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A series of bis( triorganophosphine)bis( selenocarboxy1ato)-nickel(r1) 3, -palladium(rI) 4 and -platinum(Ir) 5 
complexes have been synthesised from the reaction of sodium selenocarboxylates 1 or 0-silyl selenocarb- 
oxylates 2 with the corresponding bis(phosphine)metal dichloride in good to high yields and have been 
characterized by 'H, 13C, 31P and 77Se NMR spectroscopy and elemental analysis. Additionally CM(4- 
MeC,H,COSe),(PEt,),] (M = Ni 3d, Pd 4d or Pt 5b) have been crystallographically characterized and reveal 
four-co-ordinate planar structures with each of the two selenocarboxylate and phosphine ligands lying trans. 
The carbon-oxygen bond lengths [1.209(6), 1.203(8) and 1.212(6) A] of the selenocarboxylate ligand of 3d, 
4d and 5d show values typical of a carbon-oxygen double bond; co-ordination of the carbonyl oxygen to the 
metal is not observed. 

A number of carboxylic and dithiocarboxylic acid transition- 
metal complexes , have been synthesised, and their structures 
and properties have been revealed. In contrast, there have been 
relatively few investigations concerning thiocarboxylic acid 
transition-metal complexes, especially their structures. Seleno- 
carboxylic acid transition-metal complexes have not been 
synthesised. The reason for this seemed to be the difficulty of 
the synthesis of the starting compounds such as selenocarboxylic 
acids and their alkali- and alkaline-earth-metal salts, etc. 
Previously, we have established a convenient synthesis of 
selenocarboxylic acid sodium salts (1) which readily react 
with organo Group 14 and 15 element halides to give the corres- 
ponding esters [RCOSeER', (E = Ge or Pb) and RCOSeAsR', 
(R, R' = alkyl or aryl)].' In addition, the reaction of 1 with 
triorganosilyl halides has been found to give 0-triorganosilyl 
selenocarboxylates 2 (hereafter called 0-silyl selenoesters) 
which act in aprotic solvents as effective selenocarboxylating 
 agent^.^ These findings have prompted us to study the first 
synthesis of the transition-metal complexes bearing selenocarb- 
oxylate ligands. Here we describe the synthesis and structural 
analysis of bis(phosphine)bis(selenocarboxylato)-nickel(1r) (3), 
-palladium(rr) (4) and -platinum(II) (5) complexes by X-ray 
diffraction. 

Results and Discussion 
Synthesis of [ Ni"(RCOSe),(PR',),] 3, [Pd"(RCOSe),(PR',),] 4 
and [Ptfl(RCOSe),(PR',),] 5 

Preliminarily, the synthetic procedure to form the palladium 
complexes 4 were examined by using dichlorobis( tri- 
ethylphosphine)palladium(Ir) and sodium 4-methylbenzene- 
carboselenoate Id (method A) or 0-trimethylsilyl ester 2d 
(method B). The reaction conditions shown in Scheme 1 
appeared to be preferable. 

When half an equivalent of dichlorobis(triethy1phos- 
phine)palladium(rI) was added to a suspension of the 
sodium salt Id in methanol at 20 "C under an argon atmosphere 
(method A), a yellow solid gradually precipitated. After stirring 
for 1 h, the yellow precipitate, was filtered off, and after 
washing with water, bis(4-methylbenzenecarboselenoato)bis- 

t Present undress: Department of Chemistry, Graduate School of 
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Scheme 1 
(i) Method A, Et,O, 1 h, 20 "C; (ii) method B, Et,O, 2 h, 20 "C 

R = Me, Ph, 2-MeC6H, or 4-MeC6H,; R' = Et or Ph. 

(triethylphosphine)palladium(iI) 4d was obtained in 85% yield. 
On the other hand, addition of a solution of 0-trimethylsilyl 
selenoester 2d in diethyl ether (method B) led to a change from 
purple to pale yellow with precipitation of a yellow solid. After 
stirring for 2 h, the precipitate was filtered off affording 95% 
of 4d as a crude yellow solid. Recrystallization from dichloro- 
methane-diethyl ether led to a 67% yield of 4d as yellow 
columnar crystals. The reaction with dichlorobis(tripheny1- 
phosphine)palladium(II) under the same conditions gave the 
corresponding triphenylphosphine complex 4e in quantitative 
yield. The yields of a variety of substituted selenobenzoate 
palladium complexes 4 are summarized in Table 1. 

Method B has several advantages compared with method A: 
(i) the completion of the reaction can be readily determined by 
the colour of the reaction mixture, (ii) common aprotic solvents 
can be used and (iii) removal of the by-product, trimethylsilyl 
chloride, is easy. 

Method B using 0-silyl selenoester 2 was applicable to the 
synthesis of the platinum complexes 5. When dichlorobis(phos- 
phine)platinum(Ir) was added to a diethyl ether solution of 2, 
the reaction mixture quickly changed from purple to pale 
yellow with precipitation of a yellow solid. Filtration of the 
yellow solid yielded the expected selenocarboxylate complexes 
5 in almost quantitative yields. Under the same conditions, 
the reaction with dichlorobis(phosphine)nickel(rr) afforded bis- 
(triethy1phosphine)- and bis(tripheny1phosphine)-bis(se1enocar- 
boxylato)nickel(rI) 3 in good yields. It should be noted, 
however, that the synthesis of 3 via method B led to lower yields 
compared with method A. 
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Table 1 Yields of bis(selenocarboxylato)bis( triorganoph0sphine)-nickel(I1) 3, -palladium(lr) 4 and -platinum(II) 5, [M(RCOSe),(PR',),] 

Compound 
3b 
3c 

3d 

3e 
4a 
4b 
4c 
4d 

4e 

5a 
5b 
5c 
5d 
5e 

a Isolated yield. ' With decomposition. 

4-MeC6H4 
Pd Me 

Ph 
2-MeC,H4 
4-MeC6H, 

R' 
Et 
Et 

Et 

Ph 
Et 
Et 
Et 
Et 

Ph 

Et 

Et 
Et 
Ph 

Et 

Method 
A 
A 
B 
A 
B 
B 
B 
B 
B 
B 
A 
B 
A 
B 
B 
B 
B 
B 

Yield" (%) 

61 
75 
65 
91 
49 
71 
90 
73 
75 
67 
85 
71 
82 
74 
79 
86 
78 
71 

M .p.'/OC 
92-99 
93-98 

108-1 13 

320-129 
96-98 

151-154 
173- 179 
187 193 

204-206 

108-1 12 
142- I 48 
188-192 

249-25 1 
225-228 

Table 2 Spectral data of bis(selenocarboxylato)bis(triorganophosphine)-nickel(rI) 3, -palladium(rr) 4 and -platinum(rr) 5, [M(RCOSe),(PR',),] 

Compound M 
3b Ni 
3c 
3d 
3e 
4a Pd 
4b 
4c 
4d 
4e 
5a Pt 
5b 
5c 
5d 
5e 

a As KBr disc. * In CDCI,. ' In CDCI,, standard Me,Se. 

