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Abstract

The reactions of [Fe,(CO),,] with three diphosphine diselenides, dppmSe,, dppeSe., and dppfcSe,, produce the disubstitted clusters
[Fe(p-Se),(CO),{(Ph,P),R}] (R = CH, (dppm) 3; R = CH,CH, (dppe) 7; R = (CH,),Fe (dppfc) 8) as the main products. Other
products are [Fe,(u;Se),(CO),] 1, [Fe(CO) (dppm)] 2, [Fe,(pn-Se, XCO),(dppm)] 4 in the case of dppm and [{Fe,(p.,-Se),(CO)g},(dppe)]
5 in the case of dppe. Clusters 1, 3, 5, 7 and 8 have a square-pyramidal structure with two iron and two selenium atoms alternating in the
basal plane and the third iron atom (Feap) at the apex of the pyramid, and should be regarded as nido-clusters with seven skeletal electron
pairs. The phosphine substitution is regioselective, occurring only on the two basal iron atoms. 'H and *>'P NMR data in solution suggest
a fluxional behaviour for 3 and 7 in solution due to the migration of a metal-metal bond to link the two iron atoms bound to the bidentate
ligand. This is probably related to the deformation of the Fe,Se, core induced by the steric demand of the diphosphines in such a way
that the Fe - - - Fe non-bonding distance decreases as the bite of the ligand shortens. The crystal structures of 3, 4, 5, 7 and 8 are

described. © 1997 Elsevier Science S.A.
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1. Introduction

Tertiary phosphine chalcogenides R,PE (E =S, Se
or Te) have served as useful starting compounds for the
synthesis of transition metal clusters containing bridging
chalcogenido ligands by reaction with metal carbonyl
complexes [1-6]. This simple synthetic procedure takes
advantage of the frailty of the P=E bond, which makes
easy the formation of phosphine-substituted chalco-
genide clusters through oxidative transfer of chalcogen
atoms to low-valent metal species.

Previously [4,5], we reported the reactions of Ph ;PSe
with [Fe;(CO),,] and [Ru,(CO),,]. In the case of iron
the reaction afforded several dinuclear and trinuclear
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compounds, whereas in the case of ruthenium the same
reaction was found to be quite selective, giving the
disubstituted trinuclear cluster [Ru;(p -
Se),(CO),(PPh,),] in very high yield, with minor
amounts of other products.

Furthermore, we found [6] that the diphosphine dise-
lenide (Ph,PSe),CH, (dppmSe,) and [Ru,(CO),, ] react
in toluene to give [Ru,(w,-Se),(CO),(dppm)], [Ru,(p .-
Se),(CO)y(dppm)] and [Ru,(p;-Se),(CO),,(dppm)]
(dppm = (Ph,P),CH,), which is the first reported 72-
electron Ru-Se cubane-like cage complex.

With the aim of producing a workable amount of
diphosphine substituted Fe Se (CO), derivatives as
useful starting materials for cluster-growth reactions, we
have reacted [Fe,(CO),,] with three diphosphine dise-
lenides of general formula (Ph,PSe), R, differing for the
nature of the bridging group R: R = CH,, dppmSe,;
R = CH,CH,, dppeSe,; R =(C;H,),Fe, dppfcSe,
(Scheme 1). The present paper deals with these reac-
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tions and with the description of the structural features
of five iron-selenido clusters.

2. Experimental
2.1. Materials and analytical equipment

The starting reagents Fe,(CO),,, KSeCN, Se and the
diphosphines (Ph,P),R (R = CH, (dppm); R =
CH,CH, (dppe); R =(CsH,),Fe (dppfc)) were pure
commercial products (Aldrich and Fluka), and were
used as received. The solvents (Carlo Erba) were dried
and distilled by standard techniques before use. All
manipulation (prior to the TLC separations) were car-
ried out under dry nitrogen by means of standard
Schlenk-tube techniques.

Elemental (C, H) analyses were performed with a
Carlo Erba EA 1108 automated analyzer. IR spectra
(KBr discs or CH,Cl, solutlons) were recorded on a
Nicolet 5PC FT spectrometer. 'H, P (81 OMHz; 85%
H,PO, as external reference) and "Se (38.2 MHz;
Ph,Se, in CHCl; [+461ppm relative to Me,Se] as
external reference) NMR spectra were recorded for
CHCl,-d, solutions on Bruker instruments AC300 ('H)
and CXP 200 ('P and "'Se).

2.2. Preparation and reactions

2.2.1. Preparation of the diphosphine diselenides

The ligands dppmSe, [7] and dppeSe, [8] were pre-
pared according to literature methods by selenium trans-
fer from elemental Se and KSeCN respectively. Dp-
pfcSe, is a new compound; it was prepared by a slight
modification of the method described for dppe: a solu-
tion of KSeCN (0.5¢g) and dppfc (0.1 g) in acetonitrile
(100ml) was stirred for 6h at room temperature; the
solvent was removed in vacuo and the residue extracted
with water. The rough powder was recrystallized from
toluene, obtaining a brownish yellow product. Yield

80%. Anal. Found: C, 57.4; H, 4.4. C;,H,;FeP,Se,
Calc.: C, 57.3; H, 4.0%. FTIR (KBr) (cm™'); 533 vs
(vPSe). 'H NMR (CHCI d) 8 7.26-7.65 (m, 20H,
Ph), 4.31 (t, 4H, fc), 4.69 (t 4H, fc). *'P NMR (CHCl ;-
d;): & 31.5 (s, with "’ Se satellites: ' J(P,Se) 737 Hz).

2.2.2. Reaction of [Fe (CO),,] with dppmSe,

Treatment of [Fe;(CO),,] (150mg, 0.3 mmol) with
161 mg of dppmSe, (0.3 mmol) for 3h in hot toluene
(70°C) under N, gave a deep brown solution which,
upon TLC purification, yielded violet [Fe;(j;-
Se),(CO)y] 1 (48%), yellow [Fe(CO),(dppm)] 2 (8.7%),
black [Fe,(.;-Se),(CO).(dppm)] 3 (22%), orange
[Fe,(.-Se, (CO), (dppm)] 4 (10%) and some decompo-
sition. Careful crystallization of a sample of clusters 3
and 4 (from a CH,Cl, /MeOH mixture at 5 °C for some
days) gave well-formed crystals suitable for X-ray anal-
ysis; compounds 1 and 2 were identified by comparison
of their spectroscopic data with those reported in the
literature. Complex 1. IR (CH,Cl,, »CO, cm™'): 2056
vs, 2036 s, 2013 s, 1972 sh. Complex 2. IR (CH,Cl,,
»CO, cm™1): 2056 vs, 2006 w, 1972 w, 1938 5. 'H
NMR (CHCl;-d,): 6 3.31 (d, 2H, CH,, J(H,P) 9Hz).
*'P NMR (CHCl -d,): 8 65.7(d, J(P,P) 74 Hz), —25.05
(d, J(P.P) 74Hz) Complex 3. IR (CH ,Cl,, vCO,
cm™'): 2052 s, 2040 s, 1993 vs, 1942 w. 'H NMR
(CHCl,-d,): & 4.08 (t, 2H, CH,, J(H,P) 10.5Hz), 3.22
(t, 2H, CHZ, J(H,P) 10.5Hz). © P NMR (CHCl,-d,):
77.7 (s), 53.0 (d, J(P,P) 58 Hz), 42.6 (d, J(P,P) 58 Hz).
"’Se NMR (CHCl;-d,): 248.7 (1, J(Se,P) 14Hz). Com-
plex 4. IR (CH ,Cl,, VCO cm™'): 2055 s, 1990 s, 1956
vs, 1923 s. HNMR(CHCl -d)): & 4 (m br, 2H, CH,).
P NMR (CHCl,-d,): 5 634 (s).

