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Fluorescent Dye/Nickel Synergistic Catalytic Decarboxylative
Carbonylation Reaction
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Abstract The decarboxylative carbonylation of a-amino acids was carried out with N-benzoyl succinimide as the
carbonylation reagent under the synergistic catalysis of fluorescent dye/nickel catalysts. In this reaction, 16 kinds of a-amino
ketone-containing derivatives were synthesized with good yields (up to 78%), and the light conversion efficiency was up to
3.25X 10! mmol/(kW+h). In addition, the possible mechanism of the photocatalytic reaction was proposed: a-amino carbox-
ylic acid was catalyzed by visible light to form a-amino alkyl radicals, which entered the nickel catalytic cycle and produced
o-amino ketone target compound via oxidation addition and reduction elimination process. The reactions could generate a va-
riety of a-amino ketones with broad substrate scope under mild conditions and might have widespread use in synthesis of
a-amino ketone-containing drug molecules and peptide modifications.
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Figure 1 Typical biologically active compounds and drugs
containing a-amino ketone units
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o-FEER IS N-BREAE 0 e A7 A P i S {4 4
W6 S 8238 ) S 2 5V o- B FE R JER)(0.2 mmol). N-
% BB V& 74 40(0.4 mmol) YEAHEAL (2 mol%). i
1631(10 mol%). ZFELAK(15 mol%). 7 (0.24 mmol) LA K
BREAEFIQ mL)ERRAE SIS T, FIHESMAR, H
W5 LED 4] (20 W)TEZE iR N RAHEE4) 24 h

SIS AR TESRIG AL R R, Bk
PL Boc-L-HZ (0.2 mmol)Fl N-2 FF I 3 3% B 195 3 Ji
(0.4 mmol) MM AT KA A, FERHET, LA
4CzIPN (2 mol%) AL, Ni(acac), (10 mol%) A
#1551, dtbbpy (15 mol%) WAL, Cs:COs (1.2 equiv.) N
B, —HIH ZBE(DMAC) (2 mL)Jy SR, 785
FH 20 W 9 420 nm ¥ LED T A)6UE RS 24 h, 7] LA
33 o-Z A=Y, WAFEZN 53%(RE S5 R R 1
FizR). B3 1 0 HL, AL 4CZIPN S 5R FIE AL L
Rl RFEE RS ET THEMNRIE, EHT
DMAc. N,N-—F 5 H i iz (DMF) & -G Ay ik 47 6 1
N, SEEgE Rk 2 Fiow, R0 % I 25 3R
DMAc /& i B & [ S FI(ER 2, Entry 1).
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Table 1 Photosensitizers optimization for photocatalytic reac-
tions

o photocatalyst (2 mol%)
o metal catalyst (10 mol%)

& N ligand (15 mol%)
N~ COOH + -
base (1.2 equiv.), solvent (2 mL)

Boc o blue LEDs, r.t, 24 h
1a 2a
N
Boc 0
3a
Entry Photocatalyst Yield?/% of 3a

1 4CzIPN 53
2 4DPAIPN 24
3 4CzIPA 15
4 5CzBN n.r.c
5 3CzCIIPN n.r.c
6 3DPAIPN n.r.c

© 2022 Chinese Chemical Society & SIOC, CAS

“Reaction conditions: 1a (0.2 mmol), 2a (0.4 mmol), photocatalyst (2 mol%),
Ni(acac), (10 mol%), dtbbpy (15 mol%), Cs,COs (0.24 mmol) in DMAc (2
mL), blue LED, r.t., 24 h. ? Product yield determined by HPLC using diethyl
phthalate as the internal standard. No product.
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Table 2 Solvent optimization for photocatalytic reactions

Entry Solvent Yield?/% of 3a
1 DMAc¢ 53
2 DMF 12
3 DMSO 18
4 THF n.r.©
5 CH3CN n.r.c
6 PhCH3 16
7 1,4-Dioxane n.r.c

9 Reaction conditions: 1a (0.2 mmol), 2a (0.4 mmol), 4CzIPN (2 mol%),
Ni(acac), (10 mol%), dtbbpy (15 mol%), Cs,COs (0.24 mmol) in solvent (2
mL), blue LED, r.t., 24 h. ® Product yield determined by HPLC using diethyl
phthalate as the internal standard. “No product.

