% 4”) {t« % DOI: 10.6023/cjoc201803025

Chinese Journal of Organic Chemistry

ARTICLE

38/ Z B2 I $ $E [E) i 2 By e e A I A R A e R (R Bk s

AR &

S

A IE E*P

(CHN R ER A SRRl %R &1E 747000)
C PEIRITE R T2 B 221 730070)

WE  0E 7 AR 2R T (kA U BT e B TR bR BT RN R ) IS BB A IR S R, B T — &R
B 2-WRFEmEIE R 2-75 FEmE g/ MEMRAT A, 7R RATF(64%~87%). FTHIM QBRI Hh Bt . fasE, RN %w, JRYIE

JAER(AEE Y

FARE)  WENEHREE, WEUERTAEMY; Liebeskind-Srogl N KR, FE LTI

Palladium/Copper(l) Acetate-Promoted Desulfurative Coupling of
Pyrimidine Thioether with Alkynes or Arylboronic Acids
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Abstract An efficient method for carbon-carbon bond formation via desulfurative coupling of pyrimidine thioethers/
4-phenylquinoline thioethers with alkynes or arylboronic acids is described. The reaction was promoted by a cheap and stable
copper salt [copper(I) acetate] and catalyzed by palladium with good yields and wild substrate scope.

Keywords pyrimidine thioether; pyrimidine derivative; Liebeskind-Srogl reaction; alkyne; arylboronic acid
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BT — R 2-He /55 FEBUAR [ s g AT A2 0 (Scheme
). TERF TAEA, FRAT I a8 i £/ e A ) FR Tt i
W W I/t T e E i L5 LY TR B R A P A BB S B2 5 Bl
TWEREATAEY), 2 phIL 5T B e T A BT
T A i VRN 2 B, 8 G B B TR R B R A
PR b2 5t T DA A AT A 2- e A e i 5 e Bl
i3 11 A0S Bk i oz M) g HE A i A 488 Bk s 7 1ok i) 2%
(Scheme 1).

AT, Liebeskind-Srogl Bt i A% 16 5 SNATIOR 2 S
MEBENE AR A Bk —. Bk, &
I RAT 2 T 2- LB B s g 5 g b/ Oy R AR
Liebeskind-Srogl [V, A 2-bRd/ 77 HEmE e T LI &
B PTIE$E B)F RO, AR SCIRIE Hrp i — R 7 v
Pd AL EEER AR SRR HE Y 2- 20 s g 5 vy e/
IR IR C—C BB M (Scheme 1). A% T — R
2-Jofe B/ 5 HE B AR (e g fiT A2 4, P P T IR I 4 258 B Ay
1%, HE CuTC faE, NILRAEN & iRt —Fp
CIRE R LOE Wipe

1 &HR510R

L 2 HL g BB I (1a) FI2E 2 4 (2a) OB I B2 30 Ky
BERR, KRBT THIPIRIRGR 1), Bk, T
Tt PR A AR AL TR o 4 2 Bl A 70 06F S 2 ) 5 ) (Entries 1~
6). 45 RIAE—MTEHHE Cul, CuBr, CuCl, Cu,0 FlI
A E Cu(OAC), B 2 A R 2 =4 3a 1A
B, K FECRE A 2 (Entries 1~5); X1, £ BRI
WERAEAE T, BATLL 72%0 53 B8 7= A5 31 T 6 (B Bk =
¥ 3a (Entry 6). JLARIRER YA &5 0 SR T 8w LS

Previous work:

R1
—X —
R\ )—R = R2
Y Pd
R3

Our previous work:

R1

—X
cl
{\:Y/% Pd
;
—X _
R—=
R? )——R 2
%\;Y Pd, CuTC <R

P, @ CuTC (Entry 7)F1ZK L4 (Entry 8)tH i A%
U (77 A5 3 3a(2 B2 75%H1 62%). B4R, CuTC )7~
RN T SRR, 5% 18 3 LB BRAN TC 3 1A A1,
AR SEIG e R QB SR R ). B S, e T
SN TR JB A AL TR, R BLFTRIEFI R, AN
S fE(Entries 9, 10); o AN [F)£E (B Ak 77 ) e 5 S 5 4 B,
its B A PO UK B I (Entries 12~ 14). fiea, S50 I 4E
RS A T T AL N1 N o= A
(Entries 15, 16). IEUITUEA—FF, 7EHA 4 M 4055 5l
SR, RBARIRE, JTUTRNAR R UL %
921 3a (Entries 17, 18).

