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Strecker Reaction of Ethyl Cyanoformate with Aldimines
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Abstract The Strecker reaction of ethyl cyanoformate with aldimines was carried out with N-heterocyclic carbene (NHC) as
the catalyst. The reaction conditions were optimized with different catalysts, catalyst loading and various solvents. 14
a-aminonitriles were synthesized via the optimal reaction conditions. It was found that both aromatic and aliphatic aldimines
were suitable electrophiles and the highest yield was 93%. The reaction has the virtue of simple operation, mild reaction condi-
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tion, high yield and environment friendliness.
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Table 1 Reaction conditions evaluation for a-amino nitriles

/TS /Ts
N HN
(0] |
)J\ . NHC (10 mol%) CN
NC~ “OEt -
solvent
1 2a 3a
— =\, cor
Ar/N\/N\Ar Ar/N\7N‘Ar

4a Ar = 2,6-(i-Pr),CgHz  4b Ar = 1,3,5-Me;CgH,

M N Cl
— ~ ="\ 4

M\, cr

Ar=N N=ar OH S __N-R ~7
4c Ar=26-(-Pr);CcH; 4d R=Bn,X=Cl 4f
4e R=Me, X=1

Entry” NHC (mol%) Solvent’”  Time/h Yield*/%
1 4a(10) THF 12 78
2 4b,KOr-Bu (10) THF 12 73
3 4c, KOtBu (10) THF 12 7
4 4d,KOtBu (10) THF 12 7
5 4e,KOr-Bu (10) THF 12 69
6 4f, KOtBu (10) THF 12 62
7 — THF 12 —
8 4a (10) DCM 12 67
9 4a(10) Et,0 12 69
10 4a(10) Toluene 12 68
11 4a(10) DMF 12 51
13 4a(10) 1,4-Dioxane 12 57
14 4da(l) THF 12 52
15  4a(l1.5) THF 12 51
16 4a(2.5) THF 12 64
17 4a(5) THF 12 72

R R, R 2 R AL 2 1, U R 2 R
0.6 mmol, TWHZHRIR 0.3 mmol, * A7 2 mL, © 0.25 mol/L NaOH 7K
A0S T

1,3-(2,6- 5 PR FE IR I DK e b 26 12 £ (4e) 3 3E-2-
I -4-(Q-FR I 2 B MEME SRR £h (4d) . 2,3- T T FE-4-(2-
PRI 2, B0 e SR 2 (de) s 2-FE-6,7- A -SH-MEE
[2,1-c][1,2,4] =M TR IR £h(4f) 2 R AT SR, 7ERUT BEsH
MAEF /=42 NHC. =T, ADYEUR IR A RN 7,
AT EA 10 mol% &L T, HE T 6 FiA FfE1L 7]
SR, AR LR 1. SRR, WENEREML
SRS AR TS SN AL, PR R RIS B 78%(K 1,
Entry 1). ANig 2 BKMBET (4b~4dc) ), 8 /& MEME T (4d ~
de) )R EBMCRIIRAF, FPEAE 0% 4 (3R 1, Entries
2~5). A EARMAFIAL, =mAdHKREIERST
62%(F 1, Entry 6). MEAMEAFIREL T, REZA
RAEMGER 1, Entry 7). 25625 FEMEALFIPI A il & M
Sy FERE e HARAR TG, S 4a 1 R REFIEAL N
AL,
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1.1.2 B F R 49 %

FIRAMTF, L 10 mol% 4a HIEALFI &, 5T
VUSRI . &b, LB FA. NN-—F 3L
(DMF)AI 1,4- 58 /S IREEAN [ A0S S B2 (R 52, 45 1
JLE% 1 (Entries 8~12). MEH AR T LIE H, PLHSEK
PR R - 750 DU SR B A S BB TR, P22 78%,
Pl R AR, H= W= 25T 70%. Hk, Ask
U5 5 DU SR IR fee e S NV 7).