2.2.3. Reaction of [Fe (CO),, ] with dppeSe,
Treatment of [Fe,(CO),,] (181 mg, 0.36 mmol) with
200mg of dppeSe, (0.36 mmol) for 3h in hot toluene
(70°C) under N, gave a deep brown solution which,
upon TLC purification, yielded violet [Fe (p;-
Se),(CO),1 1 (34%), violet [{Fe,(;-Se),(CO)4},(dppe)]
5 (23%), a small amount of a violet compound 6, a
probable isomer of [{Fe,(p4-Se),{CO),},(dppe)], brown
[Fe,(.,-Se),(CO),(dppe)] 7 (30%) and some decompo-
sition. Careful crystallization of a sample of clusters §
and 7 (from a CH,Cl, /MeOH mixture at 5°C for some
days) gave well-formed crystals suitable for X-ray anal-
ysis; isomer 6 was identified by comparison of its
spectroscopic data with those of compound 5. Complex
5.1R (CH ,Cl,, vCO, cm™"): 2066 s, 2027 vs, 2003 vs,
1940 w. HNMR(CHC] -d,): 8 3.71 (m br, 2H, CH,,).
*'P NMR (CHCl;d,): 8 61.9 (s br). Complex 6. IR
(CH,Cl,, vCO, Cm_') 2067 s, 2025 vs, 1998 vs, 1948
w. 1969 w. P NMR (CHCl,d,): & 61.3 (s br).
Complex 7. IR (CH,Cl,, VCO cm™!): 2052 vs, 2040
w, 2011 s, 1986 s, 1951 sh. 'H NMR (CHCl,d,): &
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2.71 (m br, 2H, CH,), 2.41 (m br, 2H, CH,). >'P NMR
(CHCl5-d,): 8 75.9 (s), 71 (s br), 68.3 (s), 48.1 (s).

2.2.4. Reaction of [Fe;(CO),, ] with dppfcSe,
Treatment of [Fe,(CO),,] (148 mg, 0.29 mmol) with
210 mg of dppfcSe, (0.29 mmol) for 3h in hot toluene
(70°C) under N, gave a deep brown solution which,
upon TLC purification, yielded black [Fe,(ps-
Se),(CO),(dppfc)] 8 (16%), a small amount of
[{Fe;(j.5-Se),(CO),},(dppfc)] 9 and some decomposi-
tion. Careful crystallization of a sample of cluster 8
(from a CH,Cl,,/MeOH mixture at 5°C for some days)
gave well-formed crystals suitable for X-ray analysis;
compound 9 was identified by comparison of its spec-
troscopic data with those of compounds 5 and 6. Com-
plex 8. IR (CH,Cl,, »CO, cm™!'): 2055 w, 2039 vs,
2001 s, 1980 w, 1941 w. *'P NMR (CHCl,-d,): 8 73.7
(s). Complex 9. IR (CHZCI%, vCO, cm™'): 2065 s,
2026 vs, 2002 vs, 1941 w. >'P NMR (CHCl,-4,): &

2.3. X-ray data collection, structure solution and refine-
ment for [Fe,(u;-Se),(CO) (dppm)] 3, [Fe,(u-
Se, (CO),(dppm)] 4, [{Fe,(u,-Se),(CO),},(dppe)} 5,
[Fe,(u;-Se),(CO),(dppe)] 7 and [Fe,(p,-
Se),(CO),(dppfc)] - CHCl,; 8 - CHCI,

The crystallographic data for compounds 3, 4, 5, 7
and 8 - CHCl, are summarized in Table 1. Accurate unit
cell parameters were obtained by using the setting an-
gles of 30 high-angle reflections; no significant decay
was noticed over the time of data collection for all
compounds. Intensities were corrected for Lorentz and
polarization effects. A correction for absorption was
applied for 5 [maximum and minimum value for the
transmission coefficient 1.0000 and 0.5909] [9].

All five structures were solved by Patterson methods
of SHELxs-86 [10] and refined by full-matrix least-
squares (blocked full-matrix for 4, 5 and 8- CHCl,),
using the SHELX-76 program [11], first with isotropic

66.3 (s). thermal parameters and then with anisotropic thermal
Table 1
Summary of crystallographic data for the complexes 3, 4, 5, 7, 8
3 4 5 7 8
Formula Cy,H,,Fe, C,oH,,Fe, C,,H,,Feq C,;H, Fe, C, Hy;Fe,
0,P,Se, 0,P,Se, 0,6P,S¢e, 0,P,Se, O, P,Se, - CHCl,
Molecular weight 905.93 766.05 1497.51 919.96 1195.30
Crystal system triclinic triclinic monoclinic monoclinic monoclinic
Space group Pl Pl P2, /n P2, /c P2,/n
Radiation A (A) graphite Nb-filtered graphite graphite Nb-filtered
monochromated monochromated monochromated
Mo Ka (0.71073 A)
a (;\) 11.059(5) 10.418(2) 9.241(4) 13.353(5) 16.986(5)
b(A) 11.678(5) 15.888(3) 13.891(5) 10.788(4) 12.334(4)
c(A) 14.507(6) 17.983(4) 19.708(6) 24.812(6) 23.062(6)
a(®) 100.74(2) 86.89(1)
B ) 95.80(2) 89.39(1) 94.98(2) 102.15(2) 110.16(2)
y ) 112.16(2) 78.79(1)
v (AY) 1674(1) 2915(1) 2520(2) 3494(2) 4536(2)
VA 2 4 2 4 4
D, (gem™) 1.797 1.745 1.793 1.749 1.750
F(000) 892 1512 1452 1816 2360

Crystal size (mm?)
wMo Ka) (cm™)

0.18 X 0.32 X 0.38
35.98

0.15 < 0.28 X 0.31
36.35

Diffractometer Philips PW 1100 Siemens AED
Scan type 6/20 6/26

Scan speed (°min™') 3-10 3-12

6 range (°) 3-27 3-27

Standard reflections one measured one measured
every 100 every 100 every 100
Reflections measured tn, k! h, tk, I
Unique total data 7301 12723

Unique observed data
‘R
°R

W

3006 [1>20(1)]
0.0485
0.0607

6905 [1> 30 ()]
0.0679
0.0718

0.10 X 0.21 X 0.25
46.99
Philips PW 1100

0.13 X023 X034
34.49
Philips PW 1100

0.23 X0.27 X 0.38
31.54
Philips PW 1100

6/20 0/26 0/26

3-10 2-10 3-12

3-30 3.25 3-25

one measured one measured one measured
every 100 every 100

th, k1 +h k1 th k!

