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Synthesis, Structure and Catalytic Activity of Three Organophosphine
Bromo Palladium(l) Complexes for Coupling Reactions
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(State Key Laboratory of Advanced Technologies for Comprehensive Utilization of Platinum Metals,
Kunming Institute of Precious Metals, Kunming 650106, China)

Abstract: Three new palladium(Il) complexes with Br™ as the dissociation ligand and with di-zert-butylphenyl phos-
phine((¢-Bu),PPh), di-tert-butyl-(4-dimethylaminophenyl)phosphine (Amphos) or 4,5-bis(diphenyl-phosphino)-9,9-
dimethylxanthene (Xantphos) as the organic phosphine ligand, were prepared from the starting material PdBr, via
the coordination addition and ligand substitution process, with an attempt to develop more effective organophosphi-
nopalladium catalysts for the coupling reactions. The palladium (I) complexes were tested and characterized by
elemental analysis, 'H NMR and single-crystal X-ray diffraction analysis to be trans-Pd((¢-Bu),PPh),Br, (1), trans-
[Pd(Amphos)Br,], (2), cis-Pd(Xantphos)Br, (3). Among them, irans-[Pd(Amphos)Br,], is a unique binuclear palladium
complex in which two bromine ions act as the bridging ligand bringing two [Pd(Amphos)Br| blocks together. Two
typical Suzuki organic coupling reaction models were used for evaluating the catalytic activity of three complexes
along with commercially available Pd((z-Bu),PPh),Cl,, Pd(Amphos),Cl, and Pd(Xantphos)Cl, as comparison catalysts.
The results showed all three complexes displayed high catalytic activity in two selected typical Suzuki organic cou-
pling reactions, greater than the corresponding values of Pd((z-Bu),PPh),Cl,, Pd(Amphos),Cl, and Pd(Xantphos)CL,.
CCDC: 2039381, 1; 2039380, 2; 2039382, 3.
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AHLCHIFEL 2585 B TRIR W0 & LA A
Hhll I SN B AN TR AR, H LA PA(PPhy),
RGP Y H B )2 o Pd(PPhy),
PG W), TE 2 P AT  AFTE RUBLIG PR A e 45
PEAR B PR Ay ik, A AT a0 EEAAR AT A A
B AT K23 (a7 BEATE F M A R AR, nn (=
AT FERFEE) (¢-Bu),PPh) , AU T He-(4-— H FL
) B (Amphos) . 4, 5- 30— HERE-9, 9- T I KL 4R
7% B (Xantphos) 5 , B A = R LB, & A HLIRE 2
PR, LA 45 A4 A0 1% PR A 5, 5 R ] Pd(ID
BAPA Sy o 57, LU m AR i R E M. X
N At 4L 5] Pd((2-Bu),PPh),CL"™' Pd(Amphos),C1,"'|
Pd(Xantphos)CL"* "' 7E A HLAL T AT A5 21 )0 H o
BB ATTHE — SR8 AR I B L rh AT 7 T A AR 37
I B AN AR 0 ] R, PR, A BT AR R
A LB AR A AL TR, LA AN TR B A 4 3K 2 I Y
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Pd—Cl## K E R —4E $2/8 Pd—Br BA 5 i 55,41
T A RN B FEAT o St FRATTHUL IS 2 AR
FE 4 R 3 #0435 LA (t-Bu),PPh  Xantphos . Amphos
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1.1 R 5EE

H2 Y5 PdBr, , X} B8 4 £k 77 Pd((z - Bu),PPh),CL, . Pd
(Amphos),Cl, . Pd(Xantphos)CL, 3 1 [ 5% fF 4 M % 153
FBRZS A 45 A /N T 98.0% ; it 4K (¢-Bu),PPh . Am-
phos , Xantphos #4114 B BT 3295 CR L) fb 27 B 4 A R
O] B R T 98% ., Hiw 5050 %= A A
R oA s, COHON & R H Vario EL 11 #JT
BT R SR R R A TR - A
FEU; 'H NMR 3% & 1 Avance 1T 500 MHz A% i 2 9%
A E -

1.2 HirBREYHEK

¥ 2.66 g(10 mmol) PdBr, il A 200 mL X7 5] 5
BEIR, LA 100 mL MeCN , 7 80 °CF [a]3 % PdBr, 5¢
SV A, Ve B0 R A T 06 R (%) A HIL R T AR 20
mmol , I] W% 2 At # (8 UUUE , o YU SR T TE ,
MeCN PE¥ , 75 60 °CF FL25 T8, 15 2% 1% B AR c
=x/B
12,1 HisBL &1

