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Visible-Light-Induced [3+2] Annulation of Cyclopropylamines with
1,2-diketone Derivatives

Dai, Xuemei® Li, Yijun 2° Zhang, Shaonan 3? Gong, Lei*?

(* Key Laboratory of Chemical Biology of Fujian Province, iChEM, College of Chemistry and Chemical Engineering, Xiamen
University, Xiamen, Fujian 361005)

Abstract Hererin we report a visible-light-induced [3+2] annulation of arylcyclopropylamines and
1,2-diarylethanediones. A range of a-amino tetrahydrofuran derivatives were synthesized in moderate to good
isolated yields under mild reaction conditions. This method would provide an efficient and convenient approach
to a-amino tetrahydrofurans which are potentially important buiding blocks in bioactive compounds.
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a) Some bioactive molecules
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b) This work H
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* mild conditions
e rapid construction of a-amino furan in one step

BIRL AT LA R R e 5 1, 2- AT AR A 0 [3+2)F Ik
Scheme 1 [3+2] Cycloaddition of cyclopropylamines and 1,2-diketone derivatives

1 &ER5ie

R A, FATEFR T 1, 2- - F 3 2 (a1 N-ZEIEIA TN FE % (2a) 1E NI RUEYI . Ru(bpy)s(PFe), 1E N
AT ULGHEAGTR, 7E 24 W HED0 LED AT B 12 h 0 [ B S8 AF2E4T 1 R Gi ik (Table 1). 4 entries 1~8 Fiax, W 7IXS
N PR HEORHIEEN . A& (entry 1) PUS kIR (entry 2). 40 ikt (entry 4). DMF(entry 6). FZE(entry 7)
Jx DMSO(entry 8) 14 RE ML B0 & (1= W) A2 B, 17 £ FH R (entry 3) 1 2 (entry 5)H, U] 4371 LA 809671 539%™ 3¢
RV 3a. S5, FRATUL R ATE R, 2552 7 ] WG AL FIXT SN IF 20 (entries 9~12), &5 5% B Ru(bpy)s(PFe),
JEIL T AR AL SO, A R D RE R 0 L e K T AT L O 4k 7R 40 [In(ppy)(dtbbpy)][PFe] (entry 9) -
fac-Ir(ppy)s(entry 10). Ru(bpz)s[PFela(entry 11) 25 AR A =2, A HAA HLAT WIGHEALTT] Mes-Acr it i N AR TE %
HEAT (entry 12). JETRMIIHIESZIG R F 24 W % CFL 4740 1556 LED T IR SHEE [e B p= R — EFL LR
F#(61%, entry 13), H 15 W SAMTVE GRS WA WEL R 3a )T l(entry 14), TMi1E TG G BRI S8 J0 ik ik
17 (entry15).

A2, FEAIATT WAL R BT R R BT T EA T, (H7= 2R (27%, entry 16). 87 a] WA
(UV-Vis) 7t . 1, 2- Z 2K 4 “AE G IXKI80E — B R BRI, mTReME B I 2 51 S N, (HAE
A (WL ESD. Ak, RS TRER A, L S4%HI 7= 24 1= 3a (entries 17), {H 5 248 [ d =407
TEMPO IS Sz B 6 i 14647 (entry 18).

MG DL EEER, FRAE T IR M SEFER: S ERZHET, 2 mol% Ru(bpy)s(PFe), 7E 1T WGk
), WENVET, 24 W 856 LED 4T NG .
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Table 1 Optimization of reaction conditions

PC (2 0 mmo%)

@ 0.2 L
solvent
rt, argon 0]

light source 3a
entry PC light source solvent additives time (h) yieldb
1 Ru(bpy)s[PFe]» blue LEDs CHCl, none 12 trace
2 Ru(bpy)s[PFgl. blue LEDs THF none 12 0
3 Ru(bpy)s[PFg]2 blue LEDs CH;0H none 12 80
4 Ru(bpy)s[PFel2 blue LEDs DCM none 12 trace
5 Ru(bpy)s[PFs]2 blue LEDs CHLCN none 12 53
6 Ru(bpy)s[PFel2 blue LEDs DMF none 12 trace
7 Ru(bpy)s[PFs]. blue LEDs toluene none 12 trace
8 Ru(bpy)s[PFel2 blue LEDs DMSO none 12 trace
9 [Ir(ppy)2(dtbbpy)][PFe]  blue LEDs CH3OH none 12 37
10 fac-Ir(ppy)s blue LEDs CH;OH none 12 12
11 Ru(bpz)s[PFe]; blue LEDs CH3OH none 12
12 Mes-Acr® blue LEDs CH;0H none 12 4
13 Ru(bpy)s[PFs]2 white CFL CH;0OH none 12 61
14 Ru(bpy)s[PF]2 Uv lamps CH3OH none 12
15 Ru(bpy)s[PF]2 none CH30H none 12 0
16 none blue LEDs CH;0OH none 12 27
17 Ru(bpy)s[PFel. blue LEDs CH;0OH air 12 54
18 Ru(bpy)s[PFel, blue LEDs CH5OH TEMPO 12 0

*Reaction conditions: 1a (0.10 mmol), 2a (0.30 mmol), solvent (1.0 mL), indicated light source, under argon. Determined by *H NMR analysis using 1,
3,5-trimethoxybenzene as the internal standard. THF = tetrahydrofuran; DCM = dichloromethane; DMF = dimethylformamide; DMSO = dimethyl sulfoxi
de; TEMPO = 2,2,6,6-tetramethylpiperidinooxy; dtbbpy = 4.4'-di-tert-butyl-2,2"-dipyridyl; ppy = (2-pyridinyl)phenyl; bpz = 2,2-bipyrazine.

