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The (benzylideneacetone) carbonylphosphine iron(O) complexes, Fe(CO),L(bda), 
Fe(CO)L; (bda) and Fe(CO)(dpe)(bda) (L = PEt 3, PPhMe, , PPh, Me; L’ = PPhMe,, 
PPh,Me; dpe = [Ph,P(CH,)],) have been prepared by irradiating the correspond- 
ing tetracarbonylmonophosphine iron(O), tricarbonyldiphosphine >iron(O) or tri- 
carbonyl- 1,2_bis(diphenylphosphine)ethane iron(O) complexes in benzene in the 
presence of benzylideneacetone. The X-ray crystal structures of the complexes with 
L = PEt, (A) and PPhMe, (B) have been determined, and show that the Fe atom 
adopts a distorted octahedral coqrdinated geometry in which three of the sites are 
occupied by the bda ligand. The bond parameters in the bda ligand suggest that this 
coordinated group is intermediate between its ground and first excited states. The 
complex Fe(CO),(PEt,)(bda) crystallises in the monoclinic space group P2,/c with 
a 10.203(3), b 12.964(4), c 16.960(6) A, /3 120.00(2)‘, and 2 = 4. The structure was 
solved by a combination of Patterson and Fourier difference techniques and refined 
by blocked full matrix least squares to R = 0.035 for 3351 unique observed dif- 
fractometer data. The complex Fe(CO),(PPhMe,)(bda) also crystallises in space 
group P2,/c, with a 8.134(3), b 21.394(8), c 11.658(S) A, /3 108.18(2)“ and 2 = 4. 
The structure was solved and refined as above to R = 0.036 for 3498 diffractometer 
data. The IR and ‘H NMR data for all the complexes studied agree with the 
observed structures. 

0022-328X/83/$03.00 Q 1983 Elsevier Sequoia S.A. 
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Introduction 

The ability of heterodiene molecules containing either - C=C-C=O or - C= 
C-C=N units to coordinate to the iron tricarbonyl moiety has been demonstrated in 

a series of papers [l-4]. Substitution of one or more CO ligands by Group V ligands 
is of interest because the electronic and steric properties of such ligands could help 
in understanding the nature of the irondiene bonds. However, reactions of the 

tricarbonyl complexes with phosphines and phosphites generally lead to the mono- 
olefin complex or to the replacement of the heterodiene ligand. For example, 

reaction of I (L = CO; R = H, CH, or C,H,) with PMe,Ph at room temperature 

Ph 

produced the monoolefin complex II (L = PM%Ph), which is stable in refluxing 

benzene [ 51. 
The conversion of II into I can be brought about satisfactorily when L = P(OPh), 

[6] but only slowly when L = P(OMe), and is in competition with thermal decom- 
position [5]. The thermal stabilities of the monoolefin complexes II, formed in the 
first stage of the reaction seems to increase as the basicities of the Group V ligands 
increase. Heating I (L = CO), in benzene, in the presence of PPh, leads to the 
replacement of the ketone to produce Fe(CO),(PPh,), [7], but irradiation of 
Fe(CO),PPh, or Fe(C0)3(PPh3)2, in benzene, in the presence of benzylideneace- 
tone, produced I (R = CH,, L = PPh,) in very good yields [8]. In this paper, 
extension of this photolytic route to other tertiary phosphines is described. 

Results and discussion 

Irradiation of .benzene solutions of tetracarbonylphosphines (III) or tricarbonyl- 
diphosphines (IV) in the presence of benzylideneacetone (bda) produced the com- 
plexes V and VI, according to Scheme 1. 

SCHEME 1 

Fe (CO),L 
bda,hv 

cm, 
Fe (C 0) gL 

Fe(CO13Lz 
bda, hv 

(IIZP) 
FeKO)L, 
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When L = PEt 3, two CO ligands in III or one CO and one PEt 3 ligand in IV are 

displaced by bda to give exclusively the monophosphine complex V. The same result 
was observed previously in the preparation of V (L = PPh,) [8]. When L = PPh,Me 

or PPhMe,, irradiation under the same conditions produced a mixture of mono and 
diphosphine derivatives with V/VI ratios of ca. 9/l and 3/l, respectively. From 
these results and the trends in the basicities [9] and cone angle [lo] of the 
phosphines, it is reasonable to suppose that the replacement of one CO and one 
phosphine by bda in compounds IV is probably due to steric rather than electronic 

factors. It was shown that the stabilities of carbonylphosphine nickel(O) complexes 
are primarily determined by the size of the phosohine linands 1101. 

