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Abstract As one of the central functional groups in organic chemistry, carbonyl skeleton can be achieved by many ways, but
the intermolecular radical reaction using acyl phosphonate as acyl donor is rarely reported. The acylation reaction between acyl
phosphonate as a free radical acceptor and three free radical donors, alkyl aldehyde, Hans ester and alkane, was studied under
thermochemical and photochemical conditions, respectively. When alkyl aldehydes and alkanes were used as radical
precursors, the intermolecular acylation reaction could proceed smoothly under the conditions of microwave heating and the
presence of oxidants. When Hantzsch esters were used as the radical precursors, the intermolecular acylation reaction could
take place smoothly under UV irradiation at room temperature.
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Intramolecular reaction
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Intermolecular reaction (one example)
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Scheme 1 Synthesis of carbonyl compound with acylphospho-
nates
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T e FE SR e DA 2 DL R USCR 19 2 T A ) (3ac~
3ag), 125 (A PHE K = S b FEBEAN RE DL 23% 110
BETURF=P(3ah). LGN H B R A, PLd L
K HFEL(BPO) NSl K7, 1,2- & 2K (DCEYNIEF,
W 120 C AT RIS (G C), 5EELL 78% ML 15
FH bR 3ai). [FIR, ZRBIEAET, B EESIR
VIt EL SRR, 0 1,4- S ONFRFIR K, AT LLLL R
SR BT P (3ak, 3al).
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Table 1 Substrae scope with acylphosphonates

CHO 9 Ar condition A
O ey

U. : condltlonB % ” AF DHP\O

3aa, A: 70% 3ba, A: 74% 3ca, A: 64%
B: 81% B: 70% B: 82%
(0] (0] (0]
Cl CF3
3ia, A: 48%
3ga, A: 72% 3ha, A: 78% B: 40%
B: 80% B: 83%

3da, A: 61% 3ea, A: 71% 3fa, A: 55%
B: 82% B: 63% B: 30%
0 0 _L
EtO,C CO,Et
||
Cl OMe H
3ja, A: 34% 3ka, A: 28%
B: 40% B: 25% DHP

4 Reaction condition A: 1a (0.2 mmol), 2a (0.6 mmol), DTBP (0.4 mmol), o-DCB (1 mL), MW (150 C), air, 1 h; Reaction condition B: 1a (0.3 mmol), 2b (0.2
mmol), 395 nm UV, 6W, dichloromethane (DCM) (1 mL), r.t., Ar, 12 h. * Isolated yields.

®2 ARSI R

Table 2 Substrate scope with free radical precursor

P Ar  condition A 0 condition C P /
OHC~ 7™ - 3 o +

ﬁﬁl W/ NJ\(} 1%1 W/ ,

2c ~ 2h 1a 2b

Primary aldehydes Alkanes
J@j\N J@M J@j\k ~ hi§ : i
cl cl cl cl al
3ac: A, 55% 3ad: A, 50% 3ae: A, 40% 3ai: C, 78% 3aj: C, 48%

Secondary aldehydes

Tertiary aldehydes

Ether substrates

) o) o) ) o)
O OO0 X D
cl cl NBoc ¢ cl 0 cl
3af: A, 61% 3ag: A, 72% 3ah: A, 23% 3ak: C, 48% 3al: C, 39%

4Reaction conditions A: 1a (0.2 mmol), 2a (0.6 mmol), DTBP (0.4 mmol), 0o-DCB (1 mL), MW (150 °C), air, 1 h; Reaction conditions C: 1a (0.2 mmol), 2i (0.6

mmol), BPO (0.4 mmol), DCE (1 mL), MW (120 °C) for 1 h. *Isolated yields.
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3.1 UESRHFA

iR IEE Agient-400 MHz B}, 600 MHz #% i3t
PRI RS L E, "TH NMR Al 13C NMR {2407 8 K
TMS AWNFR; &3 F S GCT Premier™ (CI)Jii HEAX
T5E; & A2 35 [E CEM DISCOVER SP IR 5 #=
BRI B AN PO A ENTRERSIS A 300~400 H
FEIR. )= (ka4 I B (& VLA RE R T R A BR
AF]), H 200~400 HEERHI . BT RSIE AR
BN E A Mk, R ACEES BB . stk il
P . 288 208 K — G0 Pty T R s s o e Ak 2
I B PR A F AL, Rigt— Db,