K3 OLME RN B % «

Table 3 Base optimization for photocatalytic reactions

Entry Base Yield”/% of 3a
1 Cs2C03 53
2 K2HPO4 17
3 DIPEA n.r.c
4 K2COs 32
5 EtsN nr.©
6 Pyridine n.r.c

@ Reaction conditions: 1a (0.2 mmol), 2a (0.4 mmol), 4CzIPN (2 mol%),
Ni(acac), (10 mol%), dtbbpy (15 mol%), base (0.24 mmol) in DMAc (2 mL),
blue LED, r.t., 24 h. ? Product yield determined by HPLC using diethyl
phthalate as the internal standard. No product.
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RS a-Z LB VIR 4, Entry 2). 240118 R
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AR RO R SO R R B B A, T E B —
WAE 2 SA P ARERREAFTE. BhAh, R 4 Hugh R
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Table 4 Optimization for photocatalytic reactions using Cs2CO3
as base

Entry PC (2 mol%) Metal catalyst and ligand Yield?/% of 3a

1 4CzIPN Ni(acac)./dtbbpy 53
2 4CzIPN NiCl.»DME/dtbbpy 68
3 4CzIPN NiCl2sDME/dppf 10
4 4CzIPN NiCl.sDME/1,10-phen n.r.c
5 4CzIPN NiCl.sDME nr.°
6 4CzIPN dtbbpy n.r.c
7 None NiCl2»DME/dtbbpy n.r.c
8¢ 4CzIPN NiCl2sDME/dtbbpy n.r.t
9¢ 4CzIPN NiCl.»DME/dtbbpy n.r.c
10/ 4CzIPN NiCl.sDME/dtbbpy n.r.c

9 Reaction conditions: 1a (0.2 mmol), 2a (0.4 mmol), 4CzIPN (2 mol%), nick-
el catalyst (10 mol%), ligand (15 mol%), Cs,CO;5 (0.24 mmol) in DMAc (2
mL), blue LED, r.t., 24 h. ® Product yield determined by HPLC using diethyl
phthalate as the internal standard. ¢ No product. ¢ Air condition. ¢ No light.
/No base.
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HRREZEMIEM, M E— A1l (5R 4, Entries 5~10).

St — RV FAIRIESLI G, 19 AR SL I 41
B o-RIERRJEA(0.2 mmol). N-2K 3 5 FA I P %
(0.4 mmol). JEMELLF 4CZIPN (2 mol%). 411k
NiCL*DME (10 mol%). %/ dtbbpy (15 mol%)-.
Cs:COs (1.2 equiv.) PA K BR# 71 DMAc (2 mL), 7E= iR
%A% N 20 W ) 420 nm LED 4T #E47 611,

12 RMNEYNHAR

TEREEM R BLZEAF T, ARSI V-7 H B
FIRFABE WL B S a- IR & A AR N
TR SRAR 7 SN 14038 FH 35 BBl (Scheme 1), MJERAIH & (1)
GEIRRMH, W pd R BRI N-2K B3 9 P
ARUH RUFrm sz, HAER 206 s =4,
RN 42% (Scheme 1, 3d). %3 id 52 5|45 A RN
soma, A B B R R A, TR SRR A BUAR AR
N BRPED R R R AFAE — E R (1) R F%(Scheme 1, 3e~
3g). XTI 4 T R E (2 e FHAJE 3h.
THE 3j), BE R A A R TR (AR 30), &
PRI R AF & A, LT ] BARLE B B 1e
AR R, U 64%~T78%. B AT 255E K o fir MEWY
AR R I R F 6 U ), HEAT A I S35 AR IR R 4
@, ZEEEER R 2] 15%177 2.

