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Abstract

Room temperature reaction of (CO)gFe(p-EE) (E # E"; E, E' = S, Se, Te; E = E' = S, Se, Te) with diazoethane yielded iwo types of
compound: (CO),Fe,EE'{(u-C(H)ICH,), (1, 27%, E=FE' =S§; 2, 24%,E=S, E'=Se; 3, 21%, E=FE =S¢; 5, 19%, E=S, E'=Te; 7,
12%, E = Se, E' = Te) and (CO)Fe,{i-EC(HXCH,)E') (4, 13%, E = E' = S¢; 6, 16%, E = S, E' = Te; 8, 22%, E = Se, E' = Te; 9, 28%,
E = E' = Te). Compounds 1-9 were characterised by IR and 'H, 13C, ""Se and '*Te NMR spectroscopy. Structures of 1, 3, 5, 8, and 9
were established by crystallographic methods. Compounds 1, 3, and 5 are isomorphic and isostructural and their structure consists of a
distorted thombus in which Fe and E (E = S, Se, Te) occupy adjacent comers. Two C(HXCH ;) moieties bridge opposiie Fe-E bonds and
give roughly a chair conformation. Compounds 8 and 9 are isomorphic and isostructural and their structure consists of an Fe,TeE
(E = Se, Te) tetrahedral butterfly core containing a CCHXCH ;) group as bridge between two wing-tips of chalcogen atoms.

Keywords: Tron; Chalcogen; Diazoethane; Carbonyl; Crystal structure

1. Introduction

Metal alkylidene complexes have evinced consider-
able interest because they have been implicated as
intermediates in many catalytic processes such as Fis-
cher-Tropsch synthesis [1], olefin metathesis [2], alkene
[3] and alkyne polymerisation [4], cyclopropanation of
olefins [5] and methylenation of carbonyl compounds
[6]. The possible involvement of methylene groups in
carbon monoxide reduction on metal surfaces has led to
interest in the synthe ;. of metal complexes containing
bridging methyiene groups [7]. Diazomethane is a con-
venient source of the CH, group, which can insert into
a metal-metal bond by a process mvolving donation of
the M~M bonding electron pair to the CH, of diazo-
methane and simultaneous loss of N, [8). We have
investigated the reaction of the metal-ditelluride com-
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pound (CO)¢Fe,(pu-Te,) with diazomethane and the
structure of (CO)Fe,(pn-TeCH,Te) has been reported
{9). Insertion of the methylene group into the Te-Te
bond of (CO),Fe,(.-Te,) is one of numerous examples
of insertion of organic and inorganic moieties across the
chalcogen—chalcogen bonds of (CO)gFe,(n-E,) (E =8,
Se or Te) compounds, indicating that of the three types
of bond in the Fe,E, core, Fe-Fe, Fe-E and E-E, it is
the E-E bond which is most susceptible to insertion.
Convenient synihesis of the mixed-chalcogenide com-
pounds (CO)¢Fe,(u-EE') in recent times has provided
the opportunity to investigate the reactivities of Fe-Fe,
E-E', Fe-E and Fe-E' bonds in these compounds [10].
The reaction of (CO)gFe,(p-STe) with diazomethane
yields, in addition to the expected (CO)gFe,(p-
SCH,Te), small amounts of another product resulting
from a formal insertion of a methylene group into the
Fe-Te bond, {(CO),Fe(p-CH,)Te}, (Fig. 1) [11}. In
this paper we report on the reaction of diazoethane with
the homochalcogenide compounds (CO) Fe,(w-E;) (E
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Fig. 1. {{CO);Fe(u-CH,)Te},.

= §, Se, Te) and tfle mixed-chalcogenide compounds
(CO) Fe,(n-EE) (E# E; E, E' = S, Se, Te).

2. Resuylts and discussion

When an ether solution containing (CO), Fe,(n-EE')
(E#E; E, E=S, Se, Te; E=E' =8, Se, Te) was
stirred at room temperature with diazoethane, two types
of product were obtained: (CO),Fe, EE{n-C(H)CH,},
(LE/E=S;2,E=S,E=Se;3,E E =8e¢;5,E=S§,
E'=Te; 7, E=Se, E =Te) and (CO) Fe,{p-
EC(HXCH,)E} (4, E, E=S¢; 6, E=S, E =Te; 8,
E = Se, E’ = Te; 9, E, E' = Te) (Scheme 1). All com-
pounds are stable in solid form. In solution, compound
7 undergoes decomposition in dichloromethane over a
period of hours, but the other compounds are stable
The products were characterised by IR and 'H, "C,
Se and 'PTe NMR spectroscopy (Table 1). Com-
pounds 1, 2, 3, 5 und 7 display an identical CO swetch-
ing pattern in their infrared spectra which is similar to
that observed for the previously reported and struc-
turally characterised {(CO),Fe(u-CH,)Te}, [11]. Simi-
larly, 4, 6, 8 and 9 display a CO streu,lung paitern
Similar to that of (CO),Fe,(u-TeCH,Te) [9]. "Se and

Te NMR spectra display Se=H and Te-H couplings

consistent with the bonding of a C(H)CH 3 group to
these chalcogens Assngnment of ”Se and “*Te NMR
signals is based on previous observations that the '>Te
NMR signal for the Fe-Te addition product
{(CO);Fe(p-CH,)Te}, (8 —767 ppm) is highfield rela-
tive to the signals for the E-Te inserted products
(CO)¢Fe,(n-SCH,Te) (8 39 ppm), (CO)¢Fe,(n-
SeCH,Te) (& 146ppm) and (CO)¢Fe,(n-TeCH,Te) (&
336 ppm). The ”’Se NMR signals between 8 — —276ppm
and 6 —304ppm can be assigned to the first type of
compound (CO),Fe,SeE{p-C(H)CH,}, (2, E=S§; 3,
E = Se; 7, E = Te) and the downfield signals appearing
at & 195ppm and & 312ppm for the second type of
compound (CO)6Fe2{u-SeC(H)(CH3)E] (4, E=Se; 8,
E = Te). Similarly, the highfield **Te NMR signals at
6 —685ppm and & —681ppm can be assigned to the
compounds (CO)Fe,TeE{n-C(H)CH,), (5, E=S§; 7,
E = Se) and the downfield signals between & 219 ppm
and & 509ppm can be assigned to the compounds
(CO)Fe,{pn-EC(HXCH,)Te} (6, E=S; 8, E=Se; 9,
E= Te)

