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Rapid, Practical and Efficient Synthesis of Enol Phosphates from
B-Keto Esters and Phosphites
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Lei, Xueying
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Abstract A useful strategy for the synthesis of enol phosphates from f-keto esters via Atherton-Atodd reaction was devel-
oped. A variety of enol phosphates can be quickly and readily prepared with broad substrate scope and moderate yields under
mild conditions. This method provides a low cost and practical way to synthesize enol phosphates from f-keto esters.

Keywords enol phosphate; f-keto ester; Atherton-Todd reaction

W BERER B AF N — M AR W B2 A5 BT 2 A
FET DG TR b, BEAh, o T WL e At
VAT AREAT AT 200 B RE L e ke, DR L I R B AT ML
BRI W IR A . I, T I IR
PRI AZ AR Tk S 7SI UL ok — e B 14 ) S R ik AN AR LAk
JRSEK ST 4y (K FAE AR B, BT, S R
M G 7R RIORTE, — R A IH RE RO AR
TR R, 8, A RRTT V5 B s A AL )
it ST R R S, IR JE R P S AU IR b R B 1 2K 1%
TEEEAL YT 2] H AR =P SR, SURBERR X K 4
UK HAE SRS, HFH S EARE N ERARE
(K)E RE AR B VE AT BE B AR, RN A 58 4 Rl s
PRI, TR — PRI S AN DX St 6 1 A 5 A T AR
W (¥ 7 ot AT S Y, R, Kerr WA HRIE
A DARR T BB NN R R T 0 R R
(DMPU) Y {2 2t 77 ) 2 CU R 5 57 25 P £ g PR A B 12
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ZR AR IR AT T B R . Ding U2
KT — MAE R A R (LDA) /F E N R
Atherton-Todd = ¥ SEE 7% 2 B B BR A S 2. S 4b, Lee
TR 20 LV ) 4 SR R A ) — 8 R R G 5 e ) o i s
T AR R I () ) %, ELmT DLE I A 7503 1 S
TR RR R B IRk Li W TN R GE T
CLBE 51 KB o 75 B2 58 2K 210 -5 I TR 6 1) R K e B 15 31
IR EERERR TG, Xiao RAIZHMRFH Micheal NS RKE 4-
AR BRI &Y L UG IR R BR 1 & Bl SR, 4
AW Z, B HEW A BT B-B R R A2 T
(B R Ak AR e /) R, FRATIRGE T IR AN 46 4F A
FHl Atherton-Todd % SEE B-Hifi ) 1 B ik R e AL, 1%
SN AT D A T T s (1) ) A B A AT 0.

1 GRS
HATEFE 3-5-3- R B A IR LB (1a) R R — LB
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Qa)fE R R BRI, Wk 1 Fis, MM
PL CCl,, CH;CN AR, HEETE 80 CIH-fa A ML,
4n Bt N AOmbuErt, B 12 h [5(ER 1, Entries 1~2), %
A HER =0 A . X S WA BE R XA B
AT, BRI TEHLER, {5101 NaHCO; F1 Na,CO; tANRE
e HE I B B #EAT (3R 1, Entries 3~4). T 24 M AE H A 4%
AR (3 1, Entry 5), I NaOH ;=4 /D& 1) H bR
Y. ZIE K, SRR CS,CO;, CH;0Na, CH;CH,ONa
H1 -BuOLi I BT 48 Js B2 ) 72 2R 42 1y 21 30% 11 50% 2
[8](3% 1, Entries 6~9). TM{E1% K RAT IR I -BuOK &
FEXT AT I Bek, o] DA s SEAS 27~ 20 66% 1=K
1, Entry 10). $2Fk, FATHEIT T IR S 520
U~ S HLE(DCE). —HIEH(DMSO). N,N'-— HI L H
i lZ(DMF). N,N'-— Fi 3 2,k fiée (DMA) AT 23 B AR 77
B, AU = A IR =) B AR F=¥)(3R 1, Entries 11~
15). ZBEEEA) ZH NHENY S (THF) v] DA U Hb
TRHE R B, (AT CH;CN PR 5 25(3 1, Entries
#1 BEELLYE RO

