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Two known and four new bis(phosphano)alkanes [(CF3)2P(CH2),P(CF3)z, n = 1-3; (CF3),PCR(CH3)P(CF3),, R = H, CH,; 
(CF,),P(CF,),P(CF,),] have been prepared in good yield by an improved procedure. PtCI, and Mo(CO)~ complexes of these 
highly *-acidic ligands have been prepared by standard routes. Thus, displacement of benzonitrile from [PtCI2(PhCN),] affords 
[PtCI,LL] [LL = (CF3),P(CHz),,P(CF3),, n = 2,3; LL = (CF3),PCR(CH3)P(CF3),, R = H, CH3; LL = (CF3)2P(CF2)2P(CF3)z]. 
Similarly, piperidine is displaced from ci~-[Mo(CO)~(piperidine),] to give [Mo(CO),(LL)], (LL = (CF3)2P(CH2),,P(CF3)2, n = 
2, 3; LL = (CF3)2P(CF2)zP(CF,)z). Self-dehydrochlorination of [PtCI,((CF,),PCH(CH,)P(CF,),JI in the solid state at 150 OC 
gives the complex [Pt2(p-C1)2((CF3)2PC(CH3)P(CF3)2)2] (34), shown by single-crystal X-ray crystallography to contain two 
chelating bis(phosphan0)methanide ligands. 34 crystallizes in the monoclinic space group P21/n (No. 14) with cell dimensions 
a = 7.001 (2) A, b = 12.612 (2) A, c = 16.944 (4) A, and @ = 100.18 (2)”. The backboneP-C bond lengths of 34 (1.708 (8) 
and 1.686 (8) A) are among the shortest measured for chelate complexes of bis(phosphan0)methanides. 

Introduction 
Several trifluoromethylated bis(phosphano)alkanes, prepared 

by a variety of specific procedures, have been known for many 
years. Pyrolysis of C2H4, C2F4, or C2H2 with (CF3)2PP(CF3)2 
in the presence of catalytic traces of iodine gave the bis(phos- 
phano)alkanes (CF3)2PCR2CR2P(CF3)2 ( R  = H (1) or F (2)) 
and ~~u~~-(CF,)~PCH=CHP(CF,)~ (3), respectively.’ Similarly 
a t  higher temperatures (CH3)2PCH2CH2P(CH3)2 (4) was pre- 
pared from C2H4 and (CH3)2PP(CH3)2.2 Prolonged photolysis 
of (CF3)2PH and CF3C=CCF3 gave (CF3)2PCHCF3CHCF3P- 
(CF,), (5) along with cis- and ~~U~~-(CF~)~PC(CF,)=CH(CF,)  
(6a and 6b) in low yields,) and in a related procedure, the un- 
symmetrical bis(phosphano)alkanes Ph2PCH2CH2PR2 ( R  = CF: 
(7) and C6FsS (8)) were obtained from reaction of Ph2PCH=CH2 
and R2PH in the presence of a radical initiator. 

Reaction of 1 or 2 with N i ( C 0 ) 4  gave the chelate complexes 
[Ni(CO)2((CF3)2PCR2CR2P(CF,),JI (R = H (9);  R = F 
Displacement of more CO from 9 by 1 gave [Ni(CO)((CF,),P- 
CH2CH2P(CF3),J2] ( l l ) ,  which contains both chelate and uni- 
dentate  molecules of 1.6 T h e  related bis(phosphanes) 

did not yield chelate complexes with [Ni(CO),]. Instead 12 gave 
[Ni(CO)2{(CF,)2POP(CF3)2]]27 (16) in which two N i ( C 0 ) 2  
moieties appear to be bridged by both bis(phosphanes) similar 
to the bridging bis(phosphan0)methanes in [ N i ( C O ) , ( p  
(CH3)2PCH2P(CH3)2)]2 (17).8 In contrast 11-13 gave the 
“A”-frame complexes [Ni2(CO)2(p-CO)(p-(CF3)2PXP(CF3)2J2] 
(X = S (18), NH (19), NCH, (20)).7399’0 Monomeric chelate 
complexes [MCI2(Ph2PCH2CH2PR2)] ( M  = Pd, R = CF: (21); 
M = Pt, R = CF, (22); R = C6F5 (23)5) were obtained from 7 
or 8 and [MCI2(PhCN),] (M = Pt, Pd). Two of these 21 and 
22, are nearly isomorphous, with the most striking features of the 
molecular structures in each case being the extreme shortness of 
the (CF3),P-M bonds (2.192 (1 )  A4 in 21 and 2.168 (3) AS in 
22) and the respective trans M-CI bonds (2.31 1 (4) A4 in 21 and 
2.317 (3) AS in 22). 

We report herein the details of a useful general synthetic method 
for the preparation of 1, 2, and the new bis(phosphano)alkanes 

(CF,),PXP(CF,), ( X  = 0 (12), S (13), NH (14), NCH3 (15))’ 
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(CF3)2P(CH2)3P(CF3)2 (24) and (CF3)2PCRR’P(CF3)2 (R = R’ 
= H (25); R = H ,  R’ = CH3 (26); R = R’ = CH, (27)) from 
(CF3)2PP(CF3)2 and the appropriate diiodoalkanes. In addition 
the coordination of these ligands to  platinum(I1) and molybde- 
num(0) was investigated. 
Experimental Section 

All reactions were performed in sealed glass tubes and standard vac- 
uum-line techniques” were used throughout for the manipulation of 
volatile compounds. (CF3)2PP(CF3)2 was preparedL2 by the reduction 
of (CF,),PI with mercury. 1,l-Diiodoethane” and 2,2-diiodopropane14 
were prepared by literature methods. The other diiodoalkanes were 
commercial materials (Aldrich) that were used without further purifi- 
cation. [PtCI2(PhCN)2]l5 and ~is-[Mo(piperidine),(CO)~]~~ were pre- 
pared by standard methods. 

”F and llP NMR spectra of CDCl, solutions were recorded by using 
a Bruker WP400 instrument at the appropriate frequencies. ‘H and I3C 
NMR spectra were similarly recorded by means of a Bruker AM300 
spectrometer. I9F and ,lP NMR shifts are quoted with respect to CFCI, 
and 85% H3P04 respectively while ‘H and shifts are referenced to 
tetramethylsilane. 

Infrared spectra of the bis(phosphano)alkanes were recorded for gases 
(ca. 0.5 mmHg pressure) in 10 cm path length cells with CsI windows 
on a Nicolet MX-1 spectrometer. Solution infrared spectra were re- 
corded for CHCI, solutions in 0.5 mm path cells with NaCl windows on 
a Perkin-Elmer Model 457 spectrometer. Mass spectra were recorded 
on a Kratos MS50 instrument. Microanalyses of solids were obtained 
in this department while analyses of the volatile liquids were performed 
by Schwarzkopf Microanalytical Laboratories, Woodside, NY. 

Preparation of the Bis(pbosphnw)aUtanes. Typically the diiodoalkane 
( 1  mmol) and (CF3)2PP(CF3)z (3 mmol) were heated to 130 “C in a 
sealed medium-walled Pyrex 5-mm NMR tube for between 1 and 3 days. 
The reaction was monitored by means of periodic ‘H and IgF NMR 
spectra of the neat mixture recorded at room temperature. Reaction 
occurred slowly, but in most cases complete consumption of the diiodo- 
alkanes was eventually achieved to give mixtures of (CF,),PI, the bis- 
(phosphano)alkane, some unreacted (CF3),PP(CF3),, and trace amounts 
of (CF3)zPH and (CF3)3P. The bis(phosphano)alkanes, separated by 
fractional distillation through traps cooled to -23, -45, -63, -78, and 
-196 “C,  condensed at either -23 or -45 OC (or both) and were obtained 
in yields exceeding 50% (with respect to the diiodoalkanes). 

