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Abstract 

The new mixed-metal, mixed-chalcogenide cluster CpCoFe&CO)& CL& pa-Tel (1) has been prepared from the room temperature 
reaction of Fe,WO),,( CL-STe) with CpCdCO),. Compound 1 has been characterised by IR and ’ H, ‘. C and ‘*‘Te NMR spectroscopy and 
its composition has been confinned by elemental analysis. The previously reported compound CpCoFc,(CO)& F3-SeX FL,-Te) (3) has 
been further chnmcterised by “Se and “‘Te NMR speclroscopy and its solid state structure elucidated by X-ray crystallography. 
Compound 3 crystullised in the monoclinic space group C2/c with u = 
V ~1 3230.6 A’, i! = 8, Q, = 2.5 I g cm’- ’ and R - 0.0297 (R,. 

35.125(2). 6=6.643(l), cm 14.910(l) A, /3~ ll1.79(1)“, 
= 0.0283). Its structure consists of an Fe,CoSeTe distorted square 

pynunidal core in which the Co atom occupies the apical site of the square pyramid, and the Fe and chalcogen atoms occupy alternate 
comers of the distorted square with three carbonyl groups tertninally bonded 10 each Fe atom and an $-Cp lignnd bonded to the Co 
atom. 

Trunsition mc!trrl ciustcrs which conlain S, Se or Te 
ligands are of considerable cunznt intessst because they 
exhibit unusual structural and rerrctivity patterns [l-4]. 
Chalcogen atoms have been ret nised as bridging and 
stcrbilising ligunds in numerous metal carbonyl com- 
pounds [5]. The dinuclear compounds Fe7c(Cc))6( Jo-EE’), 

S, Se; E’ = Te, have been used as convenient 
starting materials for the synthesis of several mixed- 
metal, mixccl-chalcogenide clusters [6-81. A characteris- 
tic feature of these compounds is the presence of a 
reactive E-E’ bond across which addition of organic 
and inorganic moieties occurs readily [7- I I]. The ox- 
idative addition across the E-E linkage of FP~(CO&,( p- 
E,), where E = S, Se or Te, with various low-valent 
transition-metal species has been demonstrated in detail 
112-2 I]. We have previously reported the synthesis of 
the mixed-chalcqenide compounds Fez(CO)& &SeTe) 
and Fe,(CO),( $3Tc) and their reactions with coordi- 

* Cornsponding author. 

natively unsrrturated metal carbonyl species to yield new 
mixed-met:& mixed-chulco~cnidc clusters [Q-8,18]. 
Here we report the reaction of Fe,(CO),( pL-S’Pc) with 
CpCQ(CB), and the characteri&ion of the product 
isolated. We also report the “Se and “‘Te NMR data 
and single crystal X-ray diffraction analysis of 
CpCoFe,(CO),( p.,-Se)( p3-Te), whose preparation has 
been described earlier [6]. 

2. Results and discussion 

The mixed-chalcogen compounds Fe,(CQ),( PEE’) 
(E = S, Se; E’ = Te) were obtained in pure form using 
the general method reported earlier [8,18]. 

2.1. Rcmtion of Fc,(CO),(E.L_S~‘~) with CpCo(CO), 

When a hexanc solution containing Fe&Co)& p-STe) 
and CpCo(CQ), was stirred at room temperature for 10 
h, two products were formed and identified as green 
coloured CpCoFe,(CO),( E.L~-S)( /.qTe) (1) and dark 
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111.10 h 

1 2 

Scheme 1. Formation of 1 aud 2. 

red coioured cpCoFe,(CO),( 11~-Sx p,-Te) (2) (Scheme 
1). The infrared specaum of 1 indicates the presence of 
only terminally bonded carbonyl groups and the pattern 
is similar zo that of previously reported compounds 
C~COF@ZQ)& JQ-E# &?) (E, E’ = S, Se: E = Se. 