R' v(C=O)"/cm ' 
Et 1611 
Et 1615 
Et 1612 
Ph 1611 
Et 1638 
Et 1617 
Et 1618 
Et 1616 
Ph 1613 
Et 1643 
Et 1621 
Et 1622 
Et 1619 
Ph 1616 

6 C  ' 
205.1 
201.7 

204.4 
201.3 
204.5 
200.9 

205.0 
200.0 
203.5 
199.6 

- 

~- 

- 

6% 

476.6 
420.1 

387.1 
368.4 
432.8 
361.2 

371.5 
353.8 
414.2 
347.3 

- 

- 

- 

Table 3 Comparison of spectral data for [Pd(PhCOE),(PR',),] (E = 
0, S or Se) 

E R' v(C=O)/cm-' 6,' Ref. 
0 Ph 1623 - 

Se Et 1617 201.3 

8(g) 
S Ph 1570 3(i) - 

As Nujol mull. ' In CDCI,. 

The selenocarboxylic acid palladium and platinum complexes 
4 and 5 occur as yellow columnar crystals. They are thermally 
stable and are insensitive to oxygen and moisture; no 
appreciable change was observed for the complexes when 
allowed to stand in air at room temperature for a week. 
However, the acetyl derivatives (4a, 5a) seem to be less stable 
than the aromatic derivatives and gradually decomposed with 
liberation of red selenium upon extended exposure to air. The 
nickel complexes 3 are yellowish brown to red columnar 
crystals and are less stable than the corresponding palladium 
and platinum complexes. For example, the aromatic deriv- 
atives 3b-3e, turned black over 24 h upon exposure to air at 
room temperature, with formation of bis(4-methylbenzoyl) 
selenide. 

All the triethylphosphine complexes dissolved in common 
solvents such as dichloromethane and diethyl ether and could 
be recrystallized, whereas the triphenylphosphine complexes 
3e, 4e and 5e showed poor solubility towards a variety of protic 
and aprotic solvents preventing acquisition of NMR data. 

Spectra 

The ligands, RCO,, RCOS and RCS, in complexes 
c {MWO,) ,  >"I , 1.8a .b  [ { M (RCOS) , } "3 i *8c  and [{M- 
(RCS,),},]8d-f (M = Ni, Pd, Pt etc.) are bidentate, and 
chelate two metals, while the RCO, and RCOS ligands in 
monomeric trans-[M(RCO,),L,] (L = NR', or PR',, M = Pd 
or Pt)8g and trans-[M(RCOS),L,] (L = NR', or PR',, M = 
Ni3" or Ru3") complexes are unidentate. The carbonyl 
stretching frequencies of complexes 3-5 (Table 2) appear in the 
region 161 0-1 645 cm-l, showing higher wavenumber shifts 
than those of the corresponding alkali-metal salts (1 500-1 560 
cm 1)4*9 but are lower than the corresponding Se-alkyl and 
aryl esters (1660-1720 cm ') . lo  The v(C=O) band of the 
selenobenzoate palladium complex 4b lies between that of the 
corresponding carboxylate ( 1  623 cm I )  and thiocarboxylate 
complexes (1 570 cm-I), which contains unidentate RCO, or 
RCOS ligands (Table 3). Carbon-I3 NMR spectra of triethyl- 
phosphine complexes show l3C=0 resonances in the region 6 
200-205, i.e. almost invariant of the metals. The 77Se NMR 
signals occur at 6 350480, showing an upfield shift in going 
from Ni to Pt. These results suggest that the selenocarboxylate 
ligands of >5 are unidentate, in which the carbonyl oxygen 
does not co-ordinate to the central metal. 

In Table 4, the 31P chemical shifts and 195Pt-31P coupling 
constants of platinum complexes 5a-5d are given together with 
those of cis- and trans-[PtC1,(PEt3),] and trans-[Pt(Ph- 
COS),(PMe,Ph),]. Comparison with the trans isomer of 
[PtCl,(PEt,),] suggests that complexes 5 are trans isomers. 
With either cis- or trans-[PtCl,(PEt,),] used as the starting 
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Table 4 Phosphorus-3 1 NMR spectra of bis(selenocarboxy1ato)bis- 
(triethylphosphine)platinum(ii) complexes 5, [Pt(RCOSe),(PEt,),], 
and related compounds 

Compound R J P P J H Z  6, a 

5c 2-MeC6H, 2461 7.5 

5a Me 2454 7.6 
5b Ph 245 1 7.6 

5d 4-Me,C6H, 2455 7.6 
cis-[PtCl,(PEt ,),I 3520 9.6' 
Irans-CPt CI 2 ( PEt ,),I 2400 12.3' 
rruns-[Pt(PhCOS),(PMe,Ph),l 2546 6.2' 

" In  CDCI,. standard H3P0,. ' Ref. 1 I .  ' Ref. 3 ( i ) .  

0 

trans only 
(Jp1-p = 2455 Hz) 

Scheme 2 (i) RC( Se)OSiMe, 

material, only the trans isomer was obtained (Scheme 2). 
Presumably, nickel(ir) 3 and palladium(r1) complexes 4 have 
similar trans configuration. 

X-Ray structural analysis 

Although the synthesis of transition-metal complexes with 
thiocarboxylate ligands has been extensively studied, X-ray 
structural analysis has been limited to only one example, uiz. (4- 
amino-2-imino-4-methylpentane)bis( benzenecarbothioato)bis- 
(dimethylphenylph~sphine)ruthenium(ir).~" No X-ray struc- 
tural analysis of [M(RCO,),L,] or [M(RCOS),L,] (L = 
NR', or PR',, M = Pd or Pt) has been reported. As mentioned 
above, the selenocarboxylate ligands in 3-5 were considered to 
be unidentate and to adopt a trans conformation on the basis 
of IR and ,'P NMR spectroscopy. In order to confirm this 
structure, the X-ray single-crystal structural analyses of the 
4-methylbenzenecarboselenoate derivatives 3d, 4d and 5d was 
performed. They are all isostructural, and an ORTEP draw- 
ing of 5d is shown in Fig. I .  Crystal data and data collection 
parameters are given in Table 5 and bond lengths and angles 
in Table 6. In each complex the metal is four-co-ordinate and 
adopts a planar geometry with the two selenocarboxilate and 
phosphine ligands in trans positions. The C=O bond lengths 
of the selenocarboxyl group are in the range 1.203(8)-1.212(6) A, 
similar to those of common carboxylic acid esters ( 1.23 k 0.0 1 
A)' and that in a caesium 2-methoxybenzenecarboselenoate 
[ 1.226(5) 111. The C-Se bond lengths are 1.906 1.9 13 A which 
are close to that of the caesium salt [1.868(5) A]. No interaction 
between the carbonyl oxygen and the central metal is observed, 
the distances between each carbonyl oxygen and the central 
metal being much longer than the sum of the ionic radius of 
the central metal and the van der Waals radius of oxygen. 
These results demonstrate that the selenocarboxylate ligands 
of 3d, 4d and 5d are unidentate, similar to carboxylate and 
thiocarboxylate complexes. The torsion angles [O-C( 1 )-C(2)- 
C(3)] between the benzene ring and selenocarboxyl group are in 
the range 167.7-1 69.1 ", smaller tha 
salt [57.7( 6)"]. 