32 ZWHE
3.2.1 BEABEBRERIX ] 1 495 A%

T AF S () 5 JE (1.0 equiv.) TP ER(2 mol/L) & i
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equiv.) Al = ZJ%(0.5 equiv.), #RJ5 S B I 2 919
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DUVENT H, I P8 A3 BAH B R AR RE. 4 Hp AR RS T
TEH8E(0.25 mol/L), NN -5 T A AL (1.5
equiv.)/FEEEIR M2 h A, fPxMNES SR, A

Chin. J. Org. Chem. 2022, 42, 4332~4339

© 2022 Chinese Chemical Society & SIOC, CAS

D IV T B B VA T K N, R e AR B =k, A LA
I3 B AR BR SNV . EAL BN KIS T, IE
To/KBRERAN T, R IRAAAF 2R S, FFiE ok =
A1 75 A B AH B 1) T 25 I R .

(4-F AR L) (5,5- I HE-2-56 40 -1,3,2- 5 I -2- 3%
(1) 7% 90%. 'H NMR (400 MHz, CDCl3) 6:
8.32 (d, J=8.4 Hz, 2H), 7.48 (d, J=8.1 Hz, 2H), 4.39 (d,
J=10.6 Hz, 2H, Hey/Heq), 4.07 (d, J=11.2 Hz, 1H, Hyy),
4.02 (d, J=10.8 Hz, 1H, H.,), 1.38 (s, 3H), 0.89 (s, 3H);
3C NMR (151 MHz, CDCls) d: 199.5 (d, Jcr=169.8 Hz),
142.2, 133.8 (d, Jep=64.1 Hz), 131.6, 129.5, 79.4 (d,
Jer=17.8 Hz), 32.9 (d, Jep=8.1 Hz), 22.1, 20.5.

(5,5- - F 25 Ab-1,3,2- AR 2L B -2- ) (4- AR 3L )
FEH(1b)): 723 91%. 'H NMR (400 MHz, CDCls) 6:
8.48~8.34 (m, 2H), 7.17 (t, J=7.0 Hz, 2H), 4.39 (d, J=
10.4 Hz, 2H, Hey/Heg), 4.06 (d, J=11.2 Hz, 1H, Hy), 4.01
(d, J=10.4 Hz, 1H, H,y), 1.37 (s, 3H), 0.89 (s, 3H); 13C
NMR (151 MHz, CDCL) 6: 198.8 (d, Jop=169.5 Hz),
167.1 (d, Jer=259.2 Hz), 133.3 (d, Jcr=9.8 Hz), 132.1
(dd, Jepcr=64.4, 2.5 Hz), 116.4 (d, Jor=22.1 Hz), 79.4
(d, Jep=7.7 Hz), 32.9 (d, Jer=8.2 Hz), 22.1, 20.5.

(4-TRFEFE)(5,5- A FE-2-581k-1,3,2- S -2-35)
FiF(1e)): P23 88%. 'H NMR (400 MHz, CDCL3) 6:
8.23 (d, J=8.3 Hz, 2H), 7.65 (d, J=7.7 Hz, 2H), 4.38 (d,
J=10.4 Hz, 2H, Hey/He,), 4.07 (d, J=10.8 Hz, 1H, H,),
4.02 (d, J=10.8 Hz, 1H, H.), 1.37 (s, 3H), 0.89 (s, 3H);
13C NMR (151 MHz, CDCl3) 8: 199.7 (d, Jep=169.6 Hz),
1342 (d, Jep=63.9 Hz), 132.5, 131.6, 131.2, 79.4 (d,
Jer=17.7Hz), 32.9 (d, Jep=8.1 Hz), 22.1, 20.5.