Te) [6,13,15,22]. ‘H and 13C NblR spectra 
confirm the presence of Cp ligand in 1. For the series of 
compounds CpCoFe,(CQ),( pJ-Tex @‘) (E’ = S. Se. 
Te), a downfield shift of the lz5Te NMR signal along 
the series E = S, Se, Te is observed. A similar trend is 
seen in the 12’Te NMR spectra of the series of com- 
pounds Fe,(CQ),( pJ-SX p>-Te) (6 828 ppm), 
Fe&CO)& CL,-SeX p2-Te) (8 982 ppm) and Fe,KX3),- 
( pJ-Tej2 (8 1123 ppm), and also the nixed-metal 
series Fe,W(CO),& IJ@( p,-Te) (8 244 ppm), 
Fe,W(c30),,( pJ-Se)( F3-Te) (8 356 ppm) and 
Fe2W(CO),,(~a-Te), (6 467 ppm). Comparison with 
the rzsTe NMR spectrum of Fe,(CQ),( g.,-SX bJ-Te) 
shows that a formal replacement of an Fe(CO), group 

roup shifts the signal downfield by IQ6 

Characterisati~t~ of 2 is based on comparison of its 
infrared spectrum in the carbonyl region (in hexanc 
solvent, V( 1, 2042(m), 2034(vs), 1992(s), 
198ocvs), I w) cm” ) with the previously 

sFe,(~O),( @eX H)-Te). 

‘“.G and “‘Te NMR study of C@OFC~(CO)~(~~- 
i,,m 13) and ~~~~~~~~~~~(~~~~~~ ~/&6JkS (4 

rum of 3 showed a singlet at Ei 
NMR spectrum ef 3 showed a 

and a much weaker signal it 947& 
nfield of Me,Te. It indicates the presence of 

of Te atom due to two isomeric forms, For 
the related UJJmpoUnds ~~o~e~i~~~,( ~.c~-Teb, And 

td&( ps=Te), , Rauchfuss and coworker [ 131 
d two isemwic fcxms for each on the basis 

Comparison of the spectra of 3 
NMR spectra of Fe&CO&( p,- 
the replacement of an Fe(COb, 
shifts the nSe signal upfield by 
gnal downfield by 36 ppm [23]. 

Table 1 
Multinuclear NMR data (8 ppm) for 1, 3 and 4 

Corn- ‘HNMR 13CNMR “Se NMR “‘Te NMR 
pound (S w.r.t. (6 w.r.t. (6 w.r.t. (6 w.r.t. 

TMS) TMS) Me,Se) Me,Te) 

1 5.83(sI 82.17(s) - 933.85(s) 
208.48(s) 

3 5.83(s) 81.16(s) 857.18(s) 1018.49W 
209.13(s) 947.48(s) 

4 5.84(s) 89.01(s) -473.57(s) - 958.17(s) 
208.93(s) 

The 77Se NMR spectrum of 4 showed a signal at 8 
-473.57 ppm. The “‘Te NMR spectrum of 4 also 
shows only one signal at S - 958.19 ppm. Compound 4 
slowly decomposes in solution: after 24 h only the Se, 
and Tez compounds were found by 77Se and “‘Te 
NMR spectroscopy. Table 1 lists the multinuclear NMR 
data for compounds 1.3 and 4. 

2.3. Moleculur structure of 3 

An ORTEP diagram of the molecular structure of 3 is 
shown in Fig. 1. The metal core geometry of 3 can be 
described as an Fe,CoSeTe distorted square pyramid in 
which the Co atom occupies the apical site. Overall, the 
core structure is similar to that of the other members of 
the class of compounds 

