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The molecular structure and spectroscopic properties of the title compound 
are reported. The complex crystallizes in the space group PZ,/c with Q 1807.1, 
b 1088.7, c 3461.6 pm and p 94.3”. The vanadium atom is centered between 
the two best planes spanned by the cyclopentadienyl ring and the three phos- 
phorus atoms plus the CO ligand. The angle between the two planes is 10.5” ; 
bond angles at the vanadium are around 77”. In solution, “P NMR, ‘IV NMR 
and IR data indicate fluxional behaviour down to 200 K. 

Introduction 

The photo-reaction between CpV(CO), and phosphines [l] yields complexes 
in which one (CpV(CO),PPh, [2,3]), two (ck-[CpV(CO),(PPh,Me),l [4]; cis- 
[CpV(CO),dppe] [5], dppe = Ph,P(CH,),PPh,) or all four CO groups 
(CpV {MeN(PF,)J. IS]) have been replaced_ We describe here the complex 
CpV(CO)triphos (triphos = PhP(CH&H2PPh,),), which is the first example of a 
species with three phosphorus functions coordinated to the cyclopentadienyl- 
vanadium moiety. This complex was formerly assigned a frans-disubstituted 
configuration (trans-[CpV(CO),triphos] [7]) on the basis of its spectroscopic 
data. 

Structural information on transition metal derivatives of oligodentate phos- 
phines is of interest in the context of correlations between steric factors (such 
as bond distances and bond angles) and phosphorus and/or metal NMR parame- 
ters [8,9]. In bi- and-&icy&c structures, the steric conditions for the bhdge- 
head phosphorus have been discussed in connection with the consistently high 
deshielding of the 31P nucleus [lo]. 
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Structure determination and refinement 

Intensity data were collected with the help of the 8-20 scan technique on a 
SYNTEX P2, diffractometer (MO-K,, graphite monochromator). Anisotropic 
full-matrix least squares refinement led to a final weighted R-value of 0.060 for 
3937 significant (Fe > 3o(F,)) reflections. All computations employed the 
SHELX program system [ll]. Crystal data are; C38H340P3V (M = 650.54) = 
C,H,V(CO)(C~H,),P(CH,)2P(C,H,)(CH,),P(C~H~)~, space group P2Jc, c 1867.1, 
b 1088.7, c 3461.6 pm, p 94.3") V 6791.2 X lo6 pm3, 2 = 8, p (calculated) 
1.272 g cmm3, ,u 4.41 cm-‘. 

Discussion 

Dark brown to black needles of CpV(CO)triphos were grown by tiOwing a 

solution of “tmns-[CpV(CO)&riphos] ” (prepared as described in ref. 7) in 
CH,CN (500 mg in 5 ml) to stand for three weeks at room temperature. The 
crystals thus obtained showed the same spectral properties as the starting prod- 
uct (ref. 7 and Table l), but were only sparingly soluble in CH,CN and toluene. 
A portion of one of the needles was employed in the X-ray analysis. Structural 
data are collected in Tables 2 and 3. Figure 1 shows an ORTEP drawing of the 
molecule and the numbering of atoms for one of the two independent mole- 
cules contained in the asymmetric unit. 

In CpV(CO)tiphos (I), which has three CO groups replaced by the weaker 
r-accepting phosphorus functions, the average V-CO bond length is slightly 
shorter and the C-O bond length slightly longer than in cis-[CpV(CO),dppe] 
(III) [12], which correlates with smaller CO stretching frequencies in the case 
of I. On the other hand, the differences in 31P and 51V NMR shift values 
between I and III are not significantly parallelled by differences in the bond 
angles at phosphorus and vanadium_ The complexes exhibit large 31P coordina- 
tion shifts As(P) (see Table l), i.e. high deshielding of the 31P nucleus on coor- 
dination. This is commonly observed in chelate five-ring structures and con- 
sidered to reflect the ‘normal” shielding situation (ring strains and angle distor- 
tions minimal) for the 31P nucleus in chelate complexes [4,13,14]_ 

The angles at vanadium are only slightly smaller than in other carbonylphos- 
phinevanadium complexes (81.5” in HV(CO),dppe [15], 77.0 in q3-C,H,V- 
(CO),dppe [lS] and 80.8” m cis-[Et,N] [V(CO),o-C6H4(PPh2)J [17] for the 
P-V-P angle) and cannot account for the consistently low slV shielding of I 
and III compared to that of the hydrido (-1690 ppm [4]), the ally1 (-1490 
ppm 141) and the anionic complex (L1755 ppm [17]). 