TERAE RN AT, AT Y& M E4T T HFFE . WiScheme 2FT7R, 1, 2- 75 % £ “ WA T 5 R BUAR 3
HA RUFIGAA T, RS ST REENR . G S =3 861~85%(7~#)3b~e), & & B REA AR A =)
(I — AR T 2 L. ER IR0, A SRS i 5 77 285%™~ )3e), M4 i g 3 1 i
FIS st —DAE B (FELESI) . M4t & FIRPIFIREE TR, W, fUT 5, FREIURL, 2- =ik o —
Fli 25 BE LA R BT 1) 73 B8 72 2 (63~ 75%) 15 B AR N = M (P 43 ~i) o 3BV, 1-2E3E-1, 2-p9 R A2, 3- 7T i A3
WA AR (3], 3K).
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0 H Ru(bpy)s(PFe),
R2 N (2.0 mmol%) (o) )
RJW( - @ AV = <R
MeOH,rt, argon
24 W blue LEDs

3a
13 h, 67% yield 13 h, 61% yield 13 h, 70% yield 13 h, 61% yield
1.1:1dr 1.2:1 dr 1.2:1 dr 1.2:1 dr
Ph
HN

3h
18 h, 85% yield 13 h, 66% vyield 23 h, 63% yield 15 h, 74% vyield
1.2:1 dr 1.1:1 dr 2.5:1dr 1.1:1dr
Ph /Ph Ph
HN HN
@) (0)
Me
(@) (0]
3i 3j 3k 3e
15 h, 75% yield 20 h, 0% yield 15 h, 0% yield

1.1:1 dr

B2 1,2- “H T AR E (E3j45 1 1 i OMefZ i uMe)

Scheme 2 Reaction scope of the 1, 2-diketones derivatives

Scheme 3 J&/R 1 5 WA AL F R VE . ZEIRAL . TR) . WAk P ik Bl PR 40 ik BUA F 5% 0 7 ik e 4348 P T 1% e
I, DA RUFI 5 5 7= % (55~ T4%) SRAFH R =20 (31 ~q), ST T EURIE(CL, Br)P= RAX K, LL 63%. 35%]1)
S ETERIRG Y3, 38). UbAN, DL RBIIIFLEAERT SRR, PR dr (EM 12 1 B 2.5 1 AEE, AT
(R B B 5 R =) o7 58 /0N PR 2 TS BEL 2 S A 5 (05 38 5 95 T ) o
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Ru(bpy)s(PFe)2
(2.0 mmol%)

A W -
+ N -
R MeOH,rt, argon

24 W blue LEDs

23 h, 57% yield 23 h, 65% vyield 18 h, 56% yield 24 h, 55% yield
1:1dr 1.1:1 dr 1:1dr 1.1:1dr

3p 3q 3s
20 h, 64% yield 18 h, 74% yield 23 h, 63% yield 23 h, 35% yield
111 dr 1:1 dr 11 dr 1.1:1 dr

B3 R R E
Scheme 3 Reaction scope of the cyclopropylamines

AT R NHLEEREAT T WP SRAE, 40 scheme 4 FioR, 7E la+2a—3a AaifE &R M HMA 5 5 TEMPO,
FEY) 3a RAERL, AH S HERG R DRI 2] 7RI 3 RS TEMPO G 74 4 [HRMS (ESI, m/z) caled for
CisH2N,0 (M+H)": 289.2274, found: 289.2273](Scheme 4a); AN 5 24 2- 2K L 3 NG TR L Bs1E v B H ZE 4 3K
7, P 3a FIFEARE RS, EASIE] T FFAR H At 2-FK e 5 IR .88 1 B 2SI sr= 4 5 [HRMS (ESI, m/z)
calcd for C1gH,,NO, (M+H)*: 260.1645, found: 260.1649] (Scheme 4b). LA 5286 78 703E B 1 SN 1 H 3 R JL 136
H B S A7 AE
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standard
condltlons NWO~N
@ YV e " O
TEMPO (5 equiv) 4

0% yield HRMS (ESI, m/z): calcd for
C1gH29N2O(M+H)™: 289.2274
found: 289.2273

standard

condltlons COOEt
@ 3a + NM
COOEt @
SO Ph 5
2 o, 1
(5 equiv) 0% vyield

HRMS (ESI, m/z): calcd for
C16H2oNOy(M+H)*: 260.1645
found: 260.1649
B4 B IR
Scheme 4 Radical trapping experiments

HRAE b3 8 A i AR IA0ON 5k e M MLER AT T M, ORI —[3+2] RN R d i B e N
(Scheme 5a)F1 H H & EE (Scheme 5b) i Fh i 42 K BEAT 17

E 3L ML (Scheme 5a): LA 1a F1 2a (R s oA, fEALT] Ru' 28 0] WG IR R R Bk SRU''T, gk
AR 2a 38 5K, ARG S LA Ry’ [FIRS 2a el TAEL R R E IR IEE T A A BRITHIERK
B-T F LW % IEBS 7 B; B X la WP IBRASE NG, A% o-ik H B EE 7 C; C RAED THRIFEK
WHEE M IEE T D, B0 F A& KO Ru' Bl TR R, A2 [3+2] =4 3a, 1 Ru' 4 L1 48 fh i
I R, SE OB EALTEIR .

