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Summary 

The syntheses of bis(2,3,4_trimethylpentadienyl)iron and bis(2,4_dimethylpentadi- 
enyl)osmium are reported, as well as their variable temperature NMR behaviour 
and a single-crystal X-ray diffraction study for the latter compound. AU data 
indicate that these complexes adopt a gauche-eclipsed conformation in the ground 
state. Photoelectron spectra have also been obtained for these complexes, and 
suggest that the radical cations of bis(pentadienyl)iron complexes differ significantly 
from their ruthenium and osmium counterparts. 

It has recently been demonstrated that replacement of a first row transition metal 
by a heavier congener can be used to spread out the PE bands (the “heavy metal 
effect”) [l]. This was first demonstrated for the bis(q3-allyl) compounds of nickel, 

M = Fe (1) 

M = Ru (2) 

M = OS (3) 

M = Fe (4) 

M = Ru (5) 

(6) 
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Preparation and structural studies 
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C( 

Fig. 1. Perspective view and numbering scheme for Os(2.4~C,H1,), 

An X-ray diffraction study confirmed the unsymmetric gauche-eclipsed confor- 
mation for 3 (see Fig. 1). Lists of atomic coordinates for non-hydrogen atoms are 
given in Table 1, and summarized in Tables 2 and 3. As in the case of the related 
iron and ruthenium analogs, the complex adopts the unsymmetric gauche-eclipsed 
conformation, in accord with the variable temperature NMR spectra. The experi- 
mental value of the conformation angle (relative to the syn-eclipsed conformation) is 
48.2”, which compares with values of 59.7” for Fe(2,4-C,H,,), (C,H,, = 
dimethylpentadienyl) and 52.5 o for Ru(2,3,4-C,H,,),. It is not clear why the 
conformation angle departs from the ideal 60 ’ value for the ruthenium and osmium 
complexes, although in approaching the svn-eclipsed conformation, the complex 
may be providing an open site to accomodate the lone pairs of electrons on the 

TABLE 1 

ATOMIC COORDINATES FOR THE NON-HYDROGEN ATOMS OF Os(2,4-C,H],)> 

Atom x Y i 

OS 0.02832(10) 0.12963(6) -0.19661(7) 

C(1) 0.2141(28) 0.0291(17) - 0.0735(20) 

C(2) 0.2040(27) 0.0107(15) -0.2090(23) 

C(3) 0.0636(26) -0.0038(16) - 0.2917(22) 

C(4) - O.lOll(37) - 0.0018(15) -0.2990(18) 

C(5) -0.1345(31) 0.0057(15) - 0.1876(20) 

C(6) 0.3627(27) 0.0263(19) -0.2262(25) 

C(7) -0.2526(28) 0.0030(20) -0.4211(21) 

C(8) - 0.0486(25) 0.2330(18) - 0.0902(22) 

C(9) - 0.1570(28) 0.2493(13) -0.2071(20) 

C(10) - 0.1027(28) 0.2627(U) - 0.3057(21) 

C(l1) 0.0718(25) 0.2545(16) -0.2959(19) 

C02) 0.2014(26) 0.2528(16) -0.1862(19) 

C(l3) - 0.3479(28) 0.2323(17) -0.2491(23) 

C(14) 0.1009(27) 0.2471(20) - 0.4148(22) 
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The average OS-C bond distance is 2.200(7) A, which compares with the values 
of 2.188(3) Ain Ru(2,3,4-C,H,,), [5], 2.196(3) A in Ru(C,H,)~ [12], and 2.178(3) 
and 2.168(3) A for the C,H, and 2,4-C,H,, ligands in Ru(C,H,)(2,4-C,H,,) [13]. 
Despite the problems with C(2), all of the OS-C(~) bond distances (n = .1-5) are 
equivalent to those (n = 8-12) related by the molecular, non-crystallographic C, 
rotation axis. The average values for these pairs are 2.173(16), 2.228(13), 2.227(16), 
2.182(15), and 2.190(5) Ab respectively. These lead to simplfied values of 2.181(11), 
2.205(10), and 2.227(16) A for the generalized OS-C(1,5), OS-C(2,4) and OS-C(~) 
bond types. This pattern, while subject to substantial statistical uncertainty, most 
resembles that observed for V(2,4-C,H,,), [14], cf., 2.179(4), 2.231(4), and 2.236(5) 
A, respectively. 

A few comparisons may be made for the C-C bond distances and related angles. 
For the better-determined ligand defined by C(8)-C(14) there is the apparent usual 
shortening of the “external” vs. “internal” delocalized C-C bond distances (the 
respective averages being 1.395(22) and 1.453(23) A) [5,6]. In addition, the presence 
of a methyl group on a given C-C-C bond angle also appears to bring about the 
usual contraction effect (Table 2) [5,6]. Finally, the C-CH, bond distances (exclud- 
ing C(2)-C(61)) average 1.558(18) A. 

