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Ligand-Free Pd-Catalyzed Cross-Coupling Reaction of Olefins and
Trialkoxyarylsilanes
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Abstract A ligand-free Pd-catalyzed method was developed for Heck-type reaction of a wide range of olefins with various
trialkoxyarylsilanes. In the presence of Pd(OAc),, K,COs;, TBAF+3H,0 and AgOAc, the cross-coupling products can be ob-
tained in moderate to good yields, and the Heck-type reaction displayed high regio- and stereo-selectivities. The mechanism of
Heck-type reaction was discussed according to our experimental results and the reported mechanism.
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Table 1 Heck-type reaction of trimethoxy(phenyl)silane with
tert-butylacrylate

Pd(OAc), Ph
Ph—Si(OMe); + =— —

COOBu-t additive COOBU-t
1a 2a 3a
Entry Oxidant Solvent Base Yield®/%

1 AgOAc  Acetonitrile  K,COj3 58

2 AgOAc  Toluene K,CO; 62

3 AgOAc  DMF K,CO; 44

4 AgOAc  THF K,CO; 50

5 AgOAc  Methanol K,CO3 <10

6 AgOAc 1,4-Dioxane  K,CO;3 58

7 AgOAc DCE K,CO;, 84

8¢ AgOAc DCE K,CO;s Trace

94 AgOAc  DCE K,CO,4 11
10° AgOAc DCE K,COs 65
i AgOAc  DCE K»CO; 70
12 AgOAc DCE KOAc 50
13 AgOAc DCE NaOH 54
14 AgOAc DCE NaOAc 72
15 AgOAc  DCE — Trace
16 AgNO; DCE K,CO;, 61
17 Ag,0 DCE K,COs 63
18 Ag,CO; DCE K,CO;, 51
19 — DCE K,CO;,
20°¢ AgF DCE K,CO; 8

¢ Reaction condition: 1a (0.3 mmol), 2a (0.2 mmol), Pd(OAc), (5 mol%),
TBAF+3H,0 (TBAF = tetra-n-butylammoniu fluoride) (2 equiv.), [Ag] (2
equiv.), base (2 equiv.), solvent (1 mL), 8 h, 80 ‘C, N,. ® Isolated yield. © No
TBAF+3H,0. “Room temperature. ¢ 60 °C.” Air.
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Figure 2 A possible mechanism
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Table 2 Ligand-free Pd-catalyzed Heck reaction of trialkoxyarylsilanes with olefins

— Pd(OAc), S
. Si(OR"); + =— R
R'@> HOR")a 4\R AgOAc, K,CO3 —
TBAF, 80 °C R
1 2 3
Entry 1 2 3 Yield”/%
o) Ph o
Si(OMe =
1a 2b 3b
O\/\ O\/\/Ph
~
2 1a Ph o 80
3c
2c
L e
3 la NN PR N 64
H 3d
2d
o] 0
2e 3e
N Ph
5 1a ©/\ A pn 57
of 3f
MeO
o)
=
6 MeOOSi(OMek /Tf \‘/ \©\/ﬁ(o\‘/ 76
0
2a 3g
MeO
o)
7 1b 2b \©\Af ~ 78
o]
3h
Ph
X o~
8 1b 2¢ 77
MeO .
3i
Ph
XN
9° 1b 2d H 38
MeO )
3j
~Ph
10 1b 2f 37
MeO
3k
. o)
11 F3COS|(OEt)3 2a \©\Af \‘/ 56
0
3f
Chin. J. Org. Chem. 2013, 33, 319~324 © 2013 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/ 321



W= R
Entry 1 2 3 Yield®/%

FiC

12 1e 2b m(ov 58
(0]
3m
Ph
S d

13 1c 2¢ 63

FaC 3n

“ Reaction condition: 1a (0.3 mmol), 2a (0.2 mmol), Pd(OAc), (5 mol%), TBAF+3H,0 (2 equiv.), AgOAc (2 equiv.), K,CO; (2 equiv.), DCE (1 mL), 8 h, 80 C, N,.

? Isolated yield. ¢ 12 h.
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3.3 FIEEMIFRIE

(E)-3-FFE IR AT BeGa)™): s tueikyy; 'H
NMR (500 MHz, CDCly) 6: 7.53 (d, J=16.0 Hz, 1H), 7.44
(m, 2H), 7.31~7.29 (m, 3H), 6.31 (d, J=16.0 Hz, 1H),
1.46 (s, 9 H); “C NMR (125 MHz, CDCl;) J: 166.3, 143.5,
134.7,129.9, 128.8, 127.9, 120.2, 80.5, 28.2.

