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Abstract 

[Et,N],[Fez(CO)s] reacts with TeCI, to yield Fe,(CO),Te,. The product crystallizes in the space group Pca2, (no. 29) with two 
tetrahedral cluster molecules co-crystallized with one molecule of [Et,NjCl per asymmetric unit. The presence of the chloride 
stabilizes the lattice and helps to create an intricate packing array through a variety of intermolecular contacts. 
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1. Introduction 

Fe,(CO),Te,, (I), was first observed by Rauchfuss 
and co-workers [l] while reinvestigating the earlier 
work of Hieber [2]. Rauchfuss was able to isolate small 
quantities of this material by careful column chro- 
matography. It was found to be moderately stable in 
solution but decomposition was observed upon solvent 
removal. While the chemistry of this fundamental com- 
pound has been probed by several researchers [3-91, its 
structural characterization has long proved elusive. We 
wish to report the preparation of I via a new synthetic 
route and its structural characterization in a chloride 
ion stabilized lattice. 

2. Experimental details 

2.1. General 
All manipulations were carried out in a nitrogen 

atmosphere using standard Schlenk line and glove box 
techniques. The solvents were dried over appropriate 
drying agents and distilled under nitrogen prior to use: 
THF (Na/Ph,COl, hexane (LiAlH,), MeCN (CaH,), 
and CH,Cl,(CaH,). The [Et,Nl,[Fe,(CO),l was pre- 
pared according to literature procedures [lo] and the 
TeCl, (Strem) was used as received. 

Correspondence to: Dr. KH. Whitmire. 

0022-328X/94/$7.00 
SSDI 0022-328X(94)24407-A 

2.2. Synthesis of Fe,(CO),Te, 
2.98 g (5.0 mmol) of [Et,N],[Fe,(CO)s] was dis- 

solved in 40 ml MeCN. A solution of 1.35 g (5.0 mmol) 
of TeCl, in 10 ml MeCN was added in 2 ml portions. 
The resulting solution was stirred for 3-4 h. The sol- 
vent was removed in ~acuo and the residue was ex- 
tracted into 50 ml CH,Cl, with stirring for 30 min. 
The solution was filtered and reduced to half volume. 
An equal volume of hexane was added and the result- 
ing mixture was cooled to -20°C for 2-4 days. A few 
small red plates formed along with a fine black pow- 
der. The yield of the black powder was approximately 
0.7 g (46% based on tellurium). Upon standing the red 
crystalline material decomposed to black powder. No 
analytic data were obtained due to the low yield and 
limited stability of the crystalline material. 

2.3. Structure of [Et,N][CI] .2[Fe,(CO),Te,](“‘) 
A thin red plate of approximate dimensions 0.05 x 

0.10 X 0.15 mm3 was mounted on a glass fiber with 
epoxy cement. The data were collected on a Rigaku 
AFC5 four circle automated diffractometer at a tem- 
perature of -50°C. Final unit cell parameters were 
based on least-squares analysis of 25 carefully centered 
reflections (6.90” I 28 I 17.43”). The crystallographic 
parameters are summarized in Table 1. The crystal was 
shown to be orthorhombic and the space group was 
chosen as Z&2, (no. 29) on the basis of systematic 
absences and intensity statistics. The data were cor- 
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TABLE 1. Crystallographic Data Collection Parameters for com- 
pound II 

Empirical formula 
Fw 
Crystal system 
Space group (No.) 

a (& 

b 6, 

c cw> 

v (z, 
Z 
D (talc) (g cm -3) 
p (cm-‘) (Mo Ka) 
T(max)/ T(minXV-scans) 

A (.&I (MO Ku) 

T (“0 
N(obs); N(var) 

R R, 
GOF 

[C,H,NlCI-~Fe,Te,C,O,l 
1215.46 
Orthorhombic 
Pca2 1 (no. 29) 

20.170(9) 

12.273(4) 

14.109(6) 

