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Benzyl C(sp®)—H Activation
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Abstract An efficient Pd(IT)-catalyzed synthesis of benzyl benzoates via direct functionalization of benzyl C(sp®)—H bonds
was developed. The method features a broad substrate scope. This method features high tolerance of functional groups, mild
reaction condition, and high chemoselective when there are multiple active C(sp’)—H bonds. A plausible oxidative coupling

mechanism was proposed on the basis of mechanistic studies.
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C—H BN EIE R EEN— N3, |
ZRHT2. RRF=. K2y, BEWMERSAE
Piit & . FERE 20 20 4R 18], C—H 1L K B RERG
BR T SRR P fERMARAN C—H b, EhH
(¥ C(sp’)—H $E HEIG I C—X (X=C, N, 0)° 1)
B — TR BBk 0 T AR, BRUAETER) C(sp’)—H
HEEE T m SR, B o BNILHIS S, 2S5
T 3 4 R A R oA ELAE S M HOMO B LUMO %L
8O ARk, MXHERMET U TR RO i
PIFHEEIR I C(sp”)—H BB FLE I 2, {2ik T C—H
SIEAL S T REAL I R .

75 3 R E IE R AW R IR T R, W H T &
HIS EEAT A B C—O AL & R R AALUS) % 3
RS IRE N —REE I ESR T, CERETZ

P& RRITIE, BAEIREDT A SN R B L OB . B
PR RLFI R AR5 e PR A S 2L P e b, &
VR T —Fhgif Pd L. 35 C(sp’)—H $EHE
I E AR I A BT :(Scheme 1), %R N A 1RIFH
X33 P MR o P S 7 R A P SR, B T
— AP IR B AL

1 HR5iTR

BATLL 4-F0d FOR BT B (1a) FT R 2R (2a) (E N
REAR SN, W S B 2 A EAT T FOALAL, ELHE i ik
AL AR S SO N S NI 1), A s 8 34 7E 4
SARP T HET, SRR 1 s, RS, 34
RIVEF PA(OAc), (5 mol%)fEfEALFI fE15 5] R
70%HI 2K FHERFHE(ER 1, Entry 1). 2418 A HAth f 40570 a0
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Scheme 1 Syntheses of benzyl benzoates

CuBr, Pd(bpy),Cl, f1 Pd(PPh), it H i 2 /b =724, H
BERATEYHERN(FE 1, Entries 2~4). Bif5, BATHE LN
RS [ N IEE. 2448 B PA(OAc), (5 mol%), 1,3-(2,6-
RS TR B R AL DK 85 2R (i-PreHICL, 5 mol%) i BE
23] 92% (3 1, Entry 5). 2448 F HAR RO A4 i} 72 2
WA G INEL BB A WA U 1, Entries 6~8). 7 —J7
T, 5 AR TR B I BT, X = 26 B s
M. YRR R 130 CH N 177 26 & T
WD E 40%(F 1, Entry 9), XA RERFNIERIL T 1a
DO MRFEN). BE, ERARGTIMELT, Ak
F|=H(F 1, Entries 10~11). 83T LA RN &I
b, BAHE T B AE RN 24 : PA(OAc), (5 mol%),
i-PreHCI (5 mol%), -BuOK (5 mol%), 110 “C 3% 12 h,
FEG R N AT OB 1, Entry 5).

1 PRI

Table 1 Optimization of reaction conditions
0N
L/ CHs o

O
. ©Cataly5t, ligand /@)‘\o/\O
Temp., time
P Cl

Cl' 4a 2a 3a
Entry  Catalyst Ligand Temp./C Time/hYield"/%

1 Pd(OAc), — 1o 12 70
2 CuBr — 110 12 20
3 Pd(bpy),Cl, — 1o 12 0
4 PA(PPhy), — 1o 12 0
5 Pd(OAc), i-PreHCV+-BuOK 110 12 92
6  Pd(OAc), Tp*K/t-BuOK 110 12 84
7 Pd(OAc), Py/t-BuOK 1o 12 0
8 Pd(OAc), PPhy/-BuOK 110 12 0
9 Pd(OAc), i-PreHCV-BuOK 130 12 40
10 — i-PreHCl/t-BuOK 110 24 0