Single crystals of 1, 3, 5, 8 and 9 were obtained and
subjected to X-ray structural analysis. ORTEP representa-
tions (50% probability ellipsoids) of 1, 3, §, 8 and 9 are
shown in Figs. 26 respectively. Compounds 1, 3 and §
are essentially isomorphic and isostructural; the core
geometry consists of a heavy atom rhombus in which
the Fe and chalcogen atoms occupy alternate corners.
Each Fe atom is bonded to two chalcogen atoms, one
C(H)CH, group and three terminal CO groups, which
gives a distorted octahedral geometry around it. Two
opposite Fe-chalcogen edges are bridged by a C(H)CH,
group each, one on each side of the plane defined by the
heavy atoms. Both methyl substituents in each molecule
are oriented equatorially with respect to the FeEFeE
plane. The iron, chaicogen and carbon six-membered
structure assumes a chair conformation in compounds 1,
3 and 8. In each compound, the bridged Fe-chalcogen

"
\l/ ' ' \
b / CH3CHN; __§L “ \/“
/
_ Eno, 28°C _"' . /c\cm
T T By \ 71~
B
BE=S LEE=S -
EE=S S 2EE=S, Se -
EBese 3 EE=Se 4.B.B'*Se
EE=$,Te SEE=5Te 6.E,E=S,Te
E.B'=Se,Te 7. BB =S¢, Te 8.E,E'=Se, Te
EE:Te - 9.E,E=Te

Scheme 1. Formation of 1-9.
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bonds are shorter than those which are unbridged. The
E-Fe-E bond angles (79.7 to 82.1°) are smaller than
the Fe-E—-Fe angles (90.7 to 107.7°).

Compounds 8 and 9 are isomorphic and isostructural.
The core geometry in these compounds can be de-
scribed as an open Fe,EE butterfly tetrahedron, in
which the chalcogen atoms are located at the wing-tips.
The open edge of the Fe, EE tetrahedron is bridged by a
C(H)CH, group. Three terminally bonded carbonyl
groups, the bridging chalcogen atoms and the Fe-Fe
bond define a distorted octahedral geometry of each Fe

atom. Overall, the structures of 8 and 9 are similar to
the previously reported methylene-bridged compounds
(CO)¢Fe,(1n-SeCH,Te) [10] and (CO)g Fe,(j.-TeCH, Te)
{9} The bond matricals of 8 and 9 are also similar to
those of (CO)¢Fe,(u-SeCH,Te) and (CO)¢Fe,(pu-
TeCH,Te).

The formation of 1, 2, 3, 5 and 7 formally occurs by
the addition of C(H)CH,; groups to the opposite Fe-E
edges, and there is a cleavage of the Fe-Fe and E-E
bonds. Since a chair conformation is obtained, the
C(H)CH; groups approach the two wings of the Fe,E,

Table 1
Spectroscopic data for 1-9
Com- IR "HNMR “C NMR ""Se NMR "“Te NMR
pound (cm™!, hexane) (8, CDCly) (8, CDCl;; (&, CDCly) (8, CDCl,)
1 2068(w), 2053(s), 2.01 (CH,)d, Jy .,y =69Hz; 27.5(CH;) q, J = 128Hz — —_
2048(m), 1998(s),  S.06 (CH)q, J,_y = 6.9Hz. 69.5 (CH), J = 164.5Hz;
1963(w). 204.7, 207.5, 210.4 (CO)
2 2070(w), 2051(s),  2.02(CH)d, Jy_,=66Hz;  285(CH,)q, Jo_, = 128Hz;  =-3043,m  —
1997(s), 1990(m),  2.22CH,)d, Jy_, = 1.2Hz; 29.4(CH;) q, Jo_y = 127Hz;
1962(w). 52'{TH)Qq, Jy. = 66Hz; 68.5(CH)d, Jo_yy = 164Hz:
588(CH)q, Jyy_y =15 Hz. 76.%CH) d, Jo_,, = 163 Hz;
204.5, 205.2, 207.6, 208.6,
208.7, 211.5(CO)
3 2064(w), 2050(s), 221 (CHy)d, J,,_y=69Hz:  30.1(CH,)q,J = 128Hz -300.5, m —
2044(m), 1994(s), 6.05(CH)q, Jy_, = 6.9Hz. 759 (CH)d, J = 163 Hz;
1958(w). 204.6, 208.8, 209.5 (CO)
4 2071(m), 2038(),  1.9(CH) A, Jyy = 69Hz 308(CHy)q, Jo.y = 129Hz:  1959.p, -
2031(s), 2000(s), 4.6(CH) G Jy_y = 69Hz 45.2(CHIA, Jo_y = 159.6Hz  “Jg,
1990(s), 1978(m), 209.6, 209.8, (CO) = 10.6 Hz
1950(w).
5 2067(w), 2053(m), 1.99(C) d, Jyy = 6.6 H2; 29.7(CHy q, Je_y = 129Hz; - - O6R4.7, m
2046(s), 1998(s), 238(CHY A Jy g =T5Hz  3L4(CH)q, Jo y = 128Hz;
1992(s), 1982(m). S3LCH) g Iy = 6.6H 662 (CH) 4, J._, = 164Hz;
6.69 (CH)q, Jy.y = 1.5 H. 74.5(CH) d, J.,, = 158ic,
203.4, 205.7, 206.3, 208.6,
210.2, 213.0(CO)
6 2009(), 2028(s),  1.83(CH), Jy_y=69Hz  247(CH A, Jo_ = 1S8.1Hz;  — 219.7. gd.
2000(s), 1987(s), Ve = 18.1Hz; 30.3(CH,) q, Je_y = 129.2Hz Urew= 183HL
1981(m), i975(m),  415(CH)q, Jyy_, = 6.9 Hz. 209.9, 210.2 (CO) Jre = 29.4Hz;
1947(w). ey = 28.5Hz
7 2064(w), 204%m),  2.20(CH,)d, J,_;, = 6.9Hz; 3LN(CH) Q. Jo_yy = 128Hz, =276.2,m - 681.0, m
2046(s), 1993(s), 2.39(CH)d, Jy_y=75Hz,  32.41(CH,)q, Jo_y = 128Hz:
l984(m). |958(w). 0.17 (Cl’) Qs J“v“ = 6-9 HZ; 737 (CH) d. "Cv“ = 162 HZ;
6.89(CH)q, Jy_,, = 5.7Hz. 740(CH) d, Jo_y, = 158 Hz;
203.4, 205.9, 205.9, 209.9,
210.5, 211.2(CO)
8 2066(m), 2026(s), 1.96 (CH,)d, Jyy ., = 6.9Hz, 5.67(CH)d, Jo_yy = 158.3Hz; %IZ.S P ?30.3. gd,
1997(s), 1986(s), A"Tc~ y = 20.4Hz; 30.45(CH) q, Jo.yy = 1292 Hz: Uy JTzcé.;)H
= 20.6 Hz:
1977(m), 1973(m), 397 (CH) q, Jyy_yy = 6.9Hz; 210.6, 210.8 (CO) =114Hzs gy =293Hz
1944(w). 2 ey = 29.4Hz;
9 2060(m), 2021(s), 206 (CH;)d, J,,_, = 7.2 Hz; -37.3(CH) 4, Jo_y = 1563Hz;  — s093.0d
1993(s), 1982(s), Yoy = 22.4Hz; 30.2(CH,) €, Joy = 129.2Hz; reu= 229 1#.
1970(m), 1942w).  3.26(CH)q, Jy_y = 7.2Hz; 211.8, 212.1 (CO) Jre.y = 289Hz