Table 1 Optimization of the reaction conditions

(0]
o o 9 okt EtO—IIT!\
Ph)J\/U\ - L< M e ¢ 9
1a OEt H 2a OEt solvent, 80 °C Ph)\/U\OEt
3a
Entry Base Solvent i/°C Yield®/%
1 Et;N CH;CN 80 —
2 Pyridine CH;CN 80 —
3 NaHCO; CH;CN 80 —
4 Na,COs CH;CN 80 —
5 KOH CH;CN 80 Trace
6 CS,CO; CH;CN 80 53
7 CH;0Na CH;CN 80 42
8 CH;CH,ONa  CH;CN 80 33
9 t-BuOK CH;CN 80 43
10 t-BuOK CH;CN 80 66
11 t-BuOK DCE 80 51
12 t-BuOK DMSO 80 Trace
13 t-BuOK DMF 80 Trace
14 t-BuOK DMA 80 Trace
15 t-BuOK Toluene 80 Trace
16 t-BuOK EA 80 44
17 t-BuOK Dioxane 80 57
18 t-BuOK THF 80 44
19 t-BuOK CH;CN 100 49
20 t-BuOK CH;CN 60 63
21 t-BuOK CH;CN r.t. 65
22° t-BuOK CH;CN r.t. 71
23¢  £BuOK CH,CN r.t. 76

“ The reaction was carried out with 1a (0.5 mmol), 2a (1.5 mmol), CCly (1.5
mmol), base (0.6 mmol) in solvent (2 ml) under N, and at 80 ‘C for 12 h;
? isolated yield; “2 h; 30 min.
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16~ 18). 5 X 5 [ 5 45 IR B R BIAE =R T
TR AT, 0 24050 T v S B ENAS e AR 4 Mgk 4T (3R
1, Entries 19~21). 44750 R NIFIA], [N D P 26 T
AHT LT, SO TR/ E 30 min B, PR R AT DL
WINZ 76%(F 1, Entry 23). W] B 5 B2 P~ Y0 7E b,
FKIVE G208 b R A2 30 s . [ 5 B T PR 4K, 34
TR TE— RYUTFARE, AT E T
AR SN 4R 1a (0.5 mmol), 2a (1.0 mmol),
-BuOK (0.6 mmol), CCl, (1.5 mmol)7E CH;CN (2 mL)Ny
T FE 2 iR N R 30 min.

TERAGI R B ZAT T, FRATER T I B A i
Fl, g5k 2 Fow, 15, FATD D5 B R e i iE
PEVEAT T 5%, 24 3-(2,4- I3 AN IR 2.1
(Ib) NN, BRI ISR P2 23R 68% A R F=4). 1
PSR 57 = S sl il i)ty EIVRC ESbuly
PR EFRE. B, 24 1, 1d, 1e T OB, AHR
FEIRIF= RN T1%, 69%H1 64%. ZEH: FEA A7
BUAREE Rt 2 D% J BTS2 I e /DS, i 1f
1g 7173 AIERTE 62%, 60%r =R FT =431, 3g). 14
S 3-(4-RHEEORIE)-3- TN RR SRR IR, [ B
ANEEARIF AT, INAE ] 32%07°#0(3h). HANEEE p-
W R 40 14, 1j, 1k (232N P R rd v, Hoor )
PR 46%, 44%F0 40% I AH M (30, 3, 3k). TR,
S FBERREE S 22 IR, SR AR b gk
17, FECAHR S5 B P2 R LA BT T = 4. B, R
TERRELL 69% M7= HAF BT 75 7= (30). (EfHERME,
TORFSE A R AP 2, AT LA R 63% 5 F 1)
P 3q. FAh, ERIE T EEE p-EREE AR S 51Kk
NEA, 4SRRI 3-AAR-4-CF B 2R FERRAR) TR
LliEZ 5 RN, RNAZEFE2N 43% HER=(3r).
PRI A-[FHIECRERE L ]-3- AT IR O BRAS 2
RN 3T%XE NF=H)(3s).