HARELE W 1 R B A GO oK, 77 it . 6.1 g,
J7H 86% ., TG 43 AT K CH,(Br,P,Pd 91T B {E
(%):C,47.3;H,6.63;Pd, 15.0, 2 (%): C,47.40;
H,6.52;Pd, 14.8, 'H NMR(500 MHz, CDCL,): 6 7.89
(s,2H),7.33(d,J=7.3 Hz,3H), 1.61(t,J=6.9 Hz, 18H).
122 HIFE &Y 2

HARELG W) 2 MR B A GoR R, 7 i 4.2 ¢,
PR 80%., TG EIIMTTE C,Hy Br,N,P,Pd, ()31 5 (H
(%):C,36.15;H,531;N,2.63; Pd, 20.02, 5l {&
(%):C,37.42; H,5.40; N,2.71; Pd, 20.10, 'H NMR
(500 MHz, CDCL,): 8 7.72(dt, J=8.6, 4.2 Hz, 1H), 6.63
(d,J=8.8 Hz, 1H),2.97 (s,3H),2.00,1.59(m, 18H).
123 HWEEY3

HAnE AW 3 A fRm AR, = it:69 g, 7"
HR.82%, JCEITHE CyWH,,Br,0P,Pd (1141 (%) -
C,55.44;H,3.82;Pd, 12.60, SZi{E (%): C, 55.87;
H,3.92;Pd,12.60. 'H NMR(500 MHz, CDCl,):8 7.39
(d, J=1.3 Hz, 1H), 7.22(ddd, J=16.2, 10.3, 5.0 Hz,
10H), 6.96(t, J=7.6 Hz, 1H), 6.55(dd, J=7.5, 1.7 Hz,
1H),1.73,1.65(s,3H)
1.3 EEWI-3HERXFETHIN

S TEBC A 1~3 (1) S R i i 24 - —
FENE, BT ERSAM N IEO R AR bR W%
Wy a1, — AT AR, PRk Be G4 1(0.300
mmx0.250 mmx0.250 mm). fi & % 2(0.210 mmx
0.200 mmx0.060 mm). B & ¥ 3(0.300 mmx0.250
mmx0.230 mm) #1755 47 55 53 B o A7 9 B AR
BRUKER SMART APEX CCD 57 5% W e, 78
120(2) KRR, ] Cu# (K 748 ,1=0.154 178 nm)
K H w-20 148 7 WA B . T4t rh Y
A SR TR B 389 th SHELX-97 R2 P20 H |, &
Ji -l B TR N |

CCDC:2039381,1;2039380,2;2039382,3.
1.4 ELFEENE

BEFE 2 > ML AL 1 Suzuki 45 LA IE S N A5 £
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Table 1 Crystallographic data for complexes 1~3

Complex 1 2 3
Formula C,sH,Br,P,Pd Cy,HyBr,N,P,Pd,-2CH,Cl, C;yH;,Br,0P,Pd- CH,CI,
Formula weight 710.81 1233.02 929.73
Crystal system Orthorhombic Triclinic Monoclinic
Space group Pbca P1 P2,/n
a/nm 1.073 05(2) 0.927 14(8) 1.275 57(3)
b/nm 1.616 17(4) 1.133 19(10) 2.182 88(6)
¢/nm 1.688 20(4) 1.237 00(10) 1.329 19(3)
Volume / nm? 2.9277(11) 1.122 9(17) 3.639 0(16)
D./ (g-em™) 1.613 1.823 1.713
F(000) 1 440 608 1 864
20 range / (°) 5.6~72.4 3.9~72.5 3.9~723
Reflection collected 20 542 13245 34 565

Independent reflection
Final R indices [I>20(])]*
R indices (all data)

2 889 (R, =0.048 8)
R,=0.035 5, wR,=0.099 2
R,=0.035 7, wR,=0.099 4

4366 (R,,=0.057 1)
R,=0.057 9, wR,=0.163 6
R,=0.060 6, 0R,=0.169 8

7190 (R,,=0.055 5)
R,=0.049 3, wR,=0.129 7
R,=0.049 4, wR,=0.129 8

*R=2(IF =IF ) XNF |, wRy=[ X w(F *=F 2 X w(F )]

ARSI S5, A6 R ) B4 R0 25 4 EAT A I S 56
Fb 3 34~ H A BE A 4 S 6 B () PA((2- Bu),PPh),CL, |
Pd(Amphos),Cl, . Pd(Xantphos)CL, A= 5
141 RWARR 1

