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A Method for the Synthesis of Deuterated Benzoins Catalyzed by
N-Heterocyclic Carbene

Zhang, Xinyu Geng, Huihui Zhang, Shilei Wang, Wei* Chen, Xiaobei*
(Shanghai Frontiers Science Center of Optogenetic Techniques for Cell Metabolism, Shanghai Key Laboratory of New Drug
Design, and State Key Laboratory of Bioengineering Reactor, School of Pharmacy, East China University of Science &
Technology, Shanghai 200237)

Abstract An efficient method has been developed for the synthesis of deuterated benzoins from two molecules of aldehydes
under the catalysis of N-heterocyclic carbene by using D20 as the deuterium source, providing the products with deuterium
selectively incorporated at the a-position of ketone group. The method features simple operation and mild reaction conditions,

and a variety of aromatic aldehyde substrates could afford products with high deuterium incorporation.
Keywords deuteration; deuteroxide; benzoin condensation; N-heterocyclic carbene; organocatalysis
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DO EFRMEE R AL, 345 7 IR, Fan 524
PLER B S B A Y, @it 78 DO R Fl 1 B Zn(OTo),
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A I S TAR T AT RN B AL . B, Sawama
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Scheme 1 Synthetic methods for deuterated benzoins
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1.1 REFHMK

BT BATR B LHCPOER FURE C-1 Agi AR, KIE
R B RAR QA S5 R A TR s AR, R 3R AT T3
ZRNLSEAFAE A, DL 4-RFREREUR 2K S 1a
JEY, WIBERR R, i 10 mol% NHC Rifk 3a 1A
AL, K,COs (2.0 equiv)fEAHE, PUEMKIEF DO
Vi Vv=1:2DfENEFR, /£ 60 CKM 12 h R ELF
(58% yield, 75% D, Table 1, Entry 1). $ F K247 1#1L
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FHI 1,3- 3 = 2R -1 H-BR M £ (3a) 45 HE IR TR
&AL, FEHEALTT] 3b~31 AL T, FABUHP= 448 AT LLIAF]
95%~99% AR, T BITEE LIS B 5 E KT H-D
PR, EHKPEATAE ) NHC R Ak 77 3 4 B T e
AI=ZM:28 HNC fiefb 7). Hrb 3d. 3h~3j 45 H i
B, BT LSRR T S0% R I=4). FE
AR IR AT 31, BEARTEARAESRIE T SO YR N
H 51%, TARERAERIX 99% (Table 1, Entry 12), {HA&4
UK T A e BRSSO 1 R Y B IR S, SRR T B
74%, TACEMIA R 99% (Table 1, Entry 13). ANidfEE
TRY IR RIL, G LN BRER AT AR T
T TR B P B G 3 B, T I R A D )/ B SR B EE Y.
TEEATI &, fE8INE 20 mol%/fa, AE Rk KiEm
JRIBLLER, o KR IR A AR 5. AT
KIse, BARMEALT 3e, 3g~31 #RTFIEMA, (HRREES
PRI MRS, R IAT e RN R S TR
HKMIZI.
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WhE T I AER IS, B R R AR R4 A 1
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HIHE R P H AR . R AR AT JE(2b~2e), 12
W B T3 A B s 2 . SURTR (2a, 2~2h), #BXTHX S NHC
HEALE) H-D il FERLmiR /N, 3353 ) ip e
(50%~74%) FITAR =P OTARER 96%~99%). X T HLH
PEIZEIA20) M T B REE (128 H S IS A(25), B FIAEREAS
B S = R R A TAR R L 1% N [ RS T 44 95 B4
e, WEWYIE 1k, PRAREE 101 FOERERE 1m, DAhSE
= 26(53% ~ 63%) FIANE I TTAR Z6(73% ~ 85%) 7= A= AH B
FITAC AR P~ 2k~2m. FFHIMES —R—RIE, 4-(
) R S I A2 — MR LA PR R, R
R ISR Y AR E T ARONE, o 7 AT R S S AR X
NHC 351k, Af LAYl 26 F X DU . FRAT3E47 T K&
HIFRER, B &M e A P BERR R B, 7EH 25 100 C
S 12 h, AT LA E] 10%CR BT 7 729 2n, AR S
15 93%. Rk, O IEEEET T2, DOREEEN
JRIES, BERSINRI = 45 A1) 20, HEBAN Y FHZIE
VUL B AR, AR R AP EE, S T4 NS )
ANFIRE RS AR 4, 1 28 A UK P S R R R 2K
BN, TERRIE SN 26 1F 15 B 1R 2 40 EUR i h 32
A o FE IR O AR TR A8 6 7= 2p, STARRARFFRTE
98% 1 v 7K ST, 5% R o 3k s 114 28 X4 & o] LUK A,
DUGT FRAERIE SRS 1a RIS T ISR RS9, 45 )
FrERE 2q, B TR a0 mE 89%MITAREK, A
1) C—H B4 = 8UTAR(99%).
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Table 1 Optimization of the reaction conditions

