C;sHyl, 453.9654, found
453.9648.

(E)-3,4- ZT-3-T Hi-1-(3,4- — A B IR R IR (2¢):
HEE A, 75 mg, 2F 77%. mp. 67.7~69.4 C; 'H
NMR (400 MHz, Chloroform-d) &: 7.71 (dd, J=8.5, 2.0
Hz, 1H), 7.55 (d, J=2.0 Hz, 1H), 7.02 (s, 1H), 6.88 (d, J=
8.5 Hz, 1H), 4.46 (t, J=6.1 Hz, 2H), 3.92 (s, 6H), 3.02 (t,
J=6.1 Hz, 2H); *C NMR (101 MHz, Chloroform-d) &
166.1, 153.1, 148.5, 123.9, 122.3, 112.1, 110.2, 98.1, 82.1,
62.0, 56.1, 56.0, 44.2; IR (film) v: 2956, 2835, 1712, 1598,
1514, 1463, 1417, 1346, 1292, 1269, 1220, 1176, 1134,
1109, 1024, 763, 632 c¢cm '; HRMS (ESI) caled for
Ci3H 51,0, [M+H]" 488.9054, found 488.9056.

(E)-1,2- W)@ u)™: OB HWAE, 57 mg, 7
# 73%. '"H NMR (400 MHz, Chloroform-d) &: 6.80 (s,
1H), 2.55~2.44 (m, 2H), 1.54 (t, J=7.4 Hz, 2H), 1.40~
1.24 (m, 11H), 0.89 (s, 3H); *C NMR (101 MHz, Chloro-
form-d) J: 104.5, 78.9, 44.6, 31.8, 29.4, 29.2, 28.2, 28.1,
22.7, 14.1; MS (El) m/z: 392 (IM]"); IR (film) v: 2922,
2852, 1463, 1377, 1217, 1114, 767, 721, 569 cm "

(E)-2,3- M-2-T #-1-FEv)!o) kgt ffl ik, 42
mg, & 65%. m.p. 93.5~94.6 ‘C; '"H NMR (400 MHz,
Chloroform-d) 0: 4.42 (d, J=1.0 Hz, 2H), 2.65 (d, J=1.0
Hz, 3H), 2.08 (s, 1H); *C NMR (101 MHz, Chloroform-d)
5: 102.6, 95.1, 76.7, 40.1; MS (EI) m/z: 324 (IM]"); IR
(film) v: 3207, 2920, 1712, 1448, 1371, 1226, 1068, 1010,
908, 752, 626 cm ™.

(E)-5,6- —Hli-5-CRER (2w): FEE, 44 mg, 77
60%. m.p. 69.7~71.5 ‘C. '"H NMR (400 MHz, Chloro-
form-d) d: 6.90 (s, 1H), 2.61 (t, J=7.3 Hz, 2H), 2.42 (t,
J=17.5 Hz, 2H), 1.91 (q, J=7.4 Hz, 2H); >C NMR (101
MHz, Chloroform-d) d: 179.2, 102.3, 80.5, 43.7, 32.1,
23.1; IR (film) v: 2947, 1697, 1456, 1311, 1234, 1159,
1012, 948, 856, 812, 767, 567 cm '; HRMS (EI) calcd for
CeH;sl,0, 365.8614, found 365.8611.

(E)-2- 8 -N-(3-(1,2- 1t 2, )% 35 ) 4% 35 ) MR 1 %z (2x):
HOE, 43 mg, 773 50%. mp. 163.3~164.8 C; 'H
NMR (400 MHz, DMSO-dg) : 9.94 (s, 1H), 7.70 (d, J=
4.6 Hz, 1H), 7.27 (d, J=7.5 Hz, 1H), 6.87 (s, 1H), 6.80 (d,
J=11.8 Hz, 2H), 6.77~6.70 (m, 1H), 6.56 (t, J=7.9 Hz,
1H), 6.22 (d, J=7.6 Hz, 1H); “C NMR (101 MHz,
DMSO-dg) d: 163.6, 150.5, 146.4, 144.1, 138.7, 138.2,
132.9, 129.1, 123.6, 123.1, 119.6, 118.8, 96.6, 84.8; IR
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(film) v: 3361, 3199, 2920, 2850, 1658, 1581, 1546, 1471,
1398, 1319, 1259, 1130, 1066, 881, 802, 754, 698 cm ';
HRMS (ESI) caled for C;4HyCII,N,ONa [M—f—Na]+
532.8390, found 532.8379.

(E)-N-(3-(1,2- B 2, 0 B ) 2 5k )-4- HH 5k O fith Tt fi
Qy): Ak, 76 mg, =% 72%. mp. 119.3 ~
121.0 C; "H NMR (400 MHz, Chloroform-d) J: 7.87 (d,
J=8.3 Hz, 2H), 7.59 (s, 1H), 7.43~7.31 (m, 4H), 7.27~
7.16 (m, 3H), 2.50 (s, 3H); *C NMR (101 MHz, Chloro-
form-d) 5: 144.2, 144.1, 136.7, 135.7, 129.8, 129.5, 127.4,
125.2, 121.9, 121.1, 94.6, 81.6, 81.6, 21.6, 21.6; IR (film)
v: 3250, 2922, 1585, 1465, 1396, 1328, 1159, 1091, 968,
877, 812, 700, 671 cm™'; HRMS (ESI) calcd for CsH sl,-
NO,SNa [M+Na]" 547.8654, found 547.8644.