Fig. I. Molcculm structure of 3. 
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[25] and Fe,Co,(CO),,( p&2 (2.58 A) [12], but is 
shorter than the average Co-Fe bond distances reported 
for Fe,Co,(CO),,( pJ-PPh), (2.62 8) [I21 and 
H(Cp)MoCoFe(CO),( pJ-Ge’Bu) (2.684 A> [26]. How- 
ever, the average Fe-Se bond distance in 3 (2.389 A> is 
longer than the averag? Fe-Se bond distance in 
Fe,(CO),,( p3-Se),o(2.35 A) 1271 and in Fe,(CO),( p3- 
S)( pj-Se) (2.351 A) [28]. It is shorterothan the average 
Fe-Se bond distance of 2.437 A reported for 
Fe,(CO),( p3-Se)( @?-Tel 1281. The average Fe-Te bond 
distance in 3 (2.490 .A> is similar to the average Fe-Te 
bond distance in Fe,(CO),( p3-Se)( p3-Te) (2.480 A>, 
but is shorter than the average Fe-Te bond iistance 
reported for Fe,(CO&,( p3-SX cc,-Te) (2.533 A) [281. 
The Fe-Co-Fe angle in 3 is 89.1”, similar to the 
corresponding angle in CpCoFe,(CO),( p3-Se), (87.8”). 
but slightly greater than the angle in CpCoFe,(CO),- 
( p3-S)( p3-Se) (86.4”) 1221. 

Assuming that the Se and Te atoms act as four-elec- 
tron donors, compound 3 is a SO-electron cluster, and 

Table 2 
Crystallographic data for 3 

Crystul dutu 
Molecular formula C,,HS06Fe2SeTeCo 
Molecular weight 610.3 
Crystal colour and description dark red plates 
Crystal dimensions (mm”) 0.2 x 0.2 x0.24 
Crystal system monoclinic 
Space group C2/c 
Cell parametrrs 

&l(A) 35.12512) 

b cfi, 6,643( I) 
c cx, l4.910(11 
B 0 lll.7~l) 

v (iv, 3230.2 
% 8 
Dralr (g cm-“) 2.9 I 
F(OOO) 2272 

Dutcc mllection 
Diffractometer 

Radiation (A (.&I) 
Temperature (K) 
@Ill,, (“1 
Reflections collected 
Observed rrtlcctions 
Max./min. absorption 

correction 

CAD-4 automatic four-circle 
diffractometer 

MO K II (0.7093) 
298 
24 
2825 
1850 
I .27 I, 0.832 

KeJiNctncnt 
Refinement method 
Weighting scheme IV 
Final H 
Weighted K 
(A/a) max. 
Ap max. (e Aw3) 

Ap min. (e Aw3> 

Full-matrix least-squares 
2.5191/[rr2(F~+0.000275(F~2] 
0.0297 
0.0283 
0.004 

0.39 

-0.39 

Table 3 
Fractional atomic coordinates ( X lOJ) and equivalent isotropic tem- 
perature factots GV X lo31 for 3 

Atom x Y i U 

237(4) 7066(2) Te(l) 
Te(l’) 
Cdl) 
Fe(l) 
Fe(2) 
Se(l) 
Se(l’) 
o(l) 
o(2) 
o(3) 
o(4) 
o(5) 
o(6) 
C(l) 
C(2) 
c(3) 
c(4) 
C(5) 
C(6) 
C(7) 
c(8) 
C(9) 
CIIO) 
ctll) 

3865(l) 
36543) 
3739.42) 
4298.2(2) 
3209.4(3) 
3651(l) 
3871(3) 
4699(2) 
4995(2) 
4491(2) 
2541(2) 
2?87(2) 
3021(2) 
4543( 2) 
4722(2) 
4413(2) 
2800(2) 
2950(2) 
3096(2) 
35143) 
3938(3) 
407ff 2) 
3727(2) 
3379(2) 

471406) 7623i83 
1682(l) 8423(l) 
3179(l) 7863( I 1 
2107(l) 6682(l) 
47 13(3) 7605(2) 

184(14) 7061(6) 
6399(Q) 9244(4) 

4349) 8707(S) 
4655( IO) 6244(5) 
3976( IO) 71 l7(4) 

- 1775(9) 6105(S) 
3898(9) 4770(4) 
5123(12) 87 12(6) 
l497( I21 8386(S) 
4081(12) 6867(5) 
3234(ll) 6944(S) 

-248(12) 6351(5) 
31741 I) 551 l(5) 

-48603) 9062(6) 
-5Nl3) 9463t51 
1381(13) 9893(S) 
2552( 13) 9742(5) 
1409(13) 9236(5) 

54(l) 
964) 
37.6(5) 
42.5(6) 
41.0(S) 
39(l) 
l3(3) 
90(3) 
95(3) 

lOl(3) 
92(3) 
QOt3) 
76(2) 
B(3) 
59(3) 
60(3) 
59(3) 
56(3) 
53(3) 
69(4) 
7U4) 
63(3) 
61(3) 
644) 

the formal application of the 18-electron rule would 
predict two metal-metal bonds as observed. According 
to the PSEP theory, the presence of seven skeletal 
electron pairs for 3 correctly predicts the tlido sctnb 
dral structure. 