(E)-3- 5L N 16 2 2 s 3b)™: Lk 4; 'H
NMR (500 MHz, CDCly) 6: 7.63 (d, J=16.0 Hz, 1H),
7.46~7.45 (m, 2 H), 7.32~7.31 (m, 3H), 6.38 (d, J=16.0
Hz, 1H), 4.22~4.17 (m, 2 H), 1.38 (t, J=7.0 Hz, 3H); "°C
NMR (125 MHz, CDCly) d: 167.0, 144.6, 134.5, 130.2,
128.9, 128.1, 118.3, 60.5, 14.3.

(E)-1-F-F-3- K E LM 3e): AEE A, mp. 64~
65 C (lit.® 62~63 “C); "H NMR (500 MHz, CDCl;) ¢:
7.34 (d, J=17.5 Hz, 2H), 7.24~7.22 (m, 3H), 7.20~7.17
(m, 2H), 6.89 (d, J=7.5 Hz, 3H), 6.67 (d, J=16.0 Hz,
1H), 6.37~6.31 (m, 1H), 4.62 (d, J=6.0 Hz, 2H); “*C
NMR (125 MHz, CDCl;) 6: 158.6, 136.4, 132.9, 129.5,
128.6, 127.9, 126.5, 124.5, 120.9, 114.7, 68.5.

(E)-N-AFEFEZR I (3d)™: ok, 'TH NMR
(500 MHz, CDCls) 8: 7.29 (t, J=8.0 Hz, 2H), 7.24 (t, J=
7.5 Hz, 2H), 7.18~7.15 (m, 2H), 7.14~7.10 (m, 2H),
6.72~6.67 (m, 3H), 6.56 (d, J=16.0 Hz, 1H), 6.29~6.23
(m, 1H), 3.87 (d, J=5.5 Hz, 2H); *C NMR (125 MHz,
CDCly) &: 146.9, 136.8, 132.3, 129.3, 128.6, 127.6, 126.4,
126.2, 118.7, 114.1, 47.0.

(E)-PIAERERZ(3e)™: vtk Y, '"H NMR (500
MHz, CDCLy) 6: 7.61 (d, J=15.5 Hz, 1H), 7.44~7.43 (m,
2H), 7.30~7.29 (m, 3H), 6.48 (d, J=16.0 Hz, 1H), 6.35
(br s, 2H); *C NMR (125 MHz, CDCl;) J: 168.8, 143.8,
134.2,130.4, 128.9, 128.2, 118.6.

(E)-1,2- " FKHE L0 30): Ak, mp. 122~123
T (1it®™ mp. 123~124 C); '"H NMR (500 MHz,
CDCly) &: 7.44 (d, J=8.0 Hz, 4H), 7.29 (t, J=7.5 Hz, 4H),

Chin. J. Org. Chem. 2013, 33, 319~324



Chinese Journal of Organic Chemistry

ARTICLE

7.19~7.15 (m, 2H), 7.03 (s, 2H); *C NMR (125 MHz,
CDCly) 0: 137.4, 128.8, 128.7, 127.6, 126.5.

(E)-3-XF FA LR SE NI 8 B T TR 3g)™): ik o (
MERA; 'H NMR (500 MHz, CDCl;) d: 7.48 (d, J=15.5
Hz, 1H), 7.39 (d, J=8.5 Hz, 2H), 6.82 (d, J/=8.5 Hz, 2H),
6.18 (d, J=16.0 Hz, 1H), 3.75 (s, 3H), 1.45 (s, 9H); "°C
NMR (125 MHz, CDCL) d: 166.7, 161.1, 143.2, 129.5,
127.3,117.6, 114.2, 80.2, 55.3, 28.2.

(E)-3-%F 4R 35 35 A 1R £ T (3h)T: 9k 34 ¢ yth
JR#7; "H NMR (500 MHz, CDCl;) d: 7.65 (d, J=16.0 Hz,
1H), 7.48 (d, J=7.5 Hz, 2H), 6.90 (d, J=7.5 Hz, 2H), 6.32
(d, J=15.5 Hz, 1H), 4.27~4.23 (m, 2H), 1.34 (t, J=7.0
Hz, 3H); "C NMR (125 MHz, CDCly) §: 167.3, 161.3,
144.2,129.6, 127.1, 115.7, 114.3, 60.3, 55.3, 14.3.

