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Abstract A simple and highly efficient palladium nanoparticles catalytic system was applied in Suzuki coupling reaction.
This system could catalyze a variety of aryl halide and arylboronic acid substrates with a wide range of functional groups. A
high turnover number of 90000 was obtained with the catalyst loading as low as 0.001 mol%. This catalyst system exhibited

good stability and longevity.
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HIA KA (Scheme 1), AHELT 2 & 22 5N WI
(A2 A 2,6-— e SEnt e (Y DU B & L2 F1 L3, T
B BRI BE R T PUAN 8 5 R AR EC A, A AR AL
I KRR, X T & AR R ). TON E 5t
A3k 33500001 (Scheme 1).

Br B(OH), - PdOR L1
A
Base 1,4-dioxane R—/
90°C,2~20h

o 20 examples

N 38% ~ 99% yield
pror ) < PPn,  TONupto 750000
Ph,P L1 PPh,
HetAr—X + mB(OH)Z [Pd(C5Hs)Cl, L1 | N Her
X =Br, Cl N7 Base, n-butanol, 110 °C 7
23 examples
up to 96% yield

R1
mzjﬂ [:T (OH)2 [Pd(C3Hs)Cll,, L2 RK
e K4PO,, DMA, 130 °C ﬂ
R
thp/\ @\ /\
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o+ BOH), oo
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23 examples
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Scheme 1 Pd/tetraphosphine-catalyzed Suzuki coupling reac-
tion of aryl halides
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Scheme 2 Application of palladium nanoparticles catalytic system in organic synthesis
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Table 1 Optimization of reaction conditions

OC' B(OH), [Pd(C3Hs)CIL O

+ _  »

O,N TBAB, base O
Solvent, 100 °C O,N

1a 2a 3aa

Entry Base Solvent TBAB/mmol Time/h Yield’/%
1 Et;N DMA 0.375 8 0
2 NaOAc DMA 0.375 8 0
3 NaHCO; DMA 0.375 8 10
4 Na,CO; DMA 0.375 8 17
5 K,CO; DMA 0.375 8 100
6 K;PO, DMA 0.375 8 88
7 NaOH DMA 0.375 8 19
8 K,CO; DMA 0.375 2 96
9 K,CO; DMF 0.375 2 100
10 K,CO3 1,4-Dioxane 0.375 2 58
11 K,CO; n-Butanol 0.375 2 26
12 K,CO3 Toluene 0.375 2 63
13 K,CO; DMF 0.125 1 94
14 K,CO; DMF 0.25 1 85
15 K,CO; DMF 0.375 1 79
16 K,CO; DMF 0.5 1 84

“ Reaction conditions: 1a (0.5 mmol), 2a (1.0 mmol), base (1.0 mmol), solvent
(1 mL), 100 ‘C, [Pd(C3Hs)Cl] (0.0005 mmol) under nitrogen. * GC yields.

ok, TEMEALFI[PA(C3Hs)CL], BAKH (0.1 mol%)
TERR, H = HESN)E, 0.75 equiv.[f] TBAB 1E#
I, 78 NN-—H 3 2 B i (DMA) ¥ 551 A R8I B
100 C R XX ASFEE A (1a) 5 KR (22) [ Suzuki fHEL
RIEAT T 5% TR TR 8 h &, S AH A
Tl VAR B A B A=A 4-fFFE-1,1-B0K 3aa
(F 1, Entry 1). BT BRI RN 55 00 R 1 5 AL 0
BAEHEERNER, WTREANIR EGN BB K55 1%
ek iZ B R AR, TR, FRATIOW % 1 R 5 (1 TE ML
W% 1, Entries 2~7). 4 A5V 5 38 NaHCO;
Na,COs I, SAHCTERINE] T HERr=4 3aa, {HRMAY
A 10%7 45 %38 1, Entries 2~4). T F B8 5 50 £
KoCOs I, IEA 1a fe € 40 9 3aa(3k 1, Entry 5),
X FIZEAAR RIE Suzuki 155 RS G 1 S 1
ATE . G R AT P 1T B 5 s s e v R A
BT HRGRRL A 0%, RN B)) 72 I 28 IR Hh 2 S B
(B DR, Z ik R 80 T 200 2 A N &
7, HHEERE, BT AR R Heck
S5 R 2182 10 b 35575 S L B (TEM)RS IS 7 2~5 nm i
BHARGKRLT, X BB UESE T ik RE D) T
BT (A 3 AR 20,

