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Abstract 

Room temperature reaction of (CO)t, Fe2(Ix-EE') (E ~ E'; E, E' ~ S, Se, Te; E m E' = S, Se, Te) with diazoethane yielded two types of 
compound: (CO)6Fe2EE°{IX-C(H)CH.~)2 (1, 27%, E ~ E' - S; 2, 24%, E - S, E' - Se; 3, 21%, E ~ E' ~ Se; 5, 19%, E - S, E' - Te; 7, 
12%, E ~ Se. E' ~, Te) and (CO)t, Fe2{Ix-EC(HXCH 3)E') (4, 13%, E - E' - Se; 6, 16%, E - S, E' - Te; 8, 22%, E - Se, E' - 're; 9, 28%. 
E - E' - 're). Compounds 1-9 were characterised by IR and i H, 13C, ~TSe and lasTe NMR spectroscopy. Structures of 1.3, 5, 8, and 9 
were established by crystallographic methods. Compounds 1, 3, and $ are isomorphic and isostructural and their structure consists of a 
distorted rhombus in which Fe and E (E - S. Se, Te) occupy adjacent comers. Two C(HXCH 3) moieties bridge opposi~ Fe-E bonds and 
give roughly a chair conformation. Compounds 8 and 9 are. isomorphic and isostructural and their structure consists of an Fe2TeE 
(E - So, Te) tclrahedral butterfly core contahfing a C(ltXCH 3) group as bridge between two wing-tips of chalcogen atoms. 

Key~vords: Iron; 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+i: of metal complexes containing 
bridging methylene groups [7]. Diazomethane is a con- 
venient source of the CH 2 group, which can insert into 
a metal-metal bond by a process revolving donation of 
the M - M  bonding electron pair to the CH 2 of diazo- 
methane and simultaneous loss of N 2 [8]. We have 
investigated the reaction of the metal-diteiluride cam- 
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pound (CO)6Fe2(Ix-Te2) with diazomethane and the 
structure of (CO)6Fe2(~-TeCH2Te) has been reported 
[9]. Insertion of the methylene group into the Te-Te 
bond of (CO)6Fe2(Ix-Te2) is one of numerous examples 
of insertion of organic and inorganic moieties across the 
chalcogen-chalcogen bonds of (CO)6Fe2(p.-E2) (E ~ S, 
Se or Te) compounds, indicating that of the three types 
of bond in the Fe2E2 core, Fe-Fe, Fe -E  and E+E, it is 
the E -E  bond which is most susceptible to insertion. 
Convenient synthesis of the mixedochalcogenido com- 
pounds (CO)6Fe2(Ix-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)6Fe2(p.-STe) with diazomethano 
yields, in addition to the expected (CO)6Fe2(~- 
SCH2Te), small amounts of another product resulting 
from a formal insertion of a methylene group into the 
Fe+Te bond, [(CO)3Fe(Ix-CH2)Te}2 (Fig. 1) [11]. In 
this paper we report on the reaction of diazoethano with 
the homochalcogenide compounds (CO)6Fe2(p.-E2) (E 
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Fig. t. {(CO)sFe(I,t-CH2)Te) 2. 

- S .  So. Te) and tl~'e mixed-chalcogenide compounds 
(CO)+Fez(Ix-EE') (E @ E'; E. E' = S, Se. Te). 

2. Resqlts and discussion 

When an ether solution containing (CO)6Fe2(Iz-EE') 
(E@E'; E. E'++S. Se. Te; E f f i E ' - S .  Se. Te) was 
stirred at room temperature with diazoethane, two types 
of product were obtained: (CO)6Fe~+EE'{Iz-C(H)CH3}2 
(1. E. E' m S; 2. E - S. E' ~ Se; 3, E, E' - Se; $. E -  S. 
E' ++ Te; ?, E - S e .  E'ffi Te) and (CO)~Fe2{IZ- 
EC(HXCH~)E'} (4, E, E'-~ S¢; 6. E-S. E'- Te; 8, 
E- Se, E'- Te; 9, E, E'-. To) (Scheme I). All com- 
pounds arc stable in solid form. In solution, compound 
7 undergoes decomposition in dichloromethane over a 
period of hours, but the other compounds arc stable. 
The products were characterised by IR and )H, ~C. 
"r~Se and '2STe NMR spectroscopy (Table I). Como 
pounds l. 2, 3. $ and 7 display an identical CO strctcho 
ing pattern in their infrared spectra which is similar to 
that obs¢rved for the previously reported and strut° 
rurally characterised {(CO)~Fe(t++CH2)T¢}: [11]. Simi- 
larly, 4, 6, 8 and 9 display a CO stmtchinl~Tpattem 
similar to that of (CO)+F%(t+-TeCH:Te) [9]. Se and 
~2STe NMR spectra display Se-H and Te++H couplings 

consistent with the bonding of a C(H)CH~ group to 
these chalcogens. Assignment of 77Se and t25Te NMR 
signals is based on previous observations that the t25Te 
NMR signal for the Fe-Te addition product 
{(CO)3Fe(Iz-CH2)Te} 2 (<5 - 767ppm) is highfield rela- 
tive to the signals for the E-Te inserted products 
(CO)6Fe2(Iz-SCH2Te) (<5 39ppm), (CO)6Fe2(IZ- 
SeCH2Te) (8 146ppm) and (CO)6Fe2(Iz-TeCH2Te) (<5 
336ppm). The ~Se NMR signals between <5 -276ppm 
and <5 -304ppm can be assigned to the first type of 
compound (CO)6Fe2SeE{Iz-C(H)CH3} 2 (2, EffiS; 3, 
E = Se; 7, E ffi Te) and the downfield signals appearing 
at <5 195 ppm and <5 312ppm for the second type of 
compound (CO)6Fe2(Ix-SeC(HXCH3)E} (4, E -  Se; 8. 
E ffi Te). Similarly. the highfield nSTe NMR signals at 
<5 -685  ppm and <5 -681 ppm can be assigned to the 
compounds (CO)6Fe2TeE{Ix-C(H)CH3} 2 ($, E - S ;  7, 
E ffi Se) and the downfield signals between <5 219ppm 
and <5 509ppm can be assigned to the compounds 
(CO)6Fe2{Iz-EC(H)(CH3)Te} (6, E =S;  8, E = Se; 9, 
E- Te). 

Single crystals of l, 3, $, 8 and 9 were obtained and 
subjected to X-ray structural analysis, ORTEP representa- 
tions (50% probab;.lity ellipsoids) of I, 3, S, 8 and 9 are 
shown in Figs. 2-0 respectively, Compounds |, 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 comers. 
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 m,ound it. Two 
oPl~Site Fe++chalcogen edges am bridged by a C(H)CH~ 
group each. o,e on each side of the plane defined by the 
heavy atoms. Both methyl substiments in each molecule 
arc oriented equatoriaily with respect to the FoEFeE 
plane. The iron, chatcogen a,d cm'bon six-memlmred 
structure assumes a chair conformation in compounds ]. 
3 and $, In each compound, the bridged Fe-chalcogen 

CH$CHN:~ 

El20, 2S ~ C 

II 

I! 