BTG RS Z A, AT RBEIEAT T 46
J&(Scheme 2). JCIRT5 &G ARUHIECM N4 3a. 3b)
U RR T IR AR S H R B 3¢y 3d) #0E T b
TR IR S S, #SRE LA i 243 3] 2- Bl ma e T AR ).
WENE RN b IUREE RN AN 2, IR B A AR
HLF K Fy CLEURIE e, 3D 125 LT Me. MeO F£(3g,
3hyET, YL R e 3R AF 2 T RN H bR

b5, AT DIk T e iRk 1 AT B 4
AR AR AR BE Suzuki [ N(Eq. 1). X T HURHYT 2- 2 FEmgng
FEBRBAAT AP AN 55 NI, U IR ) H A5 PR 52 M
LSS, W RO L B B R R R AR U L AE A
N (P RR B AR B 7= ) ——2- 5 B g KA 5, (05 2
TR 23R b AR S 1) 2 TR A6 BEL K 7= 4 7 6 A K I 5
W, A5 G 207 EA SR I 1D S R v 2 B SR AR T TR AR R
IR, HP= U R BAR(5d, 60%). LAk, 2-MEmy LT
FETERAEUL, HARD T SLIM 2N 66%

ArB(OH),

R1
X ArB(OH), X
or RMgBr A
Y/>§S Pd, CuTC &Y/) '
2

R® 3
This work: X,Y=N, CH
o A Ar' o A
EtO SN R— EtO =N ArB(OH), _ EtO SN
P Pd, CuOAc [ A Pd, CuOA LA~
Me”™ "N™ Sy : Me” "N” 7S » CUDAC Me” “N” “Ar2
R
CuOAc is more cheaper and more stable than CuTC
B 1 2-udky/ 55 SR s e AT AR 5
Scheme 1 Synthesis of 2-alkyl/aryl pyrimidine derivaitves
Chin. J. Org. Chem. 2018, 38, 3032~3038 © 2018 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/ 3033



LI 5K
A1 VS B BRI R B 2% PR AL

Table 1 Screening of reaction conditions for the desulfurative coupling of pyrimidine thioether with alkyne

O Ph [Pd] (2 mol%) O Ph
Ligand (3 mol%)
EtO | \)N\ . Ph [Cu] (2 equiv.) Eto/ujl\)*N
e e Solvent Me N/)\
1a 2a 110 °C, time 3a Ph
Entry [Pd] Ligand [Cu] Solvent Time/h  Yield”/% of 3a
1 Pd(OAc), DPE-Phos Cul Dioxane 48 Trace
2 Pd(OAc), DPE-Phos CuBr Dioxane 48 n.d.
3 Pd(OAc), DPE-Phos CuCl Dioxane 48 n.d.
4 Pd(OAc), DPE-Phos Cu,O Dioxane 48 n.d.
5 Pd(OAc), DPE-Phos Cu(OAc), Dioxane 48 n.d.c
6 Pd(OAc), DPE-Phos CuOAc Dioxane 48 72
7 Pd(OAc), DPE-Phos CuTC Dioxane 48 75
8 Pd(OAc), DPE-Phos PhCOOCu Dioxane 48 62
9 Pd(OAc), DPE-Phos CuOAc Toluene 48 63
10 Pd(OAc), DPE-Phos CuOAc Xylene 48 64
11 Pd(OAc), PPh; CuOAc Dioxane 48 52
12 Pd(acac), DPE-Phos CuOAc Dioxane 48 36
13 Pd,(dba); DPE-Phos CuOAc Dioxane 48 39
14 PdCl,(PPh;), PPh; CuOAc Dioxane 48 44
15 Pd(OAc), DPE-Phos CuOAc Dioxane 12 37
16 Pd(OAc), DPE-Phos CuOAc Dioxane 24 58
17 — — CuOAc Dioxane 48 24
18 Pd(OAc), — — Dioxane 48 n.d.