B 5, X N T RN s B I TR) k4T T 0 A (R 1L,
Entries 8~12). JHiT SRk I, H N,N- HJE H i fi
(DMP)E¥# AR, &M 2 h #ife e =4 (3K 1, Entry 9).
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Figure 1 Conversion vs. time plot for Suzuki reaction
Reaction conditions: 1a (0.5 mmol), 2a (1.0 mmol), [Pd(C;Hs)Cl],
(0.0005 mmol), K»CO; (1.0 mmol), DMF (1.0 mL), TBAB (0.125 mmol),
under argon, 100 ‘C). (M) Control experiment; (O) Hg(0) (0.5 mmol)
poisoning experiment
wJa, FAIHEL T TBAB HIE X B FEME, SLU63% W]
0.125 mmol ) TBAB ML (¥ 1, Entries 13~16).
FET I, W€ 7% Suzuki ABICSON ) B RS A
A 0.1 mol%HI[Pd(C5Hs)Cl], EAEALF, 0.25 equiv. ()
TBAB {EZR 7, 2 equiv. () K,COs /ER, 7E DMF H 3
BN 100 C.
1.2 REEMHRE

FE bR f AR S B R AT, R A 44 oK ORL T A 1Y
Suzuki MBS BRAIE FHTEREAT T 07T, Seiegh R &
2. HARUXEE SR AR, 57 H 507 50 2 (1
Suzuki fHIBC SRR, A T AN R R B AT B )
BOR, B SR [ ERSE K2 20 h. SEER 45 R K],
TR FO0 KPR b5 AN (] F AR 2 ) 57 B ) SRS 42 #
RO T AR @RS, # R LLER @i o Bl
(83%~96%) 15 EI|AH B {75 HE A0 54 3(5K 3, 3aa~3al).
Toi 77 SR IR IR L5 T (Me, +-Bu)id 2 Wi 72k
H(CFs, F, Cl), B RISCR ARG E] 87%Lh E (3 2, 3ab,
3ac vs. 3ae, 3af, 3ag). FEHEFE, ZMILIKARZIRR
b2 et 1R A E R AL & = D Rl K A S SN D S 2
BTN 1-Z500mRIN, S SATS AR (0 70 B W R 45 2
55 HeAL &) 3aj F1 3ak (84%7H1 83%, % 2); BNt 248
F] A7 FELBE IR 2,6-— FRBEZRBIIR, S 11 43 B Wi th g
IEH] 70%(FK 2, 3am). 2 3,5- AR H 75 IRV R
VI, MR RASRILE T HER I 1) B RE S B,
TG e A FEL T ) R R R R Y BR3P R, S RE DA
Pt S FIUSCR A5 2IAH B B #5774 3an~3ap (87%~91%,
* 2). BEJE, XS T RIAIR A 3-RRmETIRR, (HRDAE
BEIMAEL A Bt AR R B b S A (9%, £ 2,
3aq).
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Table 2 Suzuki coupling of 4-nitrochlorobenzene with arylboronic acids

Q N
+ R~ S ——
O,N Z TBAB, K,CO;4

2 DMF, 100°C, 20 h OzN

$ = ® - ”‘ ’/‘ Ph ’/‘ |
ON O,N O,N O2N O,N

3aa, 96% 3ab, 89% 3ac, 87% 3ad, 94% 3ae, 88%

cl CF4 F cl Me

O O O ON O

O,N O,N O,N 3ai, 91% on
3af, 95% , 3ah, 92% 2

3aj, 84%

3ag, 93%
- 0
Fh O SR L R
O,N O,N

ON
O,N Me ?" R=Me, 3an, 91%

R =F, 3a0, 89% 3aq, 39%”
0, 0, o, aq, ()
3ak, 83% 3al, 93% 3am, 70% R = CFs, 3ap, 87%

“ Unless otherwise noted, reaction was performed with 0.5 mmol of 1a, 1.0 mmol of 2, 0.125 mmol of TBAB, 1 mmol of K,COs, 0.1 mol% [Pd(C;Hs)Cl]; in 1.0 mL
of DMF at 100 °C; Isolated yields. * 1 mol% [Pd(C3Hs)Cl], was used.