J3e-n = 28.8Hz;




Fig. 2. Molecular structure of (CO)sFe, S {u-O(H)CH;), 1.

butterfly structure from opposite sides. The formation of
4, 6, 8 and 9 formally involves the cleavage of the E-E
bond and addition of one C(H)CH; group across the
open E-E edge of the Fe,E, butterfly tetrahedron.
Although the exact mechanistic information is not
known at present, contrast in the reactivities of Fe-
chalcogen and chalcogen~chaicogen bonds is apparent
from our present study. For the smaller chalcogen com-
bination, i.e. E, E'=S5, § or S, Se, insertion of the
C(H)CH, group into the chalcogen=chalcogen bonds is
not observed, whereas for the larger chalcogen combi-

Table 2

Pr. yaration of (CO),Fe, EE'(-C(HICH,}, (R# E', E, E' = §, Se, Te; B = E' = §, Se) and (CO), Fe, (- EQCHXCH )E') (B # B E = 8, Se und

E'=Te; B=E = Se, Te)

P. Matkur et al. / Journal of Organomerallic Chemistry 527 (1997) 83-91

Fig. 3. Molecular structure of (CO)gFe,Se,{pn-O(H)CH ), 3.

nation, i.e. E, E' = Te, Te, addition of the C(H)ICH,
group to the Fe-Te bonds is not observed. Further
studies are currently in progress to provide an insight
into the two types of addition reaction reported here.

3. Experimental

3.1. General procedures

All reactions and other manipulations were per-
formed using standard Schlenk techniques under an

)

Compound  (CO) Fey(w-EE')  Product Colour Yield (mg (%))  Analysis * M.p. (°C)
(mg (mmel)) C H

1 (CO)GFQQ(M-S;) (CO)GFCI S;(u-CYH)CH 3}2 Yellow-omnge 80(27) 300 2.00 131-133 ®
250(0.727) 29.9) (1.96)

2 (CO)Fey(-SSe)  (CO)gFe,SSe{u-C(H)CH,);  Light orange 70(24) 269 1L.79 124-126 ®
250(0.639) 26.6) (1.62)

3 (CO)Fey(p-Sey)  (CO)gFe,ySe,{u-CIHICH ), Orange 60121) 243 162 135-137 %
250 (0.571) 246) Q.7)

4 (CO)Fey(n-Se;)  (CO)Fe,{n-SeC(HXCH,)Se)  Orange 35(13) 206 085  76-78
230(0.571) (20.8) (091

8 (CO)sFey(u-STe)  (CO)gFe,STe(n-C(HICH,},  Dark orange 55(19) 24.2 1.6} 121-123 *
250 (0.569) Qa1 .58

é (CO)sFe,(n-STe)  (CO)sFe,{p-SC(HXCH,)Te}  Dark orange 45(16) 205 085  82-84
250(0.569) 0.7 (094

7 (CO) Fe,(p-SeTe)  (CO) Fe,SeTe{n-C(HICH,});  Orange-red 3512 21 1.47 128-130 ®
250 (0.514) @23) (.54

8 (CO) Fe,(p-SeTe)  (CO)gFe{u-SeC(HNCH,)Te)  Orange-red 60(22) 187 077 99-101
250(0.514) (189  (0.79)

9 (CO)Fey(p-Te,)  (COMGFe,(u-TeCUHNCH )Te)  Orange-red 75(28) 171 07 106-108
250(0.467) M4 (0.1

: Calculated values are given in parentheses.
With decomposition.
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Fig. 4. Molecular structure of (CO)q Fe,STe{n-C(H)CH ,}, §.

atmosphere of pre-purified dry argon. The solvents were
purified, dried and distilled under nitrogen atmosphere
prior to use. Infrared spectra were recorded on a Nicolet
Impact 400 FT spectrometer as hexane solutions in

Table 3

Crystal data and details of measurements for 1, 3, 5, 8 and 9

Fig. 5. Molecular structure of (CO)¢Fe,{n-SeC(HXCH,)Te} 8.

0.1 mm pathlength NaCl cells. NMR spectra were ob-
tained on a Varian VXR 300S spectrometer in CDCI;.
"Se NMR measurements were made at an operating
frequency of 57.23MHz using 90° pulses with 1.0s
acquisition time and the spectra were referenced to

Compound
Formula
l':w

Crystal system
a(A)

b(A)

c(A)

a (deg)

B (deg)

¥ (deg)
v(AY
Space group
&

Dy (gem ™)

F(000)

Crystal size dimensions (mm"*)
nlem™")

hkl ranges

Unique observed reftections
Maximum transmission
factor (%)

Minimum transmission
factor (%)

Unique observed reflections
with [FZ 2 30(F))

No. of refined parameters
Final difference electron
density (eA")

Maximum shift/error

R

wR

1
C\oHyFe, 8,0,
399.99

triclinic
6.412(2)
7.26%1)
8.841(2)
65.91(2)
71.25(2)
84.75(2)
366.88(16)

Pi

1

1.810

200
0.3x%x0.2x02
22,7

Oto7, ~8t08,
- 101010
1423

99.90

78.05
1336

2N
0.2

0.03
0.024
0.041

3
CmHsF@zsezo6
493.79

triclinic
6.552(1)
7.24%2)
B.878(2)
113.142)
99.07(2)
94.84(2)
377.92(40)