3492.5c4.6) 
4 

2.31 
50.42 
1.00/0.552 

0.7107 
-50 
1472,274 
0.055,0.058 
1.79 

rected for absorption (P-scans), Lorentz and polariza- 
tion factors. Crystal and instrument stability were 
checked by measuring three standard reflections every 
150 observations. Only small random fluctuations were 
observed, therefore no decay correction was applied. 
The analytic form of the scattering factors for the 
appropriate neutral atoms were corrected for both the 
real (Af) and imaginary (Af’) components of anoma- 
lous dispersion. The structure was solved by direct 
methods using SHELX-86 [12] which located the metal 
atoms and the chloride ion. The light atoms were 
located by successive least-square refinements. Struc- 
ture refinement was carried out using the TEXSAN 5.0 
structure analysis package [12]. The metal atoms, the 
oxygen atoms, and the chloride ion were refined 
anisotropically. All the carbon atoms were refined 
isotropically and the contribution of the hydrogen 
atoms on the tetraethylammonium cation was ignored. 
During the final stages of refinement the correct enan- 
tiomorph was chosen by refining both enantiomorphic 
structures first without and then with the anomalous 
dispersion terms included. Full matrix least squares 
refinement converged to final residuals of R = 0.055, 
R, = 0.058, and S = 1.792 for 274 refined parameters 
and 1472 observed (I > 3a(Z)) reflections. Final posi- 
tional and displacement parameters are given in Table 
2 and the bond metricals are listed in Table 3. 

3. Results and discussion 

The reaction of the dinuclear iron cluster 
[Fe,(CO>,12- with one equivalent of TeCl, yields I as 
the only carbonyl containing compound detectable by 
IR spectroscopy. It crystallizes in the acentric space 

group Pca2, (no. 29) with two independent cluster 
molecules in the asymmetric unit. Each asymmetric 
unit also contains one molecule of [Et,N]Cl as a co- 
crystallite. The molecular structure of II is, as ex- 
pected, a tetrahedron consisting of an Fe,(CO), frag- 
ment bridged by a ditelluride moiety. It is isostructural 
with the related sulfur and selenium analogs. Figure 1 
shows the molecular geometry of both of the two 
independent molecules and the related chloride ion, as 
well as the atom labeling scheme. 

The Fe-Fe distance, 2.645 A (avg.), is similar to 
other compounds containing an Fe,(CO), fragment 
bridged by tellurium such as Fe,(CO),(TeCI-I,),, 

TABLE 2. Positional parameters and Bes for II lFe,(CO),(Te,ll. 
KC,H,),NlCl 

Atom x Y z B w 

TeW 0.08100) 0.0366(2) 0.4260 

Te(2) 0.0620(l) 
Fe(l) 0.1731(3) 

Fe(2) 0.0669(3) 

001) 0.251(2) 

002) 0.261(2) 

OU3) 0.224(2) 

O(21) - 0.074(2) 

O(22) 0.127(2) 

(X23) 0.097(2) 

C(11) 0.218(2) 

C(12) 0.226(2) 

C(13) 0.207(2) 

C(21) - 0.020(3) 

CC221 0.107(2) 

U23) 0.082(3) 

Te(3) 0.11780) 

Te(4) -0.0067(l) 
Fe(3) 0.0684(3) 

Fe(4) 0.0205(3) 

O(31) 0.124(2) 

O(32) -0.030(l) 

O(33) 0.164(2) 

O(41) O.lOOw 

O(42) -0.092(l) 
O(43) - 0.025(Z) 
c(31) O.lOl(2) 
C(32) 0.014(3) 
cc331 0.125(2) 
C(41) 0.068(3) 
C(42) - 0.048(2) 
cc431 - 0.007(2) 
Cl(l) 0.6333(4) 
N(1) 0.755(2) 
C(lA) 0.745(2) 
CUB) 0.708(3) 
C(2A) 0.688(2) 
C(2B) 0.690(2) 
C(3A) 0.790(2) 
C(3B) 0.858(3) 
C(4A) 0.795(2) 
C(4B) 0.768(2) 

