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Nickel Chloride-Catalyzed Oxidation of Aromatic Hydrocarbon with
Sodium Persulfate at the Benzylic Site

Liu, Lice* Wau, Jieqing” Ma, Hongfei“ Zhang, Han” Gu, Jiefan” Li, Yufeng™*
(“ College of Chemistry and Molecular Engineering, Nanjing Tech University, Nanjing 210036)
(*Nanjing UNOCI Chemical Co., Nanjing 210009)

Abstract A practical method for the oxidation of aromatic side chains was established for the preparation of aromatic alde-
hydes and ketones. Using NiCl, as the catalyst, substituted toluenes were oxidized with Na,S,0g at the benzylic site for the
synthesis of the corresponding aldehydes in the yield of 22%~79%. Ethylbenzene analogs were oxidized more easily to obtain
the corresponding ketones with 64%~84% yields. The oxidation of benzyl alcohol analogs was completed to acquire the cor-
responding carbonyl compounds in shorter time with better selectivity and yields. The method has the advantages such as the

ARTICLE

mild reaction conditions, no requirement for precious metals or additional promoter, and good selectivity.
Keywords oxidation; aromatic hydrocarbon; benzyl alcohol; nickel chloride; sodium persulfate
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RS R BT EAIRT ke | IR e T IR B
BT BB e B, A2 BRI 908 1 . IR AR T
JEMAFEELT. VO@g-CiN,LU L i B2 R 4 ) XU
AKEAC B HEVE T A AR A A 700 SRR, 4
B4 ST WU B A W) (MOF )R I | 35 2 4 307
BRI TBHP AL AR HEAE T, ekt it
g UPL 308 B R A e A o e o R R A SR A RO (R 1 .
BB AL, IERRR £ B M AR R AN AR R
A, T I SCHRAROE 22 DL BRER AT O 3=, (EAH B i A
R, i BREREATE K TP AT VA RS, TR AR R
AL FIBI S (7). AT AR YL A Bl ) H A e e Ak
A B DU BREREN N AT, BT A e
WRFHERE. RN AR, KEZHEY
HA R HE N, kbt BT

(a) Previous work by Hu

o)
K»S,0g Pyridine
0, (101 kPa)
70 ~ 80 °C
(b) This work
/o OH
A R' NayS,04 X R! Nax$;05 R
| ——— || NP |
o NiClp-6H0 L/~ NiCly6H0 U/
R2 60°C R? 60°C R2

B 1 Jike SRR I A
Scheme 1 Oxidation of aromatic hydrocarbons and benzyl al-
cohol

1 GR5TR
1.1 FHiFE

BB ERNIEY, CHE-KIESGH NER,
Na,S,05 NEAF, [l 52 B 2K (1a)/ i B BREN 5k} b (P i
M)A 102, BB TIERA & mAETI %4
T 1a AL, N 6 h J5 1a A K 2a (HFAL R g 2
(3 1, Entry 17). #:E5H % T ZMENTIEHE CuCl,
CuCl, CoCl,, AgCl, PdCl,, Ni,SO;, NiCl,*6H,0, Ni(acac),
X [ B 50 (21, Entries 1~8). MEH Al LLE H
NiCl, PR I BT H e AR, 2a 1 BEUeR
IEF) 79%(F 1, Entry 8). He& @Mt fEd, #E4E
ANEFERE BB N, FEAERI IR S, TEIR Z %A
AR, BER R PIRE TS 15 245 B 52 s N A8 75
AN E S RBE R 2. 2 78 B AR A 9 fiE Ak 771
i, BRREIPE RO E (R 1, Entry 7). BB S5 EALE
FILG, BARFAAERCRRE A, ATREH T HAE LG
(Vs i S AL B SR, EAVETERCE (3R 1, Entry 6).