Pi

1

2170

236
03x02x0.3
67.1

0to7, - 8to 8|
-10to 10
1457

95.70

58.50
1272

92
0.4

0.02
0.040
0.052

5

C 10 HsFCz STCO(,
495.53

triclinic

6.635(1)
7.321(2)

8.853(2)
112.742)
99.26(1)
95.28(2)
386.10(36)

I3

1

2.131

236
03%x03%0.2
388

Oto7, =810 8,
-101t0 10
1488

99.92

46.30
1344

196
0.2

1.43
0.029
0.043

8

CgH Fe,SeTeQ,
514.37
monoclinic
6.813(2)
13.264(3)
15.194(8)

95.67(3)
1366.33(9)
P2,/n

4

2.500

952
0.2x0.3%x0.2
68.7
0t8,0t015,
=18t0 17
2606

97.20

63.40
1441

163
0.5

0.99
0.048
0.064

9

CgH  Fe,Te, 04
563.01
monoclinic
6.938(4)
13.370(2)

15.170(6)

95.28(4)

1401.3(9)
P2/n
4

2.6069

1024
02x02%x0.3
61.8
0t08,0t0 15,
=18t 17
2796

100.00

43.89
2220

163
0.2

0.03
0.028
0.048
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Table 6

Atomic coordinates and isotropic displacement coetficients for 5
Atom  x y z B(A*)
Te(1) 0574 0.408 0.836 3.33(2)

Te(2)  0.225%(1) 0.7136(1) 0.72392(9)  3.37(2)
Fe(1)  0.2023(1) 0.3340(1) 0.6617(1) 3.192)
Fe(2)  0.5975(1) 0.784%(1) 0.89900(9)  3.25(2)
S(1) 0.5315(4) 0.4530(5) 0.8399%(4) 3.716)
S(2) 0.2693(5) 0.6610(3) 0.7258(3) 3.17(6)
o(1) ~0.2302(8)  0.2645(9) 0.4972(7) 6.9(2)
o2) 0.065(1) 0.255(1) 0.9278(7) 8.3(2)
o(3) 0.306(1) -0.0313(9) 0.4171(D) 1.2(2)
o4 1.0278(8) 0.9008(8) 1.093X6) 5.6&(1)
o(5) 0.499(1) 1.1590(6) 1.1195(8) 7.8(2)
o(6) 0.7246(9) 0.8907(M 0.6295(5) 6.0(1)

Fig. 6. Molecular structure of (CO)gFe{i-TeC(HXCH;)Te} 9. a1 -0.061(1) 0.2797(9) 0.5505(8) 4.5(1)
c 01131 0.2885(.} 0.8306(6)  4.0(1)

c@3) 0.277(1) 0.0996(8) 0.5187(7) 3.201)

125 5 o@ 08581 0.843(1) 10157 4.62)

Me,Se (8= 0). Te NMR specira were referenced 1o o5y g.s8301) 1.010(1) 1031 62(2)
an external standard of Me,Te (8= 0) and the spectra A6 06641 0.850(1) 0.736(1) 5202)
were obtained at an operating frequency of 94.6 MHz o 0.5166(D 0.6306(7) L0316 271
using 90° pulses with 1.0s delay and 1.0s acquisition C@®  0.6551) 0.6526(8) L1971(6)  4XD)
time. Elemental analyses were carried out using a "orlo a9 0.29%1) 0.4752(7) 05145(7)  3.8(1)

C(10)__ 0.165(1) 0.447(1) 0.35%1) 5.6(2)

Anisotropically refined atoms are given in the form of the isotropic

Table 4 . , L . equivalent displacement parameter, defined as: (4/3) *la® *B(1,1)
Atomic coordinates and isotropic displacement coefficients for 1 + b2 B+ ¢ B(3.3)+ abcosy) "B(1.2)+ aclcos B) " B(1,3)
Atom  x y 2 B(AY) + beleos a) *B(2,3)).

; Atoms Te(1), Te(2), $(1), S(2) have 50% site occupancy each.
Fe()  0200004)  0.38968(3)  0.39307(2)  2614(0) The Te(1) position is not refined for fixing the origin in the Pl
s(1) 0.14397(8)  0.67781(6)  0.44112(5)  2.743(9) system.

o) 0.3478(3) 0.0362(3) 0.6613(2) 5.90(5)
o) 0.6420(3) 0.4709() 0.208%2) 5.00(4)

o) 010143 0231%2) 016142  6.17(4) Erba automatic analyser. (CO),Fe,(n-EE') (E # E'; E,
(4()) 0.2881(4) 0.1738(3) 0.5613(2) 3718 E' =8, Se, Te and EE' = S, Se, Te) were prepared as

o) 0.4703(3) 0.4412(3) 0.2799(2) 3.35(4)
a3 0.1412(4) 0.287%(3) 0.2546(2) 3.68(4)
(4) 0.1102(3) 0.6752(3) 0.2506(2) 2.85(4)
(%) 0.2509(4) 0.8098(3) 0.0888(2) 3.89(5) Table 7

Atomie coordinutes and isotropic displacement coefficients for 8

reported in the literature [12).

Anisotropically rafined atoms are given in the form of the isotropic

equivalent displacement parameter, defined as: (4/3) *[? * B(LD) Atom X y z BAY
+b? "BQ.2)+ ¢? *B(3.3)+ ableosy) *B(1,2)+ aclecos B) “B(LD)  Te 0.1875(1) 0.80712(8)  0.26921(D  4.21Q2)
+ befeos &) * B(2,3)), Se ~0.2408(2)  0.7746(1) 0.20381(9) 3313

Fe(1)  =00021{3) 0.8616(1) 0.1252(1) 3.334)
Fe(2)  0.0319%3) 0.6738(1) 0.1658(1) 3514)