0.2536(2) 
0.1710(4) 
0.1565(4) 
0.187(2) 
0.018(2) 
0.359(2) 
0.130(3) 
0.013(2) 
0.342(3) 
0.175(3) 
0.079(4) 
0.291(4) 
0.141(3) 
0.067(4) 
0.257(6) 
0.2716(2) 
0.1971(2) 
0.2604(5) 
0.3975(4) 
0.056(3) 
0.282(2) 
0.410(3) 
0.588(3) 
O&8(2) 
0.463(2) 
0.140(4) 
0.262(4) 
0.347(4) 
0.520(4) 
O&O(4) 
0.436(4) 
0.17547) 
0.301(2) 
0.183(3) 
0.107(4) 
0.356(4) 
0.474(3) 
0.295(4) 
0.241(4) 
0.364(3) 
0.392(3) 

0.4103(3) 
0.4611(S) 
0.5706(S) 
0.288(2) 
0.560(2) 
0.562(3) 
0.619(4) 
0.708(2) 
0.681(3) 
0.354(3) 
0.530(4) 
0.519(4) 
0.600(4) 
0.645(4) 
0.643(S) 
0.1362(3) 
0.1009(3) 

-0.0306(S) 
0.0966(S) 

- 0.085(3) 
- 0.176(2) 
-0.112(3) 

0.041(3) 
- 0.017(2) 

0.279(3) 
- 0.068(4) 
- 0.114(4) 
- 0.085(4) 

0.069(3) 
0.024(3) 
0.201(4) 
0.5060(8) 
0.259(2) 
0.209(3) 
0.276(4) 
0.272(4) 
0.295(3) 
0.358(3) 
0.353(4) 
0.183(3) 
0.099(4) 

3.7(l) 
4.30) 
3.5(3) 
4.1(3) 

6(2) 
6(2) 
8(2) 

lo(3) 
6(2) 

lo(3) 
3.0(8) 
50) 
50) 
6(l) 
50) 

100) 
4.2(l) 
3.5(l) 
3.7(3) 
3.7(3) 

9(2) 
6(2) 

lo(3) 
lo(3) 
5(2) 
7(2) 
50) 
7(l) 
50) 
60) 
40) 
5(l) 
3.2(5) 

3.6(7) 
4.0(8) 
80) 
60) 
50) 
50) 
8(l) 
4.2(9) 

60) 



R.E. Bachman, KH. Whitmire / [EtsN][Cl] .2[Fe,(CO),Te,] 33 

2.643(5) A [13], and Fe2(C016Te2CH2, 2.587(2) A ]14]. 
However, this distance is significantly longer than that 
found in the corresponding disulfide 1151 Fnd dise- 
lenide clusters [16], 2.552(2) and 2.575(2) A respec- 
tively. This progressive lengthening of the M-M bond 
with the increasing size of the bridging atom is also 
found in the Fe,(CO),(ER), (E = !, Se, Te) series 
[13,17,18]. The Fe-Te bonds, 2.543 A (avg.), compare 
favorably with other compound! such as Fe,(CO),- 
(TeCH,),, 2.548(2) and 2.551(3j0A [13l, and Fe,(CO),- 
Te,CH,, 2.551(2) and 2.542(20) A [141. The Te-Te dis- 
tances, 2.700(4) and 2.719(4) A, are normal for a ditel- 
Iuride single bond. These bond distances are close to 
that of diphenyl ditelluride, 2.712(2) [19], and slightly 
shorter than that found in hexagonal tellurium, 2.835(2) 
[20]. The observed bond distance also compares well 
with that observed for other transition metal clusters, 
such as 2.8280) in [FesTe,,(CO>,,]2- [21], and 2.705(3) 
in [Fe,(CO),(TeXTe,)]‘- [22]. 