HE— PR A T RHR IR IE M, RIAEFRR I
TR (Scheme 1, 3m, 3n)7Ei%SNAK & F 5 A,
X RN A EBEAAE T AR ORE R R 25 T &,
{13 ML JG I P2 A g Aa e M. XTI oS e &
WHIRIR, Bl 2-F 43 T ki H R (Scheme 1, 724 30)
1 2-WRIE H R (Scheme 1, =4 3p) 0 BEHE TR i3k 1 T 4H
MR IRIEAL B, RIS, A 2-WRNE F R ) E
REET o-BER, 7 BRERIE 70%, X&F N/NIeH
o Ra E M T e BRI P ST ER . X T 2- M bk R R
(Scheme 1, F=#) 3r), W& BEAE1E x RAR R R 31,
HAT DR R EE DL By SR, (H2 B R R R
2-DYE MR F B2 (Scheme 1, 724 3u)EAR R M
B2, PEYIr BUSCREN 39%.
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S AT I R AN 5. 38 5k 7% el 2 iR 3 0 Sk
AL, LT 4CZIPN KR S B o A4k 1 R
(E12PCPC=41.35 V vs. SCE)'S), fEM5H L-Boc-il 2%
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N A NiCl,*DME (10 mol%), dtbbpy (15 mol%) R N
R=COOH + | SR : | SR
= Cs,CO3 (1.2 equiv.), DMAc (2 mL) =
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Scheme 1 Expansion of substrates for photocatalytic coupling reaction
n.r. means no product
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Figure 2 Fluorescence quenching experiment diagram
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B - B H

Ak, BL Boc-L- il & R N IR A0 T L EH BE 4 42 5K
5, 16 NARZR RN 2.0 equiv. i F L6 HE 70 PO R 3
WRIE A AL Y)(TEMPO) R, FH35 A 13 2IAH B 1 i 2 B 54k
F=#)(Scheme 2). £ = RBAR (IS (HPLC) 0 B =173 7%
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Fehr R A Al T N R IE AT L, B AL
HE SIS R 7, I SN E R PLR & 422547 119 (Scheme
3): f£ LED T HIFERE R, JEZSHOGMEALT] 4C2ZIPN B
R FBTRPOR A5 (4CZIPNY*,  L-Boc- il 205 (1a) 78 Bl 12 2% 14
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FA. BEJG, WA S AT 4CZIPN ¥ Ni(D)IEJ5 4 Ni(0),
SEROCHEIEIR. EERMEALIEIR T, V-8 B B 3E 1t
U (2a) 4 JE A7 AR B Ni(0)2% &4 Frifi 3K, alid A
I T HE i B, &FaﬁﬁﬁﬁﬁmﬁAﬁ%M&
FRPEA C. RJRIEEEFHRAR T HBA ) 3a
A Ni(D)Z&&4.

photocatalyst (2 mol%)

metal catalyst (10 mol%)
ligand (15 mol%)

<_)“COOH +
base (1.2 equiv.), solvent (2 mL)
Boc TEMPO (2.0 equiv.)
N ((
1

blue LEDs rt., 24 h
Boc 0

3a
n.r.

B2 HHERHRs
Scheme 2 Experiment of free radical capture
n.r. means no product
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GUEEIR I I FR B B AL S B, I Z SR T AR B T 16
- @B EY). DHUREIZR NIRRT, o- &5
Btk H Rl i WOR A 4CZIPN I o EE R B 28 1
Z A R TR RS I AR AT B 1% R AR AR AL DR 3R
H, SR AR RS 2 B AR a- 2 B G
BV WIHERBER 545 BRAERIGE RNk AR A,
WIF 705 ALK/ A R AL S A2 1 A S 25 i A gL
AT AR B A E.

