
690 Bull. Korean Chem. Soc. 1994, V이. 15, No. 8

Synfhesist Characterization, and Electrochemi
cal Properties of Azido Palladium and -Platl- 
num(I, II) Complexes with Bis(diphenylphos- 
phino)methane Ligand

Yong-Joo Kim*, Jun-Chui Choi, and Kwang-Ha Park1

Department of Chemistry, 
Kangnung National University, Kangnung 210-702, Korea 

^Department of Industrial Chemistry, 
Kangnung National University, Kangnung 210-702, Korea

Received April ft 1994

Transition metal azide complexes have been extensively 
investigated because of their analogy with organic azide 
which undergoes various reactions including oxidation, car
bonylation, 1,3-dipolar cycloaddition, and photochemical irra
diation.1 Earlier work by Beck and his coworkers2 demon
strated the oxidation and some carbonylations of nickel, pal
ladium, and platinum(ID azide complexes. Recently, several 
research groups have also reported the preparation of some 
nickel azide complexes and their photochemical activation.3-5 
There have been, however, still a limited number of reports 
on chemical reactivity of late transition metal azide comple
xes due to their explosive nature on heating and shock sen
sitivity in the absence of stabilized ligands.

We are interested in preparation and utilization of late 
transition metal azides as precursors of late transition metal 
amide complex. For this aim we have undertaken the syn
thesis of late transition metal azide complexes which may 
serve as starting materials for preparation of stable late tran
sition metal amide complex. In this work we report prepara
tion and electrochemical behavior of new palladium and plat
inum azide complexes having bis(diphenylphosphino)methane 
as supporting ligand.

Experimental

PdCk and KaPtCU were purchased from Wako Co. in Ja
pan. COD (1.5-cyclooctadiene), tmeda W^V^r-tetramethyl- 
ethylenediamine), and dppm (bis(diphenylphosphino)me- 
thane) were purchased from Aldrich Co. and used without 
further purification. Pd(tmeda)Cl2,6 Pt(COD)C12,7 and M2 
(dppm)2C12 (M=Pd, Pt)&鈿 were prepared by the literature 
method.

Elemental analyses were carried out by th든 analytical lab
oratory, Tokyo Institute of Technology in Japan. Melting poi
nts were taken in a sealed and evacuated capillary tube and 
were not corrected. UV and IR spectra were recorded on 
Hitachi U-3200 and Hitachi 270-30 spectrophotometers, res
pectively. XH-NMR spectra were obtained by a varian XL-200 
spectrometer. Chemical shifts were referred to an internal 
Me4Si. Cyclic voltammetry was conducted with EG & G 
PARC model 384B analyzer and 303A potentiastat using a 
conventional three-electrode configuration of a gold-disk 
working electrode, a platinum-wire auxiliary electrode, and 
an Ag/AgCl reference electrode. The potentials were calibra
ted using ferrocene as the external 아andard.

Preparation of Pd(tmeda)(N3)2 (1) and 두t(COD)(시3)2 

Notes

(2). To a stirred THF (200 mL) suspension of Pd(tmeda)CL 
(1.56 g, 530 mmol) was added methanol (40 mL) solution 
of NaNa (0.76 g 11.7 mmol) at room temperature. On stirring 
the yellow suspension turned into a bright orange solution 
accompanied by precipitation of NaCl. After stirring for 6 
h the precipitate removed by filtration. The filtrate was con
centrated under vacuum and stored in a freezer at — 20t 
to give orange solids which were filtered and washed with 
methanol. Recrystallization from CH2CI2 at — 20t gave ora
nge crystals of 1 (1.20 g, 73%). UV (CH2CI2): Jr 304(£ 
2200), 287 (2400) nm. Anal. Calcd. for CeHieNsPd: C, 235; 
H, 5.3; N, 36.5. Found: C, 23.9; H, 5.1; N, 37.2.

