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PIGEAE B AR B K Salen-Pd it A 4 AL S 2 1 7K FR ) C-C B IBR 52 Ry 59

WA Tt o, IR ) 28 187 S A 315 ) Agi-
lent GC7890(30 m x 0.25 mm SE30 LA+, FID
A, AR 120 °C, RDUERIREE 220 C, #EFEE
JE 240 °C) 4 #r.
1.2 FEER NI Salen B & L

NN B (5-fifi iR H-2-F2 ) ROk ) 4 N, N -—
F3E-1,2-Z T (12) oK 4-FR BEFERE RSN (2.0 g,
10.2 mmol ), N, N’ - H 3 Z i (0.51 ¢, 5.1
mmol ) .2 FHEH I (0.36 g, 12 mmol, 10eq.) 5 £ [
(100 mL)IRA. FHAHFEL 48 h, A K HabiEd:
B, UE, JEVEH SRR £ BRI R 1 B E AR R
(2.4 g, 94%). "H NMR (400 MHz, D,0) 8 7.63 (dd,
J =84,24Hz, 2H), 759 (d, ] = 2.4 Hz, 2 H),
6.83 (d, J = 84 Hz, 2 H), 3.96 (s, 4 H), 3.04 (s,
4 H), 2.45 (s, 6 H). "C NMR (100 MHz, D,0)
8163.6, 130.7, 128.5, 127.8, 120.9, 117.4, 57.8,
50.8, 40.1. ESI-MS, m/z, [ M+H]".505.07.
1.3 UK In#FAR Heck & A2

FEANIE 1 R, i % 42— R e e T S
AN AN B Ve B R O A v OR BT B Y
(5 mmol) . & & M 5% N # B2 (10 mmol) . Bk
(18.5 mmol) . Z=EZE (5 mmol) | FHFR S (2.3 mg,

KRR Ce e S AL

Fig.1 The instrument for microwave

0.01 mmol) . 7KEME Salen(0.01 mmol ) L M Z&E1 7K
(15 mL) BOHFREPEREFE T 100 mL A3 5 XL [ JEE b8
I 1 5 P BRCIBE SR N # S B 8 A8 T P —
HR D v BEAS, D3 TO0R P 3 e 28 3 1. B I
MR EER 80~ 120 C. Jed e 1 h, 28 TLC Ml
KM Salen 423 A M BC & W5, @R EEK,
TR R N A, R G T B AR R, IR
E R PE T O BB E R R]. RO S R, IR A
s LR R [ B H R H SRR U NIR A
Y3 R(3x10 mL) , HIFAHUHE, FFHIEK Na,S0, 1
WRE, BORE A @S B, 2R 30E R, SRR A
FE A (FERRAR 0.071~0.050 mm, ZMRZME : £
M = 12 4) 5B 207, [Fl— B ik 3 41555,
HORIE 42230 (1 P AL B850 15 SR AR

AKAREIE S50 . 2 54 1 A7 B8 A 7K+
HERATI Lk, NS b — YA [R] BE R i 1 IR
(S HATEY) 5 o mai Y, #hseK g i H k5
15 mL, $HR5 b — UM [R] 9 B2 1 2% R 2R A7 I
Je AR 5 — A ).

1.4 K IN# A Sonogashira {BEX & K7

Sonogashira [ 5 i k¢ B 5 & 1 2600, HJE B
BRI il i AR S A S AR
B R RGHEAS AR . 1] 100 mL A9 80101 B B
IR (SHATA D) (2 mmol ) | R R (5] HAYT
A1) (2.2 mmol) | B% (3 mmol) . A %% B8 i 17
(2 mmol) , EEARAE (1.2 mg, 0.005 mmol) , K&
Salen (2.5 mg, 0.005 mmol) DA K Z&1H/K (10 mL).
MR AE IR TR 1 b, FHEREERAR S Salen JE AL
BCA Y. ARG RONAA R A A E# 3 Ik, TERAMR
PR, FFIR S R g, R T B R R
FEAEVEE IR T R B 15 i s B). S 4 AR
FFJE RS 2 B b T 0] 2 H IR FH Z B AR
RIRAY 3 W (3x10 mL) , SIFE A, I
7K Na,SO, TH )5, BURE S A @IE 4T, 22400
N, FRAY A GRS (REROKIAR 0.071 ~0.050 mm,
ZIRTE - fAhBE= 1 6) a2y, F—Kk
M 3 S, ORI 30 1 T 4 T 2 R B R
&