Irradiation of Fe(CO),dpe (VII) or Fe,(CO),dpe (VIII) with bda, in benzene for 
24 h gave only IX (Scheme 2). The IR spectrum of the reaction medium with VIII as 

starting material, recorded at various times showed that several intermediates were 
involved and that IX was the final product. An analysis of the v(C0) bands suggests 

SCHEME 2 

H,C ‘PPh2 

\ 

/ 

FeK019 

H2C \PPh 2 

(XII) 

bda, hv 

oc- Fe-PPh, 

‘CH 

/’ 
Ph,P-CH, 

(CO),Fe.PPh2(CH212PPh2. FeKO), 
1 bda,hv ox) 

(XIII) 

the presence of Fe(CO), moieties, possibly present in (bda),Fe,(CO),(dpe) bridging 

species. All attempts to isolate these intermediates failed. 
The molecular weights and precise molecular formulae of the complexes were 

obtained by mass spectrometry and confirmed by microanalysis. The complexes V 

(L = PEt, and PPhMe,) were fully characterized by X-ray diffraction. 

Molecular structures of Fe(CO),(PEt,)(bda) (A) and Fe(CO),(PPhMe,)(bda) (B) 
The molecular structure of A is illustrated in Fig. 1 and that of B in Fig. 2; in 

both cases the hydrogen atoms have been omitted for clarity. The associated bond 
lengths and interbond angles for the two complexes are listed in Table 1. 

In the solid state, both complexes exist as discrete, neutral, monomeric molecules 
separated by normal Van der Waals’ distances. 

Although the coordination geometry around the iron atom in A and B may be 
regarded as tetrahedral, with the bda ligand occupying a single coordination site, it 
is better to regard it as octahedral. A pseudo-octahedral symmetry was previously 
suggested for Fe(CO),L(diene) (L = CO or Group V ligands) [ 1 l] on the basis of 
available X-ray data [ 11,121. The iron atom is then formally d2sp3 hybridized. The 
bond angles between the carbonyls and the phosphines at iron are close to the 
idealized octahedral angle. The two carbonyl groups are cis to each other while the 

(Continued on p. I1 6) 
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Fig. 1. Structural view of the complex Fe(CO),(PEt,)(bda) (A). 

phosphine is approximately tram to the midpoint of the central C(2)-C(3) bond of 
the bda ligand. The other two sites are occupied by the 0( 1) atom and the C(4) atom 
of this ligand. This suggests that the C(2)-C(3) bond should exhibit multiple bond 

Fig. 2. Structural view of the complex Fe(CO),(PPhMe,)(bda) (B). 
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character since the higher donor capacity of the tram P atom should increase the 

flow of metal electron density into the antibonding “diene” orbitals. This enhances 
the promotion of the “diene” to the first excited state. The C(2)-C(3) bond lengths 

in both complexes are slightly shorter than the C(l)-C(2) and C(3)-C(4) bonds, in 

keeping with this suggestion. The Fe( l)-0( 1) bonds are shorter than the Fe(l)-C(4) 
bonds and the Fe-C(carbony1) bonds tram to O(1) are shorter than the 
Fe-C(carbony1) bonds tram to C(4). This is as expected on the basis of the higher 

donor capacity of oxygen, which enhances back-donation from the iron atom to the 
trans carbonyl. The geometries of the PEt 3 and PPhMe, groups in the two complexes 
do not deviate significantly from the expected values. 

Spectral data 
Infrared and ‘H NMR data are summarized in Table 2. 
The infrared spectra of the dicarbonyl derivatives V showed two strong v(C0) 

bands of same intensity in the region 1928-2000 cm-‘, typical of Fe(CO),L (diene) 
derivatives [8,13,14]. The monocarbonyl derivatives VI and IX showed a single 
v(C0) band in the region 1890-1900 cm- ‘. As expected, in complexes V the 

frequencies decrease as the basicities of L increase, viz CO(7) > P(OPh), [8] > 
PPh,[8] - PPh,Me > PPhMe, > PEt,. The shifts to lower frequencies of Y(CO) 

when compared with Fe(CO),L(diene) complexes [8] can be understood on the basis 
of the molecular structures observed in the solid state - the O-donor atom increases 
the electron density at the iron atom, lowering the order of the C-O bond. The 

strong v(C0) band at 1680 cm-’ found in the spectrum of free bda disappears on 
coordination. This is also consistent with the molecular structures observed, in which 

TABLE 2 

‘H NMR” AND IR’ DATA FOR Fe(CO),(L)(bda) (V), Fe(CO)L,(bda) (VI) AND Fe(CO)dpe(bda) 
(IX) (7 in ppm, J in Hz; Y in cm-‘) 

Complex 7(H(l)) 7(H(2)) 7(CH,) Other p(C=Q 

V,L=PEt, 7.74 t 4.61 dd 7.66 d CH, 9.20 dt; 1990,1928 
CH, 8.36 

J(HH) = J(PH) = 8.5 J(HH) 8.5; J(PH) 2.5 J(HH) 7.5; 