11 — — 110 24 0

“ Reaction conditions: 1a (1.0 mmol), 2a (1.5 mmol), catalyst (0.05 mmol),
ligand (0.05 mmol) reacting in 3 mL of PhCFs. * Yield detected by 'H NMR.
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AN, SEIGERAA, A4 1a 3R 1) 05 Bt S R AR s e 15 21
FHNE P24, 3 S80S b AR IR (1) BT 5N 6 s ) 45 SR
HE A R RN, TSR 3 2 N AR 1 55
FE A BRI, R AT B A . AN F A
45 < %5 (3a A 3f~3h). EEFKE3i~3Kk). — % FEGEI
3m) LA KA 2 (3n F 30) 1) A R DAL AT IS 2 145 2 AH
RLEIF=H). S — 7T, 5 5 i e A BEL RN B R 4
B BB M, QAR A 3 ] i S th 3y =
A BT AR R DT R R LR (3h, 3i A 3n). (A1F—12
M2, A HLA A 20t S0 & A A s 38 i i e ik 4%
4, YRR B LU BT (177 K (3p 1 3q).

TR R R O, FRATH S [ 4-F0L A
KR T Ba(lay NIEY, % T HHNHE Csp’)—H
BREYINEEYE, gk 3 PR, ZRNAR R A
[F R EE )RR o H RIF 2R TS e st (A
BEERE, THEELZA Csp)—H BAL SR,
TEZAMA 2 R R B A B AL TS AL 7=, T
B AT A B P A B (da~4e). 55— 7 TH, 4ff
F CIEFA T P SEZRIS, RIS BEL QR A5 A I ) 7= 28 PRI
2 78%F1 70% (4d F1 de). R, 2475 5@ B 7 3 [ )
S FRART= 2 (4g). BbAk, ZeIAFRIRY), n 2-FJEIERE . 8-
FRJEmEpk, 2-nEwmy, HLEE 2,5- — HIERRI th # AL s 1E
RN NE T C—H BEE Ak AR B B = )
(4h~4K).
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Table 2 Scope of aromatic perester substrates

Toluene, Pd(OAc),
O)‘\ \~/ i-Pr-HCI, t-BuOK
PhCF3, 110°C, 12 h

1a~1q 3a~3q

1 3 Yield”/% 1 3 Yield/%

o o 0 0
/@)ko/o\{/ ﬁo@ 0 MeO\©)J\ O/O\f/ MeO\©)J\ o /\© o
cl 1a cl 3a 1j 3

o} o o 0
©)‘\o/o\’/ ©)ko/\© 84 /@A O/O\f/ @o@ 93

1b 3b MeO 1k MeO 3k

o] o 0 0]
JosagesacIRl lasnadiasaa ot

1c 3¢ 1l 3l

0 . o o o
VeatEN vage cIEE IV oh i caa cRE

1d 3d FsC 1m FsC 3m

o o NO, O NO, O
Ot QU v | oY oo

1e 3e 3n

0 o 0 o
/@)‘\O,O\{/ /@)J\O/\Q 8 /@)‘\O/O\{/ /@)ko/\© %0
F i F 3 ON 10 OaN 30

0 0 0 o}
Ioaagivong CREN IR ou SR e aa oI
Br 19 Br 3g 1p 3p
Br O Br O o) 0
ot g o| oMt oho

U > (0

1h 3h 1q 3q
OMe O OMe O
Gt Gg o

1i 3i

“ Reaction conditions: 1 (1.0 mmol), toluene (1.5 mmol), Pd(OAc); (0.05 mmol), i-PreHCI (0.05 mmol), ~BuOK (0.05 mmol), 110 °C for 12 h in 3 mL PhCF;.
" Yield detected by "H NMR.
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Table 3 Scope of arenes
o)
\\/ —R1 Pd(OAc),, i-Pr-HCI, t-BuOK o N
PhCF3, 110°C, 12 h | N
2a~ 2k cl sa~ak R
2 4 Yield®/% 2 4 Yield®/%
0 o) NO,
2a cl 4a cl 49
o) o)
Y o oval | % ovo
2b cl 4b 2h cl 4h N~
o o)
N
(o)
cl 4c _ cl 4 N
2c 2i | _
o) _ o)
/\© /©)J\O/k© s \O /@)ko/\Q 88
2d 4d cl 4 S
0
70 \@/ 0 = / 84
4k o)
cl
W@L J@)k n .

“ Reaction conditions: 1a (1.0 mmol), 2 (1.5 mmol), Pd(OAc), (0.05 mmol), i-PreHCI (0.05 mmol), ~BuOK (0.05 mmol), 110 ‘C for 12 h in 3 mL of PhCF;. °

detected by 'H NMR.