3 LIRS
3.1 {EEANRF

T SN ¥ 45 FH T4 Schlenk & 7E @R
#E4T. 'TH NMR 1 3C NMR {i ] Bruker Advance III (500
MHz) 8 ¥ R SL R A, 7% i~ 02, L CDCly 8%
DMSO-ds fE %5, TMS fE#5. IR A VECTOR-22 B {i
HL AR 6 2T A0 6 SO 8 L A ﬁ%Bm@
Esquire-LC (ESI-MS)F A E . 15 fi X-4 B3+
meﬁﬁuwﬁ,mﬁi%&E.%%%%Mﬁmﬁ
RS 4l
32 ZWHE
3.2.1 N-3% # B A IR 3a8: e 2a~21 49 4] &

TR P N T B % 3.0 mmol, 1.0
equiv.)s = ZJ#%(6.0 mmol, 2.0 equiv.). 4- " FFEE L
IE(0.75 mmol, 0.25 equiv.), FfF 20 mL ) — & H K 15 #,
FHZIEWRERZ 0 C, BidE S min. BE/STE 0 CHIREIZY
PR, MR MIR S AR N 50(3.3 mmol, 1.1
equiv.). INTEEIE, RMNIBEAMEERZM T 12
h. RMNSEASE, RMIBGYIHEER(1.0 mol/L, 10 mL)¥
K, 7K(10 mL X 3)Pegk, THAA NG s 200, K6
RAFFE RN, 55 P R 345 5 AR AR 465 7 )
[18]
322 BiHmEANR ZiTAE

BCA W P FE R TR LS B N o-Z BRI
¥1(0.2 mmol)y. N-Z& HI Pk 5 55 5119 0 iz J 25 8h47).(0.4
mmol). 4CzIPN (2 mol%). NiCl,*DME (10 mol%)- dtbbpy
(15 mol%). Cs,CO;3 (0.24 mmol)PA &% DMAc (2 mL). %
HRRAE S, Af SRR R R AT = <, (s
SETEE N AR, HE N E R REREE N AMRRE R
FasE. SRJE M — R LED 47 (20 W)ZE =I5 F ISR &
) 24 h. RBIGERJE, T3R50, ARGk e v
TR PR LR RE R NAR 22, 43 85 HH A ATLAH 5 F e K
Na,SOs T, FHAUEZRM, RAMEN[CR I/ A
WKV D V=1 57 WAtk g 5 IR &Y, BinE
3| a-FE TN AY) 3a~3u.
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2- 2R FI R B ML g e - 1- FH R AU T BB (3a): 1 (0 A4,
FEE 68%. m.p. 100~101 ‘C (Lit."¥] 101~103 C); 'H
NMR (500 MHz, CDCls) d: 8.15~7.91 (m, 2H), 7.65~
7.38 (m, 3H), 5.27 (dd, J=73.4, 9.2, 3.5 Hz, 1H), 3.81~
3.41 (m, 2H), 2.39~2.25 (m, 1H), 2.01~1.87 (m, 3H),
1.47 (s, 4H), 1.26 (s, SH). #ZHiRAESE B 5 CRR[13]RkIE

2-(4- T R 6 ) ML s Joe - 1- FH R AL T IR (3dD): 7R3
IR, 773 42%. 'TH NMR (500 MHz, CDCl;) d: 8.12~
7.92 (m, 2H), 7.15 (dt, J=20.8, 8.6 Hz, 2H), 5.23 (ddd,
J=82.1,9.0, 3.6 Hz, 1H), 3.74~3.40 (m, 2H), 2.39~2.24
(m, 1H), 2.01~1.80 (m, 3H), 1.47 (s, 4H), 1.27 (s, 5H).
KM FAE 25 5 5 SOk [ 131400 — K.