Table 3 o =0.2542)  0.8484(9) =004U7)  6.43)
Atomic coordinates and isotropic displacement coefficients for 3 o) =0.061(2) 1.0721(8) 0.1657(R) 7.43)
, . 2 o3 03500 0.878(1) 0.0320(8) 7.43)
i Y . B 0. CY) =0.181(2)  0.5897(9)  0.0051(8) 6.4(3)
Se(l)  0.15383(7)  0.36933(6)  0.55617(5)  2.450(9) o) 0.407(1) 0.6176(9)  0.1023(8) 7.(3)
Fell)  0.2003(1) 0.72534(8)  0.61618(7)  2.35(1) 0i6)  0.003(2) 0.510(8)  0.293%(8) 6.7(3)
o)  0.6381(6) 0.8205(6)  0.7955(5) 5.0(1) ) -0.156(2)  0.854(1) 0.0241) 4.403)
o)  0.10047) L10SB(5)  0.846%(5) 5.6(0 «?2) =0.038(3) 098839  0.148(1) 4.3(3)
AP 0.3345(7) 0.8168(6)  0.3471(H 5.40) a3 02142 0.874(1) 0.06%(1) 4.5(3)
ol 0.4655(8) 0.780%(7) 0.7264(5) 3.4 ) -~ 0.09%(2) 0.623(1) 0.068(1) 43
Q2 0.138%R) 0.9614(7) 0.7553(6) kR4 s 0.2622) 0.638(1) 0.1321) 5.2(4)
€3  0.2790(8) 0.77737) 0.4481(6) 3s) Co6)y 001D 0.574(1) 0.2421(9) 4.1(3)
@ aIum 0.578%0) 0.7574(5) 2.60(9) (6 ¢]) =0.096(2)  0.803(1) 0.323(1) 6.4
Q5)  0.247809) 0.6070(7) 0.9205(5) 3500 R =0.454(3)  0.888(2) 0.367(1) 8.4(5)
Anisotropically refined atoms are given in the form of the isotropic Anisotropically refined atoms are given in the form of the isotropic

cqui;m.lent displm;er‘neng parametet, defined as: (4/3) o’ T8 equivalent displacement parameter, defined as: (4/3) “[a® * B(1,1)
+b 8(2.2):#- ¢* *8(3.3)+ ablcos y) " B(1,2) + aclcos 8) ° #(1,3) + b "B+ ¢ B(3.3)+ ablcos y) ° B(1,2)+ aclcos B) * B(1,3)
+ belcos @) * B(2.3) + befeos @) * B(2.3))
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Table 8 Table 10

Atomic coordinates and isotropic displacement ccefficients for 9 Bond distances (&) and bond angles (deg) for 3

Atom  x y z R(AY) sz((l;-Feé(l )) 2.4025(7)  Fe(1)-C{4) 2.055(5)
Te(1)  0.25696(5)  027280(3)  0.29605(3)  3.292(8) Sel1) -Fell 2.4458(7)  O(D-Q(D) LIS16)
Te2) -0.1783%6) 0.30568(3) 0.23346(2)  3.305(8) f;:((:;‘g((‘g 19144 O()-C2) 1.123(6)
Fe() 60052(1)  036170(6) 03775%(5)  3.01(2) (-0 "782(5; 03)-C(3) 1.14X7)
Fe2) —003041)  0172606) 033773(6) 3.23(2) FA1)-C3) ";97(4) C4)-Cs) 1.504(6)
O(1) 006489)  057194)  03356(4)  6.9(1) - 1.813(6

02) 025359)  03506(5  05430(3)  6.41) Fe(1)-Se(1)-Fe(1Y  97.873) C()-Fe(1)-0(2)  93.002)
0(3) -034438) 037815 0.4692()  7.6(2) Fe()-Se(1)-0(4)  555(1) C(D-Fe1)-0(3)  91.1(2)
o) 017718) 009164  04996(4)  6.40) Fe(1)-Se(1Y-C(4Y  1007())  O(D-F1)-0(4)  91.3(2)
O(5) —-03995(8)  0.11954) 040234  7.50) Se()-Fe()-Se(1Y  82.132) C)-F1)-0(3)  105.0(2)
O6)  —-00061(9) 00111(4) 020944  6.2(1) Se()-Fe()-((1)  958(2) CQ2)-Fe()-C4)  92.0(2)
o) 0.044(1) 04894(5)  03514(4)  43(1) Se(D-Fe(1)-G(2)  141.12) CO)-Fe()-04)  162.8(2)
@ 01571 03544(5)  04790(8)  4.1(1) Se(D-Fe(1)-0(3)  112.6(1)  Fe(1)-C(1)-0(1)  178.0(5)
03)  —0200(1) 037365 043235)  4.5(2) Se()-Fe(1)-0(4)  50.10)  Fe(1)-C(2)-0(2)  177.2(5)
@ 0.100(1) 0.12335)  0.43625)  43(1) Se(ly-Fe()-0(1)  1752(1)  Fe()-0(3)-0(3)  177.2(9)
A5 =02561)  014235) 031G) 461 Sy -Fe()-C(2)  91.3(2)  Se(1)-C(d)-Fe(1)  74.4(2)
A6 -0015609)  007345)  02591(4)  4.0(1) Sely-Fe()-0(3)  857(1)  S{1)-C(4)-C(5)  117.93)
an  0.090(1) 030695) 017234  4.1(1) SelY-Fe(1)-0(@)  90.7(1) Fe(1)-C(4)-CG) 12173
a8  0.141(1) 03965(7)  0.12635)  16.9(2)

Anisotropically refined atoms are given in the form of the isotropic
equivalent displacement parameter, defined as: (4/3) *[a® " B(1,1)
+ b? *B(2,2)+ ¢? *B(3,3)+ ablcos y) * B(1,2)+ ac(cos B) *B(1,3)
+ be(cos ) * B(2,3)].

3.2. Typical preparation of (CO)s Fe, EE{u-C(H)CH,},
(E+E;E E =S, Se, Te; E=E =S, Se) and (CO),-
Fey{u-EC(H)CH,)E} (E+ E'; E=S, Se; E'= Te and
E = E = Se, Te)

N-ethyl-N-nitroso-p-toluene sulphonamide was pre-
pared by the action of ethyl amine and nitrous acid on
toluene-p-sulphonyl chloride. Diazoethane was prepared
by dissolving 2.28g of N-ethyl-N-nitroso-p-toluene
sulphonamide in 30ml of dicthyl ether. The sclution

Table 9

Bond distances (A) and bond angles (deg) for 1

Fe(1)-8(1) 2.2841(6)  S(H-C(4) 1.753(2)
Fe(1)-S(1Y 2.3318(5) O(D)-C(1) 1.1342)
Fe(D-C(1) 1.816(2)  O(2)-C(2) 1.131(2)
Fe(1)-C(2) 1.7872)  0(3)-C(3) 1.135(3)
Fe(1)-C(3) 1.78%(3) C(4-C(5) 1.505(2)
Fe(1)-C(4) 2.047(2)

