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Abstract This paper reports a concise and efficient synthesis method, namely copper-catalyzed direct hydrocarbon dehydro-
genation coupling of sulfonamides and aliphatic cyclic tertiary amines, to realize the highly regioselective synthesis of
(E)-N-sulfonylformamidines. The reaction is accomplished without any corrosive acid or base as an additive. It tolerates a
broad scope of substrates, good functional group compatibility, and generates exclusive (E)-stereoselectivity. Moreover, this
utility of the protocol is successfully demonstrated in a late-stage functionalization of medicinally active molecules and

gram-scale synthesis.
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(Scheme 1a)!'%, T2 Fidi% & @k, SCHU#N S =
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(a) Our previous work: — 9
o s §77°
— S 2 .
/AN
NH,

Aliphatic secondary amines

(b) This work:

Aliphatic tertiary methylamines

B 1 SREEAR(E)-N-BEEE F IRAT & A
Schemel  Copper-catalyzed synthesis of (E)-N-sulfonylfor-
mamidines

1 &HR510R

1.1 RMNEHHL

T eI PN F ORI B i (1a) F N-FEE NG Ik (22) 7E
NIEVIBERY, BEAT OB AF IR R R TE. 4 N i % i)
&, 20 mol%[1) CuBr REMEE — 5 HH 2RI H AR A SR,
AFT=HA 60%(1) B ARF=4) 3aa(FK 1, Entry 1). BE
NN =5 RS il R DR Ao | 3 e QA E [ A s
), 1 N,N-—F IR B RZ(DMF). B =R, 1,4- 7%
INIIEHEFNGR 1, Entries 2~4). JEIT K IC RS2
82, ¥ = IO NIRRT, RPN 87%I1 H
Frr=Y) 3aa(# 1, Entry 3). RERATRIHIGHT TR, &8
AR A T 6T I IR 1 ol e 2 S E EEOO) A 2% A BE B 4
LTINS, HFS=Y) 3aa £ G HASNIEI(E 1, Entry 5).
T T X K R e AL R R AT SR (R 1, Entries 6~10),
RIL CuCHEAL RIS, 7] LASRAS 92% ¥ B AE 72 4)) 3aa
(& 1, Entry 8). {HfF—EME, URMNMIERSHEST,
Hbrr=4) 3aa oA SN (3K 1, Entry 11). HEEHE
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B /b B (S SRE R BT  BEE RAE T — S TEAL
B, B HHT S R = FR R (3 1, Entries 12~13). K
ILTCATI 22 R B S A AS [F]F% 2 (). X e B ) 8 82k
W, PRARIREAR T R S H#ET (R 1, Entry 14). 21U,
AT T RN HIE AR AE, B 20 mol%ff) CuCl A {7,
=R, RN 120 C.

R (E)-N-TEREH KA R &AL @

Table 1 Optimization of the reaction conditions for the synthe-
sis of (E)-N-sulfonylformamidines

Me
Me
cat. Cu ) _solvent Q
additive
+ — > O«
<> air, 120 °C \//S\N
0=§-NH, © 1
O
1a 2a 3aa
Entry Cat. Cu Solvent Additive  Yield®/%
1 CuBr PhCF3 — 60
2 CuBr DMF — 40
3 CuBr Mesitylene — 87
4 CuBr dioxane — 42
5 — Mesitylene — 0
6 Cul Mesitylene — 0
7 Cu20 Mesitylene — Trace
8 CuCl Mesitylene — 92
9 Cu(OAc) Mesitylene — 20
10 CuClz Mesitylene — 83
11¢ CuCl Mesitylene — 0
12 CuCl Mesitylene NaCOs3 60
13 CuCl Mesitylene K2COs 0
147 CuCl Mesitylene — 80

© 2021 Chinese Chemical Society & SIOC, CAS

4 Reaction conditions: 1a (0.20 mmol), 2a (0.40 mmol), solvent (1.0 mL),
additive (0.4 mmol) with catalyst (20 mol%) at 120 C for 48 h with TLC
control. ? Isolated yield. ¢ Ar instead of air. ¢ Reaction temperature: 110 C
instead of 120 C.