- T \ / \ / "  

E,E°- S 

E,E'-S, Se 

E,Z~-S, Te 
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Scheme I. 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 Fe2EE butterfly tetrahedron, in 
which the chalcogen atoms are located at the wing-tips. 
The open edge of the Fe 2 EE tetrahedron is bridged by a 
C(H)CHa 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)rFe2(p,-SeCH 2Te) [ 1t3] and (CO) 6 Fe2(Ix-TeCH 2Te) 
[9]. The bond matricals of 8 and 9 are also similar to 
those of (CO)rFe2(p,-SeCH2Te) and (CO)6Fe2(p.- 
TeCH:,Te). 

The formation of 1, 2, 3, 5 and 7 formally occurs by 
the addition of C(H)CH 3 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 3 groups approach the two wings of the Fe2E 2 

Table I 
Spectroscopic data for 1 - 9  

Com- IR ~ H NMR 
pound (cm- i hexane) (8, CDCI 3) 

13C NMR ~?Se NMR IZSTe NMR 
(8, CDCi 3) (8, CDCI3) (8, CDCI3) 

2068(w), 2053(s), 
2048(m), 1998(s), 
1963(w). 

2070(w), 205 l(s), 
1997(s), 1990(m), 
! 962(w). 

206~w), 2050(s), 
2044(m), 1994(s), 
1958(w). 

2071(m), 2038(s). 
203 I(s), 2000(s), 
1990(s), 1978(m), 
1950(w). 

2007(w), 2053(m), 
2046(s), 1998(s), 
1992{s), 1982(m). 

206~Xm), 2028(s), 
200(gs), 1987(s), 
1981(m), i975(m), 
1947(w). 

2064(w), 2049(m), 
2046(s), 1993(s), 
1984(m). 1958(w). 

2066(m), 2026(s), 
1997(s), 1986(s), 

i 977(m), 1973(m), 
194,1(w). 

2060(m), 202 i(s), 
1993(s), 1982(s), 
1970(m), 1942(w). 

2.01 (CH3)d, J n - ,  = 6.9Hz; 
5.06 ( C H )  q, J . _ n  = 6 . 9 H z .  

2.02 (CH.a) d, Jn-n  "6 .6Hz ;  
2.22(CH 3) d. J . . .  = 7.2Hz; 
5 .2 ' (CH) q, J ,  ~ , -  6,6Hz; 
5.88(C H) q, Jn - n '~ 7.5 Hz. 

2.21 (CHa) d, Jn-. ~ 6.91tz; 
6.05 (CH) q, Jn-n ~' 6.9 Hz. 

1,9 ( C H 0  d, J ,  o, ~ 6.9 Hz; 
4.6 (C il  ) q, Jn ~ n ~ 6.9 Hz, 

1.99 (CH 3) d, Jn u ~ 6.61°!~; 
2.38 ( C H 0  d, Jn = n ~ 7.5 Hz; 
3.31 (CH) q, Jil ~tl ~ 6,6 Hz; 
6.69 (CH) q, JIIoH ~ 7.5 HZ. 

!.83 (CH~) d, J . on  ~ 6.9 Hz; 
3JTe - n ~ 18. I Hz; 
4.15 (CH)q ,  J . _ .  ,~ 6.9 Hz. 
:~JTe- !! "28 .5  Hz 

2.20 (CH 3) d, J ,  _ n " 6 . 9  Hz; 
2.39 (C H 3) d, J , .  n = 7.5 Hz; 
o.11 (CH) q, Jn~n " 6 . 9  Hz; 
6.89 (C H ) q, J .  _ n " 5.7 Hz. 

i.96 (C t!~) d, Jn ou ~ 6.9 Hz; 
~.ITe n ~ 20.4 Hz; 

3.97 (CH) q, J ,  on " 6 . 9  Hz; 
zJTe o n " 29.4 Hz; 

2.06 (CH 3) d, Jti .-Ji ~ 7.2 Hz; 
.~j Vc n 22.4Hz; 
3.26 (C H) q, Jn - .  = 7.2 Hz; 
2JTe  - It = =  28.8 Hz; 

27.5 (CH 3) q, J = 128 Hz; 
69.5 (CHRI, J = 164.5Hz; 
204.7, 207.5, 210.4 (CO) 

28.5 (CH 3) q, J c -a  = 128Hz; 
29.4(CH3) q, Jc-n  = 127Hz; 
68.5(CH) d, Jc-H ~' 164Hz; 
76.9(CH) d, Jc-n '~ 163 Hz; 
204.5, 205.2, 207.6, 208.6, 
208.7,  211.5 (CO) 

30.1 {CH3) q, J,= 128Hz; 
75.9 (CH) d, J ~ 163Hz; 
204.6, 208.8,209.5 (CO) 

30,8 (CH~)q, Jc .n  ~ 129Hz; 
45,2 (Clt) d, Jc-n ~ 159.6Hz 
21Y).6, 209.8, (CO) 

- 304.3, m 

- 300.5,  m 

195.9, p, 
r'~Jsf It 

10.6 Hz 

29 .7(CH0 q, ,1(. n ~ 129Hz; ~- 
31.4(CH~)q, Jc ll '~128Hz; 
66,2 (CH) d, Jc-n ~ 164Hz; 
74.5 (CH) d, J c  bl " 158 h t ,  
203.4, 205.7, 206.3, 208.6, 
210.2, 213.0 (CO) 

24.7 (CH) d, Jc-n  " 158.1Hz; 
30.3 (CH~) q, Jc°n ~" 129.2 Hz; 
209.9, 210.2 (CO) 

31.71 (CH3) q, Jc -a  = 128Hz; 
32,41 (CH3) q, Jcon ~ 128Hz; 
73.7 (CH) d, J c ~ n "  162Hz; 

74.0(CH) d, JCI!  ~ 158Hz; 
203.4, 205.9, 205.9, 209.9, 
210.5, 211.2 (CO) 

5.67 (CH) d, Jc- n " 158.3 Hz; 
30.45 (CH~) q, Jc H=129.2Hz;  

210.6, 210.8 (CO) 

- 37.3 (CH) d, Jc - n = 156.3 Hz; 
30.2 (CH 3) r, Jc-n  ~" 129.2 Hz; 
21 !.8, 212.1 (CO) 

- 276.2, m 

312.8 p, 
3 j s ~ _  it 

I 1.4Hz; 