TER E ML TA IS, 0 OB ) L8 2 ARk AT T AL
1E L BOK BB TSI, #%E WEEH] 2a 1774
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H—B R T LE-K. NN-"HEFEG-K. 8O
B K JUFR AT, KIEAFT 2a B4R |1,
Entries 9~13). DL BV, 2a AR S HHEFIX 4 )8
MECAL WERREIE R, L b, OIETETZ &R ML
PRI S5 B2 H 78 2 R R, T 7RI B R 3k 1 A A S
o K B SR TG R B R SR Vs R RE . B
R B, YA R S, 1R e R NIRE, R
AT AR TR, (HIEREME T F%, 2a (17 PERGR
1, Entries 14~15). X RRIGK W, LB ML, B
f 2a 774, (HJRPIEALRALGER 1, Entry 17).
1 PEEMSRIIRIL

Table 1 Condition screening for the oxidation of toluene

0 -
cat., Na;S,05 (2.0 equiv.) H
+
solvent, temperature O

1a 23

5

Entry  Catalyst Solvent Temp./C Ylbeld/% -
2a 5

1 CuCl, MeCN-H,O 60 23 32
2 CuCl MeCN-H,O 60 25 31
3  CoCl, MeCN-H,O 60 37 27
4  AgCl MeCN-H,O 60 28 30
5 PdCl, MeCN-H,O 60 36 29
6 Ni,SO, MeCN-H,0 60 54 Trace
7 Ni(acac), MeCN-H,0 60 13 42
8 NiCL*6H,0 MeCN-H,0 60 79 Trace
9 NiCl,*6H,0 H,0O 60 Trace Trace
10 NiClL*6H,0 MeCN 60 Trace Trace

11 NiCL*6H,0 EtOAc-H,O 60 Trace Trace
12 NiCL*6H,0 DMF-H,0 60 Trace Trace
13 NiCL*6H,0 DCE-H,0 60 Trace Trace

14 NiCl,*6H,0 MeCN-H,0 40 45 Trace
15 NiCL*6H,0 MeCN-H,0 20 25 Trace
16 NiCl,*6H,0 MeCN-H,0 80 68 Trace
17 — MeCN-H,0 60 20 Trace

© 2019 Chinese Chemical Society & SIOC, CAS

“1a (5.0 mmol), Na,S,05 (10.0 mmol), MeCN (5 mL), H,O (5 mL), EtOAc (5
mL), DMF (5 mL), DCE (5 mL), catalyst (0.15 mmol); b Isolated yield of 2a.
¢ Isolated yield of 5.

1.2 HERYHRRK
1.2.1 ¥RENLS
7E ER B4 R (3 1, Entry 8), %% 7 HEHAL
FRORZ R B E R, OV S5 R L3 2. 2 2K3E Bi%E
AU T REBANA YR, RIERTE 6 h WEETER, 133
FHRE 75 B /E (% 2, Entries 1~5, P23 45%~79%),
AR F 2R DL RS R R AT e R A F R DN 31 X4
=R =, BT AE BT IR (I HE T P4 T AR AL
FRBE (1) S RV 1. 10 3 B B R R JEC ) R A T DA it
17, RGP EWE =Y 2, Entries 6~8, ;P25 53%~

http://sioc-journal.cn/ 1689



LI 5K
2 HRERWIENL
Table 2 Oxidation of toluene analogs
o)
R T NiCl-6H;0, Na;$,05 (2.0 equiv.) g H
- O
MeCN/H,0 (V:V = 1:1)
1 60°C,6h 2
Entry 1 2 Yield®/% | Entry 1 2 Yield®/%
O § - =K
B
1 <>Hﬁ 79 8 ' Br y 67
1a 2a 1h 2h
o cl cl o
2 @i ©iLH 72 9 /©/ /©)L H 34
cl cl
1b 2 1i 2i
o cl c o
H
Y A N s s o
1e 2 ! cl . cl
M o—< >— P P
e
4 Meo_*<::>*_<; 62 1 oZN_*(::>F_' OZ“‘*(::>F_<; 30
1d 2d 1k 2k
i N O
CC : - O
5 45 12 _ — H 37
1e 1I 21
2e
0 s o
F4< >7 F~©—/( s
6 H 53 13 Q]/ QO H 39
1f 2f m 2m
o)
7 H 53
19 29

“Reaction conditions: 1 (5.0 mmol), Na,S,0s (10.0 mmol), MeCN (5 mL), H,O (5 mL), NiCl,*6H,0 (0.15 mmol), 60 ‘C 6 h; * Isolated yield of 2.