1.2 JRYARRE

PAF AR PR JG, AT T IR 1 1 2% %2
(F2). HIHE B RYIET 5, RIS F
L B H T R B, A ER RE S 1R U M e 25
NEEAE, FELL 32%~90% [ 7= R IR AH B 1) H bR =4
3ba~3ja. {AfF—FEME, XLEHUIREE R H &L RS2,
TR WIS, O] DUE R R AR Oy Hoer A B )
H. [FIRE, HAEZANEUCE. 25518 LS 22 30 i ik
Pk R R A A T DA e P S B 2% A, 3R A5 7 2 AN IV H
FRPEMI(EE 2, 3ka~3ma). RMRE, HE BT,
W L . BRI S, HOR B e S B R B AR A (R
2,30a~3qa).

Pes, W = RERIREAT TR, R A AR
IR an R 2k | B2 557N U IR G 0 Bl e 75 B AL I B 2% F,
IRAFPZ 2 42% 5 92% HIRE T FF IR =4 (3K 3, 3aa~3af).
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Table 2  Substrate scope of sulfonamides

D
—/ "R

CuCl (20 mol%) 0

Sso
[ j mesitylene O/ >N
O0=8—NH, air, 120 °C )\
o N/\
1 @o
Me
0 9 2
NQVH NQVH NQVH
O O )
o ¢ o
3ba, 78% 3ca, 65% 3da, 80%
9 2 0
on O frore b O o
Nﬁ/ H Nﬁ/ H Nﬁ/ H
O O )
(0) (0)
3ea, 32% 3fa, 63% 3ga, 65%

3ha, 90% 3ja, 53%

2 9 O

Do o R

N Ns H Na H
= ﬁ/ %r %r

O O [j}

3ia, 56%

(@)
3ka, 62% 3la, 85% 3ma, 42%
O\fo
Ny H m\ H O H
e G
[N] i ] "
3o0a, 0% 3pa, 0% 3qa, 0%

4 General reaction conditions: 1 (0.20 mmol), 2a (0.40 mmol), mesitylene (1.0
mL) with CuCl (20 mol%) at 120 ‘C for 48 h with TLC control; Isolated
yield.

Ferb= W) 3aa SLARKRLEE X B EATHHEE (I 3).
a3 — 2RI, (EZ3a% PaiT v a4 o S [ o
MR SR F (R 3, 3ag). BIRAIE, & 4 RIS
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RH, &R —
e =

) 3ah. FERRHERON 261 R X HEMIR I =2

HH Z MBI ROV RN T
I e, 303 35900 F A7

TG AT 5 5%,

KEIEFRF=P)(3R 3, 3ai~3ak).

R3I ZPERRII L
Table 3 Substrate scope of tertiary amines
Me
Me ‘
N CuCl (20 mol%
Lo, 228
LR
_ air,
o=sN, L
le} H N
1a 3 kR1
2 0
N H . S e N N H
Y = TUNp Y
N ' N
[Oj X-ray of 3aa Q
3aa, 92% (CCDC: 2043208) 3ab, 78%
2 ] ]
O, <O o
Nﬁ/ NY Nﬁ/
CO,Me OTBDPS J—
3ac, 85% 3ad, 67% 3ae, 50%
2
Ok
N%H
N
P
3ah, 35%
R
Ok
\ H
N NYH
N [ IN N
r j N Bn Bn
3ai, 0% 3aj, 0% 3ak, 0%

9 General reaction conditions: 1a (0.20 mmol), 2 (0.40 mmol), mesitylene (1.0
mL) with CuCl (20 mol%) at 120 ‘C for 48 h with TLC control; Isolated

yield.