B 2- V5L IE W53 (163 mg, 1 mmol) ., XF ¥ 5& 5§ /iR
(137 mg, 1 mmol).K,CO,(276 mg,2 mmol), Pd f{k 5
(R XS X 32 R 2R 1% 1) 40 I 1 5385 < 5%) I A £
250 mL A SUBE i . AE AP A THF/H,0
RAEF(1.5:1,V/V100 mL, ££ 75 C FHEHE, )
12 h )5, I C 857 69 HPLC YE I 58 77 4 4-(2-BEW) 5E)
IR I LA . X A IR R B =

S__Br /0 H Cat. S
@/ * HOQEOH KZCOJ’ V],HFIVHZU=].511, 5T WOH

R BT 2

PREL 4, 7- R 2K I ¢ k(293 mg, 1 mmol) X
P2 H AW R A B B (220 mg, 1 mmol), K,CO,(276
mg,2 mmol) P AL (AH X TF 4, 7- IR AT — 1wk
(1) 4 T 1) 3t 5355 5%) A £ 250 mL X ERE I .
ER S T A THF/H,0(1: 1, V/V, 100 mL), 7£
75 CTFHEFE, SO 12 h 5, I E #E 7 5 HPLC 350
FEY) 4-(T-TRIETE[1, 2, 5108 Ik -4-FE) HE B vk B I3
FGALR . KR AR S R = F

1.4.2

NN NN

I/ 0. Cat —
0w

2 ERSUE

%t F Pd((-Bu),PPh),CL,. [Pd(Amphos),CL]. Pd
(Xantphos)CL, & W7 v , SCHRH 2 A Hi0lE , JRATTXF
G LB LA Ty A 2 Ak, B LT 3 Rl HLBE IR
HELAEAL T, B SR T SEBE A7 0 Ak , P07 JBOFG 1) B 4k
A IX 3 T A4 5 3k U 4 8 A6 ) PdBr, S5 ] 48
T 3R HLBRALAEC G o BARAY SO R SR LA
PdBr, /E A 4R J5URE , % T MeCN 5 , & A i o7 i i s
N, JE BCAT 5 T MeCN 9 HH (A trans-Pd(MeCN),Br,
IMAA DRSS , 1 T B A5 PAIDA TR A FL AL
eh,a5 trans-Pd(MeCN)zBrzZiﬁiﬁﬂfﬁﬁlfﬁfiﬁ\L ,
A AL Y MeCN , AR JSCHH B 1 H AR E A 9 (K 1)

Br A(
Xx?

NS

(t-Bu,)PPh

© ]|3r f
Br—pd—

_| Amphos / _é
PclB]‘Z(M(-‘:CN)Z — %’/li)\_le_B/r

Br <j

MeCN
PdBr, 5% reftux

2

/N\

C¥ﬁ§®

B BHFFECE Y 1~3 194 2k
Fig.1

Xantphos

Synthetic routes of complexes 1~3
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HARBCA YU AE T MeCN , WSS BT Y 38 i it
e AR R B R R E MR AE S Kb B A A A
it , DR I e o7 BROAR B2 1o A0 B R A 1 M AR (B AR
3:99.9%) F 47,
22 RIKLE

F BRL A XS R AT S AR A5 3 1 O A 5 4 DL [
2. MEbRAZEA I TR L& B, 34 HARBL & 934
SR U ) PADEL A4, PADAL FECAL A ey . He
o ELA 0 1(B] 22) BB B R 2 BRI 2 S5, A
HALTF AL A trans-FTRIU T I BLA W) s BB W)
2(I 2b) W BCA BT TASBE RN 3 AN, Hovh 2 VLA
AR B BCAA , 3% 2 2 1~ [Pd(Amphos)Br] Y 25 #4 #.5T
TE 1% 2 A 11 25 49 () WU B 5 9, 9 HL 2 A LA F
Il 2 £ 00, B2 AN 40 R 4 AR IESE TR . 2 4
Amphos BLATE 2 8] AR EC A - T ) AH B, PA
Dasal i, BG4 318 2¢)H, Xantphos A XA i

Brl
Pd1
Brla

(@

BAA, S A MUBSAEAE B R B AL, {H Xantphos
3 1 WP 235 4 0 2 A D 22 ] ) B S A PR, B
7 E5 PAME AL B T W T cis-F4 5L PA(I)
A9, PP T I A PdBr, V- I8 19 9 £k 160, 156 1]
P,PdBr, BV - & A2 T — 5 IR IE , vl RE A T b
KR 43F Xantphos 4% [0 7 BHE [ HZ AT .