Conclusion 
The first synthesis and character 
acid transition-metal complexes 

~. 

I that found for the caesium 

zation of selenocarboxylic 
bis(phosphine)bis( seleno- 

Fig. I 
(triethylphosphine)platinum(rr) 5d 

ORTEP drawing of bis(4-methylbenzenecarboselenoato)bis- 

carboxylat0)-nickel(i1) 3, -palladium(ir) 4 and -platinum(rI) 
complexes 5 are described. The complexes are obtained in good 
to high yields from the reaction of sodium selenocarboxylates 
or 0-silyl selenoesters with [MC1,(PR3)] (M = Ni, Pd or Pt). 
The selenocarboxylate complexes are yellow to red crystals, 
and the nickel complexes 3 are much more labile thermally and 
air-sensitive in comparison with the palladium 4 and platinum 
complexes 5 .  X-Ray crystal structure analysis of three 
selenocarboxy la te complexes es ta blis hes four-co-ordina te planar 
structures, with selenocarboxylate and phosphine ligands in a 
trans configuration; no co-ordination of selenocarboxyl oxygen 
to the metal is observed. 

Experimental 
Melting points were determined with a Yanagimoto micromelt- 
ing point apparatus, and are uncorrected. Infrared spectra were 
recorded on a Perkin-Elmer FT-IR I640 spectrophotometer 
and a JASCO grating IR spectrophotometer IR-G. The 'H, 
13C, 31P and 77Se NMR spectra were recorded on a JEOL 
JNM-GX-270 instrument at 270, 67.9, 109.4 and 51.5 MHz, 
respectively. Deuteriochloroform was employed as solvent with 
tetramethylsilane ('H) and CDCI, (' 3C)  as internal standards; 
H3PO4 (31P) and SeMe, (77Se NMR) were used as external 
standards. Elemental analyses were performed by the Elemental 
Analyses Centre of Kyoto University. The X-ray crystal 
structural analyses were carried out at the Research Laboratory 
of Resources Utilization, Tokyo Institute of Technology. 

Materials 

Sodium selenocarb~xylates,~ 0-trimethylsilyl selenocarboxy- 
lates,6 dichlorobis(triethy1phosphine)- '" and bis(tripheny1- 
phosphine)-nickel(ri), 5 b  dichlorobis( triethy1phosphine)- ' 
and bis( tripheny1phosphine)-palladium(rr), 6 h  and dichloro- 
bis( triethy1phosphine)- "" and bis( tripheny1phosphine)-plati- 
num(ii) 17' were prepared as described in the literature. The 
following solvents were purified under argon and dried as 
indicated: diethyl ether and hexane (refluxing with sodium 
metal using benzophenone as indicator and distilling before 
use); dichloromethane (distillation over phosphorus pentoxide, 
after refluxing for 5 h). Solvents were degassed before use and 
all manipulations were performed under argon. 

X-Ray structure analysis 

All intensity data measurements were carried out on a Rigaku 
AFC5R four-circle diffractometer with graphite-monochro- 
mated Mo-Ka radiation (h  = 0.710 69 A). All structures were 
solved and refined using the TEXSAN software package on 
a MicroVAX I 1  computer. Crystals of 3d, 4d and 5d suitable 
for X-ray diffraction were obtained by recrystallization from 
dichloromethane at - 20 "C. The crystals were sealed in a glass 
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Table 5 Crystal data, and data collection and refinement parameters for 3d, 4d and 5d * 

Compound 3d 
Empirical formula 
M 
4 
blA 
C I A  
PI" 
u/A3 
Dclgcm 
Crystal size/mm 
p( Mo-Ka)/cm-' 
Transmission factor for absorption correction 
2~max l"  
No. of measured reflections 
No. of unique reflections 
Rint 
No. of observations [ I  > 3o(I)] 
No. of variables 
Residuals: R(F) ,  R'(F)  
Max. and min. residual electron density/e A-3 
Goodness of fit 

C, *H,,NiO2 P2Se2 
69 1.22 
9.1 6 1 (2) 
11.978(2) 
14.958(2) 
103.22(1) 

1.436 
0.10 x 0.25 x 0.30 
29.8 
0.88-1 .oo 
50.5 
3234 
3036 
0.0 17 
1820 
226 
0.038, 0.046 

1.63 

1597.9(4) 

0.4, -0.4 

* Details in common: monoclinic, space group P2,/c; Z = 2; 296 K.  

4d 

738.92 
9.313(3) 
11.958(2) 
14.908(2) 
102.08(2) 
1 623.4( 6) 
1.512 
0.20 x 0.20 x 0.30 
29.0 
0.87-1 .OO 
54 
3943 
3720 
0.028 
191 1 
160 
0.050, 0.056 
0.8, -0.8 
1.92 

C28H4402P2PdSe2 

5d 

C28H4402P2PtSe2 
827.62 
9.373(4) 
1 1.959(4) 
14.821(4) 
101.96( 3) 
1625.3( 10) 
1.691 
0.15 x 0.35 x 0.35 
67.0 
0.59-1 .OO 
54 
394 1 
3716 
0.016 
2377 
160 
0.030, 0.034 

1.30 
0.7, -0.7 

Table 6 Selected bond lengths (A), bond angles (") and torsion angles 
(") for 3d, 4d and 5d 

3d (M = Ni) 4d (M = Pd) 5d (M = Pt) 

Se- M-Se 

Se-M-P 

M-Se-C( 1 ) 

Se-M-P 

P-M-P 

M-P-C( 1 1 ) 
M-P-C(21) 
M-P-C( 3 1 ) 
C( 1 1 )-P-C( 2 1 ) 
C( 1 1 )-P-C( 3 1 ) 
C(2 1 )-P-C(3 1 ) 
Se-C( 1 )-0 
Se-C( 1 )-C( 2) 
0-C( 1 )-C( 2) 