67%). {H 22K L&A A xR IR AR T H AR
Frmy, M UZ 2% T (R 2, Entries 9~10, /=%
22%~34%). MK P IR, AR N R
WAR(ER 2, Entry 11, 775 30%). Ak, HEEALIE RS
37%IUSCER (3 2, Entry 12), FFEBEM 3RS T 39% A
(3 2, Entry 13).
122 H©F &R mese aik

R T LR IENRE S FIRMEE A B, P
R A LR (K 3), AR R B B R, AR
S 5 T ZRAE AR R 260 B Ak K /(3R 3, Entries
1~3, P25 63%~84%), AH A6k th v gdRoE!. I
W AR IR G AT 28 B A AR 2R 30 e DA A s iR
1690
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153 HH B ZE Z B (3% 3, Entries 4~9, 775 64%~78%).
FHEG T H SR, SRR IS f 7 38R S B2 A )
BN, IX AT e S IR WU R SR A F 5 JL Ui 5 L o
NFaE, WERG AR, X — SR 3d v 4h A
3 ENER( 3, Entry 5): A3 2% I ERK 20074 (44),
KRR IV FIEE AT~ P55 2K F S ()77 A
1.23 FEE RSB E

FRAE IR TS A R A N, BATA A Z A A & )
FERT N TR B A, Db — 2 B R AN 1
&, DRENEYRRIG SRRV, 2 h W FER R
100%, F=4)2R FEER) 7 IR T IA ) 92%. KIF Bl
AN [ L 285N B 25 PR S R AT s 2 0 T DA 58 A4k,

Chin. J. Org. Chem. 2019, 39, 1688~1694
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Table 3 Oxidation of other arenes at the benzylic site

R 4 TR E A

Table 4 Oxidation of benzyl alcohol analogs

R’ 0 OH o]
N R2 NiCly* 6H,0, NayS;0g (2.0 equiv.) R? _ g2 Na2520s (1 equiv.), NiCly6H,0 R STR
| X MeCNM,0 (Viv:=1:1) | P\ R MeCN/H,0 (V:V = 1:1) A
5 R 60°C,6h 4 R 5 60°C, 2 h 2
R'=H, CHs, R2=H, CHg R? = H, CHs, CgHs
Entry Structure 3 Product 4 Yield®/% Entry Structure Product Yield®/%
O~ O O ’
1 84 1 OH Q_/(H 92
3a 4a 5a 2a
O O
O~ O O O
2 63 2 OH H 84
3b 4b 5b 2f
O O
O« O o, o
3 66 3 OH H 89
3c 4a 5¢ 2g
i O O
r Br
4 78 4 OH H 88
3d 4c 5d 2h
(0] ( ) O
5 ::: \ < : > < 71 5 OH < > ZH 90
3e ad 5e 2c
6 65 6 OH H 75
3f 4e 5f 2d
(0]
Br@—\ Br4©_/< OH 0
7 67
ANCACROAGEE
3g af
o 59 4c
O o=
8 c 71 0
: -0, -0
49 8 OH 93
0 Sh 4d
o on-{ 4 "
9 ’ 2 64 o
. Cl
3 4h 9 OH CI_©_< 90
¢ Reaction conditions: 3 (5.0 mmol), Na;S,0z (10.0 mmol), MeCN (5 mL), 5i 49
H,0 (5 mL), NiCl,*6H,0 (0.15 mmol), 60 C, 6 h; b Isolated yield of 4.
N SR, o 4 e " . F3C F3C
I DA i 77 A3 B A B R FR S (3R 4, Entries 1~6, o
FESE T5%~92%). AR R, S B R 55 10 <\:>—<OH 88

fi(%% 4, Entries 7~10, /7% 80%~92%). %S NAEARNN
ALFIRE DL T, AR TE U B, H 5 EEAE K e S B[R]
2 4 h. YLAE R RSAT A — & R E .
1.3 REHIE