The vanadium-phosphorus bond lengths are shorter than in HV(CO),dppe 
(246.6 pm) and q3-C,H,V(CO),dppe (247.3 pm), and also shorter in I than in 
III. This can be regarded to be indicative of a stronger V-P interaction in I, and 
thus in a decrease of “V shielding (16 I). The lower value of S(51V) for I than for 
III can be explained in terms of destabilization of occupied r-type molecular 
orbitals as CO is introduced in place of the weaker r-accepting phosphorus 
ligand, and a corresponding increase of the paramagnetic deshielding contribu- 
tion to the overall shielding [X3] in the series CpV(CO), > CPV(CO)~P > CpV- 
(CO)2P, > cpv(cap,- 
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TABLE 2 

SELECTED STRUCTURAL DATA OF CpV(CO)triphos (MOLECULE 1 OF THE ASYMMETRIC UNIT; 

FOR NUMBERING OF THE ATOMS SEE FIG. 1) 

Bonddistances<pm) Bondangle~(~) 

Wll-W~1) 
V<ll-P(12) 
V(l)-_P(13) 
V(lFa1) 
C(u-w1) 
V(1jc(l1)toC(15) 
P(11+c(101) 
P(11)--c<107) 
P(llFc(131) 
P(l2)-C<113) 

P(12)-C(132) 

P(12)-C(133) 
P(13)-c(llS) 
P(13F-C(125) 
P(13)-c<134) 
C(131)-C(132) 
C(133)-c(134) 
C-CinCp-ligand 

242.9(0.4) 

230.3<0.4) 
244_2(0.4) 
187.8<1.1) 

117.4(1.3) 
234.7to 229.6<1.2) 

187.2(1.2) 
189.0(1.3) 
190_0(1_2) 
187.4<1.2) 

191.6(1_1) 

186.8(1.3) 
185.1(1.1) 
186_8(1_3) 
188.6(1.3) 
156.4(1.5) 
144.9(1.8) 
145.0to150.0(1.7) 

V(l)--plane 1 
V(l~plane2 

lSG.5 
108.9 

SQ-planes(de~~ations(pm) inbrackets) 

Planel: C(l1) C(l2) C(13) 
(-0.7) (O-2) (-0.3) 

Pkalie2: C(1) Pal) P(12) 
(-22.5) (20.0) (-17.1) 

Angle betweennormalsofplane land 2:10Xi” 

wll-al)--o<l) 
P(11)_v<lEa1) 
P<13)_V<lI-c(1) 
P(ll)-V(l)_P(12) 
P(12)--V(lEP(13) 
v(l)-P<11)-C(lol) 

v(1)-P(11)--c(lo7) 
v(1)-P(llFc(131) 
c<101)-P(11~<107) 
c<lo1)_P(ll)-c(l31) 

c(1o7)-P(ll)-c(131) 

V(l)-P(12)-C(113) 
v(1)-P(12:-c(132) 
V(l)_P(l2)-C(133) 
C(113jP<12)-C(132) 
C(113)-P(12)-C(133) 
C(132)-P(12)-C(133) 
B(ljP(13)-C(119) 
V(l)-P(13)--C(125) 

V(l)-P(13)-c(134) 
C(119)--P(13)-C(125) 

c(119)-P(13)--c(134) 
C(125jP(13)--C(134) 

C(l4) 

(-0.7) 
P(13) 
(19.6) 

C(15) 
(0.9) 

775.6(1-O) 
76.4(0.3) 
78.0<0.3) 
76.3(0-l) 

76.7(0.1) 
120.5(0.4) 

120.2(0.4) 
110.7(0.4) 
99.0(0.6) 

101.2(0.5) 

102.1<0.5) 

126.3(0.4) 
116.4(0.4) 
126.3(0.4) 
96.7<0.5) 

100.3<0_5) 
9.4(0.6) 

118.3(0_4) 
101.3<0_5) 

114.8(0_4) 
101.3(0.5) 
103.7(0.6) 
99.1(0.6) 

cis-CCpV(CO),triphosJ (II) shows the expected two typically broadened 
(interaction with the “V nucleus, I = 7/Z) 31P resonances, corresponding to the 
PPh, and the PPh group. The half width Av,,~ at 200 K is 215 Hz. In contrast, 
there is only one signal. observed for I in the temperature range of 290 to 
200 K. The signal is rather broad at 290 K (Av,,~ 1200 Hz) and sharpens 
rapidly as the temperature is lowered (265 K: 930 Hz, 240 K: 370 Hz, 215 K: 
230 Hz, 200 K: 135 Hz) due to partial decoupling of the “V and ‘lP nuclei as 
the quadrupolar relaxation time decreases (rotational reorientation rates 
increase). While partial decoupling due to quadrupolar relaxation accounts for 
the comparatively sharp signals of I and II, there is an additional decrease of 
Au 1,2 for I relative to II by ca. 80 Hz (at 200 K). This leads to the assumption 
that I is non-rigid on the NMR time scale. Fluxionality provides an additional 
decoupling mechanism and further accounts for the presence of only one sig- 
nal_ The s’V resonance of I in turn is dynamically broadened (Av~,~ 1080 Hz) 
compared to that of II (750 Hz). Finally at 190 K two 31P NMR signals are ob- 

(Continued on p. 78) 
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Fig_ 1. ORTE~ dmxving and numbering (atom 1 of the as~mmetic unit OdY) of atam of CPV<CO)~- 

pbos. 

served for I (PPh,: +121.8 ppm, Av~,~ 100 Hz; PPh: +118.7 ppm, Avrlz 190 
Hz; ratio of integrals 2/l). 

If I exhibits fluxional behaviour because the two resonances of the different 
phosphorus groups are averaged to a single absorption, the CO group must be 
tram and cis to the central PPh group of the triphos ligand. Hence the observa- 
tion of two IR bands in the CO stretching region. 
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