(CF3),PCH2CH2P(CF3), (1). A yield of 55% of pure (by I9F and IH 
NMR spectroscopy of the neat liquid) compound was obtained after a 
24-h reaction. The infrared spectral data for 1 (YCF = 1198, 1168, 1147, 
and 1108 cm-I) were identical with published I3C NMR: 
+127.87 ppm, quartets of doublets of quartets [lJC,F = 318.9 Hz, lJCp 
= 20.0 Hz, 3Jc,F = 6.0 Hz; P(CF,),]: +14.15 ppm, pseudotriplet AA’X 

(11 )  Shriver, D. F. The Manipulation of Air Sensitive Compounds; 
McGraw-Hill: New York, 1969. 

(12) Bennett, F. W.; Emeleus, H. J.; Haszeldine, R. N. J .  Chem. SOC. 1954, 
3896. 

(13) Friedrich, E. C.; Falling, S. N.; Lyons, D. E. Synth. Commun. 1975, 
5, 33. 

(14) Pross, A.; Sternhell, S.  Aust. J .  Chem. 1970, 23, 989. 
(1 5) Hartley, F. R. Organomet. Chem. Reu., Sect. A 1970, 6, 119. 
(16) Darensbourg, D. J.; Kump, R. L. Inorg. Chem. 1978, 27, 2680. 
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Pt(I1) and Mo(0) Complexes of Bis(phosphan0)alkanes 

[I'Jc,p 'Jc,pl = 33.7 Hz, ,Jc,F 1.3 Hz; P(CH,),P]. 
(CF3)2PCF2CF2P(CF3)2 (2). A yield of 6076, pure by I9F NMR 

spectroscopy, was obtained. An infrared spectrum of 2 was identical with 
that of an authentic sample (uCF = 1208, 1173, 1155, and 1115 cm-i).'-6 
I3C NMR: +126.0 ppm, quartet of multiplets [IJc,F = 323.0 Hz; 
(CF,),P]; +121.0 ppm, multiplet [P(CF,),P]. Yield was 50% after 48-h 
reaction time. 

(CF,),PCH2CH2CH2P(CF,), (24). A yield of 67% of pure 24 (by I9F 
and 'H NMR spectroscopy of the neat liquid) was obtained after a 72-h 
reaction. IR (uCF): 1197, 1167, 1140, 11 I O  cm-'. MS: m / e  380 (M'): 
calcd m / e  380.1. Anal. Calcd for C7H6F12P2: C, 22.12; H, 1.59; F, 
59.99; P, 16.30. Found: C, 21.72; H, 1.62; F, 60.37; P, 16.63. 13C 
NMR: +128.59 ppm, quartet of doublets of quartets [ ' J c , ~  = 318.3 Hz, 
IJc,p = 21.3 Hz, 3Jc,F = 6.1 Hz; (CF,),P]; +20.56 ppm, triplet [2Jc,p = 
20.2 Hz; CH2(CH2P),]; +20.30 ppm, pseudotriplet of multiplets AA'X 

(CF,),PCH,P(CF,), (25). A yield of 100% of 25 was obtained after 
a 24-h reaction. IR (uCF): 1202, 1180, 1141, 1119 cm-I. MS: m / e  352 
(M'); calcd m / e  352.0. Anal. Calcd for C5H2Fi2P2: C, 17.06; H, 0.57; 
F, 64.77; P, 17.60. Found: C, 16.67; H, 0.61; F, 65.48; P, 17.27. ')C 
NMR: t127.81 ppm, quartet of doublets of quartets [iJC,F = 324.5 Hz, 
IJc,p = 12.0 Hz, ,JC,F = 6.0 Hz; (CF,),P]; +8.83 ppm, triplet of mul- 
tiplets 

(CF,),PCH(CH,)P(CF,), (26). Sixteen hours of reaction time gave 
a 100% yield of 26. IR (uCF): 1 198, 1 166, 1136, 1 118 cm-I). MS: m/e  
366 (M'); calcd m / e  366.0. Anal. Calcd for C&~FI ,P~ :  C, 19.69; H, 
1.10; P, 16.92. Found: C, 19.80; H, 1.13; P, 17.33. I3C NMR +128.00 
ppm, quartet of multiplets [IJc,p = 340.0 Hz; (CF,),P]; +21.90 ppm, 
triplet of multiplets [lJc,p = 31.6 Hz, ) J c , ~  = 2.1 Hz; PCH(CH3)P]; 
f12.98 ppm, triplet [2Jc,p = 14.0 Hz; PCH(CH,)P]. 

(CF3),PC(CH3),P(CF3), (27). Twenty hours of reaction time gave 
ca. 67% yield of 27, but at best as a 95% enriched mixture according to 
19F NMR spectroscopy even after repeated fractional distallation. The 
other species was tentatively identified as (CF3)2PCH2CH(CH3)P(CF3)2 
on the basis of I9F and IH NMR spectroscopy. The sample was used as 
prepared. 

Pyrolysis of (CF,),PP(CF,), with Other Iodoalkanes. (a) 1,4-Di- 
iodobutane. An oil of low volatility was obtained whose NMR spectra 
(neat) showed the IH and I9F signals that would be expected for (C- 
F3)2P(CH2)4P(CF3)2 as a minor component (@(F) -55.3, doublet, zJp,F 
= 71.1 Hz; 6(H) 1.66, composite broad signal) of the total mixture. The 
major component of the mixture, unreacted 1,4-diiodobutane, could not 
be removed by fractional distillation. 

(b) 1,4-Diiodopentane. An oil of low volatility was obtained from the 
reaction of this iodide and (CF3),P2. The product, which appeared to 
be free of contamination according to NMR spectroscopy (yield -lo%), 
was tentatively identified as (CF3)2P(CH2)5P(CF3)2 on the basis of 'H, 
13C, and I9F NMR spectroscopy (see Table 111). 

(c) 4-Diiodotoluene. A low yield of a product tentatively identified 
as (CF,),PCH(Ph)P(CF,),, on the basis of the similarity of the 19F 
NMR spectra to spectra of 26, was observed in the neat volatile com- 
ponents of the mixture resulting when PhCHI, was heated with (CF3)4P2. 
Two X,AA'X', spin patterns (the X parts) were observed, @(F) -50.41 
and -51.52, I2JpF + ,Jp,FI = 78.3 and 88.1 Hz respectively, with JF,F = 
7.5 Hz. 

(d) Iodoform. An oil, 90% enriched in a single species, was obtained 
from reaction of CHI, and (CF,),P,. The product was tentatively 
identified as [(CF,),P],CH: a(P) +20.3, singlet (br); @(F) -51.52, 
doublet (br), "Jp,F1) = 86.0 Hz; 6(H) 2.47, quartet, 2JH,p = 4.1 Hz; yield 
-13%. 

(e) trans-Diiodoethene and 1,3-Diiodopropan-2-one. In each case 
decomposition of the organic components ensued, thus releasing iodine. 
(CF3)2PI and (CF3),PP(CF3), were the only fluorine-containing species 
in 19F NMR spectra of the neat reaction mixtures. 

Preparations of Platinum Complexes (28-32). Typically [PtCI,- 
(PhCN),] (ca. 0.10 mmol), the bis(phosphan0)alkanes (ca. 0.10 mmol), 
and chloroform (ca. 1 mL) were sealed in 5-mm glass reaction tubes. 
Initially yellow solutions formed at 70 "C. Within 5 min the solutions 
became colorless and cloudy, and after 10 min colorless microcrystalline 
precipitates of the monomeric chelate platinum complexes were evident. 
Compounds 28, 30, 31 and 33 were isolated by filtration of the cooled 
reaction mixtures. The reactions of ligands 2 and 25 gave soluble reac- 
tion products, and precipitates did not form despite prolonged cooling of 
their solutions to -35 OC. 
[PtC12((CF3)2PCH2CH2P(CF3)2~] (28): yield 42%; mp 352 "C dec. 