J(PH) 2.0 J(H) 15.0 

J(PH) = J(HH) = 7.0 

V, L = PPhMe, 7.91 dd 4.57 dd 7.69 d P(CH,), 8.53 d 1994,1938 
J(HH) 8.5; J(HH) 8.5; J(PH) 2.5 J(PH) 8.5 

J(PH) 10.0 J(PH) 2.5 

V, L = PPh,Me 7.85 dd 4.53 dd 7.69 d PCH, 8.24 d 2000,1940 
J(HH) 8.5; J(HH) 8.5; J(PH) 2.5 J(PH)7.5 
J(PH) 9.5 J(PH) 2.5 

VI, L = PPhMe, 8.04 4.92 8.30 1891 
J(HH) 8.0; J(HH) 8.0; J(PH) 2.5 
J(PH) 3.0 J(PH) 3.0 

VI, L = PPh,Me 8.00 4.66 8.05 1890 
J(HH) 8.0; J(PH) 2.5 
J(PH) 3.0 

IX 7.60 4.37 7.97 1898 
J(HH) 8.5; J(PH) 2.5 
J(PH) 3.0 

LI In C,D, solution, * In cyclohexane solution. 
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the carbonyl group of the ketone loses most of its double bond character. 

The ‘H NMR spectra are typical of (hetero-1,3-diene) iron carbonyl systems [7,8]. 

The “inner” olefin protons are located in the region T 4.5-5.0 ppm, the “outer” 
protons in the region r 7.6-8.0 and the methyl protons of bda in the region 7 7.7-8.3 
ppm. The olefinic protons in the coordinated bda are shifted to higher field 
compared to free bda (H(l), r 2.52; H(2), 7 3.30 ppm). This is expected as a result of 
shielding due to coordination. However the “outer” protons are shifted by 5.0-5.5 
ppm, whereas the “inner” protons are shifted by only 1 .O- 1.5 ppm. This could be an 
indication that upon coordination the “outer” carbon atom increases its sp3 char- 
acter whereas the “inner” one retains most of its sp2 character. The fact that the 
resonances of the methyl protons appear at similar values in both free and coordi- 
nated bda suggests that the shieldings at the carbonyl carbons are very similar. The 
coupling constants J(H(l)H(2)) falls from 17 Hz in the free bda to 8-10 Hz in the 

coordinated bda. Both protons are coupled to phosphorus, the coupling constant 
being bigger for the “outer” protons (8.5 Hz) than for the “inner” ones (2.5 Hz). On 

the basis of the above discussion the ‘H NMR data are fully consistent with the 

molecular structures observed in the solid state. 
Mass spectral data are presented in the experimental section. All the complexes 

lose the carbonyls before the phosphines and bda. A intense peak assignable to the 

bdaFe+ fragment is observed in the spectra of all the complexes, pointing to the 
stability of the iron-heterodiene bond in this fragment. The m/e values assignable 
to FeL+ fragments were found only in the spectra of V (L = PEt,) and IX. 

Experimental 

The photolyses were carried out under dry nitrogen in a quartz annular reactor, 
using a 125-W medium-pressure mercury lamp. Infrared spectra were recorded on a 
Perkin-Elmer 257 spectrometer, ‘H NMR spectra on a Varian Associates HA100 
spectrometer and mass spectra on a Finnigan Instruments 1015S/L spectrometer 

equipped with a 6100 MS data System. Elemental analysis was by the microanalyti- 
cal laboratories of University Chemical Laboratory in Cambridge and the Research 
Center of Rhodia in Campinas. 

Preparations 

(Benzylideneacetone) dicarbonyl(triethy,hosphine) iron(O) (V, L = PEt,) 
A solution of triethylphosphine (830 mg, 7.0 mmol) and dodecacarbonyltriiron 

(1000 mg, 2.0 mmol) in tetrahydrofuran (THF) (100 cm3) was stirred for 1 h at 
70°C. The resulting red solution was filtered and the solvent removed under vacuum. 
The dark-red solid residue was a mixture of Fe(CO),PEt, ( Y(CO) 2047, 1967, 1933 
cm-‘) and Fe(CO),(PEt,), (v(C0) 1867 cm-‘). This mixture (600 mg) and 
benzylideneacetone (bda) (230 mg, 1.55 mmol) were dissolved in benzene (200 cm3) 
and the solution was irradiated for 16 h. The resulting red-brown solution was 
chromatographed on silica. Elution with benzene gave a small amount of unchanged 
Fe(CO),(PEt,), and a second elution with 10% ethyl acetate/benzene gave the 
product as orange-red crystals (370 mg (63% based on bda)), after two washings with 
n-pentane (2 cm3) (Found: C, 57,7; H, 6.7; P, 7.8. C,,H,,FeO,P calcd.: C, 57.5, H, 
6.7; P, 8.2%. Mass spectrum: M, 376 (calcd. 376.22); M - CO 348; M - 2C0 320; 
C,,H,,OFe, 202; Fe[P(C,H,),], 174). 
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The unreacted Fe(CO),(PEt,), was further irradiated in the presence of bda, to 

give little more Fe(CO),(PEt,)(bda). 