ST nr s, AT 740 Scheme 1 AR
R S FIALER. 15, TERAETE T, TERERR — ke &g AN
CCly 1)) BLJE i AR BE BG BR A CClLy . Foik, e TE
CCly BRI 1E R 5 Ak i v ()44, i 0 1 o
[E) A AN AR B R T i CE AR BRI L, AT 3RAF H A5 =4,

2 i

LR EFTR, BATEBL T — bR H Se A3 o ok 7
EERIR ¥ 7%, 1% J77EFIH Atherton-Todd R MiHH -
Mg BRI BRI, 2% PRI HLS R W] PAZE 30 min Y 58
. RSEDAA G ITEER p-lE & kit -
W, XU RE IR R N & RO 1R AN AU,
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2 IHEEBALE TG BRI R
Table 2 Scope of the substrates

o o o CCl, (3.0 equiv.) R
t-BuOK (1.2 equiv.) —P—R
§ 5 G 0=R
R OR' 2 CH3CN (2 mL), 30 min, r.t. o O
1 2 PN\
R OR'
R = alkyl, aryl R" = O-alkyl, Ph 3
R' = allyl
EtO JOEt EtO, OEt EtO _OEt EtO, OFEt EtO, OEt
oo 0”0 oo o+ -0 oF -0
©/\/002Et /@i\/COZMe /@)\/COZMG /@)\/Cone /©A/COZM6
0, 0, F
(76%) (68%) 3¢ (71%) 3d (69%) 3e (64%)
EtO OEt EtO, OEt
P%o Eto (OFt EtO OEt EtO, OFt

070

oo
X COMe CO,Me
\©)\/ 2 \@)\/ 2 /@/K/COzEt )\/COZPr )\/COﬁBU
i (469 3j (44%
f (62%) g (60%) h (32%) 3i (46%) j (44%)
MeO ,OMe BUOI LOiBu PrO| JOiPr BuOn ,OnBu
EtO, OEt oF-o N oP~0 oP-0
P~
0”0 COEt o COEt o CO,Et o CO,Et
MeO._Jx_CO,Me ©)V
3k (40%) 1(73%) m (70%) n (69%) 0 (66%)
BnOJD,OBn h. Ph POEt EtO. P\'OEt
0" "¢ ’P -0 g0 oo
©)\/002Et ©)\/002Et s\)\/cozEt @'}‘J\/C%Et
3p (59%) q (63%) 3r (43%) 3s (37%)

“ Reaction conditions: the reaction was carried out with 1a (0.5 mmol), 2a (1.5 mmol), CCl, (1.5 mmol), base (0.6 mmol) in 2 mL of CH;CN under N, and

stirred at 30 "C for 30 min; * Isolated yield.

(0] (0]

Il [l
H—P\/OEt +ccl, —22se. g— P/OEt +CCly

OEt OEt
o O

o O
+ -
Ph)j\/u\OEt CCly or base —— PhMOEt

- (0]
o 0 Il _OFt base

+ CI—P, — 3a
Ph)\/U\OEt N

OEt

B 1 ArRemI R BALEE
Scheme 1 Possible reaction mechanism

3 SKEERS

3.1 XEFESHF

SEG BT FE 9 70 4 FH I 22 TR A B VA 7 AR A HE T v
HEAT, B DUSALRR . BEFRES FIERES S AT . BREHT
i GF254 BEJiz, #JZ M1 H 200~300 B REfiE, WA
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A 60~100 HHAAER, EIFFHI A HEK60~90 C)
MZ W ZEE(V : V=10 : 1), "H NMR }% '*C NMR #&l £
#3 N Bruker DRX-600 /% Agilent 400 %L1, TMS
YE NP FER, CDCLs {E 57,
32 RREMHGEBMIREEC AN —MRGE