= 684.7, m 

219.7, qd, 
2' r~ n 18.3Hz; 
JT¢ H ~ 29.4Hz; 

- 681.0, m 

330.3, qd, 

,~ 20.6 Hz; 
2 J T t  o II ~ 29.3 Hz 

509.3, qd. 
*re-n 22.9Hz; 

2JT¢., ~ 28.9 Hz 
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Fig. 2. Molecular structure of (CO)6Fe2S2~oC(H)CH 3}2 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 3 group across the 
open E-E edge of the Fe2E 2 butterfly tetrahedron. 
Although the exact mechanistic information is not 
known at present, contrast in the reactivities of Fe- 
chalcogen and chalcogen-chalcogen bonds is apparent 
from our present study. For the smaller chalcogen com- 
bination, i,e. E, E ' - S ,  S or S, Se, insertion of the 
C(H)CH ~ group into the chaicogen-chalcogen bonds is 
not ob~rved, whereas for the larger chalcogen combi° 

Table 2 

Fig. 3. Molecular s~mcmre of(CO)6Fe2Se2[~x-CfH)CH~}2 3. 

nation, i.e. E, E'ffi Te, Te, addition of the C(H)CH 3 
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 wer~ ~r -  
fom~¢d using st~mdard Schlenk techniques under a .  

Pr~tAmtloa of (CO)eFe~E~'(I~.C(H~H~).~ (P. ~ l~'; E, E ' ~  S, Se, Te; B .~ E' ~ S, Se) a,d (CO ~I.%{~oE~HXCH~)E ) (E * E' B S. Se m~d 
I~' ~ Te; I~ - E - Se, Te) 

~poond (CO)6Fe~(i~oBB') ~uct Colour Yield (rob (%)) Analysi~ ~ M.p. C~C) 

(ms (retool)) C 14 

I (CO)6 F'e~(tt-S ~) (CO)6 Fe 2 S2(tt-C(H)CH ~}~ Yellow-orange 80 (27) ° 30.0 2.00 i 31 = 133 t, 
250(0.727) (29.9) (I.96) 

2 (CO)6F%(tt'SSe) (CO)6Fe2SSe~t'C(H)CH ~}2 Light orange 70 (24) 26.9 1.79 124- ! 26 t, 
250 (0.639) (26.6) (1.62) 

3 (CO)6 Fea(l~oSe ~) (C{~)6 F'e ~ $e~-LXH)CH ~}~ Orange 60 (21 ) 24.3 1.62 135-137 b 
250(0.571) (24.6) (1.71) 

4 (CO)6 Fe2( p:S% ) (CO)~ Fe2~-SeC(HXCH ~)Se) Orange 35 (13) 20.6 0.85 76-78 
250(0.$71) (20.8) (0.91) 

$ (CO)6 Fe~(~*STe) (CO)6 Fe2 STc~I~'CXH)CH s}~ Dark orange 55 (19) 24.2 1.61 121 - ! 23 b 
250 (0.569) (2<I) (I~58) 

6 (CO)6 Fe2(tt-STe) (CO) 6 Fe~[t~-S~HXCH ~)Te) Dark orange 45 (16) 20.5 0.8~ 82- 84 
250 (0.$69) (20.7) (0.94) 

7 (CO)~F%(~oSeTe) (CO)~Fe~SeTc(tt-C(H~H~}~ Orange~red 35 (12) 22.1 1.47 128-130 b 
250(0,514) (22,3) (I,54} 

8 (C~:))6~(bt°SeTe) (CO)6 Fe~oSc~HXCH ~)Te) Omnge=~ 60(22) 18.7 0.77 99-101 
250 (0,$14) (18.9) (0.79) 

9 (CO)6Fe2(p.-Te~) (CO)~Fe~oTcC(HXCH~)T¢| Orange-red 75 (28) 17.1 0.71 106-108 
250 (0.467) (17.4) (0.78) 

Cakula~'d values are given in parentheses. 
b With ~ i x ~ i U ~ ,  



P. Mathur et aL / Journal of Organometallic Chemistry 527 ¢I997) 83-91 87 

04 . . . . . . .  

C8 ' 

H8 I® Te I ~  
0 2 ~  C2 

~Te2 H ~ I  

C~O 3 

Fig. 4, Molecular structure of (CO) 6Fe 2STe{Iz-C(H)CH 3}2 $" 
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Fig. 5. Molecular structure of (CO)6Fe2{Iz-SeC(HXCH 3)Te} 8. 

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 

0.1 mm pathlength NaCI cells. NMR spectra were ob- 
tained on a Varian VXR 300S spectrometer in CDCI 3. 
77Se NMR measurements were made at an operating 
frequency of 57.23 MHz using 90 ° pulses with 1.0s 
acquisition time and the spectra were referenced to 

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

Compound I 
Formula C IoHaFe2S206 
FW 399.99 
Crystal system o'iclinic 
a(~.) 6.412(2) 
b (~) 7.269(I) 
~,. (~) 8.84l(2) 
a (deE) 65.91(2) 
¢~ (deg) 7Z25(2) 
? (deg) 84.75(2) 
v (~) 366.88(16) 
Space group Pi 

I 
D~al~ (gem ~ "~) 1.810 
p(ooo) 2oo 
Crystal size diinensions (ram ~) 0.3 x 0.2 x 0.2 
/~ (cm- i ) 22.7 
hkl ranges 0 to 7, - 8 to 8, 

- 10 to 10 
Unique observed reflections 1423 
Maximum transmission 99.90 
factor (%) 
Minimum transmission 
factor (%) 
Unique observed reflections 
with [Fo 2 ~ 3o'(/:o2)] 
No. of refined parameters 
Final difference electron 
density (e ~ "3) 
Maximum shift/error 
R 
~,R 

3 $ 8 9 
CIoHaFe2Se206 C 10HsFe2STeO6 CsH4Fe2 SeTeO6 CaH4Fe2Te206 
493.79 495.53 514.37 563.01 
tricl;nic triclinic monoclinic monoclinic 
6.552(I J 6.635(I) 6.813(2) 6.938(4) 
7.249(2) 7,327(2) 13.264(3) 13.370(2) 
8.878(2) 8.853(2) 15.194(8) 15.170(6) 
|13.14(21 112 .74(2)  . . . . .  
9*).07(2) 99.26(I ) 95.67(3) 95.28(4) 
94.84(2) 95.28{2) - -  
377.92(40) 386. i 0(36) 1366. 33(9) 1 40 I. 3(9) 
Pi Pi P21/n P2,/n 
I I 4 4 
2.170 2.131 2.500 2.669 
236 236 952 1024 
0.3 x 0.2 x 0.3 0.3 X 0.3 x 0.2 0.2 X 0.3 X 0.2 0.2 X 0,2 x 0.3 
67.1 38.8 68.7 61.8 
0to7, - 8  to8, 0to7, - 8  to 8, 0tog, 0to 15, 0 to 8,0 to 15, 
- 1 0 t o  10 - 10to 10 - 18 to 17 - 18 to 17 
1457 1488 2606 2796 
95.70 99.92 97.20 100.00 

78.05 58.50 46.30 63.40 43.89 

1336 1272 1344 1441 2230 

91 92 196 163 163 
0.2 0.4 0.2 0.5 0.2 

0.03 0.02 1.43 0.99 0,03 
0.024 0.040 0.029 0.048 0.028 
0.041 0.052 0.043 0.064 0,048 
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Fig. 6. Molecular structure of (CO)6Fe2{I,t-TeC(HXCH~)Te} 9. 

