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Abstract y-Valerolactone (GVL) is an important biomass platform molecule, it can be converted into high value-added
chemicals and fuel, which has important application prospects. This article describes a method for the synthesis of hydroxy-
amides and pyrrolidones from GVL and amine compounds by reductive amination/cyclization reactions under mild conditions
using zirconium-based Lewis acid catalysts Zr-P-O and ZrOCl,*8H,0, respectively. In particular, a moderately high product
yield can be obtained with the absence of a solvent. This method further lays the foundation for the application research of
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GVL.
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R CL R (Scheme 1). RMIF A ELET GVL %5
B IOAEL T U5 7= W, ST 9 i A A 5 M R A B o L
HEEZ L

PRI TR N R R IS A, &R A
FIPL g UL R 5 2 rp AR, AR &
FREEWE R EAE A T B GVL MR RS LG
YR S U2 LT ST R, GVL [ v
TEPEELSS, AL &I (900 MPa) N SR []
7R LAAS B R, R ALCL VR e AT
DUIE 3 FRAR SN 25 1, 15 2R R i =ik I, 3 it B
Lewis FRUEWFIIAINNT A GVL 3R1GF2FEmE e A 1
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ZrOCly*8H,0 1 y—Flt B4/ 5 210 % 5 i A 4. 771,
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Scheme 1 Reactions pathways for the conversion of GVL into high value-added chemicals
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PSR TR, /£100 CIRMB24h 5, 7=
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XA H T ZrOClLe8H,0 BRI, (i HkILm F 7% 5
ZENE RS, B EAR RO, TS T
PR AR B PED T, 4RSI LB 1 Lewis BRMEAL
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Y12 AR, (EREFRERISCR I LRI, AR,
ZrOCL*8H,0 WM . JET ik, 3 —Dimik 1
HoAtl B BE AL, Zr(OH),, ZrSiOy, Zr-P-O (3% 1, Entries
5~7), Hrh, Zr(OH), 5 ZrSiO, MBI TEEUR, Xa]
REJE T IX P A AL A R T 55 5. T AR S5 A A 771
Zr-P-O [ MR P29 2 B8 AR D (2%), 1HAZA4) 1
PISCRIER] T 46%, RIVHE TX7=4 1 (W ek etk 8
#, A%t ZrOCl,»8H,0 5 Zr-P-O Wi i fb ik Ridk4T T
KA HIA(EE 1, Entries 9~13). FHERES] 120 C,
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Table 1 Screening of reaction conditions
o}

O Catalyst
neat
o]
o O
O
1 2 O

t/h Yield/% of 1 Yield/% of 2

Entry Catalyst 7/°C

1 Amberlyst-15 100 24 3 15
2  ZrOCl,»8H,0 100 24 5 52
3 SnCly 100 24 28 23
4 AICL 100 24 34 21
5  Zr(OH), 100 24 <1 <1
6 ZrSiO, 100 24 21 13
7 Zr-P-O 100 24 46 2
8 ZrOCl,*8H,0 80 24 32 14
9 ZrOCl,-8H,0 120 24 0 58
10 ZrOCl,'8H,0 120 48 0 63
11 Zr-P-O 80 24 28 <1
12 Zr-P-O 120 24 49 3
13 Zr-P-O 120 48 57 4

“ Reaction conditions: GVL (1 mmol), aniline (1.1 mmol), catalyst (Entry 1, 50
mg; Entries 2~6 and 8~9, 0.15 mmol; Zr-P-O, 100 mg).

RIMETLHEFAR T, HH ZrOC1,*8H,0 5 Zr-P-O
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YEJ9EERI(1 mL), P15 2 BIUCRSE AN FERRE KR
B FEAS L AR AR IS LN, A8 SIS 1 i 7,
Zr-P-O 1ENMEALFIE, P9 1 IR A 62%, ZrOClye
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Figure 1 Screening of solvents
(a) Product 1; (b) product 2. Reaction conditions: GVL (1 mmol), aniline
(1.1 mmol), catalyst: (a) Zr-P-O, 100 mg; (b) ZrOCl,*8H,0, 50 mg, sol-
vent (1 mL), 120 C, 48 h
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Table 2 Preparation of hydroxyamides with Zr-P-O as catalyst

Entry Amine Lactone Product Yield/%
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“Reaction conditions: lactone (1 mmol), aniline (1.1 mmol), catalyst (Zr-P-O, 100 mg), acetonitrile (1 mL), 120 °C, 48 h.
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Table 3 Preparation of pyrrolidones with ZrOCl,*8H,0 as catalyst
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“ Reaction conditions: GVL (1 mmol), aniline (1.1 mmol), catalyst (ZrOCl,*8H,0, 50 mg), acetonitrile (1 mL), 120 °C, 48 h.
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Scheme 2 Possible reaction mechanism
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FA) e S AT 5 00 1 e s e AR SR AL 5 M 1R 75 3.