RS2 T A IR IR 25, N
THlECHEA R BEACEERARIC R A S DNA IR
B, RN F B A MLBGR AR 25 Rl R
JSLAA Z A 45 10 5 IR JE IR SR ) o AT LA e il 9 — 2D ik
AR AR 2RISR B, 7R S 4d AT de 7T LGE S K
B E R e R EE Y, BTl G T A A S A T
i ERAL IR %E(Scheme 2).

or OH" HO
hydronS|s

or OH" HO
hydronS|s

B2 R %
Scheme 2 Synthesis of benzyl alcohols
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RNT TR C(spd)—H BEIEALI R NALEE, FeAl]
PL— R A 230 34T T R — B a7t 48, ATHE
2,2,6,6-VY H LR IE S AL Y(TEMPO) B 2.2,6,6- D1 FHJE
Wk BE (TEMP) A EZ R Bk 2 b, 59K Be 49 2 =4,
A R REFT 5 3 243157 TEMPO 5( TEMP JN
Ff =, TR, o 3-Sld ER F R (— PR 4 1) B A
PILERYRE 4-F0d R BT BRI B e Bk & H,
[R5 A R B 2R LRI P~ ) (Scheme  3). ixX de gk LR
%R N AR AR T H B AL

g5 G SCHR[19], ARG T —F AT RERY PA(ID)/
PAAV)EALTEFAHLER, 40 Scheme 4 Fiws. SONAIH, H
A EENT LPA"(OAc), ALk, Atk A (pdY),
B RS JRAGIE R SEIR 5 C(sp))—H gL, 4
phEA B (PdY), B G A AR B R A R BRA 2 T
WirEy, HERRCE Pd" AL, TERAEILIEER.
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(OAc), , i-Pr- HCI
t-BuOK

Pd /©)J\
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Scheme 3 Control experiments for reaction mechanisms
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Scheme 4 Plausible mechanisms
2 it

IE T AEARAD AL S, SRR Csph)—H
BD)Reb A B 5 R R R I RO, fir‘ﬁﬁ?ﬁﬁﬂﬁr&%t
FAE R DA BRSO BE 26 A, B WA AL T —

AT e H A A AR AL 2. ﬁﬁ/imaaéa’uﬁ%fnﬁz%ﬂw
P T AR () B AR T T I S

3 LEHY

3.1 UFESHF

FE R TR e L T 23 200~300 H .
{§i | Bruker autoflex TOF/TOF J5ii i 13 %ff‘i ha
Micromassl GC-TOF (70 €V). =43 #)i i (ESI) & il
maXis Impact+1290 Infinity 53 {M 2. {8 Bruker
AM-500 BUZ 3R (500 MHz)I € B G IR1E, AR
REAT(CDCL)Y AT, '"H NMR: 25 C, TMS /£ AR
(CHCLs, § 7.27); °C NMR: 25 C, CDCl; {F MRS
77.0). FrARABE TR AR, REd—Dait.
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32 ZLWHE
321 FAFFERRTE la~1q 94 &

DUAH R B 55 1 5 0 AU T BN IR R, il 46 07
5% e HdE S W CHR[20], BB IBIR: £ 25 mL
TV 0 S B AR AR TN BugNI (73.6 mg, 0.1 mmol).
2.0 mL H,O. J58(0.5 mmol)#1 TBHP (3.0 equiv., 70%7K
W), T#E 40 CJB 24 h, #ZEA3E(TLC) RN %
M RPIER, ARER, RMNYH CGR CERER =R,
G HANAE, BYHH TR BN T 5%, g, W6,
73 B IR Y, TR A 2 B 49 P 75 1) i SRR
3.2.2 F BB 3a—~3q A= da—~4k 194 %

1E 25 mL T Schlenk I - A& O\ 55 25 450 g
la~1q (1.0 mmol), Pd(OAc), (2.8 mg, 0.05 mmol).
i-PreHCI (4.9mg, 0.05 mmol), -BuOK (2.8 mg, 0.05 mol),
EARIE RS 2a~2k (1.5 mmol, 3 equiv.)F1¥A 7 PhCF; (3
mL), 110 ‘C[ElJ% 12 h, TLC BRER [ W 2 5842, ‘//‘\ﬁ“ffﬁ,
BRI 7 i, A ET B (=
HLE) @ VCAHED=1 : 2115/, %N 67%~93%.

