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Table IV. X-ray Diffraction Powder Pattern of H30SbF6 at about 
370 K" 

dobad. A dcalcdr 8, intens hkl 
5.12 5.12 vs 100 
3.62 
2.957 
2.560 
2.293 
2.096 
1.813 
1.711 
1.621 
1.371 
1.28 1 
1.242 
1.209 

3.62 
2.960 
2.563 
2.292 
2.093 
1.813 
1.709 
1.621 
1.370 
1.282 
1.243 
1.208 
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110 
111 
200 
210 
21 1 
220 
300, 221 
310 
321 
400 
410, 322 
411, 330 

"Cubic, a = 5.126 (1) A, V = 134.7 (1) A3, Z = 1, pal = 3.14 g 
monochromatized Cu Kq radiation (A  = 1.5405621), Guini- 

er-Simon camera, diameter 114.6 mm. 

a t  low temperatures: KAsF6 with one formula unit in a rhom- 
bohedral ce11I2 and H30SbF6 (as well as D30SbF6) with eight 
formula units in a cubic, but large, body-centered celL4 In com- 
parison, the high-temperature form of KAsF6I3 is isotypic to that 
of H30AsF6. For the structure of a high-temperature form of 
H30SbF6 see the Appendix. 
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Appendix: Unit Cell of H30SbF6 at about 370 K 

H30SbF6 was prepared and studied by DTA and X-ray powder 
analysis between 103 and 423 K in a similar way as described 
in the Experimental Section for H30AsF6. The phase transition 
in this temperature range, reported to occur a t  361 f 12 K$ was 
found at  368 K. Also, the reported X-ray powder pattern and 
crystal structure of the low-temperature form4 was confirmed. In 
addition, the powder pattern of the high-temperature form was 
obtained and indexed for a cubic primitive unit cell with 2 = 1 
and a = 5.126 (1) A (Table IV). From this the ions appear to 
be centered on the atomic positions of the small unit cell of the 
CsCl structure type. 
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such as R2PCH2PHR or RHPCH2PHR has hardly been ~tudied.43~ 
through the presence of the PH group could lead to significantly 
different reactivity. Thus both the low steric hindrance of the 
P H  s ~ b s t i t u e n t ~ ~ ~  and the ability of the PH group to undergo 
deprotonation and form a second potential bridging group, based 
on the resultant phosphido functionality,8 could have major effects 
on the coordination chemistry. Earlier papers have been concerned 
with the effects of steric hindrance of ligands R,PCH2PR, on the 
coordination chemistry and organometallic reactivity of platinum 
comple~es.~*~- '<~ In this paper, the synthesis and some coordination 
complexes of the ligand i-PrHPCH2PH-i-Pr are described. 

Results and Discussion 
Synthesis and Characterization of the Ligand. The ligand 

i-PrHPCH2PH-i-Pr was prepared by reaction of C12PCH2PC12 
with 2 molar equiv of i-PrMgBr followed by reduction of this 
reaction mixture with excess Li[AlH4]. Analysis of the crude 
product by 31P('H} and jlP N M R  indicated the presence of 
H2PCH2PH2, i-PrHPCH2PH2 and i-Pr2PCH2PH-i-Pr as well as 
the desired compound. However, vacuum distillation gave a good 
separation of pure i-PrHPCH2PH-i-Pr as a colorless, air-sensitive 
liquid. An independent synthesis of the ligand was reported while 
this research was in progress.s The ligand exists either as a mixture 
of isomers or in a configuration in which the two phosphorus atoms 
are nonequivalent but do not couple to each other, as shown by 
the 3'P(1H) N M R  spectrum, which contained two sharp singlets, 
of approximately equal intensity, a t  6 -46.20 and -47.61, each 
of which split into a doublet [ 'J(PH) = 205 Hz] in the proton- 
coupled 31P spectrum. Similarly, the 'H NMR spectrum contained 
two CHMe2 and two CH2P2 multiplets, tentatively attributed to 
the two isomeric forms, though the PH and CH,C resonances of 
the two isomers were not resolved. The two isomers could be the 
racemic and meso isomers I and 11, but it is also possible that they 

I I1 

are conformers that cannot readily interconvert due to restricted 
rotation about the P-C bonds. 