Catalyst 3 (10 mol%)

/©/CHO K,CO5 (2 equiv.)
MeO,C D,0 (0.5 mL), THF (0.25 mL) O )
1a 60°C, 12 h MeO,C 2a
0.5 mmol
Catalyst 3
— /N\
Uy o -0
cl cio; CIO4 BF, BF,
3a 3b 3e
_N, =N
e . f )
BF, BF, BF,
3i
/
N 0
—N =N N
N NN o,
Nz Fs \7ﬁc> Krmﬂ{;>
BF, _
BF4 4 Bn  BF; o\
3k 3l
Entry Catalyst Yield”/% D% ee’l%
1 3a 58 75 —
2 3b 52 98 —
3 3c 55 98 —
4 3d 38 98 —
5 3e 54 95 <5
6 3f 51 98 —
7 3g 78 95 <5
8 3h 20 96 <5
9 3i 35 98 <5
10 3j 20 98 <5
11 3k 78 95 <5
12 31 51 99 <5
13¢ 31 74 99 <5

4Reaction conditions unless otherwise specified: aldehyde 1a (0.5 mmol), K,COs (1.0 mmol, 2 equiv.) and catalyst 3 (10 mol%) in D,O (0.5 mL) and THF (0.25 mL),
stirred at 60 ‘C for 12 h. ?Isolated yield. ¢ Determined by 'H NMR. ¢ Enantiomeric excess. ¢ AcOK instead of K,COj; was used.

2 g

B, FAVFR T —FrEL DO J9imi, &4
REEMAL DT RN R HEAT AR RS &, 1S 2IEEE o-
PSRRI A BT, %R AR e B
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ﬁ RPN R RLE, i sE . 25tk
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x2 BRERYYE-
Table 2 Substrate scope for aldehydes

catalyst 31 (20 mol%)
K2003 (2 equiv.) HO P

D,0 (0.5 mL), THF (0.25 mL)

i 1
R1J\H * R?""H
1 (0.25 mmol) 1" (0.25 mmol)

60°C, 12 h 2

OMe OBn Me
DOHCOZMe DOH MeO DOH DOH DOH
O O o O O oM O o O o
MeO,C © MeO ® Bno Me

2a, Y/D, 74/99" 2b, Y/D, 62/99

2¢, Y/D, 50/97

2d, Y/D, 56/97 2e, Y/D, 57/98

cl Br -
CIDOH DOH DOH DOH DOHWS
S
s
® [ 7T A SRR
o ¢ 6! .