“ Conditions: n(1a) : n(2a) : n[Cu(D]=1 : 1.5 : 2. 0.10 mmol of 1a was used in 1 mL of solvent. * Isolated yield by column chromatography.  n.d.=No reaction
was detected by TLC and 'H NMR.

Pd(OAG); (2 mol%)
EtO SN DPE-Phos (3 mol%) N
e . R _Cwacrequn) Bo™ 7 N
- P
Me™ N° S Dioxane, 110°C, 48 h Me NJ\
R
1 2 3
G Ph O Ph
0 Ph
EtO SN EtO | N EtO | SN Q Ph
| z E0” TN
Me N)\ Me™ °N A Me™ °N N P
Ph CeH1a Me™ 'N™ "N
Me
3a, 72% 3b, 78% 3¢, 75%

S A A
CeH1s CeH1s CeHis CeHi3
3e. 66% 3f, 73% 39, 64% 3h, 66%

B 2 e T I e 10 B TR S 2 4 3 P e

Scheme 2 Scope of the desulfurative coupling of pyrimidine thioether with alkyne

3034 http://sioc-journal.cn/ © 2018 Chinese Chemical Society & SIOC, CAS Chin. J. Org. Chem. 2018, 38, 3032~3038



Chinese Journal of Organic Chemistry

ARTICLE

1
QA Pd(OAG), (2 mol%)

EO SN DPE-Phos (3 mol%)
Ac (2 iv.
[ A B+ ArBOR), —CuOA0 @ edu)

Me Dioxane, 110 °C, 48 h
1 4
(0] Ar'
EtO | SN "
Me N/)\Arz
5
O Ph O Ph
Eto%N EtO/UjL/gN
> i~ S
Me” "N N
)\@ Eo Me N | P
R Ph 51, 66%

5a, R=H, 80%

5b, R = 4-Me, 83%
5c, R = 3-Me, 82%
5d, R = 2-Me, 60%
5e, R =4-MeO, 87%
5f, R=4-F, 79%
59, R = 4-Cl, 80%

5h, R = 4-Me, 80%
5i, R=4-F, 75%
5j, R=4-Cl, 86%
5k, R =4-Br, 87%

wJa, 2R A Y B A 1 2T,
& R AP Th R RHPL BATIR T 1 3 Bt 7 4% 186 S 7
15 2 B REMRAT A= P T )6 S . 45 SR B BT i)
PRI 4- 2RI bk F 175K (6a, 6b)5 2R AR RES K
A TUH AR B R OB, DA R PR AR T AR
7a 1 7b (Eq. 2)M.

SMe
Pd(OAC), (2 mol%)
NZ | DPE-Phos (3 mol%)  N¥ |
CuOAc (2 equiv.)
~">ph + PhB(OH), — N-ph )
4 Dioxane, 110 °C, 48 h
R 6 R 7
6a, R = MeO
’ 7a, R = MeO, 66%
6b, R = Me 7b, R = Me, 73%
2 #ig

KT — R 2RI et T, Wil 2-4
ke I g TR 55 e 7 A R D Bt 52 SCRBR Bk 11 1k
SR i 2-JR Ik B 2- 55 B D REALEWE (K1 U505, %0515
MR WA ER S CuTC ML, BA R 2. ZifE
U, PR R A 2 mol%, KT i STk
R 1 FE RS, [ BT A T 2 e P T BB R 1 4
i, AR A AR POCTs A FH A el A4
A, NMESAC S & AR L T — 2 U & g