Synthesis and Characterization of [M2X4(~-PP),] Complexes. 
Reaction of [PtC12(SMe2)2] with PP in a 1:l molar ratio gave the 
binuclear cis,cis- [Pt2C14(p-PP),] in two isomeric forms, l a  and 
lb, which were easily separated by taking advantage of the much 
greater solubility of lb  in organic solvents. Isomer l a  gave a 
singlet, with apparent doublet satellites due to coupling to IssPt 
[ 'J(PtP) = 3360, 3J(PtP) = 80, 2J + 4J(PP) = 36 Hz], charac- 
teristic of the cis,cis stereochemistry with phosphorus trans to Cl.' 
These data are very similar to those for cis,cis-[Pt2C1,(p-t- 
BuHPCH2PH-t-Bu),], and l a  therefore has the symmetrical 
structure I11 with M = Pt, X = C1, and R = i-Pr, in which all 
bulky isopropyl groups are equatorial and in which both di- 
phosphine ligands are in the racemic form (I) .  

In contrast, the isomer lb  gave four multiplets of equal intensity 
in the 3'P(1HJ N M R  spectrum, each with 'J(PtP) = 3300-3360 
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Bidentate phosphines R2PCH2PR2 are often used as bridging 
ligands and are useful for reducing the tendency toward frag- 
mentation of dimers to monomeric complexes during chemical 
 reaction^?.^ The chemistry of the secondary phosphine analogues 
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Hz, as expected for phosphorus atoms trans to chloride, and each 
gave a further doublet splitting with 'J(PH) - 400 H z  in the 
proton coupled 31P N M R  spectrum. This complex is therefore 
proposed to have structure IV, which contains one racemic (I) 
and one meso (11) diphosphine. In IV, all phosphorus atoms are 
nonequivalent as observed and one bulky isopropyl substituent 
must be in an axial position where steric hindrance is greater.7 
With the bulkier t-Bu substituents only isomer I11 (M = Pt, X 
= C1, R = t-Bu) was formed.' 

Very similar behavior was observed on reaction of the di- 
phosphine ligands with [Pt,Me4(p-SMe2),]. With i- 
PrHPCH,PH-i-Pr, the complex cis,~is-[Pt~Me,(p-PP)~] was 
formed as a mixture of isomers 2a and 2b of structures I11 and 
IV, respectively, but with t-BuHPCH,PH-t-Bu, only cis&- 
[PtzMe4(jc-t-BuHPCH2PHt-Bu)] (3a) of structure 111 was formed. 
In this case, 2a and 2b could not be separated and were char- 
acterized spectroscopically as a mixture. Similarly, i- 
PrHPCH2PH-i-Pr with [PdCl,(PhCN),] gave cis& [Pd2C14(p- 
PP),] as a mixture of isomers 4a and 4b, which are assigned 
structures 111 and IV, respectively, on the basis of the similarity 
of the N M R  data to those of the platinum analogues l a  and l b .  
Again 4b gave four resonances in the 31P(1HJ N M R  spectrum, 
each resonance giving a further doublet splitting with 'J(PH) - 
400 Hz in the proton-coupled 31P N M R  spectrum, and could be 
separated from 4a by the great difference in solubility. 

Synthesis and Characterization of Complex Cations of 
[MzCl2(~-PP)3p+. Reaction of [PtC12(SMe2),] with 1.5 or 2 molar 
equiv of i-PrHPCH2PH-i-Pr gave [Pt2Cl,(p-PP)3]C12 (5a), and 
the chloride anions were readily exchanged to give [Pt,Cl,(p- 
PP),] [PF612 (5b) by using NH4[PF6]. The structure of the cation 
is deduced to be VI, drawn as a Newman projection along the 

V VI 

PtPt axis, largely on the basis of the 3LP{1H) and 31P NMR spectra 
(Figure 1). 

