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The reactivity towards carbon monoxide of cationic complexes of Rh' and Ir' containing cyclo-octa- 
lI5-diene (cod) and sulphur-donor ligands has been studied. Mononuclear five-co-ordinated 
[Ir(CO),(cod) L]C104 (L = tetrahydrothiophene, trimethylene sulphide, SMe,, or SEt,), binuclear 
four-co-ordinated [(OC),lr(p-( L-L)),Ir(CO),] [C104]2 [L-L = Bu'S(CH,),SBu' or 1,4-dithiacycIo- 
hexane (dtch)], and binuclear five-co-ordinated [(cod) (OC)lr(p-( L-L)),lr(CO) (cod)] [C1O4I2 
[ L-L = B u ~ S ( C H ~ ) ~ S B U ' ,  dtch, or MeSSMe] have been prepared. Rhodium(\) cationic carbonyl 
complexes of  formulation [Rh(CO),(L-L)],[CIO,]. [L-L = dtch or MeS(CH2)3SMe] have been 
obtained from [(OC),Rh(p-CI),Rh(CO),]. When the ligand was B u ' S ( C H ~ ) ~ S B U '  the structure of 
the carbonyl complex obtained was determined by single-crystal X-ray diffraction. Surprisingly, 
the saturated ligand is found to be converted into Bu'SCH=CHSBu* giving the complex 
[Rh(CO),( ButSCH=CHSBu')]CI04. The crystals are orthorhombic, space group Ccm2,. The rhodium 
is four-co-ordinated to  two CO groups and t w o  S atoms in a square-planar fashion. The five- 
membered chelate ring is planar. 

It is well known that carbon monoxide reacts with four-co- 
ordinated cationic rhodium(1) complexes containing diolefins 
and nitrogen, phosphorus-, or oxygen-donor ligands (L) 
to give carbonyl derivatives of the type [Rh(CO),L,]+ (x = 2 
or 3).'*' Cationic diolefin iridium(1) complexes have been 
studied to a lesser extent. The carbonylation of [Ir(cod)- 
(P(C6H4Me-p)3}2]BPh4 (cod = cyclo-octa-l,5-diene) leads to 
the formation of [Ir(C0)3{P(C6H4Me-p)3)z]BPh4.3 The reac- 
tion of [Ir(diolefin)(L-L)]C104 [L-L = 2,2'-bipyridyl (bipy) 
or 1 ,lo-phenanthroline (phen)] complexes with carbon 
monoxide gives the corresponding five- co-ordinated adducts 
[Ir(diolefin)(L-L)(CO)]C104, and slow displacement of 
diolefins leads to subsequent formation of tricarbonyl deriva- 
t i v e ~ . ~  On the other hand, similarly carbonylated 1 , l O -  
phenanthroline complexes [Ir(CO),L2]+ (x = 2 or 3, L = 

P-donor ligands) have been isolated by different routes 
from [(Ir(CO)3Cl)n] and trans-[Ir(CO)CIL2].5~6 

Continuing our studies on complexes of Rh' and Ir' 
containing the diolefin cod and sulphur-donor ligands,' -9 the 
reactivity of complexes previously reported ' t8  towards 
carbon monoxide has been studied. The formation of mono- 
nuclear five-co-ordinated and binuclear four- or five-co- 
ordinated iridium(1) carbonyl complexes together with 
carbonylated rhodium(r) complexes [Rh(CO),(L-L)],[CIO41, 
(L-L = bidentate sulphur-donor ligand) obtained from 
[(OC),Rh(p-C1),Rh(CO)z] lo is reported. The crystal structure 
of the complex obtained from the reaction with Bu'S(CH,),- 

SBu' has been determined by X-ray analysis and shows the 
formation of an unexpected double bond in the ligand co- 
ordinated to Rh', i.e. [Rh(CO)2(ButSCH=CHSBut)]C104. 