(5,5- I HE-2-5H1k-1,3,2- By -2- 3 ) (4- B I )
FH1d): 7% 89%. 'H NMR (400 MHz, CDCl;) 6: 8.06
(d, J=8.1 Hz, 2H), 7.88 (d, J=8.0 Hz, 2H), 4.37 (d, J=
10.7 Hz, 2H, Heg/Heg), 4.06 (d, J=10.8 Hz, 1H, H,y), 4.02
(d, J=10.8 Hz, 1H, Hyy), 1.37 (s, 3H), 0.89 (s, 3H); '*C
NMR (151 MHz, CDCls) ¢: 200.1 (d, Jep=169.4 Hz),
138.5, 134.7 (d, Jcp=63.8 Hz), 131.3 (d, Jcr=0.7 Hz),
104.6, 79.4 (d, Jo»=7.7 Hz), 32.9 (d, Jo»=8.4 Hz), 22.1,
20.5.

(5,5- — W 3 -2-8 1k -1,3,2- — B iy -2- 3 ) O F
F)HEA(1e): 72 85%. 'H NMR (400 MHz, CDCl;) o:
8.26 (d, J=7.4 Hz, 2H), 7.31 (d, J=7.1 Hz, 2H), 4.39 (d,
J=10.4 Hz, 2H, He/Hey), 4.06 (d, J=10.4 Hz, 1H, Hyy),
4.01 (d, J=10.8 Hz, 1H, Hyy), 2.43 (s, 3H), 1.38 (s, 3H),
0.89 (s, 3H); '3C NMR (151 MHz, CDCly) 6: 199.7 (d,
Jer=166.5 Hz), 146.8, 133.3 (d, Jc»=63.6 Hz), 130.4 (d,
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Jep=1.1 Hz), 129.8, 79.2 (d, Jc.r=7.8 Hz), 32.9 (d, Jcr=
8.0 Hz), 22.2,22.1, 20.6.

(5,5- I HE-2-5 4k -1,3,2- R 2R By -2- 38 ) (4- F AR
FLRIL)FER(16): 7=% 84%. 'TH NMR (400 MHz, CDCl;)
J: 8.35 (d, J=8.7 Hz, 2H), 6.96 (d, J=8.5 Hz, 2H), 4.40
(d, J=10.6 Hz, 2H, Hey/He), 4.04 (d, J=10.8 Hz, 1H,
H.y), 3.99 (d, J=10.8 Hz, 1H, H.,y), 3.88 (s, 3H), 1.36 (s,
3H), 0.87 (s, 3H); *C NMR (151 MHz, CDCl3) §: 197.9
(d, Jer=167.0 Hz), 165.4, 133.0 (d, Jc»=2.0 Hz), 129.0
(d, Jep=65.0 Hz), 114.4, 79.2 (d, Jcp=8.1 Hz), 55.8, 32.9
(d, Jep=38.5 Hz), 22.2, 20.5.

(3-FURHE)(5,5-— F BL-2-54k-1,3,2- Ay -2- 3k
Hd(1g): 7=% 80%. 'H NMR (400 MHz, CDCl3) J: 8.33
(d, J=7.4 Hz, 1H), 8.25 (s, 1H), 7.62 (d, J=7.5 Hz, 1H),
7.47 (t, J=17.6 Hz, 1H), 4.38 (d, J=10.5 Hz, 2H, Hey/Hey),
4.08 (d, J=10.8 Hz, 1H, Ha), 4.03 (d, J/=10.4 Hz, 1H,
H.,), 1.38 (s, 3H), 0.90 (s, 3H); *C NMR (151 MHz,
CDCl3) d: 199.7 (d, Jep=170.5 Hz), 136.9 (d, Jep=63.7
Hz), 135.5 (d, Jep=2.2 Hz), 135.2, 130.5, 129.5 (d, Jep=
2.2 Hz), 128.8, 79.4 (d, Jcp=7.8 Hz), 33.0 (d, Jep=28.2
Hz), 22.1, 20.5.