ZARAAR R XA 055 R AR R I T AR = THEER, A a8 LRSS A IR 58% 143 H AR
ARG, JEF Ik, NHER T AR KA &S KR ) 3ca. S NSRRI, Z ALK R IRATS B
(1) Suzuki fHER LR 3). MK RG22 IRALTT AE T HER T RE R T AEF I 1vEt, 2-98
SRR E BRI s AR, SR LSRR T WY FT 3-BIEBETLE 0.1 mol% B Ak77 B CE # fe ik
(Cl, CN, NO, ) Ji 7= 8 H LA ey, e i 43 S YA vl ik 90%LA _F(91%411 90%, 3ha, 3ia); X T & WHL Tl NO,,
94% (83%~94%, 3aa, 3da~3fa). R0, YA SALR COMe MIEARTT K, [BERRE LLAEH = R4S 2 A B

R3S AR Suzuki MBS ¢
Table 3  Suzuki coupling of aryl halides with phenylboronic acid

B(OH):  [Pd(CsHs)ClIl,
ArX + B ——— e
X = Br, Cl TBAB, K,COg3

Ar
1 2a DMF, 100 °C, 20 h

" - /" /‘/‘ /‘/‘ . S .

X=Br X =Br X =Br X=Br 3fa, 93% X= Bro
3ba, 80% (40%") 3ca, 58% 3da, 88% 3ea, 83% (3da, 13%) X = Cl 3aa, 94%

3fa, 91%
I OMe CS/<j MeOC/‘/‘ ' ‘\/NO‘ OzN/‘,
COMe
X =Br X =Br X=Br X=Cl X = Cl X=Cl X=Cl
?’gaY 35% 3ha, 91% 3ia, 90% 3ja, 85% 3ka, 45% 3|a’ 92% 3ma, 91%

“ Unless otherwise noted, reaction was performed with 0.5 mmol of 1, 1.0 mmol of 2a, 0.125 mmol of TBAB, 1 mmol of K,COs, 0.1 mol% [Pd(C;Hs)CI]; in 1.0 mL
of DMF at 100 °C; Isolated yields. ® 0.01 mol% [Pd(C;Hs)Cl], was used.
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(IR T7 FeAL &) 3ja~3ma (45%~91%). BRIKHIZ, %
fHE A A 22 0T R A 1) SRS 8 T SR R f A SR AR 22,
XA R A AR R T Sk

N T B AR R A A, FRA Sl —
W REARMEAL I A &, SR R 0.01 mol%HT,
YRI5 ZRER S B [ USCR REIR B 40%(R 3, 3ba); A
TE A R AR TS Ao YRR IS R A B YRR A R IR AT, e
T A EAKE 0.001 mol%, FEK M A] % 48 h, &N
(K73 B UACR F ey Al ik 90% (Eq. 1). 1% a7 B iR AR gl Kok 1
AR R BETE T 5 20 2 — B AT 2 B 479 £ 5 ik
A TR I, R AEATRIAE Tl b B 34 T AT e
PE.