(76), [CF,]' (100, reference); figures in parentheses refer to relative 
intensities with respect to the reference (100). Anal. Calcd for 
C6H4C~,F12P2Pt: c ,  11.40; H, 0.64; CI, 11.22. Found: C, 11.59; H, 0.66; 
CI, 11.13. 

[I 'Jc,p + ,Jc,pl = 27.6 HZ, ,JC,F = 2.2 HZ; CH,(CH2P),]. 

= 28.2 Hz, 'JC,F = 3.0 Hz; PCH2PI. 

MS: M' (250), [M - CI]' (326), [M - CF,CI]' (71), [M - C2F4CII' 
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[PtC12((CF3)2PCF2CF2P(CF3)2}] (29): spectroscopic yield quantitative; 
assigned on the basis of I9F and ,lP NMR spectroscopic evidence as the 
monomeric chelate. Despite repeated attempts a solid product was not 
obtained by crystallization. 
[PtCI,I(CF,),P(CH,),P(CF,),)] (30): yield 43%; mp 321 OC dec. MS: 

reference). Anal. Calcd for C&C12F12P&: C, 13.01; H, 0.94; C1, 
10.98. Found: C, 13.34; H, 0.95; CI, 11.91. 

Reaction of (CF3),PCH2P(CF,), with [PtCI,(PhCN),]. 25 (60 mg, 
0.17 mmol) and PtCI,(PhCN), (74 mg, 0.16 mmol) and CDCI, (ca. 600 
pL) in a sealed 5-mm NMR tube were warmed to 70 OC for 10 min. 
NMR spectroscopy indicated a complex product distribution (see text). 
Prolonged cooling to -35 OC gave no crystalline precipitates. 
[PtCl~((CF3)2PCH(CH3)P(CF3)2)] (31): yield 72%. The compound 

sublimes below 200 OC before it melts. The yellow sublimate melts 
sharply at 216 OC. Anal. Calcd for C ~ H ~ C I ~ F I ~ P ~ P ~ :  C, 11.40; H, 0.64; 
C1, 11.22. Found: C, 11.38; H, 0.62; C1, 11.30. 
[PtC12((CF3)2PC(CH3)2P(CF3)2}] (32): yield 35%; mp 316 "C dec. 

(42), [CF,]' (100, reference). Anal. Calcd for C7H6CI2Fi2P2Pt: C, 
13.01; H, 0.94; CI, 10.98. Found: C, 13.25; H, 0.89; CI, 11.39. 

Preparation of [Pt2(p-CI)2((CF3)2PC(CH3)P(CF3)2}2] (34). A sample 
of 31 (70.4 mg, 0.1 I mmol) was sealed in a 30 X 1 cm glass reaction 
tube. The sample was heated to 150 OC for 1 h whereupon yellow 
crystals of 34 (40 mg, 60% yield), mp 216 OC, collected at the cooler end 
of the tube. MS: [CioHIF2P3]' (38), [M/2 - PF,]' (105), [M/2 - 
PCF,]' (75), [M/2 - C2F6CI]' (77), [CF,]' (100, reference). Anal. 
Calcd for [C6H3C1FI2P2Pt],: C, 12.10; H, 0.51; CI, 5.95. Found: C, 
12.01; H, 0.52; CI, 6.04. Mol wt 1191.13 ( x  = 2), from X-ray crystal- 
lography. 

Preparation of the Molybdenum Complexes (35-37). Typically chlo- 
roform solutions (0.5 mL) containing 0.4 mmol each of cis-[Mo(CO),- 
(piperidine),] and bis(phosphan0)alkane (1 ,2,  or 24) were heated to 80 
OC for 1 h in sealed 5-mm NMR tubes. The extent of reaction was 
monitored by solution I9F NMR spectroscopy, which showed that the 
reaction was complete within 30 min. The chloroform was removed in 
vacuo and the residue redissolved in methanol. The methanol solutions 
were then cooled to -78 OC overnight. Colorless crystalline samples of 
35-37 were collected by filtration and dried in vacuo (2 h, IO-' Torr). 
[MO(CO)~{(CF~)~PCH,CH,P(CF,),)] (35): yield 55%; mp 90-91 OC. 

Anal. Calcd for CI0H4Fi2MoO4P2: C, 20.93; H, 0.70 (mol wt 573.9). 
Found: C, 20.87; H, 0.70 (mol wt 605.7 (benzene)). (CHCI,): urn 2063 
( s ) ,  1988 (vs), 1961 (VS) cm-l; U C F  1208 (m), 1176 (vs), 1163 (vs), 1130 
(vs), 1113 (s), 1101 (s), 1091 (s) cm-l. 
[Mo(CO)~((CF~)~PCF~CF~P(CF,)~)] (36): yield 13%; mp ca 25 OC. 

Anal. Calcd for CIOFI6MoO4P2: C, 18.58; H, 0.00. Found: C, 18.02; 
H, 0.00. IR (CHCI,): uc0 2082 (s), 1994 (vs), 1972 (s) ern-'; uCF 1247 
(vs), 1185 (vs), 1150 (vs), 1121 (vs), 1103 (s), 1009 (s) cm-I. 
[MO(CO)~{(CF,),P(CH,),P(CF,),~~ (37): yield 25%; mp 11 1 OC. 

Anal. Calcd for CliH6F12M004P2: C, 22.47; H, 1.03 (mol wt 588.0). 
Found: C, 22.65; H, 1.13 (mol wt 576 (benzene)). IR (CHCI,): uc0 
2065 ( s ) ,  1981 (vs), 1955 (VS) cm-I; U C F  1200 ( s ) ,  1189 ( s ) ,  1152 (vs), 
1108 (s) cm-l. 

X-ray Data Collection and Structure Solution for [Pt,(fi-CI),- 
(((CF3)2P)2CCH3)2] (34).17 A crystal of 34 was mounted in a nonspecific 
orientation on an Enraf-Nonius CAD4 automated diffractometer. All 
intensity measurements were performed by using Mo K a  radiation (A  = 
0.71073 A) with a graphite-crystal, incident-beam monochromator. The 
automatic peak search and reflection indexing programsi8 in conjunction 
with a cell reduction program showed the crystal to be monoclinic, and 
from the systematic absences (hOl, h + 1 odd; OkO, k odd) the space group 
was determined to be P2,/n, an alternative setting of P2,/c (No. 14).19 
Cell constants were obtained from a least-squares refinement of the 
setting angles of 25 reflections in the range 14 < 28 < 24'. The various 
crystal parameters and details of intensity collection for 34 are given in 
Table I. 

The intensity data were collected at room temperature (23 "C) by 
using an W-20 scan ranging in speed from 10.1 to 1.4' rnin-' (in w) .  The 
variable scan rate was chosen to give u(I)/I 5 0.03 within a time limit 
of 50 s in order to achieve improved counting statistics for both intense 
and weak reflections in a minimum time. The scan range was determined 

[M - F]' (137), [M - Cl]' (782), [M - CF2CIl' (107), [CF,]' (100. 

MS: [M - F]' (37), [M - CI]' (335), [M - CFg]' (27), [M - CF3CIl 

~~ ~~~ 

(17) This X-ray crystallographic study comprises Report No. SR:030122- 
03-87 of the Structure Determination Laboratory, Department of 
Chemistry, University of Alberta. 

(1 8) The diffractometer programs are those supplied by Enraf-Nonius for 
operating the CAD4F diffractometer with some local modifications and 
additions. 