1.1.3 1R 6 A= 3 RO 69 % vh

FEIAAET, CLIARRRNER], K15 2 MY
JRIELE Y 2 01, BT AT 4a B X OB 1) 0,
5 W 1 (Entries 13~16). 4EALFHEN 1 mol%
i, @i 12 h R MJE, TLC KM, A ETor 8, 1928055
N 52%(F 1, Entry 13); 464386 KL &, P10k
RAWAH NI, AT EN 10 mol%H, 731l &
ik 78%(3% 1, Entry 1). FrlA, ASCEGHHE#IALTIHER
10 mol% X Ji 4 [ N AT HF 7T

SR DL B, R R BT R B
T, BIRE 4a AN, HEHR 10 mol%, EiIHN
THF, JEY) 1 5 2 (PR =y 2 0 1 I, TLC BREZR
W MRS, [ 856 4% 2 J5 BA NaOH #3#(0.25 mol/L)7K
fit, ATLAR R SRR o-REE R ED.

12 REEYPHEEHEER

TERARA RS 26 AR, AN [R] 6 W0 i 5 2 H R
BRI RN AT T, 45R IR 2. MSInsh
FATCUE H, RS f 0 i #R E R gk 47 S 1k
JNE, AESE PR R AN R ) N L X EER LR
P RR R 55—, BT WRHATREE, F5 &8N
SRR I R BB, RNRAT BRI T BT
KA, TEKEEFE A S k. 5 FEUR I BT
RSN S LR RN /N, AN A2 W L 7340 A A H 1 A
FABRETF RN A= R A&, W TR RS
I R A T 5 (R 2, Entries 1~5). 74h,
52 7 RN EA B A BRI N S N 52, 45 53 B EX
ARIE AT BT RIS AN K, [ T4 58 2K F I T
Ja(3i) = R e =il Bl 93%(% 2, Entries 6~11). A,
25527 REIARN Mg 7 T T S e 11 Js S, o 3L 7 e P I
SN ZE AR 75 7 1 G FH AR (FR 2, Entries 12~14).

2 i

A YRR AR DU AL TR 00 32 P IR £ TR A I
JiEH) Strecker S, IR AT 14 ML,
Forp W R A A5 57 A R e A W IR T . 57 A I
2z B FRY P AL S AT — € (RSN, 5 A7 oz fi
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Table 2 NHCs catalyzed cyanation of aldimines with ethyl

cyanoformate

0 N/TS IPr (10 mol%) |-|N’TS

NC)J\OEt + RJ L R™ "CN
NaOH (0.25 mol/L)
1 2 3
Entry” R Product Time/h Yield”/%

1 CgHs 3a 12 78
2 CgHy(p-CH;) 3b 24 76
3 CgHy(p-OCHa) 3c 24 62
4 CeHy(p-F) 3d 24 70
5 CgHy(p-Cl) 3e 24 77
6  CgHy(m-OCHs) 3f 12 64
7 CgHy(0-Cl) 3g 12 76
8  CgHy(o-CHa) 3h 24 84
9  Cg¢Hy(0-CH,CH3) 3i 24 93
10 CgHy(o-CF5) 3j 36 68
11 CgHs(o-Cl, p-Cl) 3k 24 67
12 2-Naphthyl 31 24 82
13 Cyclohexyl 3m 24 72
14 (CH;),CH 3n 24 64

CRBIEPE: E, R 15 2 R 2 0 1, T TR LA
B 0.6 mmol, MR 0.3 mmol, THF HI& 2 mL, * 0.25 mol/L NaOH
KARIG 5 B,
HLF L1005 & G = 2 Ak, A 62%. T ALBA X IX Lt
Een VY SC S R AP R I SR e 5 S
WHEHIF= R e, N 93%. B, ¥R, MR Wi % i)
PR, ZTTEE T AR, AR =D, R
TR BB KL, XSRS A SRt T —
PR BRSO E R
3 IS
3.1 X5

G LR A1 (400 MHz)FIBR 3% (100 MHz)#R 3%
Varian A% INOVA-400 MHz 4% i 345 A0 &
CDCl; RIEF, TMS NN AR; &5 H i K H 8 E
Bruker A & Bruker micrO-TOF-QIIE. AT 24 Al
FIP oM A, USRI . 28, B2E. K HES R
5T R R TR AL B, AR . ROk =&
FRGE S IV,N- B A e FH S A 485 (B3 0 v T
LR OPREFEZAEA. RHEE . XK FEE . X A
IR FE L 0 FEOR RS S35 W H T Alfa Aesar 355 7.
32 ZWHE
3.2.1 BH LK 2a~2n 894 5%