2f, Y/D, 69/96 29, Y/D, 60/98

\
N
N ~
D OH I \ MeO D OH F ‘ D _oH O D OH
o & [38] [38]
\ | © ‘ D O 2 S 1 4
O
o} O OMe > O [59]
Nig e N o

21, Y/D, 63/78%¢ 2m, Y/D, 53/85%¢

2h, Y/D, 66/97

2n, Y/D, 10/93"

2i, Y/D, 62/97

Me
O Cl D OH O D PH | piea
@ i
O  MeO,C o

2p, Y/D, 56/98

2j, Y/D, 73/80° 2k, Y/D, 58/73%9

20, Y/D, 53/28" 2q, Y/D, 30/89

“Reaction conditions unless otherwise specified: aldehyde 1 (0.25 mmol), aldehyde 1' (0.25 mmol), K,CO; (1 mmol, 2 equiv.) and catalyst 31 (0.10 mmol, 20 mol%)
in D,0 (0.5 mL) and THF (0.25 mL) was vigorously stirred at 60 ‘C for 12 h. ? Catalyst 31 (10 mol%) and AcOK instead of K,CO; were used. ¢ Catalyst 31 (10
mol%) and AcOK (1 equiv.) were used. ¢ At 50 C. ¢ Catalyst 31 (10 mol%) and K,COs (1 equiv.) were used. /K;PO4 (1 equiv.) and toluene instead of THF were

used, and stirred at 100 C.

32 WK
32,1 2-3#¥-12-0(F 2 &) T-1-BR-a-d) 496 A B A
&%

1 N 25 2%(5 mL)HURB%(0.5 mmol)(4n A4 FH AN
ANFEPIEEHATAE X i, SR 0.25 mmol). AL 31
(43.9 mg, 0.1 mmol, 20 mol%)F1 K,CO; (1 mmol, 2
equiv.) Y& f#/E D,O (0.5 mL)AIPYE BRI (THF) (0.25 mL)
FHRAYIH. EHRASAY, 7€ 60 CFRIZIHEE M
BED 12 h. AHE=ERE, A& FEDCM)EE R
N, JCOKBRERAN T8, 5 B2 Rk g, Jmid i Epral
b, BETAREBW =Y. P BT AR ZE T e
MEFEIRETE('H NMR)H =) AR H A7 B AR 7l
eI HARKT R | A7 B AR ke, A
Eq. 1 Fi7s.

et o = 1— TACT= YRR o j o (1
TTAREE (%) [ T X100% (1)

44-(1- 52258 2. 05-1,2- — Feo-dy) —FF F iR —
fi(2a): 2@ DI, A 31HEFEZE 10 mol%, ik
H AcOK fA# K,COs, SR 74%, AR 99%. H
&l 44, m.p. 136~138 C; '"H NMR (400 MHz, CDCl;) ¢:
8.08~8.04 (m, 2H), 8.01~7.97 (m, 2H), 7.95~7.91 (m,
2H), 7.43~7.38 (m, 2H), 6.02 (s, 0.01H), 4.51 (s, 1H),
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3.92 (s, 3H), 3.88 (s, 3H); *C NMR (101 MHz, CDCl;) ¢:
198.28, 166.43, 165.79, 142.97, 136.59, 134.75, 130.52,
130.47, 129.93, 128.96, 127.76, 75.79 (t, J=22.2 Hz),
52.60, 52.25; HRMS (ESI) caled for CisHisDNaOg (M+
Na)" 352.0907, found 352.0909.

2-FRHE-1,2- R (4-F A B 2R IE) 2-1-F-0-d) (2b): R
Pl AP ER, B 62%, JTAE 99%. H B A, m.p.
107~109 C; 'H NMR (400 MHz, CDCl3) J: 7.96~7.83
(m, 2H), 7.32~7.18 (m, 3H), 6.91~6.79 (m, 4H), 5.85 (s,
0.01H), 4.56 (s, 1H), 3.82 (s, 3H), 3.76 (s, 3H); '*C NMR
(151 MHz, CDCls) ¢: 197.33, 163.99, 159.63, 131.80,
131.55, 128.99, 126.31, 114.50, 113.92, 74.83 (t, J=21.9
Hz), 55.48, 55.24; HRMS (ESI) caled for Ci¢HisDNaO,
(M+Na)" 296.1009, found 296.1010.