5501 6156 7973

2992 [1>20(1)] 1118[71>20(1)] 4210[1>20(1)]
0.0354 0.0326 0.0486

0.0379 0.0410 0.0554

' R=TIIF, |~ |FIl/XIE.
R, =[Zw(F| = | FD?/Ew(F Y]



500 D. Cauzzi et al. / Journal of Organometallic Chemistry 536—537 (1997) 497-507

parameters for all non-hydrogen atoms for 4 and 5,
except for the carbon atoms of the phenyl rings and
solvent molecules when present, for 3 and 8 - CHCI,
and only for Se, Fe, P atoms for 7. The CHCI,; molecule
of solvation in 8- CHCI, was found disordered, with
the carbon atom distributed in two equivalent positions
and the three chlorine atoms in three positions with
occupancy factors 0.5, 0.25 and 0.25 respectively. The
hydrogen atoms were placed at their geometrically cal-

Table 2 .
Atomic coordinates (X 10*) and isotropic thermal parameters (A X
10*) for the non-hydrogen atoms of the complex 3

Atom  x y z U

Se(1)  -838.7(9) 2703.5(9) 2605.7(6)  311(4)*
Se(2)  290.1(9) 1501.6(8) 962.5(6) 290(4) *
Fe(1)  453.6(12) 3606.2(11)  1519.98)  262(5)°®
Fe(2)  -1848.1(12)  1517.8(13)  1012.9(9)  340(6)?
Fe(3)  -549.5(12) 783.4(12) 2283.29)  291(5)*
P(1) 2325(2) 4245(2) 2533(2) 245(9) *
P(2) 1380(2) 1696(2) 3306(2) 258(9) *
o) 156(9) 6012(7) 1986(6) 691(45) 2
(0]¢3) 1672(7) 4349(7) -106(5) 551(35)®
0(3)  -43109) 1555(13) 1545(8) 124%(73) *
04) -201(9) 2760(8) -555(6) 820(45) *
o(5) -3090(8) -1139(8) -81(7) 936(49) *
o) -500(9) -1701(7) 1536(6) 710(43) *
o7) -2616(8) -376(8) 3337(6) 750(42)
c(n 232(9) 5058(10) 1807(6) 387(45)
Cc) 1186(9) 4056(9) 524(7) 348(41) *
C(3) -3337(12) 1539(14) 1363(9) 725(68) *
C4) -1885(11) 2346(10) 93(8) 525(54) *
Cc(s) -2584(10) -97(10) 351(9) 522(53) *
C(6) -533(10) -730(10) 1832(7) 410(45) *
6 ¢)] -1766(9) 8%(9) 2951(7) 393(42) ¢
C® 2674(8) 2947(8) 2906(6) 265(36) *
Cc(9) 2635(8) 5411(8) 3676(6) 279(20)
c(10)  1578(10) 5541(9) 4063(7) 398(24)
C(11)  1854(10) 6346(9) 4975(7) 471(27)
C(12)  3100(10) 6996(10) 5485(8) 538(29)
Cc(13)  4132(11) 6898(10) 5094(8) 515(29)
Cc(14)  3916(9) 6p89(9) 4186(7) 398(24)
C(15)  3792(8) 5024(8) 2037(6) 285(20)
Cc(16)  4583(8) 4440(8) 1695(6) 347(22)
ca17  5659(10) 5082(10) 1287(7) 515(28)
Cc(18)  5913(10) 6285(10) 1192(8) 546(30)
c(19)  5090(10) 6861(11) 1509(8) 568(29)
C(200  4030(9) 6251(9) 1924(7) 447(26)
C@21)  144%8) 2417(8) 4555(6) 264(20)
Cc@2)  2562(10) 3405(10) 5115(7) 476(27)
Cc(23)  2618(10) 3859(10) 6079(7) 487(27)
C(24)  1584(10) 3302(10) 6505(8) 543(29)
C(25)  447011) 2310(11) 5966(8) 605(31)
c(26) 372010 1863(10) 4991(7) 451(26)
C(27)  2284(8) 686(8) 3438(6) 303(21)
Cc(28) 2597(9) 428(9) 4302(7) 426(25)
C(29)  3306(10) -336(10) 4371(8) 540(29)
C(30)  3718(11) -824(11) 3599(8) 608(31)
C31)  3386(11) -587(11) 2727(9) 682(34)
C(32)  268%(10) 172(10) 2641(8) 534(29)

! U,, defined as one-third of the trace of the orthogonalized U,

tensor.

culated positions (C—H = 0.96 A) and refined ‘riding’
on the corresponding carbon atoms, except for those of
the CH, group of 5 and those of the Cp rings of
8 - CHCI, that were clearly found and refined isotropi-
cally. The final cycles of refinement were carried out on
the basis of 296 variables for 3, 707 for 4, 323 for 5,
227 for 7 and 465 for 8 - CHCI,. The biggest remaining
peak (close to one heavy atom) in the final difference
map was equivalent to about 1.37 for 3, 1.92 for 4, 0.61
for 5, 0.43 for 7 and 0.71eA™" for 8 CHCl;. A
weighting scheme w=K[o*(F,) + gF2]™' was used
in the last cycles of refinement with K = 1.0000 and
g =0.0037 (3), K=0.3830 and g=0.0026 (7), K=
0.9008 and g = 0.0012 (8 - CHCl,) at convergence, unit
weight was used for 4 and 5. Atomic scattering factors
and anomalous scattering coefficients were taken from
Ref. [12]. All calculations were carried out on the Gould
Powernode 6040 and Encore 91 computers of the Cen-
tro di Studio per la Strutturistica Diffrattometrica, CNR,
Parma.

Atomic coordinates for the non-hydrogen atoms are
given in Table 2, Table 3, Table 4, Tables 5 and 6.
Hydrogen atom coordinates, anisotropic thermal param-
eters and complete lists of bond lengths and angles have
been deposited at the Cambridge Crystallographic Data
Centre.

3. Results and discussion

3.1. Reactions of [Fe,(CO),,] with the diphosphine
diselenides dppmSe,, dppeSe, and dppfcSe, and spec-
troscopic characterizations

The reactions of [Fe,(CO),,] with three diphosphine
diselenides dppmSe,. dppeSe, and dppfcSe, produce
the disubstituted clusters [Fe,(4-Se),(CO),{(Ph,P),R}]
(R=CH, 3;R=CH,CH, 7; R =(CsH,),Fe 8) as the
main products. In particular, the reactions with dppeSe,
and dppfcSe, afford 7 and 8 along with other com-
plexes, which contain the same cluster core Fe,Se,;
these are the unsubstituted cluster 1 and the double
monosubstituted derivatives 5, 6 and 9, where dppe and
dppfc bridge two cluster units. On the contrary, the
reaction with dppmSe, gives rise also to lower nuclear-
ity products, namely to the mononuclear
[Fe(CO),(dppm)] 2 and to the dinuclear derivative
[Fe,(j-Se, XCO),(dppm)] 4.

Compounds 3, 4, 5, 7 and 8 were unequivocally
identified by solving their crystal structures, whereas
compounds 1 [13] and 2 [14] were identified by compar-
ison with the spectral data reported in the literature. The
structures of compounds 6 and 9 (two cluster units
linked by dppe or dppfc respectively) were deduced by
comparison of their spectral data with those of 5. In
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Table 3 Table 3 (continued)
Atomic coordinates (X 10*) and equivalent isotropic thermal parame-