2-(4- FF 5k 2% PP 5 ) Lt o - 1- PR AR T I (Be): 41
EAER, 773 64%. mp. 87~88 C (Lit." 85~86 C);
'H NMR (500 MHz, CDCl;) 6: 7.98~7.79 (m, 2H),
7.34~7.20 (m, 2H), 5.25 (ddd, J=70.2, 9.2, 3.4 Hz, 1H),
3.74~3.41 (m, 2H), 2.41 (d, J=12.4 Hz, 3H), 2.35~2.23
(m, 1H), 1.97~1.86 (m, 3H), 1.47 (s, 3H), 1.26 (s, 6H).
WG FRAE 25 SR 5 SCHR[20]400iE — 2.

2-(3- F LR A I B ) ALk s o - 1- FH R R T BB (3E): M £
WAk, 723 52%. '"H NMR (500 MHz, CDCl3) 6: 7.88~
7.70 (m, 2H), 7.37 (ddt, J=18.3, 14.9, 7.6 Hz, 2H), 5.27
(ddd, J=81.0, 9.1, 3.5 Hz, 1H), 3.74~3.44 (m, 2H), 2.42
(d, J=18.4 Hz, 3H), 2.35~2.25 (m, 1H), 2.01~1.87 (m,
3H), 1.48 (s, 4H), 1.29 (s, SH). #ZRIEMESEF 5 CHR[17]
il —E.

2-(2- FP 25 2% PR 255 ) L s - 1- PR R B T BB (3g): 7%
AR, 772 46%. 'TH NMR (500 MHz, CDCl;) d: 7.85~
7.59 (m, 1H), 7.39 (dtd, J=22.2, 7.4, 1.4 Hz, 1H), 7.33~
7.22 (m, 2H), 5.12 (ddd, J=37.2, 9.0, 3.5 Hz, 1H), 3.77~
3.43 (m, 2H), 2.48 (d, J=2.2 Hz, 3H), 2.28~2.15 (m,
1H), 1.97~1.83 (m, 3H), 1.49 (d, J=4.0 Hz, 4H), 1.38 (s,
SH). ZHERAESS R 5 SCR[21 1 40E — 2.

2-(4- H AR B DR FH T 5k ) Mk s - 1- PR BT T8 (3h):
EHEWIA, 725 72%. 'TH NMR (500 MHz, CDCl3) ¢:
8.05~7.86 (m, 2H), 7.02~6.87 (m, 2H), 5.23 (ddd, J=
84.6, 9.1, 3.6 Hz, 1H), 3.86 (d, J=12.8 Hz, 3H), 3.73~
3.43 (m, 2H), 2.37~2.21 (m, 1H), 2.00~1.82 (m, 3H),
1.46 (s, 4H), 1.26 (s, SH). #ZHRAESE 5 SCHk[211kIE

2-(4- = G Y 35 2 R 5 ) L gt o - 1- PR AL T T (3i):
EEOWE, 775 78%. 'TH NMR (500 MHz, CDCl3) o:
7.88 (dd, J=18.3, 7.9 Hz, 2H), 7.35~7.22 (m, 2H),
5.38~5.14 (m, 1H), 3.75~3.42 (m, 2H), 2.41 (d, J=14.9
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Hz, 3H), 2.36~2.24 (m, 1H), 1.99~1.86 (m, 3H), 1.46 (d,
J=8.7 Hz, 4H), 1.27 (s, SH). BiRAELE RS CRk[21]
il —E.

2-(4-B T J5 2% R T ) b g - 1 - FFBR AT R (3): 7K
FOAA, 773 72%. '"H NMR (500 MHz, CDCls) J: 7.91
(dd, J=27.3, 8.2 Hz, 2H), 7.47 (dd, J=15.6, 8.2 Hz, 2H),
5.26 (ddd, J=87.9, 9.4, 3.5 Hz, 1H), 3.75~3.42 (m, 2H),
2.38~2.23 (m, 1H), 2.01~1.86 (m, 3H), 1.46 (s, 4H),
1.34 (d, J=13.3 Hz, 9H), 1.27 (s, SH). B EMLERY
SCHER[21]4RIE — 2