The spectra contain three complex resonances, each having 
satellites due to coupling to IssPt, and can be interpreted in terms 
of an [AMX], spin system (see structure VI). The combination 
of coupling constants gives a spectrum that can be analyzed by 
first-order methods, and a good simulation of the observed 
spectrum was obtained. There are three resonances, each with 
chemical shifts expected for p-PP ligands and with characteristic 
IJ(PtP) values of 3100 (P, trans to Cl), 2240 (P", trans to P"), 
and 2200 Hz (P", trans to P"). The presence of Pm trans to Px 
is confirmed by the large coupling ,J(PXPm) = 370 Hz. These 
parameters are only consistent with structures V and VI. Both 
structures V and VI are derived from [Pt2C14(p-PP),] by dis- 
placement of one chloride ligand on each platinum by a third p-PP 
ligand, but differ in the orientation of the third p-PP ligand. Thus 
VI is locked rigidly in a staggered conformation while V could 
have an eclipsed configuration or could also be staggered but 
fluxional. Structure VI necessarily has three phosphorus envi- 
ronments whereas V, in its most symmetrical form, could have 
only two. Structure VI has been established crystallographically 
for the hydride [Pt2H2(p-Et2PCH2PEt2)3]z+, and from the sim- 
ilarities in the 31P N M R  data, this structure is considered most 
probable for 5a and Jb.' 

Figure 1. 31P NMR spectra (121 MHz) of complex 5b: (a) IH decou- 
pled; (b) IH coupled. Assignments and 195Pt satellite positions are given 
above and doublet splittings due to IJ(PH) are given below spectrum a. 

Figure 2. IlP NMR spectra (121 MHz) of complex 6a: (a) IH decou- 
pled; (b) 'H coupled. 

Similarly, [PdCI,(PhCN),] reacted with excess ligand PP to 
give [Pd2C12(p-PP)3]C12 (6a) and, by anion exchange, [Pd2C12- 
(p-PP),][PF6], (a). The 31P and "P{'H) NMR parameters were 
very similar to those of the platinum analogues and indicate that 
they have the same structure (Figure 2). There were significant 
differences in 31P chemical shifts betwween the chloride and 
hexafluorophosphate salts, which are attributed to the effects of 
ion pairing in the chloride derivative. 

In contrast, the complex of formula [Pt2CI2(PP),I2+, where PP 
= Et,PCH2PEt2 (depm) was characterized as having structure 
VII, [Pt2Cl,(depm)2(p-depm)]2+. The 31P NMR spectrum again 
contained three signals, but two were in the region expected for 
chelate ligands (6 = -45.5 and -50.8) and one was in the region 
typical of a bridging ligand (6  = +10.7). A large coupling between 
the mutually trans phosphorus atoms Pa and Pb of structure VI1 
was observed. 

VI1 

Discussion 
There are a number of unusual aspects of the coordination 

chemistry of the ligand i-PrHPCH2PH-i-Pr with square-planar 
platinum(I1) and palladium(I1) complexes. These can be un- 
derstood in terms of the low steric demands of the PH groups and 
the presence of two chiral phosphorus centers in the ligand. 

The low steric demand of the PH substituents is thought to be 
the major factor in favoring binuclear complex formation. This 
has been discussed previously for derivatives [M2X4(p- 
R2PCH,PR2),] and [MX2(R2PCH2PR2)] ,6,7 It is also considered 
to be an important factor in formation of [M2Cl,(p-PP)3I2' 
complexes, which appear to be the first examples of complexes 
with this general formula. In this case the ability of the very small 
PH substituents to mesh with the bulky isopropyl groups allows 
the presence of three p-PP ligands. The related ligand 
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Et,PCH,PEt, (depm) is the only other diphosphine, of the many 
we have studied, which gives a complex with an analogous formula, 
but this has the structure [{PtCl(depm))2(p-depm)]2+ (VII), having 
only one bridging diphosphine ligand. Ligands with larger sub- 
stituents, such as Ph2PCH2PPh2 or i-Pr2PCH2P-i-Pr2, give only 
[PtCl,(PP)] or [Pt(PP),12+ having only chelate ligands.' In these 
cases, binuclear complexes with square-planar metal centers and 
three p-R,PCH,PR, ligands are unfavorable due to steric hin- 
drance between PR substituents on neighboring phosphorus 
centers. Although it is still not possible to predict in advance the 
stable product in all such reactions, this and the immediately 
preceeding papers6*' provide a framework that does allow planned 
synthesis from many ligands of the type RR'PCH,PRR'. 