The chloride ion of the co-crystallized organic salt is 
situated s,o as to make two long contacts of 2.90(l) and 
3.027(g) A with the two independent cluster molecules. 
These distances are long bu,f well within the sum of the 
van der Waal’s radii of 3.8 A. Although the experimen- 
tal errors in the Te-Te bond distances make definitive 
conclusions impossible, it appears that the longer con- 
tact is to the cluster molecule with shorter Te-Te bond 
(Tel-Te2) while the shorter contact is made to the 
molecule with the longer Te-Te (Te3-Te4) bond. The 
length, and therefore the strength, of these contacts 
appears to be inversely correlated to the Te-Te single 
bond distances observed. This lengthening of the tel- 
lurium-tellurium bond is consistent with that seen in 
the clusters CpMoFe(CO),(Te,Br) and CpMoFe- 
(CO),(Te,S,CNEQ [23]. The Te-Te distance in the 
former is 2.807(l) A while this distance in the latter is 
2.9540) A. The lengthening of the Te-Te bond in this 
case is thought to be caused by a secondary interaction 
between the thiocarbonyl sulfur atom and one of the 
tellurium atoms. The solution infrared spectrum of this 
material does not differ from samples of Fe,(CO),Te, 
prepared via other synthetic routes. Therefore, it does 
not appear that the tellurium-chloride interactions 
persist in solution. 

In addition to the tellurium chloride contacts, sev- 
eral other intermolecular contacts both between the 
tellurium atoms, and between the telluriums and the 
carbonyl oxygens are present (Table 4). The Te-Te 
distances of 4.071(4) and 4.0345) A are comparable to 
the Te-Se contact in Fe,(CO),SeTe (4.00 A> [24], as 
well as t)e Te-Te contact found in Fe,(CO),(Te), 
(4.043(l) A> [251. However, it is a much longer contact 
than that found in Fe,(COI,,(Te), (3.5960) A> [25]. 
The 0,-o-Te contacts range from a relatively short 

TABLE 3. Bond distances and angles for II [Fe,(CO),(Te,). 

KC,H,),NICI 

Distances (A): 
Te(lkTe(2) 
Te(l)-Fe(l) 
Te(lbFe(2) 

Te(2)-Fe(l) 
Te(2)-Fe(2) 

Fe(l)-Fe(2) 
Fe(l)-C(11) 

FeWC(12) 
Fe(l)-C(13) 
Fe(2bCX21) 
Fe(2)-C(22) 

Fe(2bC(23) 
ow-c(ll) 
0(12)-x(12) 

0(13bC(13) 
0(21)-C(21) 
0(22)X(22) 

0(23)-X(23) 
N(l)-C(lA) 

NWCXW 
N(l)-C(3A) 

N(lbc(4A) 
Te(2)-Te(l)-Fe(l) 
Te(2)-Te(l)-Fe(2) 
Fe(l)-Te(l)-Fe(2) 
Te(l)-Te(2)-Fe(l) 

TeW-Te(2)-Fe(2) 
Fe(l)-Te(2)-Fe(2) 
TeW-FeWTe(2) 
Te(lbFe(lbFe(2) 
TeW-Fe(l)-C(11) 
TeW-Fe(lbC(12) 
TeW-Fe(lMX13) 
Te(ZbFe(lbFe(2) 

Te(2)-Fe(l)-C(H) 
Te(2)-Fe(l)-C(12) 

Te(2)-Fe(l)-C(13) 
Fe(2)-FeW-CXll) 
Fe(2)-Fe(lbtX12) 
Fe(2)-Fe(lbC(13) 
C(ll)-FeWCX12) 

C(ll)-Fe(l)-(X13) 
C(12)-Fe(l)-CXl3) 
Te(l)-FeQbTe(2) 
Te(l)-Fe(2)-Fe(l) 
TeU)-Fe(2)-C(21) 
Te(l)-Fe(2)-c(22) 

Te(3)-Fe(3)-Cf31) 
Te(3)-Fe(3MX32) 
Te(3)-Fe(3XX33) 
Te(4)-Fe(3)-Fe(4) 
Te(4)-Fe(3)-C(31) 

Te(4)-Fe(3k-C(32) 
Te(4)-Fe(3b-C(33) 
Fe(4)-Fe(3)-C(31) 
Fe(4)-Fe(3)-C(32) 
Fe(4)-Fe(3)-C(33) 
C(3 I )-Fe(3)-c(32) 

CX31bFe(3)-C(33) 
CX32)-Fe(3)-C(33) 

2.700(4) 
2.533(6) 
2.531(7) 

2.562(6) 
2.559(7) 
2.647(8) 
1.76(4) 

1.82(5) 
1.81(5) 