S(1)-Fe(1)-S(1Y 81.07(2) C(2)-Fe(1)-C(3) 91.9(1)
S(D-Fe(1)-CX(1)  115.17(8)  C(2)-Fe(1)-C(4) 90.72(8)
S(D-Fe(1)-C(2) 96927  C(3)-Fe(1)-C(4) 93.32(8)
S(D-Fe(1)-C(3)  139.52(6)  Fe(1)-S(1)-Fe(1Y  98.93(2)
S(1)-Fe(1)-C(4) 47.35(6)  Fe(1)-S(1)-C(4) §9.22(6)
S(1Y -Fe(1)-C(1) 87017  Fe(1)-S(1Y -C(4Y  102.62(7)
S(1Y ~Fe(1)-C(2) 175567  Fe(1)-C(D-O(1)  177.1(2)
SAY-Fe(D-C(3)  9216(D Fe(1)-C(2)-0(2)  179.0(2)
S(1Y ~Fe(1)-C(4)  90.80(5) Fe(1)-C(3)-0(3)  176.5(2)
CD-Fe(D-C(2)  90.24(9)  Fe(1)-C(4)-S(1) 73.43(6)
CD-Fe(D-C(3) 10421  Fe(1;-C(H-C(5)  122.4(1)
C(1)-Fe(1)-C(4)  162.5(1)  S(1)-C{4)-C(5) 118.2(2)

Numbers in parentheses are estimated standard deviations in the least
significant digits.

Numbers in parentheses are estimated standard deviations in the least
significant digits.

was cooled to 0°C and to this a solution of 0.4g of
KOH in 10ml of 96% ethanol was added. After 5 min
the ethereal solution was distilied directly into the reac-
tion flask [13] (the procedure given for the preparation
of precursor of diazomethane was adopted in the dia-
zoethane precursor preparation with appropriate reagents
and conditions). Conditions used for the preparation of
1-9 are summarized in Table 2. In a typical prepara-
tion, to a solution of (CO) Fe,(w-EE') (E#E’; E,
3= S, Se, Te; Ew= E' = §, Se, Te) in dry diethyl ether
was added dropwise an ethereal solution of diazoethane.
Addition of diazoethane was continued until TLC and
IR indicated total consumption of the starting material
(CO)Fe,(n-EE'). The reaction mixture was stirred at
room temperature for a further 10min. The solution was
filtered through Celite and the solvent was evaporated
in vacuo. The mixture was redissolved in hexane and
subjected to chromatographic work-up on silica gel
TLC plates to yield pure products. When E, E' combina-
tions were S, S or S, Se, in each case only one product
was obtained, (CO)¢Fe,S,{p-C(H)CH,}, (1) and
(CO)Fe,SSe{n-C(H)CH ), (2) respectively. When the
E, E' comktination was Te, Te, again a single product
was obtained, (CO),Fe,{n-TeC(HXCH,)Te} (9). For
other chalcogen combinations, two products were ob-
tained in each case; the first band to elute was
(CO)4Fe,EE{p-C(H)ICH,), and the second band
(CO)4 Fe,{n-EC(HXCH ,)E').

3.3. Crystal structure determination of 1, 3, 5, 8 and 9
Crystals of 1, 3, 5, 8 and 9 suitable for X-ray

diffraction analysis were grown from a dichloromethane
and heane solvent mixture by slow evaporation of the
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solvent mixture at 0°C. The data were measured at
300K on an Enraf-Nonivs CAD4 diffractometer gener-
ating Mo Ka (A =0.71073 A) radiation in the range

Table 11

Bond distances (A) and bond angles (deg) for §

Te(1>-F«(1) 2.576%(8) Fe(2)-C(4) 1.773(7)
Te(1)-Fe(2) 2.5814(9) Fe(2)-C(5) 1.701(7)
Te(1)-C(7) 1.987(4)  Fe(2)-C(6) 1.7%1)
Te(2)-Fe(1) 2.602(1) Fe(2)-C(7) 2.016(6)
Te(2)-Fe(2) 25821  S()-C(M) 1.71%(5)
Te(2)-C(9) 2.161(6)  S(2)-Q(9) 1.895(6)
Fe(1)-8(1) 2.3442) Oo(D)-C(D) 1.123(8)
Fe(1)-8(2) 2220(2) O(2)-C(2) 1.07(1)
Fe(1)-C(1) 1.788(6)  O(3)-C(3) 1.091(8)
Fe(1)-C(2) 1.825(7)  0{4)-C(4) 1.17%(8)
Fe(1)-C(3) 1.863(5)  O(5)-C(5) 1.194(9)
Fe(1)-C(9) 2091()  O(6)-C(6) 1.21(1)
Fe(2)-8(1) 22643) QAN-C(8) 1.53%(8)
Fe(2)-8(2) 2.3253)  C(9)-C(10) 1.45(1)
Fe(1)=Te(1)-Fe(2) 90.73(3)  S(1)-Fe(1)-C(3)  94.2(2)
Fe(1)-Te(1)-C(7)  93.8(1) S(1)-Fe(1)-C(9)  88.%2)
Fe(2)-Te(D-C(7)  50.3(2) S(2)-Fe(1)-C(1)  99.6(2)
Fe(1)-Te(2)=Fe(2) 90.13(4)  S$(2)-Fe(1)-C(2) 110.7(2)
Fe(1)-Te(2)-C(9)  51.0(2) $(2)=-Fe(1)-C(3)  137.(2)
Fe(2)=Te/)=-C(9)  91.8(2) S(2)-Fe(1)-C(9)  52.1(2)
Te(D=-Fe()=-Te(2) 89.40(3) C(1)=Fe(1)-C(2)  89.1(3)
Te(1)=Fe(1)=5(1) 8.95(8)  C(D-Fe(1)-C(3)  95.53)
Te(1)=Fe(1)=8(2)  81L.748)  C(1)=-Fe(1)=C(9)  92.1(3)
Te(D=Fe(1)=-C(1)  176.5(2)  C(2)=Fe(1)-C(3) 108.%3)
Te(1)=Fe(1)-C(2)  B7.4(2) C(Q=Fe()=C(9)  162.7(2)
Te(1)=Fe(1)=C(3)  B5.6(2) C(I)=Fe(1)=C(9)  8R2J)
Te(1)=Fe(1)=C(9)  91.2(2) Te(1)=-Fe(2)=Te(2) 89.74(3)
Tel2)=Fe(1)=5(1) 21069  Te(1)-Fe(2)=-5(1) 7.5K7)
Te(2)=-Fe(1)-8(2) T948)  Te(1)=Fe(2)=8(2) 79.7(N
Te(D)=Fe(=C(1)  91.8(2) Te(1)=-Fe(D)=C(4)  92.8(2)
Te(D=-Fe(DN=C(2)  109.22)  Te(D-Fe(2)-C(5) 145.2(4)
TeD=-Fe(1)=C(D 14132 Te(D-Fe(D)-C(6) 114.212)
Te(2)=Fe(1)=-C(9)  53.5(D) Te(-Fe(2)=C(7  49.4(1)
S(D)=Fe(1)=8(2) 73.5(1) Te(2)-Fe(2)=8(1) 830X
S(1)=Fe(1)=C(1) 170.32)  Te(2)=Fe(2)=5(2)  10.22(6)
S(1)=Fe(1)=C(2) 87.1(2) Te(2)-Fe(2)=C(4) 176.1(3)
Te(2)=Fe(2)-CX5,  89.6(3) C4)-Fe(2)-C(5)  90.0(4)
Te(2)-Fe(2)-C(6)  83.1(2) C)=Fe(2)-C(6)  93.203)
Tel2)-Fe(2)=C(N)  93.3() Qd)-Fe(2)=C(7)  90.6(3)
S(1)=Fe(2)=5(2) 73.059)  CQ5)-Fe(2)-Q(6)  100.2(4)
S(D=Fe(2)-C(4) 99.6(2) Q5)=-Fe(2)-C1N  96.0(d)
S(1=Fe(2)-C(3) 141.2(4)  Q(6)=-Fe(2)-C(M  163.3(3)
S(=Fe(2)=-C(6) H642)  Fe(D=8(1)-Fe(2) 105.6(1)
S(D=Fe{2)=-(N 46.9(1) Fe(D=S(-C(7) 110.42)
S(2)=Fe(2)-0(4) 170.0(2)  Fe(2)=S(1)-C(D 35892
3(2)-Fe(2)-C(5) 98.9%(3) Fe(1)-8(2)-Fe(2)  107.7(1)
$(2)-Fe(2)-C(6) 85.5(2) Fe(1)-8(2)=-C19)  60.52)
S(2)=-Fe(2)-T(D) 83.2(1) Fe(2)-8(2)-C(9)  107.8(2)
Fe(1)=-C(1)-0(1) 17138 S(D-TMN-C8)  122.714)
Fe(1)-C(2)-0(2) 176(7)  Te(1)-Q(D-Fe(?) 8032
Fe(1)-C(3)-0(3) 169.17)  Te(1)-QUN-C®)  111.649)
Fe(2)-C(4)-0(4) 173.4(6)  Te(2-CO-Fe(l) 753(2)
Fe(2)-C(3)-0(3) 172.76)  Te()-Q(P-CN10) 110.99)
Fe(2)-C(6)-Ot6) 17476)  Fe(1)-C9)-S(2)  67.5(2)
Fe(2)-0(7)-5(1) 74.1(3) Fe(1)-009)-CX10)  120.0(5)
Fe(2)-Q0(7)-C(8) 1R4P  8()-009)-000)  122.75)
Te(2)-Fe(2)-311)  83.037)