IKAHDE I S5 . L2 ZE 40 HH A7 7 /KA
HERATI Tk, NS b — KA [R] B8 R 2 B A
(SHAT ) SR W AT =Y, #hFeK e i
KN 10 mL, #8514 SO A PR T I
N, JE A ES R — AT
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Scheme 1 Synthesis of water soluble Salen
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A B BB S 2 R AR A T 5 5% B Ekad R,
T PR A A VR R BE IR B 1Y 0.2% , T R 40 5 /K i
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Table 1 The reaction conditions for the Heck reaction

Pd(OAc),/L, Base, Addictive

O - O

g

microwave, water

Entry T/C Base Addictive Time/min Yield/%
1 80 K, CO, TBAB 15 66
2 100 K,CO, TBAB 8 93
3 120 K,CO, TBAB 8 95
4 120 K,CO, TBAB 12 85
5 100 K,PO,"7H,0 TBAB 8 86
6 100 KOH TBAB 8 70
7 100 NaOH TBAB 8 61
8 100 Na, CO, TBAB 8 71
9 100 K,CO, / 15 Trace
10 100 K,CO, CTAB 8 90

a. The coupling reaction was carried out in the absence of water soluble Salen

TBAB: tetrabutyl ammonium bromide; CTAB: Hexadecyl trimethyl ammonium Bromide

MR SCHR[ 32 1 AUBTSE 45 5, sk Salen S4E 0]
BEJRAL A B T AN 2 FrnBe &9, FEARTT A S ik
A, IR BRAWIFE IR FHEPE 1 h, IFH TLC( R
CPRHEHEE 2 « 1) Wadl, H 2K Salen BTH K,
BIABERRAD 5K A 1E Salen B2 58 2T AL &),

~.. N\, S

N_ P N
Pd
PN
NaO;S (o) (o) SO;Na

&l 2 JK¥E 1 Salen-Pd BLA IR 25H

Fig.2 The structure of water soluble Salen-Pd complexes
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PINIRAE SR AE UK Salen-Pd BE & WAL LB BEAK 89 C-C I )% 61

LR R, WARATUESEE 1 h, EEIFR
AR R R e e A A A R ANAE T
K, DT 52 Wi SR AL TR0 21 A0 . T 900 5 & R 1
1 h, WRgsMix —3E, XWRY], BB
Bk SHUE K T KR A Y. & 1 MEREN,
W 80 °C B, KW B AME, [N 15 min A A
66% MR, MR L TFE] 100 CHF, R B &
P, K8 min WCRIEF] 93%. M E L5 120
CHE, WORA B, B E. 1E% A BRI
AL T, 120 C RN AT, MBI N4 KA,
SV 8 min A 85% ML, B, St ot
B A A B Bl IR S N A S, T T
ZRmE T, BRI PP RO AT, SRR ARz, HA
WAL | SN B FR AN I ASOR LU T 2 2

R, WA BEUIAAET, RV IEARER L/E,
T DU T FE IR B RN 75 Jo 3 = F R A SR
AL, AHR DL FoSbidt = R 8 A A RS Ak
N, AER NG RET, FRAE R R, X 25
()53 BSWSR. ARG DL L AR 45 5%, S5 A TRRb AR,
BATLABERRA AIK % Pk Salen (L) BY & IR ZERNT
P 0.2%, K, CO, NI B, U T 3R Abss N
R AEAL T, BEE 100 °C LL K B 8 min K 5%
F, AR A Y5 28 LR AN I TR R 1Y Heck
SV
2.3 AEEYHE Heck &M

HRAE 1 T T 5 A S L 2, 558 T 1RO ) H:
TEY SR G TN TR 1Y) Heck fHIE RN, 25253
L3R 2.

& 2 Ak B Heck 2 A

Table 2 Heck reactions in water by microwave heating

/ \ q Pd-L K,CO,, TBAB ~ \ K
e Br + R? microwave, H,0, 100 °C > | / -
R
Yield /(%)
Entry R' R’

1 2 3 4 5
1 H Ph 92 90 86 81 54
2 4-CH, Ph 90 89 84 78 52
3 4-OCH, Ph 92 91 86 80 55
4 4-CN Ph 91 90 84 79 54
5 4-NO, Ph 92 90 85 79 55
6 2-CH, Ph 89 87 80 72 49
7 H CO,CH, 82 82 76 69 46
8 H CO,n-Bu 82 81 75 70 45
9 H CN 72 70 61 55 40

In yield column, 1 is the first use of the catalytic system, 2,3,4,5 are the first to fourth recycling of catalytic system, respectively.