(5,5- L2 584k-1,3,2- B -2- 3 G-(= M
F) IR ) Bl (1h): 7% 86%. 'H NMR (400 MHz,
CDCl3) J: 8.68 (d, J=7.7 Hz, 1H), 8.52 (s, 1H), 7.90 (d,
J=17.6 Hz, 1H), 7.68 (t, J=7.7 Hz, 1H), 4.41 (d, J=10.6
Hz, 2H, Hey/Heg), 4.10 (d, J=11.2 Hz, 1H, Hy), 4.05 (d,
J=10.8 Hz, 1H, Ha,), 1.39 (s, 3H), 0.92 (s, 3H); '*C NMR
(151 MHz, CDCls) d: 200.0 (d, Jep=171.5 Hz), 135.9 (d,
Jep=63.9 Hz), 134.0, 131.7, 131.5 (d, Jer=3.4 Hz),
129.9, 126.4, 123.6 (q, Jcr=272.7 Hz), 79.5 (d, Jep=7.7
Hz), 33.0 (d, Jcr=38.5 Hz), 22.1, 20.5.

(5,5- ~H HE-2-51k-1,3,2- S A -2- 38 ) (ZE 2- )
F A (14): 7= % 85%. 'H NMR (400 MHz, CDCl;) d: 9.21
(s, 1H), 8.10 (d, J=8.6 Hz, 1H), 8.04 (d, J=8.1 Hz, 1H),
7.94~7.81 (m, 2H), 7.64 (t, J=7.4 Hz, 1H), 7.56 (t, J=
7.4 Hz, 1H), 4.43 (d, J=10.6 Hz, 2H, Hey/H.y), 4.08 (d,
J=10.8 Hz, 1H, H.,), 4.03 (d, J/=10.8 Hz, 1H, Hy,), 1.40
(s, 3H), 0.89 (s, 3H); 3C NMR (151 MHz, CDCls) §: 200.1
(d, Jer=167.4 Hz), 136.6, 135.3, 132.9 (d, Jcp=63.3
Hz), 132.6, 130.7, 129.9, 129.0, 127.9, 127.2, 123.1 (d,
Jep=4.6 Hz), 793 (d, Jop=7.7 Hz), 32.9 (d, Jcr=8.4
Hz), 22.2, 20.5.

(2-FRIE)(5,5-— F Ak-2- % 4h-1,3,2- B y-2- %)
FER(1§): 75% 91%. 'H NMR (400 MHz, CDCL3) J: 8.34
(d, J=17.5 Hz, 1H), 7.54~7.43 (m, 2H), 7.43~7.34 (m,
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1H), 4.43 (d, J=10.5 Hz, 2H, He/He,), 4.07 (d, J=10.4
Hz, 1H, H,y), 4.02 (d, J/=10.0 Hz, 1H, Ha,), 1.35 (s, 3H),
0.89 (s, 3H); '3C NMR (151 MHz, CDCls) 6: 201.5 (d,
Jer=172.5 Hz), 1343 (d, Jep=64.7 Hz), 134.2, 133.1,
132.8 (d, Jep=6.0 Hz), 131.7 (d, Jep=2.7 Hz), 127.0,
79.5 (d, Jer=7.8 Hz), 32.9 (d, Jep=28.4 Hz), 22.1, 20.4.

(5,5- " F 25 AK-1,3,2- AR A I -2- 3k ) (2- FH AR S
ZHKF)FEF(IK): 73 85%. 'H NMR (400 MHz, CDCl;) 6:
8.00 (d, J=7.6 Hz, 1H), 7.56 (t, J=7.7 Hz, 1H), 7.09~
6.98 (m, 2H), 4.43 (d, J=10.6 Hz, 2H, Hey/H.y), 4.05 (d,
J=10.8 Hz, 1H, Hyy), 4.01 (d, J=10.4 Hz, 1H, Hy), 3.95
(s, 3H), 1.37 (s, 3H), 0.89 (s, 3H); 3C NMR (151 MHz,
CDCl;) d: 201.1 (d, Jep=171.4 Hz), 160.1 (d, Jer=2.6
Hz), 135.9, 131.6, 126.4 (d, Jcr=61.8 Hz), 120.8, 112.3,
78.9 (d, Jep=7.8 Hz), 56.0, 32.6 (d, Je»=7.9 Hz), 22.1,
20.4.