( 19) International Tables for X-ray Crystallography; Kynoch: Birmingham, 
England, 1969; Vol. I .  
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Table I. Crystal Data and Details of Intensity Collection for 34 
formula: C12H6C12F24P4Ptz 
fw: 1191.13 
cryst size: 0.16 X 0.15 X 0.18 mm 
syst abs: h01 ( h  + 1 odd), OkO ( k  odd) 
space group: monoclinic P21/n 
radiation: Mo Ka (A = 0.71073 A) 
unit cell params: a = 7.001 (2) A, b = 12.612 (2) A, 

V 1472 A3 
z: 2 
pEalc: 2.686 g 
linear abs coeff 101.44 cm-’ 
agreement factors R,, R2, GOF:“ 0.037, 0.045, 1.41 
cor applied: abs cor 

c = 16.944 (4) A, fi  = 100.18 (2)’ 

as a function of 8 to compensate for the aI-a2 wavelength dispersion; the 
w scan width = 0.60 + 0.35 tan 8. 

Backgrounds for the peaks were measured by extending the scan 25% 
on either side of the calculated range to give a peak to background 
counting time of 2:l. Intensity measurements were made out to a 
maximum 28 of 55O. Three reflections were chosen as standard reflec- 
tions and were remeasured every 60 min of exposure time to monitor 
crystal and electronic stability over the course of data collection. A linear 
regression analysis of these standards showed a mean change in intensity 
of 3.4% (5.8%) over the time span of data collection, which was consid- 
ered to be negligible. 
Data Reduction. A total of 3807 reflections were collected and these 

were corrected for Lorentz, polarization, and background effects ac- 
cording to the following formulas: 

I = SR(SC - R B ) / L p  
u(1) = SR(SC + RB) + ( p I ) / L p  

where SR is the scan rate, SC is the total scan count, R is the ratio of 
scan time to background time, B is the total background count, p is a 
factor to downweight intense reflections (chosen as 0.04 in this experi- 
ment), and Lp is the Lorentz and polarization correction term. 

The data were corrected for absorption effects by using an empirical 
correction based on the absorption surface method of Walker and 
Stuart.zo The maximum and minimum correction coefficients applied 
to F, were 1.1974 and 0.7406, respectively. After equivalent forms were 
averaged ( R  factor for averaging is 0.065) and any systematically absent 
data were rejected, there were 3525 unique reflections of which 2232, 
having I > 3u(I), were used in the structure solution and refinement. 

Structure Solution and Refinement. The volume of a unit cell indicates 
there are only two independent formula units present thus each molecule 
must sit on a center of symmetry as required by the space group. The 
structure was solved with a three-dimensional Patterson synthesis that 
gave the positional parameters for the Pt atom. The remaining non- 
hydrogen atoms were located by the usual combination of least-squares 
refinement and difference Fourier synthesis. 

Refinement2] of atomic parameters was carried out by using full- 
matrix least-squares techniques on F, minimizing the function Cw(lFol 
- IFc[) where IFoI and lFcl are the observed and calculated structure factor 
amplitudes respectively, and the weighting factor w is given by w = 
4F0/u(F0). The neutral-atom scattering factors were calculated from the 
analytical expression for the scattering factor curves.22 Thef’ and f ”  
components of anomalous dispersionz3 were included in the calculations 
for all non-hydrogen atoms. 

The hydrogen atoms of an ideal methyl group (C-H 0.95 A and 
tetrahedral geometry) were fitted by least-squares techniques to peaks 
observed in a difference Fourier. These atoms were then included in the 
calculations with fixed, isotropic thermal parameters 1.2 times that of 
the attached atom and constrained to “ride” with this atom. 

In the final cycle 200 parameters were refined by using 2232 obser- 
vations having I > 341). Included as a variable was a secondary ex- 

(20) Walker, N.; Stuart, D. Acta Crystallogr. 1983, A39, 158. 
(21) The computer programs used in this analysis include the Enraf-Nonius 

Structure Determination Package, Version 3 (1985, Delft, The Neth- 
erlands), rewritten for a Sun Microsystems computer and several locally 
written or modified programs. 

( 2 2 )  International Tables for X-ray Crystallography; Kynoch: Birmingham, 
England, 1974; Vol. IV. Table 2.2B. 

(23) International Tables for X-ray Crystallography; Kynoch: Birmingham, 
England, 1974; Vol. IV. Table 2.3.1 Present distributor: D. Reidel, 
Dordrecht, The Netherlands. 

Table 11. Final Positional (XlO’) and Thermal (X102) Parameters 
for 34a 

atom X Y z u,b A2 

Pt 159.17 (5) 90.83 (3) 55.87 (2) 3.289 (8) 

PI 330.4 (3) 129.2 (2) 174.3 ( I )  3.81 (7) 
P2 323.0 (3) 240.4 (2) 53.1 (2) 4.17 (7) 
F1 614 ( I )  56.8 (7) 287.3 (5) 11.8 (3) 
F2 632 ( 1 )  6.2 (7) 171.3 (5) 11.7 (3) 
F3 423 ( I )  -63.4 (6) 234.8 (7) 13.2 (4) 
F4 128 ( I )  58.0 (7)  282.7 (5) 13.8 (4) 
F5 35 (1) 203.7 (8) 232.6 (5) 10.8 (3) 
F6 288 (1) 196.7 (8) 318.3 (4) 11.6 (4) 

CI -3.6 (4) 71.2 (2) -79.2 (1) 4.96 (7) 

F7 398 (1) 244 (1) -95.8 (5) 15.5 (5) 
F8 604 ( I )  325.0 (8) -11.1 (6) 15.1 (4) 
F9 597 (1) 163 (1) -14.0 (6) 17.0 (4) 
F10 77 (2) 359.6 (8) -47.4 (6) 14.5 (5) 
FII  280 (2) 447.5 (7) 32.5 (8) 14.2 (5) 
F12 49 (1) 373.1 (7) 70.3 (6) 12.5 (4) 
C1 436 (1) 243.5 (7) 149.5 (6) 4.2 (3) 
C2 582 (2) 318 (1) 198.1 (8) 6.8 (4) 
C3 508 (2) 23.8 (9) 220.7 (7) 6.8 (4) 
C4 186 (2) 146.8 (9) 259.0 (7) 5.7 (4) 
C5 490 (2) 243 (1) -22.8 (7) 8.3 (5) 
C6 177 (2) 361 (1) 22.9 (8) 7.0 (4) 

’Atomic coordinates of the hydrogen atoms are available as supple- 
mentary material. Estimated standard deviations in parentheses. 
<The equivalent isotropic thermal parameter U is given by U = 
‘ / , ~ b , r , ’ ,  where r, are the root-mean-square amplitudes of vibration. 

Scheme I 

+ (CF312PI 

tinction coefficient which refined to a value of 3.41 X lo-*. The final 
agreement factors were RI = 0.037 and Rz = 0.045. The largest shift 
in any parameter was 0.02 times its estimated standard deviation and the 
error in an observation of unit weight was 1.41e. An analysis of Rz in 
terms of Fo, A-’ sin 8, and various combinations of Miller indices showed 
no unusual trends. The highest peak in the final difference Fourier has 
a density of 1.7 (2) e A-3, is located 1 A from the Pt atom and is without 
chemical significance. The final positional (X lo3) and thermal (X102) 
parameters for 34 are listed in Table 11. 