Zh 5 FR O SCHR B B G 45 ), AT 55 R

Chin. J. Org. Chem. 2019, 39, 1688~1694

o
]

© 2019 Chinese Chemical Society & SIOC, CAS

¢ Reaction conditions: benzyl alcohol analogs (5.0 mmol), Na,S,05 (5.0
mmol), MeCN (5 mL), HO (5 mL), NiCl,*6H,0 (0.15 mmol), 60 ‘C, 2 h;
® Isolated yield of the product.

RN AR B ALEEHEAT T HfEM(Scheme 2). JTofiEfL
I, HORAEAC AT AR RO 2R B (GR 1, Entry 17), B8

http://sioc-journal.cn/ 1691
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B A s E s T, SRR A
LIRS 6, MALERS WA AR AR, TR
SRR 7. 7 S5oKAE R BAR R R AR R &
Y 8. 8 SEMAPCEIER, AR EY 9, B0k
HAEAL TN S AL ). X R BEAT (R TC A 7R A 0 R
ISR MR, ARG B S A A (kS M FE
MIPER, Hedy w535 20, WIS & 01E -
RE ISR,
i

1

$:05°
HSO; + S04
R
R
6 H,0 + SO;
7

Cl Cl
N

NiCl,
0 HSO;
. H
2 R ©)\R
9
2HSO; 8

2580,

B2 "raer NP

Scheme 2 Probable mechanism of the oxidation
2 Zhig

PL Na,S,05 A%, MeCN-H,O 1E¥E7]. NiCl,
AT T — R s oy e R R AL T,
Tl & 07 IR . BREY). ZOTEERER S, 1k
FIREMY, 765256 % b Tk A== F 4B B A N A,

3 XIS
3.1 UFESHF

'H NMR #1 C NMR | Bruker AV-400 4773 H7,
PL TMS AR, CDCLy ARV ;43 o itk A F IRt
XEVO G2-XS QTOF {¢#=llE, CHCL R, 1 s H
X-4 FE 2 AR s G E . BT 25 R 7R ¥ e i
B ai B 24, BRRe 4, R — Db,
3.2 ZLWAHE
32,1 AR A AL

TE A, RN K(S mL). Z (S5 mL).
NiCl,*6H,0 (0.15 mmol). HZ(5.0 mmol). #FE¥I21)5,
JHAN Na,S,05 (10.0 mmol), JH#% 60 ‘CFXM. 6 h. #
JE OGS (TLC) 45 & S (il BR IR S N HERE, £95 [N 58 42
J&, R ZEER NG, A M EEE(1S mLX3), &
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FANUAH, HBAE KL, To/K Na,SOs T, k7
W, BREBA. BV ARREENT LR L) -
VCRHEE)=1 : 10015 &, 152 HFR™7) 2a.

A 2b~2m, 4a~4h AL EY) 2a BT 156 L.

FHEE(2a): O, 72F 79%. 'H NMR (400
MHz, CDCl;) 8: 9.99 (s, 1H), 7.90~7.80 (m, 2H), 7.62~
7.54 (m, 1H), 7.52~7.46 (m, 2H); >C NMR (101 MHz,
CDCly) §: 192.47, 136.39, 134.51, 129.76, 129.02; HRMS
(ESI) caled for C;H,O [M -+ H]" 107.0497, found
107.0486.

