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Abstract 

Reactions of l,l’-bis(diphenylphosphino)ferrocene (BPPF) with Fe,(CO), and Fe&CO),, produced 

a series of iron carbonyl derivatives: (7’.BPPF)Fe(CO), cl), (q’-BPPF)Fe(CO), (2), (p,~*- 

BPPFXFe(CO),& (3). (T2-BPPF)Fe,(CO), (4), and ( p,v2-BPPF)Fe,(CO),, (5). The synthesis and 

characterization of 4 and 5, including X-ray crystal structures of 2, 3, and 5, confirmed various 

coordination modes of BPPF. Crystal data are as folloys: (VI-BPPF)Fe(CO), (2): orthorhombic, space 

group P&a, a = 26.27(l), b = 23.18(l), c = 10.93X(8) A, I/= 6661(7) k, Z = 8; 3017 data with I > 
3.0&I) were refined to R = 0.057, R, = 0.056: (I*d772-BPPF)Fe,(CO),o (5): monoclinic, space group 

P2, /n, a= 11.231(l), h = 21.043(4), c = 20.373(9) A, p = 97.373(9)“. V= 4693(4) A’, Z = 4; 6082 data 

with I > 3.0&I) were refined to R = 0.054, R, = 0.071; (k,a’-BPPF)Fe,(CO), (3): monoclinic, space 

group C2/c, a = 17.223(7), b = 14.97(2), c = 18.558(3) A, p = 108.39(3)“, V = 4541(6) A’;‘, Z = 4; 3201 

data with I > 3.0a(I) were refined to R = 0.070, R, = 0.139, as a result of difficulties with modeling 

electron density peaks associated with highly disordered solvent atoms. 

Introduction 

Ferrocenylphosphines are now well known as efficient ligands for metal com- 
plexes in a wide range of homogeneous catalysis. Upon examination of the 
literature, it is obvious that much interest has been focused on such reactions as 
hydrogenation of olefinic substrates [l-6], Grignard cross-coupling reactions [7] 
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in a small volume of THF to be chromatographed on silica gel. Three orange 
bands developed by eluting with mixtures of hexane and ether. After removing the 
first two bands (2 and 3) on elution with hexane/ether (3: 1) the third band was 
eluted with ether to obtain 4 as a yellow powder after removal of solvent. Yield of 
4: 0.02 g, 1.3%. IR (KBr) 2049s 1971m, 1929vs, 1883s 1875~s cm-‘. Anal. Found: 
C, 57.67; H, 3.72. (BPPF)Fe,(CO), talc.: C, 57.14: H, 3.28%. Yields of 2 and 3 
were 16 and 21%, respectively, based on the ligand. 

Preparation of (p,q’-BPPFjFe,(COj,, (5) 
The title compound was obtained as a minor product along with the compounds 

2, 3, and 4 from the reaction of BPPF with Fe,(CO),,. Fe&CO),, (0.91 g, 1.8 
mmol) and BPPF (1.0 g, 1.81 mmol) were dissolved in CH,CI, (30 mL) in a 
100-mL, two-necked, round-bottomed flask with a condenser, a magnetic stirrer, 
and an argon inlet. The solution was refluxed with stirring for 4 h during which 
time the solution became dark brown with deposit of black precipitates. The 
solution was then filtered on a Celite tube to remove the precipitates, and the 
filtrate evaporated to dryness. The remaining dark brown oily residue was dis- 
solved in a small volume of THF to be chromatographed on silica gel. Four bands 
developed on elution with mixtures of hexane/cther (5 : I> and hexane/ether 
(3 : l), respectively, the third purple band was eluted with a 2 : 1 mixture of hexane 
and ether, and 5 obtained as dark purple crystals after removal of solvents 
followed by crystallization from CH,Cl,/ether (1: 3) at room temperature. The 
remaining orange band was eluted with ether to be identified as 4. Yield of 5: 0.51 
g, 8%. IR (KBr) 2067vs, 199&s, 1952s 1782s 1740s cm-‘. Anal. Found: C, 52.92; 
H, 3.00. (BPPF)Fe,(CO),,, talc.: C, 52.76; H, 2.82%. Yields of 2, 3, and 4 were 2, 
21, and 6%, respectively. 