ters (AZ X 10%) defined as one-third of the trace of the orthogonalized Atom il J - Ueg
U, ; tensor, for the non-hydrogen atoms of the complex 4 C(11B) 1490(13) 2991(8) 4023(7) 616(48)
C(12B)  -102(10) 2140(6) 5302(6) 410(34)
Atom x Y z Yeq C(13B)  -1219(11)  2703(8) 4983(8) 607(46)
Se(1A) 5295.5(12) -852.1(7) 8491.0(7) 539(4) C(14B) -2334(12) 2403(9) 4845(9) 750(56)
Se(2A) 3070.4(11) -689.3(6) 8367.6(7) 471(4) C(15B) -2398(12) 1533(8) 4991(8) 709(54)
Fe(1A) 4156.0(14) -1682.0(8) 9310.8(9) 390(5) C(16B) -1307(12) 982(7) 5285(8) 622(48)
Fe(2A) 4433.2(14) -1916.8(9) 7905.9(9) 404(5) C(17B) -176(11) 1278(7) 5412(7) 547(42)
P(1A) 2798(3) -2564(2) 9523(2) 360(8) C(18B)  1076(11) 3530(6) 7836(6) 465(37)
P(2A) 2868(3) -2648(2) 7841(2) 369(8) C(19B) -196(12) 3966(7) 797(7) 606(46)
o(1a) 3494(10) -638(6) 10589(5) 780(39) C(20B) -378(15) 4628(8) 8477(9) 777(58)
0(2A) 6275(9) -3004(5) 9918(6) 785(38) C(21B) 638(16) 4847(8) 881%(8) 755(59)
0(3A) 6535(9) -3398(5) 8184(6) 748(37) C(22B) 1885(15) 4424(8) 8676(8) 751(58)
o) 4834(11) -1591(6) 6320(6) 851(44) C(23B) 2096(13) 3763(7) 8187(8) 639(48)
c(1a) 3754(12) -1048(7) 10088(7) 550(43) C(24B) 38(10) 2075(7) 7405(6) 471(37)
Cc(2A) 5445(11) -2477(8) 9678(7) 558(43) C(25B) -1150(12) 222109) 7063(7) 638(49)
C(3A) 5702(11) -2819(8) 8066(7) 539(42) C(26B) -2134(14) 1769(9) 7244(8) 691(55)
C(4A) 4647(11) -1706(6) 6951(7) 520(42) C(27B) -1892(16) 1139(10) 7829(10) 876(71)
C(54) 2711010) -3244(5) 8734(6) 382(32) C(28B) -751(16) 990(9) 8170(9) 779(61)
C(6A) 3277(10) -3347(6) 10308(6) 421(34) C(29B) 240(14) 1443(8) 7996(8) 656(49)
C@A) 3486(12) ~4238(6) 10237(6)  545(42)
C(8A) 3842(14) -4785(8) 10863(7) 681(51)
C(9A)  4009(14) -4483(9) 11535(8)  788(59) Table 4
C(10A) 3785(15) -3598(9) 11607(7) 739(57) Atomic coordinates (X 10*) and equivalent isotropic thermal parame-
C(11A) 3402014) -3049(8) 10978(7) 710(53) ters (A% X 10*) defined as one-third of the trace of the orthogonalized
C(12A) 1099(10) ‘2141(6) 9738(6) 453(36) U, ; tensor, for the non-hydrogen atoms of the complex 5
c(134A) 29111 -267%(7) 10034(7) 543(42) !
C(14A)  -1029(13)  -237%(9) 10165(9)  758(58) Aom  x Y Usg
C(15A) -1567(12) -1505(8) 10005(8) 721(53) Se(1) 416.8(8) 1450.2(5) 119.3(3) 402(2)
C(16A) -755(11) -970(8) 9741(8) 613(46) Se(2) 992.0(8) 3040.4(5) 1189.9(3) 419(2)
Cc(174) 541(11) -1261(6) 9614(7) 523(41) Fe(1) 1946.9(10) 2808.3(6) 125.8(5) 346(3)
C(18A)  3040(11) -3498(6) 7181(6) 430(35) Fe(2)  -749.8(11)  1795.1(7) 1111.7(5)  442(3)
C(194) 4220(12) -3765(7) 6823(7) 579(45) Fe(3) 2072.5(1D 1483.3(7) 1107.9(5) 436(3)
C(20A) 4335(14) -4411(8) 6298(8) 701(52) p 575.9(17) 3700.2(11) -603.7(8) 311(5)
C(21A) 3299(14) -4786(8) 6174(8) 691(54) o) 3711(T) 1933(5) -879(3) 854(27)
C(22A) 2130(15) -4533(8) 6526(8) 719(56) 0(2) 4078(6) 4295(5) 524(3) 760(24)
Cc@3A) 2002(13) -3896(7) 7039(7) 607(47) 0(3) 4928(7) 2253(6) 1573(4) 1033(33)
C(24A) 1204(10) -2043(6) 7648(6) 425(35) o) 1541(7) 583(4) 2406(3) 791(25)
C(25A) 108(11) -2188(8) 7975(8) 639(48) o(3) 3276(10) -263(6) 560(4) 1189(38)
C(26A) -1126(12) -1732(9) T79K7) 638(49) 0(6) -1561(7) 2154(5) 2505(3) 748(24)
C(27A) -1224(15) -1115(10) 7206(10) 837(65) o -2125(10) -104(5) 1076(3) 1127(36)
C(28A) -156(15) -955(9) 6858(9) 770(58) 0o®) -3183(7) 2838(6) 431(3) 972(31)
C(29A) 107713) -1415(7) 7051(7) 598(45) (1) 3007(8) 2277(5) -490(4) 507(26)
Se(1B) 4799.7(12) 795.4(7) 6523.0(8) 580(4) Cc(2) 3251(7) 3707(5) 363(3) 458(24)
Se(2B) 2654.4(12) 669.7(6) 6666.4(7) 498(4) Cc@3) 3788(9) 1958(7) 1381(4) 671(33)
Fe(1B) 3204.4(14) 1639.1(9) 5709.9(9) 414(5) C@) 1667(9) 951(6) 1892(4) 570(29)
Fe(2B) 3332.5(15) 1886.2(9) 7109.3(9) 436(5) c(5) 2786(12) 411(7) 776(5) 797(39)
P(1B) 1352(3) 2543(2) 5512(2) 366(8) C(6) ~1230(8) 2010(5) 1971(4) 522Q27)
P(2B) 1352(3) 2657(2) 7188(2) 392(8) <D ~1578(11) 629(7) 1085(4) 729(36)
0O(1B) 3083(10) 622(6) 4419(5) 776(39) C(8) ~2240(9) 2425(7) 699(4) 615(31)
0(2B) 4600(9) 2929(6) 5078(6) 823(41) c) -480(6) 4636(4) -200(3) 337(19)
O(3B) 4680(10) 3299(6) 6791(6) 780(40) c0o) -782(7) 3011(5) -1124(3) 401(21)
0O(4B) 3919(10) 1580(6) 8689%(6) 861(43) Cc(11)  -22498) 3124(6) -1101(3) 569(28)
C(1B) 3141(11) 1022(7) 4931(7) 530(41) Cc(12) -3232(10) 2557(8) -1498(5) 816(40)
C(2B) 4057(11) 2395(8) 5338(7) 575(44) c(13) -2701(13) 1891(8) -1938(5) 880(42)
C(3B) 4115(11) 2756(8) 6912(7) 536(42) c(14)  -1260(12) 1786(7) -1976(4) 773(38)
C(4B) 3671(12) 1686(7) 8064(7) 537(42) C(135) -279(10) 2342(6) -1571(4) 636(30)
C(5B) 886(11) 3238(6) 6287(6) 436(35) c(16) 1416(7) 4382(4) -1265(3) 365(20)
C(6B) 1423(10) 3303(6) 4712(6) 403(34) c(1n 560(8) 4690(6) -1835(4) 543(27)
C(7B) 1538(11) 4153(6) 4779(6) 515(40) C(18) 1159(10) 5222(6) -2344(4) 641(32)
C(8B) 1739(15) 4655(8) 4160(9) 755(58) c(19) 2592(11) 5472(6) -2267(4) 649(33)
C(9B) 1860(14) 4345(9) 3470(8) 730(56) CQ20) 3468(10) 51517 -1707(4) 753(37)