MezSe (8 = 0). =2STe NMR spectra were referenced to 
an external standard of Me2Te (8 = (3) and the spectra 
were obtained at an operating frequency of 94.6 MHz 
using 90 ° pulses with 1.Os delay and l.Os acquisition 
time. Elemental analyses were carried out using a r"~rlo 

Table 4 
Atomic coordinates and isotropic displacement coefficients for I 

A~om x y z B ( ~ )  
Fd !) 0,2000(~4) 0,38968(3) 0,39307(2) 2.614(6) 
S(I) 0,14397(8) 0,6778 i(6) 0,44112(5) 2.743(9) 
0(I) 0,3478(3) 0,0362(3) 0,6613(2) ~,90(5) 
0(2) 0,6420(3) 0,4709(3) 0,208~2) 5,00(4) 
0(3) 0,1014(3) 0.23!9(2) 0,1614(2) 6,17(4) 
C(I) 0.2881(4) 0,1738(3) 0,~613(2) 3,71(5) 
~2)  0,4703(3) 0,4412(3) 0)279'~2) 3,3~(4) 
~3)  O, 1412(4) 0,2873(3) 0,2~ ~ 2) 3.68(4) 
~4)  0,1102(3) 0,6752(3) 0 ,23~  2) 2,8~(4) 
C(5) 0.2509(4) 0,~98(3) 0,0888(2) 3.89(~) 

Anl~olropic~lly ~flned at,ores ttr~ given in the forn, of the isotropic 
NutvaleCtl dtsplaceme~,t parameter, d e f i ~  as: (4/3) ' [a ~ "B(I,I) 
+ b ~ 'B(2,2)+ c ~ B(3,3)* ab(cosy) B(I,2)+ ac(cosB) *B(I,3) 
+ ~,(eos a ) '  0(2.3)]. 

Table 5 
Atomic coonJinates and isotropic displacement coefficients for 3 

Atom ~ y : a(,~" ) 

St'( I ) O, 15383(7) 0,36933(6) 0.55617(5) 2.450(9) 
~ i  ) 0.2003( I ) 0.72534(8) 0,61618(7) 2,35(I ) 
0(1) 0,6381(6) 0,8205(6) 0,7955(5) 5,0(I) 
0(2) O, 1004(7) I, 1058(5) 0,8469(5) 5,6( I ) 
,.~D 0.3345(7) 0,8168(6) 0,347 !(4) 5,4( I ) 
C(I ) 0.46~$(8) 0,78(~ 7) 0.7264(5) 3.2( I ) 
C(2J O, 1389(~. ) 0,9614(7) 0.7553(6) 3.4( ! ) 
~3)  0 , 2 ~ 8 )  0,777~7) 0,4~1(6) 3 q I) 
C(4) O, I I 13(7) 0,5782(6) 0,757~5) 2,60(9.) 
C(5) 0,2478(9) 0,~70(7) 0.92'05(5) 3,.~ I ) 

,,nisotropieally refh~ed atoms a.w given in the form of the isoux~pic 
cqui~a!ent displ~ement t~rameter, d e f i ~  as: (4 /3)  "[t~ ~ "B(I,i ) 
+ b ~ B(2,2)+ c 2 "B(3,3)+ u~cosy) "a(I,2)+ m@os/3) "B(I,3) 
+ &'(¢o~ o) ~2,3 1, 

Table 6 
Atomic coordinates and isotropic displacement coetficients for 5 

Atom x y z B(.~ 2) 

Te(l) 0.574 0.408 0.836 3.33(2) 
Te(2) 0.2257(1) 0.7136(1) 0.72392(9) 3.37(2) 
Fe(l) 0.2023(1) 0.3340(1) 0.6617(!) 3.19(2) 
Fe(2) 0.5975(1) 0.7849(1) 0.89900(9) 3.25(2) 
S(I) 0.5315(4) 0.4530(5) 0.8399(4) 3.71(6) 
S(2) 0.2693(5) 0.6610(3) 0.7258(3) 3.17(6) 
0(1) - 0.2302(8) 0.2645(9) 0.4972(7) 6.9(2) 
0(2) 0.065(1) 0.255(1) 0.9278(7) 8.3(2) 
0(3) 0.306(I) - 0.0313(9) 0.4171(7) 7.2(2) 
0(4) 1.0278(8) 0.9008(8) 1.0939(6) 5.6(!) 
0(5) 0.499(1) 1. ! 590(.6) 1.1195(8) 7.8(2) 
0(6) 0.7246(9) 0.8907(7) 0.6295(5) 6.0(I) 
C(I) -0.061(!) 0.2797(9) 0.5505(8) 4.5(I) 
C(2) 0.113(!) 0 . 2 8 8 5 1 L )  0.8306(6) 4.0(I) 
C(3) 0.277(1) 0.0996(8) 0.5187(7) 3.7(!) 
C(4) 0.858( I ) 0,843(!) !.0 i 15(7) 4.6(2) 
C(5) 0.553(!) 1.010(1) 1.031(!) 6.2(2) 
C(6) 0.664(i) 0.850(I) 0.736( I ) 5.2(2) 
C(7", 0.5 ! 66(7) 0.6306(.,7) !.03 ! 7(6) 2.7(1) 
C(8) 0.655(i) 0.6526(8) !.i97 i(6) 4.9(!) 
C(9) O. 299( ! ) 0.4752(7) 0.5 i 45(7) 3.8( I ) 
C(10) 0.165(i) 0.447(I) 0.359(!) 5.6(2) 

Amsotropicaily refined atoms arc given in the form of the isotropic 
equivalent displacement parameter, defined as: (4 /3)  "[a 2 "B(I,I) 
+ h 2 "B(2.2) + c 2 "B(3.3) + ah(cos 7) "B(1,2) + at(cos B) ' B(i.3) 
+ tx~(cos a)  "B(2,3)]. 
Atoms Te(I). Te(2). S(I). S(2) have 50% site occupancy each. 
The Te(I) position is not refined for fixing the origin in the P! 
system. 