3 SLIEES
3.1 UES5HF

A7 Zr-P-O S SCHR[261 %, HABRF BN
. R AEIRISE ] Bruker Avance 400 MHz Y654 (LA
TMS £ NN F%R, CDCL; 8% DMSO-d, VA7)l &, it
PRit2 FH MestReNova A7 4.
3.2 Zr-P-O A=

A VB 5.2 g ZrOClL»8H,0 (0.03 mol)IIAZ 16
mL LB FKA, FERFE s 70 C, fRIEHHE 10
min, il A .

B %W # 3.71 g NH,H,PO, (0.03 mol)Ji A %] 32
mL 128K, SRR HE R 75, HI4F B I

BE: TERIZIBEE R, K B ISR HTR IR A IR
WL OIMASERE, A REDEAR, HEEAE 70 CIRIER
1 h. BUCiEd 3, F 100 mL 28 T/Kis 0 5 Wk, FH1E
100 C F1 10 h. K45 B0 IR BS 5 72 400 °C
B 3 h
3.2 LWHE
32,1 HHHABIHRENE D K

FARNZ(1.1 mmol) IMA BT & v, SR E RN
ZJE(1 mL), GVL (1 mmol), BLK Zr-P-O f#1£ 7] 100 mg,
i B e e, RS ERE600 t/min) OB I NTR A YN
A 120 C, BiFE 48 h. RMGNG, AEAEER,
VERR 2 Ze-P-O AT, B S SO AE, i A Z A AT
EEE] 4RI NERREZ(1):PY 120 mg, A
1, P2 62%. mp. 88~89 C; 'H NMR (400 MHz,
CDCly) 6: 7.88 (s, 1H), 7.50 (d, J=7.8 Hz, 2H), 7.30 (s,
2H), 7.10 (d, J=7.3 Hz, 1H), 3.95~3.84 (m, 1H), 2.53
(dd, J=6.2, 4.3 Hz, 2H), 1.97~1.88 (m, 1H), 1.78 (s, 1H),
1.23 (s, 3H); *C NMR (101 MHz, CDCls) é: 172.0, 137.9,
129.0, 124.3, 120.0, 67.6, 34.2, 23.8.

P 1a~1k B 7V =4 1.

4-$2 Fe N-CGF FF 2898 IR Bk B2 (12)5): 128 mg, FI{h
AR, 723 62%. m.p. 202~203 C; '"H NMR (400 MHz,
CDCly) &: 7.51 (s, 1H), 7.38 (d, J=8.3 Hz, 2H), 7.12 (d,
J=8.2 Hz, 2H), 3.92 (ddd, J=9.1, 6.2, 3.3 Hz, 1H), 2.52
(td, J=6.9, 3.2 Hz, 2H), 2.31 (s, 3H), 1.93 (dtd, J=10.6,
7.3, 3.5 Hz, 1H), 1.79 (dt, J=14.4, 7.4 Hz, 1H), 1.24 (d,
J=6.3 Hz, 3H); °C NMR (101 MHz, CDCl;) é: 171.7,
135.2, 134.0, 129.5, 120.0, 67.6, 34.2, 23.9, 20.9.

4-F2 BE-N-(2-HU A B R L) [ Bt i (1b): 96 mg, FIff
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[, 772 43%. m.p. 224~225 C; '"H NMR (400 MHz,
CDCly) 0: 8.35 (d, J=7.8 Hz, 1H), 7.88 (s, 1H), 7.04 (t,
J=17.5 Hz, 1H), 6.96 (t, J=7.7 Hz, 1H), 6.88 (d, J=8.4
Hz, 1H), 3.97~3.90 (m, 1H), 3.87 (d, J=11.5 Hz, 3H),
2.57 (t, J=7.0 Hz, 2H), 1.93 (ddd, J=14.1, 7.1, 3.6 Hz,
1H), 1.84~1.78 (m, 1H), 1.25 (d, J=5.9 Hz, 3H); °C
NMR (101 MHz, CDCLy) 6: 139.0, 120.1, 118.6~118.4,
108.6, 66.5, 54.6, 33.2, 28.7, 22.8.