4 B-BEE(0.5 mmol). ~BuOK (0.6 mmol). VPR
TR TG (1.0 mmol)F1 CCl, (1.5 mmol) {18 & ¥ 1
CH;CN =3 FHtRE 30 min. $4 5 NI K BRI,
SRJGIEIE TR IR R = k. BNLELEIE Fk4E, ™
TR, R LR I R A g Al

3-[( = SR R I 5SS AR ]-3- 2R BE T IR R T (3a):
TR, 72% 73%. "TH NMR (400 MHz, CDCl;) d: 7.59
(d, J=7.3 Hz, 2H), 7.33 (d, J=7.4 Hz, 3H), 5.92 (s, 1H),
4.20~4.04 (m, 6H), 1.25 (td, J=7.1, 2.4 Hz, 3H), 1.19 (t,
J=6.3 Hz, 6H); °C NMR (101 MHz, CDCl;) 6: 130.64,

http://sioc-journal.cn/ 1573
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128.40, 126.93, 106.53, 64.72, 60.20, 15.94, 14.21; °'P
NMR (162 MHz, CDCLy) 9: —7.86.

3-[(— SR SE I L ) HE ]-3-(2,4- T AR AR U
B2 FH(3b): AR, 7% 63%. 'H NMR (400 MHz,
CDCly) d: 7.20 (d, J=7.4 Hz, 1H), 6.94 (d, J=10.3 Hz,
2H), 5.48 (s, 1H), 4.06~3.84 (m, 4H), 3.68 (s, 3H), 2.32
(s, 3H), 2.25 (s, 3H), 1.17~1.04 (m, 6H); *C NMR (101
MHz, CDCl3) : 164.22 (d, J=1.9 Hz, 1H), 158.62 (d, J=
7.4 Hz, 1H), 140.21 (s, 2H), 136.82 (s, 1H), 131.16,
129.54, 126.23, 108.43, 64.47, 51.30, 21.24, 19.92, 15.85;
*'PNMR (162 MHz, CDCl;) 6: —8.05.

3-(4- TR R I )-3-[( = £ R R IR 52 ) S L A I R R
fig (3c): ¥ O AR, % 61%. 'H NMR (400 MHz,
CDCls) d: 7.50~7.43 (m, 4H), 5.94 (d, J=6.8 Hz, 1H),
4.20~4.01 (m, 4H), 3.74~3.67 (m, 3H), 1.22 (dd, J=9.8,
3.9 Hz, 6H); “C NMR (101 MHz, CDCls) d: 131.75,
128.41, 125.39, 106.42, 64.95, 51.53, 16.02; *'P NMR (162
MHz, CDCly) 6: —7.73

3-(4- TR T )-3-[( = & SR AR I 2 ) A 2 ] TR 0 PR
Fig(3d): HFE WK, 7F 59%. 'H NMR (400 MHz,
CDCly) 6: 7.54 (d, J=8.4 Hz, 2H), 7.31 (d, J=8.5 Hz,
2H), 5.92 (s, 1H), 4.18~4.06 (m, 4H), 3.71 (s, 3H), 1.22
(t, J=7.0 Hz, 6H); *C NMR (101 MHz, CDCl;) : 136.99,
128.78, 128.22, 106.37, 64.94, 51.52, 16.02;*'P NMR (162
MHz, CDCl3) §: —7.75.

3-[( = S A B Tl T ik ) S R )-3-(4- AR ik ) TR A R PP
FiE(3e): g AA, 725 54%. '"H NMR (400 MHz,
CDCl;) d: 7.59 (dd, J=6.7, 3.8 Hz, 2H), 7.07~6.97 (m,
2H), 5.88 (s, 1H), 4.20~4.03 (m, 4H), 3.74~3.67 (m,
3H), 1.25~1.16 (m, 6H); °C NMR (101 MHz, CDCl;) ¢:
129.12, 115.75, 115.53, 105.89, 64.88, 51.44, 15.99;°'P
NMR (162 MHz, CDCLy) §: —7.77.