X-Ray crystallographic analysis of 2, 3, and 5 
For each compound, a chunky crystal, approximately 0.3 x 0.3 x 0.3 mm, was 

mounted on a glass fiber. All measurements were made on a Rigaku AFCSOR 
diffractometer with graphite monochromated MO-K, radiation (A = 0.71069 A) 
and 12 kW rotating anode generator. Preliminary experiments for the cell parame- 
ters and orientation matrix for each crystal were carried out by least-squares 
refinement, using the setting angles of 25 carefully centered reflections in the 
range 20” < 20 < 35”. 

For each crystal, diffraction intensities were collected at a constant temperature 
of 20 f 1°C using the w-20 scan technique with a scan speed of 32”/min (in w> 
which is a maximum attainable speed with the diffractometer. Omega scans of 
several intense reflections were made prior to the data collection to optimize the 
proper scan width for each crystal. The weak reflections (I < lOa( I)) were 
rescanned (maximum of 3 rescans) and the counts were accumulated to assure 
good counting statistics. Stationary background counts were recorded on each side 
of the reflection. The ratio of peak counting time to background counting time was 
2: I. The diameter of the incident beam collimator was 0.5 mm and the crystal to 
detector distance was 40 cm. The crystallographic data and additiona details of 
data collection and structure determination are summarized in Table 1. 

The intensities of three representative reflections which were measured after 
every 150 reflections remained constant throughout data collection indicating 
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Table 2 

NMR data for l-5 ” 

Compound ‘H NMR “P NMR ‘jC NMR (CO) 

I* 

2 ” 

3h 

4 

5 

CP Phenyl 

4.20 (s, 4H), 7.40-7.64 (m, 2OW 64.X (s) 220.7 (t, J(P-C) = 9.3 Hz) 
4.46 (s, 4H) 
4.46 (s, 2H). 7.22-7.49 (m, 20H) 6X.4 (s), 213.2 (d, J(P-C) = 19 Hz) 
4.38 (s, 2H), - 15.6 (s) 
3.88 (s, 2H), 

3.68 (s, 2H) 
4.23 (b. 4H), 7.41-7.44 (m, 20H) 61.6 (s) 213.0 (d, J(P-C) = 19 Hz) 
3.93 (b, 4H) 
4.21 (b. 4H), 7.50-7.26 (m, 2OH) 73.5 (s), 213.1 (d, J(P-C) = 21 Hz) 
3.83 (b. 4H) 64.6 (s) 213.6 (b) 
4.47 (b, 4H) 7.67-7.25 (m, 2OH) 39.0 (s) 230.8 (m), 216.3 (s) 

4.06 (b, 4H) 

” In CDCI,. Chemical shifts are in ppm. Key: s, singlet; b, broad singlet; m, multiplet; t. triplet; d, 

doublet. ’ Values taken from ref. Il. 

Anomalous dispersion effects were included in F,;,,,, [20]; the values for Af’ and 
Af” were those of Cromer [21]. All calculations were performed using the TEXSAN 

[22] crystallographic software package at Boston College. The final cycles of 
refinement led to the R indices listed in Table 1. The final positional and thermal 
parameters of the non-hydrogen atoms are listed in Table 3, selected interatomic 
distances and angles are given in Table 4, and complete lists of bond lengths, bond 
angles, and observed and calculated structure factors are available from the 
authors. 

Results and discussion 

Syntheses and characterization 
Scheme 1 shows various reaction conditions that lead to the preparation of a 

new series of iron carbonyls l-5 demonstrating all possible coordination modes for 
the ligand BPPF with iron carbonyls. 

As the yields and product distribution depended significantly on the reaction 
conditions, and as the chromatographic separation of these compounds was rather 
tedious, we have employed a number of experimental procedures to guarantee the 
preferential formation of any particular compound(s) over others in high yields. 
Some experimental details of the optimum reaction conditions for the highest 
yields of l-3 can be found in our previous report [ll]. As illustrated in Scheme 1, a 
representative procedure is to treat BPPF with Fe(CO), in refluxing toluene or 
benzene for a certain period of time. It was found that the reaction time and 
temperature played an important role in the product distribution of l-3. The 
longer the reaction time or the higher the reaction temperature, the higher the 
yields of 2 and 3 achieved at the cost of 1, suggesting 1 to be thermodynamically 
less favored than 2 and 3. In line with these observations is the finding that 1 
decomposes readily in solution in air while 2 and 3 remain quite stable for an 
extended period of time. 