[ 3R AH AL FE (Scheme 5b): 2a #UR A G HEAL FI[RUM) B8 i T8 R R IE 5 1 A [RIIRHSOR 6L
FIPE A IR F R Ru's A ERITIRIEK -1 H 3V EE 7 B; la 5 Ru' KA FHER, AlEBEAE T
E, MR CHRIRIE: [Er ™) =-0.92 VI, E 1, "(Ru) =-1.33 V], K8 Ru' % La () 50 oL 730 J5 2 3007 2 7
iR #JE. E M B KA B ISR ) 3a.

AT RNAEZ S B PR LR B0 AT ] BEAEAE, AN TE 4 0.
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a) radical addition b) radical coupling
hv hv
..
Ry' ¢ [RU') Ru ¢ [RuT
Ph “ O H
0 PH )J\n,Ph -
N O~LPh 0./ | Ph AV
; SET O SET SET 2a
Ph 3a SET 1a Ry
Ru' "
O H Nt
+e /N+' Ph/ \/
H/N/@(l(phph Ph W O Ph A
P p A Ph/u‘céz—\\
E O k\ ,Ph
T | HN
. —>
. e} 1a H \K/( \N/Ar (e)
Ph
H/N:Q—/( <~ }2"pn H Ph
PH " Ph Ph B 32 O

B5 AT RER AL

Scheme 5 A proposed reaction mechanis

2 i

ATAERIE T T WOCHEAIA I3 5 1,2- — BT A [B+ 2R IS USE, E IRAE W] WL 26 SEBL 1 AR 2L %
Stk i 7 AR B AN, I P o B IERIAT A, SR ARIRAT, BRI, PR, RN EAT R
JE 5 LB A — %€ B RE Ik, N e YRR 7> T a- BIEIRIEAT AR B T — S R B I & R AR

3 SEIEES

31 NFE5RFA

1, 2- =95 2 FAATAE 1M, N-75 HEER P B i 2a~ SRR I B (22 SOk & A B, AR L 2 iE
_FWSE455)(TCI, Aldrich, Energy, Alfa, Adamas-beta® and J&K), RA4ith B H. 'H NMR K&BC NMR ¥R i1
Bruker AM (400 MHz) , Bruker AM (500 MHz) , Bruker AM (850 MHz)ill#5, ¥ iiAE T A& T4 5 Tk, TMS
NFE. A FINMRARAEDT T : CDCly = 7.26 ppm (*H NMR), 77.2 ppm (**C NMR); (CD3),CO = 2.05 ppm (*H NMR), 29.7
and 206.4 ppm (*C NMR). IR 7ENicoletAvatar 330 FT-IRTZL ANk A% 45 & 43 3% 51 i 7E Bruker En Apex Ultra
7.0 T FT-MS{XEE LIS UV-visT O 5 #£10.0 mmir) 4 9 L 4 I H A Shimadzu UV-25501175 .

32 XWHE

EATA P EE 7 TH210 mL Schlenk % Fh A1 (0.20 mmol). 2 (0.60 mmol). Ru(bpy)s(PFg), (0.004 mmol) A1 2.0
mL FEE, FRih=XIES. MEE =R, B T24W BEYELEDITZ3 emkh, FEMEIRM(25°C)H B, @ TLCAMIL
MR, WA, SRS BARMNKY, el VOEER) | V(AR ZEE) - V(= 40%) =100:10:1.