M-Se-C( 1 )-0 
M-Se-C( 1 )-C( 2) 
0-C( 1 )-C( 2)-C( 3) 
0-C( 1 )-C(2)-C(7) 

2.3426(7) 
2.238(2) 
1.910(6) 
1.86 l(9) 
1.848(8) 
1.816( 10) 
I .209(6) 
1.502(8) 
1.385(8) 
1.381(8) 
I .373(9) 
1.378(9) 
1.386(10) 
1.521( 1 1) 
1.378(10) 
3.177(5) 

180.00 
87.33( 5 )  
92.67(5) 

180.00 
98.3(2) 

1 15.1(3) 
119.5(3) 
110.0(3) 
100.7(4) 
104.4( 5 )  
105.7(4) 
122.0(5) 
11744)  
12 1.0(6) 

1 1 .O( 5 )  
168.2(4) 
167.7(6) 
13.3(9) 

2.456( 1 ) 
2.323(2) 
1 .906( 8) 
1.781( 13) 
1.841(11) 
1.854( 10) 
1.203(8) 
1.51(1) 
1.38( 1) 
1.39( 1)  
1.37( 1) 
1.38( 1) 
1.39( 1) 
1.50( 1 )  
1.38(1) 
3.270(7) 

180.00 
86.90(6) 
93.1 O( 6) 

180.00 
99.0(3) 

110.7(4) 
114.1(4) 
117.8(3) 
103.3(6) 
107.1(6) 
102.6(5) 
122.6(7) 
1 16.2(6) 
12 1.2(8) 

9.0( 8) 
I70.0(5) 
169.1(8) 
12.6( 13) 

2.452( 1) 
2.304(2) 
1.913(6) 
1.797( 10) 
1.840(7) 
1.848(7) 
1.2 12(6) 
1.480(9) 
1.380(7) 
1.394(8) 
1.385(8) 
1.375(9) 
1.366(10) 
1.5 12( 10) 
1.384(9) 
3.362( 5 )  

180.00 
86.96( 5 )  
9 3.04( 5 )  

180.00 
101.7(2) 

113.5(3) 
117.8(3) 
103.2(4) 
106.4(4) 
103. I(4) 
122.3(5) 
1 I6.4(4) 
12 1.3(6) 

9.4(6) 
169.8(4) 
168.8(6) 

11  1 3 3 )  

12.3( 10) 

capillary. The unit-cell dimensions were determined from a 
least-squares fit of the setting angles of 25 reflections in the 
range 25 < 28 < 30". Three standard reflections were measured 
every 150 reflections and showed no significant intensity 
variations during the data collection. The data were corrected 
for Lorentz and polarization effects, and empirical absorption 
corrections based on azimuthal scans of several reflections were 
applied. The structures were solved by the direct method. Full- 
matrix least-squares refinement was employed with anisotropic 

thermal parameters for non-hydrogen atoms. The function 
minimized was Cw((Fo( - (Fc1)2, and the weighting scheme 
employed was w = 4)F012/a2(F0). Hydrogen atoms placed at 
calculated positions were isotropically refined (with fixed 
thermal parameters) for 3d and included in the structure-factor 
calculations for 4d and 5d. Scattering factors were taken from 
ref. 19. Crystal data and parameters for data collection and 
refinement are summarised in Table 5. 

Complete atomic coordinates, thermal parameters and bond 
lengths and angles have been deposited at the Cambridge 
Crystallographic Data Centre. See Instructions for Authors, 
J.  Chem. SOC., Dalton Trans., 1996, Issue 1. 

Syntheses of complexes 

From 0-trimethylsilyl selenocarboxylate 2 (Method B). 
trans-Bis(selenoacetato)bis(triethylphosphine)palladium(~~) 4a. 
Dichlorobis(triethylphosphine)palladium(rI) (0.207 g, 0.50 
mmol) was added to a solution of 0-trimethylsilyl selenoacetate 
2a (0.205 g, 1.05 mmol) in diethyl ether (10 cm3) at 20 "C under 
an argon atmosphere. On stirring for 1 h the solution changed 
from orange to pale yellow. Removal of the solvent under 
reduced pressure gave 0.264 g (90%) of bis(se1eno- 
acetato)bis(triethylphosphine)palladium(II) 4a as a yellow 
solid. Recrystallization from diethyl ether-hexane (1 : 1, 
10 cm3) at - 20 "C for 24 h yielded chemically pure 4a as yellow 
columnar crystals (0.248 g, 85%), m.p. 9 6 9 8  "C (decomp.) 

32.75; H, 6.2%); v,,,(KBr)/cm-' 2968, 1638 (GO), 1446, 1096, 
1032, 924, 764, 722 and 587; G,(CDCl,) 1.09 (18 H, m, 
PCH,CH,), 2.04 (12 H, m, PCH,CH,) and 2.41 (6 H, s, 

(CH3CO) and 204.4 (GO); G,(CDCl,) 12.5; Gs,(CDCl,) 387.1. 
trans-Bis(benzenecarboselenoato)his( triethy1phosphine)palla- 

dium(I1) 4b. Similarly to 4a, 0-trimethylsilyl benzenecarbose- 
lenoate 2b (0.201 g, 0.78 mmol) and dichlorobis(triethy1- 
phosphine)palladium(u) (0.161 g, 0.39 mmol) were stirred in 
diethyl ether (10 cm3) at 20 "C under an argon atmosphere for 
1 h. The solution changed from purple to pale yellow with 
precipitation of a yellow solid. Filtration of the precipitate, 
followed by washing with diethyl ether (1 cm3) and 
recrystallization from dichloromethane-hexane ( 1 : 2, 3.6 cm3) 
yielded bis(benzenecarboselenoato)bis(triethylphosphine)pal- 
ladium(I1) 4b as yellow columnar crystals (0.201 g, 73%); 
m.p. 151-154 "C (decomp.); v,,,(KBr)/cm 2961, 1617 (C=O), 

(Found: c, 32.70; H, 6.4. Calc. for C16H3602P2PdSe2: c, 

CH3CO); GC(CDCl3) 8.6 (PCH,CH,), 16.0 (PCH,CH,), 39.0 
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Table 7 Fractional atomic coordinates of 3d, 4d and 5d 