12.
3 SEWES

31 NHBE5EHF
B s FH VA RIS MTE K AR B oAt a0 oA e — 25
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AL AR EE, HEME 200~300 HEERL. 26
(TLO)i il GF254 EEAZHHHL. "H NMR LA K C NMR 52
IG5 Varian Mercury plus-400 #ZfE3LHRIEAL, FELL
CDCl; A¥ 7, LAVY FEfEBE(TMS) N AR, 44 55l 52
i P b 5T 50 7 1) XT-4 2 S A0 A e 4. 2- 2,3 ms
N 5 A Pk (1) ORI e R B B (6)! 13 1) 2 5 AN 2 T O
ERGHIE

3.2 RN SREMRHAORRER(1) 5 R ik HUE R BR B IR EL
SRz ok Eidioatg

] 23 @A B 10 mL Schlenk N F I 1a
(0.10 mmol, 30 mg), Pd(OAc), (0.002 mmol, 0.3 mg),
CuOAc (0.20 mmol, 25 mg)F1 DPE-Phos (0.003 mmol, 1.8
me) MVRAY), FRUCE NS B, a4 ES
2% 2a (0.15 mmol, 15 mg) M 4 /N1 mL)EAN
Schlenk . FHEZ 110 C, LR 48 h, RN HE,
RNE G R ZE, M 5 mL MRS B
KN, BN T mL S5 %) 1 A s A4
APFER OIR. GR OFRA (20 mL X 3), HIFHHL
FH, R ZETRBR I, GG B ViR
W) © V(LR 18 =30 © 1], B2 A G H1E 3a (24 mg,
72%).

6- F 3 -4- 2R B 2 (R 2L 2 o 35k ) 1 g -5- HH TR 2 T
(3a): AEA mp. 161~163 C (lit.* 161~162 C);
'H NMR (400 MHz, CDCly) 0: 7.70~7.66 (m, 4H),
7.48~7.39 (m, 3H), 7.38~7.27 (m, 3H), 4.22~4.17 (q,
J=8.0 Hz, 2H), 2.67 (s, 3H), 1.06 (t, J=8.0 Hz, 3H); "*C
NMR (100 MHz, CDCly) &: 167.53, 165.59, 164.08,
152.38, 137.19, 132.85, 132.54, 130.40, 130.01, 129.91,
129.52, 128.75, 126.53, 128.38, 128.17, 124.19, 121.25,
88.53, 88.09, 61.98, 22.47, 13.48.

6- FH -4 IR L 2-(COf FH R 3k 2 i s g -5- R R &
ig(3b): FH kY. "TH NMR (400 MHz, CDCls) o:
7.65~7.56 (m, 2H), 7.51 (d, J=8.0 Hz, 2H), 7.45~7.33
(m, 3H), 7.10 (d, J=7.9 Hz, 2H), 4.12 (q, J=7.2 Hz, 2H),
2.58 (s, 3H), 2.30 (s, 3H), 0.99 (t, J=7.2 Hz, 3H); "°C
NMR (100 MHz, CDCly) §: 167.57, 165.54, 164.05,
152.47, 140.17, 137.20, 132.65, 130.16, 129.13, 128.54,
128.29, 124.00, 118.09, 89.07, 87.66, 61.96, 22.61, 21.63,
13.58.

6- H Bk -4- 2R JE -2 -(1- 3 B R ) s g -5- FH IR £ BB (3e):
H PR Y®. "TH NMR (400 MHz, CDCls) 6: 7.63~7.49
(m, 2H), 7.47~7.28 (m, 3H), 4.10 (q, J=7.2 Hz, 2H),
2.54 (s, 3H), 2.40 (t, J=7.3 Hz, 2H), 1.65~1.53 (m, 2H),
1.43~1.33 (m, 2H),1.28~1.19 (m, 4H), 0.97 (t, J=7.2
Hz, 3H), 0.81 (t, J=6.7 Hz, 3H); *C NMR (100 MHz,

http://sioc-journal.cn/ 3035
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CDCl3) 6: 167.58, 165.39, 163.91, 152.27, 137.18, 130.06,
128.44, 128.25, 123.95, 91.65, 79.93, 61.87, 31.25, 28.70,
27.89,22.52,22.43,19.41, 13.99, 13.53.