Erba automatic analyser. (CO)~F~(I~-EE') (E @ E'; E. 
E '~  S, S¢, Te and E.E ~ S, S¢, To) were prepared as 
repo~')ed in the literatm~ [I 2]. 

Table 7 
Atomic coordin~tes and |sotroptc displacement coefficients for 8 

Atom ,~ y :. a(37) 
Te 0,1875(I) 0.80712(8) 0.26921(7) 4.21(2) 
Se - 0,2408(2) 0.7746( ! ) 0,2038 !(9) 3.3 !(3) 
Fe(l) -0.0021(3) 0.8616(!) 0,1252(!) 3,33(4) 
Fe(2) 0,0319(3) 0.6738(i) 0.1658(I) 3,51(4) 
(3( I ) - 0,234(2) 0 . 8 ~ 9 )  - 0.0417(7) 6,4(3) 
0(2) =0,061(2) 1,0721(8) 0,1657(8) 7,0(3) 
0(3) 0.351(I) 0.878(I) 0,0320(8) 7.4(3) 
0(4) =0,181(2) 0,5897(9) 0.0051(8) 6.4(3) 
0(5) 0.407( I ) 0.6176(9) 0.1023(8) 7,(X 3) 
0(6) 0.003(2) 0,5100(8) 0.2932(8) 6.7(3) 
C(I) =0,156(2) 0,854(I) 0.024(I) 4.4(3~ 
0(2) ~ 0,038(2) 0,9883(9) 0,148( ! ) 4.3(3) 
C(3) 0.214(2) 0.874( I ) 0.069( I ) 4.5(3) 
C(4) - 0,099(2) 0,623( ! ) 0,068( I ) 4.7(3) 
C(5) 0,262(2) 0,638(I) 0.132(I) 5.2(4) 
~ 6 )  0,015(2) 0,574(l) 0.2421(9) 4.1(3) 
C(7) = 0.096(2) 0,803(I) 0,323(I ) 6.7(4) 
~ 8 )  ~0,154(3) 0,888(2) 0.307(I) 8.4(5) 

Anisottopi¢~dly refi~ed aloms arc given in the fore1 of the isotropic 
~uivalent displacen~nt parameter, defined as: (4/3) "[ a 2 "B(I,! ) 
+ h ~ "B(2,2) + c ~ ° B( 3,3) + ab( cos 7 ) "B( I, 2) + at<cos ,6 ) "B( I. 3) 
+ ~(cos ~)) "B(2,3)]. 
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Table 8 
Atomic coordinates and isotropic displacement coefficients for 9 

Atom x y z B(,~ 2) 

Te(l) 0.25696(5) 0.27280(3) 0.29605(3) 3.292(8) 
Te(2) - O. 17839(6) 0.30568(3) 0.23346(2) 3.305(8) 
Fe(l) 0.0052(1) 0.36170(6) 0.37759(5) 3.01(2) 
Fe(2) - 0.0304(1) 0.17260(6) 0.33773(6) 3.23(2) 
13(1) 0.0648(9) 0.5719(4) 0.3356(4) 6.9(1) 
0(2) 0.2535(9) 0.3506(5) 0.5430(3) 6.4(1) 
0(3) - 0.3443(8) 0.3781(5) 0.4692(4) 7.6(2) 
0(4) 0.1771(8) 0.0916(4) 0.4996(4) 6.4(1) 
0(5) -0.3995(8) 0.1195(4) 0.4023(4) 7.5(!) 
0(6) - 0.0061(9) 0.01 ! 1(4) 0.2094(4) 6.2(1) 
C(I) 0.044(1) 0.4894(5) 0.3514(4) 4.3(1) 
C(2) 0.157(1) 0.3544(5) 0.4790(4) 4.1(1) 
C(3) - 0.209(1) 0.3736(5) 0.4323(5) 4.5(2) 
C(4) 0.100(I) 0.1233(5) 0.4362(5) 4.3(I) 
C(5) -0.256(I) 0.1423(5) 0.3773(5) 4.6(1) 
C(6) - 0.0156(9) 0.0734(5) 0.2591(4) 4.0( 1 ) 
C(7) 0.090(1) 0.3069(5) O. 1723(4) 4.1(1) 
C'(8) 0.141( I ) 0.3965(7) O. 1263(5) ! 6.9(2) 

Anisotropicaily refined atoms are given in the form of the isotropic 
equivalent displacement parameter, defined as: (4/3) "[a 2 "B(l,I) 
+ b 2 "8(2,2) + c 2 "8(3,3) + ab(cos 3') "B(1,2) + adcos/3 ) "B(1,3) 
+ he, cos a)  "8(2,3)1. 

3.2. Typical preparation of (CO) 6 Fe ~ EE' f lz-C(H)CHs) 2 
(E # E' : E, g' ~ S, Se, Te: E = E '= S, Se) and (CO): 
Fez{tz-EC(H)(CH.~)E'} (E ~ E' ; E = S, Se: E' = Te and 
E ~ E '  ~Se,  Te) 

NoethyI-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 di.~solving 2.28g of N-ethyI-N-nitroso-p-toluene 
sulphonamide in 30ml of diethyl ether. "~l~e solution 

'Fable 9 
Bond distances (~) and bond angles (de8) for | 

Fd I)-~S(1) 2.2841(6) S(I)=C(4) 1.753(2) 
Fe(1)-S(IY 2.3318(5) O(1)-C(1) 1.134(2) 
F¢(1)-C(1) 1.816(2) 0(2)-(2(2) 1.131(2) 
Fe(I)-C(2) 1.787(2) 0(3)-C(3) I.I 35(3) 
Fe(I)-C(3) 1.787(3) C(4)-C(5) 1.505(2) 
Fdl)-C(4) 2.047(2) 

S(I)-Fdl)-S(IY 81.07(2) C(2)-Fd I)-C(3) 91.9(i) 
S(I)-Fdl)~C(I) il5.17(8) C(2)-Fe(I)-C(4) 90.72(8) 
S(I)~Fe(I)-C(2) 96.92(7) C(3)-Fd I)-C(4) 93.32(8) 
S(I)-Fe(I)-C(3) ! 39.52(6) Fe(I)-S(I)-Fe(I Y 9893(2) 
S(I )-Fe(i)-C(4) 47.35(6) Fe{ I)-S(I)-C(4) 59.22(6) 
S(lyoFe(I)~C(I) 87.07(7) Fe(I)-S(IY-C(4Y 102.62(7) 
S(IY-F¢(I)-C(2) 175.56(7) Fe(I)-C(I)-O(I) 177.1(2) 
S(I)'-Fe(i)~C(3) 92.16(7) Fe(I)-C(2)-O(2) 179.0(2) 
S(I)' o.Fd |)~C(4) 90.80(5) F¢(I)~C(3)-O(3) 176.5(2) 
C(I)-oFe(i)~C(2) 90.24(9) Fe(I)~C(4)~S(I) 73.43(6) 
C(i)~F¢(I)~C(3) 104.2(I) Fe(l ~.C(4).oC(5) 122.4(I) 
C(I)-Fd I)-C(4) 162.5(I) S(i)-C(4)-C(5) 118.2(2) 