2 MR R, ORAT A O QI i H 1
PERHAIPE SN B2 EAR /DN, 33X ] BE S (R Ak N
TSN E St g IR A B X SR — R Y
SN, AR PR 23 T B, SR/ T XA
WU A ). LA A2 1 b ity U X (e s i
AN W, 2RI ] 4 TR AR AE S AR &
T, BAKIETE Salen f7AE, fi i S N7 i JEE I HE 4

FRE ], 2155 85% Ry, H & A8 v it 72
HE A TR, KARTE S — IR A B, B
53 15% F R,

XEPTAREEKAR, 80T 4 RAEAE . 1E Rl
FHACKRRS, FURFE R O 08 B Kk Ae v, InA S
TR BN A (] JBE JR 8 IR (sl AT AR ) 5 O
ey, #hFEid oK, R AR RELE 15 mL. Jf:
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FEAR IR ST AT SO0 Fl s AL B 7K AH FE 76 3056 3
UAGIME T, S i B A5 o, R BRIV IR A )
M BUER, XUk Salen-Pd LAY
BN, I HAE KSR 4 ROl A, ISR B
BALTH 3 IRTEF.
2.4 Sonogashira {BEE & M & 4RI IERE

Sonogashira fBEE W & Pd {F Cu 3h7E7E F 8

Pesin HE R 5 57 HE B 2 04 5 o AU R e -k B 1)
RSN, SR, PO H SR BOAEAE S 4 A
FALRI = YEAE. I, BfEE &k T R
Sonogashira I 5N, 3% B AT SR H TG 4 5 7Y
AL IR &, DL & e FIR R N IS B ok ik £
Sonogashiraftfy B Sz I 1 52 I 4% 14, H 45 R 5k 3
B,

% 3 Sonogashira BB & 57 5 RO HE

Table 3 Optimization of Sonogashira reaction

Pd-L, PTC, base

v Op=

microwave, H,0

Q O
- —

Entry Base PTC T/C Time/min Yield/%
1 K,CO, none 80 25 12
2 K,CO, TBAB 80 10 76
3 K,CO, TBAB 80 15 99
4 KOH TBAB 80 15 99
5 K, PO, TBAB 80 15 98
6 K,CO, CTAB 80 15 99
7 K,CO, TPAB 80 15 89
8 Na,CO, TBAB 80 15 84
9 EL,N TBAB 80 15 86
10 Pyridine TBAB 80 15 89
11 K,CO, TBAB 50 30 53
12 K,CO, TBAB 70 20 76

TBAB: tetrabutyl ammonium bromide; CTAB: Hexadecyl trimethyl ammonium Bromide; TPAB: tetrapropyl ammoniumm bro-

mide. The molar ratio of PA(OAc), and PhBr is 1 : 400.

5 Heck N —FF, 7ERUBMAAGHT, BERRH /K
PR Y BARFE R A AL R 22K Tp 5B 1
h, (o R A 5 A S 0 AE i Pd iR A0, R 3 o
LSRR, IR R, WIREH S
PEACFIAEE, RN CRARME. DU T 3R A 175
Jot ik = HH LR B A AR S A AL R B R AR AR AR 47
AR, (R TS e = W R A A R A e
BRI, 7e s had fe v, &= Rk, #
il AS G 25 5 ) B IR R B X S Ry Al A R T
K, CO, 1 KOH ABREARAFANEE (1) S ISR 2 o7 Tt JE
1E 80 CHf, KW 15 min, #EHEM SR IEASERY, 1H
S, 70 CHF, B R 20 min, WORW A 76%.
PR, FRATTE E AR /KA M Salen SRR AR

JEEIRLE 1+ 400, FREPAH, DU T HIRALEL A
HRAEALR], RONIEE 80 °C, K £ A A ik
VST Salen-Pd 1k s i 42 #E 7K AR v TR AT £ )
HHRCHATAY sonogashira [N
2.5 INEEYH) Sonogashira 18 Bk &

MR 2.3 Wl JE i e i R AR, AT T
— RINR BT Y 5K LR AT A Y Z 18] () Sono-
gashira fHEK SN, 255 W3 4.