1.3 RB{AEBRFZNA
HE— 2 2 821% 5 VL F N,

ZRAT T W%

N FEBARRBIKMT, 1.2 g KA 1a BERSIRAG 2K
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87% MmN LA REME E B4 3aa (Scheme 2a). B/,
KI5 celecoxib [AIFEREMS FHE A 1% B 2644, 315 38%
FEER I JE AT REAL 74 3na (Scheme 2b).

(a) Gram-scale synthesis

Ok

[ j CuCl, air
mesitylene, 120 °C
1a1.2g

s

(/]

3aa1.69,87%

Z—n=0

H

(b) Late-stage functionalization of drug molecules

N :
NH2 [ j

CuCI air
mesitylene, 120 °C

3na, 38%

B2 FURG L 3aa L2 S TR AL
Scheme 2 Gram-scale synthesis of 3aa and late-stage function-
alization of drug molecules

1.4 RHIEHR

£ 1 PR LRRRIZ RN TREDERES(E 1,
Entry 11). N 73— DR R BIALEE, FRAIM T —2
3 ) 14 1) 52 56 (Scheme 3). 7E e f 2 B2 444 RN 2
equiv. 5 I 3EHNHIF Tempo, & IS A Bl A 5 10 1)
(Scheme 3a). H:24 W3R BI1% & B0 ] GEANE H B2 FE.
FAb, TR B A 4 B A 2a 5, 72
¥ 3aa RPAG I F(Scheme 3b). 1% N HIHLEEASAELEE
WV 2a AR 4, FEE— 0 R AR K A A B H BR
) 3aa. I RS SZIGROEETS, B —FR AT RE R
S NHLEE(Scheme 4). 55— AR B S0 U A RO,
FIAIA YV 8GR R R 1 235 AR 15 A ()
IR AESERZNAR, AR R AR T oA, Rk 1 2 iE
o AN IR AL RSP R A IR A AR Y, Ak T
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— B EEA A E bR 3 FFRRLY Cu(T). BEJE,
Cu(D)# =5 8GN T —AMEALIE IR,

CuCl, air

mesitylene, 120 °C
tempo (2.0 equiv.)

1a
i
NYH
)
O
3aa, 85%
(b)
O H
<:> (\j\ Y CuCl, air
Me $:O * § mesityl 120 °C
NH, ylene,
1a 0
4
Q
NYH
)
O

3aa not detected

B3 =il Esc it 7o

Scheme 3 Control experiments
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I Sy
cul) I R cucl
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O
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R I
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Scheme 4 Proposed reaction mechanism
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LL CuCl AT, A Avex iR, KT —
MR T ABHERI A > &K E RUREISE TR IRATAE R
Tiid. GITIEI RO AR TR 5, g, DR AT SR
BAL G TN HLAA ], HANE 22 R IR
IR B, RN, 12059552 AT — € R AT
BB REBIEE. Ash, FIRZ A ] LASE B v
PR NN A W HARAEERT A, B2, SN AE
Ji% E RUREIE HIRAT AL IR T — R Wi & OE. [H
IS HAEZ5W) 501 B SL DR N B 25 W R SR A 4.

3 EES
3.1 UES5HF

f#[E Bruker A% 600 MHz DRX-400 #%REILHRAN,
TMS NWNFFR; IKA 33 EEs () M 3R B R
AT, R RAL N-1300D-WB(ZR 5 3R AL 28 i bk X 2>
L), B FCIE AR A A A BT A RIS AR FR R IR R P
EE ARSI
3.2 ZWHE

BHME RTE: #E 15 mL Schlenk & SR IIA
JEEX 1 (0.2 mmol), CuCl (20 mol%), &4 2 (0.4 mmol)
A=K 1 mL. MIREYITE 120 CE1F T RIZH
P48 h Ja, WEIRIER. FESIRG YN O O EEHFE,
FIE I 2 A R L e e S R 2R AR A,
BRI A BT B Vo smew LV mum=1
2~1: 032 Hbrr=9) 3.