2-F 5 1,2- W (2- AR B 4-1-[d-a-d, (2¢): R
AR, SR 50%, mARE 97%. FE A, mp.
98~100 C; 'H NMR (400 MHz, CDCl;) J: 7.69 (dd, J=
7.8, 1.9 Hz, 1H), 7.37 (ddd, J=8.4, 7.3, 1.8 Hz, 1H),
7.22~7.12 (m, 2H), 6.93 (td, J=7.5, 1.0 Hz, 1H), 6.84 (td,
J=17.4, 1.1 Hz, 1H), 6.76 (td, J/=38.3, 1.1 Hz, 2H), 6.10 (d,
J=3.6 Hz, 0.03H), 4.46 (s, 1H), 3.73 (s, 3H), 3.72 (s, 3H);
3C NMR (101 MHz, CDCls) ¢: 201.63, 158.18, 157.22,
133.93, 130.68, 129.95, 129.60, 127.47, 125.20, 120.52,

http://sioc-journal.cn/ 1513
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111.20, 110.85, 75.50 (t, J=23.2 Hz), 55.24, 55.14; HRMS
(ESI) calcd for C¢H;sDNaO; (M+Na)" 296.1009, found
296.1008.

2-F28HE-1,2- W (4-F A FL R T 4-1-F-0-d, (2d): 1R
PEH P IR, BICR 56%, TTARE 97%. FAEA, mp.
123~125 °C; 'H NMR (400 MHz, CDCl3) 6: 7.90 (d, J=
9.0 Hz, 2H), 7.40~7.36 (m, 8H), 7.25 (d, J=9.3 Hz, 4H),
6.93 (dd, J=8.9, 6.1 Hz, 4H), 5.84 (d, J=3.6 Hz, 0.03H),
5.08 (s, 2H), 5.01 (s, 2H), 4.55 (s, 1H); 3C NMR (101
MHz, CDCls) 6: 196.20, 162.11, 157.83, 135.64, 134.82,
130.94, 130.55, 127.97, 127.68, 127.55, 127.30, 126.99,
126.43, 125.39, 114.36, 113.69, 73.78 (t, J=18.2 Hz),
69.14, 68.95; HRMS (ESI) calcd for CsHasDNaOy4 (M+
Na)* 448.1635, found 448.1637.

2-FRHE-1,2- X (4-HH K I 4-1-W-a-dy (2e): HRHE
AR, SR 57%, mARE 98%. HEFEE, mp.
82~84 ‘C; 'H NMR (400 MHz, CDCls) 6: 7.82 (d, J=8.3
Hz, 2H), 7.24~7.16 (m, 4H), 7.12 (d, J=7.9 Hz, 2H),
5.89 (d, J=7.2 Hz, 0.02H), 4.51 (s, 1H), 2.35 (s, 3H), 2.28
(s, 3H); 3C NMR (151 MHz, CDCLs) 6: 198.56, 144.92,
138.34, 136.32, 130.95, 129.79, 129.37, 129.26, 127.62,
75.38 (t, J=22.6 Hz), 21.72, 21.15; HRMS (ESI) calcd for
C1sH1sDNaO, (M+Na)" 264.1111, found 264.1110.

2-FHE-12-XWQR-E I 4-1-F-0-dy (2f): FREE
FPIR, BIE 69%, AR 96%. FE 7, m.p. 60~
62 °C; 'H NMR (400 MHz, CDCls) 6: 7.38~7.29 (m,
3H), 7.27~7.17 (m, 6H), 6.34 (s, 0.04H), 4.42 (s, 1H); 1*C
NMR (101 MHz, CDCly) &: 200.95, 135.40, 134.70,
133.84, 132.39, 131.59, 130.52, 130.03, 129.97, 129.27,
129.03, 127.38, 126.58, 75.03 (t, J=23.2 Hz), HRMS
(ESI) caled for C;sHyDCL,NaO, (M+Na) ™ 304.0018,
found 304.0017.