77 

Table 3 

Final positional parameters and B,, temperature factors ” for (a’-BPPF)Fe(CO), (2). (p,~~- 

BPPF)(Fe(CO),)z (3), and (~,?)‘-BPPF)Fe,(CO),,, (5) 

((I) (q’-BPPFJFdCO), (2) 
Fel 0.6294( 1) 0.0143(l) 0.2163(l) 3.06(S) C20 0.60X”)(S) -0.231X(5) 0.20X9(14) 9(l) 

Fe2 0.6183(l) 0.2012(l) 0.3991(l) 5.19(7) C2l 0.62X1(4) -0.2147(4) 0.0975( 12) 7.3(7) 

Pl 0.5485(l) ~ 0.0640(l) 0,0371(l) 3.6(l) C22 0.610X(3) -0.1654(4) 0.0440(9) 4.9(5) 

P2 0.66’)9(1) 0.1243(l) 0.4106(2) 3.2(l) C23 0.7279(3) 0.1255(4) 0.3157(7) 3.3(4) 

Cl 0.6034(3) ~ 0.0178(4) 0.0544(h) 3.1(4) C24 0.7663(3) 0.0X68(4) 0.3388(X) 4.3(S) 

c2 0.6562(3) - 0.0324(4) 0.0734(6) 3.6(J) C25 0.8CIXX(3) 0.0X63(43 0.2631(9) 5.5(6) 

C3 0.6844(3) 0.0195(4) 0.0869(7) 4.2(4) C26 0.812X(4) 0.123X(5) O.l692(9) 6.4(h) 

c4 0.6505(3) 0.0663(4) 0.0752(7) 4.1(4) C27 0.7743(4) 0.1621(S) 0.1474(9) 6.0(6) 

c5 0.6014(3) 0.0436(4) 0.0540(7) 3.7(4) C28 0.7323(3) 0.1640(4) 0.2203(X) 4.1(4) 

C6 0.6404(3) 0.0558(4) 0.3791(6) 3.2(4) C29 0.6054(3) 0.1147(3) 0.5666(7) 3.6(4) 

c7 0.5X70(3) 0.0473(4) 0.3561(h) 3.3(4) C3O 0.6714(4) 0.07X4(4) 0.6463(7) 5.0(S) 

C8 0.57X3(3) - 0.0122(4) 0.3446(7) 4.1(J) C31 0.68X2(4) 0.074X(4) 0.7665(X) 5.X(6) 

c9 0.6248(4) ~ 0.0409(4) 0.3606(7) 4.1(J) C32 0.72X0(4) 0.1075(5) 0.8041(8) 4.9(S) 

Cl0 0.6633(3) 0.0007(4) 0.3X01(7) 4.0(4) C3.3 0.7527(3) 0.1431(4) 0.7221(X) S.](5) 
Cl I 0.54930) ~ 0.075914) -O.l2YX(7) 3.3(4) C34 0.7364(3) 0.1465(4) 0.6057(X) 4.4(S) 
Cl2 0.5360(3) -0.129X(4) -0.1764(X) 4.5(5) C210 0.5X13(4) 0.1722(S) O.SlYS( IO) 6.8(7) 

Cl3 0.5x35(3) -0.13X0(4) -0.303’)(9) 5.1(5) c220 0.6719(S) 0.2440(5) 0.432Y( IO) 6.X(7) 

Cl4 0.543X(3) - 0.0922(5) ~ 0.3X07(8) 4.9(S) C230 0.5X06(6) 0.2637(6) 0.3932(11) 13 (I) 

Cl5 0.55620) -0.0412(S) -0.3342(8) 4.X(i) C240 0.6006(3) 0.1X51(4) 0.245 l(X) 4.7(5) 

Cl6 0.55890) -0.0322(4) -0.2082(X) 3.X(4) 0210 0.5564(3) 0,1538(S) 0.5963(X) 11 .X(7) 

Cl7 0.572X(3) -0.1312(4) 0.09X4(8) 4.2(5) 0220 0.7063(4) 0.2724(3) 0.4548(X) 10.9(6) 

Cl8 0.5533(4) -0.1504(4) 0.2053(9) 5.3(h) 0230 0.5590(S) 0.3064(S) 0,3X76(9) 17 (I) 

Cl9 0.5713(S) - 0.2000(6) 0.2600(11) 7.4(X) 0240 0.5X71(3) 0.17X8(3) 0,14X8(6) 6.0(4) 

(hl (IL,~~~-BPPF)(F~(CO),), (3) 
Fe1 1 .OOOO 0.4X82(2) 0.2500 3.3(l) Cl7 0.7120(7) 0.4461(X) 0.1716(7) 3.2(S) 