C(10B) 1712(14) 3490(9) 3391(7) 698(54) CQ21  2858(9) 4620(6) -1207(3) 573(29)
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Table 5
Atomic coordinates (X 10*) and isotropic thermal parameters (A2 X
10), for the non-hydrogen atoms of the complex 7

Atom X y z U

Se(1)  6041.5(13)  2261.0(16)  6547.8(7)  373(8)°
Se(2)  7846.6(13)  356.3(16) 6713.9(7)  372(8)°
Fe(1)  7168(2) 1536(2) 7362(1) 332011 *
Fe(3)  6674(2) 1275(2) 5906(1) 375(11) 2

Fe(2)  6035(2) 54(2) 6626(1) 384(11) ®
P(1) 8299(3) 3061(4) 7482(2) 324(19) *
P(2) 7888(3) 2844(4) 5806(2) 369(20)
o(1) 8364(9) -100(12) 8202(5) 665(41)
o) 5952(9) 2539(11) 8113(5) 562(39)
o(3) 5590(8) -682(11) 7691(5) 561(38)
04) 6272(9) -2456(13) 6229(5) 780(45)
o(s) 3911(11) 140(12) 6032(6) 986(51)
0(6) 5149(10) 1752(12) 5010(6) 805(46)
o(7) 7451(10) -665(13) 5213(6) 847(48)
c(n) 7886(13) 585(16) 7881(7) 437(52)
CcQ) 6434(13) 2149(16) 7805(7) 476(53)
c®) 5791(13) -331(17) 7300(8) 568(59)
C4) 6210(13) -1471(17) 6400(7) 578(62)
c(5) 4787(16) 99(17) 6270(8) 703(65)
c(6) 5860(15) 1616(16) 53728) 583(60)
c( 7260(14) 120017) 3503(8) 630(62)
C(8) 8954(11) 3382(13) 6906(6) 289(45)
C9) 8227(11) 3959(15) 6394(6) 373(46)
c(10)  7892(11) 4607(13) 7638(6) 280(43)
c(11)  6881(12) 5006(16) 7459(7) 465(54)
C(12)  6579(13) 6186(16) 7587(7) 523(54)
c13y  7301(13) 6975(16) 7895(7) 546(56)
C(14)  6305(12) 6612(15) 6047(6) 402(5D
c(15)  8600(11) 5432(14) 7922(6) 333(47)
c(ie)  9337(11) 2767(14) 8078(6) 302(43)
c(17)  9111(13) 2835(15) 8594(7) 464(53)
C(18)  9897(13) 2558(16) 9064(8) 583(59)
C(19)  10848(14) 2254(16) 8981(8) 613(59)
C(20)  11065(14) 2188(16) 8483(8) 652(62)
c@2n  10323(12) 2447(15) 8018(7) 468(53)
C(2) 915011 2569(14) 5666(6) 263(44)
c(23)  9755(13) 3576(15) 5585(6) 477(53)
C(24)  10784(13) 3471(16) 5507(7) 544(58)
c(25)  11179(13) 2275(17) 5510(7) 515(55)
Cc@6)  10574(12) 1234(17) 5585(6) 479(52)
C@27)  9592(13) 1406(16) 5662(6) 502(56)
C(28)  7303(12) 3698(17) 5253(7) 456(51)
C29)  6828(14) 4992(19) 5338(9) 810(71)
C(30)  6340(17) 5760(24) 4882(10) 1206(94)
C(31)  633K16) 5371(20) 4371(9) 937(77)
C(32)  6801(14) 4350(19) 4268(8) 764(68)
C(33)  7321(14) 3564(18) 4706(8) 686(66)

: U, defined as one-third of the trace of the orthogonalized U;;

tensor.

fact, the IR spectra in the carbonyl region of the double
clusters 5, 6 (dppe) and 9 (dppfc), in CH,Cl, solution,
are practically identical; furthermore, 5 and 6 give the
same fragmentation pattern in their NICI mass spectra.
Compound 6 should be a positional isomer of 5, one or
two P atoms probably being coordinated in equatorial
positions.

The IR spectra of the disubstituted, isostructural,

bridged derivatives 3 (dppm), 7 (dppe) and 8 (dppfc)
exhibit slightly different patterns. As discussed below,
this should be related to significant differences in the
structural parameters of the Fe,Se, core induced by the
different bites of the three ligands. Compounds 3 and 7
exhibit complex ’'P NMR spectra, suggesting fluxional
behaviour in solution. In particular, the spectrum of 3 at
room temperature (Fig. 1) shows a singlet (6 77.7) and
two doublets at higher fields (6 53.0 and 42.6, J(P,P)
58 Hz). Correspondingly, the '"H NMR spectrum shows
two triplets at 4.08 and 3.22ppm (area ratio 1:1 in
chloroform and 3:2 in toluene), which gives coalescence
in toluene at 364 K.

These data suggest fluxional behaviour for 3 in solu-
tion due to the migration of an iron—iron bond from a
side of the open triangle to the basal plane of the square
pyramid linking the two iron atoms bound to the biden-
tate ligand. In this way the two phosphorus atoms
become unequivalent and give the observed doublets in
the *'P NMR spectrum. The singlet at lower fields is
obviously attributed to the other isomer, the only isolable
in the solid state. This isomerism is probably induced
by the dppm ligand, whose steric demand causes the
basal iron atoms to approach, promoting linking be-
tween them.

In the case of the corresponding dppe derivative 7,
the same dynamic behaviour appears to take place.
However, the *p NMR spectrum is more complex,
showing a single peak at 75.9 ppm due to the isomer
isolated in the solid state (two equivalent P atoms) and
three other peaks. These peaks are attributable to a
single species (the less symmetrical isomer), the area of
one of them (& 68.3) being the sum of those of the
other two; probably this isomer undergoes another flux-
ional behaviour, involving exchange between the equa-
torial and axial positions, favoured by the flexibility of
the dppe ligand.

Finally, the dynamic behaviour described above, ap-
parently due to a metal-metal bond migration, is not
observed in the case of the ligand dppfc (single °'P
peak at 73.7 ppm). The only isomer present in solution
is the same as isolated in the solid state, and this is in
agreement with the larger bite of this ligand, which
actually favours a larger distance between the two basal
iron atoms.

3.2. Description of the crystal structures

The molecular structures of [Fe,(p;-
Se),(CO),(dppm)] 3, [Fe,(pn-Se,XCO),(dppm)] 4,
[{Fe,(n;-Se),(CO),},(dppe)] 5, [Fez(p -
Se),(CO),(dppe)] 7 and [Fe,(p,-Se),(CO),(dppfc)] 8
are shown in Figs. 2-6 respectively, together with the
atomic labelling systems. The most important bond
distances and angles are given in Table 7, Table 8§,
Table 9, Table 10, and Table I1.
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Table 6

Atomic coordinates (X 10*) and isotropic thermal parameters (A2 X

10%) for the non-hydrogen atoms of the complex 8

Table 6 (continued)
Atom x y z U

Atom X y z

CI(1B) 2734(16) -435(20) 7832(12) 2145(102)
v CI(2B) 2958(25) 1086(34) 8606(21) 3056(200)