6- I FE-4-2RF-2-(3,3- I R 1- T ok L) Mg -5- T R
ZHE@Rd): AEEAE; mp. 98~99 C (it 99~
101 °C); '"H NMR (400 MHz, CDCly) d: 7.57~7.36 (m,
2H), 7.46~7.25 (m, 3H), 4.10 (q, J=7.2 Hz, 2H), 2.54 (s,
3H), 1.30 (s, 9H), 0.97 (t, J=7.2 Hz, 3H); *C NMR (100
MHz, CDCls) 6: 167.61, 165.29, 163.90, 152.51, 137.33,
129.99, 128.43, 128.29, 123.94, 98.45, 78.87, 61.82, 30.38,
27.90,22.52, 13.54.

6- F 3 6- (X} G AR 35 )-2-(1- 3 B8 a5 R 2 T
(3e): EAWMARM®. '"H NMR (400 MHz, CDCls) o
7.64~7.51 (m, 2H), 7.04 (dd, J=11.9, 5.3 Hz, 2H),
3.71~3.55 (m, 3H), 2.39 (t, J=7.3 Hz, 2H), 1.67~1.50
(m, 2H), 1.41~1.32 (m, 2H), 1.23 (t, J=6.9 Hz, 9H), 0.80
(d, J=1.2 Hz, 3H); "C NMR (100 MHz, CDCL) ¢:
173.16, 168.23, 165.03, 162.54, 162.20,152.74, 133.33,
130.29, 130.21, 122.79, 115.67, 115.66, 115.44, 90.99,
80.23, 52.56, 33.35, 31.14, 28.60, 27.83, 22.33, 21.45,
19.37, 13.86.

6- F 35 -4-( O G R 35 )-2-(1- 2 e ik y s g FR R 2 T
3f): FH ARy "H NMR (400 MHz, CDCly) o
7.58~7.45 (m, 2H), 7.42~7.31 (m, 2H), 4.11~4.17 (m,
2H), 2.54 (d, J=1.2 Hz, 3H), 2.40 (t, J=7.3 Hz, 2H),
1.65~1.54 (m, 2H), 1.43~1.34 (m, 2H), 1.28~1.19 (m,
4H), 1.07~1.03 (m, 3H), 0.85~0.76 (m, 3H); *C NMR
(100 MHz, CDCl3) d: 167.43, 165.64, 162.59, 152.33,
136.52, 135.59, 129.73, 128.75, 123.84, 92.04, 79.86,
62.07, 31.27, 29.65, 28.72, 27.90, 22.56, 22.45, 19.44,
14.01, 13.67.

6- F 35 -4-( O} B 2 35 )-2-(1- 2 e ik s g FR R 2 T
(3g): HEAHRYE. "TH NMR (400 MHz, CDCl5) &: 7.48
(dd, J=8.2, 2.0 Hz, 2H), 7.18~7.14 (m, 2H), 4.13 (dd,
J=172, 2.9 Hz, 2H), 2.52 (d, J=2.5 Hz, 3H), 2.42~2.37
(m, 2H), 2.31 (d, J=2.6 Hz, 3H), 1.64~1.54 (m, 2H),
138 (dd, J=13.1, 6.4 Hz, 2H), 1.28~1.16 (m, 4H),
1.05~1.01 (m, 3H), 0.82~0.79 (m, 3H); *C NMR (100
MHz, CDCl;) 6: 167.83, 165.15, 163.72, 152.25, 140.42,
13427, 129.17, 128.28, 123.80, 91.41, 80.03, 61.86,
31.27,28.71, 27.92, 22.50, 22.45, 21.35, 19.43, 14.00,
13.64.

6- H J-4- (N A 2R 3 )-2-(1- 2 Bk i g Y TR 2. T
(3h): TEHPRY™. "H NMR (400 MHz, CDCl3) 6: 7.56
(d, J=8.2 Hz, 2H), 6.86 (d, J=8.4 Hz, 2H), 4.15 (q, J=

3036 http://sioc-journal.cn/
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7.2 Hz, 2H), 3.75 (s, 3H), 2.50 (s, 3H), 2.39 (t, J=7.2 Hz,
2H), 1.65~1.52 (m, 2H), 1.36 (m, 2H), 1.28~1.16 (m,
4H), 1.06 (t, J=7.2 Hz, 3H), 0.80 (t, J=6.7 Hz, 3H); "°C
NMR (100 MHz, CDCly) §: 167.90, 164.95, 162.91,
161.24, 152.07, 129.92, 129.32, 123.32, 113.79, 91.09,
79.95, 61.75, 55.18, 31.15, 28.59, 27.81, 22.33, 19.29,
13.88, 13.62.