N-(4-(BUT ) 708 4- 2 B Bk (1e): 144 mg,
O EE, P23 58%. mp. 238~239 ‘C; 'H NMR (400
MHz, CDCLy) 8: 7.35 (d, J=8.6 Hz, 2H), 7.27 (d, J=8.5
Hz, 2H), 3.85 (s, 1H), 2.46 (dd, J=8.7, 5.4 Hz, 2H),
1.92~1.83 (m, 1H), 1.71 (dd, J=14.6, 8.0 Hz, 1H), 1.23
(s, 9H), 1.19 (s, 3H); *C NMR (101 MHz, CDCl;) o:
170.7, 146.3, 134.1, 124.8, 118.7, 66.6, 33.1, 30.3, 28.7,
22.8.

N-TEIE-4- 2 T R (1e)P7: 132 mg, A E K,
A 64%. mp. 189~190 ‘C; 'H NMR (400 MHz,
CDCl3) §: 7.37~7.29 (m, 2H), 7.27 (dd, J=7.8, 5.5 Hz,
3H), 4.42 (t, J=5.2 Hz, 2H), 3.89~3.79 (m, 1H), 2.38 (td,
J=6.7, 3.2 Hz, 2H), 1.84 (dddd, J=14.1, 10.7, 7.3, 3.8
Hz, 1H), 1.71 (tdd, J=14.7, 8.9, 5.6 Hz, 1H), 1.20 (dd, J=
6.2, 3.7 Hz, 3H); °C NMR (101 MHz, CDCl;) §: 173.6,
138.1,128.7, 127.8, 127.6, 67.5, 43.7, 34.3, 33.2, 23.7.

4-F2F-N-(1-75 58 IR kI (16): 108 mg, [ €6 [ 14,
P E 49%. mp. 186~187 ‘C; 'H NMR (400 MHz,
CDCly) 6: 7.35~7.26 (m, 4H), 5.08 (dt, J=11.2, 5.5 Hz,
1H), 3.77 (s, 1H), 2.36~2.24 (m, 2H), 1.84~1.72 (m,
1H), 1.66 (ddd, J=14.4, 9.4, 2.5 Hz, 1H), 1.50~1.39 (m,
3H), 1.16 (dd, J=6.1, 3.4 Hz, 3H); *C NMR (101 MHz,
CDCly) 6: 172.9, 143.2, 128.6, 127.3, 126.1, 67.4, 48.9,
34.4,33.2,23.6,21.8.

4-F2FE-N-ZE 2 FE R (1)) 148 mg, [ 1A,
FEE 67%. mp. 201~202 ‘C; '"H NMR (400 MHz,
CDCly) 6: 7.31 (t, J=7.3 Hz, 2H), 7.24 (d, J=7.2 Hz, 1H),
7.20 (t, J=6.2 Hz, 2H), 5.83 (s, 1H), 3.83~3.74 (m, 1H),
3.52 (dd, J=13.0, 6.8 Hz, 2H), 2.82 (t, J=7.0 Hz, 2H),
2.29 (dd, J=10.4, 3.9 Hz, 2H), 1.79 (dtd, J=14.1,7.2, 3.5
Hz, 1H), 1.65 (dt, J=14.7, 6.8 Hz, 1H), 1.18 (d, J=6.2
Hz, 3H); “C NMR (101 MHz, CDCly) 6: 172.7, 137.8,
127.7, 125.5, 66.4, 39.6, 34.5, 33.2, 32.3, 22.6.

N-(WRI-2-25 1 38 -4- 2 FE IR BE % (1h): 85 mg, 7R3
O EAK, P7% 43%. mp. 196~197 ‘C; 'H NMR (400
MHz, CDCl;) 6: 7.35 (s, 1H), 6.31 (s, 1H), 6.22 (d, J=2.9
Hz, 1H), 4.41 (d, J=5.5 Hz, 2H), 3.87~3.78 (m, 1H),

http://sioc-journal.cn/ 2067
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3.07 (s, 1H), 2.39~2.33 (m, 2H), 1.83 (dtd, J/=10.6, 7.1,
3.6 Hz, 1H), 1.69 (td, J=14.8, 6.9 Hz, 1H), 1.19 (d, J=6.2
Hz, 3H); "C NMR (101 MHz, CDCly) §: 172.5, 150.2,
141.2,109.5, 106.5, 66.4, 35.6, 33.2, 32.0, 22.6.