Pt(COD)(N3)z (2) was prepared analogously (55%). AnaL 
Calcd. for CsHuNgPt: C, 24.8; H, 3.1; N, 21.7. Found: C, 25.0; 
H, 2.9; N, 21.8.

Preparation of Pd(dppm)(N3)2 (3). Dppm (190 mg, 
0.50 mm이) was added to a CH2CI2 (15 mL) solution of 1 
(150 mg, 0.50 mmol) at room temperature. After stirring for 
2 h the resulting yellow solution was reduced to 5 mL under 
vacuum and added hexane to afford yellow solids of 3, which 
were recrystallized from CHzCl/Hexane (3 :1): 290 mg, 99%. 
mp. (decomp. 154-157t). UV (CHQz): J 324 (e 19500), 
296 (17400) nm. Anal. Calcd. for CesH^N^d: C, 52.2; H, 3.9;
N, 14.6. Found: C, 52.4; H, 4.1; N, 14.3.

Preparation of Pt(dppm)(Ns)i (4). Dppm (360 mg,
O. 94 mmol) was added to a CH2C12 (20 mL) solution 2 (360 
mg, 0.94 mm이). Stirring the mixture for 2 h caused precipi
tation of 4 as a white solid, which was filtered, washed with 
ether, and dried in vacuo: 480 mg, 77%. mp. (decomp. 
215-217fc). UV (CH2CI2)：入g 261 (e 29300) nm. Anal. Calcd. 
for CasHaaNePt: C, 45.3; H, 3.3; N, 12.7. Found: C, 45.5; H, 
3.3; N, 12.4.

Preparation of P&(dppm)2(N$)2 (5) and Pts(dppm)2 
(N3)s (6). To a stirred CH2C12 (20 mL) solution of Pd2 
(dppmbCk (410 mg, 0.39 mm이) was added methanol (10 
mL) solution of NaN3 (80 mg, 1.2 mmol) under argon. During 
stirring the initial red solution turned a reddish-orange solu
tion. After stirring for 5 h the solution was concentrated 
under reduced pressure and stored in a freezer to afford 
reddish-orange crystals of 5, which were recrystallized from 
CH2C12. The crystalline solids were ^completely dried under 
vacuum to avoid solvent coordination: 250 mg 60%. mp. (de
comp. 201-2021). UV (CH2CI2):入* 429 (e 18700), 292 
(23000) nm. Anal. Calcd. for 喝時也 C, 56.4; H, 42 N, 
7.9. Found: C, 56.5; H, 4.1; N, 7.5. Complex 5 was already 
prepared in a methanol solvated form, Pd2(dppm)2(N3)2' 1/2 
CH3OH.8

Complex 6 was similarly obtained as yellow crystalline 
solids (72%). UV (CH2C12)：入y 324 (e 13300) nm. Anal. Calcd. 
for CsoH^NePt; C, 48.3; H, 3.6; N, 6.8. Found: C, 48.3; H, 
3.6; N, 64

Results and Discussion

We initially attempted to make M(dppm)(N3)2 (M=Pd, Pt) 
by treatment of M(dppm)C12 (M=Pd, Pt) with excess amounts 
of NaN3 in CH2C12 or DMF but the complexes were obtained 
in poor yields probably due to the very low solubility of 
metal complexes in those solvents. Thus, we decided to try 
the following ligand substitution reaction as an alternate 
route. Reaction of Pd(tmeda)C12 with two equivalents of NaNa
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Table 1. IR and 】H・NMR Data

Compound
於

V（N3）

HNW

-CHr -CsHs

PdttmedaXN^ (1) 2050 2.7(sy
PKCODXN^ (2) 2052 1.9-2.9(01/
Pd(dppmXN3)2 (3) 2036 42(t)丿(HP)=10・8 7.4・7.6(m),

7.6・7.9(m)
PKdppmXN^ (4) 2044 4.4(t) J(HP)=10.9 7.4・7.7(m),

7.7-7.9(m)
PdiCdppmHNab ⑸ 2014 4.1(bq) ；(HP)=4 7・2・7.5(br)
Ptj(dppmXN3)2 (6) 2024 <3(q) /(HP)=4