(E)-4- .35 -N-("E IR IV FH 358 ) R it 8 /¥ (3ba) 1) 44.0
mg AEEAE, P~F 78%. mp. 161~162 ‘C; 'H NMR
(600 MHz, Chloroform-d) ¢: 8.19 (s, 1H), 7.79 (d, J=8.3
Hz, 2H), 7.29 (d, J=8.4 Hz, 2H), 3.78~3.72 (m, 2H),
3.68 (s, 4H), 3.49 (dd, J=5.7, 4.1 Hz, 2H), 2.70 (q, J=7.6
Hz, 2H), 1.26 (t, J=7.6 Hz, 3H); 3C NMR (150 MHz,
Chloroform-d) 8: 157.6, 148.9, 139.3, 128.3, 126.7, 66.8,
66.0,50.3,44.2,28.8, 15.2.

(E)-4- BT 2 -N-( e b ST B 6 ) 8% ik Tk fi (3ca)!!Ol:
40.3 mg AMEE, P“FR 65%. mp. 162~163 C; 'H
NMR (600 MHz, Chloroform-d) J: 8.20 (s, 1H), 7.83~
7.78 (m, 2H), 7.52~7.44 (m, 2H), 3.77~3.73 (m, 2H),
3.69 (s, 4H), 3.52~3.46 (m, 2H), 1.33 (s, 9H); '*C NMR
(151 MHz, Chloroform-d) &: 157.6, 155.7, 139.0, 126.4,
125.8, 66.8, 66.0, 50.3, 44.2, 35.1, 31.1.

(E)-2- FF 25 - N- (e b IV R 55 ) 2R i 5 Jie (3dla) 1) 42.9
mg FIERE, 773 80%. 'H NMR (600 MHz, Chloro-
form-d) : 8.19 (s, 1H), 8.01~7.97 (m, 1H), 7.41 (td, J=
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7.5, 1.4 Hz, 1H), 7.29 (s, 2H), 3.77~3.74 (m, 2H), 3.70 (d,
J=1.6 Hz, 4H), 3.52~3.46 (m, 2H), 2.69 (s, 3H); 1*C
NMR (150 MHz, Chloroform-d) &: 157.8, 140.2, 137.5,
132.2, 132.2, 127.6, 125.9, 66.8, 65.9, 50.3, 44.3, 20.6.

(E)-N-( "SIk . FH 35 )-4-iFd 25k 2R R 19t J1z (3ea) 0% 19.1
mg R F O ER, 72 32%. mp. 170~172 ‘C; '"H NMR
(600 MHz, Chloroform-d) ¢: 8.32 (d, J/=8.8 Hz, 2H), 8.21
(s, 1H), 8.07 (d, J=8.8 Hz, 2H), 3.82~3.76 (m, 2H), 3.71
(s, 4H), 3.56~3.52 (m, 2H); 3C NMR (150 MHz, Chlo-
roform-d) 6: 157.9, 149.7, 147.7, 127.9, 124.1, 66.8, 65.9,
50.7, 44.5.

(E)-N-(M Ik 7. FF I )-4-( = 35 P 28 ) SR T Ik i (3fa) 100
40.6 mg R EAFEAK, P2 63%. mp. 162~163 C; 'H
NMR (600 MHz, Chloroform-d) d: 8.21 (s, 1H), 8.01 (d,
J=8.2 Hz, 2H), 7.74 (d, J=8.2 Hz, 2H), 3.80~3.75 (m,
2H), 3.70 (d, J=1.9 Hz, 4H), 3.55~3.49 (m, 2H); 3C
NMR (151 MHz, Chloroform-d) 6: 157.8, 145.5, 133.7 (q,
Jer=33.0 Hz), 127.1, 125.96 (q, Jor=3.0 Hz), 123.4 (d,
Jer=273.3 Hz), 66.8, 65.9, 50.5, 44.4.

