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Abstract 

Re(2,4-C,H,,)(H)2(P(~H5)~)z has been prepared from the reaction of ReH,(P(C,Hs)& with 
2,4-dimethyl-1,3-pentadiene. A single crystal X-ray diffraction study has revealed a structure with 

nonequivalent phosphines but equivalent hydride ligands, just the opposite situation as observed for a 

cyclohexadienyl analog. 

Pentadienyl ligands have proven to be very useful in organometallic chemistry 
[l]. Part of our efforts in this area have been devoted to gaining an understanding of 
how these ligands compare to the more familiar cyclopentadienyl system. One 
notable difference between these ligands seems to be that higher oxidation state 
metal-pentadienyl compounds are not common, and perhaps not generally stable 
[2]. To date, there are even few such compounds involving metals in the trivalent 
oxidation state [3], although some related cyclohexadienyl, etc. species have been 
reported [4]. However, while one would expect cyclohexadienyl ligands to be most 
closely related to pentadienyl ligands, there is some evidence that suggests the 
former ligands to be actually intermediate between cyclopentadienyl and pentadi- 
enyl ligands in their behavior [5]. Hence, one may expect to see significant 
differences between pentadienyl and cyclohexadienyl ligands. One interesting 
cyclohexadienyl complex which attracted our attention is Re(C,H,)(H),- 
(P(C,H,),),, which is unusual for the formal metal oxidation state as well as the 
presence of two hydride ligands [6]. We have therefore sought to prepare an open 
pentadienyl analog, and report herein our observations for Re(2,4C,H,,)(H),(P- 
(GH,),), (C,H,, = dimethylpentadienyl). 

Experimental 

All operations involving organometallic compounds were carried out under 
prepurified nitrogen in Schlenk apparatus or in a glovebox. Acetone and methylene 
chloride were dried by distillation under MgSO, and P,O,,, respectively. Other 
solvents were dried and degassed by distillation from benzophenone ketyl under 
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br d, J(PP) 22 Hz), 36.89 (lP, br d, J(PP) 22 Hz). Coalescence temperature, 40 o C 
(121.4 MHz). 

X-ray diffraction study of Re(2,4-C,H,,)(H),(P(C,H,),),. Single crystals of this 

Table 2 

Atomic coordinates (X 104) and isotropic thexmal parameters (AZ X 103) for Re(2,4-C,H,,)(H),(PPh3)2 

Atom x Y z U" 

Re 

P(1) 
P(2) 

c(1) 
C(2) 
C(3) 

C(4) 
C(5) 

C(6) 
c(7) 
CW) 

C(12) 
C(13) 

c(14) 

c(15) 
c(16) 

c(21) 
c(22) 
~(23) 

~(24) 
~(25) 
c(26) 
C(31) 
c(32) 

c(33) 

C(34) 
C(35) 

C(36) 
c(41) 

c(42) 
c(43) 

c(44) 
c(45) 

c(46) 
c(51) 
~(52) 
c(53) 
c(54) 
c(55) 
c(56) 
c(61) 
c(62) 
c(63) 
c(64) 
c(65) 
c(66) 

2717X(2) 

1220(l) 

30690) 
3293(5) 
4101(5) 

4098(5) 
3324(5) 

2459(6) 
4937(5) 

3435(6) 
1858(2) 
1738 

818 
19 

139 

1059 

913(3) 
660 
340 
273 

526 
846 

- 748(3) 
- 1523 

- 1395 
- 492 

282 

154 
2387(4) 
1822 

1288 
1317 

1882 
2416 

46W3) 
5671 
6313 
5974 
4992 

4350 
2305(3) 
2146 
2593 
3199 
3359 
2911 

1932(i) ’ 
1703.2(2) 

2838(l) 
1179(4) 

1261(4) 
922(4) 

503(4) 
286(4) 

1832(5) 

304(5) 
3117(3) 
3716 
3998 

3682 

3083 

2801 
1058(2) 

355 

- 394 
-440 

264 
1013 

1742(3) 
1943 

2501 
2857 

2655 
2097 

4196(3) 
4911 

5293 

4958 
4243 

3862 
3841(3) 
4022 
3524 
2843 

2662 
3161 
2130(3) 
2113 
2713 
3328 
3344 
2745 

940(i) 
-356(l) 