(Benzylideneacetone) dicarbonyl(dimethylphenylphosphine) iron(O) (V, L = PPhMe,) 
and (benzylideneacetone) carbonyl-bis(dimethyIphenylphosphine) iron(O) (VI, L = 

PPhMe,) 
A solution of dimethylphenylphosphine (1000 mg, 7.0 mmol) and dode- 

cacarbonyltriiron (1000 mg, 2.0 mmol) in THF (100 cm3) was stirred for 6 h, at 70°C 
then filtered. The solvent was removed under vacuum to leave a green mixture of 
Fe(CO),PPhMe, (v(C0) 2055, 1975, 1939 cm-‘) and Fe(CO),(PPhMe,), (v(C0) 
1867 cm-‘). This mixture was dissolved in benzene (200 cm3) and the solution was 
irradiated for 24 h after addition of bda (1000 mg, 6.8 mmol). The resulting red 
solution was chromatographed on silica. Elution with benzene gave some unchanged 
Fe(CO),(PPhMe,), (557 mg), and a second elution with 10% ethyl acetate/benzene 
gave two orange bands. The faster-moving band gave Fe(CO),(PPhMe,)(bda) as 

orange crystals (820 mg (30% based on bda)) after two washings with n-pentane (3 
cm3) (Found: C, 59.5; H, 5.6; P, 7.8. C,,H,,FeO,P calcd.: C, 60.6; H, 5.3; P, 7.8%. 

Mass spectra; M, 396 (calcd. 396.21); M - CO, 368; M - 2C0, 340; C,,H,,Fe, 
202). The slower-moving band gave Fe(CO)(PPhMe,),(bda) as brown crystals (330 

mg (8.6% based on bda)) after two washings with n-pentane (2 cm3) (Found: C, 
64.0; H, 6.5; P, 12.9 C,,H,,FeOZP, calcd.: C, 64.0; H, 6.4; P, 12.2%. Mass 

spectrum; M, 506 (Calcd. 506. 38); M - CO, 478; C,,H,,OFe, 202). The unreacted 
Fe(CO),(PPhMe,), (557 mg, 1.34 mmol) was further irradiated in benzene (200 
cm3) with bda (300 mg, 2.05 mmol). A mixture of Fe(CO),(PPhMe,)(bda) (237 mg; 
45% based on Fe(CO),(PPhMe;?),) and Fe(CO)(PPhMe,),(bda) (102 mg; 20% 
based on Fe(CO),(PPhMe,),), was obtained after chromatography on silica and 
elution with 10% ethyl acetate/benzene. 

(Benzylidenacetone) dicarbonyl(methyldiphenylphosphine) iron(O) (V, L = PPh, Me) 
and (benzylideneacetone) carbonyl-bis(methyldiphenylphosphine) iron(O) (VI, L = 
PPh, Me) 

A solution of methyldiphenylphosphine (1410 mg, 7.0 mmol) and dodeca- 
carbonyltriiron (1000 mg, 2.0 mmol) in THF (100 cm3) was stirred for 2 h, at 70°C 

then filtered. The solvent was removed under vacuum to leave a mixture of 

Fe(CO),PPh,Me (Y(CO) 2051, 1975, 1937 cm-‘) and Fe(CO),(PPh,Me), (v(C0) 
1879 cm-‘) as a brown oil. This oil was dissolved in benzene (200 cm3) and the 
solution was irradiated for 24 h after addition of bda (1000 mg, 6.8 mmol). The 

resulting red-brown solution was chromatographed on silica. Elution with benzene 
gave a mixture of unchanged Fe(CO),(PPh,Me), and Fe(CO),PPh,Me enriched 
with the bisphosphine derivative. A second elution with 10% ethyl acetate/benzene 
gave a red oil, identified by its infrared spectrum as Fe(CO), (PPh,Me)(bda) (Y(CO) 
2000, 1940 cm-‘) containing a small amount of Fe(CO)(PPh,Me),(bda) (v(CO) 
1897 cm-‘). This mixture was again chromatographed as described above, to give 
Fe(CO),(PPh,Me)(bda) as orange-red crystals (2070 mg (66% based on bda) after 
washing with n-pentane (4 cm3) (Found: C, 65.2; H, 5.5; P, 6.8. C,,H,,FeO,P 
calcd.: C, 65.5; H, 5.1; P, 6.8%. Mass spectrum: M - 458 (Calcd. 458.30); M - CO, 
430; M - 2CO,402, C,,H,,OFe, 202). 