Reactions and mnnipulntions were carried out under 
an inert atmosphere of argon by means of standard 
Schlenk techniques. The solvents were purified and 
distilled under a nitrogen or argon atmosphere prior to 
use. Infrared spectra were recorded on a Nicolet Impact 
400 FI’ infrared spectrometer in NaCl cells of 0.1 mm 
path length as hexane solutions. ‘H, 13CI “Se and ‘25Te 
NMR spectra were obtained on a Varian VXR-300s 
NMR spectrometer in CDCl, solution using appropriate 
references at 25°C. The “Se NMR spectra were refer- 
enced to Me,Se as an external standard (6 0 ppm) and 
the spectra were obtained at an operating frequency of 
57.23 MHz; 90” pulses were used with 1.0 s delay and 
1.0 s acquisition time. lz5Te NMR spectra were refer- 
enced to Me,Te as an external standard (S 0 ppm) and 
the spectra were nhraincd at an operating frequency of 
94.75 MHz; 90” pulses were used with 1.0 s delay and 
1.0 s acquisition time. Fe2(CO),( &Xe) [8] and 
CpCoFe,(CO),( E.c,-Se)( g,-Te) (3) 161 were prepared as 
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previously reported. CpCo(CO), was prepad as de- 
scribed in the literature 1291. 

To a hexane solution (60 ml) of Fe,(CO)& CL-STe) 
(0.2 g, 0.46 mmol) was added CpCo(CO), (0.4 ml) and 
the reaction mixture was stirred at room temperature for 
10 h. The solvent was removed in vacua, and the 
residue chromatographed on a silica gel column using 
hexane as eluant to separate a trace of unreacted 
Fe,(CO)& CL-STe) and the unstable dark red CpCo- 
~e~(Ct&( JU$X pJ-Te) (2) from the major second band 
of green CpCoFez(CO),( p$X ks-Te) (1); yield 0.085 
g (33%). IR ( Y(CO), cm“ ): 2057(m), 2033(vs), 
1991(s), 198O(vs). ‘H NMR: S 5.83 (s, C,H,). 13C 
NMR: S 82.2 (s, C,H,), 208.48 (s, CO). ‘*‘Te NMR: S 
933.9 (s). M.p. 156”C(dec.). Anal. Found: C, 21.83; H, 
1.17. CllH,0,CoFe2STe Calc.: C, 21.65; H, 0.83%. 

3.3. X-ray difiaction study of3 

Black crystals of 3 wer& grown from a hexane/di- 
chloromethane solution by slow evaporation of solvent 
at - 5°C. A crystal of approximate dimensions 0.2 X 
0.2 X 0.24 mm’ was used for data collection. Crystal 
dttta is summarised in Table 2. The data were measured 
at room temperature on a CAD.4 automatic four-circle 
diffractometer in the ran Z46; 2825 reflec- 
tions were collected of which were unique with 

(I), t)AtA wetk! corrected for Lorenta And pohtr- 
and alto for absorption [30], (Max. and min. 

absorption csrmctisns I.29 I and 0332 respectively.) 