1.82(5) 
1.72(5) 
1.63(7) 
1xX4) 
1.12(5) 
1.10(5) 
1.12(5) 
1.18(S) 
1.22(7) 
1.63(4) 

1.53(6) 
1.57(5) 
1.54(5) 

58.50) 

58.5(2) 
63.0(2) 
57.50) 
57.5(2) 

62.3(2) 
64.0(2) 

58.5(2) 
103(l) 

970) 
153(2) 

58.8(2) 

1020) 

lW2) 
970) 

157(l) 

97(2) 
95(2) 

low) 
loo(2) 

93(2) 
64.1(2) 
58.5(2) 

104(2) 

94(2) 
loci2) 
160(2) 

97(2) 
58.4(2) 

lOl(2) 

98(2) 
155(2) 
155(2) 

mu21 
99(2) 
93(3) 
98(2) 
97(3) 

Te(3)-Te(4) 2.719(4) 
Te(3)-Fe(3) 2.559(7) 
Te(3)-Fe(4) 2.560(6) 

Te(4)-Fe(3) 2.518(6) 

Te(4)-Fe(4) 2.521(5) 
Fe(3)-Fe(4) 2.643(8) 

Fe(3HX31) 1.71(5) 

Fe(3)-C(32) 1.60(6) 
Fe(3)-C(33) 1.74(5) 
Fe(4)-C(41) 1.82(5) 
Fe(4)-C(42) 1.80(5) 
Fe(4bC(43) 1.64(5) 
0(31)-C(31) 1.15(5) 
0(32)X(32) 1.29(6) 
0(33)-C(33) 1.16(5) 
0(41)-c(41) 1.13(5) 
0(42)X(42) 1.11(4) 
0(43)X(43) 1.21(5) 
C(lA)-C(lB) 1.53(6) 
C(2A)-C(2B) 1.49(6) 

C(3A)-C(3B) 1.52(6) 
C(4AbC(4B) 1.35(6) 
TeWFe(2MX23) 157(2) 
Te(2)-Fe(2)-Fe(l) 58.9(2) 
Te(2)-Fe(2)-C(21) 102(2) 

Te(2)-Fe(2)-C(22) 149(2) 
Te(2)-Fe(2)-CX23) 102(3) 
Fe(l)-Fe(2)-C(21) 158(2) 
FeWFe(2HX22) 91(2) 
Fe(l)-Fe(2)_C(23) 99(2) 
C(21&-Fe(2)-C(22) 104(2) 
C(21)-Fe(2)-C(23) 97(3) 
C(22bFe(2)-C(23) 91(3) 
Fe(l)-C(ll)-O(11) 172(4) 

FeWC(12)-002) 170(5) 
FeWC(13b003) 172(5) 
Fe(2)-C(21)-O(21) 179(4) 
Fe(2)-C(22)-O(22) 168(4) 

Fe(2)-C(23)-O(23) 168(7) 
Te(4)-Te(3)-Fe(3) 56.9(2) 
Te(4)-Te(3)-Fe(4) 56.9(l) 
Fe(3)-Te(3)-Fe(4) 62.2(2) 
Te(3)-Te(4)-Fe(3) 58.3(2) 
Te(3)-Te(4)-Fe(4) 58.4(l) 
Fe(3)-Te(4)-Fe(4) 63.3(2) 
Te(3bFe(3)-Te(4) 64.7(2) 
Te(3)-Fe(3)-Fe(4) 58.9(2) 
c(41)-Fe(4)-C(42) 93(2) 

C(41)-Fe(4bC(43) 97(2) 
C(42)-Fe(4)-C(43) 99(2) 
Fe(3bFe(4)-C(43) 156(2) 
Fe(3)-C(31)-O(31) 175(5) 

Fe(3)-C(32bO(32) 169(5) 
Fe(3bC(33)-O(33) 172(5) 
Fe(4)-C(41bO(41) 170(5) 
Fe(4)-C(42)-O(42) 177(4) 
Fe(4bC(43)-0(43) 178(4) 
C(lAbN(l)-q2A) 109(3) 
C(lA)-N(l)-C(3A) 113(3) 
C(lAbN(lbCt4A) 102(3) 
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TABLE 3 kontinued) 