322 H-FRIBAL R 6 —ARIRAE

— A A: 1) 10 mL BCBE A HRODD N T 22 I R i i
71 1a (0.4 mmol). AEHHEE 2a (0.2 mmol). T 214
E#1(0.4 mmol) F1iE 7] 0-CeHaCly (1 mL), B n i
150 C, &M 1 h g, EZEOME(TLOM MR, &N 5E
A, POEAEENT B A LR CBE, VL V=30 :
DS 2 HFrr=4).

—fHEAE B: A 10 mL A B O ON kS R i X
71 1a (0.2 mmol). X Hfig 2b (0.6 mmol) K ¥4 71 — & F 5t
(1 mL), 7F 6W 395 nm [ AMT IS 12 h 5, TLC &
W, R R 5EA S, POEAE AT 7 8 (i g/ LR &
g, V. V=30 : )A3| Birr=Y).

— W HRAE C: M) 10 mL BB A HOIN Tt A5 I R i X
71 1a (0.2 mmol). #E/% 2i (4 mmol). — % HF it E AL
BPO (0.4 mmol) A7 DCE (1 mL), N 120 C,
S 1 h i, TLC WM RS, ROBSEAS &, PUdh: Z i 7
B (A 2/ CBg, VL V=30 : D{FF] H R

(BURE)(F ) A (3aa)1: P2 70%(%4F A),
81%(2& 1+ B), JLEIMIRY). 'H NMR (400 MHz, CDCl;)
5: 7.88 (d, J=8.3 Hz, 2H), 7.42 (d, J=8.3 Hz, 2H), 3.20
(t, J=11.1 Hz, 1H), 1.95~1.79 (m, 4H), 1.78~1.69 (m,
1H), 1.55~1.32 (m, 4H), 1.32~1.21 (m, 1H); '*C NMR
(101 MHz, CDCL3) 6: 202.7, 139.2, 134.7, 129.8, 129.0,
45.8,29.5,26.1,25.9.

OG- FE ) FEI3ba) ' f2 R 74%(%AF A),
70%(%6 14 B), #EAIRY). 'TH NMR (400 MHz, CDCls)
8:7.96 (d, J=5.5 Hz, 2H), 7.12 (t, J=8.1 Hz, 2H), 3.21 (t,
J=10.8 Hz, 1H), 1.95~1.79 (m, 4H), 1.79~1.68 (m, 1H),
1.56~1.32 (m, 4H), 1.32~1.21 (m, 1H); *C NMR (151
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MHz, CDCls) 6: 202.4, 165.7 (d, Jor=254.1 Hz), 132.8
(d, Jer=2.8 Hz), 131.0 (d, Je.r=9.2 Hz), 115.8 (d, Jer=
21.8 Hz), 45.7, 29.6, 26.1, 26.0.

(RAEE) I CH)HFEIGea)': 2R 64%(51F A),
82%(%At B), FE A K. m.p. 73~75 “C; 'H NMR (400
MHz, CDCly) 0: 7.76 (d, J=8.3 Hz, 2H), 7.55 (d, J=8.2
Hz, 2H), 3.15 (t, J=11.0 Hz, 1H), 1.93~1.74 (m, 4H),
1.74~1.63 (m, 1H), 1.52~1.27 (m, 4H), 1.28~1.14 (m,
1H); 3C NMR (101 MHz, CDCl3) 8: 202.9, 135.2, 132.0,
123.0, 127.9, 45.8, 29.5, 26.0, 25.9.