[Pd(C3Hs)Cl], (0.001 mol%)

Br B(OH),
.
R TBAB, K,CO5, DMF, 100 °C, 48 h

C
R

R =CN, 81% yield
R = NO,, 90% yield

2 ZEig

25 L RTIA, DA S U AR g R AL kAR D &
FT7 FEWRER (1) Suzuki (IR, A T — RYIBETT 24k
EW. ZMEAR RRIANEN 07 B R AR I T IR 4 (1
R, AT R R ST BRI TR = )
fEAL IS I, SEE S, SR KR 0.001 mol%
AT i v 0 fRe AT
3 IEES
3.1 UE5HF

B 5 23 SR K BUBS R R A 3505 FHARTERY) Schlenk
M, fEEASARY 4T, '"H NMR 7E Bruker Avance 11-400
R ALARA e, PATR S 1 955, TMS A
Fr; it B Bruker micrOTOF-Q I1 Ml 5E, ESI ¥ 44 AiAE
XRC-T AL B A s e A E AR CRRIE); R MR AE
GC-6890 (ALLTECH™, SE-30™, 30 mmX0.32 mmX
0.25 pm) S AR AL LIS, DMF.DMA. 1,4- 5/ 3
= L JH RN R IR A A R SCR g R Ak B e
FIBI R M A s 2 at, R alifh B
3.2 ZWHE

P& 1 (0.5 mmol). 2 (1.0 mmol). K,CO; (1
mmol)s TBAB (0.125 mmol)H1[Pd(C;H;5)Cl], (0.1 mol%)
IIAB =T BT T4 Schlenk M H, FH%A
AEHS UG, N 1.0 mL #2818 1) DMF, 85 T+ s
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TREER] 100 C/RAL 20 h. RMGRE, A EER, WA
3 mL KK, SRJGH R ABEREL(G mLX3),
WUZF TCK RN T8, 18I BR RV 7). Arf Al
A ENT 2 EE R B HREY) 3aa~3aq Fl
3ba~3ma.

4-fif 2 -1,1- 16 2K (3aa): IR B O E K, 2R 96%.
m.p. 113~114 C (Lit.** 111~113 ‘C); 'H NMR (400
MHz, CDCl;) d: 8.31 (d, J=8.8 Hz, 2H), 7.75 (d, J=8.8
Hz, 2H), 7.67~7.60 (m, 2H), 7.56~7.42 (m, 3H); HRMS
(ESI) calcd for C;,HyNNaO, [M—I—Na]+ 222.0525, found
222.0492.

4-FRIE-A-FHFE B (3ab) D (O EAR, P7E 89%.
m.p. 137~138 ‘C; '"H NMR (400 MHz, CDCl;) J: 8.29
(d, J=8.8 Hz, 2H), 7.73 (d, J=8.8 Hz, 2H), 7.54 (d, J=
7.8 Hz, 2H), 7.31 (d, J=7.8 Hz, 2H), 2.43 (s, 3H); HRMS
(ESI) calcd for C3H;;NNaO, [M+Na]" 236.0682, found
236.0667.

- T Fe AR BETE Bae)P: B E Ak, PR
87%. m.p. 109~111 C; 'H NMR (400 MHz, CDCl;) o:
8.16 (d, J=8.8 Hz, 2H), 7.61 (d, J=8.8 Hz, 2H), 7.47 (d,
J=8.5 Hz, 2H), 7.42 (d, J=8.5 Hz, 2H), 1.27 (s, 9H);
HRMS (ESI) caled for C;¢H;;NNaO, [M + Na] *
278.1151, found 278.1132.

4-FEFE-A-FHFEBER (3ad) D A EEAR, PR 94%.
m.p. 261~262 °C, "H NMR (400 MHz, CDCl5) §: 8.33 (d,
J=8.8 Hz, 2H), 7.80 (d, J=8.8 Hz, 2H), 7.76~7.69 (m,
4H), 7.69~7.62 (m, 2H), 7.54~7.45 (m, 2H), 7.41 (d, J=
7.3 Hz, 1H); HRMS (ESI) calcd for C;sH;3NNaO, [M+
Na]" 298.0838, found 298.0834.

4- B 4T HE B 2K (Bae) ) [ (A 1A, 2 88%.
m.p. 118~120 “C; '"H NMR (400 MHz, CDCl5) J: 8.30 (d,
J=8.6 Hz, 2H), 7.70 (d, J=8.6 Hz, 2H), 7.61 (dd, J=38.5,
5.3 Hz, 2H), 7.20 (t, J=8.5 Hz, 2H); HRMS (ESI) calcd
for C;,HgFNNaO, [M+Na]" 240.0431, found 240.0407.