Fe2 0.7524( 1) 0.6559( 1) 0.1244(l) 3.60(8) Cl8 0.7088(X) 0.4369(9) 0.2445(X) 4.2(h) 
Pl 0.7907(2) 0.512X(2) 0.1.517(2) 2.‘)(l) Cl9 0.64X2(13 0.3936(12) 0.2612(10) 6.0(X) 
Cl 0.8773(7) 0.4942(O) 0.2362(h) 3.3(S) C20 0.5X69(1 1) 0.355X(1 I) 0.202X(13) 7 (1) 
c2 0.9096(S) 0.4116(O) 0.2700(7) 3.8(h) C21 0.5X61(9) 0.3633(1 I) 0.12X5(11) 6.2(X) 

c3 0.9725(X) 0.42X6( I 1) 0.3389(X) 4.x7) c22 0.651’)(X) 0.4097( IO) 0. I 133(X) 4.7(7) 
c4 0.9X00(7) 0.521X(12) 0.3491(7) 4.9(7) C210 0.6766(10) 0.6154(10) 0.0405(9) 5.7(7) 

c5 0.9225(7) 0.5657(9) 0.2X62(7) 3.7(6) C220 0,730X(9) 0.6661(10) 0.2162(Y) 4.X(7) 

Cl 1 0.8124(7) 0.447X(X) 0.0779(7) 3.1(S) C230 0.7109(10) 0.7661(10) 0.1025(8) 5.1(7) 

Cl2 0.8179(X) 0.356X(9) 0.0X15(8) 4.3(6) C240 0.84X8(103 0.6921(9) 0,11X6(8) 4.7(7) 

Cl3 0.X387(9) 0.3094(10) 0.0256(10) 5.4(7) 0210 O.h2Y9(X) 0.593X(9) -0.0149(7) 9.6(7) 

Cl4 0.X540(10) 0.3526(12) -0.0340(10) 5.9(X) 0220 0.7323(7) 0.6771(X) 0.2747(6) 7.5(7) 

Cl5 0.847X(9) 0.4449(12) - 0.0381(8) 5.4(X) 0230 0.6X18(9) 0.X339(7) 0.0900(7) 7.X(7) 

Cl6 0.X269(8) 0.4924(9) 0.0173(7) 4.1(6) 0240 0.911 l(7) 0.7163(8) 0.1161(7) 6.9(6) 

(c) (~,?I’-RPPF)F~,(CO),,, (5) 
Fe1 0.2544(l) 0.0693(l) 0.1453(l) 2.90(S) C25 0.7648(X) O.llOS(5) 0.0456(5) 4.9(5) 

Fe2 0.2656(l) 0.2922(l) 0.1501(l) 2.97(5) C26 0.7975(9) 0.1357(S) -0.0114(6) 4.9(6) 

Fe3 0.371X(l) 0.2585(l) 0,0505(l) 2.93(S) C27 0,7133(Y) 0.1644(5) -0,0566(S) 4.4(5) 

Fe4 0.3517(l) 0.3855(l) 0.0747(l) 3.X6(6) C28 0.5959(8) 0.1687(S) - 0.0444(5) 4.0(5) 

Pl 0.1778(2) 0.2164(l) 0.2082(l) 2.8(l) C29 0.3206(7) 0.11X3(4) - 0.0425(4) 2.9(4) 

P2 0.4052(2) 0.1539( I ) 0.0320(l) 2.6(I) C30 0.3706(X) 0.0697(4) -0.075X(4) 3.5(4) 

Cl 0.1445(7) 0.1373(4) 0.1764(4) 3.0(4) C31 0.3040(9) 0.0428(4) -0.1323(5) 4.1(5) 

c2 0.1420(X) 0.0X02(5) 0.2161(S) 3.X(4) C32 O.lXXl(lO) 0.0642(S) -0.1557(5) 4.7(5) 

c3 0.1044(X) 0.0293(S) 0.1745(h) 4.4(S) C33 0.1409(9) 0.1123(6) -0.1206(6) 5.3(6) 

c4 0.0799(X) 0.0524(S) 0.1079(S) 4.5(5) C34 0.2052(X) 0.13’)3(5) - 0.0657(5) 4.1(5) 
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Table 4 