2-(2-Z% FH B AR Ak ngg e - 1- R BSU T P (3k): 38 (i
&, P23 15%. '"H NMR (500 MHz, CDCL3) J: 8.53 (d, J=
30.2 Hz, 1H), 8.11~7.86 (m, 3H), 7.60 (ddt, J=28.5,
15.1, 7.3 Hz, 2H), 7.21~7.00 (m, 1H), 5.46 (ddd, J=84.5,
9.3, 3.5 Hz, 1H), 3.86~3.43 (m, 3H), 2.52~2.32 (m, 1H),
2.05~1.95 (m, 2H), 1.51 (d, J=11.4 Hz, 4H), 1.28 (s,
5H). BHEFRALSE R 5 SCHR[20]4R0E — 2L

2- IR MRS AR IR T he-1- AU T iR (30): €[]
&, PAE 56%. m.p. 78~79 C (Lit2 77~79 C); 'H
NMR (500 MHz, CDCL3) 6: 7.91 (d, J=7.8 Hz, 2H), 7.59
(t, J=7.4 Hz, 1H), 7.48 (t, J=7.6 Hz, 2H), 5.27 (ddd, J=
337.6, 9.7, 5.8 Hz, 1H), 4.09~3.92 (m, 2H), 3.15~2.91
(m, 1H), 2.15 (ddt, J=11.2, 8.9, 5.6 Hz, 1H), 1.43 (s, 9H).
WG FRAE 25 R 5 SCHR[22 ]9 — 2L

2- 2K T FL IR E - 1- R U T Be(3p): A Bl 44k, 7=
F 70%. m.p. 103~105 C (FAEEH RS ) (Lit.?)
105 “C); '"H NMR (500 MHz, CDCls) 8: 7.90 (d, J=14.4
Hz, 2H), 7.63~7.36 (m, 3H), 5.57 (d, J=104.6 Hz, 1H),
4.19~3.81 (m, 2H), 3.39~3.08 (m, 1H), 2.34~1.98 (m,
2H), 1.87~1.55 (m, 3H), 1.52~1.31 (m, 9H). ¥ZHEFAE
S5 5 SR [23]40E — 2L

2-(4- F 2 PR 6 IR g - 1- FH R 4 T R (3q): 7 3%
AR, 723 66%. '"H NMR (500 MHz, CDCl3) 6: 7.82
(d, J=8.6 Hz, 2H), 7.24 (d, J=8.8 Hz, 2H), 5.78~5.37
(m, 1H), 4.18~3.83 (m, 2H), 3.41~3.03 (m, 2H), 2.40 (s,
3H), 2.33~2.10 (m, 1H), 1.86~1.55 (m, 3H), 1.45 (dd,
J=13.2, 6.9 Hz, 9H). IZHERAESS K5 CHR[23]H0E —
.

2- % F I A -3,4- A - 1- R R BU T BB (3r): 7R3
OIRAE, 773 62%. 'H NMR (500 MHz, CDCl;) 6: 7.95
(dd, J=7.8, 4.8 Hz, 2H), 7.59 (dt, J=24.2, 7.4 Hz, 1H),
7.48 (dt, J=27.0, 7.6 Hz, 2H), 7.25~7.06 (m, 4H), 6.02~
5.44 (m, 1H), 4.85 (dd, J=51.6, 16.0 Hz, 1H), 4.54 (dd,
J=35.5, 162 Hz, 1H), 3.30~3.20 (m, 1H), 3.08~3.00
(m, 1H), 1.53 (s, SH), 1.34 (s, 4H). #ZHERAESE B 5 Sk
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2-(4- PP R 28 WP I K )-3,4- — A M k- 1- PP IR LT e
(3s): FOEAR, 72F 57%. mp. 122~123 C; 'H NMR
(500 MHz, CDCls) d: 7.87 (dd, J=8.0, 4.3 Hz, 2H), 7.31
(d, J=7.9 Hz, 1H), 7.26 (d, J=7.9 Hz, 1H), 7.24~7.14
(m, 3H), 7.13~7.06 (m, 1H), 6.01~5.43 (m, 1H), 4.94~
4.75 (m, 1H), 4.53 (dd, J=25.2, 16.1 Hz, 1H), 3.22 (tdd,
J=23.8, 13.8, 6.9 Hz, 2H), 2.44 (d, J=15.2 Hz, 3H), 1.53
(s, 5H), 1.34 (s, 4H); '*C NMR (151 MHz, CDCls) &:
198.43, 155.07, 154.45, 144.10, 134.99, 133.39, 132.70,
132.01, 129.46, 128.27, 1246, 126.69, 125.96, 80.70,
60.40, 56.70, 54.90, 44.59, 31.73, 30.73, 28.46, 28.26,
21.70; IR (KBr) v: 2971, 2945, 1692, 1679, 1250, 1223,
1158, 952, 871, 769 c¢cm !; HRMS (ESI) caled for
C2H2sNNaO; [M+Na]" 374.4333, found 374.4328.