2-FAELZE I (2b): TEERAA, P23 70%. '"H NMR
(400 MHz, CDCl;) §: 10.25 (s, 1H), 7.78 (dd, J=7.6, 1.5
Hz, 1H), 7.46 (td, J=7.5, 1.6 Hz, 1H), 7.39~7.31 (m,
1H), 7.25 (d, J=7.5 Hz, 1H), 2.66 (s, 3H); *C NMR (101
MHz, CDCl;) 0: 192.88, 140.54, 134.05, 133.65, 132.03,
131.73, 126.28, 19.44; HRMS (ESI) calcd for CsHyO [M+
H]" 121.0653, found 121.0656.

4-FIERFE(20): LEMBE, F2F 60%. 'H NMR
(400 MHz, CDCl;) 6: 9.96 (s, 1H), 7.78 (d, J=8.1 Hz,
2H), 7.33 (d, J=7.8 Hz, 2H), 2.44 (s, 3H); *C NMR (101
MHz, CDCl3) 0: 192.07, 145.59, 134.19, 129.87, 129.73,
21.90; HRMS (ESI) caled for CgHoO [M+H]" 121.0653,
found 121.0637.

4-FA L 2K RS 2d): AWk, 775 62%. 'H
NMR (400 MHz, CDCLy) §: 9.66 (s, 1H), 7.74~7.52 (m,
2H), 6.91~6.63 (m, 2H), 3.62 (s, 3H); *C NMR (101
MHz, CDCl;) d: 190.59, 164.46, 131.72, 129.74, 114.14,
55.28; HRMS (ESI) calcd for CsHyO, [M+H]" 137.0603,
found 137.0582.

1-ZEH % (2e): LA, 7= 45%. '"H NMR (400
MHz, CDCl;) d: 10.15 (s, 1H), 8.32 (d, J=1.4 Hz, 1H),
8.06~7.83 (m, 4H), 7.69~7.51 (m, 2H); *C NMR (101
MHz, CDCly) 0: 192.31, 136.47, 134.62, 134.12, 132.65,
129.55, 129.15, 129.12, 128.11, 127.12, 122.77; HRMS
(ESI) caled for C;;H,O [M+ H]" 157.0653, found
157.0639.

AR R Q20 RGO, PR 53%. 'H NMR
(400 MHz, CDCls) &: 9.81 (s, 1H), 7.83~7.67 (m, 2H),
7.12~6.97 (m, 2H); *C NMR (101 MHz, CDCl;) o:
190.37, 167.56, 165.01, 132.95, 132.09, 132.00, 116.21,
115.98; HRMS (ESI) caled for C;H¢FO [M + H] '
125.0403, found 125.0408.

4-F R W (2g): H K, 772 53%. mp. 49~
51 C (lit." 45~47 “C); '"H NMR (400 MHz, CDCL) &:
9.98 (s, 1H), 7.82 (dd, J=8.6, 2.1 Hz, 2H), 7.48~7.54 (m,

Chin. J. Org. Chem. 2019, 39, 1688~1694



Chinese Journal of Organic Chemistry

ARTICLE

2H); *C NMR (101 MHz, CDCl;) d: 190.87, 140.93,
134.71, 130.90, 129.44; HRMS (ESI) calcd for C;H,CIO
[M-+H]" 141.0107, found 141.0077.

4-JROK FEE(2h): VR AEE, 773 88%. m.p. 57~
59 C (1it." 55~57 C); '"H NMR (400 MHz, CDCl;) 6:
9.98 (s, 1H), 7.78~7.73 (m, 2H), 7.71~7.67 (m, 2H); "*C
NMR (101 MHz, CDCly) 6: 191.11, 135.06, 132.46,
130.99, 129.80; HRMS (ESI) caled for C;H¢BrO [M+H]"
184.9602, found 184.9595.