64.7(2) C(2A)-N(l)-C(3A) 108(3) 
Te(3)-Fe(4)-Fe(3) 
Te(3)-Fe(4)-C(41) 
Te(3)-Fe(4MX42) 
Te(3)-Fe(4)-C(43) 
Te(4)-Fe(4)-Fe(3) 
Te(4)-Fe(4)-C(41) 
Te(4)-Fe(4)-CX42) 
Te(4)-Fe(4)-C(43) 
Fe(3)-Fe(4)-C(41) 
Fe(3)-Fe(4)-C(42) 

58.9(2) C(2A)-N(l)-C(4A) 109(3) 
98(2) C(3A)-N(l)-C(4A) 1 U(3) 

153(l) N(l)-C(lA)-C(lB) llo(4) 
104(2) N(l)-C(2A)-C(2B) 115(4) 
58.3(2) N(l)-C(3A)-C(3B) 112(4) 

157(2) N(l)-C(4A)-C(4B) 122(4) 
970) 

lOl(2) 
lOl(2) 
950) 

Fig. 1. View of Fe,(CO),Te, (displacement ellipsoids at 35% proba- 
bility) illustrating the molecular geometry and the atom labeling 
scheme. 

3.53(3) to 3.8fX3) A. These distances are also similar to 
those found in the Fe,(CO),(Te), and Fe,(CO),,(Te), 
clusters [25]. 

The intermolecular contacts create an elaborate 
three dimensional network consisting of a complex 
spiral structure containing channels in two directions 
(Fig. 2). Alon g th e c direction the intermolecular con- 
tacts between the tellurium atoms, the tellurium atoms 
and the chloride ion, and between the tellurium atoms 
and the oxygen atoms create a series of interlocking 
helices. These helices leave an infinite array of roughly 
circular channels which share edges. The tetraethylam- 
monium cations reside in these large channels. The 
spiral nature of the network also creates a series of 
channels in the b direction. These channels are built 
from the tellurium-tellurium contacts as well as the 
tellurium-oxygen contacts. This channel can be viewed 
as oval in shape with a single contact between an 
oxygen and a tellurium bisecting it along the minor axis 
of the ellipse. 

Based on the large number of intermolecular con- 
tacts seen in the solid state structure of II and the 

TABLE 4. Intermolecular Contacts (A) for II [Fe,(CO),(Te,lj~ 
[(c,H,),N]c~ 

Te(l)-Cl(l) 
Te(4)-Cl(l) 
Te(l)-Te(Q 
Te(2)-Te(3) 
Te(2)-O(42) 

3.027(9) 
2.900) 
4.071(4) 
4.034(5) 
3.62(3) 

Te(2)-Of431 
Te(3HXll) 
Te(3)-O(13) 
Te(4)-Of22) 

3.63(3) 
3.59(3) 
3.53(3) 
3.86(3) 

(cl 

Fig. 2. Packing diagram projections along ((a) and (b)) the c axis and 
(c) along the b axis showing the Cl-Te, Te-Te, and Te-0 contacts. 
The [Et,N]+ cation and those CO groups not involved in the 
contacts have been omitted for clarity. 
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related Fe,(CO),(Te), and Fe,(CO),,(Te),, it is inter- 
esting to consider the possible fate of I upon decompo- 
sition. It has been postulated that I decomposes by 
dimerizing to Fe,Te,(CO),, with a cubane-like struc- 
ture on the basis of infrared and analytic data [1,26]. 
However, the presence of the tellurium-tellurium as 
well as the tellurium-chloride contacts suggest that an 
alternative decomposition pathway such as polymeriza- 
tion via the rupture and subsequent reforming of tel- 
lurium-tellurium bonds could be possible (eqn. 1). 

- 

‘This result would give material which would show 
the same analytic results as Fe,Te,(CO),, and could be 
expected to have a similar IR spectrum. This process 
should also be energetically favorable as it will make as 
many bonds as it breaks and will also relieve the strain 
imposed on the Fe-Te-Te and Te-Fe-Te angles by 
the tetrahedral geometry of the cluster. Further study 
of this highly reactive species and its decomposition 
products will be necessary to resolve this question. 
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