4-G0 -4 R B 2K (3ah) %) (@K, PR 95%.
m.p. 131~133 ‘C; '"H NMR (400 MHz, CDCly) : 8.30
(d, J=8.7 Hz, 2H), 7.71 (d, J=8.7 Hz, 2H), 7.56 (d, J=
8.4 Hz, 2H), 7.47 (d, J=8.4 Hz, 2H); HRMS (ESI) calcd
for C;,HgCINNaO, [M+Na]" 256.0135, found 256.0110.

4- = P LAY LB R Bag) Y (A EE, PR
93%. m.p. 105~107 “C; '"H NMR (400 MHz, CDCl;) o:
8.34 (d, J=7.8 Hz, 2H), 7.80~7.68 (m, 6H); HRMS (ESI)
caled for C;3HgF;NNaO, [M~+Na]™ 290.0399, found
290.0383.

2- G -4'- B LB 2K (3ah) P A EAR, PEER 92%.

http://sioc-journal.cn/ 3211
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m.p. 72~74 C; '"H NMR (400 MHz, CDCl;) ¢: 8.31 (d,
J=8.8 Hz, 2H), 7.79~7.68 (m, 2H), 7.56~7.38 (m, 2H),
7.33~7.15 (m, 2H); HRMS (ESI) calcd for C,HsFNNaO,
[M-+Na]" 240.0431, found 240.0401.

2- G4 B L B K (3ai) P [ A, PR R 91%.
m.p. 66~68 ‘C; 'H NMR (400 MHz, CDCl5) J: 8.31 (dd,
J=8.8, 1.6 Hz, 2H), 7.65~7.59 (m, 2H), 7.52 (dd, J=5.1,
3.4 Hz, 1H), 7.42~7.32 (m, 3H); HRMS (ESI) calcd for
C,HgCINNaO, [M+Na]" 256.0135, found 256.0117.

2- S A L -4 3K R R (a1 [ A, R
47%. m.p. 110~111 °C; '"H NMR (400 MHz, CDCl;) §:
8.28 (d, J=8.8 Hz, 2H), 7.53~7.36 (m, 4H), 7.30~7.21
(m, 1H), 7.14~7.13 (m, 1H), 2.94 (p, J=6.8 Hz, 1H),
1.17 (d, J=6.9 Hz, 6H); HRMS (ESI) calcd for C;sH;5N-
NaO,[M+Na]" 264.0995, found 264.0983.

1-(4-THFE A ) 25 (3ak)®D: TLOWIE, % 83%.
'H NMR (400 MHz, CDCl;) d: 8.37 (d, J=8.7 Hz, 2H),
7.98~7.89 (m, 2H), 7.79 (d, J=8.8 Hz, 1H), 7.68 (d, J=
8.8 Hz, 2H), 7.61~7.51 (m, 2H), 7.51~7.46 (m, 1H), 7.44
(dd, J=17.0, 1.3 Hz, 1H); HRMS (ESI) calcd for C;sH;;N-
NaO, [M+Na]" 272.0682, found 272.0674.

2-(4-TH ) ZE Bal ) AR, P2 F 93%.
m.p. 178~180 ‘C; 'H NMR (400 MHz, CDCl;) J: 8.35
(d, J=8.5 Hz, 2H), 8.11 (s, 1H), 8.02~7.83 (m, 5H), 7.75
(dd, J=8.5, 1.8 Hz, 1H), 7.62~7.49 (m, 2H); HRMS
(ESI) calcd for C;sH;;NNaO, [M—i—Na]+ 272.0682, found
272.0674.

2,6- — F 4R REIEZE Bam)P™: [ K, o
26%. m.p. 128~129 “C; '"H NMR (400 MHz, CDCl;) o:
8.36~8.23 (m, 2H), 7.38~7.31 (m, 2H), 7.28~7.16 (m,
2H), 7.14 (d, J=7.5 Hz, 2H), 2.01 (s, 6H); HRMS (ESI)
caled for C;4H3NNaO, [M + Na] *250.0838, found
250.0807.