(E)-4- 38 -N-("S bRV FF 258 2R Tt 19t e (3ga): 35.4 mg M
AR, P5% 65%. mp. 134~135 ‘C; 'H NMR (600
MHz, Chloroform-d) o: 8.19 (s, 1H), 7.92~7.86 (m, 2H),
7.18~7.11 (m, 2H), 3.80~3.74 (m, 2H), 3.69 (q, J=2.5
Hz, 4H), 3.55~3.47 (m, 2H); 3C NMR (150 MHz, Chlo-
roform-d) 6: 164.8 (d, Jer=253.7 Hz), 157.6, 138.2 (d,
Jor=4.5 Hz), 129.2 (d, Jer=10.6 Hz), 115.9 (d, Jor=22.7
Hz), 50.4, 44.3. HRMS (ESI) caled for C;iH14FN,O3S
[M-+H]" 273.0704; found 273.0704.

(E)-4- 52 -N-( M Wbk 7. FH 5 ) 2R it 9 J#2 (3ha) 10 50.2
mg A @K, 7% 90%. '"H NMR (600 MHz, Chloro-
form-d) J: 8.19 (s, 1H), 8.05~7.94 (m, 2H), 7.82~7.73
(m, 2H), 3.83~3.75 (m, 2H), 3.71 (g, J=2.3 Hz, 4H),
3.58~3.44 (m, 2H); '*C NMR (150 MHz, Chloroform-d)
5 157.8, 1462, 1327, 127.3, 117.6, 115.8, 66.8, 65.9,
50.6, 44.5.

(E)-4- .19 Hk- N-( P pf 7. FR 68 ) R Tk 19 i (3ia)10): 33.2
mg HEEEK, PF 56%. mp. 184~186 ‘C; 'H NMR
(600 MHz, Chloroform-d) ¢: 8.20 (s, 1H), 8.06~8.02 (m,
2H), 8.01~7.96 (m, 2H), 3.81~3.74 (m, 2H), 3.70 (s,
4H), 3.55~3.48 (m, 2H), 2.64 (s, 3H); “C NMR (150
MHz, Chloroform-d) d: 197.0, 157.8, 145.9, 139.6, 128.7,
126.9, 66.8, 65.9, 50.5, 44.4, 26.9.

(E)-3-38-N-(N bRV FF 2 R B B i (3jia) 10 28.8 mg
@A, 772 53%. mp. 121~124 C; 'H NMR (600
MHz, Chloroform-d) ¢: 8.20 (s, 1H), 7.69 (ddd, J=7.8,

http://sioc-journal.cn/ 4463
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1.7, 1.0 Hz, 1H), 7.58 (ddd, J=8.3, 2.6, 1.7 Hz, 1H), 7.46
(td, J=8.1, 5.3 Hz, 1H), 7.22 (tdd, J=8.3, 2.6, 1.0 Hz,
1H), 3.79~3.76 (m, 2H), 3.70 (s, 4H), 3.54~3.50 (m,
2H); 3C NMR (150 MHz, Chloroform-d) J: 162.3 (d,
Jer=250.7 Hz), 157.8, 144.1 (d, Jer=7.6 Hz), 130.6 (d,
Jer=1.6 Hz), 122.3 (d, Jor=3.0 Hz), 119.2 (d, Jer=21.1
Hz), 114.0 (d, Jer=25.7 Hz), 66.8, 65.9, 50.5, 44 4.

(E)-3,5- 38 -N-("S Ik V. FF 368 ) 2R A 9 e (3ka) 1 36.0
mg R E O EAR, 77 F 62%. mp. 166~167 ‘C; 'H NMR
(600 MHz, Chloroform-d) o: 8.18 (s, 1H), 7.42 (dtd, J=
6.2, 5.1, 2.4 Hz, 2H), 6.97 (tt, J=8.5, 2.3 Hz, 1H), 3.81~
3.75 (m, 2H), 3.71 (d, J=2.1 Hz, 4H), 3.58~3.50 (m,
2H); 3C NMR (150 MHz, Chloroform-d) &: 162.6 (dd, J=
253.7,12.1 Hz), 157.9, 145.3, 110.2 (dd, J=19.6, 6.0 Hz),
107.4 (t, J=25.5 Hz), 66.8, 65.9, 50.6, 44.5.