Results and Discussion 
Phosphorus-phosphorus bond cleavage of (CF3)2PP(CF3)2 by 

CH31 or CF31 to give the tertiary phosphanes (CF3)2PCH3 or 
(CF&P, respectively, and (CF3)2PI has been known since 196024 
(eq 1). High yields of two known and four new bis(bis(tri- 

(CF3)2PP(CF3)2 + RI - (CF3)ZPR + (CF3)2PI (1) 
fluoromethy1)phosphano)alkanes were successfully obtained by 
extension of the procedure to diiodoalkanes. Specifically the 
diiodoalkanes (1  equiv of I(CH2),I (n = 1-3), CH(CH3)Iz,  IC- 
(CH3)I, and IC,F,I) when heated with (CF3)2PP(CF3)2 (3 equiv) 
t o  130 OC in sealed glass tubes for between one and three days 
yielded 1, 2, (CF3)zP(CH2)3P(CF3)2 (24), and (CF3),PCRR’P- 

CH, (27) (Scheme I) .  
The  bis(phosphano)alkanes, all of which are moderately air- 

stable colorless liquids, were readily isolated from the common 
byproducts by high-vacuum fractional distillation. Diiodoalkanes 
with moderate amounts of contaminant iodine can be utilized in 
this synthesis. In these instances thermolysis of the volatile 

(CF,), (R = R’ = H (25), R = H ,  R’ = CH3 (26); R = R’ = 

(24) Cullen, W. R. Can. J .  Chem. 1960, 38, 439 
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Table 111. IH, I9F, and 31P NMR Parameters of Phosphanoalkanes’ 

compd 6 F  JP.FI HZ 6 H  JH,P, HZ UP 

(CFM’CHzP(CF3)2 (25) -55.31 86.5 2.58 (t)b 2.75 -7.11 
(CF3)2PCH(CH,)P(CF,)2c*d (26) -49.97 87.2 3.03 (9) 0 +10.94 

-51.73 96.5 1.71 (t of d) 8.7 
(CF,)ZPC(CH,)~P(CF~)~ (27) -48.54 95.2 1.64 (t) 9.5 

1.98 (m, C-CH2P) ... 
(CFM’CH2CH2P(CF,)2 (1) -54.97 74.4 2.29 (’t”) “8.1” +21.70 
(CF,)2PCH2CH2CH2P(CF3), (24) -55.07 (d) 72.6 1.75 (m, C-CH2-C) ... -0.93 

(CF3)2P(CH2)5P(CF3)2 -55.09 (d) 70.8 2.02 (m) ... ... 
1.67. 1.64 (m) ... 

-48.46 
-103.68 

\ ,  
84.3 ... 
77.6 ... 

... -0.38 

... 
ORecorded for CDCI, solutions at +25 “C relative to CFCl, (19F, 376.5 MHz), TMS (IH, 300.13 MHz), or 85% H,P04(aq) (,‘P, 161.9 MHz). 

Positive values indicate low-field shifts. bd = doublet, t = 1:2:1 triplet, “t” = pseudotriplet (second order), q = 1:3:3:1 quartet, m = multiplet. c4JF,F 
= 7.5 HZ. d ’ J ~ , ~  = 7.2 HZ. e 4 J ~ , ~  = 6.6 HZ. 

”F NMR (376.5 MHz) 

J ’  ‘ 1 1  ” ’  1 ‘ I ” ,  I , , ,  , . , I , ,  , I /  , , , , , I , , , , ,  , , , 1 , , , , , , , , , 1 , , , , , , , , , l ~ , , , .  
-1 8660 -18760 -18860 -18960 ‘ ’ -19360 -19460 -19566 -19860 HzwCCI,F 

Figure 1. I9F NMR spectrum of (CF3)2PCH(CH,)P(CF3)2 (26). Each part of the spectrum corresponds to an X,AA’X’, pattern of a pair of CF, 
groups. The 2Jpp coupling can be seen as very weak lines approximately 100 Hz outside the edges of each central envelope. 

products from a mercury reduction of the initial pyrolysis products 
(which converts (CF3)2PI to (CF3)2PP(CF3)212) makes it possible 
to isolate bis(phosphano)alkanes in good, though lower, yields than 
when pure reactants are used. Although the reaction is apparently 
general, repeated attempts to prepare pure phosphanes from 
several other iodoalkanes (trans-diiodoethene, tu&-diiodotoluene, 
1,3-diiodopropan-2-one, 1,4-di-iodobutane, 1 ,5-di-iodopentane, 
and iodoform; see Experimental Section) were complicated either 
by decomposition of the iodides a t  the reaction temperature or 
the formation of liquid products of insufficient volatility to permit 
efficient fractional distillation and purification. 

The preparations of 1 and 2 described previously’ are limited 
to C2 carbon chains. Previous workers in our laboratory prepared 
25 in 57% yield25 by heating mixtures of (CF3)2PI and CH212 over 
excess mercury to 150 OC in sealed tubes for 40 h. Caution! 
Heating (CF3)zPP(CF3)2 (9.4 mmol), CHI, (6.4 mmol) over Hg 
(-130 mmol) to 140 “ C  in a Carius tube (30 mL) for 4 days 
gave no reaction. However, within 5 min a t  160 OC a violent 
explosion occurred, the cause of which remains unknown. 
Subsequently we have shown that the bis(phosphanes) are more 
conveniently prepared in as good or better yields without the need 
of mercury by simple thermolysis of (CF,)zPP(CF3)2 and di- 
iodoalkanes for 1-3 days at  130 OC. A typical reaction of di- 
iodoalkane ( 1  mmol) with (CF3)2PP(CF3)2 (3 mmol) is most 
conveniently performed in a sealed 5-mm medium-walled glass 
N M R  tube (see Experimental Section). The progress of the 
reaction is easily monitored by using continuous-wave N M R  
experiments on unlocked samples. Although the total conversion 
of all (CF3)2P groups to bis(phosphan0)alkane cannot be achieved, 

the byproduct (CF3)2PI can be easily separated from the reaction 
mixture. This advantage overshadows the limits to conversion. 
Recovered (CF3)2PI can be easily transformed back to (CF3)4P2 
by reaction with mercury.12 

Infrared and mass spectra and C,  H ,  F, and P microanalyses 
of the new bis(phosphan0)alkanes are  fully consistent with their 
formulation. 

NMR Spectroscopy of the Bis(pbosphano)alkanes. ‘H, 19F, and 
31P N M R  spectroscopic details for the bis(phosphan0)alkanes are 
given in Table 111. The ‘H N M R  spectra of 25-27 are first order 
while that of 24 consists of overlapping multiplets. ‘H N M R  
spectra of the methylene protons of 1 show a characteristic 
(“deceptively simple”) pseudotriplet, due to the X part of an 
AXXX’X”X”‘A’ nuclear spin system.26 The splitting between 
the outermost intense peaks, 12Jp,H + 3Jp,HI, is 8.1 H z  and is 
comparable to the same coupling in Ph2PCH2CH2PPh2 (8.5 Hz),% 
the ‘H N M R  spectrum of which more closely resembled a 1:2:1 
triplet. The 19F and ,‘P N M R  spectra of 1, 25, and 27 are  best 
interpreted as the x and A parts respectively of X6AArXr6 nuclear 
spin systems.27 The 19F N M R  spectrum of 24 is a doublet while 
small doublet splittings in the outermost peaks of the ,‘P N M R  
septet of 24 arise from a small 14Jp,pl coupling of 2.0 Hz. 

The I9F N M R  spectrum of 26 comprises two signals corre- 
sponding to two pairs of CF, groups. Each pair resonates as an 
independent X,AA’X’, nuclear spin system27 (the X part) while 
there is only a single phosphorus resonance. A 19F(31P) N M R  
spectrum of 26 (Figure 1) consists of two quartets split by a 
geminal fluorine-fluorine coupling constant, 4JF,F, of 7.5 Hz. 