A second irradiation of the unreacted iron carbonylphosphines (410 mg) in 
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benzene (200 cm3), in the presence of bda (150 mg, 1.03 mmol) gave 

Fe(CO),(PPh,Me)(bda) (240 mg (51% based on bda) and Fe(CO)(PPh,Me),(bda) 

(38 mg (6% based on bda)). 

(Benzylideneacetone) carbonyl-bis(diphenylphosphine)ethane iron(O) (IX) 
A solution of tricarbonyl-bis(diphenylphosphine)ethane (VII) (830 mg, 1.55 mmol) 

and bda (226 mg, 1.55 mmol) in benzene (200 cm) was irradiated for 24 h then 
chromatographed on silica. Elution with benzene gave small amounts of unchanged 
Fe(CO),dpe, and a second elution with 10% ethyl acetate/benzene gave the product 
as a red-brown powder (620 mg (64%)) after two washings with n-pentane (3 cm3) 

(Found: C, 70.8; H, 5.5; P, 10.0. C3,H3,FeOZP, calcd.: C, 70.7; H, 5.4; P, 9.9%. 
Mass spectrum: M 629 (calcd., 628.50); M - CO, 601; W(C6H,),(CH2)2P21, 455; 
C,,H,,OFe, 202). 

X-ray structural analysis of Fe(CO),(PEt,)(bda) 
Crystal data: C,,H,,FeO,P, Mol wt. 376.2, monoclinic, a 10.203(3), b 12.964(4), 

c 16.960(6) A, @ 120.00(2)“, U 1943.5 A3, d, 1.285 g cm3, 2 = 4, F(OO0) = 792. Space 
group P2,/c from systematic absences, graphite-monochromated MO-K, radiation; 
A 0.71069 A, ~(Mo-K,) 8.11 cm-‘. Intensity data was recorded from a crystal of 

dimensions 0.35 x 0.29 X 0.15 mm. 
A single crystal of Fe(CO),(PEt,)(bda) was mounted on a glass fibre and placed 

on a Phillips PWl 100 four-circle diffractometer. Cell parameters were determined 
from the accurate angular measurement of 25 strong reflections in the range 

TABLE 3 

ATOMIC COORDINATES (X 104) FOR Fe(CO),(PEt,)(dba) 

Atom x/a 

Fe 

O(1) 
C(1) 
C(2) 
C(3) 
C(4) 
C(5) 
C(6) 
C(7) 
c(8) 
c(9) 
c(l0) 
c(l1) 
WI) 
C(12) 
o(12) 
P 
C(111) 
C(112) 
C(121) 
C(122) 
C(131) 
C(132) 

-348(l) 
- i928i2j 

- 3553(3) 
- 2043(3) 

- 689(3) 
601(3) 

2090(3) 
2550(3) 
3939(4) 
4897(3) 
4478(3) 
3068(3) 

883(3) 
1682(2) 

- 163q3) 
- 2459(3) 

918(l) 
2853(3) 
3957(3) 
1091(3) 
1898(5) 
- 21(3) 

- 1534(4) 

y/b z/c 
964(l) 

2058( 1) 
1501(3) 
1818(2) 
1902(2) 
2288(2) 
2386(2) 
1740(2) 
1881(3) 
2660(3) 
3303(3) 
3174(2) 

56(2) 
- 567(2) 

- 43(2) 
- 685(2) 

116(l) 
1621(2) 

944(3) 
- 107(2) 

- 75(3) 
1992(2) 
1591(3) 

1543(l) 
1290(l) 

- 293(2) 
508(2) 
476(2) 

1270(2) 
1333(2) 

854(2) 
91 l(2) 

1440(2) 
1915(2) 
1860(2) 
1514(2) 
1501(2) 
1421(2) 
1339(2) 
3058( 1) 
3610(2) 
3472(3) 
3645(2) 
4692(2) 
3465(2) 
3310(2) 
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15” < 28 < 25”. Intensities in the range 3” < 28 < 50” were measured using graphite 

monochromated MO-K, radiation and an w-28 scan technique. The scan speed was 

set at 0.5” s-’ and the scan width at 0.8”. The variance of the intensity (I) was 

calculated as {[c(Z)*] + (0.041)*}“*, where [c(I)] is the variance due to counting 

statistics, and the term in Z* was introduced to allow for other sources of error. 
Three standard reflections were monitored periodically throughout the course of 
data collection but shows no significant variation in intensity. Lorentz polarisation 
corrections were applied, and equivalent reflections averaged to give 3351 unique 
observed intensities [F > 6a(F)]. 

