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Influence of organo-phosphine ligands on the catalytic activity of
Pd(II) complexes in the coupling reactions
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Abstract: Three Pd(II) complexes with various organophosphine ligands, trans-{Pd[(t-Bu),PPh].Cl,}
[(#-Bu),PPh=di-tert-butyl-phenyl phosphine], trans-[Pd(Amphos),Cl,] [Amphos=di-tert-butyl-(4-dimethylamino
phenyl)phosphine] and cis-[Pd(Xantphos)Cl,] [Xantphos=4,5-Bis(diphenyl-phosphino)-9,9-dimethylxanthene]
were prepared and characterized. Their catalytic activities were tested in two Suzuki and one Sonogashira
coupling reaction models. It is found that the organophosphine ligand has an important influence on the catalytic
activity of Pd(IT) complexes in the coupling reactions, and that its catalytic activity depends on reaction models.
The reaction mechanism is suggested to be associated with the coordination potency of the phosphine ligand with
Pd(II) and its steric volume.
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65°C R INAEIR, % PACL 58 &V R, WEIE =,
FHER 3K, FEERARIT, 20 5 1k g
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20 mmol) A1 XL ik B BC /& Xantphos (5.79 g, 10
mmol), HCfE 0.5 himsEse, nlth hA aUiiE,
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Fig.1 Synthetic routes of the complexes

1) HFREAY) trans-{Pd[(t-Bu),PPh],Cl}. %
BRI AR, P8 5.9 g 77K 95%. LRI
CasHa6CLPoPd fITHEAE: C 54.0%, H 7.4%, Pd
17.1%; SEIE C 54.6%, H 7.6%, Pd 17.0%. 'H-NMR
(500 MHz, CDCl3) §(10): 7.89 (s, 2H), 7.32(d,J=
7.3 Hz, 3H), 1.62(t,J=6.9 Hz, 18H).

2) HFRECEY) trans-[Pd(Amphos),Cla] . #5 i
WH AR, /& 67 g, IF 96%. LR DIIZ
C32HssCLN,PoPd T HAE: C 54.2%, H 7.9%, N
3.9%, Pd 15.0%; SZMME: C 54.6%, H 7.8%, N 4.1%,
Pd 15.0%. 'H-NMR (500 MHz, CDCl3) 5(10): 7.72
(dt, J= 8.6, 4.2 Hz, 2H), 6.63 (d, J = 8.8 Hz, 2H), 2.97
(s, 6H), 2.00, 1.59 (m, 18H).

3) HARBCLAEY) cis-[Pd(Xantphos)Cla]. ZL €0 &
W AR, /| 72 g, 77F 96%. LR TITIZ
C39H3CLOP,Pd (it 5 H: C 61.9%, H 4.2%, Pd
14.1%; SZP{E: C 62.0%, H 4.3%, Pd 14.0%.
'H-NMR (500 MHz, CDCls) §(106): 7.39 (d, J = 1.3
Hz, 2H), 7.22 (ddd, J = 16.2, 10.3, 5.0 Hz, 20H), 6.96
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(t, J = 7.6 Hz, 2H), 6.55 (dd, J = 7.5, 1.7 Hz, 2H),
1.73~1.65 (s, 6H).
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BT R IFEE TR 2( Pd(Amphos):CLIT) A K
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Tab.1 Crystal structural data for the complexs

B HVE(SHELXTL)SE KRS, &54 LP R F A5G
WS IE, AT RS T AR FR RN 5 1a) S 1 i B TR 7K
FH A S B B/ — TR EEATAZ IED 181, S >R F 22
WINER T EME . AR AR 2k 1 s,
FRE B fh XRD 45 45 % trans- {Pd[(t-Bu),PPh],Cl,}
A1 trans-[Pd(Amphos)CLIFI L2254, 1l 2 B
No

i H Pd[(t-Bu)PPh]>Cl> Pd(Xantphos)Cl2
Py C28H4sC12P2Pd C39H3:C1LOP2Pd-2(CH2Clz)-(CH3CN)
I E 621.89 975.75
R 100(2) K
P K /mm 0.07107 0.15417
AR Orthorhombic VAR
J=¢¥ic Poea Pi2imi
i i H/mm 1.0798(9), 1.6307(14), 1.6502(14) 1.1365(3), 1.8118(4), 2.0383(5)
i fL A AR 2.9059(4) nm? 4.12243(17) nm?
HER 1.421 g/em? 1.572 g/em?
F(000) &l i BTN 1296 1976
i A RS 0.720%0.650x0.400 mm? 0.380x0.120x0.110 mm?
20 74 2.46°~31.10° 3.29°~72.45°
AT S E (/AT 30594/4473 (Rint = 0.0202) 29944/8111 (Rint = 0.0373)
0 EENE 25.242°/100.0%
WA IE A RSz A
SN 512 F2 450 R bR/ — 3k
SIFEAEATS S8 H/
4473/0/158 8111/0/490
JUATBR 11 %02 %8 B

ALLIATES R [P>20(1)]

R1=0.0198, wR2 = 0.0459

R1=0.0581, wR2=0.1765

R 8% (A3 i)

R1=0.0229, wR2 = 0.0475

R1=0.0602, wR2=10.1789

Largest diff. peak and hole

0.410 and -3.92x10* e-nm-3

2.478 and -2.194x1073 e-nm™

& 2 BZE%) Pd[(t-Bu)2PPh]2Clz (a)F! Pd(Xantphos)Clz (b) i 52 &7 454 &
Fig.2 Single crystal structure of complexs Pd[(t-Bu)2PPh]>Cl: (a) and Pd(Xantphos)Cl: (b)
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Tab.2 Catalytic activity of the palladium(Il) complexes in

Suzuki coupling reaction

HEALF BT B A
Pd(PPhs)4 60% 60% 40%
trans- {Pd[(t-Bu)2PPh].Cl2} 72% 45% 35%
trans-[Pd(Amphos)2Clz] 47% 56% 10%
cis-[Pd(Xantphos)Cl:] 58% 76% 20%

M1 2 B mr e 0TI S NAR AL T AT,
TEALTE PERO B F A trans-{Pd[(t-Bu)2,PPh],Cl}> cis-
[Pd(Xantphos)CL]> trans-[Pd(Amphos),Clz], trans-
{PA[(t-Bu)aPPh]oCla} Y% P 5 o 1710 X A HK Sz b7 A5
B, EEAIEYERINT N cis-[Pd(Xantphos)ClL]>
trans-[Pd(Amphos),CL]> trans-{Pd[(t-Bu),PPh].Cl,} ,
cis-[Pd(Xantphos)CL] 3% 1t i . X 2645 KB,
8 TR A7 Xof 08 1 £ K A4 A 7R PRV M A A 5
Wiy, ELOT AN [ SRR RS S AN —FE . A HLBEEAE 3
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SR> ORI, 2R B A FUBEEE 0 7 BB AE
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trans-[Pd(Amphos),Cl,] ] &= i [Kl . 7E f# 1 71
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