Atom x 

3d(M = Ni) 
M 0 
Se 0.176 65(7) 
P 0.1 13 5(2) 
0 0.280 5 ( 5 )  
C(1) 0.295 6(6) 
C(2) 0.408 5(6) 
C(3) 0.450 2(7) 
C(4) 0.554 6(8) 
C(5) 0.619 9(7) 
C(6) 0.573 5(9) 
C(7) 0.470 5(7) 
C(8) 0.736 4( 1 1 )  
C(11) 0.152 l(10) 
C(12) 0.018 8(16) 
C(21) 0.021 l(10) 
C(22) 0.108 2( 16) 
C(31) 0.296 9( 10) 
C(32) 0.292 4( 13) 

4d(M = Pd) 
M 0 
Se 0.184 3(1) 
P 0.122 8(3) 
0 0.279 8(7) 
C( 1 ) 0.298( I ) 
C(2) 0.411 l(8) 
C(3) 0.453( 1 ) 
C(4) 0.558( 1) 
C(5) 0.621(1) 
C(6) 0.576(1) 
C(7) 0.473( 1 ) 
C(8) 0.735( I )  
C( 11)  0.300( 1) 
C( 12) 0.298( I ) 
C(21) 0.163(1) 
C(22) 0.03 I(2) 
C(31) 0.032(1) 
C(32) 0.095(2) 

5d (M = Pt) 
0 
0.186 16(7) 
0.120 3(2) 
0.285 8(5) 
0.301 9(7) 
0.411 8(7) 
0.453 l(7) 
0.558 3(7) 
0.621 5(7) 
0.578 4(8) 
0.476 l(7) 
0.737 O(8) 
0.298 9( I 1) 
0.296 8( 1 1 )  
0.157 8(10) 
0.023 9( 13) 
0.030 9( 10) 
0.096 3( 13) 

Y 

0 
-0.100 29(5) 
-0.065 5( 1) 

0.1 15 5(4) 
0.022 7(5) 

-0.000 1(5) 
-0.106 8(5)  
-0.122 O(6) 
- 0.032 3( 7) 

0.073 9(7) 
0.090 9(6) 

-0.049 l(10) 
-0.218 2(8) 
- 0.286 5(9) 
-0.050 l(7) 
-0.091 2(11) 
-0.001 5(11) 

0.123 l(10) 

0 
0.100 53(7) 
0.065 2(2 

-0.1 17 O ( 5  
- 0.023 9(7 

0.000 2(7 
0.106 8(7 
0.121 O(7 
0.033( 1) 

- 0.074( I ) 
- 0.090 4(7 

0.050( 1) 
0.003( 1) 

- 0.1 22( 1) 
0.216( 1) 
0.285( 1 ) 
0.048( I )  
0.092( 1) 

0 
0.095 30(5) 
0.066 71(14) 

-0.121 7(3) 

-0.002 5(4) 
0.103 9(5) 
0.120 8(6) 
0.032 l(6) 

-0.073 2(6) 

0.050 6(8) 
0.006 2(8) 

-0.1 18 l(9) 
0.217 7(6) 
0.286 O(6) 
0.049 6(7) 
0.095 3(9) 

- 0.027 7( 5 )  

-0.092 5 ( 5 )  

7 

0 
0.108 32(4) 

0.132 O(3) 
0.164 6(4) 
0.252 7(4) 
0.284 2(4) 
0.365 2(5) 
0.416 8 ( 5 )  
0.385 9(6) 
0.304 2(5) 
0.506 2(6) 

-0.106 8(1) 

-0.100 7(6) 
- 0.099 O( 12) 
-0.229 6(5) 
-0.297 2(6) 
-0.093 3(6) 
- 0.103 3(9) 

0 
0.1 13 40(6) 

-0.110 l(2) 
0.137 l(4) 
0.168 l(6) 
0.254 3(5) 
0.285 l(6) 
0.364 O(6) 
0.417 4(6) 
0.387 O(7) 
0.306 8(7) 
0.503 4(7) 

-0.095 5(8) 
-0.103 O(10) 
-0.102 3(7) 
-0.099 7(10) 
-0.232 4(7) 
-0.300 7(9) 

0 
0.1 14 91(4) 

0.140 l(3) 
0.171 l(4) 
0.255 8(4) 
0.286 6(4) 
0.366 l(4) 
0.418 6(5) 
0.389 O ( 5 )  
0.308 8(5 )  
0.505 O(5) 

-0.109 63(1 I )  

-0.096 8(7) 
-0.105 6(7) 
-0.099 9(5) 
-0.098 5(7) 
-0.232 2(5) 
-0.301 O ( 5 )  

1578, 1451, 1410, 1188, 1165, 1030,882,764,722,671 and 621; 

PCH,CH,) and 7.37-8.10 (10 H, m, Ph); S,(CDCI,) 8.6 
(PCH,CH,), 16.0 (PCH,CH,), 127.6, 127.8, 127.9, 128.1, 
131.5, 143.2 (Ph) and 201.3 (C=O); G,(CDCI,) 13.3; G,,(CDCI,) 
368.4. 

trans- Bis(2-methylbenzenecarboselenoato)bis(triethylphos- 
phine)palladium(II) 4c. Yellow columnar crystals (75%); m.p. 
173-179 "C (decomp.) (Found: C, 45.20; H, 6.0. Calc. for 
C,,H,,O,P,PdSe,: C, 45.50; H, 6.0%); v,,,(KBr)/cm 2960, 
1618 (C=O), 1455,1415,1385, 1205, 1190,1121, 1030,890,870, 
770, 730, 670 and 630; G,(CDCl,) 1.17 (18 H, m, PCH,CH,), 

GH(CDC13) 1.12 (18 H, m, PCH,CH3), 2.03 (12 H, m, 

2.14 (12 H, m, PCH,CH,), 2.41 (6 H, s, CH,C,H,) and 7.12- 
7.91 (8 H, m, aryl H); G,(CDCl,) 8.8 (PCH,CH,), 16.2 
(PCH,CH,),20.2(CH3C,H,), 125.2, 128.8,129.6, 131.0,133.2, 
144.8 (aryl C) and 204.5 (C=O); G,(CDCI,) 13.1; G,,(CDCI,) 
432.8. 

trans- Bis(4-methylbenzenecarboselenoato)bis( triethylphos- 
phine)palladium(rr) 4d. Yellow columnar crystals (67%); m.p. 
187-193°C (decomp.) (Found: C, 45.55; H, 6.0. Calc. for 
C28H4,O2P2PdSe2: C, 45.50; H, 6.0%); v,,,(KBr)/cm-' 3000, 
2900, 1616 (m), 1605, 1570, 1420, 1200, 1165, 1030, 885, 

m, PCH,CH,), 2.04 (12 H, m, PCH,CH,), 2.36 (6 H, s, 
CH3C6H,), 7.16 (4 H, d, aryl H) and 8.01 (4 H, d, aryl H); 
G,(CDCl,) 8.7 (PCH2CH3), 16.0(PCH2CH3), 21.6 (m3C6H4),  
127.9, 128.7, 140.8, 142.0 (aryl C) and 200.9 (GO); S,(CDCI,) 
13.2; Gs,(CDCI,) 361.2. 