F 3 ((8)-2-((BU T A3 08 ) R 3 )-3-(4-((B)-1,2- -t
L IE) IR I ) TR ok 28 )-L- =R 28 (22): 9% ¥5 A iR R
&, 67 mg, 77Z 37%. '"H NMR (400 MHz, Chloroform-d)
8: 7.23~7.09 (m, 5H), 6.38 (d, J=7.6 Hz, 1H), 4.94 (s,
1H), 4.37 (dd, J=8.1, 5.3 Hz, 1H), 4.34~4.15 (m, 1H),
3.62 (s, 3H), 2.98 (qd, J=14.0, 6.9 Hz, 2H), 2.03 (dq, J=
13.0, 6.6 Hz, 1H), 1.32 (s, 9H), 0.77 (dd, J=13.9, 6.8 Hz,
6H); BC NMR (101 MHz, Chloroform-d) ¢: 171.8, 170.9,
155.4, 141.5, 137.7, 129.4, 128.9, 95.9, 57.2, 52.2, 37.7,
31.1,29.7,28.3, 18.9, 17.8; IR (film) v: 3315, 2964, 2926,
1743, 1681, 1654, 1531, 1365, 1251, 1170, 1022, 761, 597
cm '; HRMS (ESI) caled for C,,H;0l,N,OsNa [M+Na]”
697.0142, found 697.0141.

4-((E)-1,2- I8 H0) 2 U RR((1,2),(3,4)-— P i -
6-F FLBH) G (2aa): LKW, 60 mg, = 46%. 'H
NMR (400 MHz, Chloroform-d) ¢: 8.05 (d, J=8.3 Hz,
2H), 7.41 (d, J=8.3 Hz, 2H), 7.33 (s, 1H), 5.57 (d, J=4.9
Hz, 1H), 4.66 (dd, J=7.9, 2.3 Hz, 1H), 4.52 (dd, J=11.5,
4.9 Hz, 1H), 4.44 (dd, J=11.5, 7.5 Hz, 1H), 4.38~4.29
(m, 2H), 4.18 (t, J=5.5 Hz, 1H), 1.52 (s, 3H), 1.48 (s, 3H),
1.36 (s, 3H), 1.34 (s, 3H); *C NMR (101 MHz, Chloro-
form-d) : 165.7, 147.5, 130.2, 129.9, 128.5, 109.7, 108.8,
96.3, 94.3, 81.9, 71.1, 70.7, 70.5, 66.0, 64.1, 26.0, 26.0,
24.9, 24.5; IR (film) v: 2985, 2931, 1720, 1382, 1273,
1211, 1166, 1103, 1068, 1006, 896, 711, 599 cm™'; HRMS
(ESI) calcd for C,H,4,O-Na [M+Na]® 664.9509, found
664.9508.

(18,25,48)-1,7,7- = H B XA [2.2. 1] FE-2-BUR-3-((E)-
1,2- -3 F AU - 1- P O ) 2R R BB (2ab): I (44,
100 mg, %% 89%. 'H NMR (400 MHz, Chloroform-d) d:
7.99 (dt, J=7.5, 1.7 Hz, 1H), 7.91 (d, J=1.9 Hz, 1H),
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7.49~7.38 (m, 2H), 5.11 (ddd, J=9.9, 3.5, 2.1 Hz, 1H),
4.43 (s, 2H), 3.46 (s, 3H), 2.57~2.38 (m, 1H), 2.12 (ddd,
J=13.3,9.4, 4.4 Hz, 1H), 1.90~1.68 (m, 2H), 1.55~1.20
(m, 2H), 1.13 (dd, J=13.8, 3.5 Hz, 1H), 1.05~0.86 (m,
9H); *C NMR (101 MHz, Chloroform-d) d: 165.9, 147.5,
132.5, 131.2, 129.5, 128.6, 102.8, 96.0, 83.9, 80.9, 57.8,
49.1, 47.9, 45.0, 36.9, 28.1, 27.4, 19.7, 189, 13.7; IR
(film) v: 2954, 2883, 1716, 1579, 1303, 1286, 1199, 1109,
1018, 756, 700 cm™'; HRMS (EI) caled for C,Hagl,05
579.9971, found 579.9975.

A-TH-3-(4- 10 3 R 3 )- 1 H- 57 IR0 -1- (S"): e [#]
1K, 65 mg, P*F 78%. m.p. 78.1~79.4 ‘C; '"H NMR (400
MHz, Chloroform-d) J: 8.29 (dd, J=7.9, 1.4 Hz, 1H), 7.88
(d, J=8.0 Hz, 1H), 7.85~7.76 (m, 1H), 7.62 (d, J=8.0
Hz, 2H), 7.59~7.51 (m, 1H), 7.28 (d, J=7.9 Hz, 2H),
2.80~2.60 (m, 2H), 1.77~1.57 (m, 2H), 1.41~1.30 (m,
4H), 0.99~0.83 (m, 3H); *C NMR (101 MHz, Chloro-
form-d) 5: 161.6, 155.0, 145.4, 138.3, 135.6, 132.5, 131.5,
129.9, 129.7, 129.0, 128.0, 120.2, 35.8, 31.5, 30.8, 22.5,
14.0; IR (film) v: 2920, 1905, 1732, 1602, 1506, 1469,
1226, 1076, 1024, 943, 848, 763, 688, 640 cm '; HRMS
(ESI) calcd for C,yH,lO, [M~|—H]+ 419.0502, found
419.0500

45 Bh#f Rl (Supporting Information) 4] '"H NMR.
PC NMR. “F NMR #ZEFEHR15 . X Ll n LA 4 2%
AT 33 (http://sioc-journal.cn/)_F %K.
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