Selected bond lengths (A) and bond angles (“) ’ for 2, 3, and 5 

Bonds and angles 2 3 5 

Selected bond lengths (A’) 
Fel-Cl 
Fel-C2 
FelLC3 
FelLC4 
Fel-C5 
Fel-C6 
FelLC7 
Fe I -C8 
Fe 1 -CY 
Fel-Cl0 

2.040(7) 
2X)29(7) 
2.025(8) 
2.034(8) 
2.038(8) 
2.042(7) 
2.040(7) 
2.037(8) 
2.1137(8) 
2.025(X) 

Fe2-C200 
Fe2-C210 
Fe2SC220 
Fe2-C230 
Fe2-C240 
Fe2-C300 
Fe3-C200 
Fe3-C300 
Fe3SC310 
Fe3-C320 
Fe4-C410 
Fe4-C420 
Fe4-C430 
Fe4-C440 

_ 

1.77(l) 
1.77(l) 
1.75(l) 
1.79(l) 
_ 
_ 

_ 
_ 

_ 
_ 
_ 

Fe2-Fe3 _ 

Fe2-Fe4 _ 

Fe3-Fe4 _ 

FeZ-PI 
Fe2-P2 
Fe3-P2 

_ 

2.243(3) 
_ 

Pl-Cl 
Pl-Cl1 
PlLC17 
P2-C6 
P2ZC23 
P2-C2Y 
c200-0200 
c210-0210 
c220-0220 
C230-0230 
C240-0240 
c300-0300 
c310-0310 
C320-0320 
c410-0410 
C420-0420 
c430-0430 
c440-0440 

1 X07(8) 
1.846(8) 
1.81 l(Y) 
1.801(8) 
1 X44(8) 
1.847(8) 
_ 

1.15(l) 
1.13(l) 
1.14(l) 
1.12(l) 
_ 

_ 

_ 
_ 

2.0% 1 ) 
2.06( 1) 
2.06( I ) 
2.04( I ) 
2.04( 1) 

_ 
_ 
_ 
_ 

_ 

1.79(2) 
1.79(2) 
1.79(2) 
1.7X(2) 
_ 
_ 

_ 
_ 

_ 
_ 

2.251(S) 
_ 
_ 

1.81(l) 
1.81(l) 
1.81(l) 

_ 
_ 
_ 

1.14(2) 
1.14(2) 
1.12(2) 
1.15(2) 
_ 
_ 
_ 
_ 
_ 
_ 
_ 

2.039(8) 
2.028(S) 
2.034(9) 
2.04(l) 
2.031(9) 
2.036(g) 
2.023(9) 
2.01X9) 
2.039(8) 
2.036(8) 

1.897(9) 
1.79(l) 
1.76(l) 

_ 

2.05(l) 
2.052(9) 
1 .Y20(9) 
1.76(l) 
1.78(l) 
1.79(l) 
1.81(l) 
1.78(l) 
1.80(l) 

2.553(2) 
2.728(2) 
2.730(2) 

2.266(3) 

2.270(3) 

1.813(9) 
1.828(8) 
1 .X25(8) 
1.809(X) 
1.836(8) 
1.824(8) 
1.17(l) 
1.15(l) 
1.16(l) 
_ 
_ 

1.18(l) 
1.16(l) 
1.15(l) 
1.14(l) 
1.14(l) 
1.12(l) 
1.13(l) 
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Table 4 (continued) 

Bonds and angles 2 3 5 

C&P?-Fe3 _ 123.40) 
C23-P2-Fe3 _ _ lO9.h(3) 
C29-P2-Fe3 _ _ llh.9(3) 

0200-C200-Fe2 _ _ 145.9(7) 

02006CZOO-Fe3 _ 13X3(7) 
Fe2-C200-Fe3 _ _ X0.40) 
OZlO-CZlO-Fe2 178(l) 176 (2) 179 (1) 
0220-C220-Fe2 1x0 (1) 177(l) 177 (1) 

0230-C230-Fe2 17s (2) 177 (2) _ 

0240-C240-Fe2 174.4(8) 179 (1) _ 

0300~C300-Fe2 _ _ 134.3(7) 

0300-C300-Fe3 _ _ 145.4(8) 
Fe2-C300-Fe3 _ 79.9(4) 

” The numbers in parentheses are the estimated standard deviations in the units of the least significant 

digit given for the corresponding parameters. 

5 is very complicated and is similar to those found in Fe&CO),, (see below) [23,241. 
All carbon atoms of carbonyls in the three crystal structures are about 1.78(l) A 
(average) apart from the central iron atom, with no particular differences in their 
equatorial and axial positions. Only their angles with adjacent ligands distinguish 
their position. 