T4 MEERTIR, KEBBREATEY 5K
JRATH I Sonogashira ISR, B FEE A HL T8
L R AN (g, SEARESREIR AT 98% LA 111
WO, XA W] RS B AN h Y TR R A S
(57 RELXCE B2 B s M 2 K, 2 258 2R 58 2 B ) 1
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R 4 WUk n#sk B #Y Sonogashira 18 B & Kz
Table 4 Sonogashira coupling reaction in water by microwave heating
RIX \_,, RZX N Pd-L. TBAB.K.CO, R'\— _ =\~ R?
_ _ microwave, H,0 N/ N\
Yield /(%)
Entry R' R’

1 2 3 4 5
1 4-NO, H 97 96 89 74 51
2 4-CH, H 99 97 91 80 59
3 2-CH, H 84 80 78 65 43
4 4-OCH, H 99 98 90 78 53
5 4-COCH, H 98 96 90 77 52
6 H 4-CH, 99 98 92 81 55
7 H 4-F 97 97 91 80 53
8 H 4-0OCH, 99 98 93 82 58
9 4-COCH, 4-CH, 98 96 90 79 52
10 4-COCH, 4-OCH, 98 97 92 81 56
11 4-CH, 4-F 95 95 88 76 50
12 4-CH, 4-CH, 99 98 91 80 51
13 4-OCH, 4-F 85 79 75 63 39

In yield column, 1 is the first use of the catalytic system, 2,3,4,5 are the first to fourth recycling of catalytic system, respectively.

R B SR LG 4-TR T 2R A CRAR 15%. X S #E
AL AR TR RS 4-F50R SRR, S0 LR oK
5 4R SR EAR, I HARBOCR BER A L
OPEEAE L 1~ B8 0 i 17 A, iX — B4 55 S0k
[23 [ HBE L5 R L. 5 Heck RN —FE, LB Y
AT 4 WAEIRRL, IF 4 /LR, kAR
55 3 CABIMEIE, KA A H L i fi Al
W, (H AR 3 AGERME I, RO Eds
KeBUKR R BAE R, NI, KRS 4 IRPAFH i
FHI, PR iR T4 3 K.

3 it

FATHe — K #E 1 Salen 5 Pd B Az ALK I
P Salen-Pd e & 4 AT M #R 7K H Heck 2
il Sonogashira I N, THEHE R, VAR R
Hr, AR KB M Salen 5 BB AIE WL & W) ),
AEARAESE Pd HEALTT, SESZAERA AL, FER AL
FUE Ao, AR R 20 = 3L, Heck S MAX 8
min 5¢ %, Sonogashira KN 15 min 5¢ B%,; 2R

PR, A FR LK AR 2 A SR
WA 1 5t <o AR R (8 AR IR, X Mol i 4
HEALTR R A TRAF B 1 R
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Microwave-Promoted C-C Coupling Reactions in Water Catalyzed by
Made in situ Water-Soluble Salen-Pd Complex

SUN Bin"*, WANG Jiang-lin
( College of Environment and Resources, Chongqing Key Laboratory of Catalysis and Functional Organic Molecule ,

Chongqing Technology and Business University, Chongqing, 400067, China)

Abstract ; The water-soluble Salen-Pd complex was made in situ with mixture of N, N’ -bis [ ( 5-sulfonato-2-hydrox-

y) benzyl | -N N’ -dimethyl-ethane-1,2-diaminen and palladium acetate in water. This complex was used as catalyst

for microwave-promoted Heck and Sonogashira coupling reaction. Under the optimal reaction conditions, the Heck

reaction of bromobenzene and its derivatives with ethylene derivatives, and the Sonogashira coupling reaction of bro-

mobenzene ’ s derivatives with phenylacetylene and its derivatives, were investigated. It was found that under the op-

timal reaction conditions, the yields of both Heck reactions and Sonogashira coupling reactions were good to excel-

lent. Under the same reaction condition, the aqueous phase was reused 4 times for Heck reactions and Sonogashira

coupling reactions, And the results indicated that the aqueous phase still had good catalytic activity in the first three

recycles.

Key words: water-soluble Salen-Pd complex; microwave heating; catalysis; C-C coupling reaction; water