TR (2- TR FE-5- TR FE DU A W -2-95) FR R (3): TS iRk, 46.0 mg, 773 67%. d.r. = 1.1:1. 'H NMR (500
MHz, CDCls) § 8.00~8.08 (m, 1H), 7.84~7.90 (m, 1H), 7.51 (d, J = 8.5 Hz, 2H), 7.15~7.34 (m, 6H), 7.02~7.07 (m,
2H), 6.67~6.85 (m, 2H), 6.59 (d, J = 7.5 Hz, 1H), 5.42~5.83 (m, 1H), 4.46 (d, J = 9.1 Hz, 0.52H), 4.01 (d, J = 8.5 Hz,
0.48H), 3.17~3.49 (m, 1H), 2.22~2.48 (m, 1H), 1.88~2.18 (m, 1H), 1.74~1.83(m, 1H). *C NMR (126 MHz, CDCls) 5
200.4, 199.3, 145.9, 145.7, 142.9, 142.3, 134.7, 132.7, 132.1, 131.0, 130.8, 129.4, 129.0, 128.8, 128.7, 128.1, 127.7, 127.6,
127.5, 124.8, 124.5, 119.2, 119.0, 114.6, 114.5, 92.6, 91.9, 87.7, 87.0, 37.3, 36.7, 33.0, 32.0. IR (film): v (cm™) 3057, 2922,
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1676, 1604, 1507, 1259, 1033, 752, 700. HRMS (ESI, m/z) calcd for C,3HNO,Na (M+Na)*: 366.1465, found: 366.1457.
(4-VRZFIE)-(2-(A-TR A I )-5-F e 3L Y SR IR -2-38) FH A (3b): TS tadhie oAk, 61.1 mg, 773 61%. d.r. = 1.2:1. 'H
NMR (500 MHz, CDCls) § 7.90 (d, J = 8.6 Hz, 1H), 7.69 (d, J = 8.6 Hz, 1H), 7.46 (dd, J = 8.7, 2.3 Hz, 2H), 7.33~7.42 (m,
3H), 7.23 (t, J = 7.9 Hz, 1H), 7.17 (d, J = 8.7 Hz, 1H), 7.03~7.10 (m, 1H), 6.66~6.89 (m, 2H), 6.52~6.60 (m, 1H),
5.47~5.83 (m, 1H), 4.46 (d, J = 9.0 Hz, 0.45H), 4.00 (d, J = 8.1 Hz, 0.55H), 3.16~3.48 (m, 1H), 2.25~2.49 (m, 1H),
1.85~2.17 (m, 1H), 1.74~1.85 (m, 1H). *C NMR (126 MHz, CDCl;) & 199.2, 197.7, 145.6, 145.3, 141.8, 140.9, 133.1(2),
132.5,132.2, 132.1, 132.0, 131.5, 131.1, 129.6, 129.1, 128.3, 127.6, 126.6, 126.2, 121.9, 121.8, 119.5, 119.3, 114.4(2), 92.2,
91.4, 87.6, 87.4, 37.1, 36.6, 32.9, 31.9. IR (film): v (cm™) 3408, 2923, 1676, 1604, 1485, 1257, 1008, 819, 750. HRMS
(ESI, m/z) calcd for Cp3H10Br,NO,Na (M+Na)*: 521.9675, found: 521.9675.
(A-FRHEIE)-(2-(A- I IE ) -5-F e Ik U A5 Pk R -2- 28 ) PRV (3c): TE E PR A, 53.1 mg, 7% 70%. d.r. = 1.2:1.'H
NMR (500 MHz, CDCl5) 6 8.05~8.16 (m, 1H), 7.86~7.95 (m, 5.7 Hz, 1H), 7.43~7.51 (m, 2H), 7.23 (t, J = 7.8 Hz, 1H),
6.93~7.10 (m, 4H), 6.67~6.80 (m, 3H), 6.59 (d, J = 7.9 Hz, 1H), 5.45~5.90 (m, 1H), 4.49 (d, J = 9.0 Hz, 0.45H), 4.03 (d,
J = 8.3 Hz, 0.55H), 3.17~3.51 (m, 1H), 2.26~2.51 (m, 1H), 1.86~2.19 (m, 1H), 1.72~1.86 (m, 1H). *C NMR (126
MHz, CDCly) & 198.8, 197.4, 166.5, 166.1, 164.5, 164.1, 163.3(2), 161.3(2), 145.7, 145.4, 138.6, 138.5, 137.8(2), 133.8(2),
133.5, 133.4, 130.8(4), 129.5, 129.4, 129.0, 126.6, 126.5, 126.2(2), 119.4, 119.2, 115.9, 115.8, 115.7, 115.6, 115.3, 115.2(2),
114.9, 114.7, 114.4(2), 92.2, 91.4, 87.5, 87.2, 37.3, 36.8, 32.9, 31.9. IR (film): v (cm™) 3403, 2925, 1671, 1603, 1507, 1234,
1156, 836, 752. HRMS (ESI, m/z) calcd for C,3H:9F,NO,Na (M+Na)*: 402.1276, found: 402.1267.
(A-FHIE)-(2-(A- 5 R IE ) -5 F e JE DU S5 Wk R -2- 22 ) FR R (3dl): TE (bR AR, 50.3 mg, 7% 61%. d.r. = 1.2:1.'H
NMR (500 MHz, CDCl3) & 7.99 (d, J = 8.7 Hz, 1H), 7.79 (d, J = 8.7 Hz, 1H), 7.43 (t, J = 8.2 Hz, 2H), 7.27~7.33 (m, 2H),
7.21~7.26 (m, 2H), 7.04~7.09 (m, 1H), 6.99~7.04 (m, 1H), 6.67~6.90 (m, 2H), 6.57 (d, J = 7.3 Hz, 1H), 5.48~5.83 (m,
1H), 4.47 (d, J = 9.0 Hz, 0.45H), 4.01 (d, J = 8.2 Hz, 0.54H), 3.15~3.50 (m, 1H), 2.27~2.49 (m, 1H), 1.86~2.17 (m, 1H),
1.75~1.84 (m, 1H). *C NMR (126 MHz, CDCl3) & 199.1, 197.5, 145.6, 145.3, 141.3, 140.4, 139.4, 138.7, 133.7(2), 132.7,
132.7, 132.4, 132.1, 129.6, 129.1(2), 129.0, 128.5, 128.1, 126.3, 125.9, 119.5, 119.3, 114.4(2), 92.2, 91.4, 87.6, 87.4, 37.2,
36.7, 32.9, 31.9. IR (film): v (cm™) 3404, 2924, 1677, 1604, 1506, 1258, 1091, 823, 751. HRMS (ESI, m/z) calcd for
Ca3H1oCI,NO,Na (M+Na)*: 434.0685, found: 434.0682.
(2-F KR HE)-(2-(2- B A I )-5- F e B Y Sk IR -2-58) FH i (3e): 1 44, 70.1 mg, 7% 85%. d.r. = 1.2:1. 'H NMR
(400 MHz, CDCl3) & 7.76~7.90 (m, 1H), 7.07~7.42 (m, 8H), 6.72~7.00 (m, 4H), 5.87 (s, 0.44H), 5.72 (s, 0.56H), 4.43 (s,
1H), 3.55~3.72 (m, 1H), 2.32~2.64 (m, 1H), 1.78~2.25 (m, 2H). *C NMR (214 MHz, CDCl3) & 196.9, 195.4, 145.7,
145.6, 141.3, 140.8, 135.4, 135.3, 133.4, 133.0, 131.6, 131.3(2), 131.2, 131.1, 131.0, 130.4, 130.3, 130.1, 130.0, 129.6,
129.4, 129.1, 129.0, 127.9, 127.1(2), 126.9, 125.4, 125.4, 119.4, 114.8, 114.4, 90.3, 90.1, 88.6, 87.9, 34.1, 33.2, 32.9, 32.5.
IR (film): v (cm™) 3410, 1701, 1637, 1604, 1508, 1432, 1011, 748, 693. HRMS (ESI, m/z) calcd for Cy3H1sCl,NO,Na
(M+Na)*: 434.0685, found: 434.0682.