3,5- R AR R Ban)P: (@ E R, PR
91%. m.p. 113~114 °C; 'H NMR (400 MHz, CDCl;) ¢:
8.27 (d, J=8.8 Hz, 2H), 7.71 (d, J=8.8 Hz, 2H), 7.31~
7.19 (m, 2H), 7.09 (s, 1H), 2.41 (s, 3H), 2.40 (s, 3H);
HRMS (ESI) caled for C;;H;3NNaO, [M + Na] *
250.0838, found 250.0807.

3,5- G -4 FE B K (3a0) P [l 4K, PR
89%. m.p. 125~127 “C; '"H NMR (400 MHz, CDCl;) o:
8.33 (d, J=8.8 Hz, 2H), 7.72 (d, J=8.8 Hz, 2H), 7.19~
7.10 (m, 2H), 6.97~6.84 (m, 1H); HRMS (ESI) calcd for
C1,H,F,NNaO, [M+Na]" 258.0337, found 258.0314.

3,5- 2 9 -4 A i B K (3ap) PO 1 R [ 4
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FEE 87%. mp. 113~114 ‘C; 'H NMR (400 MHz,
CDCLy) ¢: 8.39 (d, J=8.8 Hz, 2H), 8.08~8.01 (m, 2H),
7.99~7.95 (m, 1H), 7.80 (d, J=8.8 Hz, 2H); HRMS (ESI)
caled for C14H,FgNNaO, [M+ Na]" 358.0273, found
358.0263.

3-(4-TYFE R L) (3aq) ) EOE A, 2F 39%.
m.p. 108~110 ‘C; "H NMR (400 MHz, CDCl;) ¢: 8.24 (d,
J=8.9 Hz, 2H), 7.87 (s, 1H), 7.63 (d, J=8.9 Hz, 2H), 7.54
(t, J=1.7 Hz, 2H), 6.75 (d, J=2.0 Hz, 2H); HRMS (ESI)
caled for C,;(H;NNaO; [M—}—Na]+ 212.0318, found
212.0329.

7K (3ba): TR, P23 80%. m.p. 66~67 C
(Lit.?* 65~66 ‘C); 'H NMR (400 MHz, CDCl;) o:
7.63~7.54 (m, 4H), 7.48~7.39 (m, 4H), 7.39~7.29 (m,
2H); HRMS (ESI) caled for C;,H;Na [M + Na]*
177.0675, found 177.0655.

4-H A JE-1,1- B K (Bea): A EEIE, P53 58%. m.p.
99~100 ‘C (Lit.”?™ 98~99 C); '"H NMR (400 MHz,
CDCly) 8: 7.57 (t, J=8.1 Hz, 4H), 7.44 (t, J=7.7 Hz, 2H),
7.36~7.29 (m, 1H), 7.01 (d, J=8.7 Hz, 2H), 3.88 (s, 3H);
HRMS (ESI) caled for C3H;;NaO [M+Na]" 207.0780;
found 207.0762.

- FE 11K 2K (3da) ! A E K, PR 88%.
m.p. 205~207 ‘C; '"H NMR (400 MHz, CDCl;) &: 7.59~
7.50 (m, 6H), 7.48~7.39 (m, 6H), 7.39~7.34 (m, 2H);
HRMS (ESI) caled for Ci;sHi4Na [M+Na]" 253.0987,
found 253.1548.

4-5-1,1- B K (3ea): HE[E A, % 83%. m.p.
70~71 ‘C (Lit.** 76~77 °C); '"H NMR (400 MHz,
CDCLy) o6: 7.61~7.51 (m, 4H), 7.50~7.35 (m, 5H);
HRMS (ESI) caled for CigH4JNa [M+H]" 231.1168,
found 253.1411.

A-E -1 1-B K (3f): [t 4K, 7% 93%. m.p.
80~81 ‘C (Lit™™ 85~86 ‘C); 'H NMR (400 MHz,
CDCly) &: 7.74 (d, J=8.6 Hz, 2H), 7.69 (d, J=8.6 Hz,
2H), 7.63~7.55 (m, 2H), 7.53~7.46 (m, 2H), 7.46~7.41
(m, 1H); HRMS (ESI) caled for C;3H,NNa [M~+Na]"
202.0627, found 202.0593.