FK%Csl: I ) %.SSti(4) CxlbFdl) 1 .wx IQ) 
sdlbtxl) 2.3144) cx!bFt$I) 1.792(IQ) 
Ti$lI-Cal:11 2.4265) CX3I-F&) I .782( IO) 
%eQl)-Fdl) 2.38g4) Q4I==Fd2) I .7li1(9) 
Sdl)-Ft?(2) 2,3Qw) cXw+zo) I .7MtY 101 
P~I)-Tal) 2*49lI5) Cw”F~2) l.787( 101 

F~2X.scl,-F~l) 89.3(23 QII-F&l)-Se(l) 89.2(3) 
F’e(f)-Sc(l3-%c(l) 99.32) G(I)-F&)-Tc(l) 162.2(f) 
Fc(2)-T~l)-Fe(l) 93.8(2) c(2)-Fir(l)-Se(l) 157.%(2) 
Fd I I-S4 I I-Td II 4Q,8( I ) GIZ)-Ft$l)-Te0) 88. 
Fe(lk=zk(l~-T~l~ 49,7(l) C(3)=F~lkSdl5 102,7(3) 
S&l~-C&l,=Fk?tl, 57*8c!) Ct3)-w I I-%( I) QR.N(II) 
w l I-C& )-fw2) XcM2b cX4)-F~fI~-Sd I) WH.5(3) 
S~l~-C~l~-T~l~ X6,3(2) e(S,=F~2,-T&, 155,4w 
Fdl)-Cdi)-TdI) 59\42) C?+-F@(2)=-SdI) 161,7(2) 
Fti?) G? i i -+I’&) 59,5Q) %15)-Fd2)-Te( II 87.7(3) 
sa(lbFdIbTdII 83,2(2) C@)-F~2)-St$l) Q7.Q(3) 
Ml)-ki2)-Te(l) 83.2(2) C+5I-F~2)-Tt$lI 105.~3) 

The structure was solved by direct methods and refined 
using the SHELX [3 1,321 suite of programs. Early conver- 
gence revealed that the Tel and Se1 atoms were disor- 
dered in the ratio 70.6: 29.4 with their primed ana- 
logues. Disorder was modelled as follows. Initially the 
site occupancy was refined with isotropic thermal pa- 
rameters for both the Te and Se atoms and their disor- 
dered counterparts. The refined occupancy parameters 
were then input (and fixed) in the SHELX file, and 
anisotropic refinement of the thermal parameters for 
Tel, Sel, Tel’ and Sel’ was subsequently performed. 
This disorder is not depicted in the ORTEP plot where 
only the position of the unprimed atoms is illustrated. 
The very proximate disordered moieties are indicated by 
bracketed labels. In the final least-squares cycles all 
atoms were allowed to vibrate anisotropically except for 
the partial occupiers Tel’ and Sel’. Hydrogen atoms 
were included at calculated positions. Final residuals 
after 12 cycles of least-squaws were R = 0.0297, R,,. = 
0.0283, for a weighting scheme of w = 2.5191 /[a *(F) 
+ 0.000275(F)* 1. Convergence of the structure is evi- 
denced by the quoted largest shift/e.s.d. value of 0.004. 
The max. and min. residual densities were 0.39 and 
- 0.39 e A- 3 respectively. Final fractional atomic coor- 
dinates and isotropic thermal parameters, bond distances 
and angles are given in Tables 3 and 4. 

Final fractional atomic coordinates and equivalent 
isotropic temperature factors, anisotropic thermal pa- 
rameters, bond lengths and angles, intermolecular dis- 
tances, intramolecular distances, and the structu1Y: factor 
tables are avuileble from the Uisrw. 

0ne of us (PM) is grateful to the Department of 
Science: And Technolo y, Government of India, for a 
research pnt, 

[I] K.H. Whitmire, J. Cwwc!. Cbcm.. If (19881 95. 
[2] N.A. Compton. R.J. Bltington and N.C. Norman. A&. 

Orgunnmct. Cbem., .3 I ( I9901 9 I. 
131 L.C. Roof nnd J.W. Kolis, Cbcm. Rev.. 9.1(1993) 1037. 
[4] M.A. Ansari and J.A. Ihers, Cwrcl. Cbcm. &a.. IO (19901 

223. 
[Sl P. Mathur. D. Chakraharty and I.J. Mavunkal. .I. Chstw ki., 4 

(1993) 351. 
[&I D. Chakrab~ty. MdM. Hossain. R.K. Kumar and P. Mathur. J. 