Numbers in parentheses are estimated standard deviations in the least
significant digits.

Table 12

Bond distances (A) and bond angles (deg) for 8

Te-Fe(1) 2.534(2)  Fe(2)-Q(5) 1.76(1)
Te-Fe(2) 2.528(2) Fe(2)-C(6) 1.78(1)
Te-Q(7) 2.17(2) o(n-A1) 1.15(2)
Se-Fe(1) 2406(2) O(2)-(2) 1.16(2)
Se-Fe(2) 2.405(2) 0(3)-Q(3) 1.14(2)
Se-Q(7) 2.012) 0(4)-C(4) 1.142)
Fe(1)-Fe(2) 2.571(3) o5)-C(5) 1.16(2)
Fe(1)-C(1) 1.77(1) O(6)-(6) 1.15(2)
Fe(1)-Q(2) 1.74(1) an-ci3) 2.56(2)
Fe(1)-CQ(3) 1.78(1) A9)-0(5) 2.57(2)
Fe(2)-C(4) 1.7(1) aN-Q8) 1.38(3)
Fe(1)-Te-Fe(2) 61.046) Te-Fe(2)-Fe(1) 59.61(6)
Fe(1)-Te-C(7) 86.3(5) Te-Fe(2)-(4) 157.6(5)
Fe(2)-Te-C(7) 83.3(5) Te-Fe(2)-X5) 92.0(5)
Fe(1)-Se-Fe(2) 64.5%7)  Te-Fe(2)-C(6) 99.7(4)
Fe(1)-Se-C(7) 93.5(5) Se-Fe(2)-Fe(1) 57.71(7)
Fe(2)-Se-Q(7) 90.0(5) Se-Fe(2)-C(4) 94.3(5)
Te~Fe(1)-Se 75.30(7)  Se-Fe(2)-C{5) 161.7(5)
Te-Fe(1)-Fe(2) 59.36(6)  Se-Fe(2)-C(6) 99.1(4)
Te-Fe(1)-C(1) 159.6(5) Fe(1)-Fe(2)-C(4) 95.0(5)
Te-Fe(1)-C{2) 99.9(5) Fe(1)-Fe(2)-C(5)  104.5(5)
Te-Fe(1)=-C(3) 93.6(5) Fe(1)-Fe(2)-C(6)  150.7(5)
Se-Fe(1)-Fe(2) 5767  (4-Fe(2)-Q(5) 92.6(7
Se-Fe(1)-C(1) 91.%(5) C(4)-Fe(2)-C(6) 101.6(6)
Se-Fe(1)-C(2) 104.3(5) T(5)-Fe(2)-C(6) 96.1(7)
Se-Fe(1)-C(3) 155.8(5) Fe(1)-C(1)-0(1} 179.{1)
Fe(2)-Fe(1)-C(1)  100.5(5) Fe(1)-C(1)-C{3) 44.0(4)
Fe(2)=-Fe(1)-C(2) 154.(5) o(1)-C(1)-C(3) 135.(1)
Fe(2)=-Fe(1)-C(3)  98.2(%) Fe(D)-C(2)-0{(2)  178.(1)
C(1)=-Fe{1)-C(2)  9R.5(7) Fe(D)-Q(3)-0(3)  178(1)
COD)=Fl D-C(3)  92.26) Fe(1)-CQ(3)-C(1) 43.8(4)
CQQ=-Fe(D=-C(3) 98N 0(3)-C(3)-C(1) 135(1)
Te-Fe(2)-Se 75.447)  Fe(2)-C(4)-0{4) 179.1)
Fe(2)=C(4)-C(5)  43.3(5) FA - C(6)=-0(6) 178.(1)
O(4) -C(9)-C(5)  136.(1) Te-(7)-8e 92.47)
Fe(2)-C(5)=-0{5) 174.1) Te-C(7)-=C(B) 181
Fe(2)-C(3)-C(4)  44.23) Se-C{7)-C(8) 1741
O(8)=-C{5)=-C(4)  131.(

Numbers in parentheses are estimated standard deviations in the least
significant digits.