3-[( = LA L Tl T 5 ) SR R )-3-(3- HH AR 2R 2R 58 T s
i S (36): oA, 725 52%. 'H NMR (400 MHz,
CDCly) d: 7.23~7.18 (m, 1H), 7.15 (d, J=7.8 Hz, 1H),
7.10 (s, 1H), 6.88 (d, J=7.9 Hz, 1H), 5.91 (s, 1H), 4.08 (tt,
J=15.3, 7.8 Hz, 4H), 3.73 (s, 3H), 3.68 (s, 3H), 1.18 (t,
J=6.7 Hz, 6H); *C NMR (101 MHz, CDCl;) J: 164.44,
159.53, 156.89, 135.25, 129.53, 119.33, 116.80, 112.16,
106.19, 64.81, 55.34, 51.43, 15.98;*'P NMR (162 MHz,
CDCly) 6: —7.84.

3-(3- 1R AR I )-3-[( = & S R Ik ) AU R ] TR 0 PR R
fi (3g): ¥ WAk, 7% 50%. '"H NMR (400 MHz,
CDCly) d: 7.74 (s, 1H), 7.50 (dd, J=5.2, 3.7 Hz, 2H), 7.20
(d, J=5.1 Hz, 1H), 5.93 (s, 1H), 4.20~4.05 (m, 4H), 3.71

1574 http://sioc-journal.cn/
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(t, J=5.0 Hz, 3H), 1.26~1.18 (m, 6H); °C NMR (101
MHz, CDCl;) 6: 164.11, 155.54~155.27, 135.91, 133.68,
129.98, 125.50, 122.59, 107.05, 64.95, 51.55, 16.00; °'P
NMR (162 MHz, CDCl3) §: —7.83

3-[( = LA R IR AL ) S R - 3-( B R ) NI R &
fig (3h): ¥ O A, 77 % 32%. 'H NMR (400 MHz,
CDCly) 6: 8.21~8.13 (m, 2H), 7.66~7.57 (m, 2H), 6.17
(d, J=4.9 Hz, 1H), 4.10 (dt, J=12.1, 6.1 Hz, 4H), 4.04~
3.97 (m, 2H), 1.26 (dt, J=12.1, 3.5 Hz, 6H), 1.14~1.07
(m, 3H); °C NMR (101 MHz, CDCly) &: 130.17, 123.02,
109.08, 101.76, 65.18, 60.77, 16.00, 13.98;*'P NMR (162
MHz, CDCly) 9: —7.45

3-[(— SRS ) S -2- T M IR e I R (3i):

ik, 772 32%. '"H NMR (400 MHz, CDCl;) d: 5.22
(s, 1H), 4.95 (dd, J=11.9, 5.7 Hz, 1H), 4.24~4.14 (m,
4H), 2.09 (s, 3H), 1.30 (td, J=6.1, 1.1 Hz, 6H), 1.18~
1.15 (m, 6H); °C NMR (101 MHz, CDCl;) o: 163.11,
157.69, 105.84, 66.96, 64.76, 21.85, 21.58, 16.02; *'P
NMR (162 MHz, CDCl3) §: —8.61.

3-[(Z LRI S S IR -2- TG R U T BR3j): &
@ik, 7% 34%. "H NMR (400 MHz, CDCl;) J: 5.23
(d, J=9.5 Hz, 1H), 4.24 (dd, J=14.6, 7.3 Hz, 4H), 2.12
(d, J=8.8 Hz, 3H), 1.45 (d, J=10.0 Hz, 9H), 1.35 (dd, J=
15.4, 7.1 Hz, 6H); >*C NMR (101 MHz, CDCL;) 6: 156.69,
107.59~106.95, 80.02, 64.85~64.50, 28.14, 21.48, 16.01;
3'P NMR (243 MHz, CDCl;) 6: —7.82.