4-EK PR ER3a)? Y R Ry, 2R 92%.
'H NMR (500 MHz, CDCl3) 6: 8.03 (d, J=8.5 Hz, 2H),
7.46 (d, J=7.2 Hz, 2H), 7.43~7.40 (m, 4H), 7.38~7.35
(m, 1H), 5.38 (s, 2H); “C NMR (125 MHz, CDCl;) ¢:
165.55, 139.48, 135.77, 131.07, 128.71, 128.62, 128.56,
128.35, 128.22, 66.92; MS (70 eV) m/z (%): 246 (100.0,
M™), 248 (32), 247 (15), 249.05 (4), 248 (1).

FHEREERGEL): R ARy, 7% 84%. !
NMR (500 MHz, CDCl;) é: 8.11 (d, J=7.5 Hz, 2H), 7.57
(t, J=7.5 Hz, 1H), 7.48~7.44 (m, 4H), 7.42~7.40 (m,
2H), 7.37~7.35 (m, 1H), 5.39 (s, 2H); *C NMR (125
MHz, CDCl;) 0: 166.44, 136.06, 133.02, 130.14, 129.70,
128.59, 128.36, 128.23, 128.15, 66.68; MS (70 eV) m/z
(%): 212 (100, M ™), 213 (15), 214 (1).

4- F L IR HRR R iR Bo)P R iR, R
76%. "H NMR (500 MHz, CDCls) d: 7.97 (d, J=6.6 Hz,
2H), 7.45 (d, J=17.3 Hz, 2H), 7.39 (t, J=7.3 Hz, 2H), 7.35
(m, 1H), 7.24 (d, J=7.3 Hz, 2H), 5.36 (s, 2H), 2.41 (s,
3H); *C NMR (125 MHz, CDCly) d: 166.51, 143.70,
136.20, 129.73, 129.08, 128.56, 128.16, 128.10, 127.39,
66.49, 21.65; MS (70 eV) m/z (%): 226 (100, M"), 227
(16), 228 (1).

4-F I FF R CEE3d): RE ARy, mx
78%. "H NMR (500 MHz, CDCl;) d: 8.01 (d, J=8.0 Hz,
2H), 7.44 (d, J=17.0 Hz, 2H), 7.38 (t, J=8.0 Hz, 2H), 7.34
(t, J=7.0 Hz, 1H), 7.29 (d, J=8.0 Hz, 2H), 5.36 (s, 2H),
2.96 (dt, J=13.7, 6.9 Hz, 1H), 1.14~1.40 (m, 6H); "°C

http://sioc-journal.cn/ 2673
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NMR (125 MHz, CDCly) d: 166.48, 154.48, 136.25,
129.87, 128.55, 128.13, 128.07, 127.74, 126.48, 66.45,
34.25, 23.68; MS (70 eV) m/z (%): 254 (100, M"), 255
(18), 256 (1); HRMS (ESI) caled for C,7HsNaO, (M+
Na)" 277.1199, found 277.1197.

2-ZEH IR (3e) ™ R Ry, PP 79%. 'H
NMR (500 MHz, CDCLy) 6: 8.97 (d, J=8.5 Hz, 1H), 8.25
(d, J=8.5 Hz, 1H), 8.04 (d, J=8.0 Hz, 1H), 7.90 (d, J=
8.0 Hz, 1H), 7.63 (t, J=7.5 Hz, 1H), 7.56~7.49 (m, 4H),
7.43 (t, J=7.5 Hz, 2H), 7.39~7.36 (m, 1H), 5.48 (s, 2H);
C NMR (125 MHz, CDCly) J: 167.27, 136.10, 133.84,
133.49, 131.43, 130.37, 128.63, 128.53, 128.25, 127.97,
127.80, 126.21, 125.79, 124.47, 66.78; MS (70 eV) m/z
(%): 262 (100, M), 263 (19), 264 (1).

4R IREERGOP: R AHRY, 7R 82%.
'H NMR (500 MHz, CDCl;) d: 8.08 (d, J=8.0 Hz, 2H),
7.56 (t, J=7.5 Hz, 1H), 7.45~7.42 (m, 3H), 7.39 (t, J=
7.5 Hz, 2H), 7.36~7.33 (m, 1H), 5.37 (s, 2H); *C NMR
(125 MHz, CDCls) d: 166.07 (d, Jcy=173.8 Hz), 164.75,
135.85, 132.19 (d, Jer=9.3 Hz), 128.56, 128.26, 128.15,
126.33 (d, Jor=2.0 Hz), 115.45 (d, Jo.s=22.0 Hz), 66.76;
MS (70 eV) m/z (%): 230 (100, M"), 231 (15), 232 (1).