(E)-N-("S 7 B A% )- 1 -Z5 s 19 [l (31a)! 0% 51.7 mg
EK, P73 85%. mp. 223~224 ‘C; 'H NMR (600
MHz, Chloroform-d) J: 8.48~8.45 (m, 1H), 8.26 (s, 1H),
7.96~7.84 (m, 4H), 7.60 (dddd, J=18.1, 8.2, 6.9, 1.4 Hz,
2H), 3.77~3.74 (m, 2H), 3.68 (s, 4H), 3.53~3.48 (m,
2H); 3C NMR (150 MHz, Chloroform-d) 6: 157.7, 138.9,
134.6, 1322, 129.2, 129.1, 128.4, 127.9, 127.3, 127.3,
122.5, 66.8, 65.9, 50.4, 44.3.

(E)-N-( " g SI7. ) 358 ) g w3 -2- ik 5 i (3ma)[1%): 22.0
mg WEE O, P5ER 42%. mp. 95~96 C; 'H NMR
(600 MHz, Chloroform-d) o: 8.19 (s, 1H), 7.60 (dd, J=
3.7, 1.4 Hz, 1H), 7.52 (dd, J=5.0, 1.4 Hz, 1H), 7.04 (dd,
J=5.0, 3.7 Hz, 1H), 3.79~3.75 (m, 2H), 3.72 (s, 4H),
3.55~3.49 (m, 2H); '*C NMR (150 MHz, Chloroform-d)
5:157.7,143.5, 131.0, 130.9, 127.1, 66.8, 66.0, 50.5, 44.4.

(E)-N-( " B V. Y 356 )-4-(5-(xF B 2 388 )-3-( = 4
)~ 1 H-LE - 1-56) T e (3na)1®): 36.3 mg [ (A 14k,
773 38%. m.p. 173~174 °C; 'H NMR (600 MHz, Chlo-
roform-d) &: 8.16 (s, 1H), 7.90~7.83 (m, 2H), 7.44~7.39
(m, 2H), 7.17 (d, J=7.9 Hz, 2H), 7.11 (d, J=8.2 Hz, 2H),
6.73 (s, 1H), 3.79~3.75 (m, 2H), 3.72~3.66 (m, 4H),
3.54~3.48 (m, 2H), 2.38 (s, 3H); '*C NMR (100 MHz,
CDClLy) d: 157.7, 145.2, 143.9 (q, Jer=38.0, 77.0 Hz),
142.0, 141.6, 139.7, 129.7, 128.7, 127.7, 125.7, 125.4,
121.1 (d, Jor=268.0 Hz), 106.1, 66.8, 65.9, 50.5, 44.3,
21.4.

(E)-4- FF 35 - N- (P I 7. B 258 ) R it 19 fl (3aa)10): 49.2
mg AGEE, F2F 92%. mp. 177~178 C; 'H NMR
(600 MHz, Chloroform-d) ¢: 8.20 (s, 1H), 7.77 (d, J=6.0
Hz, 2H), 7.27 (d, J=12.0 Hz, 2H), 3.77~3.72 (m, 2H),
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3.67 (s, 4H), 3.53~3.45 (m, 2H), 2.41 (s, 3H); 3C NMR
(150 MHz, Chloroform-d) J: 157.6, 142.7, 139.2, 129.4,
126.6, 66.8, 65.9, 50.3, 44.2, 21.5.

(E)-4- F 2 -N-(UR mE -1- 2% W F O3 ) 9K B Ik %
(3ab)1012l: 41.4 mg IRF (A A, 772 78%. m.p. 158~
160 ‘C; 'H NMR (600 MHz, Chloroform-d) J: 8.12 (s,
1H), 7.77 (d, J=8.3 Hz, 2H), 7.25 (s, 2H), 3.63~3.55
(m, 2H), 3.44~3.37 (m, 2H), 2.40 (s, 3H), 1.69~1.58 (m,
6H); *C NMR (150 MHz, Chloroform-d) 6: 157.3, 142.4,
139.7,129.3, 126.5, 51.9, 44.7, 26.4, 24.9, 24.0, 21.5.