/(PtH)=561
7.4-7.7(m)

•KBr disk. *200 MHz in CDCI3 at room temperature. Chemical 
shifts values are in ppm relative to an internal standard SiMe« 
and coupling constants are in Hz. 'CHs hydrogen peaks are over
lapped. Vinylic CH hydrogen peaks are observed at ppm 
(m). Abbreviations: s, singlet; t, triplet, m, m비tiplet; q, quintet; 
bq, broad quintet; br, broad.

gives Pd(tmedaXN3)2 (1) as orange crystalline solids. Treat
ment of complex 1 by bis(diphenylphosphino)methane ligand 
results in quantitative formation of Pd(dppm)(N3)2 (3) as yel・ 
low solids. Also, Pt(dppmXN3)2 (4) is readily obtained in 77% 
yield from the reaction of Pt(COD)(N3)2 ⑵ with dppm ligand 
(Eq. 1)

Pd(tmeda)(N3)2 -羿學 Pd(dppmXN3)2 
•tmeaa

1 3
. (1) 

Pt(COD)(N3)2 -의票，Pt(dppm)(N3)2
-WU

2 4

These results indicate that the nitrogen donor or olefin 
ligand coordinated to Pd(II) or Pt(ID 翎de complexes is coor- 
dinatively labile and can be displaced by a better o-donating 
ligand such as dppm ligand simik니y to the corresponding 
transition metal alkyl complexes.® On the other hand, readily 
soluble dinuclear complexes MzCdppm^Ch (M=Pd, Pt) in 
CH2CI2 at room temperature reacted with ca. 3 equivalents 
of NaN3 to give Pd2(dppm)2(N3)2 (5) in 60% and Pt2(dppin)2 
(N3)2 (6) in 72% yield, respectively (Eq. 2).

M2(dppm)2C12 4- 2NaN3 ci' MHdppmBQ ⑵
-iNavi

(M=Pd, Pt)

Complexes 1-6 are thermally and air sta미e in the solution 
and solid state. During melting point measurment complexes 
1 and 2 without phosphine ligand show the explosive nature 
in the capillary tube. Both the mononuclear and dinuclear 
platinum complexes show poorer solubility in organic solve
nts than the palladium complexes. All complexes were chara
cterized by IR and 'H・NMR spectroscopy as well as elemen
tal analyses. The infrared spectra show a characteristic sharp 
band in the region 2014-2052 cm-1 which can be assigned 
to the azide asymmetric stretch. It is well known that the 
asymmetric stretch bands are always found near 2000 cm-1.2 
Table 1 summarizes IR and 】H・NMR data. The asymmetric

Figure 1. Cyclic voltammograms for palladium azide complexes 
Pd(dppmXN3)2 (3) and Pd^dppimXN^ (5) with gold-disk elec
trode in 0.1 M TBAP/CH3CN and a scan rate of 100 mV/s.

v(N3) bands of dinuclear M(I) (M=Pd, Pt) azide complexes 
are relatively lower than those of mononuclear M(II) (M = Pd, 
Pt) azide complexes probably due to weak trans influence10 
of palladium or platinum trans to azido group of the former. 
'H・NMR spectra of the complexes with dppm ligand show 
signals due to methylene protons of dppm ligand as a typical 
triplet or broad quintet and multiplets due to the phenyl 
group.