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

Table 10 
Bond distances (A,) and bond angles (deg) for 3 

St'(l)-Fe(l) 2.4025(7) Fe(!)-C(4) 2.055(5) 
Se(l)'-Fe(l) 2.4458(7) O(I)-C(I) 1.151(6) 
Se(I)-C(4) 1.914(4) 0(2)-C(2) !.123(6) 
Fdl)-C(I) 1.782(5) O(3)-C(3) 1.142(7) 
Fd 1)-C(2) 1.797(4) C(4)-C(5) 1.504(6) 
Fe(I)-C(3) 1.813(6) 

Fe(1)-Se(1)-Fe(l Y 97.87(3) C(1)-Fe(1)-C(2) 93.0(2) 
Fe(1)-Se(1)-C(4) 55.5(I) C(1)-F¢(1)-C(3) 91.I(2) 
Fe(l)-Se(l Y-C(4Y 100.7(1) C(I)-Fe(I)-C(4) 91.3(2) 
Se(1)-Fe(l)-Se(l Y 82.13(2) C(2)-Fe(I)-C(3) 105.0(2) 
Se(I)-Fe(I)-C(1) 95.8(2) C(2)-Fe( 1 )-C(4) 92.0(2) 
Se(I)-Fe(I)-C(2) 141.1(2) C(3)-Fe(I)-C(4) 162.8(2) 
Se(I)-Fe(I)-C(3) ! 12.6(1) Fe(I)-C(I)-O(1) 178.0(5) 
Se(I)-Fe(I)-C(4) 50.1(!) Fe(1)-C(2)-0(2) 177.2(5) 
Se(I Y-Fe(i)-C(I) 175.2(I) Fe(I)-C(3)-O(3) 177.2(4) 
Se(l Y-Fe(I)-C(2) 91 .3(2)  Se(I)-C(4)-Fe(I) 74.4(2) 
Se(lY-Fe(I)-C(3) 85.7(I) Sdi)-C(4)-C(5) 117.9(3) 
Se(lY-Fe(I)-C(4) 90 .7(1)  Fe(I)-C(4)-C(5) 121.7(3) 

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

was coo!ed to 0°C and to this a solution of 0.4g of 
KOH in 10ml of 96% ethanol was added. After 5 rain 
the ethereal solution was distilled 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 ate summarized in Table 2. In a typical prepara- 
tion, to a solution of (CO)6Fe2(p,-EE') (E ~ E'; E, 
E '~  S, Se, Te; E ~ E '~  S, 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)6Fe2(~.EE'). The reaction mixtm~ was stirred at 
room temperature for a further 10 rain. The solution was 
filtered through Celite and the solvent wa:: evaporated 
in vacuo. The mixture was redissoived 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 ease only one product 
was obtained, (CO)6Fe2S2{Ix-C(H)CH3}2 (1) and 
(CO)6Fe2SSe{p,-C(H)CIt3} 2 (2) respectively. When the 
E, E' coml~ination was Te, Te, again a single product 
was obtained, (CO)6Fez{Iz-TeC(HXCH3)Te} (9). For 
other chalcogen combinations, two products were ob- 
tained in each case; the first band to elute was 
(CO)6FezEE'{p.-C(H)CH~}2 and the second band 
(CO)6 Fe2{p,-EC(H)(CH 3)E'}. 

3.3. Crystal structure determination of  I, 3, 5, 8 algl 9 

C~stals of 1, 3, 5, 8 and 9 suitable for X-ray 
diffraction analysis were grown from a dichloromethane 
and hexanc solvent mixture by slow evaporation of the 
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solvent mixture at O°C. The data were measured at 
300K on an Enraf-Nonivs CAD4 diffractometer gener- 
ating Mo Kct (A=0.71073,~)  radiation in the range 

Table il 
Bond distances (~)  and bond angles (deg) for 5 

• re(l ~-F¢(1) 2.5769(8) Fe(2)-C(4) 1.773(7) 
T¢(I)-F¢(2) 2.5814(9) Fe(2)-C(5) !.701(7) 
Te(I)-C(7) 1.987(4) Fe(2)-C(6) !.79(!) 
Te(2)-Fe(I) 2.602(1) Fe(2)-C(7) 2.016(6) 
Te(2)-Fe(2) 2.582(1) S(1)=C(7) !.719(5) 
T¢(2)-C(9) 2.16 I(6) S(2)-C(9) 1.895(6) 
Fe(I)=S(I) 2,344(2) O(1)-C(1) 1.123(8) 
Fe(1)-S{2) 2,220(2) O(2)=C(2) 1.07(!) 
Ft,(I)=C(I) !.788(6) O(3)-C(3) 1.091(8) 
Fe(I)=C(2) 1.825(7) O(4)-C(4) 1.179(8) 
Ft,(I)=C(3) !.863(5) O(5)-C(5) I.I 94(9) 
Fe(I)=C(9) 2.091(7) O(6)-C(6) 1.21(!) 
~'e(2)=S(I) 2.264(3) C(7)-C(8) !.539(87 
I~(£)=S(2) 2.325(3) C(9)=C(10) 1.45(I ) 