The position of the Fe atom was derived from a Patterson synthesis, and the 
remaining non-hydrogen atoms from subsequent electron-density difference synthe- 
ses. Hydrogen atoms were placed in idealised positions (C-H 1.08 A) and con- 

strained to ride on the relevant C atom; methyl groups were refined as rigid bodies. 
Each type of hydrogen atom was assigned a common isotropic thermal parameter. 
The structure was refined by blocked full-matrix least squares with all the non-hy- 
drogen atoms assigned anisotropic thermal parameters. A weighting scheme of the 

form w = 2.4417u/*F was introduced and refinement continued until convergence 
was reached. The final residuals were R = 0.035 and R, = [Zw’/*A/Zw’/*]FO]] = 

0.039. An electron density difference map computed at this stage revealed no regions 
of significant electron density. Final atomic coordinates for the non-hydrogen atoms 
and associated anisotropic thermal parameters are presented in Tables 3 and 4, 

respectively, while details of the hydrogen atom parameters are given in Table 5. 

TABLE 4 

ANISOTROPIC THERMAL PARAMETERS (AX 103) FOR Fe(CO),(PEt,)(dba) (The temperature 

factor exponent takes the form: -20*(U!,I1~a*~ + . . . +ZU,,hk a*b*)) 

Atom VI u 22 u33 43 Ul3 42 

Fe 

O(1) 
C(1) 

C(2) 
C(3) 

C(4) 

C(5) 

C(6) 

C(7) 
C(8) 

C(9) 

C(lO) 
C(l1) 

O(l1) 

C(12) 
0(12) 

z&11) 
C(ll2) 
C(l21) 
C(l22) 
C(l31) 
C(132) 

41(l) 

49(l) 

42(l) 
47(l) 

48(l) 

50(l) 

49(l) 

56(2) 

66(2) 

53(2) 
58(2) 

64(2) 

57(2) 
81(l) 

54(2) 

W2) 
52(l) 
56(2) 
51(2) 
76(2) 

121(3) 

74(2) 
83(2) 

38(l) 

59(l) 
112(3) 

60(2) 

58(l) 

41(l) 

51(l) 

77(2) 
109(3) 

134(3) 

lW3) 

67(2) 

44(l) 
59(l) 

55(2) 
78(2) 
37(l) 
54(2) 
76(2) 
52(2) 
97(3) 
69(2) 

lW3) 

36(l) 

58(l) 
56(2) 

49(l) 

44(l) 

51(l) 

51(l) 

55(2) 

72(2) 
78(2) 

75(2) 

63(2) 

51(l) 
95(2) 

46(l) 
93(2) 
38(l) 
52(2) 
89(2) 
51(2) 
52(2) 
56(2) 
70(2) 

- ‘(1) 
6(l) 

“(2) 
‘4(l) 
‘4(l) 
60) 

“(1) 
80) 

‘W 
3f-w) 
‘W 
5(l) 

-6(l) 
-lo(l) 

-4(l) 

-5(l) 
-2(l) 
-8(l) 
- 4(2) 
14(l) 
25(2) 

- 16(l) 

- 4(2) 

20(l) 
32(l) 

16(l) 

24(l) 

25(l) 

30(l) 

28(l) 

34(l) 

47(2) 

40(2) 
29(2) 

35(2) 

27(l) 
48(l) 

23(l) 

42(l) 
19(l) 
‘5(l) 
16(2) 
20(l) 
23(2) 
33(2) 
50(2) 

2(l) 
13(l) 

l(2) 

13(l) 

10(l) 

4(l) 

2(l) 

8(l) 

1 g(2) 

6(2) 
- 21(2) 

-10(l) 

O(l) 
17(l) 

-6(l) 
-37(l) 

-l(l) 
-11(l) 

7(2) 
-5(l) 
- 3(2) 

7(2) 
g(2) 
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TABLE 5 

HYDROGEN ATOM COORDINATES (x 104) AND ISOTROPIC TEMPERATURE FACTORS 

(A2 x 103) FOR Fe(CO),(PEt,)(bda) 

Atom x/a 

H(l1) - 3499(3) 

WW -4177(3) 

H(13) -4116(3) 

H(3t) - 635(3) 

H(41) 410(30) 

H(61) 1813(3) 

H(71’) 4279(4) 

H(81) 5977(3) 

H(91) 5231(3) 

H(l01) 2735(3) 

H(llA) 3265(3) 

H(llB) 2825(3) 

H(12A) 5080(3) 

H(l2B) 3641(3) 

H(l2C) 3943(3) 

H(2lA) 1706(3) 

H(2lB) - 39(3) 

H(22A) 1998(5) 

H(22B) 1338(5) 

H(22C) 3012(5) 

H(3lA) - 209(3) 

H(31B) 716(3) 

H(32A) - 205 l(4) 

H(32B) - 1392(4) 