=ANE A A T Ry Pd—P B K Ol 0.229 5~
0.240 6 nm, J& TIEHEHE . (HE AW 2HHE2 K
AU PAd—Br, 73512k H AENFEX Y Br2—Pd1—P1 I
B & Pd1—Brl—Pdla, H: ¥ Pd1—Br2 # £ K
0.242 5 nm, 5HEA Y 1.3 (9 Pd—Br i K IR 4230t ,
& TIEH . EHBAY PAl—Brl—Pdla 1, Pd—Br
BRI B K FARBR B Pd—Br, 5% T 0.253 6 nm,
W ARGV R M 25 , U ZE A Ak R R h 25 1 5
W2, T8 OGS R B S AR LA o

Thermal ellipsoids are at 50% probability and hydrogen atoms are omitted for clarity; Symmetry codes: a: 1-x, 1-y, 1=z for 1; a: 2—x, 1—-y, 1—z for 2;
Selected bond lengths (nm) and angles (°): complex 1: Pd1—Br1 0.243 44(3), Pd1—P1 0.240 64(6), Brla—Pd1—Br1 180.0,

Brl—Pd1—P1 92.489(15); complex 2: Pd1—P1 0.229 53(13), Pd1—Brl 0.244 03(6), Pd1—Br2 0.242 53(6), Pdla—Br1 0.253 60(6),
Pd1—Brl—Pdla 96.74(2), PI—Pd1—Br1 93.15(4), Pl—Pd1—Br2 97.33(4), Br1—Pd1—Br2 169.50(3); complex 3: Pd1—Brl 0.247 38(5),
Pd1—P1 0.230 31(9), Pd1—Br2 0.247 77(5), Pd1—P2 0.229 31(9), P2—Pd1—P1 100.49(3), Br2—Pd1—Br1 88.290(16),

Brl—Pd1—P1 83.52(3), P2—Pd1—Brl 172.25(3), P2—Pd1—Br2 86.17(3), P1—Pd1—Br2 163.78(3)

B2 LAY (a).2 (D)3 (o) S iA A
Fig.2 ORTEP drawing of complexes 1 (a), 2 (b), and 3 (c)
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34 H ks A HLEE A B A 9 Pd((-Bu),PPh),Br, |
[Pd(Amphos)Br,], . Pd(Xantphos)Br, % 2 /> Suzuki {1k
] 4 AR B B A A AR T, AL 7 R R T 60% .
EARF MR - EER &S A 25, Hi,
Pd((t-Bu),PPh),Br, 75 [ W &5 A1 1 | A A0 35 1k A i
IKE] T 81%, 1M [Pd(Amphos)Br, |, W 7 52 b A5 41 2 |-
AL AR, 77 % 83% . R B, 34 Hinf
HLIBE PA(DBC AP 2 AR A A 6 1 2 e T

AR BE S W, R R AR R AR 2
[Pd(Amphos)Br,], 1 f# {1t 7 % ¥, Pd(Amphos),CL, /5
27% . SCHRAE 1) Pd((-Bu),PPh),CL?" . Pd(Amphos),CL |
Pd(Xantphos)CL™ [ 5. & 25 #4 |, Pd—Cl # K 7F
0.230 6~0.234 2 nm {0 BN, FEAHXTRL 9 H AR LAY
() Pd—Br £ 55 K 29 0.01 nm , 75 15 5B 41 Ak 3 7 b AR
Xl LA i, 3 ] BB DATR R AR AR 4 A ML
P(IDEC G 9y L Rz 9 DL SRR B i e AR 19 PA(D R A
YA TG I B R R R BT AFRATTOCh  FE PR
BB P P Ak 770 B, SR VS S0V fie g T 4 7T g
AR T

K2 BB PAIDE &4 7E Suzuki (BEE & M _F R E &

Table 2 Catalytic activity of palladium(Il) complexes in Suzuki coupling reaction

Entry Catalyst yieldf%
Reaction 1 Reaction 2
1 Pd((¢-Bu),PPh),CL, 72% 45%
2 Pd((¢-Bu),PPh),Br, 81% 61%
3 Pd(Amphos),Cl, 47% 56%
4 [Pd(Amphos)Br,], 63% 83%
5 Pd(Xantphos)Cl, 58% 65%
6 Pd(Xantphos)Br, 69% 76%

3 &

FRATA BT 3Fp 350 LA 0T S L R
T - (4- T H R SR I B 4, 5- W ORI -9, 9-
TP R AR A O TR RS R 0 S R IR AR AR (D S A )
trans - Pd[(¢ - Bu),PPh],Cl, . trans - [Pd(Amphos)Br,], . cis -
Pd(Xantphos)Br, , AH X - 17 8 19 A ALk 58 16 48 4 Ak
A, EANIHE 24> Suzuki fHIR S AR | 22 B =
AP TG A

Brigt: B o R A R AL HURTE LA Wi il
PERESEER 7 T 25 T RO )
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