The presence of chiral phosphorus centers leads to a new form 
of isomerism in the binuclear complexes cis&-[ M2X4(p-PP)2]. 
The less soluble form has a symmetrical structure (111) with all 
i-Pr groups equatorial, while the more soluble form is assigned 
structure IV with one axial i-Pr group. There are many possible 
isomers of [M,Cl2(p-PP),I2+. With phosphines R2PCH2PR2, 
forms V and VI can be distinguished by the number of 31P res- 
onances, two and three respectively, and both are found in the 
hydride derivatives [Pt2H2(p-depm)J2+ (VI) and [Pt2H2(p- 
d e ~ p m ) ~ ] , +  (V) (deopm = (EtO),PCH2P(OEt2),) formed by 
double protonation of [Pt2(p-R2PCHzPR2)3] .g Because of the 
chiral phosphorus centers, the most symmetrical form of V also 
has three nonequivalent phosphorus environments and so structures 
V and VI cannot be distinguished unambiguously by using this 
criterion. We have been unable to grow single crystals suitable 
for X-ray structure determination, and the preference for VI is 
based on the pattern of PP coupling constants. 

Experimental Section 
NMR spectra were recorded by using Varian XL100, XL200 and 

XL300 spectrometers. Chemical shifts were quoted with respect to 
Me4Si ('H) or trimethyl phosphate ("P). Analyses were performed by 
Guelph Chemical Laboratories Ltd. [PtC12(SMe2)21, [PtzMe4(SMe2)21, 
[PdC12(C6HsCN)2]. and CI2PCH2PCl2 were prepared by the literature 
methods. All syntheses and reactions involving phosphine ligands were 
carried out under an atmosphere of dry nitrogen. 

i-PrHPCH,PH-i-Pr. A solution of i-PrMgBr prepared from Mg 
turnings (3.28 g, 0.135 mol) and 2-bromopropane (16.60 g, 0.135 mol) 
in diethyl ether (120 mL) was added dropwise to a solution of CI2PC- 
H2PC12 ( 1  3 g, 0.06 mol) in diethyl ether (100 mL) over a period of 1 h 
at -78 OC. After 2 h of stirring, a suspension of LiAlH4 (4.55 g, 0.12 
mol) in ether (200 mL) was added dropwise at -10 OC over a period of 
30 min. The stirring was continued overnight. The mixture was hy- 
drolyzed with cold deoxygenated water (50 mL). The ether layer was 
separated, and the residue was extracted twice with ether. The combined 
ether extracts were dried with anhydrous Na2S04, and the ether was 
distilled off. The NMR of the crude mixing in CDCI, showed signals 
at 6 2.65 and -48.6 for i-Pr2PCH2PH-i-Pr; 6 = -31.5 and -140.50 for 
i-PrHPCH2PH2; 6 = -122.80 for H2PCH2PH2; and 6 = 46.1 1 and -47.62 
for i-PrHPCH2PH-i-Pr. This was distilled under vacuum to give pure 
i-PrHPCH2PH-i-Pr (3.4 g), bp 46 OC (1 mm). 'H NMR (CD2C12): 6 
1.08 (m. 6 H, CH,); 1.44, 1.73 (m, 2 H, CH2P2); 1.64,2.0 (m. 2 H. CH); 
3.10 [m, 2 H, J(PH) = 204 Hz, PHI. )'PNMR: -46.20 (s), -47.61 (s); 
each with 'J(PH) = 205 Hz in the 'H-coupled spectrum. in the dis- 
tillation at 1 mm Hg pressure, H2PCH2PH2 evaporated below room 
temperature, i-PrPHCH2PH2 (yield 0.9 g) distilled at 25 OC, and i- 
Pr2PCH2PH-i-Pr (yield 1.4 g) distilled at 60 OC. 
[PtzC14(p-i-PrHPCH2PH-i-Pr)2] (1). To [PtC12(SMe2)2] (0.21 g, 