2°< 05 25° using the w-20 scan method. Intensity
data were reduced for Lorentz and polarisation effects.
The structures were solved by direct methods using
SHELXS-86 programs. Fourier absorption corrections
were applied using the program piFass [14]. Data pro-
cessing and refinement were cartied out with the MolEN
(15] package. All hydrogen atoms were located by
difference Fourier maps and were not refined. The
function minimised in least-square refinement was
Lw(F | = IF ;. where w=a&F)/Aa(FHF +
[0.04FDF. Unlike 1 and 3, compound § is a non-
centrosymmetric structure. For compound § structure
solution gave two strong peaks for each chalcogen site.
From bond distance criteria the peaks were identified as
tellurium and sulfur. Refinement of site occupancy of
the two disordered atoms showed that each atom pos-
sessed 50% occupancy. This kind of disorder can be
interpreted as 50% of the unit cells of the mounted
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Table 13 .
Bond distances (A) and bond angies (deg) for 9

Te(1)-Fe(1) 2.5278(9) Fe(2)-C(4) 1.798(7)
Te(1)-Fe(2) 2.530(1)  Fe(2)-C(5) 1.771(7)
Te(2)-Fe(1) 2.5401(9) Fe(2)-C(6) 1.793(6)
Te(2)-Fe(2) 2.5344(9) ©O(1)-(1) 1.141(8)
Fe(1)-Fe(2) 2.606(1) ©OQ)-C(2) 1.127%(8)
Te(1)-X(7) 2.161(6) ©(3)-C(3) 1.135(9)
Te(2)-C(7) 2.158(7) O(4)-C4@) 1.139(8)
Fe(1)-C(1) 1.77%7)  O(5)-C(5) 1.142(9)
Fe(1)-C(2) 1.78(6)  O(6)-C(6) 1.130(8)
Fe(1)-C{(3) 1.776(7)  T(7)-C(8) 1.45(1)
Fe(1)-Te(1)-Fe(2) 62.03(3)  Te(2)-Fe(2)-Fe(1)  59.21(3)
Fe(1)-Te(2)-Fe(2) 61.80(3)  C(1)-Fe(1)-C(2) 99.0(3)
Te(1)-Fe(1)-Te(2) 75.80(3)  C(1)-Fe(1)-C(3) 99.7(3)
Te(1)-Fe(1)-Fci2) 59.03(3) O(2)-Fe(1)-C(3) 93.3(3)
Te(2)-Fe(1)-Fe(2) 58.99(3) ((4)-Fe(2)-C(5) 91.4(3)
Te(1)-Fe(2)-Te(2) 75.85(3) C(4)-Fe(2)-C(6)  103.1(3)
Te{1)-Fe(2)-Fe(1) 58.94(3) C(5)-Fe(2)-C(6) 99.4(3)
Fe(1)-Te(1)-C(7)  89.2(2)  Fe(1)-C(3)-0(3)  177.4(6)
Fe(2)-Te(1)-C(7)  87.5(2)  Fe(2)-C(4)-0(4)  177.97)
Fe(1)-Te(2)-C(7)  89.1(2)  Fe(2)-C(5)-0(5)  177.0(6)
Fe(2)-Te(2)-C(7)  87.6(2)  Fe(2)-C(6)-0(6)  180.0(10)
Te(1)-Fe(1)-C(1)  102.5(2)  Te(1)-Fe(2)-C(4)  93.2(2)
Te(1)-Fe(1)-C(2)  90.92)  Te(1)-Fe(2)-C(5) 161.0(2)
Te(1)-Fe(1)-C(3)  156.5(3)  Te(1)-Fe(2)-C(6)  97.5(2)
Te(2)-Fe(1)-C(1)  99.5(2)  Te(2)-Fe(2)-O(d)  157.0(2)
Te(2)-Fe(1)-C(2)  159.2(2)  Te(2)-Fe(2)-C(5)  93.0(2)
Te(2)-Fe(1)-0(3)  93.1(2)  Te(2)-Fe(2)-C(6)  98.6(2)
Fe(2)-Fe(1)-C(1)  153.22)  Fe(1)-Fe(2)-C(4)  97.8(2)
Fe(2)-Fe(1)-C(2)  100.5(Q2)  Fe(1)-Fe(2)-C(5)  102.2(2)
Fe(2)-Fe(1)=C(3)  97.3(2)  Fe(1)-Fe(2)-C(6)  149.5(2)
Fe(1)-C(1)-O(1) 178.3(7) Te(1)-C(7)-Te(2)  92.3(2)
Fe(1)-C(2)-0(2) 179.4(6)

Numbers in parentheses ate estimated standard deviations in the least
sipnificant digits.

specimen having structure Fe(1)-Te(1)-Fe(2)-$(2) and
the other 50% having stucture Fe(1)=S(1)-Fe(2)-Te(2)
(Fig. 4). Compound § is assigned the non-centrosym-
metric space group P1. To find the absolute configura-
tion of the molecule, the structure was refined with
parameter value + 1 and = 1 separately. The refinement
showed almost the same R factor. The structure as well
as its enantiomorph were refined using the SHELX 93
computer program, and found to have Flack parameter
nearly zero in both cases. This result is not unexpected.
The structure of compound § (including Te, S disorder)
is fully centrosymmetric with crystallographic cen-
trosymmetry at the midpoint of the Fe(1)-Fe(2) vector
(or the midpoint of the vector joining any other corre-
sponding atom set). However, one cannot justify assign-
ing the space group as P1 for the following reason. In
an individual unit cell only one molecule exists where a
Te atom cannot be inverted to the position of the S
atom. The measured X-ray structure is a property aver-
aged over all unit cells of the sample mounted. Crystal-

lographic data and details of measurements for all the
structures are given in Table 3. Tables 4-8 list the
atomic coordinates of 1, 3, 5, 8 and 9 respectively.
Tables 9-13 list the bond distances and bond angles for
1, 3, 5, 8 and 9 respectively.
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