2-F8HE-1,2- X (4- 5K ) 4-1-F-a-di (2g): FR¥EiE
FAPER, SR 60%, mAREE 98%. M E[E A, m.p. 85~
87 ‘C; '"H NMR (400 MHz, CDCls) d: 7.83 (d, J=8.6 Hz,
2H), 7.39 (d, J=8.6 Hz, 2H), 7.31 (d, J=8.6 Hz, 2H), 7.25
(d, J=9.2 Hz, 4H), 5.88 (d, J=7.2 Hz, 0.02H), 4.47 (s,
1H); *C NMR (151 MHz, CDCl3) d: 197.49, 140.78,
137.12, 134.81, 131.53, 130.45, 129.49, 129.24, 129.06,
75.07 (t, J=22.6 Hz); HRMS (ESI) calcd for C;4HsDCl,0,
(M)~ 280.0042, found 280.0024.

2-F8HE-1,2- X (4-1RFFE) 2.-1-Fl-a-dy (2h): MR A HE
DI, BE 66%, AR 97%. FEE A, mp. 93~
95 °C; 'H NMR (400 MHz, CDCLy) &: 7.74 (d, J=8.7 Hz,
2H), 7.56 (d, J=8.2 Hz, 2H), 7.46 (d, J=8.4 Hz, 2H), 7.19

1514 http://sioc-journal.cn/
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(d, J=8.6 Hz, 2H), 5.86 (s, 0.03H), 4.47 (s, 1H); 3C NMR
(151 MHz, CDCly) &: 197.63, 137.55, 132.42, 132.22,
131.92, 130.46, 129.57, 129.33, 122.99, 75.11 (t, J=21.9
Hz); HRMS (ESI) calcd for C14HsDBr,O, (M) 367.9032,
found 367.9032.

2-FRFE-1 2-WU(ZE-2-35) -1-F-a-d, (2i): ARYEE
IR, BICR 62%, TTARE 97%. FEEA, mp. 123~
125 “C; '"H NMR (400 MHz, CDCl;) d: 8.51 (d, J=2.1
Hz, 1H), 8.00 (dd, J/=8.7, 1.8 Hz, 1H), 7.92 (d, J=2.0 Hz,
1H), 7.88 (dd, J=8.1, 0.9 Hz, 1H), 7.85~7.73 (m, 5H),
7.60~7.41 (m, 5H), 6.28 (d, J=7.2 Hz, 0.03H), 4.71 (s,
1H); 3C NMR (151 MHz, CDCl;) §: 198.93, 136.52,
135.85, 133.45, 133.20, 132.22, 131.41, 130.81, 129.75,
129.20, 129.08, 128.67, 128.09, 127.78, 127.72, 127.48,
127.01, 126.53, 126.44, 124.86, 124.25, 76.02 (t, J=21.9
Hz); HRMS (ESI) caled for CyH;sDNaO, (M+Na)"®
336.1111, found 336.1112.

2-F2H-12- TR B 20-1--a-d, (2j): ZHREDIE,
ML 31 (10 mol%), B AcOK (1 equiv.)fUE
KoCOs, E U E 73%, AR E 80%. H A E 4, mp.
134~136 °C; '"H NMR (400 MHz, CDCl3) J: 7.95~7.88
(m, 2H), 7.56~7.50 (m, 1H), 7.43~7.37 (m, 2H), 7.35~
7.27 (m, 5H), 5.96 (d, J=7.2 Hz, 0.20H), 4.56 (d, J=12.9
Hz, 1H); 3C NMR (101 MHz, CDCl;) d: 198.97, 139.00,
138.94, 133.97, 133.46, 129.17, 128.73, 128.62, 127.77,
75.81 (t, J=24.7 Hz); HRMS (ESI) caled for Ci4H;D-
NaO, (M+Na)" 236.0798, found 236.0799.