0.53 mmol) dissolved in CH2C12 (10 mL) was added diphosphine (0.09 
g, 0.53 mmol) in CH2C12 ( 5  mL) dropwise with stirring. After 2 h the 
resultant white precipitate of isomer la  was filtered off and dried under 
vacuum; yield 0.13 g. IlP NMR: 6 5.83 [m; 'J(PtP) = 3360, 'J(PtP) 
= 80, 'J(PH) = 410 Hz]. The solvent was then removed from the filtrate 
and the yellow solid of isomer l b  was washed with ether and dried under 
vacuum. A sample was recrystallized from CH2C12-pentane by slow 
diffusion; yield 0.29 g. Anal. Calcd for C14H36C14P,Pt2: C, 19.54, H; 
4.22. Found for la: C, 19.27; H, 4.03. Found for lb:  C, 19.0; H, 4.1. 
Mp: >320 OC (la); 210-215 OC (lb). 'H NMR (CDzC12): 6 1.40 (m. 
CH,), 1.58 (CH2P2), 2.80 (m. CH), 4.36 [d, 'J(PH) = 410 Hz, PHI. ,lP 
NMR: 6 9.02 [m; IJ(PtP) = 3300, )J(PtP) = 150, 2J(PP) = 30, 'J(PH) 
= 400 Hz], 6.95 [m; 'J(PtP) = 3300, )J(PtP) = 150, 2J(PP) = 30, 
'J(PH) = 390 Hz], -2.02 [m; 'J(PtP) = 3360, ,J(PtP) = 150, 2J(PP) 
30, 'J(PH) = 420 Hz], -6.39 [m; IJ(PtP) = 3360, )J(PtP) = 150, 2J(PP) 
= 30, 'J(PH) = 390 Hz]. 

[Pt2Me4(p-i-PrHPCH2PH-i-Pr)2] (2). A solution of diphosphine 
(0.018 g, 0.1 1 mmol) in CH2CI2 (5 mL) was added dropwise to a stirred 
solution of [Pt2Me4(SMe2)2] (0.05 g, 0.087 mmol) in CH2CI2 (2 mL). 
After 1 h of stirring, the solution was evaporated to 3-mL volume and 
hexane was added. The resulted yellow precipitate was washed with ether 
and pentane and dried under vacuum; yield 0.048 g. Anal. Calcd for 
ClBH48P4Pt2: C, 27.06; H, 6.28. Found: C, 26.42; H, 5.89. MP: 210 
"C. 'H NMR (C3D60): 6 0.35 [m, 2J(ptH) = 80 Hz, CH,Pt], 1.20 (m, 
CH,), 1.38 (CH2P2), 2.25 (m, CH), 4.46 [d, lJ(PH) - 340 Hz, PHI, 
4.20 [d, 'J(PH) = 350 Hz, PHI. ,'P NMR for 2a: 6 9.29 [m; 'J(PtP) 
= 1805, 'J(PtP) = 75, 'J(PH) = 380, 2J(PP) = 44, 4J(PP) = 28 Hz]. 

NMR for 2b: 6 12.8 (m), 10.7 (m), 6.2 (m), -5.8 (m). 
[P~,M~,(~-~-BuHPCH,PH-~-BU)~] was prepared similarly. Anal. 

Calcd for C22HYP4Pt2: C, 31.7; H, 6.7. Found: C, 31.1; H, 6.4. NMR 
(CDCI,): 6 1.28 (m, MeP), 0.08 [m, 2J(PtH) = 80 Hz, MePt]; ,'P 
NMR: 6 19.56 [s; 'J(PtP) = 1741, ,J(PtP) = 78 Hz; PI. 
[Pd2C14(p-i-PrHPCH2PH-i-Pr)2] (4). To [PdC12(C6HSCN)2] (0.3 1 