1697(4) 

465.2(2) 

1227(4) 

431(5) 

- 36(4) 
289(6) 

1558(5) 

- 918(5) 

2167(3) 
2774 
2889 

2396 

1789 

1675 
2398(2) 

2846 
2444 
1594 
1145 
1547 

236(2) 
- 343 

- 982 
- 1041 

-462 
177 

538(3) 

648 
-23 

-804 

-915 
-244 

279(3) 
397 

15 
- 484 
-602 
- 220 

- 1884(3) 
- 2735 
- 3191 
- 2795 
- 1944 
- 1488 

25(l) 

28(l) 
40(2) 

26(l) 

40(2) 
39(2) 

40(2) 
47(3) 

52(3) 
60(3) 

35(2) 
45(3) 

48(3) 

45(3) 
37(2) 

29(2) 

42(3) 
57(3) 
56(3) 

52(3) 
37(2) 
29(2) 

39(2) 
45(3) 
46(3) 

45(3) 

37(2) 
27(2) 

52(3) 
70(4) 

77(4) 

77(4) 
57(3) 

35(2) 
43(3) 
58(3) 

61(3) 
55(3) 
42(3) 
34(2) 
50(3) 

60(3) 
70(4) 
65(3) 
55(3) 
34(2) 

L, Equivalent isotropic U defined as one third of the trace of the orthogonalized Uii tensor 
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Table 3 

Selected bond distances (A) and angles (“) for Re(2,4-C,H,,)(H),(PPh,), 

Re-P(1) 

Re-P(2) 
Re-C(1) 

Re-C(2) 

Re-C(3) 
Re-C(4) 

Re-C(5) 

P(l)-Re-P(2) 
P(l)-Re-Hre(1) 

P(l)-Re-Hre(2) 
P(Z)-Re-Hre(1) 

P(Z)-Re-Hre(2) 

2.35q2) 
2.320(2) 

2.249(7) 

2.289(6) 
2.293(7) 

2.258(7) 
2.262(7) 

109.6(l) 

77(2) 

84(2) 
76(2) 

69(2) 

Re-HreJl) 
Re-Hre(2) 

C(l)-C(2) 
c(2)-C(3) 

c(3)-C(4) 

C(4)-C(5) 

Hre(l)-Re-Hre(2) 

c(l)-c(2)-C(3) 
C(2)-C(3)-C(4) 

C(3)-C(4)-C(5) 

1.58(5) 
1.70(5) 

1.449(10) 

1.413(10) 
1.416(9) 

1.421(12) 

131(2) 
123.q6) 
126.7(7) 

122.5(7) 

compound were obtained by very slow partial evaporation of a solution in a mixture 
of CH,Cl, and THF. This was carried out in a closed vessel having two chambers, 
one for the solution, the other for toluene, so that predominantly CH,CI, vapors 
would be transferred to the toluene [lo]. 

Crystallographic data are summarized in Table 1. The space group was uniquely 
defined by systematic absences. Data were collected using omega scans, and 
corrected empirically for absorption. The SHELXTL (5.1) program package was 
utilized for all calculations (G. Sheldrick, Nicolet XRD, Madison, WI). The rhenium 
atom position was located by heavy atom methods. Subsequent difference Fourier 
syntheses revealed the remaining non-hydrogen atom locations as well as the 
hydrogen atoms bonded to C(l), C(3), and C(5). The non-hydrogen atoms were 
refined anisotropically, while the aforementioned hydrogen atoms were treated 
isotropically. Other hydrogen atoms were placed in idealized locations. The phenyl 
rings were treated as rigid, planar hexagons. Atomic coordinates are given in Table 
2, and selected bond distances and angles are provided in Table 3. Additional 
bonding, thermal, and structure factors may be obtained from the authors. 

Results and discussion 

The reaction of ReH,(P(C,H,),), with benzene and 3,3-dimethylbutene has been 
reported to yield Re(C,H,)(H),(P(C,H,),), [6], and we have now found that by 
substituting 2,4-dimethyl-1,3-pentadiene for the benzene, the analogous, completely 
open pentadienyl compound, Re(2,4-C,H,,)(H),(P(c,H,),),, may also be isolated. 
In this case, however, a hydrogen atom is abstracted from, rather than added to, the 
organic substrate. The presence of the added olefin seems crucial to the reaction 
[ll], as without it we could not isolate significant amounts of the product. Further- 
more, the utilization of other diene molecules which do not favor the U conforma- 
tion (e.g., 2,3-dimethyl-1,3-pentadiene) appeared to lead to diene rather than dienyl 
complexes. 