(E)-1-X) HVAR R AR I -3 - DR A L O s (3i): 1 € [T 4,
m.p. 102~103 C (1it.*™™ m.p. 103~104 C); '"H NMR
(500 MHz, CDCLy) d: 7.27 (d, J=8.5 Hz, 2H), 7.22 (d, J=
8.0 Hz, 2H), 6.89 (d, J=7.0 Hz, 3H), 6.78 (d, J=8.5 Hz,
2H), 6.60 (d, J=16.0 Hz, 1H), 6.22 (d, J=16.0 Hz, 1H),
4.58 (d, J=5.5 Hz, 2H), 3.71 (s, 3H); °*C NMR (125 MHz,
CDCly) d: 159.5, 158.7, 132.8, 129.5, 129.2, 127.9, 122.2,
120.9, 114.8, 114.0, 68.6, 55.3.

(E)-N-3F FEAR I AR RE 2R e (35)1™9): v st iRy
'H NMR (500 MHz, CDCly) §: 7.22 (d, J=8.0 Hz, 2H),
7.13 (d, J=17.5 Hz, 2H), 6.77 (d, J=8.0 Hz, 2H), 6.68 (t,
J=8.0 Hz, 1H), 6.63 (d, J=8.0 Hz, 2H), 6.49 (d, J=15.5
Hz, 1H), 6.13~6.08 (m, 1H), 3.82 (d, J=5.5 Hz, 2H),
3.71 (s, 4H); *C NMR (125 MHz, CDCl5) 6: 159.2, 147.6,
131.4, 129.3, 127.8, 127.6, 124.3, 118.1, 114.2, 114.0,
55.3,46.7.

(E)-1-ZR 250 AR L ORI 200 (BK): R o (A [ 4k,
m.p. 134~135 C (lit.® mp. 136~138 ‘C); '"H NMR
(500 MHz, CDCLy) d: 7.40 (d, J=7.5 Hz, 2H), 7.36 (d, J=
7.5 Hz, 2H), 7.26 (t, J=7.5 Hz, 2H), 7.15 (t, J=6.0 Hz,
1H), 6.98 (d, J=16.5 Hz, 1H), 6.89 (d, J=16.0 Hz, 1H),
6.80 (d, J=7.5 Hz, 2H), 3.71 (s, 3H); *C NMR (125 MHz,
CDCly) d: 159.4, 137.7, 130.2, 128.7, 128.3, 127.8, 127.3,
126.7, 126.3, 114.2, 55 4.

(E)-3-%F =56 I SE R SE A R B T R kst
WeRY; 'H NMR (500 MHz, CDCl3) d: 7.56~7.50 (m,
5H), 6.38 (d, J=16.0 Hz, 1H), 1.47 (s, 9H); °C NMR (125
MHz, CDCl;) 0: 165.7, 141.7, 138.1, 131.6, 128.7, 125.8,
125.0, 122.8, 81.0, 28.1.

(E)-3-% = 90 R 2R L AR R L R 3m)P*0: 9% 3 (6
MERY; 'TH NMR (500 MHz, CDCLy) d: 7.63 (d, J=16.0
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Hz, 1H), 7.58~7.54 (m, 4H), 6.45 (d, J=16.0 Hz, 1H),
423~4.19 (m, 2H), 1.29 (t, J=7.5 Hz, 3H); °C NMR
(125 MHz, CDCly) §: 166.4, 142.7, 137.8, 131.8, 128.7,
125.7,122.7, 120.8, 60.8, 14.3.

(E)-1-XF =3 FH RS R -3- IR A L U i (Bn): R 1 (4
[ 44, m.p. 65~67 C (lit.®™ m.p. 60~63 C); '"H NMR
(500 MHz, CDCls) 6: 7.51 (d, J=8.5 Hz, 2H), 7.43 (d, J=
8.0 Hz, 2H), 7.25 (t, J=8.0 Hz, 2H), 6.90 (d, J=8.5 Hz,
3H), 6.71 (d, J=16.0 Hz, 1H), 6.46~6.41 (m, 1H), 4.65
(d, J=5.0 Hz, 2H); °*C NMR (125 MHz, CDCl5) §: 158.5,
140.0, 1312, 129.8, 129.0, 127.4, 126.7, 125.6, 123.1,
121.1, 114.7, 68.1.
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