( 2 5 )  Doty, L.; Sanger, A. R.; Cavell, R. G., unpublished results. 
( 2 6 )  Carty, A. J.; Harris, R. K. Chem. Commun. 1967, 234 
(27) Harris, R. K. Can. J .  Chem. 1964, 42, 2275. 
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Table IV. NMR SDectroscoDic Parameters for IPtCl.tP-P)l ComDIexes 

39.2 0 

2 8  

-48.1 Id 102.4 36.5 +27.08 (m) 11.3 
-1 18.3d 12Jp,~ + ’Jp,~l  = 

(CF3)2  76.0 Hz 
29 

(CF3)2 

-53.97“ 85.2 

(CF3)2 

30 

36.5 0 

31 

32 

(CF3)2 

H , ~ ~ p > p l ~ - 6 0 . 6 6 c  97.0 
P 

48.1 

61.8 insoluble 

33.0 

1.47 

3258.5 

I ~ J P , H  + 3 ~ p , H ~  = 
14.3 Hz 

2.49 (m, CH2CH2P) 
2.1 1 (s, CH2P) 

2892.6 4.36 (t of q’S (CKPJ)’ 2 J p , ~  = 13.8 HZ 
1.84 (t of d’s(CH3CHP),)) 3JH,p = 17 .5  Hz 

2.26 (t) ’JH,~ = 18.0 Hz 

1.67 (t) ’JH,p = 19.1 HZ 

(CF3 )2 

‘First-order doublet. *Two broad X,AA’X’, “doublets”. ‘X,AA‘Xfn ‘doublets”. dSee text. ‘S = singlet, d = doublet, t = triplet, q = quartet, m = multiplet. 
“JH,H = 7.5 HZ. 

Methyl substitution of the bridging carbon has created non- 
equivalent terminal CF, environments on phosphorus. 

The I9F N M R  signals of 2 are nontrivial second-order features 
consisting of a complex doublet and a 1 :2:1 triplet of multiplets 
for the methyl and methylene fluorines, respectively (Figure 2). 
The doublet splitting of the P(CF,), resonance at  highest frequency 
is assigned as NCFl = 12Jp,F + ’Jp,FI = 84.3 Hz of an X6AA’X’627 
substructure. The P(CF3)2 fluorine resonance collapses to a 
“doublet” of this splitting, with other now smaller transitions 
clustered around the flanks of the main transitions, when the- 
methylene fluorines are  decoupled. The triplet splitting of the 
methylene fluorines, 77.6 Hz, is assigned to N C F ~  = I2Jp,~  + ,Jp,p( 
for the X part of an AXX’X”X’’’A’26 spin system. The multiplet 
structure of each part of the triplet approximates to a septet, and 
we assign the splitting of 6.6 Hz to the fluorine-fluorine coupling 
constant between the terminal CF3  and the bridging CF2, 4JF,F. 

An estimate of 41.2 Hz is obtained for the phosphorus-phos- 
phorus coupling constant, 13Jp,pl, of 1 from I9F and ,*P N M R  
spectra.25 12Jp,pl for 26 is estimated a t  ca. 150 Hz from the 
positions of the weak satellites of each signal in 19F N M R  spectra.27 

Pt(I1) Complexes of the Bis(phosphan0)alkanes. Bis(phos- 
phano)alkanes 1, 2, and 24-27 react completely within 10 min 
with [PtCl,(PhCN),] in chloroform solution at  70 ‘C. The 
products from the reactions of 2 and 25 are very soluble in 
chloroform and a wide range of other solvents; thus, analytical 
samples of the products of each reaction were not obtained. In 
all the other cases insoluble colorless crystalline precipitates were 
obtained in modest yields. 

Microanalyses (C, H, C1 of 28 azd 30-32 are consistent with 

spectively). Because 28, 30, and 32 were insufficiently soluble 
in CDC13, CD2C12, or other deuteriated solvents for 31P N M R  
spectroscopy, a comprehensive N M R  analysis of this series of 
compounds cannot be achieved (Table IV). The phosphorus shift 

the formulation [PtC12(L 4 )I, (L L = 1, 24, 26, and 27, re- 

in 31 (a(P)  -22.32, lJp,R = 2892.6 Hz) is notable, occurring at  
33 ppm lower frequency than the phosphorus shift in the free 
ligand. This unusual shielding effect on coordination is observed 
for the complexes [MX2(Ph2PCHRPPh2)] ( M  = Pt, X = C1, R 
= H28 or X = alkyl, aryl, R = H;zs M = Pd, X = C129 or I,30 R 
= CH,), wherein the bis(phosphan0)alkanes form strained 

four-membered M P C P  rings. The terminal CF, group inequiv- 
alence bestowed upon ligand 26 by virtue of the 1,l-ethane 
backbone is preserved in 31. 19F N M R  spectra of 31 comprise 
similar independent X3AA‘X’?’ signals (the X parts) further split 
by a geminal fluorine-fluorine interaction (4JF,F = 4.0 Hz). The 
signals approximate to doublets signifying that l2JPpl is much lower 
in magnitude than that for the free ligand (12Jp,pl - 150 Hz). 
12Jp,pl for 31 is estimated to be 45.0 Hz from the ,IP N M R  
spectrum, which approximates to the A part of an X6AA’X’6 spin 
system. A I9F N M R  spectrum of compound 32 is indicative of 
an X6AA’X’627 nuclear spin system and an estimate of I2Jpd from 
this spectrum is 33.0 Hz. Given all the N M R  evidence, we assign 
a chelate monomeric structure to 31 and 32. 

I 

(CF3)2 

H S c x P \ p t / c ‘  

R P’ \CI 
(CF3)2 

R = H ( S l ) ;  R=CH,(S2)  

I9F N M R  spectra of 28 and 30 are  first-order doublets split 
Thus the magnitudes of phosphorus- by coupling to I9’Pt. 

(28) Hassan, F. S. M.; McEwan, D. M.; Pringle, P. G.; Shaw, B. L. J .  Chem. 
Soc., Dalton Trans. 1985, 1501. 

(29) Lee, C.-L.; Yang, Y.-P.; Rettig, S. J.; James, B. R.; Nelson, D. A.; Lilga, 
M. A. Organometallics 1986, 5, 2220. 

(30) AI-Jibori, S.; Shaw, B. L. Inorg. Chim. Acta 1983, 74,  235. 
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Figure 2. 19F NMR spectrum of (CF&PCF2CF2P(CF3), (2) showing the C2F4 and (CFJ2P parts of the spectrum. 

3'P NMR (161.9 MHr)  

I ,  , ' , , ' ' " , ' , " ' ~ ~ . I ~ ' . ~  " '  I '  ' ' ' " 1  " " ' I , , '  ' ' " ' ~ , ' '  ' " ' , I  ""  ' ' ~ ~ ~ ' ~ ' ' ' ~ ~ ~ ~ ~ " ' ' ' ' ~ ~ ' ~ ~ ~ i  

40 35 30 25 20 15 ppmmH~PO, 

Figure 3. "P NMR spectrum of [PtC121(CF3)ZPCF2CFZP(CF,)2J] (29). The IgsPt satellites are found at ca. 17 and 37 ppm. 

phosphorus and long-range fluorine-phosphorus coupling constants 
for the bis(phosphan0)alkanes coordinated to P t  in 28 and 30 are 
close to zero. Values for 2Jp,p for the monomeric complexes 

Pd, RF = CF3) are  all less than 8 H Z . ~  Therefore 28 and 30 are  
similarly assigned chelate monomeric structures. 

[PtC12((Rp)2PCH2CH2PPh2]] ( M  = Pt, RF = CF3, C,F,; M = 

n - 2  ( 2 8 ) ;  n - 3  (30) 

[PtCI2(PhCN),] and 2 reacted quantitatively to give a single 
species, 29 31P N M R  spectra of 29 indicate that it contains a 
single phosphorus environment. The spectrum is a second-order 
multiplet split by coupling to 195Pt, (lJp,R = 3258.5 Hz) (Figure 
3). The main peak and its satellites have identical P-F splitting 
patterns; therefore, the phosphorus nuclei are coordinated to a 
single Pt  atom. Coordination has transformed the methylene 
fluorine I9F N M R  "triplet" signal of free. 2 into a "doublet", which 
indicates a substantial drop in the magnitude of IJPpl?' Low values 
of 12Jp,pl are  characteristic for coupling between cis-chelated 
tertiary bis(phosphan0)alkanes coordinated to platinum, irre- 
spective of the potential backbone contribution to IJp,pl.31 
Therefore 29, like 28 and 30, appears to be a monomeric cis- 

dichloroplatinum complex containing a chelated bis(phospha- 
no) al kane. 