Electronic structure of I and 1 + 

The electronic structures of 1 and its congeners have already been discussed in 
detal [15,16] and therefore we only briefly summarize the results below. In Fig. 2 the 

I 
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Fig. 2. Comparison between the calculated energies for 1 and the different ionic states calculated by 
using the Green’s function technique. The full bars indicate orbitals which are localized at the ligands, 
empty bars stand for MOs which are localized at the metal. The numbering of the orbitals refers to the 
parent compound. 





263 

Fig. 3. He(I) PE spectra of 1-3. 

with those for 3 (Fig. 4) shows clearly that the assignment of five different states to 
these peaks is reasonable. 

Further confirmation of the assignments of the first five bands of 2 is found by 

TABLE 4 

VERTICAL IONIZATION ENERGIES (eV) FOR l-6 

Compound Band 

1 2 3 4 5 6 7 

1 6.63 6.7 1.2 8.0 8.13 8.9 9.2 
2 7.05 7.45 7.6 8.1 8.25 9.1 9.6 
3 7.05 7.45 8.05 8.3 8.65 9.5 9.9 
4 6.4 6.5 7.0 8.26 8.36 9.6 9.8 
5 6.9 7.3 7.6 7.9 8.1 9.05 9.4 
6 6.2 6.7 6.8 7.1 7.3 8.1 8.7 



.I I I 
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Experimental section 

All operations involving organometallics were carried out under nitrogen in 
Schlenk apparatus or in a glovebox. Non-aqueous solvents were thoroughly dried 
and deoxygenated by standard methods and distilled immediately before use. 
Elemental analyses were performed by Micanal Laboratories. Anhydrous ferrous 
chloride was prepared as described by King [21]. 

Spectroscopic studies 
Infrared spectra were recorded with a Perkin-Elmer 298 spectrophotometer. 

Mulls were prepared in a glovebox with dry, degassed Nujol. ‘H and r3C nuclear 
magnetic resonance spectra were recorded in toluene-d, on Varian EM-390, SC-300, 
and XL-300 spectrometers. Mass spectra (70 eV) were performed on a VG Micro- 
mass 7070 double focusing high resolution mass spectrometer with VG Data System 
2000. Except for the parent fragment, peaks are only quoted if their relative 
intensities are at least 10% of the intensity of the strongest peak. Photoelectron 
spectra were recorded on a PerkinElmer PS18 photoelectron spectrometer with a 
He(Ia) lamp as the light source. The recording temperatures were: l-5, 70-80°C 
and 6, 120 o C. Calibrations were carried out with Ar and XE. A resolution of about 
20 meV on the argon line was obtained. 

2,3,4-Trimethyl-1,3-pentadiene 
To 150 ml of a 1.50 M solution of methyllithium (225 mmol) in ether at - 50” C 

13.0 g (91.6 mmol) of ethyl-2,3-dimethyl-2-butenoate [22] in 30 ml of ether was 
added dropwise with stirring during 2 h. The reaction solution was slowly warmed 
to room temperature and stirred overnight. It was then treated carefully with a 
slight excess of saturated aqueous NH,Cl, then washed first with three 20 ml 
portions of water followed by three 20 ml portions of saturated aqueous NaCl. The 
ether layer was dried over magnesium sulfate and the ether removed in vacua, 8.5 g 
(73%) of 2,3,4-trimethyl-3-penten-2-01 [23] was isolated by vacuum transfer. Com- 
plete infrared data (neat): 3380~s vbr, 2975~s 2920s 2870sh, 1637m, 1465ms, sh, 
1460ms, 1443ms, 1374s 1360s sh, 1312w, 128Ow, 1260m, 1207m, 1194m, 1164s 
1138s 1112s 1090s 1075ms, sh, 1048m, 946ms, sh, 940s. 890ms, 880m, sh, 837w, 
801m cm- . ’ ‘H NMR: 6 2.28 (s, lH), 1.98 (s, 3H). 1.70 (s, 6H), 1.41 (s, 6H). 

On distillation of the alcohol from a small amount of iodine and glass wool, 
2,3,4-trimethyl-1,3-pentadiene (b.p. 103-104” C) was obtained in 65% yield. A 
similar dehydration of 2,3,4-trimethyl-4-penten-2-01 [24] also gave 2.3,4-trimethyl- 
1,3-pentadiene. In both cases the product was taken up in ether, the solution dried 
with MgSO,, and pure product isolated by distillation. Complete infrared data 
(neat): 3070ms, 2965s 2915~s 2878s 1630ms. 1460m, 1440s 1370s 1296w, 1133ms, 
IllOms, 893~s cm-‘. ‘H NMR: 6 4.88 (br, lH), 4.62 (br, lH), 1.75 (s, 3H), 1.69 (s, 

9H). 