Se(1)  2937.1(5) 675.7(7) 600.4(4)
Se(2)  3297.9(5) 1892.9(7) 1819.5(4)
Fe(1)  2010.7(7) 1255.7(10)  1114.0(5)
Fe(2)  3309.1(7) -22.7(10) 1629.0(5)
Fe(3)  4209.1(6) 1429.7(9) 1280.1(5)
Fe(4)  2557.5(6) 4335.1(9) 146.2(5)
P(1) 1226.1(11)  2591.1(17)  554.1(9)
P(2) 4438.2(12)  2965.0(17)  847.1(9)

o(1) 1383(5) 1517(9) 2143(3)
o(2) 823(5) -427(6) 470(4)
o) 2475(5) -2032(6) 1064(4)
o) 4965(4) -1033(6) 2047(3)
o(5) 2894(6) -353(8) 2741(4)
o(6) 5149(5) 50(6) 713(3)
o7) 5648(4) 1765(6) 2413(3)
(1) 1616(5) 1408(9) 1735(5)
Cc) 1274(6) 240(8) 716(5)
c@3) 2803(6) -1246(8) 1286(5)
C(4) 4348(6) -564(8) 1873(4)
c(5) 3079(6) -214(9) 2319(5)
Cc(6) 4783(5) 612(7) 929(4)
c(n 5089(5) 1651(8) 1967(4)
Cc(8) 168%(4) 3900(6) 537(3)
c) 2428(5) 4335(6) 995(4)
C(10)  2556(5) 5399(7) 836(4)
c(11)  1895(6) 5651(7) 277(5)
c(12)  1369(5) 4744(7) 86(4)
c(13)  635(4) 2337(6) 271(3)
c(14)  926(3) 1620(7) -597(4)
C(15)  497(6) 1460(8) -1233(5)
c(ie)  -241(6) 2050(8) -1517(5)
c17)  -541(6) 2757(7) -1193(4)
c(18)  -113(% 2918(8) -566(4)
c(19)  386(5) 2928(6) 860(3)
c(20)  370(5) 3889(7) 1149(4)
cy  -251(6) 4073(8) 1426(4)
C(22)  -813(6) 3264(8) 1395(4)
c(23)  -819(7) 2350(9) 1106(4)
C(4)  -224(6) 2120(8) 812(4)
Cc(25)  3630(4) 3559(6) 185(3)
Cc@26)  3624(5) 4641(7) -36(4)
c@27)  2914(6) 4752(8) -585(4)
C(28)  2491(6) 3758(8) -710(4)
CcR9)  2925(5) 3026(7) —247(3)
C(30)  4824(4) 4152(6) 1355(3)
C(31)  5339(5) 4916(7) 1213(4)
C(32)  5594(6) 5845(8) 1576(4)
C(33)  5344(6) 5985(8) 2079(5)
C(34)  4851(6) 5238(8) 2233(4)
C(335)  4596(5) 4302(7) 1873(4)
C(G6)  5294(5) 2729(6) 544(3)
C(37)  5148(6) 2611(7) -74(4)
C(38)  5829(6) 2324(8) 273(5)
C(39)  6588(7) 2185(8) 147(5)
C(40)  6744(7) 230((8) 758(5)
C(41)  6101(5) 2577(7) 970(4)
C(42A) 2205(15) 766(20) 7742(11)
C(42B) 3092(21) 912(29) 8038(18)
Cl(1A) 2883(7) -92(10) 7541(6)
CI2A)  2598(8) 512(12) 8684(6)
CI(3A) 2643(7) 2121(8) 7820(5)

396(3) ® CI(3B) 2798(10) 2058(14) 7527(8) 1159(59)
376(3) ° CI(1C) 2693(11) 305(15) 7218(9) 1231(63)
400(5) * CI2C)  2367(16)  50(23) 8331(15)  2073(110)
411(5) * C1(30) 2451(20) 1897(28) 8117(16) 2879(153)
339(4)®
349(4) 2 U,, defined as one-third of the trace of the orthogonalized U,
335(8) ¢ tensor.
322(8) *
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Fig. 1. *'P NMR spectrum of 3 at room temperature with the scheme
of the proposed dynamic behaviour.

1464(37)
1694(40) Fig. 2. Perspective view of the structure of the complex [Fej(p,-
1354(32) Se),(CO),(dppm)] 3 with the atomic labelling scheme. The thermal

ellipsoids are drawn at the 30% probability level.
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Fig. 3. Perspective view of the structure of the complex [Fe,(u-
Se, XCO) (dppm)] 4 (molecule A) with the atomic labelling scheme.
The thermal ellipsoids are drawn at the 30% probability level.

Clusters 3, 5, 7 and 8 have the well-known bicapped
open triangular structure Fe,Se,, and should be re-
garded as nido-clusters with seven skeletal electron
pairs. The structure of these compounds could also be
described as a square pyramid with two iron and two
selenium atoms alternating in the basal plane and the
third iron atom (Fe,,) at the apex of the pyramid. The
four atoms which define the base of the pyramid present
significant distortions from planarity, being the two Se
atoms directed slightly towards the apical Fe atom, and
the dihedral angles along the Se—Se line range from
163.07(7)° for 3 to 175.17(6)° for 8, while for the
unsubstituted cluster 1 a value of 166° was found [15].

Fig. 4. Perspective view of the structure of the complex [{Fe;(u,-
Se),(CO)g},(dppe)] 5 with the atomic labelling scheme. The thermal
ellipsoids are drawn at the 30% probability level.

{Ho(s)

\V\’ i3]

O
O N 00
OV e

Fig. 5. Perspective view of the structure of the complex [Fe;(j,-
Se),(CO),(dppe)] 7 with the atomic labelling scheme. The thermal
ellipsoids are drawn at the 30% probability level.

The orientation of the apical Fe(CO), fragment with
respect to the four basal atoms is such that a CO group
lies roughly in the plane defined by the three Fe atoms
and interacts weakly through the C atom with the
nearest basal Fe atom at a distance ranging from
2.71(2) A for 7 to 2.851(8) A for 5. A different orienta-
tion was found in 1, [Fe,(p;-Se),(CO),(PPh,)] [4] and
in [Fe;(n4-Se),(CO),(PPh,),] [5], where a CO group
lies roughly in the plane defined by the apical Fe atom
and the two Se atoms.

The phosphine substitution is regioselective, occur-
ring only on the two basal iron atoms; in [Fe (p.,-
Se),(CO)4(PPh,)] and [Fe,(p;-Se),(CO),(PPh,),] the

Fig. 6. Perspective view of the structure of the complex [Fe,(jL,-
Se),(CO),(dppfc)] 8 with the atomic labelling scheme. The thermal
ellipsoids are drawn at the 30% probability level.
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Table 7 . Table 9 .

Selected bond distances (A) and angles (°) for complex 3 Selected bond distances (A) and angles (°) for complex 5
Se(1)-Fe(1) 2361(2)  Se(2)-Fe(1) 2.371(2) Se(1)-Fe(1) 2.357(1)  Se(1)-Fe(2) 2.363(1)
Se(1)-Fe(2) 2.371(2) Se(2)-Fe(2) 2.380(2) Se(1)-Fe(3) 2.371(D) Se(2)-Fe(3) 2.394(1)
Se(1)-Fe(3) 2.351(2) Se(2)-Fe(3) 2.368(2) Se(2)-Fe(1) 2.367(1) Se(2)-Fe(2) 2.359(1)
Fe(1)-Fe(2) 2.690(2) Fe(2)-Fe(3) 2.679(2) Fe(1)-Fe(3) 2.666(2) Fe(2)-Fe(3) 2.645(2)
Fe(1)-P(1) 2.193(3)  Fe(3)-P(2) 2.224(3) Fe(1)-P 2.21112)