3-[( = AR L B Tt i ) S R ) -4- P AU -2- T M IR P R
(3k): Lk, 7% 30%. '"H NMR (400 MHz, CDCls)
8: 5.97 (d, J=6.1 Hz, 1H), 4.50 (d, J=6.0 Hz, 2H), 4.16
(dd, J=13.3, 6.6 Hz, 4H), 3.66 (d, J=6.3 Hz, 3H), 3.33
(d, J=6.3 Hz, 3H), 1.36~1.25 (m, 6H); >C NMR (101
MHz, CDCl;) d: 165.91, 161.14, 108.29, 67.75, 64.99,
58.43, 51.64, 16.01;*'P NMR (162 MHz, CDCLy) J: —
8.00.

3-[( = H R I 2 S 2R - 3-SR B N M R R (3)): 38
ik, 7% 66%. 'H NMR (400 MHz, CDCl;) d: 7.58
(d, J=7.0 Hz, 2H), 7.35 (t, J=7.7 Hz, 3H), 5.94 (s, 1H),
4.17 (q, J=17.1 Hz, 2H), 3.75 (s, 3H), 3.72 (s, 3H), 1.25 (t,
J=7.1 Hz, 3H); C NMR (101 MHz, CDCl;) J: 163.93,
156.88, 133.85, 130.84, 128.57, 126.79, 106.49, 60.29,
55.17,14.21;*'P NMR (162 MHz, CDCl;) 9: —5.35.

3-[( 5 T 4R Tl Tk R ) S ik 1-3- Ok O 44 TR P I
(3m): FEEOWE, 7% 63%. '"H NMR (400 MHz, CDCl5)
8: 7.66 (d, J=4.5 Hz, 2H), 7.39 (d, J=6.1 Hz, 3H), 6.00
(d, J=5.7 Hz, 1H), 4.29~4.18 (m, 2H), 3.88 (dd, J=14.1,

Chin. J. Org. Chem. 2017, 37, 1571~1576



Chinese Journal of Organic Chemistry

6.1 Hz, 4H), 1.89 (dd, J=12.7, 6.3 Hz, 2H), 1.36~1.28
(m, 3H), 0.89 (t, J=5.9 Hz, 12H); *C NMR (101 MHz,
CDCls) 0: 134.04, 130.65, 128.43, 126.89, 106.54, 74.39,
60.22, 28.99, 18.51, 14.24;*'P NMR (243 MHz, CDCl;) ¢:
—7.04.

3-[( = 7 T B A T ik ) A0 B )-3- 2R L P M BR 18R (3m):
WL, 725 62%. '"H NMR (400 MHz, CDCl;) o:
7.65 (d, J=7.2 Hz, 2H), 7.37 (d, J=6.4 Hz, 3H), 5.98 (s,
1H), 4.74 (dd, J=10.9, 5.1 Hz, 2H), 4.22 (dd, J=12.5, 5.5
Hz, 2H), 1.33~1.27 (m, 9H), 1.21~1.15 (m, 6H); °C
NMR (101 MHz, CDCly) 6: 164.11, 156.68, 134.04,
130.55, 128.30, 127.05, 106.57, 73.60, 60.20, 23.62, 23.35,
14.23;*'P NMR (162 MHz, CDCl;) 6: —9.47.

3-[( SR I S 3L - 3- 2R S TN MG R 2B (30):
FOAE, 7% 62%. 'H NMR (400 MHz, CDCls) 6: 7.67
(t, J=5.8 Hz, 2H), 7.47~7.34 (m, 3H), 6.00 (d, J=5.9
Hz, 1H), 4.30~4.20 (m, 2H), 4.18~4.03 (m, 4H), 1.66~
1.55 (m, 4H), 1.37~1.26 (m, 7H), 0.94~0.84 (m, 6H); °C
NMR (101 MHz, CDCly) &: 130.61, 128.39, 12691,
106.54, 68.38, 60.18, 32.16, 18.52, 14.21, 13.49;*'P NMR
(243 MHz, CDCl3) 6: —6.96.