4- B H RT3 B AR, FER 90%.
'H NMR (500 MHz, CDCls) d: 7.95 (d, J=8.5 Hz, 2H),
7.59 (d, J=8.0 Hz, 2H), 7.46~7.45 (m, 2H), 7.43~7.40
(m, 2H), 7.38~7.35 (m, 1H), 5.37 (s, 2H); *C NMR (125
MHz, CDCls) 6: 165.69, 135.76, 131.72, 131.22, 131.11,
129.03, 128.64, 128.38, 128.24, 128.17, 66.96; MS (70 eV)
miz (%): 290 (100, M), 291 (97), 291 (15), 293 (14), 292
(1),294 (1).

2-BURHRFEE 3R R IR, AR 88%.
'H NMR (500 MHz, CDCl;) d: 7.82 (d, J=7.5 Hz, 1H),
7.66 (d, J=7.5 Hz, 1H), 7.47~7.48 (m, 2H), 7.36 (m,
5H), 5.39 (s, 2H); *C NMR (125 MHz, CDCl;) J: 165.87,
135.45, 134.31, 132.56, 132.00, 131.36, 128.55, 128.38,
128.33, 127.09, 121.74, 67.30; MS (70 eV) m/z (%): 290
(100, M™*), 291 (97), 291 (15), 293 (14), 292 (1), 294 (1).

2- PG L 2K IR R R (30121 R iRy, PR R
87%. 'H NMR (500 MHz, CDCl;) 6: 7.86 (d, J=7.8 Hz,
1H), 7.50~7.46 (m, 3H), 7.40 (t, J=7.1 Hz, 2H), 7.34 (t,
J=7.1 Hz, 1H), 6.99 (d, J=8.2 Hz, 2H), 5.37 (s, 2H), 3.92
(s, 3H); C NMR (125 MHz, CDCl;) 6: 165.81, 159.29,
136.19, 133.55, 131.66, 128.42, 127.97, 120.03, 111.99,
66.38, 55.87; MS (70 eV) m/z (%): 242 (100, M), 243
(16), 244 (1).

2674 http://sioc-journal.cn/
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3- A R IR R R AR (3P R iRy, PR
90%. 'H NMR (500 MHz, CDCl;) 0: 7.66 (d, J=7.5 Hz,
1H), 7.58 (s, 1H), 7.43 (d, J=7.5 Hz, 2H), 7.34 (t, J=7.5
Hz, 2H), 7.31 (t, J=7.5 Hz, 2H), 7.09~7.07 (m, 1H), 5.34
(s, 2H), 3.80 (s, 3H); “C NMR (125 MHz, CDCl3) o:
166.23, 159.51, 135.98, 131.38, 129.34, 128.53, 128.17,
128.08, 122.03, 119.41, 114.16, 66.68, 55.35; MS (70 eV)
miz (%): 242 (100, M "), 243 (16), 244 (1).

4-FHAE R R RS B3RP SR Ry,
93%. 'H NMR (500 MHz, CDCl;) ¢: 8.08 (d, J=8.7 Hz,
2H), 7.48 (d, J=7.4 Hz, 2H), 7.41 (t, J=7.4 Hz, 2H), 7.36
(t, J=7.4 Hz, 1H), 6.94 (d, J=8.7 Hz, 2H), 5.37 (s, 2H),
3.86 (s, 3H); “C NMR (125 MHz, CDCl;) §: 166.05,
163.35, 136.23, 131.63, 128.46, 128.03, 127.99, 122.44,
113.53, 66.26, 55.27; MS (70 €V) m/z (%): 242 (100, M"),
243 (16), 244 (1).

- =P EE R R AR BN R Ry, 7
# 87%. "H NMR (500 MHz, CDCl3) 6: 8.37 (s, 1H), 8.28
(d, J=8.0 Hz, 1H), 7.82 (d, J=8.0 Hz, 1H), 7.58 (t, J=7.5
Hz, 1H), 7.49 (d, J=8.0 Hz, 2H), 7.26~7.56 (m, 3H),
5.43 (s, 2H); “C NMR (125 MHz, CDCL) J: 165.04,
135.54, 132.85, 131.04 (q, Je.r=33.1 Hz), 130.98, 129.46
(d, Jor=3.6 Hz), 129.01, 128.63, 128.44, 12831,
128.13, 126.53 (d, Jeyr=3.6 Hz), 123.62 (q, Jer=272.5
Hz), 67.19; MS (70 eV) m/z (%): 280 (100, M "), 281 (16),
282 (1).