Qrp4twmet. Cl9r?m., 410 (I991 1 143. 
[7] P. Mathur, 1). Chakrabarty and Md.M. Hossain. J. Brpwrrmet. 

Cbem., 418 (1991) 415. 
[It] P. Mathur. D. Chakraharty. Md.M. Hossain and R.S. Rashid, J. 

Orgawnct. Chem.. 4.20 ( l9Q I 179. 
[Q] P. Mathur, B. Manimwan. Md.M. Hossain. R. Shanbag. J. 

Murthy, I.S. Samnathan, C.V.V. Satyanarayana culd M.M. 
Bhadbhade. 1. Orgumjmet. Cbem., 490 (1995) 173. 



P. AWuthur et d./Journul of Organometallic Chemistry S22 (19%) 291-295 295 

[IO] P. Mathur. Md.M. Hossain, S. Umbarkar. C.V.V. Satya- 
narayana. S.S. Tavale and V.G. Puranik. Organometallics. 14 
(199s) 959. 

[ll] P. Mathur. Md.M. Hossain, R. Kondru, S.N. Datta and M.M. 
Bhadbhade. Organometallics, I3 (1994) 2532. 

[12] H. Vahrenkarnp and E.J. Wucherer. Angew. Chem., Int. Ed. 
En& 20 (1981) 680. 

1131 D.A. Lesch and T.B. Rauchfitss, Innrg. Chem., 22 (1983) 1854. 
[14] v& Lesch and T.B. Rauchfuss. J. Am. Chem. tic.. 104 (1982) 

[IS] L.E. &an, Jr.. D.A. Lesch and T.B. Rauchfuss. J. Organomet. 
Chem., 2.50 (1983) 429. 

[16] P. Mathur. I.J. Mavunkal. V. Rugmini and M.F. Mahon, Inorg. 
Chem.. 29 (1990) 4838. 

[ 171 P. Mathur, D. Chakrabarty. Md.M. Hossain, R.S. Rashid, V. 
Rugmini and A.L. Rheingold, Inorg. Chem., 31(1992) 1106. 

[18] P. Mathur, D. Chakrabarty and Md.M. Hossain, J. Organomet. 
Chum., 4010991) 167. 

[19] D. Seyferth, R.S. Henderson and M.K. Gallagher, J. Orgunomet. 
Chem.. 193 ( 1980) C75. 

[20] D. Seyferth. R.S. Henderson and L.-C. Song, Orgunometallics. 
I(19821 125. 

[21] D. Seyferth and R.S. Henderson, J. Orgawmet. Chem.. 204 
(1981) 333. 

1221 P. Mathur. P. Sekar. C.V.V. Satyanarayana and M.F. Mahon, 
Organometatlics, 14 ( 1995) 2115. 

1231 nSe NMR: Fe3(CO)& @eX F3-TeJ S 867.1 ppm. 
“‘Te NMR: Fe,(COJ& p,-Sex p3-TeJ 6 982 ppm. 

1241 M. Cowie, R.L. DeKock. T.R. Wagemnaker, D. Seyferth, R.S. 
Henderson and M.K. Gallagher, Organometaliics, 8 (1989) 119. 

[25] C.E. Strouse and L.F. Dahl. J. Am. Chem. Sot.. 93 (1971) 
6032. 

[26] P. Gusbeth and H. Vahrenkamp, Chem. Ber., I18 (1985) 1770. 
[27] L.F. Daht and P-W. Sutton, Inorg. Chem.. 2 (1963) 1067. 
[28] G. Gervasio, J. Organomet. Chem., 445 (1993) 147. 
[29] M.D. Rausch and R.A. Genetti. J. Org. Chem.. 35 (1970) 3888. 
[30] N. Walker and D. Stewart, Acta Crystallogr.. Sect A. 39 (1983) 

158. 
[31] G.M. Sheldrick. SHELY~~, P computer program for crystal struc- 

ture determination. University of Gottingen, 1986. 
[32] G.M. Sheldrick. S!KLK%, a computer program for crystal struc- 

ture determination. University of Cambridge, 1976. 