Monomeric chelate complexes 31 and 32 represent the major 
products in the reactions of 26 and 27, respectively, with 
[PtCl,(PhCN),] but are not the only ones. Solution N M R  spectra 
of the residues from the reaction of 26 comprise mainly 31 (ca. 
50%) and an estimated six other species, none of which was 
identified unambiguously. Analogously 25 and [PtCl,(PhCN),] 
react to give four species whose methylene proton resonances are 
complex multiplets, thus indicating coupling to more than two 
phosphorus nuclei.2g Clearly 25 does not form a monomeric 
chelate complex with PtC1,. Instead dimeric or oligomeric 
products are suspected. Such products are known to predominate 
in the reactions of bis(phosphan0)alkanes more suited to bridging 
than chelating interactions with transition metals, e.g., 
Ph2PCH2PPh2 ( d ~ p m ) . ~ ,  Recent evidence33 suggests that bis- 
(phosphan0)methanes with more sterically encumbered phosphorus 
substituents favor the formation of small chelate rings by virtue 
of a Thorpe-Ingold effect.34 We suggest that for our trifluoro- 
methyl systems, in part a t  least, the same effect operates with 
successive methyl substitution on the backbone of 25 (to give 26 
and 27). At this stage we are in no position to gauge what 
influence the measurably weak trans influence of (CF3)2P.' has 
on the preference of (trifluoromethyl)bis(phosphano)methane for 
formation of dimeric, oligomeric, or monomeric products. 

(31) Carty, A. J.; Johnson, D. K.; Jacobsen, S. E. J .  Am. Chem. SOC. 1979, 
101, 5612. 

~ ~ _ _ _ _ _ _ _  

(32) Puddephatt, R. J .  Chem. SOC. Reu. 1983: 12, 99. 
(33) Ling, s. S. M.; Puddephatt, R. J.; ManojloviE-Muir, L.; Muir, K. W. 

Inorg. Chim. Acta 1983, 77, L95. 
(34) Ingold, C. K. J .  Chem. SOC. 1921, 951. 

~ 
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Figure 4. Molecular structure of 34 (ORTEP; thermal ellipsoids at 50% 
probability level). 

Table V. Selected Interatomic Distances (A) of 34' 

Pt-CI 2.383 (2) Pl-C4 1.91 (1) 
Pt-C1'b 2.382 (2) P2-C1 1.686 (8) 
Pt-P1 2.202 (2) P2-C5 1.88 (1) 
Pt-P2 2.212 (2) P2-C6 1.85 (1) 
PI-Cl 1.708 (8) Cl-C2 1.52 (1) 
Pl-C3 1.90 (1) C-F 1.29 (4) av 

' Numbers in parentheses are estimated standard deviations in the 
least significant digits. bCI' is the chloride atom trans to P2. 

Pyrolysis of 32. Microanalytical data for 34, the yellow sub- 
limate prepared from heating 32 to 150 "C in vacuo, suggested 
that it was the product of a dehydrochlorination reaction. A 'H 
N M R  spectrum of 34 indicated the retention of the methyl group 
in an environment similar to that of 32 (6(H) 1.84, 3JH,p = 17.5 
H z  in 32; 6(H) 1.67, 3JH,p = 19.1 Hz  in 34). Moreover only a 
single fluorine environment is observed for 34, thus indicating loss 
of the inequivalence that was generated by the presence of the 
methyl group on the bridging carbon in the parent. An X-ray 
crystallographic determination of 34 showed it to be a chloride- 
bridged diplatinum(I1) complex of the new bis(phosphan0)- 
methanide ligand { [(CF3)2P]2CCH3J- (Figure 4). Since the 
reaction proceeds readily almost 60 "C below the melting point 
of 34, we suspect that loss of HC1 occurs by an intermolecular 
process in the solid state summarized by eq 2. 

(CF3)2 

Chelating bis(phosphano)methanides of many metals a re  
k n ~ w n . ~ ~ - ~ '  Typically they have been prepared from reaction 
of lithium bis(phosphano)methanides and a suitable metal chloride 
in  THF or diethyl ether solution at low temperatures. Alterna- 
tively Bu"Li and N a H  have been shown to  cleanly deprotonate 
chelated dppm on Pt(II)38 (eq 3). 34 is the first structurally 

r Phg 1' 

L Ph 

(35) For leading references see: Karsch, H.  H.; Appelt, A,; Muller, G. 
Organometallics 1986, 5, 1664. Balch, A. L.; Orarn, D. E. Inorg. Chem. 
1987, 26, 1906. 

(36) Bassett, J. M.;  Mandl, J. R.; Schmidbaur, H.  Chem. Ber. 1980, 113, 
1145. 

(37) Issleib, K.; Abicht, H. P. J .  Prakt. Chem. 1970, 312, 456. 

Table VI. Selected Interatomic Angles (deg) of 34a 

CI-Pt-PI 171.60 (8) Pt-P2-C5 114.5 (4) 
CYb-Pt-P1 103.22 (8) Pt-P2-C6 11 6.4 (4) 
CI-Pt-P2 103.27 (8) Cl-P2-C5 114.7 (5) 
CI'b-Pt-P2 171.58 (8) Cl-P2-C6 112.9 ( 5 )  
PI-Pt-P2 68.36 (8) C5-P2-C6 100.1 (7) 

Pt-Pl-C3 115.8 (3) PI-Cl-C2 131.9 (8) 
Pt-PI-C4 115.8 (3) P2-Cl-C2 134.2 (8) 
Cl-Pl-C3 114.3 (5) C1-Pt-CI'* 85.15 (7) 
Cl-PI-C4 113.5 (4) Pt-CI-Pt" 94.85 (8) 

Pt-P1-Cl 98.7 (3) PI-Cl-P2 93.9 (4) 

C3-Pl-C4 99.6 (5) P-C-F 111.1 (29) av 
Pt-P2-C1 99.0 (3) F-C-F 107 (3) av 

' Numbers in parentheses are estimated standard deviations in the 
least significant digits. bC1' is the chloride trans to P2. cPt' is related 
to Pt by the center of symmetry. 

Table VII. Intraannular Torsion Angles (deg) of 34' 

P2-Pt-P1-C1 -1.06 (0.57) 
Pl-Pt-P2-C1 1.07 (0.58) 
Pt-PI-c1-P2 1.30 (0.70) 
Pt-P2-Cl-P1 -1.29 (0.69) 

' Estimated standard deviations in parentheses. 

characterized example of a class of compound first prepared by 
Issleib and coworkers in 197037 that proved difficult to characerize 
fully because of solubility problems. Similarly 34 was insufficiently 
soluble for a 31p N M R  spectrum to be recorded. 

Selected bond lengths and angles and intramolecular torsion 
angles of 34 are provided in Tables V-VII, respectively. Molecules 
of 34 are  centrosymmetric (Figure 4), and the atoms of both 
chelate rings, the central PtzClz ring, and the terminal methyl 
carbons are  virtually coplanar. The P(  1)-C( 1)-P(2) and P- 
(l)-Pt-P(2) bond angles of 93.9 (4) and 68.36 (8)" differ little 
with respect to similar angles in [Pt((PhzP)zCH](MezP(CH2)2)] 
(39), 95 ( 1 )  and 69.6 (2)0,36 [PtCl(PEt3)((Ph,P),CH]] (M), 98.6 
(5) and 69.65 (S)', 38 and [Pt((Ph2P)2CH)2] (41), 99.4 (1) and 
69.1 (1),39 or for that matter in the dppm complex [PtPh,- 
((Ph,P),CH,J] (42), 95 and 73". 