33 KEM5SHERK

&Y 5 A ROTE S EY 3 54, HENTFTH
BRI oA s /R RV - V=90 : 1).

6-F5E-2,4- R L mENE-5-F R 2,16 (Sa): I B B4,
m.p. 65~66 C (lit.® 66~67 C); '"H NMR (400 MHz,
CDCl3) 6: 8.62~8.59 (dd, J=2.8 Hz, 6.4 Hz, 2H), 7.81~
7.79 (m, 2H), 7.54~7.52 (m, 6H), 4.28~4.22 (q, J=7.2
Hz, 2H), 2.75 (s, 3H), 1.14~1.10 (t, J=7.2 Hz, 3H); °C
NMR (100 MHz, CDCly) o: 168.5, 165.4, 163.7, 163.7,
138.2, 137.1, 131.1, 130.0, 128.7, 128.6, 128.5, 128.5,
123.4,61.8,22.9,13.7.

6- FH Jk -4- 2R k-2 o) FE 2R L W g -5- H R £ T (Sb):
B AR mp. 61~62 C (1it.* 61~63 C); '"H NMR
(400 MHz, CDCLy) 0: 8.49~8.47 (d, J=82 Hz, 2H),
7.79~7.77 (m, 2H), 7.54~7.46 (m, 3H), 7.33~7.31 (d,
J=8.1 Hz, 3H), 4.26~421 (q, J=7.2 Hz, 2H), 2.72 (s,
3H), 2.46 (s, 3H), 1.12~1.10 (t, J=7.2 Hz, 3H); *C NMR
(100 MHz, CDCly) §: 168.5, 165.3, 163.7, 163.6, 141.5,
138.3, 134.4, 130.0, 129.3, 128.7, 128.5, 128.5, 123.1,
61.8,22.7,21.6,13.7.

6-F Bk -4- 2R k-2 [A] HH OR L g -5- FH R R (Se): B
@EA. mp. 70~71 C (lit* 69~71 C); '"H NMR
(400 MHz, CDCLy) o: 8.27~8.29 (d, J=7.4 Hz, 2H),
7.69~7.67 (dd, J=6.5 Hz, 3.1 Hz, 2H), 7.42~7.39 (m,
3H), 7.33~7.29 (t, J=7.9 Hz, 1H), 7.25~7.23 (t, J=7.5
Hz, 1H), 4.16~4.11 (q, J=7.2 Hz, 2H), 2.62 (s, 3H), 2.38
(s, 3H), 1.02~0.99 (t, J=7.2 Hz, 3H); *C NMR (100
MHz, CDCl3) 8: 168.4, 165.3, 163.8, 163.3, 138.2, 138.1,
137.0, 131.8, 129.9, 129.1, 128.5, 128.4, 125.8, 123.3,
61.7,22.9,21.5, 13.6.

6- 1 ik -4- 2R ik -2 415 R R Bk e g -5- FR R 2 166 (5a):
HEEAR. mp. 75~76 C (it 77~78 C); 'H NMR
(400 MHz, CDCls) §: 7.87~7.79 (m, 1H), 7.73~7.57 (m,
2H), 7.46~7.33 (m, 3H), 7.32~7.19 (m, 3H), 4.16 (q, J=
7.2 Hz, 2H), 2.63 (s, 3H), 2.55 (s, 3H), 1.03 (t, J=7.2 Hz,
3H); *C NMR (100 MHz, CDCl;) o: 168.36, 166.75,
165.00, 163.12, 137.93, 137.62, 137.45, 131.31, 130.55,
129.97, 129.65, 128.48, 128.39, 125.93, 122.77, 61.86,
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22.78,21.32, 13.66.