4- =PRI H R AR Gm)P ) R AR, 7
% 89%. 'H NMR (500 MHz, CDCl;) d: 8.21 (d, J=8.0
Hz, 2H), 7.71 (d, J=8.0 Hz, 2H), 7.48 (d, J=7.5 Hz, 2H),
7.43 (t, J=7.5 Hz, 2H), 7.38~7.40 (m, 1H), 5.42 (s, 2H);
C NMR (125 MHz, CDCly) d: 165.10, 135.55, 134.42(q,
Jer=32.7 Hz), 133.32, 130.04, 128.62, 128.42, 128.24,
125.34 (d, Jer=3.2 Hz), 123.58 (q, Jer=272.8 Hz),
67.17; MS (70 eV) m/z (%): 280 (100, M "), 281 (16), 282
().

2- i 3 2 TR R R Bn)PY: R B iR, PR
78%. '"H NMR (500 MHz, CDCl;) ¢: 8.09 (d, J=7.5 Hz,
2H), 7.56 (t, J=7.5 Hz, 1H), 7.46~7.44 (m, 3H), 7.42 (d,
J=17.5 Hz, 1H), 7.40~7.38 (m, 1H), 7.36~7.33 (m, 1H),
537 (s, 2H); “C NMR (125 MHz, CDCls) d: 165.14,
148.12, 134.70, 132.83, 131.73, 129.80, 128.57, 128.54,
128.50, 127.42, 123.83, 68.22; MS (70 eV) m/z (%): 257
(100, M™), 258 (15), 259 (1).

4- T HE 28 H R R (30)2M: SR B R, PR
80%. 'H NMR (500 MHz, CDCl5) 0: 8.29~8.23 (m, 4H),
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7.47~7.45 (m, 2H), 7.43~7.40 (m, 2H), 7.39~7.38 (m,
1H), 5.41 (s, 2H); *C NMR (125 MHz, CDCl;) J: 164.50,
150.57, 135.48, 135.22, 130.79, 128.71, 128.62, 128.40,
123.51, 67.62; MS (70 eV) m/z (%): 257 (100, M"), 258
(15), 259 (1).

2- I R 3 T BR E Ji Bp)™: R R, PR
80%. "H NMR (500 MHz, CDCly) d: 7.58 (s, 1H), 7.44 (d,
J=5.9 Hz, 2H), 7.39~7.34 (m, 3H), 7.21 (s, 1H), 6.50 (s,
1H), 5.35 (s, 2H); *C NMR (125 MHz, CDCl;) d: 158.49,
146.38, 144.53, 135.57, 128.56, 128.33, 128.30, 118.13,
111.80, 66.47; MS (70 eV) m/z (%): 202 (100, M), 203
(13).

2-THE I 5 R G (3q)2°): R UK, 7R
72%. "H NMR (500 MHz, CDCl;) ¢: 8.11 (d, J=7.5 Hz,
2H), 7.57 (t, J=7.5 Hz, 1H), 7.47 (t, J=7.5 Hz, 3H),
7.44~7.40 (m, 2H), 7.39~7.34 (m, 1H), 5.40 (s, 2H); "*C
NMR (125 MHz, CDCly) &: 166.35, 136.02, 132.95,
130.09, 129.64, 128.53, 128.30, 128.17, 128.09, 66.61; MS
(70 eV) m/z (%): 213 (100,M+), 214 (14).

4- G R -(2- FH 3 ) R i (4a)T: 3 3 i IR A,
=% 90%. "H NMR (500 MHz, CDCl3) d: 7.99 (d, J=8.5
Hz, 2H), 7.40~7.40 (m, 3H), 7.28~7.24 (m, 1H), 7.24~
7.19 (m, 2H), 5.36 (s, 2H), 2.40 (s, 3H); *C NMR (125
MHz, CDCl3) 6: 165.53, 139.45, 137.06, 133.70, 131.03,
130.43, 129.32, 128.71, 128.65, 128.57, 126.05, 65.42,
18.95; MS (70 eV) m/z (%): 260 (100, M"), 262 (32), 261
(16), 263 (5), 262 (1).