(4-F ORI )-(2-(4- Y 5 R k) -6 DR e 8 DY Sk el -2- 65) PRI (3F): TG Btk , 49.0 mg, 7228 66%. d.r. = 1.1:1.
'H NMR (500 MHz, CDCl3) & 8.00 (d, J = 8.3 Hz, 1H), 7.83 (d, J = 8.3 Hz, 1H), 7.41 (dd, J = 8.3, 2.1 Hz, 2H), 7.19~7.24
(m, 1H), 7.05~7.16 (m, 4H), 6.70~6.91 (m, 3H), 6.62 (d, J = 7.2 Hz, 1H), 5.45~5.86 (m, 1H), 4.47 (d, J = 9.1 Hz,
0.53H), 4.02 (d, J = 8.7 Hz, 0.47H), 3.18~3.48 (m, 1H), 2.18~2.47 (m, 7H), 1.90~2.17 (m, 1H), 1.74~1.84 (m, 1H). ©°C
NMR (126 MHz, CDCl3) & 200.0, 198.8, 145.9, 145.8, 143.4, 142.8, 140.2, 139.6, 137.1, 132.2, 132.1, 131.2, 131.0, 129.5,
129.4(2), 128.9, 128.8, 128.4, 124.8, 124.4, 119.2, 118.9, 114.7, 114.5, 92.6, 92.0, 87.5, 86.9, 37.3, 36.6, 33.0, 32.0, 21.8,
21.6, 21.2(2). IR (film): v (cm™) 3441, 2919, 1665, 1605, 1509, 1261, 1180, 750, 693. HRMS (ESI, m/z) calcd for
CusHasNO,Na (M+Na)*: 394.1778, found: 394.1767.

(A-FUT FEFEHL)-(2-(4-HU T FEFEHL)-5-ZF Jlig H PU Sk R -2-358) FR R (3g): iRk, 57.4 mg, 7= 63%. d.r. =
2.5:1. '"H NMR (400 MHz, CDCls) 87.75~8.10 (m, 2H), 7.16~7.50 (m, 5H), 6.98~7.12 (m, 3H), 6.65~6.97 (m, 2H),
6.52~6.57 (m, 1H), 5.43~5.82 (m, 1H), 4.44 (d, J = 9.2 Hz, 0.30H), 3.95 (d, J = 8.6 Hz, 0.70H), 3.14~3.51 (m, 1H),
2.20~2.48 (m, 1H), 1.88~2.20 (m, 1H), 1.70~1.84 (m, 1H), 1.15~1.37 (m, 18H). *C NMR (214 MHz, CDCl3) & 200.7,
199.3, 156.3, 155.6, 150.3(2), 146.0, 145.7, 139.8, 139.2, 132.1(2), 131.1, 130.8, 129.5, 129.4, 128.9, 125.7, 125.6, 125.0,
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124.6, 124.5, 124.3, 121.2, 119.1, 118.9, 118.0, 114.6, 92.7, 92.0, 87.2, 86.7, 37.4, 36.7, 35.2, 35.0, 34.6, 34.6, 33.0, 32.0,
31.5(2), 31.2(2). IR (film): v (cm™) 3400, 2962, 1671, 1604, 1506, 1267, 1190, 749, 692. HRMS (ESI, m/z) calcd for
CaH3NO,Na (M+Na)™: 478.2717, found: 478.2714.