(2,3,4-Trimethylpentadienyl)potassium, K(2,3,4-C,H,,) 
To 9.50 g (84.7 mmol) of KOC(CH,), in 160 ml of hexane at 0°C was added 

8.50 g (77.1 mmol) of 2,3,4-trimethyl-1.3-pentadiene. Then 35 ml of a 2.50 M 
solution of butyllithium (87.5 mmol) in ether was added slowly from a syringe. After 
stirring of the reactants for 1.5 at room temperature, the yellow slurry was filtered 
off and dried in vacua. Approximately 7.0 g (61%) of the crude salt was obtained. 



A slurry of 0.63 g (5.0 mmol) of ferrous chloride in 50 ml of TfII. \va~ cooled 
with stirring to - 78” C under nitrogen, and a solution of 1.4X g (l0.U mmol) 111’ the 
potassium salt of the 2,3.4-trimethylpentadienyl anion rn 40 ml of TIIF-’ ~‘34 added 
dropwise. When the addition \\a; complete. the mixture w;l.s si~wi? ~xmcc! to room 
temperature, after which time a deep red solution hdd hwn formed. The mixture 
wits stirred overnight and the solvent then remo\-ed in \ ac‘uo and I~C product 
extracted with ca. SO ml I)f pcntane. ‘The solution vnlumc \+;14 recluccd and wmc 
crude product UJ;I~ isolated by cooling to ~~~ 7X o (I’. Jter which the ~upc‘rn,itant 
solution was reduced in wcuo in volume to 5 ml, then cooId to ~~ 7M’C‘ 10 ),idd ‘1 
second batch of crystals. klost of the supernatant liquw \\‘a> dec;istaI ;md the rc’ht 
removed b,- syringe. and the reddish crystalline product \\;ts dried l’lr’st under a 
nitrogen stream and then in vxuo. Several recrvst3lliiatlon~ SCYC” ~txcr,~lt? rrquiral 
to remove an unidentified broa-n impurity. The product Eva:, fin;lli-\ purified by 
sublimation at 65 o C’ under high \~~uurn. Complete infrared data I ?YYoI mull). 
307Um. 3OSOsh. 126Om. 1154m. 1 lO?u,. 1026s. 1016ms. 99hb. Yh7w. C)!O~\. 9.17rn~ 
913a. 84Om. 779m, 73Oms. 6Xlmh cm ‘_ iH NMR: 6 7.53 cd. 7t--1. .I .? llz). I.61 (\. 
hHj. 1.52 (s. 3H). 0.18 (d. 21-l. ./ 2 HT). 13C NMR: S 100.4 (s. I(:!. 95.0 (\. I?(‘). 52.6 
(t, 2C. J 155.X Hz). 24.6 (~1. 2C’. ./ 126.5 HL). i5.2 1%~. iC. J 126.5 HY), Mw 
spectrum: w/c (relative intensity): 39(1 1). 41(20). 56(41). 671 11). ?I( 11 1. 91(1 1 ). 
96(32), 10X( 14). llO(27). 134(36). 14X(16). lh’(34). 164(10(1,. IhSl 12). 1h7(27). 
274(52). 275(11). Anal. Found: C‘. 70.08: 1-I. O.?.?. CqI;,fi,,, I‘il cali: C’. 70.06: !I. 
9.57“;. 

Absolute ethanol (14 mlj was freeze-thaw degassed in a 100~~ml i-nech flak 
equipped with nitrogen inlet and magnetic stirring bar. A wnple of 1 .OO g (Ii.18 
mrnc~l) of Na,OsCl, uH,O (i2lfa, 41 .37? OS) was dissolwd in tht: ethanol. to gi\,c 
a green-brown solution. Approximately 5.0 ml (42 mm&) of prc\.iou\lx &gassed 
2.4-dimethvl-1 ,?-pentadiens was then added from a qringe, followed by. 3.7 g (49 
mmol) of zinc powder (Fisher). The solution was rztluwcd under ni trogcn for about 
24 h, during which it:, col~sr gradually changed from green-bra\\ n I(’ vcr> dark 
brown. The mixture w;1\ then allowed to cool and the ethanol and 1’xcc14 cliene v.w-e 
removed in vacua to leave ;I dark brown granular sol~ti. ‘l‘hi> rtxdue M as cxhaus- 
tively extracted with 300 ml of pentant: and the light vellow wlution filtcrcd through 
a Celite pad on a coarse frit then concentrated to 10 ml. After ,4 d :it -- 9~” (‘. 61 mg 
(0.16 mmol) of pale yellow (almost colorless) crystals (n1.p. 101 i(iZ”C’) \vcrtx 
isolated. The yield \vx 7.45 based on Na,OsC’lC,. x1-I ,O. Anal. Found: ( ‘. 44.21 ; l-1. 
5.69. c‘,,HLIIOs talc: C‘. 44.19: H. 5.X?%. C’ompletc infrared &tit (Yiu~ol mull). 
3050m. 3034s. 3026ms. 301 ?rrrs. 1480~11. 1442~ b. 1427~ 5. 13J2m~ i27hms, 1058~. 
1027~. 1013m. 98Xmc. 9675. 937m. 920m. 912n1, 85h. 832n. 831~. 779ms. 713mw. 