trans- Bis(4-methylbenzenecarboselenoato)bis( triphenylphos- 
phine)palladium(rr) 4e. Yellow microfine crystals (82%); m.p. 
204-206 "C (decomp.); v,,,(KBr)/cm-' 3049, 161 3 (C=O), 
1432, 1198, 1165, 1094, 886, 820, 786, 747, 690, 615, 520, 511 
and 497. 

trans-Bis(selenoacetato)bis(triethylphosphine)platinum(rI) 5a. 
Similarly to 4a, O-trimethylsilyl selenoacetate 2a (0.266 g, 
1.36 mmol) and cis-dichlorobis(triethylphosphine)platinum(n) 
(0.342 g, 0.68 mmol) were stirred in diethyl ether (10 cm3) 
at 20°C under an argon atmosphere for 1 h. The solution 
changed from orange to pale yellow with precipitation of 
a pale yellow solid. Filtration of the precipitate, followed 
by washing with diethyl ether (1 cm3) and recrystallization 
from dichloromethane-hexane (1 : 2, 4.5 cm3) yielded trans- 
bis(selenoacetato)bis(triethylphosphine)platinum(II) 5a as pale 
yellow columnar crystals (0.342 g, 74%); m.p. 108-1 12 "C 

H, 5.4%); v,,,(KBr)/cm-' 3000, 2950, 2900, 1643 (GO),  1455, 
1410, 1380, 1340, 1270, 1260, 1100, 1030, 940, 770, 760, 740, 
700, 640, 580, 500 and 440; G,(CDCI,) 1.16 (18 H, m, 
PCH,CH,), 2.10 (12 H, m, PCH,CH,) and 2.39 (6 H, s, 
CH,CO); G,(CDCI,) 8.7 (PCH,CH3), 17.7 (PCH,CH,), 39.7 
(CH,CO) and 205.0 (C=O); G,(CDCl,) 6.8 [J(PPt) = 2454 
Hz]; G,,(CDCl,) 371.5. 

trans- Bis(benzenecarboselenoato)bis( triethy1phosphine)plati- 
num(I1) 5b. Yellow columnar crystals (79%); m.p. 142-148 "C; 
v,,,(KBr)/cm-' 2961, 2871, 1621 (C=O), 1571, 1445, 1410, 

(1 8 H, m, PCH,CH,), 2.10 (12 H, m, PCH,CH,) and 7.34-8.08 
(10 H, m, Ph); S,(CDCI,) 8.3 (PCH,CH,), 14.8 (PCH,CH,), 
127.4, 127.5, 127.9, 128.0, 131.4, 143.0 (Ph) and 200.0 (GO);  
G,(CDCI,) 7.6 [J(PPt) = 2451 Hz]; Gs,(CDC13) 353.8. 

trans- Bis(2-me thy lbenzenecarboselenoato)bis( triethylphos- 
phine)platinum(rI) 5c. Pale yellow columnar crystals (86%); m.p. 
188-192 " c  (Found: c, 40.50; H, 5.5. Calc. for C28H,,0,P,- 
PtSe,: C, 40.65; H, 5.4%); vmaX(KBr)/cm-' 2970, 2950, 1622 
(C=O), 1450, 1410, 1380, 1205, 1190, 1120, 1030,890,870,785, 
730, 670 and 630; GH(CDCI,) 1.18 ( 1  8 H, m, PCH,CH,), 2.19 
(12 H, m, PCH,CH,), 2.41 (6 H, s, CH3C,H,) and 7.13-7.86 (8 
H, m, aryl H); G,(CDCI,) 8.6 (PCH,CH,), 15.1 (PCH,CH,), 
20.0 (m,C,H,), 125.1, 128.4, 129.6, 131.0, 133.2, 144.7 (aryl 
C) and 203.5 (C=O); G,(CDCI,) 7.5 [J(PPt) = 2461 Hz]; 
G,,(CDCl,) 414.2. 

trans- Bis(4-methylbenzenecarboselenoato)bis( triethylphos- 
phine)platinum(lr) 5d. Pale yellow columnar crystals (78%); 
m.p. 225-228 "C (Found: C, 40.35; H, 5.1. Calc. for 
C,,H4,0,P,PtSe,: C, 40.65; H, 5.4%); v,,,(KBr)/cm-' 3000, 
2950, 2900, 1619 (C=O), 1600, 1450, 1415, 1200, 1160, 1030, 
880,820,790,770,730,620 and 61 5; &,(CDCl,) 1.12 ( I  8 H, m, 
PCH,CH,), 2.11 (12 H, m, PCH,CH,), 2.36 (6 H, s, 
CH,C,H,), 7.16 (4 H, d, aryl H) and 7.99 (4 H, d, aryl H); 
G,(CDCI,) 8.4 (PCH,CH,), 14.9 (PCH,CH,), 21.6 
( m , C & $ ) ,  127.7, 128.7, 140.7, 142.0 (aryl C) and 199.6 
(C=O); Gp(CDC13) 7.6 [J(PPt) = 2454 Hz]; G,,(CDCl,) 347.3. 

825, 790, 770, 730, 625 and 615; GH(CDC13) 1.1 1 (18 H, 

(Found: c, 28.20; H, 5.4. Cak. for C,,H,6O,P,PtSe,: c ,  28.45; 

1188, 1168, 1032, 881, 766, 726, 672 and 624; GH(CDC13) 1.13 
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trans-Bis(4-methylbenzenecarboselenoato)bis( triphenylphos- 
phine)platinum(n) 5e. Yellow microfine crystals (71%); m.p. 
249-25 1 "C (decomp.); v,,,(KBr)/cm-' 3067, 1616 (C=O), 1480, 
1432, 1199, 1165, 1094, 886, 818, 785, 748,690,614, 523, 514, 
501 and461. 