Fe(I)=Te(I)=Fe(2) 90.73(3) S(I)-Fe(I)-C(3) 94.2(2) 
Fe(1)=Te(1)=C(7) 93,8(I) S(I)=Fe(I)=C(9) 88.9(2) 
F¢(2)=Te(I)=C(7) 50,3(2) S(2)=Fe(I)=C(i) 99.6(2) 
Fe(I)=Te(2)=F¢(2) 9(),13(4) S(2)=Fe(i)=C(2) 110.7(2) 
Fe(I )=Te(2)=C(9) 51,0(2) S(2)=Fe(I)=C(3) 137.6(2) 
Fe(2)= Td")= C(9) 91.8(2)  S(2)=Fe(I )=C(9) 52,1(2) 
T¢(I)=F¢(I)=T¢(2) 89.40(3) C(I)=F¢(I)=C(2) 89,1(3) 
T¢(15=Fe(I)=S(I) 8 .95(8)  C(1)=Fe(I)=C(3) 95,5(3) 
Te(I)=F¢(I)=S(2) 81,74(8) C(I)=Fe(I)=C(9) 92,1(3) 
Te(l 5=Fe(1)=C(1) 176.5(2) C(2)=Fe(1)=C(3) 108.9{3) 
T¢(I )=F¢(I)=C(2) 87,4(2) C(2)=F¢(I)=C(9) 162,7(25 
T¢(1)=F¢(1)=C(3) 85,6(2) C(3)=F¢(I)=~9) ~8 2(3) 
T¢(1)=F¢(1)=C(9) 91,2(25 T¢(1)=Fd2)=Td25 89,74(35 
~¢(2)=F¢(I)=S(1) ~I,0~9) T¢(1)=F¢(2)=S(t) 7,S1(7) 
T¢(2)=Fd I):S(2) 7,94(8) Td 15=F¢(2)=S(2) 79,73(7) 
T¢(2)=F¢(1): ~ I) 91,~(~) T¢(1)=F¢(2)=C(4) 93,S(~) 
T~ 2)=F~(I):C(2) 109.2(2) Te(I)=F~2)=:C(~) 14~.2(4) 
T~2):F~I ):C(3) 141,3(25 TH I )=F~2)=C(6) 114,2(2) 
T~2)=F~ I)=C(9) $3.5(I) T~(I)=F~2)=~7) 49,4(I) 
$(1)-FSI ~:S(2) 73,~(I) T¢(2)- F~2)=Stl) g3,02(7) 
~l)---Fe{))=~ I) 170,~2) T~2)=F~(2)=S(2) 10,2~6) 
~ I)=F~I)=-~2) 87 ,1(2)  Te(2).-~2)=C(4) 176,1(3) 
Te(2)=F¢(2)-~} 89,6(3) C(4)=F¢(2)=C($) ~,(X4) 
T~q2)=F¢(2)=C(6) 83, I(2) C(4)=F¢(2)=C(6) 93,2(3) 
Te(2)-.F~2)=~7) 93,3(1) C(4)=F~2)=EX7) 90,6(3) 
S(I)=F¢(2)=S(2) 73,1~(9) C(5)=F¢(2)=C(6) 100,2(4) 
S(I)=F¢(2~4) 99,6(2) C(5)-Fe(2)=C(7) 96,0(4) 
S( I )~ F~ 2)=C($) 141.2(4) C(6)= Fe(2)=C(7) 163,3(3) 
S(I)=Fe(2)=EX6) 116,4(2) F~ I )=S(I)=F~(2) I0S,6(15 
~I)-F,~.)-C(7) ~.9(I) F~(1)oS(1)oC(?) 110,~2) 
S(2)= F~2)= EX 4) 171.0(2) Fd~ 2)=S( 1 )=C(7) 58,9(2) 
S(2)-Fd2)=C(~) 98.9(3) F~ I)=.S(2)-F¢(2) I07,')(I) 
~2)-F¢(2~-C(6) 85.5(2) F~q I)=S(2)=C(9) 60,S~) 
~ 2)= F¢(2)=C(7) 88.2( I ) F¢(2)=S(2)=C(9) 107.8(" ) 
Fe(1)=C(1)-O(1) I?I,.S($) S(1)-C(?)=C(8) 122.7{4) 
F~ l )=C(2)=O(2) 176,9(7) T¢(1)-C(7)-F¢(2) 80,3 2) 
F¢( t )-C(3)oO(3) 169.7(7) T~ I )-C~7)-EXS) i 11 ,¢,4(4) 
~2)-~4)-O(~) 173A(6) 're(2)-C(9)=F¢(1) ~S 5(2) 

F~25- ~6)=O(6) 174.7(6) F~ I )=C(9)=S(2) 67.5(2) 
~2)=C(7)=$(1) 74.1(3) F~ i)=C(9)=EX It) 120.0($) 
~2)o~7)-C(8) 122.~4) S(2)=C(9)=C(I~) 122.?(5) 
T¢(2)=F~2)oSf I ) 83.03(?) 

Numbers in paten theses are estimated standard deviations in the least 
s~nir~ant digits, 

Table 12 
Bond distances (.~) and bond angles (deg) for 8 

Te-Fe(1) 2.534(2) Fe(2)-C(5) 
Te-Fe(2) 2.528(2) Fe(2)-C(6) 
Te-C(7) 2.17(2) O(I)-C(I) 
Se-Fdl) 2.406(2) O(2)-C(2) 
Se-Fe(2) 2.405(2) O(3)-C(3) 
Se-C(7) 2.01(2) O(4)-C(4) 
Fe(1)-Fe(2) 2,57 I(3) O(5)-C(5) 
Fe(I)-C(]) 1.77(]) O(6)-C(6) 
Fe(I)-C(2) !.74(1) C(1)-C(3) 
Fe(1)-C(3) 1.78(I) C(4)-C(5) 
Fe(2)-C(4) 1.79(1) C(7)-C(8) 

Fe(l)-Te-Fe(2) 61.04(6) 
Fe(I)-Te-C(7) 86.3(5) 
Fe(2)-Te-C(7) 83.3(5) 
Fe(i )=Se=Fe(2) 64.59(7) 
Fe(I )-Se=C(7) 93.5(5) 
Fe(2)-Se-C(7) 90,0(5) 
Te-Fe( I)-Se 75.30(7) 
Te-F¢( 1 )-Fe(2) 59.36(65 
Te-Fe(1)-C(1) 159.6(5) 
Te-F¢( I )-C(2) 99.9(5) 
Te= F¢( I )= C(3) 93.6(5) 
Se= Fe{ i )-Fe(2) 57.69(7) 
SeoFe(I)=C(I) 91.7(5) 
Se ~ Fe( 1 )=C(25 104.3(5) 
Se=Fe(I)=C(3) 155.8(5) 
Fe(2)=Fe(1)=C'(1) 100.5(5) 
Fc(2)=F(g 15=C(2)154.0(5) 
Fc(2)=Fe~ I)=C(3) 98.2(5) 
C( I )= Fd, i I )- C(2) 98.5(7) 
C( I )=F¢( I )=C(3) 92,2(6) 
C(2)= Fd I )=C(3) 98,7(7) 
Te~ F¢(2)=S¢ 7~043(7) 
F~ 2).: (?(4)~=C(5) 43,3(~) 
0(4) .~¢5 . ~ )  116.(I) 

O(~),-~SL~4) 13i,(1) 

1.76(I) 
1.78(I) 
1.15(2) 
1.16(2) 
1.14(2) 
1.14(2) 
1.16(2) 
1.15(2) 
2.56(2) 
2.57(2) 
!.38(3) 