3[R S )l P i ) S 1-3- 4 6 O A6 7R BB (3p):
EHOWE, 7% 52%. '"H NMR (400 MHz, CDCLs)
7.64 (d, J=6.2 Hz, 2H), 7.33 (t, J=23.6 Hz, 13H), 6.04
(d, J=7.1 Hz, 1H), 5.15~5.04 (m, 4H), 4.26~4.14 (m,
2H), 1.32~1.25 (m, 3H); *C NMR (101 MHz, CDCL;) §:
130.75, 128.60~128.25, 127.89, 126.94, 106.62, 69.96,
60.28, 14.20;*'P NMR (162 MHz, CDCl;) §: —19.82.

3[R g Tk ik ) S B 1-3- R BE U A R R 3q): I €8
WAk, 723 53%. '"H NMR (400 MHz, CDCl;) ¢: 7.88 (dd,
J=13.5, 6.4 Hz, 4H), 7.51~7.20 (m, 11H), 5.70 (d, J=
7.6 Hz, 1H), 4.03 (dd, J=15.3, 7.2 Hz, 2H), 1.17~1.09
(m, 3H); *C NMR (101 MHz, CDCl5) 6: 164.12, 158.47,
134.58, 132.29, 130.88, 130.55, 129.50, 128.53~127.87,
127.69, 106.66, 60.09, 14.16;°'P NMR (162 MHz, CDCL,)
d: 31.90.

3-[(— SR FE BB 5L ) AR ]-4-C0F F R FE R T)-2- T
MR 25 (3r): FOAR, 72% 43%. "H NMR (400 MHz,
CDCl3) 6: 7.30 (d, J=8.1 Hz, 2H), 7.11 (d, J=7.9 Hz,
2H), 5.36 (s, 1H), 4.29 (ddd, J=7.7, 6.9, 3.5 Hz, 4H), 4.12
(q, J=7.1 Hz, 2H), 3.75 (d, J=0.5 Hz, 2H), 2.32 (s, 3H),
1.36 (td, J=7.1, 1.1 Hz, 6H), 1.24 (d, J=7.1 Hz, 3H); °C
NMR (101 MHz, CDCly) &: 163.34, 156.38, 137.71,
131.88, 129.85, 107.31, 107.23, 65.07, 65.01, 60.04, 39.26,
29.68, 21.09, 16.07, 16.00, 14.16;*'P NMR (162 MHz,
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D,0) : —8.04.

3-[( = LR R I R ) S 2R -4 R R R AR )-2-
TR CTE3s): R IR, 795 37%. 'TH NMR (400
MHz, CDCLy) 6: 7.37 (d, J=5.7 Hz, 2H), 6.91~6.80 (m,
3H), 5.61 (s, 1H), 4.41 (p, J=7.2 Hz, 4H), 431 (s, 2H),
424 (q, J=7.1 Hz, 2H), 3.14 (s, 3H), 1.50 (t, J=7.1 Hz,
6H), 1.35 (t, J=7.1 Hz, 3H); °C NMR (101 MHz, CDCl)
J: 163.76, 163.74, 157.71, 157.64, 148.17, 129.26, 117.36,
112.02, 104.51, 104.44, 65.08, 65.02, 60.05, 55.65, 55.64,
38.54, 16.12, 16.05, 14.15;*'P NMR (162 MHz, D,0) ¢:
—7.26.

H# By A1 EL (Supporting Information)  FT A Bk & 411
'"H NMR, C NMR F1°'P NMR i [&]. 3% £ept ) n] DL 42t
AT 9354 (http://sioc-journal.cn/)_E %K.
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