IR OB (4- T 2R L) F R (3da)' ) 723K A 61%, B:
82%, G EK. mp. 67~69 C; 'H NMR (400 MHz,
CDCls) 6: 7.82 (d, J=8.1 Hz, 2H), 7.65 (d, J=8.1 Hz,
2H), 3.18 (t, J=10.9 Hz, 1H), 1.94~1.78 (m, 4H), 1.78~
1.66 (m, 1H), 1.55~1.32 (m, 4H), 1.31~1.23 (m, 1H);
13C NMR (101 MHz, CDCl;) d: 203.2, 138.0, 135.7, 129.9,
100.7, 45.7, 29.5, 26.0, 25.9.

RO 3L A (3ea)l 0 P23 71%(%61F A),
63%(%&1 B), #E 1A, mp. 55~56 C; '"H NMR (600
MHz, CDCly) 0: 7.85 (d, J=8.1 Hz, 2H), 7.25 (d, J=8.5
Hz, 2H), 3.29~3.19 (m, 1H), 2.41 (s, 3H), 1.92~1.80 (m,
4H), 1.78~1.69 (m, 1H), 1.55~1.44 (m, 2H), 1.44~1.33
(m, 2H), 1.32~1.19 (m, 2H); *C NMR (151 MHz,
CDCls) 6: 203.7, 143.6, 133.9, 129.4, 128.5, 45.7, 29.6,
26.1,26.0,21.7.

TR DB (4- AU IR R 3 PR (3 )11 723 55%(4%1F
A), 30%(% A+ B), LEMHARY). 'H NMR (600 MHz,
CDCl;) 6: 7.93 (d, J=8.9 Hz, 2H), 6.93 (d, J=8.9 Hz,
2H), 3.86 (s, 3H), 3.25~3.18 (m, 1H), 1.90~1.80 (m,
4H), 1.76~1.70 (m, 1H), 1.54~1.45 (m, 2H), 1.43~1.33
(m, 2H), 1.31~1.26 (m, 1H); *C NMR (151 MHz,
CDCls) 6: 202.6, 163.4, 130.6, 129.4, 113.9, 55.6, 45.5,
29.7,26.1,26.1.

(3-EUR ) (B O 2 F I (3ga)'2): 7= 72%( 5%
A), 80%(%1+ B), HAIHARY). 'H NMR (400 MHz,
CDCls) o: 7.89 (s, 1H), 7.80 (d, J=7.5 Hz, 1H), 7.51 (d,
J=7.6 Hz, 1H), 7.40 (t, J=7.8 Hz, 1H), 3.19 (t, J=10.8
Hz, 1H), 1.96~1.79 (m, 4H), 1.79~1.68 (m, 1H), 1.56~
1.32 (m, 4H), 1.32~1.17 (m, 1H); 3C NMR (101 MHz,
CDCls) d: 202.6, 138.1, 135.1, 132.8, 130.0, 128.5, 126.5,
45.9,29.4,26.0, 25.9.

RO BE B-( = 0 Ak ) 2R R F I (Bha)l3: 7 3
8%k A), 83%(25AF B), TLEIHERY). '"H NMR (400
MHz, CDCL3) d: 8.18 (s, 1H), 8.11 (d, J=7.6 Hz, 1H), 7.80
(d, J=7.4 Hz, 1H), 7.60 (t, J=7.6 Hz, 1H), 3.25 (t, J=
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10.9 Hz, 1H), 1.87 (t, J=10.7 Hz, 4H), 1.75 (d, J=12.4
Hz, 1H), 1.55~1.36 (m, 4H), 1.32~1.26 (m, 1H); '3C
NMR (151 MHz, CDCl3) 6: 202.6, 137.0, 131.6, 131.5 (q,
Jer=32.7 Hz), 129.4, 129.3 (q, Jer=3.5 Hz), 1252 (q,
Jer=3.7 Hz), 123.9 (q, Jer=272.4 Hz), 45.9, 29.4, 26.0,
25.9.