Notably, while the ‘H NMR spectra of the cyclohexadienyl (and a subsequently 
reported cyclooctadienyl [12]) complex reveal two nonequivalent hydride ligands, 
the spectrum for the 2,4-C,H,, complex indicates that its hydride ligands are 



335 

Fig. 1. Perspective view and numbering scheme for Re(2.4-C,?f,,)(H),(P(GHS)&. 

equivalent, whereas the phosphine ligands are nonequivalent. These data would 
suggest structures I and II respectively, for these compounds, and are in accord with 
structural results for each (vide infra). In the case of Re(2,4X,H,,)(H),(P(c,H,),),, 
higher temperature 31P NMR spectra do display a single phosphine resonance, and 
from the coalescence temperature of 4O”C, one can calculate a barrier to the 
pentadienyl ligand oscillation (AG”) of 13.9 (2) kcal/mol [13]. 

H 

I II 

The solid state structure of Re(2,4-C,H,,)(H),(P(c6H,),), may be seen in Fig. 
1, while pertinent bonding parameters are contained in Tables 2 and 3. The 
structure does indeed correspond to II, and quite fortunately both hydride ligands 
could be located and refined. ThOeir observed positions, 1.58(5) and 1.70(5) A from 
the rhenium center, and 2.99(5) A apart, confirm the formulation of this compound 
as a Re(II1) dihydride, rather than that of a Re(1) complex of H,, as could be 
considered based on the general preference for pentadienyl ligands to bind to metals 
in lower oxidation states. The five metal-bound carbon atoms of the pentadienyl 
ligand are nearly planar, the maximum deviation from the plane being 0.037 A, 
while larger deviations are found for the methyl substituents, 0.187 and 0.200 A, 
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Fig. 2. Alternate view of the molecule, emphasizing the inner coordination sphere and the dienyl 

hydrogen atoms. 

corresponding to tilts of 7.1 and 7.6 O, respectively [ 1,4 * 1. Similar deviatioas (tilts) 
toward the metal atom are observed for H(la) (0.17 A, 9.4O), H(3) (0.06 A, 3.3O), 
and H(5b) (0.07 A, 4.2” ), whereas the opposite is observed for H(lb) (- 0.71 A, 
-42.0”) and H(5a) (-0.69 A, -44.2”), as expected [la,2]. Th! deviations of P(1) 
and P(2) from this plane differ significantly at 2.432 and 3.487 A, corresponding to 
respective tilts of 18.9 and 51.5” beneath the rhenium atom position [15*]. The 
significant upward tilt of P(1) relative to P(2) is reasonable, and may be ascribed to 
an attempt of the ligand to position itself in a region of relatively unused metal 
orbital density [16]. For comparison, the tilts of the hydride ligands are 2.30 and 
2.38 A (113 and 115”), respectively. The rhenium atom is situated 1.671 A from the 
ligand plane. 

The average Re-C bond distance of 2.270(7) A is indistinguishable from the 
values of 2.28(2) A in Re(C,H,)(H),(P(C,H,)3)2 or 2.245(5) A in 
Re(C,H,,)(H),(P(CH,)(C,H,),). A slight preference by rhenium for the carbon 
atoms at the open end of the pentadienyl ligand seems to exist, as the Re-C(3) m,d 
average Re-C(2,4) and Re-C(l,S) distances are 2.293(7), 2.274(5), and 2.256(5) A, 
respectively. Interestingly, the Re-P(1) bond is longer than the Re-P(2) bond, 
2.350(2) vs. 2.320(2) A, respectively [17*],0 but both bonds are shorter than the 
average distances of 2.355(5) and 2.366(2) A reported for the cyclohexadienyl and 
cyclooctadienyl analogs. The P(l)-Re-P(2) angle of 109.6(1)O compares well with 
the value of 105.6(2)O in the cyclohexadienyl analog, despite the difference in 
orientation. The H-Re-H angle of 131(3)O is noticeably larger, but similar to the 
value of 125(6)O in the cyclooctadienyl analog. 
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