2-F2 312X (WEWY-3-35) - 1-B-0-d) (2k): Z[RiE
FIB 9%, fd FE AL 77 31 (10 mol%), B AcOK (1 equiv.)
B KoCOs, MREFEZ 50°C, MU 58%, TALE 73%.
F L [E A, mp. 112~114 C; 'H NMR (400 MHz,
CDCl;) d: 8.06 (dd, J=2.9, 1.3 Hz, 1H), 7.52 (dd, J=5.1,
1.4 Hz, 1H), 7.34 (dd, J=3.0, 1.4 Hz, 1H), 7.30 (ddd, J=
5.0, 2.9, 1.1 Hz, 2H), 7.01 (dd, J=5.0, 1.4 Hz, 1H), 5.85
(d, J=7.2 Hz, 0.27H), 4.34 (d, J=13.4 Hz, 1H); '3C NMR
(101 MHz, CDCl3) : 192.47, 139.92, 137.94, 134.29,
127.28, 127.12, 126.64, 126.26, 124.25, 72.05 (t, J=22.2
Hz); HRMS (ESI) caled for CjoH;DNaO,S, (M+Na)"®
247.9926, found 247.9918.

2-F2 5 -1,2- X (5- H BE WK I -2- 3% 46-1-P -a-dy (21):
Z: [ AP IR, fd F A4 57 31 (10 mol%), ik F AcOK (1
equiv.) X KoCOs, MEFEZ 50 C, BUCE 63%, At
K 78%. FEE, mp. 91~93 C; 'H NMR (400 MHz,
CDCly) &: 7.13 (d, J=3.7 Hz, 1H), 6.26 (d, J=3.2 Hz,
1H), 6.15 (d, J=3.7 Hz, 1H), 5.92 (d, J=3.3 Hz, 1H), 5.66

Chin. J. Org. Chem. 2023, 43,1510~1516
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(d, J=3.6 Hz, 0.22H), 4.25~4.17 (m, 1H), 2.38 (s, 3H),
2.24 (s, 3H); BC NMR (151 MHz, CDCls) §: 183.63,
159.36, 153.10, 149.82, 148.27, 122.29, 109.98, 109.49,
106.75, 68.60 (t, J=22.6 Hz), 14.12, 13.58; HRMS (ESI)
caled for C;;H;;DNaO; (M + Na) = 244.0696, found
244.0695.

2-F2 HE1,2- X (4- A FE e g -3- 3 ) £ -1- i -0-d)
(2m): ZHEHPER, 8T 31 (10 mol%), HlH =
FEZ 1 equiv., IRJEFEE 50 C, MULE 53%, ALE
85%. FI{GE K, mp. 126~128 °C; 'H NMR (400 MHz,
CDCls) d: 8.75 (s, 1H), 8.49 (d, J=6.0 Hz, 1H), 8.41~
8.35 (m, 2H), 6.72 (d, J=5.9 Hz, 1H), 6.67 (d, J=5.9 Hz,
1H), 5.85 (s, 0.15H), 4.41 (s, 1H), 3.87 (s, 3H), 3.76 (s,
3H); *C NMR (151 MHz, CDCl3) d: 199.31, 163.45,
163.35, 154.86, 151.99, 151.63, 151.45, 122.68, 121.10,
106.74, 106.70, 74.99 (t, J=23.4 Hz), 55.55, 55.32;
HRMS (ESI) caled for CisH14DN,O4 (M+H)™ 276.1095,
found 276.1096.

1,2-X0(4-( = & 3 K 3)-2-F2 2 2,-1-Ff-a-d, (2m):
ZIE PR, T R, HEREZE 1 equiv, HE
F2 100 °C, ¥EFIH TP RAE PUEmm, 20 10%,
TACE 93%. WO E A, mp. 136~138 C; 'H NMR
(400 MHz, CDCls) &: 7.88~7.81 (m, 2H), 7.22~7.16 (m,
2H), 6.69~6.62 (m, 2H), 6.58~6.53 (m, 2H), 5.78 (s,
0.07H), 4.67 (s, 1H), 3.01 (s, 6H), 2.90 (s, 6H); 3C NMR
(151 MHz, CDCly) d: 196.60, 153.62, 150.36, 131.49,
128.55, 128.21, 121.13, 112.76, 110.60, 74.52 (t, J=22.6
Hz), 40.46, 39.95; HRMS (ESI) calcd for C;sH1DN2NaO,
(M+Na)" 322.1642, found 322.1642.