g, 0.8 mmol) dissolved in CH2CI2 (5 mL) was added ligand (0.14 g, 0.82 
mmol) in CH2CI2 ( 5  mL). The resulting white precipitate was filtered 
off from the yellow solution, giving the isomer 4a, yield 0.06 g. ,IP 
NMR: 6 21.39 [s, 'J(PH) = 400 Hz]. The filtrate was reduced in 
volume to 1 mL, and then ether and pentane were added. The precipitate 
of isomer 4b was filtered and washed a number of times with ether and 
dried under vacuum; yield 0.18 g. A sample was recrystallized from 
CH2C12-pentane by slow diffusion. Anal. Calcd for C14H36C14P4Pd2: 
C, 24.62; H, 5.31. Found for 4a: C, 24.52; H, 5.1 1. Found for 4b: C, 
24.1; H, 4.9. MP: >310 OC (4a); 300 OC (4b). 'H NMR (CDQ,): 
6 1.36 (m, CH,), 1.64 (CH2P2), 2.85 (m, CH), 4.96 [d, 'J(PH) - 400 
Hz, PHI, 4.27 [d, 'J(PH) - 430 Hz]. ,'P NMR: d 25.74 [dd; 2J(PP) 
= 11, 15, 'J(PH) = 420 Hz]; 22.20 [dd; 2J(PP) = 11, 11, 'J(PH) = 390 
Hz], 15.88 [dd; 2J(PP) = 15, 15, 'J(PH) = 400 Hz], 11.87 [dd; 2J(PP) 
= 11, 15, 'J(PH) = 380 Hz]. 
[Pt2C12(p-i-PrHPCH2PH-i-Pr),I[PF6]2 (Sb). To a solution of 

[Pt2CI2(SMeJ2] (0.22 g, 0.55 mmol) in CH2CI2 (5 mL) was added ligand 
(0.18 g, 1.1 mmol) in CH2C12 (5 mL). After 2 h of stirring, the solvent 
was removed and the residue was dissolved in methanol. To this solution, 
ammonium hexafluorophosphate in methanol was added. The resulting 
yellow precipitate was filtered off and dried under vacuum; yield 0.33 g. 
Anal. Calcd for C21HS4C12F12P8Pt2: C, 20.28; H, 4.38. Found: C, 
20.88; H, 4.40. Mp: 245 OC. 'H NMR (CD2C12): 6 1.42 (m, CH3), 
1.64 (CH2P2), 2.96 (m, CH), 5.03 [d, 'J(PH) - 380 Hz, PHI, 4.78 [d, 
'J(PH) - 420 Hz, PHI. ,'P NMR : 6 1.34 [m; 'J(PtP) = 2240, 
2J(PmPX) = 370, IJ(PH) = 380, 2J(PaPx) = 20 Hz; Px], -7.48 [m; ' J -  
(PtP) = 3100, 'J(PPH) = 440 Hz; Pa], -15.57 [m; 'J(PtP") = 2200, 
'J(PmH) = 380, 2J(PmPa) = 15 Hz; P"]. 
[Pd2Cl2(pi-PrHPCH2PH-i-Pr),lCl2 (6a). To a solution of PdC12- 

(C6HsCN)2 (0.27 g, 0.7 mmol) in CH2C12 (3 mL) was added the di- 
phosphine (0.23 g, 1.4 mmol) in CHiC12 (5 mL). The clear deep yellow 
solution was stirred for 1 h. This was then reduced in volume, ether was 
added, and the resulting precipitate was filtered and washed with ether. 
The yellow precipitate was dried under vacuum; yield 0.29 g. Anal. 
Cakd for C21HYC14P6Pd2: c ,  29.60; H, 6.39. Found: C, 29.31; H, 6.23. 
Mp: 240 OC 'H NMR (CD2C12): 6 1.42 (m, CH3), 2.02 (CH2P2), 2.95 
(m, CH), 4.64 [d, 'J(PH) - 440 Hz, PHI, 4.33 [d, 'J(PH) - 380 Hz, 
PHI. ,'P NMR: 6 2.41 [m, 'J(PH) = 420 Hz Pa], -3.50 [m; 2J(PxPm) 
= 405, 'J(PXH) = 385, 2J(PPx) - 15 Hz; Px, -14.92 [m; 2J(PaPm) = 
405, 'J(PmH) = 385, 2J(PmPa) = 20 Hz; P"]. 
[Pd2CI2(p-i-PrHPCH2PH-i-Pr),l[PF,I, (6b). To a solution of com- 