N-3F O -4-$2 3 R L% (16): 90 mg, A, 7=
Z 45%. m.p. 159~160 C; '"H NMR (400 MHz, CDCl,)
5: 5.82 (s, 1H), 3.89~3.79 (m, 1H), 3.80~3.68 (m, 1H),
2.39~2.26 (m, 2H), 1.90 (d, J=10.2 Hz, 2H), 1.81 (dtd,
J=10.4, 7.0, 3.3 Hz, 1H), 1.77~1.65 (m, 3H), 1.62 (dd,
J=9.9, 4.5 Hz, 1H), 1.35 (ddd, J=33.7, 17.7, 13.6 Hz,
3H), 1.20 (d, J=6.2 Hz, 3H), 1.13 (dd, J=16.8, 7.3 Hz,
2H); “C NMR (101 MHz, CDCL) ¢: 171.8, 66.4, 47.3,
33.4,32.5,32.1,24.5,23.8, 22.6.

2-(2-(F8 F1 ) K 3 )-N- 2K 3 2Bk (1)1 159 mg,
HEEAER, 7% 66%. mp. 277~278 C; 'H NMR (400
MHz, CDCLy) d: 8.35 (s, 1H), 7.43 (t, J=9.2 Hz, 3H),
7.39~7.29 (m, 3H), 7.29~7.27 (m, 1H), 7.23 (s, 1H),
7.05 (t, J=7.4 Hz, 1H), 4.78 (s, 2H), 3.79 (s, 2H), 3.11 (s,
1H); *C NMR (101 MHz, CDCl;) §: 138.4, 138.0, 134.3,
130.7, 130.4, 129.0, 127.9, 124.2, 119.6, 64.3, 42.2.

4- 3 F-N-F I R QAR 179 mg, [0k,
P2 72%. m.p. 99~100 C; 'H NMR (400 MHz, CDCl;)
5:7.52 (d, J=17.9 Hz, 2H), 7.30 (t, J=7.6 Hz, 2H), 7.09 (t,
J=7.3 Hz, 1H), 3.63 (s, 1H), 2.41 (t, J=7.2 Hz, 2H), 1.84
(s, 2H), 1.59~1.46 (m, 2H), 1.44 (d, J=5.3 Hz, 2H), 1.29
(d, J=5.0 Hz, 4H), 0.88 (t, J=6.7 Hz, 3H); °C NMR (101
MHz, CDCly) d: 171.7, 138.0, 129.0, 124.2, 119.9, 71.6,
37.6,37.3,36.3,31.9,25.4,22.6,21.7, 14.1.

4-FRFE-N-ZEFA—BRBERZ(D): 208 mg, [ E[FE
1, PEE75%. mp. 106~107 ‘C; '"H NMR (400 MHz,
CDCly) 6: 7.80 (s, 1H), 7.52 (d, J=6.9 Hz, 2H), 7.29 (s,
2H), 7.09 (s, 1H), 3.62 (s, 1H), 2.40 (s, 2H), 2.13 (s, 1H),
1.84 (s, 2H), 1.63~1.47 (m, 2H), 1.43 (s, 2H), 1.27 (s,
8H), 0.88 (s, 3H); *C NMR (101 MHz, CDCl5) 8: 170.7,
137.0, 127.9, 123.2, 118.9, 70.6, 36.6, 36.3, 35.3, 30.8,
28.6,28.3,24.7,21.6,20.7, 13.1.

3.2.2 )& kei b ER 69 AX R P 3R

2R M (1.1 mmol) I B} =& H, AR FE R
ZJE 1 mL, GVL (1 mmol), LA ZrOCl,»8H,0 f#1L 7] 50
mg, JEEKELEE, TEREIIHFE600 r/min) T, 45 RV E
BN 120 °C, HiFE 48 h. RMNEH G, AHIE=E
M, AN 10 mL /K, {28 ZBe R =K, ZEBURE
AN S AN e, SRJE M RO s, @it E T
HEAT 4> BEA53) 5-FF 12K 3 2- MR A (2)5Y 124 mg,
HE ik, 7% 71%. mp. 81~82 ‘C; 'H NMR (400
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MHz, CDCly) d: 7.31 (d, J=6.5 Hz, 4H), 7.14 (d, J=6.3
Hz, 1H), 4.23 (d, J=6.4 Hz, 1H), 2.62~2.45 (m, 2H),
2.35~2.25 (m, 1H), 1.74~1.63 (m, 1H), 1.14 (d, J=6.2
Hz, 3H); °C NMR (101 MHz, CDCly) &: 173.2, 136.5,
128.0, 124.7, 123.0, 54.6, 30.4, 25.7, 19.2.