4% Chemla PRG35 i 7 ik & K. K EE(10
mmol) X FF 2 P it FR AP AN X6 B 2R L i i PR AR L 1
1 1REE, WMAFERAS mL)FM/KAS mL), =EHEE
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12 h, &UE, PUEAKPE(0 mLX2), A k10
mL)YE, HUTIRE T & P BE(100 mL)H F A A
FREAN(70 mL), =EBEE 2 h, (FiRB, 4 A H
B2, KEBEU &R H(70 mL)YEsk, SIEa0E, &
IKBR R AN T8, D30 IR 4R 5 P — SR ot A e o = &%
ey B 45 0 i 77

N-ZR8 0 2 -4- HOR R I i (2a): 1 € [ 4, 77 26
74%. m.p. 110~112 CTCCHREP! 109 CT); '"H NMR
(CDCls, 400 MHz) &: 9.03~8.99 (m, 1H), 7.96~7.92
(m ,4H), 7.64 (t, J=7.6 Hz, 1H), 7.48 (t, J=7.6 Hz, 1H),
7.30 (d, J=8.8 Hz, 2H), 2.45 (s, 3H).

N-(4-F BE 2R 0 R 8 )-4- FR ORI iz (2b): - 1 €6 [T 4
FEER 79%. mp. 112~113 COCHERERY 114~115 C);
'H NMR (CDCls, 400 MHz) 8: 8.99 (s, 1H), 7.91~7.88
(m, 2H), 7.82 (d, J=8.0 Hz, 2H), 7.33 (d, J=7.6 Hz, 2H),
7.29~7.26 (m, 2H), 2.44 (s, 3H), 2.45 (s, 3H).

N-(4- G838 2K 30 F 366 )-4- PR BB 9 11 (2¢): 1 €L [
A, P2 84%. mp. 123~125 C(SCEAEPY 121 ~
122 °C); '"H NMR (CDCl;, 400 MHz) &: 8.94 (s, 1H),
7.91~7.87 (m, 4H), 7.33 (d, J=8.0 Hz, 2H), 6.98~6.94
(m, 2H), 3.88 (s, 3H), 2.45 (s, 3H).

N-(4- 382 0. FFY 2k )-4- PR DR il Tk e (2dD): 1 6 4
FEE 81%. mup. 132~134 CCCEMER 111 C); 'H
NMR (CDCls, 400 MHz) 6: 9.00 (s, 1H), 7.96~7.92 (m,
2H), 7.88~7.86 (m, 2H), 7.35 (d, J=8.0 Hz, 2H), 7.18~
7.14 (m, 2H), 2.45 (s, 3H).

N-(4-5R 7 H 3 )-4- ORI i (2e): 1 E LB 4%, 72
2 89%. m.p. 169~170 CCLEMEP" 172~173 C); 'H
NMR (CDCls, 400 MHz) &: 8.99 (s, 1H), 7.87 (d, J=8.4
Hz, 2H), 7.85 (d, J=8.4 Hz, 2H), 7.44 (d, J=8.4 Hz, 2H),
7.34 (d, J=8.4 Hz, 2H), 2.45 (s, 3H).

N-(3- FHAA 8 2K W R 368 )-4- FR SR B 9 e (2): P £ [
A&, P2 84%. m.p. 127~129 ‘CCCHEME 78~79 C);
'H NMR (CDCls, 400 MHz) 6: 8.97 (s, 1H), 7.87 (d, J=
8.4 Hz, 2H), 7.45~7.31 (m, 5H), 7.13 (d, J=8.0 Hz, 1H),
3.80 (s, 3H), 2.41 (s, 3H).