Te-Fe(2)-Fe(1) 59.61(6) 
Te-F¢(2)-C(4) 157.6(5) 
Te-F¢(2)-C(5) 92.0(5) 
Te-Fe(2)=C(6) 99.7(4) 
Se-Fe(2)-Fe(I) 57.71(7) 
Se-Fe(2)=C~4) 94.3(5) 
Se-Fe(2)-C(5) 16].7(5) 
Se-Fe(2)-C(6) 99.1(4) 
Fe(i)-Fe(2)-C(4) 98.0(5) 
Fe(1)=Fe(2)=C(5) 104.5(5) 
Fc(1)-Fc(2)-C(6) 150.'/(5) 
(4)-Fe(2)-C(5) 92.6(7) 
C(4)=Fe(2)=C(6) I01.6(6) 
C(5)-Fe('=)=C(6) 96.1(7) 
Fe(I)=C(I)=O(I) n7~.(!) 
Fe( I )=C( I )=C(3) 44.0(4) 
O(1)=C(I)=C(3) 135.(I) 
F¢(I)-C(2)=O(2) 178,(I) 
F¢(I)=C(3)+O(3) I-/8.(I) 
r¢(l )=C(3)=C(I) 43.8(4) 
O(3)=C(3)=C(I) 13~,(I) 
F¢(2)=C(4)=O(4) 179,( I ) 
~::~ ~)~ C(6)~ ~6) 178.( I ) 
T¢ =~7)~S¢ 92,4(?) 
Te~7)-t,XS) l l8,(1) 
S¢~=(X?L~8) II?(I) 

Numhe~ in I~renthe,~,~ are esttm~ted si~d devt~t|ons ia 01¢ l¢~sl 
significant digits, 

2°~; 0 g  25 ° using the ¢o-20 scan method, Intensity 
data were reduced for Loren|z and poiarisation effects, 
The structures were solved by direct methods using 
Sttt~LXS-86 programs, Fourier absorption corrections 
were applied using the program nnFnes [14]. Data proo 
cessing and refinement were carried out with the MolEN 
[15] package. All hydrogen atoms were located by 
difference Fourier maps and w¢l~ not refined. The 
function minimised in I¢~L,~t-square refinement was 
E,,'(IFol)~,.IF~l)". where w~4(FJ)/lo.(F~)]2+ 
[O.O~Fo ~ Unlike 1 and 3, compound $ is a non- 
centrosymmetric structure. For compound 5 structure 
solution gave two strong peaks for each chalcogen site. 
From bond distance criteria die 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 angles (deg) for 9 

Te(l)-Fe(i) 2.5278(9) Fe(2)-C(4) 1.798(7) 
Te(I)-Fe(2) 2.530(I) Fd2)-C(5) 1.171(7) 
Te(2)-Fe(I) 2.5401(9) Fe(2)-C(6) !.793(6) 
Te(2)-Fe(2) 2.5344(9) O(I)-C(I) 1.141(8) 
Fdi) -Fd2)  2.606(17 O(2)-C(2) !.127(87 
Te(I)-C(7) 2.161(6) O(3)-C(3) 1.135(9) 
Td2)-C'(7) 2.158(7) O(4)-C(4) 1.139(8) 
Fe(I)-C(I) 1.779(7) O(5)-C(5) 1.142(9) 
Fe(I)-C(2) 1.787(6) O(6)-C(6) 1.130(8) 
Fe(I)-C(3) 1.777(7) C(7)-C(8) 1.45(1) 

Fe(I)-Td l)-Fe(2) 62.03(3) Te(2)-Fe(2)-Fe(l) 59.21(3) 
Fe(I)-Te(2)-F¢(2) 61.80(3) C(I)-Fe(I)-C(2) 99.0(3) 
Te(i)-Fd l)-Te(2) 75.80(3) C(I)-Fe(I)-C(3) 99.7(3) 
Te(I)-Fd l)-F,:~,2) 59.03(3) C(2)-Fe(i)-C(3) 93.3(3) 
Te(2)-Fe(I)-Fd2) 58.99(3) C(4)-Fe(2)-C(5) 91A(3) 
Tdl)+Fd2)-Te(2) 75.g5(3) C(4)-Fd2)+C(6) 103.1(3) 
Te(I)-Fe(2)-Fe(I) 58.94(3) C(5)-Fe(2)-C(6) 99.4(3) 
Fe(I)-Te(I)-C(7) 89.2(2)  Fe(I)-C(3)--O(3) 177.4(6) 
Fe(2)-Te(I)-C(7) 87.5(2)  Fe(2)-C(4)-O(4) 177.9(7) 
Ft'(I)-Te(2)-C(7) 89. !(2) Fe(2)-C(5)-O(5) 177.0(6) 
Fe(2)-Te(2)-C(7) 87.6(2)  Fe(2)-C(6)-O(6) 180.0(10) 
Te( i )-Fe( i )-C( ! ) 102.5(2) Td I )-Fe(2)-C(4) 93.2(2) 
Te(I)-Fe(I)-C(2) 90.9(2)  Te(I)-Fd2)-C~5) 161.0(2) 
Te(I)+F¢(I )-C(3) 156.5(3) Te(i)-Fd2)-C(6) 97.5(2) 
Te(2)+Fe(I)+C(I) 99.5(2)  Te(2)+Fe(2)~C~4) 157.0(2) 
Te(2)+Fe( I )+C(2) 159.2(2) Te(2)+Fd2)-C(5) 93.0(2) 
Te(2)-F¢( i )-C(3) 93.1(2)  Te(2)- Fe(2)-C(6) 98.6(25 
Fd2)-Fdl)-C(I)  153.2(2) Fdl)+Fd25+C(4) 97.8(2) 
Fe(2)+Fe(I)+C(2) 100.5(2) Fd I)-Fd2)+C(5) 102.2(25 
F¢(2)+ Fd I )~C(3) 97.3(2) Fd ! )+ Fe(2)+C(6) ! 49.5(2) 
Fc(I)~C(I)~O(I) 178.3(7) Te(I)-C(7)-'!'e(2) 92.3(2) 
Fc(I)++(X2)+O(2) 1"19.4(6) 

Number~ in I~n~entheses ate estimated standard deviations in the least 
significant digits. 

specimen having structure Fe( 1 ),++-'Pc( ! )+1::e(2)+S(2) and 
the other ~"+:" :" ~'+ ' at~ w hay hie structure Fe( I )~ S( l )=+ i~e(2)= i t+( 2 ) 
(Fig, 4). Compound $ is assigned the non+centrosym+ 
metric space group P i. To find the absolute configurao 
tion of the molecule, the structure was refined with *l 
parameter value + I anti + 1 separately. The refinement 
showed almost the same R factor. The structure as well 
as its cnantiomorph were refined using the SltELX 93 
computer program, and found to have Fiack parameter 
nearly zero in both cases. This result is not unexpected. 
The structure of compound 5 (including Te, S disorder) 
is fully centrosymmetric with crystallographic ceno 
trosymmetry at the midpoint of the Fe(I)-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 P~ 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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