H(32C) - 2250(4) 

y/b 

1162(3) 

2217(3) 

976(3) 

1683(2) 

2862( 15) 

1128(2) 

1375(3) 

2763(3) 

3909(3) 

3690(2) 

1683(2) 

2377(2) 

1266(3) 

892(3) 

184(3) 

- 637(2) 

- 397(2) 

-813(3) 

46q3) 
21 l(3) 

2719(2) 

2108(2) 

2224(3) 

946(3) 

1365(3) 

z/c 

- 858(2) 

- 508(2) 

- 65(2) 

- 121(2) 

1662(16) 

435(2) 

540(2) 
1478(2) 

2334(2) 

2228(2) 

4331(2) 

3335(2) 

3857(3) 

2763(3) 

3728(3) 

3458(2) 

3404(2) 

5012(2) 

4912(2) 

4883(2) 

3114(2) 

4186(2) 

3468(2) 

3749(2) 

2609(2) 

u 

13W) 
130(4) 
130(4) 
74(3) 

74(3) 

94(5) 

94(5) 

94(5) 

94(5) 

94(5) 

74(3) 

74(3) 
130(4) 

130(4) 

130(4) 

74(3) 

74(3) 
130(4) 

130(4) 

130(4) 

74(3) 

74(3) 
130(4) 

130(4) 

130(4) 

X-ray structural analysis of Fe(CO),(PPhMe,)(bda) 
Crystal data: C,,H,,Fe03P, mol, wt‘384.18, monoclinic, a 8.134(3), b 21.394(8), 

c 11.658(5) A, p 108.18(2)“, U 1927.4 .%, d, 1.324 g cm-2, Z= 4, F(OOO)= 800. 
Space group P2,/c from systematic absences. Graphite-monochromated MO-K, 
radiation, X 0.71069 A, ~(Mo-K,) 8.25 cm-‘. Intensity data was recorded from a 
crystal of dimensions 0.41 X 0.27 X 0.23 mm. 

The crystal was mounted and data collected as described for Fe(CO), (PEt ,)(bda). 
Lorentz polarisation corrections were again applied and equivalent reflections aver- 
aged to give 3498 unique observed intensities [F > 6a(F)]. 

The structure was solved and refined in the same way as for Fe(CO),(PEt,)(bda), 
and the hydrogen atoms treated in a similar manner. In this case the weighting 
scheme was w = 12.1326/[a2(F) + O.O008]F,]], and the converged residuals were 
R = 0.036 and R, = [ZW”~A/Z w112 FOl] = 0 041. 1 . Final atomic coordinates for the 
non-hydrogen atoms, anisotropic thermal parameters, and hydrogen atom parame- 
ters are presented in Tables 6, 7, and 8 respectively. 

For both structures complex neutral-atom scattering factors were employed [ 151. 
Calculations were performed on the University of Cambridge IBM 370/165 com- 
puter using SHELX 76 [ 161. The molecular plats were drawn using ORTEP. Copies 
of observed and calculated structure factor tables may be obtained from the authors. 
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TABLE 6. ATOMIC COORDINATES ( x 104) FOR Fe(C0)2(PPhMe,)(hda) 

Atom 

Fe 

&I) 

C(1) 

C(2) 

C(3) 

C(4) 

C(5) 

C(6) 

C(7) 

C(8) 

C(9) 

C( 10) 
C(li) 

W11) 

C(12) 

WI2) 
C(lO1) 

C( 102) 

C(ll1) 

C(112) 

C(ll3) 

C(ll4) 

C(II5) 

C( 116) 

x/a y/b 

1314(l) 1341(l) 

1671(l) 2267( 1) 

3w2) 1471(l) 

2224(4) 548(l) 
2733(3) 872( I ) 
2902(3) 569(l) 
3562(3) 935(l) 

3632(3) 705( 1) 
2669(4) 194(l) 
2742(4) 2(2) 
3763(5) 317(2) 

4766(4) 817(2) 

471 l(3) lOWI) 

-92(3) 1067(l) 

- 1018(3) 895( I ) 
- 5W3) 1492(l) 

- 1706(3) 1588(l) 

3731(3) 2639( 1) 

1652(4) 2261(l) 

3U3) 2854(l) 

- 1684(4) 2723(2) 

- 2986(4) 3151(2) 

- 2613(5) 3708(2) 

- 935(6) 3847(2) 

394(4) 342q 1) 

Z/C 

686(l) 

-79(l) 
2319(l) 

3205(3) 

2229(2) 

1192(2) 

415(2) 

- 762(2) 

- 1362(2) 

- 2477(3) 

- 3036(3) 

- 2449(3) 

- 1323(3) 

- 672(2) 

- 1577(2) 

l200(2) 
1488(2) 

7243) 
- 1647(2) 

- l21(2) 

- 799(3) 