2-FE -1 -2 (3ga) ™™ TRk, 7% 35%.
'H NMR (400 MHz, CDCly) d: 7.62~7.50 (m, 2H),
7.49~7.35 (m, 2H), 7.36~7.29 (m, 3H), 7.10~6.83 (m,
2H), 3.82 (s, 3H); HRMS (ESI) calced for C3H;,NaO [M+
Na]" 207.0780, found 207.0773.

2- L BEWy 3ha) Y A, PR 71%. 'H
NMR (400 MHz, CDCly) 8: 7.66~7.57 (m, 2H), 7.37 (t,

Chin. J. Org. Chem. 2019, 39, 3207~3214
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J=1.7 Hz, 2H), 7.33~7.23 (m, 3H), 7.08 (dd, J=5.1, 3.6
Hz, 1H); HRMS (ESI) caled for C;oHgNaS [M-+Na]"
183.0239, found 183.0219.

3-ZREEMENE (3ia) Y LER, 23R 57%, '"H NMR
(400 MHz, CDCL) J: 8.86 (d, J=2.4 Hz, 1H), 8.59 (d, J=
4.9 Hz, 1H), 7.88 (dd, J=7.9 Hz, 1H), 7.62~7.54 (m,
2H), 7.48 (t, J=7.4 Hz, 2H), 7.43~7.33 (m, 2H); HRMS
(ESI) caled for C;;HoNNa [M+Na]"® 178.0627, found
178.0633.

4-Z P 1,1 -2 (3ja): IR, 772 85%. mup.
119~120 C (Lit.”* 120~121 C); 'H NMR (400
MHz, CDCl;) 0: 8.04 (d, J=8.4 Hz, 2H), 7.69 (d, J=8.4
Hz, 2H), 7.66~7.58 (m, 2H), 7.53~7.44 (m, 2H), 7.44~
7.38 (m, 1H), 2.65 (s, 3H); HRMS (ESI) caled for
C14;H;NaO [M+Na]" 219.0780, found 219.0765.

3- L P HE-1,1- 16 2K Bka) Y vk HE K, R
45%. '"H NMR (400 MHz, CDCl;) o: 8.21 (s, 1H), 8.00~
7.92 (m, 1H), 7.86~7.78 (m, 1H), 7.70~7.61 (m, 2H),
7.57 (t, J=7.7 Hz, 1H), 7.50 (t, J=7.5 Hz, 2H), 7.43 (d,
J=7.5 Hz, 1H), 2.69 (s, 3H); HRMS (ESI) calcd for
C14;H;;NaO [M+Na]" 219.0780, found 219.0768.

2-TFE-1,1-BE A la) P Bk, =R 92%. 'H
NMR (400 MHz, CDCl;) 6: 7.84 (dd, J=8.1, 1.3 Hz, 1H),
7.60 (t, J=7.6 Hz, 1H), 7.50~7.36 (m, 5H), 7.33~7.28
(m, 2H); HRMS (ESI) caled for C;;HoNNaO, [M+Na]"
222.0525, found 222.0497.

2,4- RS FE-1L1-BE K Gma)lY: [ AR, PR R
91%. m.p. 83~84 ‘C; 'H NMR (400 MHz, CDCl;) ¢:
8.73 (d, J=2.3 Hz, 1H), 8.48 (dd, J=8.5, 2.3 Hz, 1H),
7.69 (d, J=8.5 Hz, 1H), 7.50 (dd, J=4.9, 1.8 Hz, 3H),
7.39~7.31 (m, 2H); HRMS (ESI) calcd for C;;HgN,NaOQ,
[M+Na]" 283.0115, found 283.0123.

4 B KL (Supporting Information)  H%75 3774 3aa~
3aq, 3ba~3ma ] '"H NMR i K. iXLhPRa] L2
ASH W 3k (http://sioc- journal.cn/) | T %K.
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