Fe(2)-Se(1)-Fe(3) 69.1(1) Fe(1)-Se(1)-Fe(2) 69.3(1) Fe(2)-Se(1)-Fe(3) 67.9(1) Fe(2)-Se(2)-Fe(3) 67.6(1)
Fe(1)-Se(1)-Fe(3)  95.5(1) Fe(1)-Se(2)-Fe(3)  94.8(1) Fe(1)-Se(1)-Fe(3)  68.7(1) Fe(1)-Se(2)-Fe(3)  68.1(1)
Fe(2)-Se(2)-Fe(3) 68.7(1) Fe(1)-Se(2)-Fe(2) 69.0(1) Fe(1)-Se(1)-Fe(2) 98.6(1) Fe(1)-Se(2)-Fe(2) 98.4(1)
Se(1)-Fe(1)-Se(2)  83.3(1) Se(1)-Fe(3)-Se(2)  83.6(1) Se(1)-Fe(1)-Se(2)  81.0(1) Se(1)-Fe(2)-Se(2)  81.1(1)
Se(2)-Fe(1)-Fe(2) 55.7(1) Se(2)-Fe(3)-Fe(2) 55.9(1) Se(2)-Fe(1)-Fe(3) 56.4(1) Se(1)-Fe(1)-Fe(3) 55.9(1)
Se(1)-Fe(1)-Fe(2) 55.5(1) Se(1)-Fe(3)-Fe(2) 55.8(1) Se(2)-Fe(2)-Fe(3) 56.8(1) Se(1)-Fe(2)-Fe(3) 56.2(1)
Se(2)-Fe(2)-Fe(1)  55.3(1) Se(2)-Fe(2)-Fe(3)  55.4(1) Fe(1)-Fe(3)-Fe(2)  84.7(1) Se(1)-Fe(3)-Se(2)  80.2(1)
Se(1)-Fe(2)-Fe(1)  55.2(1) Se(1)-Fe(2)-Fe(3)  55.1(1) Se(2)-Fe(3)-Fe(2)  55.6(1) Se(1)-Fe(3)-Fe(2)  55.9(1)
Se(1)-Fe(2)-Se(2)  82.9(1) Fe(1)-Fe(2)-Fe(3)  81.1(1) Se(2)-Fe(3)-Fe(1)  55.5(1) Se(1)-Fe(3)-Fe(1)  55.4(1)
Se(2)-Fe(1)-P(1) 94.9(1) Se(2)-Fe(3)-P(2) 96.5(1) Se(2)-Fe(1)-P 105.3(1) Se(1)-Fe(1)-P 97.8(1)
Se(1)-Fe(1)-P(1) 92.8(1) Se(1)-Fe(3)-P(2) 90.5(1) Fe(3)-Fe(1)-P 147.7(1)

Fe(2)-Fe(1)-P(1) 136.0(1)  Fe(2)-Fe(3)-P(2) 135.6(1)
P(1)-0(8)-P(2) 120.4(5)

Table 10 .

Selected bond distances (A) and angles (°) for complex 7
phosphines occupy equatorial positions, while in 3, 7 Se(1)-Fe(1) 2381(3)  Se(1)-Fe(3) 2.376(3)
and 8, for steric requirements, they occupy axial posi- Seglg-Fe?; 2-39023; SeEZg-lljeg; 3.;1(6)‘5‘8;

i i i i i Se(2)-Fe(l 237403 Se(2)-Fel .
gqr(;s as \;{ell z:is in 5, in which the phosphine acts as a Pl 1)-Fel2) 2648 Fe(Fe(2) 2 65104)
rioging hgand. . Fe(1)-P(1) 22105 Fe(3)-P(2) 2214(5)
Despite the different nature and different type of Fe(3)-Se(1)-Fe(2)  67.6(1) Fe(1)-Se(1)}-Fe(2)  67.4(1)
coordination of the phosphine in these clusters, it is not Fe(1)-Se(1)-Fe(3)  96.9(1) Fe(1)-Se(2)-Fe(3)  97.4(1)
possible to correlate the variations observed in the Fe(3)-Se(2)-Fe(2)  67.5(1)  Fe(1)-Se(2)-Fe(2)  67.3(1)

_ _ . B o Se(1)-Fe(1)-Se(2)  82.3(1)  Se(1)-Fe(3)-Se(2)  82.6(1)
Fe-Fe and Fe—Se bond distances, while a significant SUDFDFLD  565(1) S Fe() T 5700

Se(1)-Fe(1)-Fe(2)  56.4(1) Se(1)-Fe(3)-Fe(2)  56.5(1)
Fe(1)-Fe(2)-Fe(3)  84.4(1) Se(1)-Fe(2)-Se(2)  81.4(1)

Table 8 . Se(2)-Fe(2)-Fe(3)  555(1)  Se(2)-Fe(2)-Fe(1)  55.8(1)
Selected bond distances (A) and angles (°) for complex 4 Se(1)-Fe(2)-Fe(3)  56.0(1) Se(1)-Fe(2)-Fe(1)  56.1(1)
Molecule A Molecule B Se(l)-Fe(l)-P(l) 993(2) SC(I)—FC(3)-P(2) 967(2)
Se( B_lsle(z) 2'294(2) Se(l)-Se(2) 2'293(2) SC(2)-FC(1)'P(1) 98.2(2) Se(2)—Fe(3)-P(2) 100. 1(2)
SC(I)—FC(I) 2.384(2) Se(l)-Fe(l) 2.38 1(2) FG(Z)-FC(I)'P(D 144.9(2) Fe(2)—Fe(3)—P(2) 144.2(2)
Se(1)-Fe(2) 2.362(2)  Se(1)-Fe(2) 2.363(2)

Se(2)-Fe(1) 2.388(2)  Se(2)-Fe(1) 2.386(2)

Se(2)-Fe(2) 2.363(2)  Se(2)-Fe(2) 2.362(2)

Fe(1)-Fe(2) 2.579(2)  Fe(1)-Fe(2) 2.577(2) Table 11 .