- 858(3) 

- 249(4) 

424(4) 

492(3) 

TABLE 7 

ANISOTROPIC THERMAL PARAMETERS (t? X 10’) FOR Fe(CO)I(PPhM~)(bda) (The temperature fac- 
ture exponent takes the form: -2n2(fJ,,h2a” + __. + ZfJ*hka*b’)) 

AtOm f-J11 fJ22 &3 Q3 “#I fJ,2 

Fe 39(l) 34(l) 40(l) o(l) II(l) -2(l) 
P 43(l) 36(l) 46(l) 2(l) 15(l) - l(9 

o(I) 50(l) 49(l) 46(l) -Yl) a(1) -4(l) 

C(l) 82(2) 65(2) 49(l) 8(l) 22(l) 2(l) 

C(2) 52(l) 47(l) 43i1) 4(l) loC1) 3(l) 

C(3) 54(l) 41(l) 49(l) 3(l) 13(l) 8(l) 

C(4) 43(l) 45(l) 49(l) 2(l) l3(1) 6(l) 

C(5) 47(l) 50(l) 50(l) 8(l) la(l) 14(l) 
C(6) 67(2) 58(2) 57(2) -5(l) 22(l) 9(l) 
C(7) 77(2) 8l(2) 58(l) - lo(2) 18(2) 18(2) 
C(8) 75(2) 95(2) 54(2) I(2) 22(2) 32(z) 
C(9) 63(2) 93(2) 710) 28(2) 34(2) 35(2) 
C( 10) 48(l) 66(2) 6l(2) lY1) 21(l) 16(l) 
C(lI) 43(l) 42(i) 55(l) -Yl) 15(l) -4(l) 
o(11) 58(l) 82(l) 62(l) -21(l) 4(l) -13(l) 

C(12) 51(l) 51(l) 5Yl) -5(l) 18(l) -7(l) 
o(I2) 64(l) 112(2) 92(2) -15(l) 460) -5(l) 
C(101) 43(l) 5w) 9l(2) o(l) l7(1) -11(l) 
C( 102) 86(2) 53(l) 55(2) Ii(l) 37(l) 13(l) 
C(ll1) 51(l) 43(l) 48(l) 9(l) 19(l) a(l) 
C(112) 50(l) 68(2) 7x2) 6(l) 11(l) 8(l) 
c(ll3) 56(2) 95(3) 94(2) 3l(2) 2l(2) 25(2) 

c(l14) 89(3) 84(2) 103(3) 33(2) 490) 45(2) 
C(l15) 117(3) 57(2) 88(2) 5(2) 44(2) 320) 
C(ll6) 72(2) 46(l) ao(2) Yl) 22(l) lo(l) 
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TABLE 8 

HYDROGEN ATOM COORDINATES (x 104) AND ISOTROPIC TEMPERATURE FACTORS 

(A’ X 10’) FOR Fe(CO),(PPhMe,)(bda) 

Atom x/a y/b r/c 

Wll) 
W12) 
H(13) 

H(31) 

H(41) 

H(61) 

H(71) 

H(81) 

H(91) 
H(l01) 

H(OIA) 

H(OIB) 

H(OlC) 

H(O2A) 

H(O2B) 

H(02C) 

H(l12) 

H(113) 

H(114) 

H(115) 

H(116) 

1616(4) 101(l) 

1330(4) 

3367(4) 

2544(3) 
4532(32) 

1849(4) 

1995(4) 

3784(S) 

5590(4) 

5513(3) 

3924(3) 

3824(3) 

4710(3) 

2548(4) 

1975(4) 

352(4) 

- 1992(4) 

- 4303(4) 

- 3635(5) 

- 647(6) 

1707(4) 

854(l) 
485( 1) 

85(l) 
1273(12) 

-55(l) 

- 397(2) 

174(2) 
1061(2) 

1390(l) 
2709( 1) 

3083( 1) 

2325( 1) 

1919(l) 

2717(l) 

2140(l) 

2285(2) 

3046(2) 
4039(2) 

4286(2) 

3530(l) 

2926(3) 

3450(3) 

3974(3) 

low) 
869(27) 

- 947(2) 

- 2913(3) 

- 3920(3) 

-2871(3) 

- 870(3) 

1675(3) 

307(3) 

6 12(3) 

- 1787(2) 

- 1913(2) 

-2185(2) 

- 1277(3) 

- 1388(3) 

- 297(4) 

900(4) 
1023(3) 

u 
92(4) 
92(4j 

92(4) 

85(3) 

85(3) 

85(3) 

85(3) 

85(3) 

85(3) 

85(3) 

92(4) 

92(4) 

92(4) 

92(4) 

92(4) 

92(4) 

85(3) 

85(3) 

85(3) 

85(3) 

85(3) 
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