(E)-1-(%F FE 26 2R Tk T fi I Y 6% ) IR W€ -4- 32 TR i
(3a0)'%: 55.1 mg HEFEE, 2% 85%. mp. 130~
131 C; '"H NMR (600 MHz, Chloroform-d) J: 8.14 (s,
1H), 7.76 (d, J=8.3 Hz, 2H), 7.26 (d, J=12 Hz, 2H), 4.21
(dt, J=13.5, 4.3 Hz, 1H), 3.71 (s, 3H), 3.68~3.58 (m,
1H), 3.37~3.29 (m, 1H), 3.14~3.06 (m, 1H), 2.67~2.56
(m, 1H), 2.40 (s, 3H), 2.08~2.00 (m, 1H), 2.00~1.93 (m,
1H), 1.84~1.76 (m, 1H), 1.75~1.66 (m, 1H); *C NMR
(150 MHz, Chloroform-d) J: 173.8, 157.4, 142.6, 139.4,
129.4, 126.6, 52.1,49.9, 42.7, 40.1, 28.3, 27.0, 21.5.

(E)-N-(4-#0 T J — 2R 56 F ek o S 36 ) - 1- Wik e 356 I FY
HL)-4-F L FERE I (3ad): 70.0 mg B R AR 4, 72
67%. 'H NMR (600 MHz, Chloroform-d) J: 8.10 (s, 1H),
7.76 (d, J=8.3 Hz, 2H), 7.63 (ddd, J=8.1, 4.6, 1.4 Hz,
4H), 7.46~7.42 (m, 2H), 7.38 (ddd, J=9.1, 5.6, 2.1 Hz,
4H), 7.25 (d, J=8.1 Hz, 2H), 4.06 (p, J=4.3 Hz, 1H), 3.73
(dq, J=13.2, 7.1, 6.1 Hz, 2H), 3.65 (dt, J=13.3, 6.7 Hz,
1H), 3.25 (dt, J=13.0, 4.9 Hz, 1H), 2.39 (s, 3H), 1.64 (q,
J=4.9 Hz, 2H), 1.59 (q, J=5.4, 4.9 Hz, 2H), 1.07 (s, 9H);
BC NMR (150 MHz, Chloroform-d) &: 157.2, 142.4,
139.6, 135.6, 134.8, 133.6, 130.0, 129.3, 127.8, 127.7,
126.5, 66.4, 47.1, 39.9, 34.0, 32.5, 27.0, 21.5, 19.2. HRMS
(ESI) caled for CooH37N,0:SSi [M+H]" 521.2289; found
521.2286.

(E)-N-(4-GRUT & — B 8 W R de 25 4500 L DR g -1-
F)T H I )-4- FH SR T 4 (3ae): 41.0 mg 7% ¥ €4 [EI4A,
FEE 50%. m.p. 141~143 °C; 'H NMR (600 MHz, Chlo-
roform-d) ¢: 8.10 (s, 1H), 7.74 (d, J=28.3 Hz, 2H), 7.22 (s,
2H), 4.49~4.40 (m, 1H), 3.58 (ddt, J=13.1, 4.5, 2.1 Hz,
1H), 3.42 (qd, J=9.9, 6.0 Hz, 2H), 3.24 (td, J=12.8, 3.1
Hz, 1H), 2.75 (td, J=13.0, 3.2 Hz, 1H), 2.37 (s, 3H), 1.84
(d, J=13.1 Hz, 1H), 1.76~1.68 (m, 2H), 1.57 (dd, J=
34.4, 7.1 Hz, 2H), 0.85 (s, 9H), 0.00 (s, 6H); *C NMR
(150 MHz, Chloroform-d) &: 157.3, 142.4, 139.7, 129.3,
126.5, 67.0, 51.0, 43.7, 38.5, 29.3, 27.7, 25.9, 21.5, 18.3,
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—5.4. HRMS (ESI) caled for CyH3sN,0;SSi [M+H]"
411.2132; found 411.2126.