The bond distances between Fe and P atoms are 2.243(3), 2.251(5), and 2.266(3) 
and 2.270(3) A for complexes 2, 3 and 5, respectively, showing quite similar 

distances to those found in complex 1 (2.243(3) and 2.256(3) A> [ll] and 
(dppe)Fe(CO), [251 and small elongation of those found in 5. as expected in the 
coordination of BPPF with the bulkier Fe&CO),,, moiety. 

The ferrocene portion of BPPF ligands in the crystal structures of the four 
molecules showed various kinds of geometries with the rotation around axes 
perpendicular to the centers of the two cyclopentadienyl rings and Fe atoms, 
demonstrating its structural flexibility which is dependent on the coordination 
modes of BPPF ligand to Fe atoms of additional iron carbonyls. In complex 1 
(bidentated BPPF) and 5 (bridged to the same Fe,(CO),,, moiety), the rotation is 
somewhat limited showing + 7.5 and + 61.6” of rotation from Type I in Scheme 2 
with preference for the eclipsed form ( + 7.5 and -- 10.4” from a complete eclipsed 
form of Types I and III in Scheme 2, respectively). When they are, however, either 
monodentated (2) or bridged to two separated iron carbonyls through P atoms (31, 
their rotational freedoms are greatly increased to give almost opposite ligational 
direction (+ 132.79 and 162.85” rotation from Type I and - 11.21 and + 18.85 
rotation from Type V, respectively for the complexes 2 and 3). All ferrocenes in 
three (1, 2, and 5) out of these four complexes have preferential geometry of 
eclipsed forms (see above), while that in 3 has a geometry almost in the middle of 
the eclipsed and staggered forms (+ 18.85 and - 17.15” rotation from Types V and 
VI, respectively). 

In all compounds, the cyclopentadienyl rings are planar within experimental 
error but show slight deviations from being parallel to each other; 2.2, 2.64, 1.65, 
3.07” for compounds 1, 2, 3, and 5, respectively. This non-coplanarity is probably 
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Scheme 2 

caused by the displacement of the phosphine substitutes from the cyclopentadienyl 
rings ( + 0.12 W on average). 

P-C bond lengths are slightly different depending on the kinds of rings in which 
the C atoms belong. With C atoms of cyclopentadienyl rings, P-C bond lengths are 
slightly shorter (1.801-1.810 A> than those with C of phenyl rings (1.823-1.857 A>. 
These differences were also recognized in the Pd, Ni, MO complexes of iron 
carbonyls [26]. Angles at P atoms are distinguished by two types; 103 and 113” for 
C-P-C and C-P-Fe, respectively. The C-C bond lengths and C-C-C angles in 
cyclopentadienyl rings are well in the range of those reported and do not show any 
particular effect of substitution. Bond lengths and angles in the phenyl rings are 
within the ranges usually found. 

Fig. 1. Molecular structure of (7’.BPPF)Fe(CO), (2). Atoms are 

thermal ellipsoids. 

represented by 50% probability 





The triiron decacarbonyl moiety of complex 5 is found to be ordered, unlike the 
disorders found in two previous structural studies of Fe&CO),, [23,24]. With 
relatively high resolution (20,,, as high as 55.1”), the structure of the iron carbonyl 
moiety shows a triangle of Fe atoms and 8 terminal and 2 bridged carbonyls with a 
total of approximate Czl symmetry. However, a close examination of the two 
bridged carbonyls lowered the symmetry to C2 (see Table 4 for structural data 
around the two carbonyls). All terminal carbonyls have essentially linear conforma- 
tion (average Fe-C-O angles of 177”), while the two bridged ones have angles of 
145.7 and 133.8”, respectively, toward two Fe atoms in the cluster. Marginal 
difference in bond leagths of CO between terminal and bridged ones was recog- 
nized (1.13 and 1.18 A, respectively, on average). 

Finally, the Fe-Fe distances in complex 5 are 2.553(2) A for the one with 
bridging carbonyls and P atoms of BPPF, 2.728(2) and 2.730(2) A for the ones 
without such bridging carbonyls in between. Interestitgly, the four Fe atoms of the 
complex are located almost on the same plane; 0.05 A (Fe of ferrocene) above the 
least-square plane of the three Fe atoms of Fe&CO),,, moiety. 
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