(4-F R TR IE)-(2-(4- H 4R FE AR L) -5-F i i DU S R IR -2-38) FE A (3h): TE iRy, 59.7 mg, 723 74%. d.r. =
1.1:1.'H NMR (500 MHz, CDCly) & 8.10 (d, J = 9.0 Hz, 1H), 7.94 (d, J = 9.0 Hz, 1H), 7.43 (dd, J = 8.8, 2.1 Hz, 2H),
7.19~7.24 (m, 1H), 7.05~7.10 (m, 1H), 6.76~6.88 (m, 5H), 6.58 (dd, J = 29.3, 8.2 Hz, 2H), 5.45~5.90 (m, 1H), 4.48 (d,
J =9.0 Hz, 0.53H), 4.03 (d, J = 8.8 Hz, 0.47H), 3.67~3.82 (m, 6H), 3.14~3.47 (m, 1H), 2.24~2.49 (m, 1H), 1.86~2.17
(m, 1H), 1.73~1.83 (m, 1H). *C NMR (126 MHz, CDCl3) & 199.1, 197.8, 163.1, 162.7, 159.0(2), 146.0, 145.8, 135.3,
134.7, 133.5, 133.3, 129.4, 129.0, 127.6, 127.5, 126.1, 125.7, 119.2, 118.9, 114.7, 114.5, 114.1, 114.0, 113.3, 112.9, 92.4,
91.8, 87.3, 86.8, 55.5, 55.4, 55.3(2), 37.4, 36.6, 33.0, 32.0. IR (film): v (cm™) 3395, 2933, 1665, 1602, 1509, 1254, 1172,
834, 753. HRMS (ESI, m/z) calcd for C,5H,sNO4Na (M+Na)*: 426.1676, found: 426.1670.

(3-F A FE R IE)-(2-(3- 4R FE A 3L ) -5- F i i DU S PR IR -2- 338 FR R (31): TC iR viAA&, 60.5 mg, 723 75%. d.r. =
1.1:1. 'H NMR (500 MHz, CDCly) & 7.62~7.68 (m, 1H), 7.46~7.52 (m, 1H), 7.14~7.25 (m, 3H), 6.97~7.11 (m, 4H),
6.69~6.86 (m, 3H), 6.60~6.65 (m, 1H), 5.52~5.83 (m, 1H), 4.47 (d, J = 8.9 Hz, 0.52H), 4.05 (d, J = 8.5 Hz, 0.47H), 3.75
(d, J = 40.6 Hz, 3H), 3.57 (d, J = 7.8 Hz, 3H), 3.23~3.48 (m, 1H), 2.24~2.49 (m, 1H), 1.91~2.21 (m, 1H), 1.75~1.87
(m, 1H). 3¢ NMR (126 MHz, CDCl5) 6 199.9, 198.1, 160.1, 159.2, 158.8, 145.8, 145.7, 144.9, 144.0, 136.0, 135.8, 129.9,
129.8, 129.4, 129.0(2), 128.7, 123.7, 123.4, 119.9, 119.3, 119.2, 119.1, 117.0, 116.8, 114.9, 114.8, 114.6, 114.5, 113.5,
112.7, 110.3, 109.7, 92.7, 91.8, 87.6, 87.0, 55.4, 55.4, 55.2, 55.1, 37.2, 36.6, 32.9, 32.1. IR (film): v (cm™) 3407, 2924,
1672, 1604, 1487, 1266, 1183, 750, 696. HRMS (ESI, m/z) calcd for C,sH,sNO,Na (M+Na)*: 426.1676, found: 426.1673.

SRFE (2- K BE-5- (A1 FF 28 ki 5 ) DU A g -2-355) FRI(31): iRk, 40.7 mg, 723 57%. d.r. = 1:1. '*H NMR
(400 MHz, Chloroform-d) 67.97~8.09 (m, 1H), 7.81~7.92 (m, 1H), 6.95~7.60 (m, 10H), 6.56~6.89 (m, 2H), 5.46~
5.88 (m, 1H), 4.26 (d, J = 9.2 Hz, 0.50H), 3.83 (d, J = 8.3 Hz, 0.51H), 3.18~3.54 (m, 1H), 1.66~2.59 (m, 6H). *C NMR
(214 MHz, CDCl3) 4 200.5, 199.4, 143.9, 143.6, 142.9, 142.2, 134.7, 134.6, 132.8, 132.2, 131.1, 130.7, 130.4, 130.0, 128.8,
128.7,128.1, 127.6, 127.6, 127.3, 126.9, 124.8, 124.5, 122.8, 122.7, 119.0, 118.7, 112.9, 112.8, 92.6, 92.1, 87.3, 86.8, 37.5,
36.8,33.2,32.1, 17.7, 17.3. IR (film): v (cm™) 3422, 2922, 1675, 1607, 1448, 1260, 1050, 863, 753. HRMS (ESI, m/z) calcd
for C4H,3NO,Na (M+Na)*: 380.1621, found: 380.1618.

FE I (2- 2 JHL-5- (JR) PP 25 i e 38 ) DU S0k i -2- 28 FR A (3m): I DRV A4k 5 46.5 mg, 772 65%. d.r. = 1.1:1. 'H NMR
(400 MHz, CDCls) 6 8.04~8.15 (m, 1H), 7. 84~7. 95 (m, 1H), 7.50~7.58 (m, 2H), 7. 19~7. 48 (m, 5H), 6.92~7.13 (m,
2H), 6.32~6.70 (m, 3H), 5.42~5.83 (m, 1H), 4.44 (d, J = 9.2 Hz, 0.47H), 3.95 (d, J = 8.5 Hz, 0.53H), 3.14~3.54 (m, 1H),
2.27~2.47 (m, 1H), 2.22 (d, J = 19.1 Hz, 3H), 1.91~2.17 (m, 1H), 1.73~1.85 (m, 1H). *C NMR (214 MHz, CDCl3) &
200.4, 199.3, 145.7, 145.5, 142.7, 142.3, 139.1, 138.5, 134.6, 134.6, 132.6, 132.0, 130.9, 130.7, 129.1, 128.7, 128.7, 128.6,
127.9, 1275, 127.4, 124.7, 124.3, 120.0, 119.8, 115.4, 115.0, 111.6(2), 92.3, 91.7, 87.7, 86.8, 37.2, 36.5, 32.8, 31.8, 21.6,
21.5. IR (film): v (cm™) 3400, 2921, 1676, 1608, 1490, 1261, 1180, 859, 757. HRMS (ESI, m/z) calcd for C,sH,sNO,Na
(M+Na)*: 380.1621, found: 380.1617.