N-(Q2-F 2KV F 3% )-4- F R T B e (22) ) A Eu il 4,
FRER 82%. mup. 127~128 ‘CCCHRERY 133~134 C);
'H NMR (CDCls, 400 MHz) 6: 9.50 (s, 1H), 8.18~8.13
(m, 1H), 7.91 (d, J=8.4 Hz, 2H), 7.45~7.53 (m, 2H),
7.38~7.33 (m, 3H), 2.45 (s, 3H).

N-(2- F 3L 2 0 R 56 )-4- R 2R B e e (2h)™>): 1 E
&, P7E 85%. m.p. 119~121 °C; 'H NMR (CDCl;, 400
MHz) §: 9.34 (s, 1H), 8.00 (d, J=7.6 Hz, 2H), 7.48~7.46
(m, 2H), 7.35~7.34 (m, 2H), 7.32~7.24 (m, 2H), 2.60 (s,
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3H), 2.45 (s, 3H).

N-(2- LA FE 6 0 P 368 )-4- W SR B G A (20): (A 6
AR, 7% 91%. m.p. 111~114 ‘C; 'H NMR (CDCl,,
400 MHz) J: 9.55~9.46 (m, 1H), 8.04 (d, J=7.8 Hz, 1H),
7.94~7.79 (m, 2H), 7.52 (d, J=8.4 Hz, 1H), 7.32 (d, J=
6.8 Hz, 2H), 7.03~6.89 (m, 2H), 4.14 (q, J=7.2 Hz, 2H),
2.43 (s, 3H), 1.46 (t, J=7.2 Hz, 3H).

N-(2-( =50 F 58 ) 2K 3 R 28 )-4- F R BE A (2)): EIE
B, P23 84%. mp. 129~131 C(CCEREEY 97~
98 “C); 'H NMR (CDCls, 400 MHz) &: 9.41~9.31 (m,
1H), 8.37~8.30 (m, 1H), 7.94~7.81 (m, 2H), 7.81~7.60
(m, 3H), 7.46~7.32 (m, 2H), 2.45 (s, 3H).

N-(2,4- G 75 F L )-4- FF 2R Bk T i (2k): 19 €8 [
#, P23 79%. mp. 124~126 C(CCEAERY 112~
113 °C); '"H NMR (CDCls, 400 MHz) &: 9.44 (s, 1H),
8.14~8.10 (m, 1H), 7.93~7.89 (m, 2H), 7.51 (s, 1H),
7.42~7.34 (m, 2H), 7.34 (d, J=8.4 Hz, 1H,) 2.47 (s, 3H).

N-((Z8 LTk f-2-2%) 0 FR L )-4- FROR T e iz (21): 1
g, 2% 87%. mp. 113~114 COCHRER 114~
116 ‘C); '"H NMR (CDCls, 400 MHz) &: 9.06 (s, 1H), 8.32
(s, 1H), 8.05~8.01 (m, 1H), 7.97~7.91 (m, 3H), 7.90~
7.85 (m, 2H), 7.65~7.61 (m, 1H), 7.60~7.55 (m, 1H),
7.38~7.34 (m, 2H), 2.45 (s, 3H).

N-(FF O 0% )-4- FROR R E e (2m): (€[] 4, 7
2 71%. m.p. 105~106 CCCHEAE 106 C); 'H NMR
(CDCls, 400 MHz) J: 8.49 (d, J=4.4 Hz, 1H), 7.80 (d, J=
8.4 Hz, 2H), 7.33 (d, J=8.0 Hz, 2H), 2.49~2.41 (m, 1H),
2.44 (s, 3H), 1.95~1.65 (m, 5H), 1.35~1.16 (m, 5H).

N-(2- FF 5 0 TR 5 )-4- W Rl 5k i (2m): 1 8 [ 44
P22 67%. m.p. 80~81 ‘CCLHMEP 82 C); 'TH NMR
(CDCls, 400 MHz) d: 8.50 (d, J=4.4 Hz, 1H), 7.80 (d, J=
8.4 Hz, 2H), 7.31 (d, J=8.0 Hz , 2H), 2.72~2.58 (m, 1H),
2.43 (s, 3H), 1.21 (d, J=7.2 Hz, 6H).