AT B (E)-4-Oh B 2R i 225 7. P 26 ) R 16 - 1 - R TR i
(3af): 30.8 mg R EEAK, & 42%. mp. 221~
223 °C; 'H NMR (600 MHz, Chloroform-d) &: 8.20 (s,
1H), 7.77 (d, J=8.3 Hz, 2H), 7.27 (d, J=6.5 Hz, 2H), 3.62
(t, J=5.3 Hz, 2H), 3.53 (dd, J=6.5, 3.9 Hz, 2H), 3.48~
3.41 (m, 4H), 2.41 (s, 3H), 1.47 (s, 9H); 3C NMR (150
MHz, Chloroform-d) d: 157.7, 154.2, 142.8, 139.1, 129.4,
126.6, 80.9, 50.1, 43.7,29.7, 28.3, 21.5, 14.1. HRMS (ESI)
caled for Ci7HyeN;048 [M + H] © 368.1639; found
368.1640.

N-(((BS,4R)-3-(((BU T J: — FH I H 1k o i ) A 6 )
FE)-4-(4- 5 K BE ) UR W - 1- 58 ) 37 Y 5% )-4- 56 o Tk ke i
(3ag): 32.3 mg O, 772 32% (Z: E=1:1). 'H
NMR (600 MHz, Chloroform-d) d: 8.30 (s, 1H), 7.88 (dd,
J=8.3, 2.2 Hz, 2H), 7.36 (d, J=7.2 Hz, 2H), 7.21~7.16
(m, 2H), 7.10~7.05 (m, 2H), 4.69~4.60 (m, 1H), 3.89~
3.71 (m, 1H), 3.50~3.35 (m, 2H), 3.31~3.25 (m, 1H),
3.05~2.71 (m, 2H), 2.52~2.48 (m, 3H), 2.04~1.79 (m,
3H), 0.94 (s, 9H), 0.02~—0.04 (m, 6H); '*C NMR (150
MHz, Chloroform-d) ¢: 161.7 (Jcp=243 Hz), 157.4 (Jor=
7.5 Hz), 129.35, 128.9 (Jor=7.5 Hz), 128.7 (Jor=17.5 Hz),
126.6, 126.6, 115.7, 115.6, 115.5, 115.4, 62.3, 61.6, 54.1,
51.4, 46.6, 44.8, 44.2, 43.4, 43.1, 42.7, 34.2, 32.8, 25.9,
25.8, 21.5, 182, 18.2, —5.7. HRMS (ESI) caled for
Ca6H3FN,058Si [M+H]" 505.2351; found 505.2339.

(E)-4- F 5 -N-( Ik g 6% -1- 55 7 R R ) O sk Bt i
(3ah)!': 17.6 mg A E[EAK, 2% 35%. mp. 147~
149 °C; 'H NMR (600 MHz, Chloroform-d) J: 8.32 (s,
1H), 7.78 (d, J=8.3 Hz, 2H), 7.25 (d, J=6.0 Hz, 2H),
3.61~3.55 (m, 2H), 3.50~3.44 (m, 2H), 2.40 (s, 3H),
1.98~1.93 (m, 4H); *C NMR (150 MHz, Chloroform-d)
5:155.8, 142.4, 139.7, 129.3, 126.6, 50.0, 46.5, 25.0, 24 4,
21.5.

B A %L (Supporting Information) 1t 4% 3ba~3ma
H1 3aa~3ah ] 'TH NMR FiI 13C NMR &3, x4l ]
LA 2 MAS F1] 9 335 (http://sioc-journal.cn/)_E R %K.
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