FEY) 2a~2j W& VAR =) 2.

5- Fi 6 - 1-(XF F 2 366 ) G 9% o -2- T (22)PY: 123 mg,
HEE A, 72 65%. mp. 105~106 C; 'H NMR (400
MHz, CDCly) d: 7.21 (q, J=8.5 Hz, 4H), 4.30~4.18 (m,
1H), 2.68~2.46 (m, 2H), 2.40~2.30 (m, 4H), 1.74 (dddd,
J=13.0,9.4, 7.3, 5.9 Hz, 1H), 1.18 (d, J=6.2 Hz, 3H); *C
NMR (101 MHz, CDCly) 6: 174.3, 135.7, 134.9, 129.6,
124.3, 55.8,31.3,26.8, 21.0, 20.2.

5- P 35 1 () FFY 35 ) L 1 e -2- B (2b)%): 109 mg,
&[5 /K [CAS: 1843259-88-0], /=% 58%. m.p. 105~
106 ‘C; "H NMR (400 MHz, CDCl;) d: 7.27 (t, J=7.8 Hz,
1H), 7.19 (s, 1H), 7.12 (d, J=8.0 Hz, 1H), 7.02 (d, J=7.5
Hz, 1H), 4.34~4.19 (m, 1H), 2.63~2.51 (m, 2H), 2.39~
2.33 (m, 4H), 1.78~1.68 (m, 1H), 1.19 (d, J=6.2 Hz,
3H); *C NMR (101 MHz, CDCly) d: 174.3, 138.9, 137.5,
128.8, 126.8, 125.1, 121.3, 55.8, 31.4, 26.8, 21.5, 20.2.

5- FF 6~ 1-(A1 2R FE) ikt e -2- i (2¢)P%: 83 mg, H
@EE, 773% 44%. mp. 105~106 C; 'H NMR (400
MHz, CDCls) d: 7.29~7.26 (m, 1H), 7.25~7.18 (m, 2H),
7.09~7.03 (m, 1H), 4.08 (s, 1H), 2.62~2.54 (m, 2H),
2.44~237 (m, 1H), 2.23 (s, 3H), 1.84~1.76 (m, 1H),
1.12 (d, J=6.3 Hz, 3H); *C NMR (101 MHz, CDCl;) ¢:
1743, 136.4, 136.1, 131.2, 127.9, 126.7, 56.9, 30.9, 27.9,
20.3, 18.1.

1-(4- PP 480 326 2K 56)-5- PR b g e -2- T (2a)PY: 127
mg, AMEE, P2E 62%. mp. 127~128 C; 'H NMR
(400 MHz, CDCl5) 6: 7.23 (d, J=8.9 Hz, 2H), 6.95~6.88
(m, 2H), 4.23~4.13 (m, 1H), 3.80 (t, J=2.0 Hz, 3H),
2.66~2.47 (m, 2H), 2.41~2.31 (m, 1H), 1.79~1.67 (m,
1H), 1.20~1.14 (m, 3H); *C NMR (101 MHz, CDCl5) ¢:
174.4, 157.7, 130.4, 126.1, 114.3, 56.2, 55.5, 31.2, 26.8,
20.3.