trans-Bis(2-methylbenzenecarboselenoato)bis( triethylphos- 
phine)nicke/(n) 3c. Similarly to 4a, O-trimethylsilyl2-methylben- 
zenecarboselenoate 2c (0.228 g, 0.84 mmol) and dichlorobis- 
(triethylphosphine)nickel(II) (0.154 g, 0.42 mmol) were stirred 
in diethyl ether (10 cm3j at 20 "C under an argon atmosphere 
for 2 h. The solution changed from purple to brown with 
precipitation of orange solids. Filtration of the precipitate, 
followed by washing with diethyl ether (3 cm3) and 
recrystallization from dichloromethane-hexane (1 : 2, 6 cm3) 
yielded bis(2-methylbenzenecarboselenoato)bis(triethylphos- 
phine)nickel(rr) 3c as red columnar crystals (0.190 g, 65%); m.p. 
93-98 "C (decomp.); vmax(KBr)/cm-' 3000, 2950, 2900, 161 5 
( C a ) ,  1450, 1420, 1385, 1205, 1190, 1035, 890, 870, 770, 
720, 675 and 635; G"(CDC1,) 1.24 (18 H, m, PCH2CH3), 
1.95 (12 H, m, PCH,CH,), 2.43 (6 H, s, CH3C6H4) and 7.11- 
7.95 (8 H, m, aryl H); G,(CDCI,) 8.9 (PCH2CH3), 15.8 

144.5 (aryl C) and 205.1 (GO). 
tran~-Bis(4-methylbenzenecarboselenoato)bis( trieth ylphos- 

phine)nickel(n) 3d. Orange solid (49%); m.p. 108-1 13 "C 
(decamp.); v,,,(KBr)/cm- ' 3000,2900,16 12 (W), 1600, 1570, 
1450, 1200, 1165, 1 1  10, 1085, 1000,885,825,790,770,720,620 
and 6 15; GH(CDC1,) 1.19 (1 8 H, m, PCH,CH,), 1.85 (12 H, m, 
PCH2CH,), 2.36 (6 H, s, CH,C,H,), 7.19 (4 H, d, aryl €3) and 
8.02 (4 H, d, aryl H); G,(CDC13) 8.8 (PCHzCH3), 15.7 
(Pm,CH3) ,  21.5 (CH,C,H,), 127.8, 128.6, 140.6, 142.0 (aryl 
C) and 201.7 (W). 

trans-Bis(4-methylbenzenecarboselenoato)bis( triphenylphos- 
phine)nickel(n) 3e. Yellowish brown microfine crystals (71 %); 
m.p. 120-129 "C (decomp.); v,,,(KBr)/cm-' 3048, 161 1 (C=O), 
1603, 1477, 1432, 1202, 1165, 1088, 886, 819, 783, 747, 
691,615,521,508 and 497. 

(PmZCH,), 20.2 (m,c ,H4) ,  125.2,129.1, 129.7, 131.0, 133.2, 

From sodium selenocarboxylate 1 (Method A). trans-&- 
(benzenecarboselenoato)bis( triethylphosphine)nickel(II) 3b. TO 
a suspension of sodium benzenecarboselenoate l b  (0.521 g, 
2.00 mmol) in diethyl ether (10 cm3) was added trans- 
dichlorobis(triethylphosphine)nickel(n) (0.366 g, 1 .OO mmol), 
at 20 "C under an argon atmosphere. The mixture was stirred 
at the same temperature for 1 h and immediately changed 
from pale yellow to dark reddish brown with precipitation 
of orange-brown solids. Filtration of the precipitate by the 
use of a Umkehr filter (G4) and washing with diethyl ether 
(1 cm') gave orange-brown solids containing sodium chloride. 
The solids were dissolved in dichloromethane (1.4 cm3). 
Filtration of the insoluble parts (NaCl) and cooling of the 
filtrate at -20 "C for 1 h yielded 3b as deep red columnar 
crystals (0.543 g, 61 %); m.p. 92-99 "C (decomp.); v,,,(KBr)/ 
cm-' 2967, 2922, 2867, I61 1 (C=O), 1578, 1448, 1 189, 1 165, 
1030,883,762,691,673 and 622. 
trans-Bis(2-methylbenzenecarboselenoato) bis( triethylphos- 

phine)nickel(n) 3c. Deep red columnar crystals (75%); m.p. 
93-98 "C (decomp.) (Found: C, 48.45; H, 6.5. Calc. for 
C28H44Ni02P,Se2: C, 48.65; H, 6.4%); v,,,(KBr)/cm-' 3000, 
2950, 2900, 1615 (C==O), 1450, 1420, 1385, 1205, 1190, 1035, 
890, 870, 770, 720, 675 and 635; G,(CDCl,) 1.24 (18 H, m, 
PCH,CH,), 1.95 (12 H, m, PCH,CH,), 2.43 (6 H, S, CH3C6H4) 
and 7.11-7.95 (8 H, m, aryl H); G,(CDCl,) 8.9 (PCH2CH3), 
15.8 (PCH,CH,), 20.2 (CH,C6H4), 125.2, 129.1, 129.7, 131.0, 
133.2, 144.5 (aryl C) and 205.1 (C=O); Gs,(CDC13) 476.6. 
tra~s-Bis(4-methylbenzenecarboselenoato)bis(triethylphos- 

phine)nickel(Ir) 3d. Deep red columnar crystals (9 1 %); m.p. 108- 
113 "C (decomp.) (Found: C, 48.40; H, 6.4. Calc. for C28- 
H4,NiO2P,Se,: C, 48.65; H, 6.4%); v,,,(KBr)/cm-' 3000, 
2900, 1612 (C=O), 1600, 1570, 1450, 1200, 1165, 1 110, 1085, 

1000,885, 825,790,770, 720, 620 and 61 5; G"(CDC1,) 1.19 (18 
H, m, PCH2CH3), 1.85 (12 H, m, PCH,CH,), 2.36 (6 H, s, 
CH3C6H4), 7.19 (4 H, d, aryl H) and 8.02 (4 H, d, aryl H); 

127.8, 128.6, 140.6, 142.0 (aryl C) and 201.7 (W); Gs,(CDCI,) 
420.1. 

SC(CDCI3) 8.8 (PCH,CH,), 15.7 (PCH,CH,), 21.5 (CH3C6H4), 

Acknowledgements 
This work was supported by a Grant-in-Aid for Scientific 
Research on Priority Area of Reactive Organometallics (no. 
052361 02) and partially by a Grant-in-Aid for Scientific 
Research B provided from the Ministry of Education, Science, 
Sports and Culture, Japan. 

References 
1 R. C. Mehrotra and R. Bohra, in Metal Carhoxylates, Academic 

Press, New York, 1983. 
2 D. H. Raid, in Organic Sulfur, Selenium and Tellurium, Royal 

Society of Chemistry, London, 1970-1981, vols. 1-6; S. Scheithauer 
and R. Mayer, in Topics in Sulfur Chemistry, ed. A. Senning, Georg 
Thieme Publishers, Stuttgart, 1979, vol. 4; J. Voss, in Supplement B 
of The Chemistry of Carboxylic Acid Derivatives, ed. S. Patai, Wiley, 
New York, 1979, p. 1201; R. Mayer and S. Scheithauer, in Methoden 
der Organischen Chemie, Georg Thieme Verlag, Stuttgart, 1985, Part 
1, E5; S. Kato and M. Ishida, in Sulfur Rep., 1988, 8, 155 and 
refs. therein; S. Kato and T. Murai, The Chemistry of Acid Deriv- 
atives, Supplement B2, ed. S. Patai, Wiley, New York, 1992, vol. 2, 
pp. 803-847. 