30 40 

Ph2 Ph2 
P P 

H-C ,'C-H 
$- \p t /  -A 
K-p/ \,-/ 

Ph2 Ph2 

4 1  

The relative shortness of P(1)-C(l)  (1.708 (8) A) and P- 
(2)-C(1) (1.686 (8) A) when compared to other bis(phospha- 
no)methanide chelate containing complexes, viz 39 (1.756 (1 7) 
A),36 40 (1.72 A)38 and [Sn((Me2P)3C),] (43) (1.747 (2) A),35 

43  

(38) Browning, J.; Bushnell, G. W.; Dixon, K. R. J .  Organomet. Chem. 1980, 
198, C11. 

(39) ManojloviE-Muir, L.; Muir, K. W. Acta Crystallogr. 1986, C42, 272. 
Brown, M. P.; Yavari, A,; ManojloviCMuir, L.; Muir, K. W.; Moulding, 
R. P.; Seddon, K. R. J .  Organomet. Chem. 1982, 236, C33. 

(40) Braterman, P. S.; Cross, R. J.; ManojloviE-Muir. L.; Muir, K. W.; 
Young, G. B. J .  Organomet. Chem. 1975, C40, 84. 
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Table VIII. NMR Spectroscopic Parameters of (MO(CO)~(L?)P 

+82.6 (m) 17.2 -55.4 (,d", CF3)' 85.1 
49.3 -124.4 (,d" of m, CF2)g 

[Mo(C0)4(24)1 (37) +65.5c 19.6 -60.8 72.6c 2.50 (m, CH2CH2P) 

ORecorded for CDCI, solutions at +25 OC. bRelative to 85% H3P04(aq) at 161.9 MHz; positive shifts are to high frequency of the reference. 
'Relative to CFCl, at 376.5 MHz; negative shifts are to low frequency of the reference. dRelative to TMS at 300 MHz; positive shifts are to high 
frequency of standard. FThese signals are the X(F) and A(P) parts respectively of X6AAX'6 spin systems (J(XX')O).,' /This signals is a complex 
doublet reminiscent of the that of free ligand. T h i s  is a second-order doublet of multiplets; estimated 4JF,F = 5.5 Hz. 12Jp,H + 3Jp,HI = 15.0 Hz for 
an AXX'X"X'"A' spin system.26 

2.12 (s, CH2P) 

clearly indicates a marginally greater degree of ylidic character 
in the chelate P -C  bonds of 34. While the other P-C bonds within 
the molecule are much longer (average 1.89 (2) A) they compare 
favorably with the P-CF3 bond length of 22, 1.869 (16) A.5 The 
multiple P-C bonds of CF3P=CF2 (1.690 (5)  A, gas- hase 

only slightly shorter than the average length of the P-C( 1) bonds 
of 34. 

The Pt-P bond lengths in 34 (2.212 (2) and 2.202 (2) A), while 
much shorter than those in 39 (2.276 (5) A)36 or in 40 (2.317 (2) 
A trans to PEt3, 2.317 (2) A trans to C1)38 are  longer than the 
(CF3),P-Pt bond of 22 (2.168 (3) A).6 Clearly, in 34, the Pt-P 
bonds are normal for single bonds with perfluoroalkyl-substituted 
phosphorus donors. The shortening arises from the enhancement 
of r-back-donation from Pt(I1) to P by the CF3 substituents, which 
has been recognized e l s e ~ h e r e . ~ * ~ ? ~ ~  

The Pt-CI bond lengths of 34 (2.383 (2) and 2.382 (2) A) 
though longer for C1 trans to C1 in t r a n ~ - [ P t ~ C l ~ ( p - C I ) ~ L ~ ]  (L 
= PR3, AsR3) (2.312 (5)-2.342 (5)  A)" are comparable to those 
measured for C1 trans to PR3  in the same complexes (2.393 (1) 
to 2.425 (8)  A).44 

Molybdenum Carbonyl Complexes of the Bis(phwphano)alkanes. 
Bis(phosphanes) 1, 2, and 24 react sluggishly with cis-[Mo- 
(CO)4(piperidine)2] in refluxing chloroform to give compounds 
35-37, which could only be isolated in indifferent yields on a small 
scale. Solution molecular weights and microanalyses f o ~ 3 5  and 
37 are consistent with the formula [Mo(CO),(L L)] (L L = 1, 
24). The carbonyl stretching frequencies of all three compounds 
are comparable with published data for ~~s-[Mo(CO),(RP(CF,)~J]  
(R = H, halide, SCN,  NMe2).45 We therefore assign monomeric 
chelate bis(phosphane) structures to 35-37. Evidence of the direct 
increase in a-acidity of the bis(phosphan0)alkane chelates with 
respect to increasing fluorine substitution is apparent in the relative 
C O  stretching frequencies of compounds 35 and 36. A more 
striking comparison can be made between the fully protonated 
analogues of 35 and 37, [MO(CO),{(CH,)~P(CH~),P(CH~)~]] (n 
= 2 (44), n = 3 (45),46 whose C O  stretching bands are  between 
40 and 60 cm-' below the same bands in 35 and 37, respectively. 
While 35 and 37 melt close to 100 OC, 26 (the perfluorinated 

electron diffraction)41 and (mesityl)P=CPh;2 (1.692 (3) 8: ) are 

(41) Steger, B.; Oberhammer, H.; Grobe, J.; LeVan, D. Inorg. Chem. 1986, 
25, 3177. 

(42) Van der Knapp, T. A.; Klebach, T. C.; Visser, F.; Bickelhaupt, F.; Ros, 
P.; Baerends, E. J.; Stam, C. H.; Konijn, M. Tetrahedron 1984,40,765. 

(43) Apel, J.; Grobe, J.  Z .  Anorg. Allg. Chem. 1979, 453, 53 .  
(44) Anderson, G. K.; Cross, R. J.; ManojloviE-Muir, L.; Muir, K. W.; 

Solomun, T. J .  Organornet. Chem. 1979, 170, 385. 
(45) Nixon, J. F.; Swain, J .  R. J. Chem. SOC., Dalton, Trans. 1972, 1038. 
(46) Stelzer, 0.; Unger, E. Chem. Ber. 1975, 108, 2232. 

analogue of 35) melts at  room temperature. A similar effect may 
be responsible for the increased solubility of 29 relative to 28. 

19F N M R  spectra of 35-37 consistently show a shift of - 5  ppm 
to low frequency with coordination of the P(CF3)2 fluorine res- 
onances. The backbone 'H and 19F N M R  resonances of 35 and 
36, respectively, more closely approximate doublet structures, thus 
indicating a decrease in the magnitude of IJp,p127 with coordination 
as was similarly observed in 28 and 29. Estimates of Jp,p in 1 
and 35 are  respectively 41.2 and 13.1 Hz. Complexation of 24 
to M o ( C O ) ~  on the other hand leads to an increase in Jp,p from 
-2 to 19.6 Hz. As expected the shifts of phosphorus in 31P N M R  
spectra of 35-37 are  greatly deshielded with respect to those of 
the free ligands (Table VIII).47 

During preliminary investigations of the reaction of 25 and 26 
with ~is-[Mo(CO),(piperidine)~] in refluxing chloroform, we 
observed incomplete reaction after 1 h. With prolonged reflux 
times, decomposition ensued to give the free ligands, CO, and the 
same unidentified Mo-piperidine complex. In neither case were 
the major products of incomplete reaction isolated or identified 
with confidence. The formation of cis- or i r ~ n s - [ M o ( C O ) ~ ( p i -  
~ ~ ~ ~ ~ ~ ~ ~ ) { T $ ( C F , ) ~ P C H R P ( C F ~ ) ~ ) ]  (R = H or CH3, respectively) 
is strongly suspected, but more work is needed to clarify the 
situation. 

Further studies are  planned to investigate the reactivities of 
the reported compounds and to expand the coordination chemistry 
of (trifluoromethyl)bis(phosphano)alkanes to other metal systems. 
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