4- K PR -(4- 7 55) TR (4b): ¥R Ok Y, 77
# 91%. 'H NMR (500 MHz, CDCLy) ¢: 8.01 (d, J=8.5
Hz, 2H), 7.40 (d, J=8.5 Hz, 2H), 7.35 (d, J=7.5 Hz, 2H),
7.21 (d, J=7.5 Hz, 2H), 5.33 (s, 2H), 2.38 (s, 3H); "°C
NMR (125 MHz, CDCly) &: 165.55, 139.37, 138.19,
132.75, 131.03, 130.93, 129.26, 128.64, 128.38, 66.87,
21.16; MS (70 eV) m/z (%): 260 (100, M"), 262 (32), 261
(16), 263 (5), 262 (1); HRMS (ESI) calcd for C,sH;;Cl-
NaO, (M+Na)" 283.0496, found 283.0499.

4-F AR IR-(3,5- ~ H )R lis(de): 3 AR Y,
P 83%. '"H NMR (500 MHz, CDCl) 6: 8.04~8.00 (m,
2H), 7.43~7.40 (m, 2H), 7.06 (s, 2H), 7.00 (s, 1H), 5.30
(s, 2H), 2.35 (s, 6H); *C NMR (125 MHz, CDCl;) ¢:
165.56, 139.38, 138.20, 135.60, 131.07, 130.89, 129.99,
128.65, 126.09, 67.01, 21.20; MS (70 eV) m/z (%): 274
(100, M), 276 (32), 275 (17), 277 (5), 276 (1); HRMS
(ESI) caled for Ci¢H;sCINaO, (M+Na)" 297.0653, found
297.0649.

Chin. J. Org. Chem. 2017, 37, 2669~2677

© 2017 Chinese Chemical Society & SIOC, CAS

4- G H R -(o- H 32) TR (4d)?7: % 3 G iR,
722 78%. "H NMR (500 MHz, CDCl;) d: 8.04 (d, J=8.5
Hz, 2H), 7.47 (d, J=7.5 Hz, 2H), 7.43~7.38 (m, 4H),
7.34~7.32 (m, 1H), 6.17 (q, J=6.5 Hz, 1H), 1.71 (d, J=
6.5 Hz, 3H); "C NMR (125 MHz, CDCl;) §: 164.77,
141.44, 139.23, 130.93, 128.90, 128.56, 128.50, 127.91,
125.96, 73.15, 22.21; MS (70 eV) m/z (%): 260 (100, M),
262 (32), 261 (16), 263 (5), 262 (1).

4- K R -(a,0- — 56 ) E G (4e)P7): 3 3 €6 IR
), P23 70%. "H NMR (500 MHz, CDCl3) §: 7.98 (d, J=
8.5 Hz, 2H), 7.44~7.40 (m, 4H), 7.35 (t, J=17.5 Hz, 2H),
7.28~7.25 (m, 1H), 1.92 (s, 6H); *C NMR (125 MHz,
CDCLy) 0: 164.16, 145.48, 139.00, 130.88, 129.89, 128.52,
128.30, 127.08, 124.18, 82.52, 28.62; MS (70 eV) m/z (%):
274 (100, M), 276 (32), 275 (17), 277 (5), 276 (1).

4-G K PR -(4- F A S5 R (a0 3k iR,
F=# 70%. '"H NMR (500 MHz, CDCl;) d: 8.00 (d, J=8.5
Hz, 2H), 7.39~7.41 (m, 4H), 6.93 (d, J=8.5 Hz, 2H),
5.30 (s, 2H), 3.83 (s, 3H); '°C NMR (125 MHz, CDCL) ¢:
165.54, 159.69, 139.30, 130.99, 130.76, 130.08, 128.60,
127.84, 113.95, 66.72, 55.19; MS (70 eV) m/z (%): 276
(100, M), 278 (32), 277 (16), 279 (5), 278 (1).

4K R -(2-H5 25 R e (4g): ¥R (R Y, 7=
# 67%. 'H NMR (500 MHz, CDCl;) d: 8.09 (d, J=7.5
Hz, 1H), 7.56 (t, J=7.5 Hz, 1H), 7.27~7.54 (m, 3H), 7.40
(d, J=17.5 Hz, 2H), 7.35 (t, J=7.5 Hz, 1H), 5.78 (s, 2H);
C NMR (125 MHz, CDCly) d: 165.11, 139.95, 133.76,
131.98, 131.15, 129.64, 129.10, 128.97, 128.94, 128.02,
125.16, 63.59; MS (70 eV) m/z (%): 291 (100, M), 293
(32), 292 (15), 294 (4), 293 (1); HRMS (ESI) calcd for
C14,H,,CINaO, (M+Na)" 314.0191, found 314.0195.