6- FH JE-4- IR L -2 50 H AU R L s g -5- R R BB (See):
H @ E K. mp. 58~60 C (lit.* 57~59 C); 'H NMR
(400 MHz, CDCls) J: 8.49~8.39 (m, 2H), 7.72~7.60 (m,
2H), 7.46~7.32 (m, 3H), 6.95~6.85 (m, 2H), 4.11 (q, J=
7.2 Hz, 2H), 3.79 (s, 3H), 2.59 (s, 3H), 0.99 (t, J=7.2 Hz,
3H); *C NMR (100 MHz, CDCl;) J: 168.54, 165.23,
163.53, 163.40, 162.13, 141.51, 138.41, 134.4, 130.34,
129.82, 128.39, 122.57, 113.79, 61.63, 55.33, 22.84, 13.63.

6- Bk -4- IR B -2 S R s g -5- R iR (S6): A
O E. mp. 95~97 C (lit.* 94~96 C); 'H NMR
(400 MHz, CDCls) &: 8.54~8.42 (m, 2H), 7.75~7.57 (m,
2H), 7.49~7.28 (m, 3H), 7.07 (t, J=8.7 Hz, 2H), 4.12 (q,
J=7.2 Hz, 2H), 2.60 (s, 3H), 1.00 (t, J=7.2 Hz, 3H); *C
NMR (100 MHz, CDCly) 6: 168.32, 166.13, 165.42,
163.59, 162.68, 138.12, 133.32, 130.82, 130.73, 129.98,
128.45, 128.35, 123.24, 115.52, 115.31, 61.75, 22.80,
13.62.

6- I B4R B2 X SURFE M IE -5-H R £ IR (Sg): A
B E K. mp. 84~86 C (lit.* 84~86 C); 'H NMR
(400 MHz, CDCl;) J: 8.51~8.36 (m, 2H), 7.80~7.56 (m,
2H), 7.52~7.29 (m, 5H), 4.13 (q, J=7.2 Hz, 2H), 2.61 (s,
3H), 1.01 (t, J=7.2 Hz, 3H); >C NMR (100 MHz, CDCl5)
J: 168.25, 165.48, 163.63, 162.64, 138.04, 137.29, 135.59,
130.00, 129.96, 128.70, 128.44, 128.41, 123.52, 61.80,
22.80, 13.64.

6- FH ik -2- 2R k-4 6 B 2R L g -5- R £ TS (Sh):
B AR mp. 66~67 C (lit.* 66~67 C); 'H NMR
(400 MHz, CDCl;) d: 8.60~8.38 (m, 2H), 7.60 (d, J=8.1
Hz, 2H), 7.46~7.35 (m, 3H), 7.23~7.17 (m, 2H), 4.16 (q,
J=7.2 Hz, 2H), 2.60 (s, 3H), 2.34 (s, 3H), 1.06 (t, J=7.2
Hz, 3H); C NMR (100 MHz, CDCl;) §: 168.63, 165.14,
163.59, 163.34, 140.23, 137.23, 135.30, 130.91, 129.17,
128.58, 128.44, 128.41, 123.14, 61.72, 22.81, 21.38, 13.73.

6- FH 22 - TR k-4 - o i 2R s g -5- TR R (Si): B
B E K. mp. 85~87 C (lit* 85~86 C); 'H NMR
(400 MHz, CDCl;) o: 8.46 (dd, J=6.8, 3.0 Hz, 2H),
7.77~7.62 (m, 2H), 7.48~7.33 (m, 3H), 7.11~7.06 (m,
2H), 4.16 (q, J=7.2 Hz, 2H), 2.61 (s, 3H), 1.06 (t, J=7.2
Hz, 3H); C NMR (100 MHz, CDCl;) §: 168.33, 165.46,
165.20, 163.65, 162.71, 162.28, 136.97, 134.28, 131.10,
130.58, 130.50, 128.58, 128.50, 123.16, 115.66, 115.44,
61.84,22.82, 13.74.

