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SUMMARY 

The ligand, 1,2-bis(difluorophosphino)ethane, (PF2C2H4PF2), reacts 

with Ni(C0)4 in the gas phase and in solution to produce carbon monoxide 

and a polymer, [Ni(PF2C2H4PF2)2]x. PF2C2H4PF2 displaces norbornadiene 

from (C7H8)Mo(C0)4 to yield the relatively air-stable complex, MOM- 

(PF2C2H4PF2). Analysis of the infrared spectrum of the monomeric complex 

indicates that the ligand exhibits n-acceptor strength eaual to PF2C6H10PF2. 

INTRODUCTION 

As a part of our study cif the coordinating ability of polydentate 

fluorophosphine ligands [l-3], made available in this laboratory by the 

photoassisted addition of PF2 radicals to carbon-carbon double bonds [4], 

we report here the initial investigation of the coordination chemistry of 

the ligand, 1,2-bis-(difluorophosphino)ethane with nickel(O) and molyb- 

denum(0). This bidentate ligand is of particular interest since it is 

isostructural with the well-known ligand, 1,2-bis(diphenylphosphino)- 

ethane (diphos). 

Reactions of transition metal carbonyls with another bidentate di- 

fluorophosphine, 1 ,%bis(difluorophosphino)cyclohexane, (PF2C6HloPF2) 

[l-3] has shown that this ligand exhibits strong T-back-bonding and 

chelating ability, stabilizes metal atoms in low oxidation states, and 

binds to metals in chelating and bridging modes, in spite of its stereo- 

chemically rigid carbon-hydrogen skeleton. Analogous reactions of 

transition metal carbonyls with PF2C2H4PF2 allow for comparisonpf two 

structurally different bidentate difluorophosphines with respect to 

coordination. The non-rigid carbon-hydrogen backbone of PF,CZH4PF2 is 
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gas phase and in solution. The mild conhitions required for the complete 

displacement of the CO ligands are analogous to the PF2C6H10PF2 case [II 
and illustrate the effective r-acceptor ability of PF2C2H4PF2. The insol- 

ubility of the resultant complex is good evidence of a polymeric species 

with an assumed high molecular weight. A polymer with the stoichiometry 

of two bidentate ligands per metal atom (as shown by elemental analyses) 

requires ligand bridging. Models show the non-rigid ligand can bridge 

two metal centers to give long chains or networks without inducing steric 

crowding. Evidence of ligand coordination is also verified by the shift 

of the P-F stretching band in the infrared spectrum. The coordinated 

ligand P-F stretch is observed at 785 cm -1 as compared to the free ligand 

P-F stretch at 793 cm 
-1 suggesting [6], as expected,a significant dir-dn 

bonding interaction between phosphorus and nickel. 

Results of the displacement of norbornadiene from (C7H8)M~(C0)4 by 

PF2C2H4PF2 show that the ligand can function as an effective chelate. A 

monomeric complex is prepared (as verified by osmometric molar mass and 

mass spectral data) which demonstrates the ligand's ability to coordinate 

to metals in a chelating mode. The relative stability of the complex 

toward oxidation when exposed to air reflects the chelate effect. 

That PF2C2H4PF2 is a strong n-acceptor ligand is demonstrated by 

analysis of the CO stretching bands in the infrared spectrum of 

Mo(CO)~(PF~C~H~PF~). The complex is expected to exhibit II& carbonyl 

symmetry which predicts the presence of four CO stretching bands labeled 

2Al + Bl + B2, which are infrared and Raman active. Bridging CO ligands 

are not observed in the region 1800-1600 cm -1 
, but four distinct bands 

(CO terminal stretches) are observed between 2100 and 1950 cm-l. (See 

Table) Examination of the CO stretching frequencies supports the 

assumption that PF2C2H4PF2 is a strong a-acceptor ligand. The frequen- 

cies obtained for Mo(CO)~(PF~C~H~PF~) compare closely with the corres- 

ponding frequencies obtained for the analogous complex of the strong 

Tr-acceptor bidentate difluorophosphine, PF2C6H30PF2 L-21. Representative 

values of the Cotton-Kraihanzel [7] CO force constants for the mclybdenum 

tetracaFbony1 complex are nearly equal to the force constants previously 

reported for PF2C6Hl OPF2 12 J _ Comparison of the force constants and CO 

frequencies of molybdenum tetracarbonyl complexes of these ligands and PF3 

and PPh,C,H,PPh, indicates that these bidentate difluorophosphines are 

Strong s-acceptors; they exhibit r-acidity less than PF3. but are 

substantially superior to diphos in this respect_ 

CONCLUSION 

The results of the study of the coordination chemistry of PF2C2H4PF2 
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Sun Valley, California. Tetracarbonylnickel(0) was purchased from 

Strem Chemicals, Inc., Danvers, Massachusetts. 

Preparation of Bis[l,Z-bis(difluorophosphino)ethane]nickel(O?, 

CNi(PF2C2H4PF2)2lx- In a typical reaction, 2.29 mm01 of PF2C2H4PF2 

were condensed at -196" into a 200 mL reaction vessel connected via a 

stopcock to a 500 ml_ reaction vessel in which 0.76 mm01 of Ni(CO)q were 

condensed. The reactants were allowed to warm to room temperature (both 

reactants were completely vaporized) and the connecting stopcock opened. 

White clouds formed in the larger vessel over a period of 20 minutes. A 

colorless oil condensed onto the walls of the vessel, the oil solidify- 

ing upon standing overnight. The CO that was liberated during reaction 

was removed while holding the solid at -196O. Anal. Calcd for NiP4F8C4Hg: 

Ni, 15.03; C, 12.30; H, 2.05. Found: Ni, 14.08; C, 12.95; H, 2.15. 

0.47 nun01 of Ni(CO)4 and 1.39 mm01 of PF2C2H4PF2 were condensed into 

a 50 ml Pyrex vessel containing ca.20 mL of dry, air-free benzene at -19V. - 

The mixture was allowed to warm to room temperature and was shaken over a 

period of 13 hours. Liberated CO was removed while holding the mixture 

at -196'. Recovery of 3.36 equivalents/equivalent of Ni(CO), was made. 

Removal of the solvent and unreacted starting materials under reduced 

pressure resulted in a light brown solid, which was identified as 

CNi(PF2C2H4PF2)Jx upon comparison of physical properties and the solid 

phase infrared spectrum of the solid obtained from the gas phase reaction. 

Preparation of cis-~l.P-Bis(difluoropliosphino)ethane]tetracarbonyl- 

molybdenum(O), [Mo(CO),(PF,C,H,PF,)]. 0.160 g (0.533 mmol) of freshly 

sublimed (C7H8)M~(C0)4 were allowed to react for 12 hours at 50° with 0.48 

mm01 of PF C H PF in ca.25 mL of dry, air-free hexane. 
2242 - 

The solvent and 

displaced norbornadiene were removed under vacuum and Ihe white solid 

that remained was chromatographed on a Florisil column. Xlution with 

hexane resulted in the separation of a colorless band from a yellow band 

(unreacted (C7,H8)Mo(C0)4). Removal of the hexane from the colorless 

fraction under reduced pressure gave white crystals, m.p. 48-50" (uncorr- 

ected) in 26% yield. Anal. Calcd. for MaP2F4C6H404: C, 19.25; H, 1.07; 

P, 16.58; MW, 374. Found: C, 19.46; H, 1.20; P, 16.22; MW, 371: 
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