P O3k (Z5-2-38) T (i)' PR 48% (41 A),
40%(%614 B), TLEIHARYI. '"H NMR (400 MHz, CDCls)
5: 8.46 (s, 1H), 8.05~7.95 (m, 2H), 7.89 (t, J=8.5 Hz,
2H), 7.63~7.52 (m, 2H), 3.49~3.38 (m, 1H), 2.02~1.84
(m, 4H), 1.82~1.73 (m, 1H), 1.62~1.43 (m, 4H), 1.37~
1.28 (m, 1H); '*C NMR (101 MHz, CDCl) &: 204.01,
135.6, 133.8, 132.8, 129.7, 129.7, 128.6, 128.4, 127.9,
126.8, 124.5, 45.8,29.7, 26.1, 26.1.

(2-FURIE) (A ) R (3ja)' ) 7= 34%(%6 1 A),
40% (%14 B), EAHRYI. 'TH NMR (400 MHz, CDCls)
8: 7.45~7.23 (m, 4H), 3.05 (t, J=10.9 Hz, 1H), 1.88 (dd,
J=47.1, 11.4 Hz, 4H), 1.68 (d, J=8.2 Hz,1H), 1.48~1.40
(m, 2H), 1.35~1.22 (m, 3H); *C NMR (101 MHz,
CDCly) d: 207.6, 140.2, 131.1, 130.6, 130.3, 128.5, 126.9,
50.1,28.5, 26.0, 25.8.

PO AR (2- F AR BE 2R ) H IR (Bka) 1) P2 38 28% (5%
1 A), 25%(5%AF B), iRy, '"H NMR (400 MHz,
CDCls) 0: 7.48 (d, J=7.3 Hz, 1H), 7.41 (t, J=7.5 Hz, 1H),
7.00~6.92 (m, 2H), 3.88 (s, 3H), 3.18 (t, J=10.8 Hz, 1H),
1.91~1.66 (m, 5H), 1.43~1.21 (m, 5H); '*C NMR (151
MHz, CDCl3) d: 207.6, 157.7, 132.5, 130.0, 129.4, 120.8,
111.5, 55.7, 50.2, 28.9, 26.2, 26.1.

Q-FEFL) K bi-1-B (3ac)'S: P2 55%((% M A),
HAHRY). 'TH NMR (400 MHz, CDCls) &: 7.90 (d, J=
8.2 Hz, 2H), 7.43 (d, J=8.2 Hz, 2H), 2.93 (t, J=7.3 Hz,
2H), 1.75~1.67 (m, 2H), 1.45~1.36 (m, 2H), 0.95 (t, J=
7.3 Hz, 3H); 3C NMR (151 MHz, CDCl5) 8: 199.5, 139.4,
135.5, 129.6, 129.0, 38.5, 26.5, 22.6, 14.1.

1-(4- SR HE)-3-H 2 T e-1-F Bad)!'7): 7= 50%
(%1 A), TEMARY. '"H NMR (400 MHz, CDCls) o:
7.89 (d, J=8.3 Hz, 2H), 7.43 (d, J=8.3 Hz, 2H), 2.80 (d,
J=6.8 Hz, 2H), 2.28 (dt, J=13.3, 6.7 Hz, 1H), 0.99 (d,
J=6.6 Hz, 6H); 3C NMR (101 MHz, CDCls) J: 199.1,
139.4, 135.8, 129.7, 129.0, 47.6, 25.3, 22.9.

1-(4- S K FE)-3,3- = LT e -1- il (3ae)17): = 2
40% (%14 A), TEEIHCIRY). "TH NMR (400 MHz, CDCls)
5: 7.88 (d, J=8.3 Hz, 2H), 7.42 (d, J=8.3 Hz, 2H), 2.83
(s, 2H), 1.05 (s, 9H); '*C NMR (151 MHz, CDCls) &:
199.3, 139.3, 137.0, 129.8, 128.9, 50.2, 31.6, 30.2.
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1-(4- G R 3 )-2- H B T - 1- i 3aDUs): 72K 72%
(%M A), TEMRY. "H NMR (600 MHz, CDCl3) o:
7.89 (d, J=8.5 Hz, 2H), 7.43 (d, J=8.5 Hz, 2H), 3.55~
3.45 (m, 1H), 1.21 (d, J=6.8 Hz, 6H); *C NMR (151
MHz, CDCls) d: 203.3, 139.3, 134.6, 129.9, 129.1, 35.6,
19.2.