pound 6a (0.15 g) in methanol (10 mL), was added ammonium hexa- 
fluorophosphate in methanol. The resulting yellow precipitate was fil- 
tered off and dried under vacuum; yield 0.16 g. Anal. Calcd for 
C21H&12F12PBPd2: C, 23.66; H, 5.10. Found: C, 23.77; H, 5.23. MP: 
210-220 OC 'H NMR (CD2CI2): 6 1.40 (m, CH,), 1.82 (CH2P2), 3.02 
(m, CH), 5.10 [d, 'J(PH) - 420 Hz, PHI, 4.72 [d, 'J(PH) - 360 Hz, 
PHI. "P NMR: 6 7.21 [m, 'J(PH) = 430 Hz, Pa], 6.10 [m; 2J(PxPm) 
= 420, 'J(PH) = 385, 2J(PPx) = 15 Hz; Px], -9.90 [m; 2J(PxPm) = 420, 
'J(PH) = 385, 2J(PaPx) = 20 Hz; P"]. 
[Pt2C12(depm)2(p-depm)flp [PtCI2(SMe2),] (1.19 g, 3.0 mmol) and 

Et2PCHiPEt2 (0.72 g, 3.7 mmol) were mixed in CH2C12 (20 mL) and 
stirred for 6 h. Addition of pentane precipitated [PtCI2(depm)] (0.52 
g). Further addition of pentane gave a yellow oil from which a pale 
yellow solid was obtained with difficulty by slow evaporation of an ace- 
tone solution; yield 0.84 g. "P NMR (CDC1,): 6 10.68 [dd; 'J(PtP) = 

= 66, 4J(PP) = 9 Hz; Pc]. 
[Pt2Cl,(depm)2(p-depm)1[PF6]2. The above complex was dissolved in 

CH2C12, and a solution of NH4PF6 (0.19 g) in acetone was added. The 
solvent was removed and the product was crystallized from acetone; yield 
0.65 g. Anal. Calcd for C27H66C12F12P8Pt2: C, 24.42; H, 5.01. Found: 

2224, 2J(PP) = 390, 4J(PP) = 9 Hz; PA], -45.54 [dd; 'J(PtP) = 1898, 
2J(PP) 390, 2J(PP) = 66 Hz; PB], -50.79 [dd; 'J(F'tP) = 2864, 2J(PP) 



3100 Znorg. Chem. 1986, 25, 3100-3102 

C, 24.15; H, 5.19. IH NMR (acetone-d6): 6 4.00 [dt; 2J(PH) = 10.2, 
4J(PH) = 2.0 Hz; CH2P2 of chelate depm]; other resonances overlapped. 
31P NMR (acetone-d,): 6 10.16 [dd; IJ(PtPA) = 2192, 2J(PAPB) = 392, 
4J(PP) 
’J(PBP) 

9 Hz; PA], -45.36 [dd; ’J(PtPB) = 1880, 2J(PAPB) 392, 
66 Hz; Pel, -50.98 [dd; IJ(PtP3 = 2855, 2J (PBp)  = 66, 

jJ(PP) = 9 Hz; Pc]. 
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The methylene-bridged triosmium cluster Os3(p-CH2)(CO) 
(1)2 has proven to be unusually reactive and gives rise to a number 
of interesting derivatives. For example, at 22 O C  and 1 atm it 
readily adds CO to give the p-ketene cluster Os3(p-CH2CO)- 
(C0)12,3 it reacts with halides and pseudohalides to give substituted 
[Os,(p-CH,)(CO),,(p-X)]- clusters: it adds SO2 to give Os3(p- 
CH2S02)(C0)11 ,5  it adds Pt(PPh3), to yield the tetrametallic 
cluster P~OS~(~-CH~)(CO)~~(PP~~)~,~ and upon heating it loses 
CO and rearranges to yield H20s3(C0)9(p3-CCO).7 I n  our 
continuing studies of the chemistry of 1, we have found that it 
also rapidly reacts with SnC12 to give a novel Os3Sn cluster formed 
via insertion of SnC12 into an Os-Os bond. 
Results and Discussion 