I. ‘H NMR (toluene-d,. Xh”C‘): 6 5.03 (s. Z-l), 3.W (& ZH. .I 3.4 Hz). 1.22 
Fr2H. J 1.7 HL), 1.72 (s. 6H). 1.70 (n. 6H). 1.67 (d. 2H. ./ 3.2 Hc), 0.40 (s. 2H). ‘H 
NMR (toluene-J,, 94.0”(Y): 8 5.23 (s, 2H), 3.01 (s. 4H). 1.79 {Y. 12H). 0.94 (5. 41-J). 
“c’ NMR (toluzne-tl,. 99.1*(‘): 5 100.7 (d. ,I 1.57 HI). 91.0 ts). 35.S (t. .I 154 Hz). 
26.1 (q, J 12X Hz). Mass spectrum (El. 70 eV): I~z,.,‘cJ (relative fntcnsrt? ): I t:b( IO). 
18X(16).189(12).254(14).‘54(~7),255(13).266(1(~.27X(1~).280(15).‘~~‘~i1). .%qli). 
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307(14), 320(12), 321(12), 322(14), 324(19), 334(13), 336(14), 338(16), 349(13), 
360(52), 362(23), 363(75), 364(20), 365(24), 376(100), 379(47), 380(61), 381(11), 
382(54). 

X-ray diffraction studv of Os(2,4-C,H,,), 
Attempts to grow single crystals of this compound by slow cooling of con- 

centrated hydrocarbon solutions did not work well. Better crystals were obtained by 
slow sublimation, but even these formed as clusters. However, some of the latter 
were carefully cut to yield apparent singly crystalline fragments. One such fragment, 
of approximate dimensions 0.15 X 0.20 X 0.30 mm, was used for the single crystal 
study. Oscillation and Weissenberg photography indicated a monoclinic unit cell, 
and subsequent examination of the systematic absences revealed the space group to 
be C;h-P2,/n (No. 14). After the crystal was transferred to a Stoe-Siemens 
diffractometer, the unit cell parameters were determined from 30 centered reflec- 
tions, leading to the values a = 8.590(7), b = 13.333(9), c = 12.098(j) A, p = 
111.24(j)“, I’= 1291.5 A3 for Z = 4, using MO-K, radiation (h = 0.71069 A). 

Data collection was carried out in the 8-28 mode. with 3” < 26’ < 60”. Using a 
variable scan rate of 2.5-29.5 o min-‘, a total of 2577 reflections were measured, of 
which 2418 were considered observed (I > 2Sa( I). The intensities of two reflec- 
tions were measured for every 100 reflections, and displayed no variation. Calcula- 
tions were carried ot with the SHELXTL Version 5.1 programs. and an empirical 
absorption correction was applied using G-scan data for six reflections in the range 
of 4.7” < 20 < 39.9”. The relative range in transmission factors was found to be 
0.5226-1.0000, which may be compared to the calculated linear absorption coeffi- 
cient of 94.46 cm-‘. 

The position of the osmium atom was readily determined from a Patterson map, 
and all remaining non-hydrogen atoms were subsequently located on a difference 
Fourier map. Following subsequent anisotropic refinement, hydrogen atoms were 
placed in calculated positions with d(C-H) 0.96 A, and isotropic thermal parame- 
ters roughly equal to the equivalent isotropic thermal parameters for the carbon 
atoms to which they were attached. Final refinement led to agreement indices of 
R = 0.075 and R, = 0.066. The largest peak in the final difference Fourier map was 
near the osmium atom, with a height of 3.04 e/A’. No unusual intermolecular 
contacts were observed. Lists of atomic coordinates for non-hydrogen atoms are 
given in Tables 1 and 2 and detail of relevant bonding parameters in Tables 3 and 4. 
Tables of anisotropic thermal parameters, hydrogen atom coordinates and structure 
factors have been submitted to NAPS. 
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