322 RAEFAFTRMBALALTRCEE LB LKL
Strecker A&

EATEARY R, BT AR 0 R S I I 2 (0.3
mmol) i B 7%, ¥ FRA, REJLKES: FRKE, H
TG B A OB R, NN U FER 216 (0.6 mmol),
I THF (2 mL), VK% IR 52 IPr (0.03 mmol),
)10 min J&, #20KiE, SRR, TLC il
S F AR A5 2%, N NaOH (0.25 mol/L)/KfiR#) 3
h, TLC MEMAFK MR TE K, 18R I LR LBS(EA)
Bidk 30 min, LMRABEREHL, Yoot BA 2, /KJZH EA
W =5, &I EA =, FMA NaCl #0521,
To/K Na,SO, T, W46, HERALENT[VCAMmE) @ (4

Chin. J. Org. Chem. 2017, 37, 914~919

© 2017 Chinese Chemical Society & SIOC, CAS

R CFR)=15 © 1] Baitb /3 2179 3a~3n.

o-4- P 2R B I e 56 7% 26 (3a): A B A, PR R
78%. m.p. 124~125 C (LA 124~126 C); 'H
NMR (CDCls, 400 MHz) d: 7.82~7.79 (m, 2H), 7.46~
7.39 (m, 5H), 7.38~7.35 (m, 2H), 5.47 (d, J=8.8 Hz,
1H), 5.18 (d, J=9.2 Hz, 1H), 2.46 (s, 3H); °C NMR
(CDCl;, 100 MHz) &: 144.72, 136.01, 132.10, 130.07,
129.90, 129.41, 127.34, 127.08, 116.28, 48.22, 21.68.

o-4- FH T Ik e i -4- R 2R 2 15 (3b): 1 [ A
PEE76%. mp. 119~121 COCHRMER? 120~121 C);
'H NMR (CDCls, 400 MHz) §: 7.83~7.79(m, 2H), 7.39~
7.28 (m, 4H), 7.20 (d, J=8.0 Hz, 2H), 5.43 (d, J=8.8 Hz,
1H), 5.04 (d, J=7.2 Hz, 1H), 2.46 (s, 3H), 2.36 (s, 3H);
C NMR (CDCl;, 100 MHz) &: 144.68, 140.11, 136.06,
130.05, 129.12, 127.35, 126.98, 116.40, 48.02, 21.68,
21.17.

o-4- FRORTE B 3 -4- FR AR R 2 1 Be): 1A (0 [ 4k,
P22 52%. m.p. 98~99 CCCErER? 100~101 C); 'H
NMR (CDCls, 400 MHz) §: 7.79~7.76(m, 2H), 7.35~
7.29 (m, 4H), 6.88~6.84 (m, 2H), 5.39~5.35(m, 2H),
3.79 (s, 3H), 2.44 (s, 3H); °*C NMR (CDCl;, 100 MHz) ¢:
160.62, 144.60, 136.08, 130.02, 128.56, 127.32, 124.07,
116.55, 114.68, 55.43,47.73, 21.66.

o-4- F R R Tt i ik -4- 2R 25 (3d): B e [l Ak, 77
# 70%. m.p. 99~101 ‘CCCERERY 100~104 C); 'H
NMR (CDCls, 400 MHz) d: 7.84~7.73 (m, 2H), 7.44~
7.40 (m, 2H), 7.35 (d, J=8.0 Hz, 2H), 7.09~7.05 (m,
2H), 5.52 (d, J=9.0 Hz, 1H), 5.43 (d, J=9.2 Hz, 1H), 2.45
(s, 3H); >°C NMR (CDCl;, 100 MHz) §: 163.34 (d, 'Jer=
249 Hz), 144.84, 135.85, 130.08, 129.15 (d, *Je.r=8 Hz),
128.02 (d, *Jor=4 Hz), 127.28, 116.44 (d, *Jcr=22 Hz),
116.13, 47.55, 21.66.