4-$2H-1,6- KB O-3-F-a-d) (20): ZHEF DR,
{5 FH 4L 77 31 (10 mol%), B AcOK L KoCOs, SR
R 53%, 17 1A 28%, 745 2 Al 4 51K 38%, fif
RO3 TARER 59%. B OIHPIRME. TH NMR (400 MHz,
CDCly) d: 7.27 (it, J=5.6, 2.8 Hz, 4H), 7.23~7.10 (m,
6H), 4.10 (q, J=4.0, 2.9 Hz, 0.72H), 3.55~3.47 (m, 1H),
2.90 (d, J=6.2 Hz, 2H), 2.78~2.61 (m, 2.50H), 2.06 (it,
J=7.1, 3.6 Hz, 0.41H), 1.82~1.68 (m, 0.42H); '3C NMR
(151 MHz, CDCly) o6: 211.34, 141.02, 140.40, 128.60,
128.50, 128.28, 126.38, 126.15, 75.74 (t, J=6.04 Hz),
39.06 (dt, J=52.7, 19.4 Hz), 34.99 (t, J=19.6 Hz), 30.95
(t, J=14.3 Hz), 29.37; HRMS (ESI) calcd for C;sH;sDy-
NaO, (M+Na)" 295.1612, found 295.1637.

2-(2- 5 IR IE)-2- 8 5 -1- (X F 2K 3E) - 1-F-a-d, (2p):
SIE DU, ARG R H S AN H 2K F i B 0.25
mmol, FUZE 56%, MAVE 98%. ¥R HE AE 4, m.p.

\
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86~88 “C;'H NMR (400 MHz, CDCl3) 6: 7.82 (d, J=8.3
Hz, 2H), 7.42 (dd, J=7.7, 1.7 Hz, 1H), 7.25~7.14 (m,
4H), 7.10 (dd, J=7.5, 2.0 Hz, 1H), 6.35 (d, J=4.4 Hz,
0.02H), 4.59 (s, 1H), 2.35 (s, 3H); *C NMR (151 MHz,
CDCl3) 6: 198.25, 145.29, 136.97, 133.60, 130.59, 130.28,
129.93, 129.52, 129.16, 129.01, 127.68, 72.23 (t, J=21.9
Hz), 21.75; HRMS (ESI) calcd for C;sH;,DNaClO, (M+
Na)" 284.0565, found 284.0563.

4-(1- ¥ He -3- W BE 2- 50T 2k -1,3-d0) K W R W I
(2q): ZRGEF DR, 0 A PR % A A e T %A
F 0.25 mmol, S 30%, 17 1 7ARE 89%, {75 2
TARE 99%. A A, mp. 87~89 C; 'H NMR (400
MHz, CDCI3) §: 8.08~8.04 (m, 2H), 7.43~7.39 (m, 2H),
5.27 (d, J=4.8 Hz, 0.11H), 4.40 (s, 1H), 3.92 (s, 3H), 2.69
(s, 0.01H), 1.15 (s, 3H), 0.81 (s, 3H); '*C NMR (151 MHz,
CDCl3) d 212.75, 166.59, 142.75, 130.53, 130.23, 127.55,
77.58 (t, J=21.9 Hz), 52.26, 35.69 (t, J=19.6 Hz), 19.21,
17.89; HRMS (ESI) calcd for Cj3H4D;NaOs (M+Na)®
261.1072, found 261.1071.

4 Bh A1l (Supporting Information) FT & ik H hnfb &
¥) 2a~2q ) '"H NMR. 3C NMR & &7 $E i &, X
Lk L AT BA A #% AT X 35 (http://sioc-journal.cn/) b R
.
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