4- G2 R -2- Y B L 5 (4h)®: 3 3 il R 4,
2% 91%. '"H NMR (500 MHz, CDCl;) §: 8.61 (d, J=4.0
Hz, 1H), 8.03 (d, J=8.5 Hz, 2H), 7.72~7.69 (m, 1H),
7.42~7.40 (m, 3H), 7.25~7.22 (m, 1H), 5.46 (s, 2H); "°C
NMR (125 MHz, CDCly) &: 16531, 155.65, 149.50,
139.63, 136.80, 131.13, 128.74, 128.24, 122.94, 121.78,
67.35; MS (70 eV) m/z (%): 247 (100, M), 249 (32), 248
(14), 250 (4).

4- G2 R -8- PR B e IR (40)P°): R 3 iR 4,
F2# 81%. "H NMR (500 MHz, CDCl;) 0: 8.97 (dd, J=
4.1, 1.5 Hz, 1H), 8.18 (dd, J=8.3, 1.5 Hz, 1H), 8.05 (d,
J=8.5 Hz, 2H), 7.85~7.80 (m, 2H), 7.55 (t, J=7.6 Hz,
1H), 7.45 (dd, J=8.3, 4.1 Hz, 1H), 7.41 (d, J=8.5 Hz,
2H), 6.11 (s, 2H); *C NMR (125 MHz, CDCl;) J: 165.69,
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149.90, 146.11, 139.35, 136.19, 134.16, 131.15, 130.88,
128.85, 128.67, 128.36, 128.13, 126.19, 121.35, 63.44; MS
(70 eV) m/z (%): 297 (100, M"), 299 (32), 298 (18), 300
(6%), 299 (1).

4- SR HR -2- T R e Wy 5 (4)): | CuilnIR Y, 7
# 88%. 'H NMR (500 MHz, CDCl;) d: 7.99 (d, J=8.5
Hz, 2H), 7.40 (d, J=8.5 Hz, 2H), 7.35 (d, J=5.0 Hz, 1H),
7.18~7.17 (m, 1H), 7.02~7.01 (m, 1H), 5.51 (s, 2H); "*C
NMR (125 MHz, CDCl;) d: 165.39, 139.58, 137.69,
131.12, 128.72, 128.34, 128.01, 126.98, 126.86, 61.22; MS
(70 eV) m/z (%): 252 (100, M"), 254 (32), 253 (13), 254
(4), 255 (4), 256 (1); HRMS (ESI) calcd for C;,H,Cl-
NaO,S (M+Na)" 274.9904, found 274.9907.

4- SR F R -(5- L )-2- FR RS R M T (4k): v i A
RY, 773 84%. '"H NMR (500 MHz, CDCl3) d: 7.99 (d,
J=8.4, 2H), 7.39 (d, J=8.4 Hz, 2H), 6.36~6.34 (m, 1H),
5.97~5.95 (m, 1H), 5.24 (s, 2H), 2.31 (s, 3H); *C NMR
(125 MHz, CDCly) d: 165.38, 153.25, 147.41, 139.40,
131.10, 130.92, 128.60, 112.01, 106.59, 58.90, 13.56; MS
(70 eV) m/z (%): 250 (100, M), 252 (32), 251 (14), 253
(5); HRMS (ESI) caled for C;3H;NaO; (M + Na) "
273.0289, found 273.0288.

3.2.3 RREHIBMZRHIITHISLI

7E 25 mL THEM) Schlenk JEH RN 1a (0.5
mmol). Pd(OAc), (0.01 mmol), i~PreHCI (0.01 mmol),
-BuOK (0.02 mmol), FZK(3 mL)F1 TEMPO (1.0 mmol)
8¢ TEMP (1.0 mmol), 110 ‘C Al 12 h, TLC EREZ M2
Se4, WARER, BREBTISHEST S, BEEEn S,
BEBLAN V&M ED) @ (Alk) =1 : 2, 7157 3a
P22y HIR 90%F1 92%.

7E 25 mL FJ% %) Schlenk JH K K IIN 3-50d K
FFER(1.0 mmol), Pd(OAc), (0.05 mmol), i-PreHCI (0.05
mmol), --BuOK (0.10 mmol), FZK(3 mL), 110 ‘C A 12
h, TLC ERERR L, B KL 3a F=4).

A KL (Supporting Information) [N 25 PFifiE T
AR 'H NMR FIl °C NMR 3 [, X e ) m] DL G 3%
AT 33 (http://sioc-journal.cn/)_F %K.
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