24- SRR Q2D): EAEE, 7% 34%. mp.
68~70 C (lit'" 64~66°C); '"H NMR (400 MHz,
CDCls) d: 10.40 (s, 1H), 7.86 (d, J=8.4 Hz, 1H), 7.46 (d,
J=2.0 Hz, 1H), 7.34~7.40 (m, 1H); *C NMR (101 MHz,
CDCly) d: 188.39, 141.05, 138.48, 130.91, 130.41, 130.29,
127.93. HRMS (ESI) caled for C,HsCLO [M+H]"
174.9717, found 174.9734.

2,6- E K HEQ2)): BB, 2R 22%. mp.
62~64 C (lit"™ 66~68 ‘C); '"H NMR (400 MHz,
CDCly) 0: 10.47 (s, 1H), 7.38~7.40 (m, 3H); °*C NMR
(101 MHz, CDCl;) o: 188.81, 136.86, 133.61, 130.44,
129.77, 128.49, 128.29; HRMS (ESI) caled for C;HsCL,0
[M+H]" 174.9717, found 174.9726.

44 2K B S 2K): VR B OAR, PR R 30%.'H
NMR (400 MHz, CDCl5) 6: 10.18 (s, 1H), 8.41 (d, J=7.8
Hz, 2H), 8.20~8.02 (m, 2H); “C NMR (101 MHz,
CDCly) 6: 190.35, 151.13, 140.06, 130.50, 124.32, 77.39,
77.27,77.07, 76.75.

2-THEmE FRE (21): B ik, 72 37%. 'H NMR
(400 MHz, CDCl3) &: 10.12 (s, 1H), 8.90~8.74 (m, 1H),
8.03~7.85 (m, 2H), 7.65~7.49 (m, 1H); *C NMR (101
MHz, CDCl3) 6: 193.30, 152.66, 150.12, 137.05, 127.85,
121.64; HRMS (ESI) caled for CqH,NO [M + H] *
108.0449, found 108.0419.

2-WEWy S (2m): B EIRAK, P2 39%. 'H NMR
(400 MHz, CDCL3) 0: 9.93 (s, 1H), 7.87~7.71 (m, 2H),
7.26~7.18 (m, 1H); *C NMR (101 MHz, CDCL) ¢:
183.09, 143.93, 136.59, 135.19, 128.44; HRMS (ESI)
caled for CsHsOS [M+H]" 113.0061, found 113.0027.

KO (4a): R CIRE, 775 84%(LASR AR IR
Y %1 72 2N 66%). 'TH NMR (400 MHz, CDCls) 6:
7.99~7.92 (m, 2H), 7.60~7.51 (m, 1H), 7.49~7.40 (m,
2H), 2.59 (s, 3H); *C NMR (101 MHz, CDCl;) J: 198.16,
137.09, 133.12, 128.58, 128.31, 26.62; HRMS (ESI) calcd
for CgHoO [M+H]" 121.0653, found 121.0644.

1- 2R BE-1- P (4b): R B O, 7% 63%. 'H
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NMR (400 MHz, CDCl3) 0: 7.98~7.91 (m, 2H), 7.55~
7.49 (m, 1H), 7.45~7.39 (m, 2H), 2.97 (q, J=7.2 Hz,
2H), 1.20 (t, J=7.3 Hz, 3H).; “C NMR (101 MHz,
CDCly) 0: 199.77, 136.65, 132.47, 128.24, 127.62, 31.29,
7.81; HRMS (ESI) caled for CoH; O [M+H]™ 135.0810,
found 135.0788.

TR H (40): ABE K, PR 78%. mp. 48~
52 C (lit." 47~52 “C); '"H NMR (400 MHz, CDCl) ¢:
7.77~7.72 (m, 4H), 7.52~7.45 (m, 2H), 7.41~7.35 (m,
4H); “C NMR (101 MHz, CDCly) &: 196.41, 137.57,
132.42, 130.01, 128.31; HRMS (ESI) calcd for C,3H;,0
[M+H]" 183.0810, found 183.0799.