o-4- F IR T ok i i -4- SR 5 (3e): A G 44, 7=
# 77%. mp. 112~113 CCCEMER? 113~115 C); 'H
NMR (CDCls, 400 MHz) d: 7.83~7.75 (m, 2H), 7.44~
7.33 (m, 6H), 5.46 (d, J=9.2 Hz, 1H), 5.16 (d, J=9.2 Hz,
1H), 2.47 (s, 3H); C NMR (CDCl;, 100 MHz) J: 144.93,
136.16, 135.83, 130.58, 130.14, 129.61, 128.47, 127.31,
115.88, 47.66, 21.69.

o-4- R I e 3 -3- A 2K G (30 (s
&, P7E 64%. m.p. 121~122 ‘C; 'H NMR (CDCl;, 400
MHz) §: 7.82~7.79 (m, 2H), 7.36 (d, J=8.0 Hz, 2H),
7.32~7.28 (m, 1H), 7.02~6.99 (m, 1H), 6.93~6.91 (m,
2H), 5.43 (d, J=9.2 Hz, 1H), 5.19 (d, J=8.8 Hz, 1H), 3.79
(s, 3H), 2.46 (s, 3H); >C NMR (CDCl;, 100 MHz) o:
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160.22, 144.71, 136.00, 133.44, 130.49, 130.05, 127.33,
119.12, 116.26, 115.67, 112.42, 55.41, 48.15, 21.66.

o-4- T R TS 1 B -2- UK 26 (3g): A ([l A4k, 7=
K 76%. m.p. 118~120 CCCAEPY 118~119 C); 'H
NMR (CDCls, 400 MHz) d: 7.78~7.75 (m, 2H), 7.52~
7.49 (m, 1H), 7.40~7.28 (m, 5H), 5.69 (d, J=8.8 Hz,
1H), 5.37 (t, J=8.0 Hz, 1H), 2.43 (s, 3H); °C NMR
(CDCl;, 100 MHz) 6: 144.63, 135.96, 133.12, 131.46,
130.57, 129.91, 129.89, 129.59, 127.81, 127.34, 115.78,
46.33,21.64.

o-4- FH 2R T R e e -2- W R 2R 2 15 (3h): 1 B [ A
FEE 84%. mup. 103~105 ‘CCCHRER? 105~106 C);
'H NMR (CDCl;, 400 MHz) J: 7.83~7.79 (m, 2H),
7.47~7.45 (m, 1H), 7.37~7.29 (m, 3H), 7.23 (t, J=7.6
Hz, 2H), 5.57 (d, J=8.4 Hz, 1H), 4.93 (d, J=8.8 Hz, 1H),
2.46 (s, 3H), 2.38 (s, 3H); *C NMR (CDCl;, 100 MHz) ¢:
144.69, 136.52, 135.89, 131.57, 130.25, 130.06, 129.98,
127.58, 127.41, 126.94, 116.46, 46.15, 21.68, 18.77.

o-4- FF 2R B Tk i ik -2- 2, 3 2K 201 (3i): (1 il A,
=% 93%. m.p. 92~93 C; '"H NMR (CDCls;, 400 MHz)
5: 7.74~7.71 (m, 2H), 7.34~7.28 (m, 3H), 7.19 (dd, J=
7.6, 1.6 Hz, 1H), 6.91~6.84 (m, 2H), 5.71 (d, J=9.6 Hz,
1H), 5.39 (d, J=9.6 Hz, 1H), 4.17~4.02 (m, 2H), 2.41 (s,
3H), 1.44 (t, J=7.2 Hz, 3H); *C NMR (CDCl;, 100 MHz)
5: 156.01, 144.18, 136.48, 131.43, 129.76, 129.11, 127.11,
121.00, 120.83, 116.51, 112.23, 64.44, 45.67, 21.58, 14.58.
HRMS caled for Cj;H;sN,NaO;S [M+Na]* 353.0936,
found 353.0925.