1-(2- 48 35 2 366 )-5- P BE LG % 5 -2- T (2¢)°™: 80
mg, AMFEE, P25 39%. mp. 127~128 C; 'H NMR
(400 MHz, CDCLy) 6: 7.31~7.26 (m, 1H), 7.15 (d, J=17.7
Hz, 1H), 6.97 (dd, J=12.6, 7.9 Hz, 2H), 4.25~4.10 (m,
1H), 3.82 (s, 3H), 2.58~2.53 (m, 2H), 2.40~2.32 (m,
1H), 1.73 (ddd, J=9.3, 7.1, 3.6 Hz, 1H), 1.07 (d, J=6.3
Hz, 3H); °C NMR (101 MHz, CDCl3) &: 175.2, 155.3,
130.2, 128.9, 125.8, 120.8, 112.0, 55.9, 55.6, 30.9, 27.7,
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1-(3- G A 55)-5- F Sk it e -2- T (260" 110 mg,
H @ EAR, 723 53%. mp. 124~125 C; 'H NMR (400
MHz, CDCLy) 6: 7.45 (s, 1H), 7.31 (d, J=5.3 Hz, 2H),
7.21~7.14 (m, 1H), 4.35~4.25 (m, 1H), 2.65~2.53 (m,
2H), 2.40~2.34 (m, 1H), 1.80~1.73 (m, 1H), 1.22 (d, J=
6.2 Hz, 3H); >*C NMR (101 MHz, CDCl;) J: 173.3, 137.8,
133.5,128.9, 124.6, 122.6, 120.6, 54.4, 30.3, 25.5, 19.0.

1-(4-F2 R I )-5- FF LI IR -2 (2g) 'O 78 mg,
HEEE, 72 41%. mp. 193~194 C; 'H NMR (400
MHz, CDCl;) 6: 6.94 (d, J=8.6 Hz, 2H), 6.64 (d, J=8.7
Hz, 2H), 4.15~4.03 (m, 1H), 2.69~2.50 (m, 2H), 2.44~
231 (m, 1H), 1.80~1.68 (m, 1H), 1.14 (d, J=6.3 Hz,
3H); *C NMR (101 MHz, CDCly) d: 175.6, 155.6, 128.6,
127.1,116.6, 57.3, 31.2, 26.9, 20.4.

1- 35 P R e -2-B (2h)2): 125 mg, (A ([
1, PEE 66%. m.p. 152~153 C; '"H NMR (400 MHz,
CDCl3) d: 7.29 (ddd, J=13.2, 9.1, 4.6 Hz, 5H), 4.40 (t, J=
5.9 Hz, 2H), 3.82 (ddd, J=9.3, 7.8, 4.8 Hz, 1H), 2.36 (td,
J=6.9, 1.9 Hz, 2H), 1.82 (dtd, J=14.2, 7.1, 3.5 Hz, 1H),
1.69 (dt, J=14.6, 6.8 Hz, 1H), 1.19 (t, J=5.3 Hz, 3H); "°C
NMR (101 MHz, CDCl3) d: 173.7, 138.2, 128.7, 127.8,
127.5, 67.4,43.7, 34.3, 33.2,29.7, 23.6.

5-FE- 12K 2 mE e e -2- B (20) 1% 142 mg, A
B, 2% 70%. m.p. 104~105 °C; 'H NMR (400 MHz,
CDCl3) 8: 7.32 (t, J=7.3 Hz, 2H), 7.25 (d, J=7.5 Hz, 1H),
7.21 (t, J=6.5 Hz, 2H), 3.86~3.75 (m, 1H), 3.53 (dd, J=
11.6, 5.7 Hz, 2H), 2.83 (t, J=6.9 Hz, 2H), 2.38~2.27 (m,
2H), 1.85~1.74 (m, 1H), 1.66 (td, J=14.5, 7.0 Hz, 1H),
1.19 (d, J=6.2 Hz, 3H); °C NMR (101 MHz, CDCl;)
172.6, 137.8, 127.7, 125.6, 66.5, 39.6, 34.5, 33.2, 32.3,
22.6.

LU= 1,10 Bk 8 1-4,4' 2 35 ) X (5- PRk bt g g -2-
Bid)(2j): 195 mg, AR, =R 56%. mp. 372~
373 ‘C; '"H NMR (400 MHz, CDCly) d: 7.60 (d, J=8.4
Hz, 4H), 7.45 (d, J=8.5 Hz, 4H), 434 (dt, J=12.5, 6.3
Hz, 2H), 2.72~2.51 (m, 4H), 2.45~2.34 (m, 2H), 1.82~
1.74 (m, 2H), 1.26 (d, J=6.2 Hz, 6H); C NMR (101
MHz, CDCl;) d: 174.3, 137.8, 136.8, 127.5, 124.1, 55.6,
31.4,26.7,20.2.

4 B A1 %l (Supporting Information) A< T3 2 2 {14k

AW H NMR A1 °C NMR % . I ed kb a] BL G 2
A W 3k (http://sioc-journal.cn/) . %K.
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