4-FEIR 2 (4d): B A, 723 71%. m.p. 48~
50 ‘C (lit." 46~48 °C); '"H NMR (400 MHz, CDCl) ¢:
7.85 (d, J=8.2 Hz, 2H), 7.26~7.22 (m, 2H), 2.56 (s, 3H),
2.40 (s, 3H); °C NMR (101 MHz, CDCls) J: 197.84,
143.87, 134.69, 129.23, 128.43, 26.50, 21.60; HRMS (ESI)
caled for CoH;O [M+H]™ 135.0810, found 135.0794.

4-5 2K 2T (de): UM, 7% 65%. 'H NMR
(400 MHz, CDCl;) §: 7.82~7.72 (m, 2H), 6.96~7.72 (m,
2H), 2.45 (s, 3H); C NMR (101 MHz, CDCl;) J: 196.23,
166.84, 164.31, 133.48, 130.86, 130.76, 115.54, 115.32,
26.23; HRMS (ESI) caled for CgHsFO [M + H] '
139.0559, found 139.0559.

4-JRK 2T (4F): IRFE AL, 772 67%. mp. 112~
114 C (1it?” 116 ~118 ‘C); '"H NMR (400 MHz,
CDCLy) &: 7.80~7.74 (m, 2H), 7.57~7.50 (m, 2H), 2.55
(s, 3H); °C NMR (101 MHz, CDCl;) §: 196.66, 135.69,
131.72, 129.75, 128.09, 26.41.

4-F K LT (4g): MK, 723 71%. mp. 62~
64 C (lit.* 63~65 C); '"H NMR (400 MHz, CDCl5) o:
7.82~7.53 (m, 2H), 7.40~6.95 (m, 2H), 2.42 (s, 3H); °C
NMR (101 MHz, CDCly) &: 196.39, 139.26, 135.29,
129.60, 128.68, 26.34; HRMS (ESI) calcd for CgH,CIONa
[M+Na]™ 177.0083, found 177.0095.

4-THHEIR B (4h): AR, 722 64%. mp. 70~
72 C (1it.*” 92~93 °C); '"H NMR (400 MHz, CDCl5) &:
8.36~8.27 (m, 2H), 8.19~8.09 (m, 2H), 2.73 (s, 3H); *C
NMR (101 MHz, CDCly) &: 197.02, 139.71, 135.53,
129.87, 129.03, 26.73; HRMS (ESI) calcd for CgHsNO;
[M+H]" 166.0504, found 166.0509.
322 FABzay A

16N, RN K(S mL). ZHE(S mL).
NiCl,*6H,0 (0.15 mmol). ZKH (5.0 mmol), 7EH 15
515, MIN Nay$,05 (5.0 mmol), MNIZE 60 C, #EEs
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PR IEHE 2 h. TLC 456 S (il BRIER I MR, 9 IR
SEAJaE, WEZARR NG, F & AER(1S mLX3),
GIFANUH, HEAE iKY, JoK Na,SO, T4, it
AN, BB FRY AR RN L)
VCRHE)=1 : 100175, 33 HEr=9 3-=# AR
2T (4i): 7% 88%. 'H NMR (400 MHz, CDCl;) o:
8.12~7.95 (m, 2H), 7.73~7.60 (m, 1H), 7.54~7.42 (m,
1H), 2.52 (s, 3H); *C NMR (101 MHz, CDCl;) d: 196.30,
137.42, 131.35, 131.08, 130.75, 129.17, 124.99, 124.76,
122.28, 26.12; ’F NMR (400 MHz, CDCl;) §: —63.99;
HRMS (ESI) caled for CoHgF;O [M+H]" 189.0527,
found 189.0558.

¥ Bh# &l (Supporting Information) L4547 2a~2m Al
4a~4i ] '"H NMR, "C NMR % "“F NMR i, X&h
T] DL 3% AT WX 3k (http://sioc-journal.cn/) | F %K.
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