TRFE (2- 2R FE-5- (O] PP 2R L e 56 D S0k IR -2-6) FR A (3n): TS i RiAR, 40.0 mg, 72 56%. d.r. = 1:1. '"H NMR
(400 MHz, CDCl,) 6 8.02~8.06 (m, 1H), 7.86~7.91 (m, 1H), 7.49~7.53 (m, 2H), 7.18~7.34 (m, 5H), 7.04~7.10 (m,
1H), 6.97~7.02 (m, 1H), 6.84~6.89 (m, 1H), 6.62~6.68 (m, 1H), 6.49~6.54 (m, 1H), 5.41~5.80(m, 1H), 4.34 (d, J =
9.4 Hz, 0.51H), 3.88 (d, J = 8.9 Hz, 0.49H), 3.18~3.46 (m, 1H), 2.19~2.45 (m, 4H), 1.90~2.17 (m, 1H), 1.70~1.83 (m,
1H). °C NMR (126 MHz, CDCly) 5 200.3, 199.4, 143.5, 143.4, 143.0, 142.5, 134.8, 134.7, 132.7, 132.1, 131.0, 130.9,
129.9, 129.5, 128.8, 128.7, 128.5, 128.3, 128.0, 127.7, 127.5, 124.8, 124.5, 114.9, 114.6, 92.5, 91.9, 88.4, 87.3, 37.4, 36.7,
33.0, 31.9, 20.6(2). IR (film): v (cm™) 3405, 2918, 1674, 1616, 1519, 1260, 1181, 810, 756. HRMS (ESI, m/z) calcd for
C4H23NO,Na (M+Na)™: 380.1621, found: 380.1621.

TRFE (2T I -5- (Of F B o 2 i 3 ) DU S Wk e - 2- 355 ) FRV I (30): T e iR, 41.1 mg, 722 55%. d.r. = 1.1:1. 'H
NMR (850 MHz, CDCls) 6 8.03~8.09 (m, 1H), 7.86~7.94 (m, 1H), 7.42~7.54 (m, 2H), 7.28~7.32 (m, 2H), 7.16~7.28
(m, 3H), 7.08~7.12 (m, 1H), 7.01 (d, J = 8.1 Hz, 1H), 6.88 (d, J = 8.0 Hz, 1H), 6.65~6.70 (m, 1H), 6.48~6.58 (m, 1H),
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5.42~5.82 (m, 1H), 4.37 (s, 0.52H), 3.90 (s, 0.47H), 3.19~3.47 (m, 1H), 2.30~2.43 (m, 1H), 2.25 (d, J = 59.1 Hz, 3H),
1.93~2.18 (m, 1H), 1.72~1.85 (m, 1H). *C NMR (214 MHz, CDCl;) § 200.3, 199.4, 143.5, 143.4, 143.0, 142.5, 134.8,
134.7, 132.7, 132.2, 131.0, 130.9, 129.9, 129.5, 128.8, 128.7, 128.5, 128.3, 128.0, 127.8, 127.5, 124.8, 124.5, 114.9, 114.6,
92.5, 91.9, 88.3, 87.3, 37.4, 36.7, 33.0, 31.9, 20.7, 20.6. IR (film): v (cm™) 3405, 2918, 1674, 1616, 1519, 1260, 1181, 810,
756. HRMS (ESI, m/z) calcd for CpqH,sNOsNa (M+Na)*: 396.1570, found: 396.1578.

TR (2- 4 H-5- (405 PP A2 3 8 6L e 2k ) DY S P PR -2- 28 ) FR R (3p): TE EA iR BAA, 47.8 mg, 7% 64%. d.r. = 1.1:1. H
NMR (400 MHz, CDCls) & 8.03~8.12 (m, 1H), 7.81~7.92 (m, 1H), 7.44~7.57 (m, 2H), 7.15~7.38 (m, 5H), 6.74~7.09
(m, 4H), 6.52~6.70 (m, 1H), 5.44~5.87 (m, 1H), 5.02 (d, J = 8.8 Hz, 0.52H), 4.61 (d, J = 8.3 Hz, 0.49H), 3.76 (d, J =
105.4 Hz, 3H), 3.20~3.56 (m, 1H), 1.88~2.52 (m, 3H). **C NMR (151 MHz, CDCls) § 200.5, 199.4, 147.1, 146.9, 142.9,
142.3, 135.8, 135.4, 134.7(2), 132.7, 131.9, 131.1, 130.7, 128.8, 128.7, 128.1, 127.5(2), 127.4, 124.9, 124.5, 121.5, 121.0,
118.5, 118.2, 112.7, 112.5, 109.9, 109.5, 92.6, 92.0, 87.0, 86.7, 55.6, 55.3, 37.4, 36.8, 32.9, 32.0. IR (film): v (cm™) 3423,
2924, 1676, 1601, 1513, 1224, 1180, 1027, 701. HRMS (ESI, m/z) calcd for C,sH,3NOsNa (M+Na)*: 396.1570, found:
396.1566.