3 (a)  N. Tarugi, G a z .  Chim. Ital., 1895, 25, 341; (b) W. Hieber and 
R. Bruck, 2. Anorg. Allg. Chem., 1952,269,13; (c )  T. Nortia, Suomen 
Kemistilechi., Teil B,  1960, 33, 120; (d) C. Furlani, M. L. Luciani 
and R. Candori, J. Inorg. Nucl. Chem., 1968, 30, 3121; (e) V. V. 
Savant, J. Gopalakvishnan and C. C. Patel, Inorg. Chem., 1970, 9, 
443; (f) G. A. Melson, N. P. Crawford and B. J. Goddes, Inorg. 
Chem., 1970, 9, 11 23; ( g )  T. B. Baranovskii, M. A. Golupnichaya, 
G. Ya. Mazo and R. N. Shchelokov, Zh. Neorg. Khim., 1975, 20, 
844; (h) R. 0. Gould, T. A. Stephenson and M. A. Thomson, 
J. Chem. SOC., Dalton Trans., 1978, 769; ( i )  J. A. Goodfellow, T. A. 
Stephenson and M. C. Cornock, J. Chem. SOC., Dalton Trans., 1978, 
1195; (j) S. Kato, E. Hattori, H. Sato, M. Mizuta and M. Ishida, 
Z. Naturforsch., Teil B, 1981, 36, 783; (k)  S. Kato, Y. Komatsu, 
K. Miyagawa and M. Ishida, Synthesis, 1983, 552; ( I )  M. A. El- 
Hinnawi, M. Y. El-Khateeb, I. Jibril and S. T. Aba-Orabi, Synth. 
React. Inorg. Met.-Org. Chem., 1989, 19, 809; (m) D. Coucouvanis, 
Prog. Inorg. Chem., 1970, 11,233; (n) D. Coucouvanis, Prog. Inorg. 
Chem., 1979,26,30 1. 

4 S. Kato, H. Kageyama, K. Takagi, K. Mizoguchi and T. Murai, 
J. Prakt. Chem., 1990,332, 898. 

5 S. Kato, H. Ishihara, K. Ibi, H. Kageyama and T. Murai, 
J. Organomet. Chem., 1990,386,3 13; S. Kato, K. Ibi, H. Kageyama, 
H. Ishihara and T. Murai, Z. Naturforsch., Teil B, 1992, 47, 558; 
T. Kanda, K. Mizoguchi, T. Koike, T. Murai and S. Kato, Synthesis, 
1994,282. 

6 S. Kato, H. Kageyama, Y. Kawahara, T. Murai and H. Ishihara, 
Chem. Ber., 1992, 125,417. 

7 H. Kageyama, K. Kido, S. KatoandT. Murai, J. Chem. SOC., Perkin 
Trans. 1, 1994, 1083. 

8 (a)  A. C. Skapski and M. L. Smart, J. Chem. SOC., Chem. Commun., 
1970, 658; (b) M. A. A.  F. de C. T. Carrondo and A. C. Skapski, 
J.  Chem. SOC., Chem. Commun., 1976,410; (c )  L. A. Oro, F. G. Beltran 
and F. J. Tejel, Anal. Quim, 1972, 68, 1401; ( d )  M. Banamico and 
G. Dessy, J. Chem. SOC., Chem. Commun., 1968,483; (e )  J. M. Burke 
and J. P. Fackler, jun., Inorg. Chem., 1972, 11, 3000; (f) 0. 
Piovesana, L. Sestili, C. Bellitto, A. Flamini, M. Tomassini, P. F. 
Zanazzi and A. R. Zanzari, J. Am. Chem. SOC., 1977,99, 5190; (8) 
T. A. Stephenson, S. M. Morehouse, A. R. Powell, 1. P. Heffer and 
G. Wilkinson, J. Chem. SOC., 1965, 3632. 

9 S. Kato, T. Murai and M. Ishida, Org. Prep. Proced. Int., 1986, 18, 
369. 

10 H. Ishihara and Y. Hirabayashi, Chem. Lett., 1976, 203; Y. 
Kawahara, S. Kato, T. Kanda and T. Murai, Bull. Chem. SOC. Jpn., 
1994,67, 188 I .  

11 S. 0. Grim, R. L. Keiter and W. McFarlane, Inorg. Chem., 1967,6, 
1133. 

12 C. K. Johnson, ORTEP, Report ORNL-5138, Oak Ridge National 
Laboratory, Oak Ridge, TN, 1976. 

84 J.  Chem. SOC., Dalton Trans., 1996, Pages 79-85 

http://dx.doi.org/10.1039/DT9960000079


13 R. C.  Weast, in C'RC' H(indhook of'C~icmistrj- tirid Physics, 70th edn., 
CRC Press, 1989 - 1990, p. F- 188. 

14 Y. Kawahara, S. Kato, T. Kanda, T. Murai and M. Ebihara, Bull. 
Cliem. Sot*.  Jjin., 1995, in the press. 

15 ( ( I )  K .  A.  Jensen, P. H.  Nielsen and C. T. Pederson, Acts C/iem. 
Sctintl., 1963, 17, 1 115; ( h )  L. M .  Vananzi. J .  Cliem. Soc., 1958, 
719. 

16 ( ( I )  F. G. Mann and D. Purdie, J .  Chern. Soc.  1935, 1549: ( h )  J. Chatt 
and F. G. Mann, J .  Clirrn. Soc., 1939, 1622. 

17 ( u )  K. A.  Jensen, %. Anorg. Allg. C'hem., 1936, 229. 225; ( h )  J .  A. 
Rahn, L. Baltusis and J. H. Nelson. Iriorg. C ' / i c n i . ,  1990, 29, 750. 

18 TEXSAN --TEXRAY Structure Analysis Package, Molecular 
Structure Corporation, The Woodlands, Houston, TX, 1985. 

19 D. C. Cromer and J. T. Waber, in Interiititionrrl Trrblrs.for X-Rrij, 
Cr~~stulfugrtiphy, Kynoch Press, Birmingham, 1974, vol. 4, Table 
2.2A. 

Recrivcd 14th Ju l j -  1995; Picper 51046466 

J .  C'lii~n. SIC., Daltori Trcrns., 1996, Puges 7 9 4 5  85 

http://dx.doi.org/10.1039/DT9960000079