We have attempted to isolate platinum amide complex 
from the reduction of platinum azide complex by reducing 
agent. Treatment of Pt(dppm)(N3)2 with excess am미mts of 
LiAlFL in THF at room temperature results in reddish brown 
solids. Although the IR spectrum of this product shows ab
sorption peak due to NH하 band at 3440, 3420 cm'1 which 
might suggest the formation of platinum amide complex such 
as Pt(dppm)(NH2)2» but its analytical data are inconsistent 
with the proposed structure presumably because of dinuclear 
complex, Pd2(|i-NH2)(dppm)2 formation in part derived from 
the fact that monomeric amide complexes with lone electron 
pair on nitrogen have a strong tendency to form dimers.11 
We could not separate the mononuclear platinum amide com-
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Table 2. Electrochemical Data8

Wave P Wave 2
Cuik 虬2 山 id "xll/2

Eg/V 垃，/V 成

Pd(dppmXN3)2 CH3CN -0.85 -0.76 -0.81 -1.08
DMF -0.83 一0.64 -0.74 -1.09

Pd(dppm)C12 CHaCN —0.86 -0.76 -0.81 -1.12
DMF -0.86 一 0.65 -0.76 -1.16

PdKdppm)꺼(Nm CH3CN -0.90 ~0.64 -0.77
DMF -1.14 -0.53 -0.84

Pd2(dppm)2C12 CH3CN -0.90 —0.69 -0.80
DMF -1.12 -0.52 -0.82

“Potwitials referred to an Ag/AgCl electrode at a scan rate of 
100 mV s*1 and with 0.1 M TBAP as supporting electrolyte; 
Eu2 for Fc+/Fc= +0.48 V."琮，and EPta are the peak potentials 
of the reduction and oxidation waves, respectively.

plex from the reaction mixture. Dppm bridged dinuclear type 
of complexes having halogen ligand are previously well stu
died* However, comparable studies irurkiding electrochemi
cal property between mononuclear and dinuclear complexes 
are scarce to our knowledge.

Electrochemistry. We have examined the electrochem
ical behavior of 3-6 complexes having dppm ligand. Cyclic 
voltammogram of mononuclear Pd(II) complex, Pd(dppm)(N3)2 
(3) exhibits a reversible one electron reduction = — 0.81 
V) and an irreversible one-electron reduction (F1/2 — —1.08 
V) in CH3CN (see Figure 1). As can be seen in Figure 1, 
relative high intensity of complex 3 by irreversible one-elect
ron reduction can be attributed to Pd【/Pd° reduction accom
panied by partial dissociation of azide ligands to give palla
dium black. In DMF solvent we also observe similar redox 
features. The potentials corresponding to the features are 
summarized in Table 2. On the other hand, dinuclear Pd(I) 
complex, Pd2(dppm)2(N3)2 (5) shows a reversible one electron 
reduction(Em= -0.77 V) in CH3CN. In case of Pd(dppm)Cl2 
and Pd2(dppm)2Cl2 under the same conditions we have also 
observed similar electrochemical behavior. This observation 
supports that the azido ligand in the palladium and platinum 
azide complexes has character as pseud사halide. * On the 
basis of the electrochemical behavior of mononuclear and 
dinuclear palladium azide complexes we suggest the follo
wing process.

(3): Pd11 홍==之 Pd1 —= Pd°

(5): Pd1 ?=* Pd° (3)

In contrast with the above palladium (I, II) azide comple
xes platinum (I, II) azide complexes display no redox featu
res within various solvent limits which support higher stabi
lity than palladium azide complexes. In the present work 
we described the preparation and some properties of palla* 
dium and platinum azide complexes and to the best of our 
knowledge the comparison between M(I) and M(ID (M=Pd, 
Pt) azide complexes was unnoted.
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Transition metal-catalyzed oxidations of alcohols have re
cently attracted considerable interest and various metal com
pounds and oxidant systems have been reported.1 Ruthenium 
complex combined with several oxidants is also effective for 
the oxidation of alcohols.2,3 Recently, Backvall reported that 
RuC12(PPh3)3 exhibited a remarkable activity in hydrogen 
transfer from propan-2-ol to several ketones at reflux condi
tion.4

In this Note, we wish to report that primary 지iphatic and 
benzylic alcohols are readily oxidized to the corresponding 
aldehydes by paraformaldehyde in the presence of a catalytic 
amount of RuC12(PPh3)3.