o-4- F IR Tt i 5 -2- — 3 FH R OK 215 (3j): ]
&, 772 68%. m.p. 132~134 ‘C; '"H NMR (CDCls, 400
MHz) d: 7.77~7.74 (m, 2H), 7.70 (t, J=8.4 Hz, 2H), 7.60
(t, J=7.6 Hz, 1H), 7.52 (t, J=7.6 Hz, 1H), 7.33~7.29 (m,
2H), 5.71 (d, J=8.0 Hz, 1H), 5.64 (d, J=7.6 Hz, 1H), 2.43
(s, 3H); “C NMR (CDCl;, 100 MHz) §: 144.76, 135.65,
133.18, 130.60, 130.24, 129.93, 129.76, 127.84 (q, “Jer=
31 Hz), 127.37, 126.86 (q, *Jer=6 Hz), 123.36 (q, 'Jer=
273 Hz), 116.20, 44.58 (d, “Jor=3 Hz), 21.63. HRMS
caled for C,;¢H;3F;N,NaO,S [M—|—Na]+ 377.0548, found
377.0556.

o-4- PR S EE i 3 -2, 4- —EFE 2 EGK): A Bk,
FEE 67%. mp. 116~118 C; 'H NMR (CDCl;, 400
MHz) §: 7.75~7.72 (m, 2H), 7.45 (d, J=8.4 Hz, 1H), 7.37
(d, J=2.0 Hz, 1H), 7.37~7.27 (m, 3H), 5.65 (d, J=8.8
Hz, 1H), 5.54 (d, J=8.8 Hz, 1H), 2.44 (s, 3H); *C NMR
(CDCls, 100 MHz) J: 144.80, 137.04, 135.79, 133.90,
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130.41, 130.36, 129.93, 129.24, 128.44, 128.06, 127.28,
115.45, 45.75, 21.65. HRMS calcd for C;sH;,CI,N,NaO,S
[M+Na]™ 376.9894, found 376.9889.

o-4- F R Rk i s -2- 28 G Q) Al Ak, FE
82%. m.p. 138~139 C(SCHR{EDY 138~140 C); 'H
NMR (CDCls, 400 MHz) &: 7.92~7.80 (m, 6H), 7.58~
7.51 (m, 2H), 7.46 (dd, J=8.4, 2.0 Hz, 1H), 7.34 (d, J=
8.0 Hz, 2H), 5.63 (d, J=9.2 Hz, 1H), 5.25 (d, J=9.2 Hz,
1H), 2.44 (s, 3H); °C NMR (CDCl;, 100 MHz) J: 144.74,
136.01, 133.50, 132.84, 130.06, 129.66, 129.16, 128.24,
127.76, 127.46, 127.34, 127.14, 126.63, 123.91, 116.27,
48.43,21.65.

o-4- P R I 3 -2- 38 3 2 Bm): 1 €0 [ 4,
P22 72%. mp. 96~97 ‘CCCHREP 98~100 C); 'H
NMR (CDCls, 400 MHz) &: 7.80~7.77 (m, 2H), 7.37~
7.35 (m, 2H), 5.13 (d, J=10.0 Hz, 1H), 4.05 (dd, J=10.0,
6.4 Hz, 1H), 2.45 (s, 3H), 1.87~1.66 (m, 6H), 1.30~1.12
(m, 4H); C NMR (CDCls, 100 MHz) 6: 144.54, 136.05,
130.03, 127.20, 116.74, 49.83, 41.30, 28.80, 28.31, 25.61,
25.34,25.28,21.65.

o-4-F R IE fc BE -3- R R T I (Bm): (1 f [ A, 7
K 64%. m.p. 75~77 CCCHMEP? 74~76 C); '"H NMR
(CDCls, 400 MHz) 6: 7.80~7.77 (m, 2H), 7.36 (d, J=8.4
Hz, 2H), 5.35 (d, J=10.0 Hz, 1H), 4.04 (dd, J=10.0, 5.6
Hz, 1H), 2.45 (s, 3H), 2.10~1.99 (m, 1H), 1.06 (dd, J=
6.8, 1.6 Hz, 6H); '*C NMR (CDCl;, 100 MHz) &: 144.59,
135.98, 130.06, 127.21, 116.60, 50.62, 32.46, 21.65, 18.44,
17.74.

#HBh#1 Bl (Supporting Information) fif5 H AL &9
[¥] "H NMR 1 °C NMR i % 3i~3k ) HRMS 3. ix
LG RL AT LA B 2 AR T 199 328 (http://sioc-journal.cn/) £ T
#.
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