Results and Discussion 
Rhodium(1) Carbonyl Complexes.-(i) Reactivity of [Rh- 

(cod)L,]C104 and [(cod)Rh{p-(L-L)}~Rh(cod)][C104]~ with 
carbon monoxide. The bubbling of carbon monoxide at room 
temperature through dichloromethane solutions of [Rh(cod)- 
L,]CI04 [L -= tetrahydrothiophene (tht), trimethylene sulphide 
(tms), SMe2, or SEt,; L2 = MeS(CH,)$Me] and [(cod)Rh{p- 
(L-L)}zRh(cod)][C104]z [L-L = 1,4-dithiacyclohexane (dtch) 
or Bu'S(CH,),SBu'] complexes brings about the formation of 
carbonylated species. Two v(C0) bands characteristic of cis- 
dicarbonylrhodium(1) complexes '' are detected in the 2 1 0 0 -  
2000 cm-' region of the spectra of the solutions. However, 
attempts to isolate the solid carbonyl complexes have been 
unsuccessful because of the tendency of such complexes to 
form oil. 

(ii) Preparation of [Rh(CO),(L-L)],[ClO4], from [(OC)2- 
Rh(p~-Cl)~Rh(C0),]. Rhodium([) carbonyl complexes with 
bidentate sulphur-donor ligands can be prepared by addition 
of the appropriate ligand to acetone solutions of [Rh(CO)z- 
(Me,CO),]CIO, ' obtained by treating [(OC), Rh(p-Cl)zRh- 
(CO),] with silver perchlorate [equation (i)]. Attempts to 
prepare complexes with unidentate sulphur-donor ligands 

n [Rh(C0)2(Me,CO),]C104 + nL-L * [Rh(CO)z(L-L)]n[Cl04]n + nx Me2C0 
L-L = Bu'S(CH~)ZBU~, L-L = Bu'SCH'CHSBu', 

MeS(CHz)3SMe, MeS(CH2)3SMe, 
or dtch or dtch 

t [1,2-Bis(t-butylthio)ethylene-SS']dicarbonylrhodium(1) perchlor- (L = tht, tms, SMez, or SEtd using the Same route were 
ate. unsuccessful since solid mixtures of complexes were 
Supplementary data available (No. SUP 56040, 8 pp.): thermal Obtained. 

parameters, H-atom co-ordinates, structure factors. See Instructions Addition of Bu'S(CHz)zSBu' to acetone solutions of 
for Authors, J. Chern. SOC., Dalton Trans., 1984, Issue 1, pp. xvii- [Rh(Co),(MezCo),lClo4 k ids  to solutions from which a 
xix. yellow crystalline solid can be isolated by adding diethy] 
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Table 1. Analytical and physical data for the rhodium(1) and iridium(1) carbonyl complexes 

Conductivity 
data * 

AMIS Analysis (%) 
w M.p.' Yield cm2 \ 

Complex Colour ("C) (%) v(CO)'/cm-' mol-* Ad C H 5 
Blue 

Pink 

Pink 

Pink 

Pink 

Yellow 

Yellow 

Yellow 

Orange 

Yellow 

Yellow 

Yellow 

Brown 

135-140 

125-1 30 

1 0 0 - 1  10 

130-1 35 

65-70 

135-140 

7&75 

60-65 

90-95 

60-65 

84-87 

105-108 

110-1 15 

65 

80 

75 

70 

76 

86 

80 

75 

62 

78 

70 

79 

80 

2 070s, 2 095s, 
2 135s 
2 W, 2 090s 

2 W s ,  2 090s 

2 W s ,  2 090s 

2 040s, 2 090s 

1 980s 

2 010s 

2 055s 

1 980s, 2 020s, 
2 095s 
2 WOS, 2 100s, 
2 150s 
2 W ~ S ,  2 098s 

2 005s, 2 050s, 
2 103s 
2 025s, 2 OHs, 
2 115s 

129 - 

147 - 

141 - 

152 - 

148 - 

271 717 

284 896 

- -  

267 567 

284 1055 

140 - 

- -  

- -  

26.65 
(27.25) 
30.30 

(30.85) 
28.80 

(29.45) 
28.50 

(27.80) 
3 1.05 

(30.75) 
35.75 

(35.95) 
28.05 

(28.45) 
24.70 

(25.30) 
25.40 

(26.00) 
15.95 

(15.40) 
3 1 .SO 

(3 1.20) 
19.60 

(1 9.05) 
20.95 

(21.30) 