Fe(1)-P(1) 2.194(3)  Fe(1)-P(1) 2.190(3) Selected bond distances (A) and angles (°) for complex 8
Fe(2)-P(2) 2.185(3)  Fe(2)-P(2) 2.19303) Se(1)-Fe(1) 2.382(2)  Se(1)-Fe(3) 2.378(1)
Fe(1)-Se(1)-Fe(2)  65.8(1) Fe(1)-Se(1)-Fe(2)  65.8(1) Se(1)-Fe(2) 2.395(2) Se(2)-Fe(2) 2.405(2)
Se(2)-Se(1)-Fe(2)  61.0(1) Se(2)-Se(1)-Fe(2)  60.9(1) Se(2)-Fe(1) 2.365(1) Se(2)-Fe(3) 2.366(2)
Se(2)-Se(1)-Fe(1)  61.3(1)  Se(2)-Se(1)-Fe(1)  61.4(1) Fe(1)-Fe(2) 2637(2)  Fe(2)-Fe(3) 2.654(2)
Se(1)-Se(2)-Fe(2)  60.9(1)  Se(1)-Se(2)-Fe(?)  61.0(1) Fe(1)-P(1) 22292)  Fe(3)-P(2) 2.237(3)
Se(1)-Se(2)-Fe(1)  61.2(1) Se(1)-Se(2)-Fe(1)  61.1(1) Fe(4)-M(1) 1.655(10)  Fe(4)-M(2) 1.653(10)
Fe(1)-Se(2)-Fe(2)  65.8(1)  Fe(1)-Se(2)-Fe(2)  65.7(1) Fe(2)-Se(1)-Fe(3)  67.6(1) Fe(1)-Se(2)-Fe(2)  67.1(1)
Se(1)-Fe(1)-Se(2)  57.5(1) Se(1)-Fe(1)-Se(2)  57.5(1) Fe(1)-Se(1)-Fe(3)  99.2(1) Fe(1)-Se(2)-Fe(3)  100.1(1)
Se(2)-Fe(1)-P(1) ~ 103.3(1)  Se()-Fe(1)-P() ~ 102.9(1) Fe(1)-Se(1)-Fe(2)  67.0(1)  Fe(2)-Se(2)-Fe(3)  67.6(1)
Se(2)-Fe(1)-Fe(2)  56.7(1) ~ Se(2)-Fe(1)-Fe(2)  56.7(1) Se(1)-Fe(1)-Se(2)  80.2(1)  Se(1)-Fe(3)-Se(2)  80.3(1)
Se(1)-Fe(1)-P(1) ~ 151.8(1)  Se(1)-Fe(1)-P(1) ~ 151.5(1) Se(2-Fe(1)-Fe(2) 57.2(1)  Se(2)-Fe(3)-Fe(2)  56.9(1)
Se(1)-Fe(1)-Fe(2)  56.7(1) Se(1)-Fe(1)-Fe(2)  56.8(1) Se(1)-Fe(1)-Fe(2)  56.7(1) Se(1)-Fe(3)-Fe(2)  56.5(1)
Fe(2)}Fe()-P(1) ~ 96.1(1)  Fe(2)-Fe()-P(1)  95.7(1) Se(2)-Fe(2)-Fe(1) 55.7(1)  Se(2)-Fe(2)-Fe(3)  55.5(1)
Se(2)-Fe(2)-Fe(1) ~ 57.6(1)  Se(2)-Fe(2)-Fe(1)  57.6(1) Se(1)-Fe(2)-Fe(1)  56.3(1)  Se(1)-Fe(2)-Fe(3)  55.9(1)
Se(1)-Fe(2)-Fe(1)  57.5(1) Se(1)-Fe(2)-Fe(1)  57.4(1) Se(1)-Fe(2)-Se(2)  79.1(1) Fe(1)-Fe(2)-Fe(3)  86.5(1)
Se(1)-Fe(2)-8e(2) ~ 58.1(1)  Se(1)-Fe(2)-Se(2) ~ 58.0(1) Se(2)-Fe()-P(1)  1123(1)  Se(-Fe(3)-P2)  106.0(1)
Fe(1)Fe(2)-M2)  953(1)  Fe(1)-Fe(2)-PQ)  95.6(1) Se(-Fe(1)-B(1)  107.4(1)  Se(1)-Fe(3-P(2)  107.2(1)
Se(@)-Fe()-P2)  947(1)  Se(@-Fe(@)-P(2)  95.1(1) Fe(2)-Fe(1)-P(1)  160.5(1)  Fe(2)}-Fe(3)-P2)  156.1(1)
Se(l)—Fe(2)-P(2) 148.2(1) Se(l)-Fe(Z)—P(Z) 148.6(1) M(l)—FE(4)—M(2) 176.0(4)

P(D)-0(5)-P(2) 1109(5)  P(1)-C(5)-P(2) 111.2(5)

M(1) and M(2) are the centroids of the cyclopentadienyl rings.
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Table 12

Comparison between structural parameters in the cluster cores of the clusters [Fe,( pu4-Se),(CO),(LL)], [LL = dppm (3), dppe (7), dppfc (8),

(PPh,), (10)] and [{Fe,( 115-5¢),(CO)g},(dppe)] (5)

3 7 8 10 5

dppm dppe dppfc (PPh,), 1/2 dppe
Fe...Fe (&) 3.489(2) 3.560(4) 3.626(2) 3.527(2) 3.578(2)
Se...Se(A) 3.144(2) 3.13003) 3.057(1) 3.101(1) 3.069(1)
Fe-Se-Fe(’) * 95.18(6) 97.1(1) 99.66(6) 96.45(3) 98.58(4)
Se-Fe-Se () * 83.43(5) 82.4(1) 80.21(5) 81.96(3) 81.06(4)
Fe-Fe,,-Fe () 81.05(6) 84.4(1) 86.54(6) 81.01(3) 84.73(4)
Se-Fe,,-Se(°) 82.87(6) 81.4(1D) 79.14(5) 81.88(3) 80.20(4)
Fe,,-Fe-P (°) * 135.8(1) 144.5(2) 158.3(1) 112.50(1) ® 147.7(1)

* Average of two data.
b PPh; in equatorial positions.

correlation was found by analyzing bond angles and
non-bonding distances.

Table 12 reports the comparison of the structural
parameters in the Fe,Se, core for clusters 3, 7, 8, in
which the dppm, dppe and dppfc ligands bridge the two
basal positions, for the cluster [Fe,(p,-
Se),(CO),(PPh,),] 10 [4] and for 5, where the dppe
bridges two cluster units.

By passing from dppm to dppe and dppfc, we can
observe a progressive variation of the structural parame-
ters, owing to the steric demand of the diphosphines
linking the basal iron atoms. In particular, the Fe - - - Fe
non-bonding distance increases while the Se - - - Se one
decreases with parallel deformation of the angles at the
base and on the top of the pyramid. If we assume that
the cluster cores of the PPh;-disubstituted compound 10
and of 5 are unstrained, then we deduce that the Fe,Se,
core in 7, whose structural parameters are well compa-
rable with those of 5 and 10, is the less strained among
the basal bridged compounds. The dppm ligand forces
the open triangular cluster to bring the basal iron atoms
close, whereas dppfc forces them to move them away.
As expected, the Fe,,—Fe-P angles undergo a signifi-
cant increase on passing from dppm to dppfc.

In 3 the two P atoms of the dppm molecule are
essentially coplanar with the three Fe atoms [maximum
deviation from the mean plane passing through the five
atoms 0.080(2) A for P(2)] and the methylene carbon
atom C(8) is out of this plane by 0.592(9)A; the
P(1)-C(8)-P(2) angle value is 120.4(5)°, significantly
larger than the theoretical one, and indicative of the
strain of the dppm molecule. Also, in the case of 7 the P
atoms of dppe are coplanar with the three Fe atoms
[maximum deviation from the mean plane passing
through the five atoms 0.067(5)A for P(2)], but the
angles at both methylene carbon atoms C(8) and C(9)
do not present significant distortion from the theoretical
value [113(1)° for both]. In 8 the planarity of the P,Fe,
system is preserved [maximum deviation from the mean
plane passing through the five atoms 0.071(2) A for

P(1)], and also the Fe atom of the ferrocene group is
coplanar [0. 098(1) Al.

In 5 the dppe molecule bridges two Fe,Se, cores
through the P atoms that occupy axial positions. The
complex has an imposed C, symmetry with the inver-
sion centre lying on the midpoint of the CH,CH, bond.

In 4 two independent, but very similar, [Fe,(w-
Se, (CO),(dppm)] complexes are present, where the
Fe—Fe and Se-Se bond distances in the Fe,Se, tetrahe-
dral core are 2.579(2) and 2. 294(2) A (molecule A) and
2.577(2) and 2.293(2)A (molecule B), whereas the
Fe—Se bond distances range between 2.362(2) and
2.388(2) A. The dppm ligand bridges the Fe atoms and
the two P atoms lie in the Fe(1)Se(1)Fe(2) plane. The
Fe—Fe bond distances in 4 are very similar to those
found in the unsubstituted complex Fe,Se,(CO), [16]
(2.575(1) A), moreover the P-C—P bond angles
(110.9(5) for A and 111.2(5)° for B) do not reveal any
strain for the dppm molecules. This is in agreement
with the fluxional behaviour found for 3, where the
dppm molecule can span bonded or non-bonded Fe
atoms.
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