6- F JE-2 - JR Bk -4- X0 SR s g -5- R 2R (5)): H
E R, mp. 82~84 C (lit.* 83~84 C); 'H NMR
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(400 MHz, CDCl;) J: 8.52~8.41 (m, 2H), 7.69~7.59 (m,
2H), 7.47~7.34 (m, 5H), 4.16 (q, J=7.2 Hz, 2H), 2.62 (s,
3H), 1.07 (t, J=7.2 Hz, 3H); *C NMR (100 MHz, CDCl5)
5: 168.15, 165.55, 163.66, 162.31, 136.81, 136.56, 136.36,
131.20, 129.85, 128.73, 128.63, 128.52, 123.19, 61.92,
22.79, 13.74.

6- Yk -2- IR Bk -4 o R R BE I g -5- BT IR £ i (SK):
H AR, mp. 87~88 C (lit.** 87~89 C); '"H NMR
(400 MHz, CDCl;) §: 8.50 (m, 2H), 7.78 (d, J=8.4 Hz,
2H), 7.47~7.37 (m, 5H), 4.19 (q, J=7.2 Hz, 2H), 2.63 (s,
3H), 1.06 (t, J=7.2 Hz, 3H); *C NMR (100 MHz, CDCl5)
5: 168.52, 165.39, 163.06, 137.14, 137.00, 131.02, 128.94,
128.87, 128.60, 128.49, 127.78, 127.18, 127.16, 123.22,
61.82,22.88, 13.72.

6- FF FE-4- T I 2-(EWy -2-35)-5-FH R BB (S1): At
4. m.p. 87~89 C (lit." 89~91 “C); '"H NMR (400
MHz, CDCl;) 6: 8.03 (dd, J=3.7, 1.1 Hz, 1H), 7.71~7.56
(m, 2H), 7.51~7.28 (m, 4H), 7.07 (dd, J=4.9, 3.8 Hz,
1H), 4.11 (q, J=7.2 Hz, 2H), 2.57 (s, 3H), 0.99 (t, J=7.2
Hz, 3H); *C NMR (100 MHz, CDCl;) d: 168.20, 165.54,
163.67, 160.49, 142.96, 137.88, 130.54, 130.00, 129.82,
128.42, 128.29, 128.21, 122.77, 61.71, 22.70, 13.61.

6- FH S -2,4- 2R FE R (7a): (1 B4R, mp.
113~115 ‘C'": "H NMR (400 MHz, CDCl;) 6: 8.20~
8.15 (m, 3H), 7.79 (d, J=1.8 Hz, 1H), 7.62~7.39 (m,
9H), 7.21 (d, J=4.8 Hz, 1H), 3.80 (s, 3H); *C NMR (100
MHz, CDCls) 6: 158.02, 154.87, 148.01, 145.15, 139.98,
138.97, 131.85, 129.60, 129.22, 129.04, 128.94, 128.59,
127.55, 126.88, 122.07, 119.90, 103.89, 55.68; HRMS
(ESI) caled for Cp,H;gNO [M-+H]" 312.1383, found
312.1385.

6-F3E-2,4- —RELIEMR(Tb): A EEA. mp. 126~
128 C!"; 'TH NMR (600 MHz, CDCl;) J: 8.22~8.18 (m,
2H), 8.16 (d, J=8.64 Hz, 1H), 7.79 (s, 1H), 7.67 (s, 1H),
7.59~7.51 (m, 8H), 7.46 (t, J=7.2 Hz, 1H), 2.48 (s, 3H);
BC NMR (150 MHz, CDCls) d: 156.00, 148.43, 147.40,
139.76, 138.65, 136.26, 131.75, 129.87, 129.55, 129.14,
128.79, 128.57, 128.28, 127.48, 125.71, 124.38, 119.40,
21.83; HRMS (ESI) caled for C,HigN [M + H] "
296.1434, found 296.1437.

4 Bh#1 Kl (Supporting Information) L5473 17 1) 'H

NMR Fl °C NMR & 32kl n] LA 2 AT il
(http://sioc-journal.cn/) I N #k.
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