TR (2- 4 B -5- (1) P A2 30 48 6L e 22 ) DY S P PR -2- 28 ) FR R (3q): EE iR AA, 55.3 mg, 773 74%. d.r. = 1:1. *H
NMR (400 MHz, CDCls) & 8.01~8.08 (m, 1H), 7.85~7.91 (m, 1H), 7.48~7.55 (m, 2H), 7.16~7.44 (m, 5H), 6.90~7.13
(m, 2H), 6.13~6.42 (m, 3H), 5.44~5.82 (m, 1H), 4.50 (d, J = 8.9 Hz, 0.48H), 4.04 (d, J = 8.3 Hz, 0.49H), 3.69 (d, J = 9.2
Hz, 3H), 3.18~3.48 (m, 1H), 2.22~2.45 (m, 1H), 1.89~2.19 (m, 1H), 1.71~1.85 (m, 1H). **C NMR (126 MHz, CDCl5) §
200.4, 199.1, 160.9, 160.5, 147.3, 147.1, 142.9, 142.3, 134.7, 134.7, 132.7, 132.1, 131.0, 130.8, 130.2, 129.7, 128.8, 128.7,
128.0, 127.7, 127.5, 124.8, 124.5, 107.5, 107.3, 105.0, 104.3, 100.6, 100.2, 92.7, 91.9, 87.6, 87.0, 55.2, 55.2, 37.3, 36.7,
32.9, 32.0. IR (film): v (cm™) 3397, 2933, 1676, 1600, 1494, 1211, 1162, 758, 702. HRMS (ESI, m/z) calcd for
Ca4H,3NOsNa (M+Na)*: 396.1570, found: 396.1571.

FRIE (2- T FE-5- (0] IR JE e 38 DY S0k IR -2-38) A (3r): TS CaditilRBiAR, 47.6 mg, 773 63%. d.r. = 1:1.'H NMR
(400 MHz, CDCly) 57.98~8.04 (m, 1H), 7.80~7.84 (m, 1H), 7.46~7.51 (m, 2H), 7.20~7.33 (m, 5H), 7.10~7.14 (m,
1H), 7.03~7.07 (m, 1H), 6.93~6.97 (m, 1H), 6.61~6.68 (m, 1H), 6.45~6.50 (m, 1H), 5.38~5.73 (m, 1H), 4.46 (d, J =
9.1 Hz, 0.49H), 4.01 (d, J = 8.2 Hz, 0.50H), 3.22~3.47 (m, 1H), 2.24~2.48 (m, 1H), 1.93~2.13 (m, 1H), 1.74~1.82 (m,
1H). *C NMR (214 MHz, CDCl3) 6 200.5, 199.2, 144.4, 144.2, 142.7, 142.0, 134.6(2), 132.8, 132.2, 131.0, 130.7, 129.3,
128.9, 128.8, 128.7, 128.1, 127.7(2), 127.6, 124.7, 124.4, 124.0, 123.7, 115.6(2), 92.6, 92.0, 87.4, 86.8, 37.2, 36.6, 32.9,
31.9. IR (film): v (cm™) 3398, 2927, 1676, 1560, 1493, 1259, 1180, 818, 701. HRMS (ESI, m/z) calcd for C,3H,,CINO,Na
(M+Na)": 400.1075, found: 400.1072.

TR (2- T H-5- (N YR I JE e 36 ) DU S Ik R -2- 56 F A (3s): TC PR Wi A4k, 29.6 mg, 77 % 35%. d.r. = 1.1:1. 'H NMR
(400 MHz, CDCl;) 87.98~8.06 (m, 1H), 7.82 (dd, J = 8.4, 1.4 Hz, 1H), 7.43~7.53 (m, 2H), 7.20~7.35 (m, 6H), 7.04~
7.12 (m, 2H), 6.58~6.64 (m, 1H), 6.42~6.46 (m, 1H), 5.38~5.76 (m, 1H), 4.49 (d, J = 9.0 Hz, 0.47H), 4.03 (d, J = 8.2
Hz, 0.53H), 3.23~3.48 (m, 1H), 2.24~2.49 (m, 1H), 1.94~2.14 (m, 1H), 1.76~1.84 (m, 1H). *C NMR (214 MHz,
CDCly) & 200.5, 199.1, 144.9, 144.7, 142.7, 142.0, 134.6(2), 132.8, 132.2(2), 131.6, 131.0, 130.7, 128.9, 128.8, 128.1,
127.8, 127.7, 127.6, 124.7, 124.4, 116.1(2), 111.2, 110.9, 92.7, 92.0, 87.3, 86.7, 37.2, 36.6, 32.9, 31.9. IR (film): v (cm™)
3406, 2925, 1674, 1595, 1489, 1292, 1179, 815, 701. HRMS (ESI, m/z) calcd for Cy3H,oBrNO,Na (M+Na)": 444.0570,
found: 444.0569.

B Eh#1%}k(Supporting Information) L& #3f 'H NMR A1 *C NMRiE &, 8 4haT LSO | BL K Se ) S A $ .
X ERTRE AT DL A 27 AT I 336 (http://sioc-journal.cn/)_E T %,
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