4-(4-F K F R IR WE - 1- R R AL T e (3ag)l': F=3%
61%(%1F A), TEEIIRY). "H NMR (600 MHz, CDCls)
5:7.88 (d, J=8.5 Hz, 2H), 7.45 (d, J=8.5 Hz, 2H), 4.32~
4.02 (m, 2H), 3.34 (t, J=11.1 Hz, 1H), 3.02~2.79 (m,
2H), 1.93~1.75 (m, 2H), 1.73~1.64 (m, 2H), 1.46 (s,
9H); 3C NMR (151 MHz, CDCl3) 6: 201.0, 154.8, 139.7,
134.2,129.8, 129.2, 79.8, 43.6, 43.1 (br), 28.6, 28.5 (br).

1-(4- SR FE)-2,2- — F 3L T4 Jot - 1- T (3ah) 201 = 2R
23%(k 1 A), TEHCRY). '"H NMR (600 MHz, CDCl5)
d: 7.67 (d, J=8.5 Hz, 2H), 7.38 (d, J=8.5 Hz, 2H), 1.34
(s, 9H); 3C NMR (151 MHz, CDCl) &: 207.9, 137.4,
136.7,129.7, 128.5, 44.3, 28.1.

(2- IR I ) (A L) H R (3aj)! 7 7= 3 48% (%614 B),
TARY). '"H NMR (400 MHz, CDCls) 6: 7.91 (d, J=
8.4 Hz, 2H), 7.43 (d, J=8.4 Hz, 2H), 3.72~3.59 (m, 1H),
2.01~1.83 (m, 4H), 1.79~1.62 (m, 4H); 3C NMR (151
MHz, CDCls) d: 201.7, 139.2, 135.4, 130.0, 129.0, 46.5,
30.1,26.4.

(4-F R H)(1,4- N FA2-28) Bl 3ak): 77 %
48%(%M% B), TLEIHAIRY). '"H NMR (600 MHz, CDCls)
5: 7.94 (d, J=8.5 Hz, 2H), 7.45 (d, J=8.5 Hz, 2H), 4.87
(dd, J=9.2, 2.8 Hz, 1H), 4.07 (dd, J=11.9, 2.6 Hz, 1H),
3.95 (d, J=11.7 Hz, 1H), 3.90~3.86 (m, 1H), 3.79 (d, J=
11.8 Hz, 1H), 3.75— 3.68 (m, 3H); 3C NMR (151 MHz,
CDCls) d: 195.1, 140.4, 133.3, 130.6, 129.14, 77.6, 68.1,
66.9, 66.5; ESI-HRMS caled for C;H;3Cl0; [M+H]"
227.0469, found 227.0463.

1-(4- 50 3 )-2- 2K 0 2 2 e -1- i (Bal)21): =
39% (%14 B), #EE{A. mp. 93~95 C; 'H NMR (600
MHz, CDCl3) 0: 7.96 (d, J=8.5 Hz, 2H), 7.47 (d, J=8.6
Hz, 2H), 7.29 (dd, J=8.4, 7.6 Hz, 2H), 6.99 (t, J=7.4 Hz,
1H), 6.93 (d, J=8.0 Hz, 2H), 5.21 (s, 2H); 3C NMR (151
MHz, CDCls) 6: 193.9, 158.0, 140.5, 133.0, 129.9, 129.8,
129.3,122.0, 114.9, 71.1.

4 B #1 Bl (Supporting Information) 2% {7 it . 'H

NMR 1 C NMR # &, 3X L4k ] DA 2l A Rt
(http://sioc-journal.cn/) I N %K.
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