2-(4- VAR BL 2 PR L )-3, 4 S0 mbk- 1- FR R AT i
(3t): EEOEAK, P5F 68%. mp. 116~117 C; 'H
NMR (500 MHz, CDCls) 6: 7.87 (dd, J=8.0, 4.3 Hz, 2H),
731 (d, J=7.9 Hz, 1H), 7.26 (d, J=7.9 Hz, 1H), 7.24~
7.14 (m, 3H), 7.13~7.06 (m, 1H), 6.01~5.43 (m, 1H),
4.94~4.75 (m, 1H), 4.53 (dd, J=25.2, 16.1 Hz, 1H), 3.22
(tdd, J=23.8, 13.8, 6.9 Hz, 2H), 2.44 (d, J=15.2 Hz, 3H),
1.53 (s, 5H), 1.34 (s, 4H); 3C NMR (151 MHz, CDCls) &
198.86, 155.08, 154.42, 135.32, 134.94, 133.11, 131.93,
132.01, 128.34, 127.48, 126.75, 125.98, 80.78, 60.39,
56.86, 55.12, 44.62, 31.63, 30.64, 28.23, 21.06, 14.23; IR
(KBr) v: 2969, 2944, 1693, 1680, 1249, 1225, 1159, 956,
875,768 cm™ '; HRMS (ESI) calcd for Co2HasNNaO4 [M—+
Na]" 390.4323, found 390.4315.

I (2- VU & PR g 228 ) FE R (Bu): vk 38 (i ik, 7= %
39%. '"H NMR(500 MHz, CDCls) 6: 8.09~7.99 (m, 2H),
7.60 (t, J=7.4 Hz, 1H), 7.49 (t, J=7.7 Hz, 2H), 5.28 (dd,
J=8.4, 5.9 Hz, 1H), 4.03 (dq, J=37.8, 7.4 Hz, 2H), 2.31
(dt, J=15.4, 7.6 Hz, 1H), 2.17 (dq, J=13.0, 6.6 Hz, 1H),
2.00 (p, J=8.0, 7.5 Hz, 2H). iR R 5 CHR[20]3R
E—E
323 WAFRERAYITAE

BOeAAE 7] 4CZIPN (0.005 mmol)¥E T N,N-—H %
ZMEHE(100 mLyH, e ESGKREEN 5X 105 mol/L i
W, FHHCE — RYIAFR RS R Y) 1a F1 2a 1] N,N-
TR AR, AR JEIEAT 10 min RS, fHE A SE
AVEAR. SR S VSRR TR TS R A0
30 min. BEAFEIKEERREE R 1a AT 2a [ N,N-—H % 2.1k
WIS IE &, 2 ENEA AR AT, K
AGHEAT PR RARFIEE A 10 1. I o B #6
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ST 420 nm ORI AT BEAT I

HBhA EL(Supporting Information) {54 3a~3u [
'H NMR. &%) 3s #1 3t (1) °C NMR &3, X 2eppe
AT LA 5 AT 9 3 (http://sioc-journal.cn/) - T 3.
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