Addition of anhydrous SnC12 to a solution of 1 at 22 O C  gives 
formation of the new cluster O S ~ S ~ C ~ ~ ( C O ) , ~ ( ~ - C H ~ )  (2) in high 
yield (eq 1). This species, isolated as a yellow solid, has been 

Os3(p-CH2)(CO),, t SnCI2 THF 2 2  *C 

1 

2 (91%) 

spectroscopically characterized [m/z  1084 (M+); ‘H NMR 6 5.61 
(s, p-CH,); I R  (hexane) vco 2141 (w), 2106 (s), 2066 (vs), 2052 
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Figure 1. ORTEP drawing of molecule A of Os,SnC12(CO),,(p-CH2) (2) 
with thermal ellipsoids drawn at the 40% probability level. 

Table I. Crystal and Refinement Details for 
Os&C12(CO)1 I(c(-CH2) (2) 

formula 
cryst syst 
space group 
cryst size 
a, A 
b, A 
e. A a, A v, A3 
z 
density (calc), g 
p, cm-‘ 
max/min transm 
diffractometer 
radiation (A, A) 
monochromator 
temp, OC 
scan technique 
scan speed, deg min-’ 
26 scan range, deg 
data collcd 
no. of unique data 
no. of unique data with F, 2 3a(F0) 
data/param 
R(int), % 

Yrencns 
RF. R a ~ ,  GOFC 
mean shift/esd max, final cycle 

C12H2C120110S3Sn 
monoclinic 

0.30 X 0.25 X 0.20 
18.655 (3) 
13.668 (3) 
17.042 (3) 
90.926 (15) 

8 
3.22 
189.6 
0.066/0.035 
Nicolet R3 
Mo Ka (0.71073) 
graphite cryst 
24 
Wyckoff” 
variable, 5-20 
4 5 26 5 50 
*h,+k,+l 
7654 
4867 
9.3 
1.66 
31197 
0.001 
5.94, 5.79, 1.262 
0.01 

p211c 

4344.9 (15) 

“ A  type of w scan in which background plus peak tops are measured 
(Nicolet program package). b ~ - l  = a2(F,) + lgl(FoI2. ‘RF = c[IF3I - 
I~cIIlCI~ol;  R w ~  = [E:W”~(IF~I - 1 ~ ~ 1 ~ 1 / ~ ~ 1 ’ 2 1 ~ ~ 1 ~  GOF = [CNF, - 
F c ) 2 / ( N o M  - Nparam)l”2.  

(w), 2029 (s), 2014 (s), 1993 (w), 1983 (w) cm-‘1 and fully defined 
by an X-ray diffraction study. 

The molecule crystallizes in the space group P2]/c with two 
independent but structurally similar molecules per unit cell. Figure 
1 shows an ORTEP drawing of molecule A, and relevant crystal- 
lographic details are given in Tables 1-111. The cluster has a 
near-planar butterfly structure with the Sn and one Os atom 
forming the butterfly hinge. The [Os( l)-Sn-0~(2)]-[0~(3)- 
Sn-Os(l)] dihedral angles are 179.7 (2) and 179.5 (2)O for 
molecules A and B, respectively. The methylene ligand asym- 
metrically bridges Os( 1) and Os(3) but is significantly closer (0.17 
A) to the former than to the latter. 

Significant asymmetry also exists in the Os-Sn bond lengths 
with the Sn atom located 0.159-0.175 A closer to Os(2) than to 
Os(1) and Os(3). The Sn-Os(2) distances of 2.641 (2) and 2.636 
(2) A compare well to typical unbridged Sn-Os distances found 
in other low-valent organometallics (e.g., 2.71 1 (1) and 2.712 (1) 
A in t r a n ~ - O s ( S n P h ~ ) ~ ( C O ) ~ ; *  2.653 (1) 8, in HOs3(p3- 

(8) Collman, J. P.; Murphy, D. W.; Fleischer, E. B.; Swift, D. horg. Chem. 
1974, 13, 1. 
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