2.50 
(2.50) 
3.65 

(3.65) 
3.15 

(3.40) 
3.65 

(3.45) 
4.25 

(4.05) 
5.15 

(5.35) 
3.80 

(3.65) 
3.70 

(3.45) 
4.15 

(3.95) 
1.85 

(1.70) 
4.60 

(4.35) 
2.25 

(2.15) 
2.90 

(3.05) 

6.00 
(5.90) 
6.35 

(6.05) 
5.90 

(6.20) 
5.60 

(5.85) 
9.95 

(10.10) 
1 1.95 

(1 1.70) 
11.70 

( 1 2.25) 
11.25 

(1 1.55) 
13.80 

( 13.70) 
13.50 

(1 3.90) 
16.95 

(1 6.95 
16.45 

(1  6.25) 
Required values are given in parentheses. * With decomposition. Nujol mulls. Slope of Onsager's equation measured in acetone solu- 

tion. Recorded in dichloromethane solution. 

ether. The i.r. spectra show several bands in the v(C0) 
region which could be assigned to solid-state effects as 
previously observed in related c ~ m p l e x e s , ~ ~ * ~ "  since solutions 
of this complex show two v(C0) bands in the 2 100-2000 
cm-' region typical of cis-dicarbonyl mononuclear rhodium(1) 
complexes. The crystal structure of this reaction product has 
been determined by X-ray analysis and confirms the prepar- 
ation of a dicarbonyl mononuclear cationic compound, but 
which has an unexpected double bond in the sulphur ligand 
ButSCH=CHSBut bonded to the metal. The structure was 
determined from a crystal grown from a CH2CI2-Et20 solution 
of the compound and repeated with crystals arising directly 
from the reaction in acetone [equation (i)]. The same results 
were achieved in both determinations, suggesting that the 
formation of the double bond occurs in the initial reaction, 
and could be related to the catalytic activity of rhodium(1) 
complexes. Studies of the [Rh(CO)z(ButSCH=CHSBu')]C104 
compound and its formation are currently in progress. 

The same reaction with L-L = MeS(CHz)3SMe or dtch 
leads to the precipitation of solids whose elemental analyses 
are in accordance with the [Rh(CO)z(L-L)],[CIOo], formul- 
ation. The i.r. spectra of these show several bands in the 
v(C0) region. However such complexes are sparingly soluble 
and their solutions unstable; therefore the i.r. spectra in 
solution could not be recorded and the nuclearity could not be 
established by measuring conductivities at various con- 
centrations. Elemental analyses, v(C0) data, and yields of the 
isolated complexes are summarized in Table 1. 

Single-crystal X-ray analysis on the [Rh(CO),(BuSCH= 
CHSBut)]+ ion shows that it has C, symmetry, which is also a 
crystallographic symmetry (Figure). The rhodium atom is 
located on a mirror plane and displays a square-planar co- 

Figure 1. View of the crystal structure of [Rh(C0)2(Bu'SCH= 
CHSBu')]+ with the atom numbering 

ordination. The five-membered ring is planar, with atom C(1) 
showing high anisotropic thermal parameters normal to this 
plane. The bond lengths and angles (Table 2) are within three 
standard deviations of those obtained by Richter et al.I5 and 
the Rh-CO bond lengths are within one standard deviation of 
those obtained by Cowie and Dwight.16 The structure consists 
of discrete ions linked by ionic and van der Waals forces. The 
shortest interionic distance is 3.66 A between Rh and O(2'). 

Iridium(1) Carbonyl Complexes.-( i) Five-co-ordinated mono- 
nuclear complexes. We recently reported the preparation of 
[1r(cod)Lz]C1O4 (L = tht or tms) and [(~od)Ir(pL)~Ir(cod)]- 
[C104]2 (L = SMe2 or SEt2).* When carbon monoxide is 
bubbled at room temperature through dichloromethane 
solutions of these complexes five-co-ordinated dicarbonyl 
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compounds are formed according to equations (ii) and (iii). 

[Ir(cod)L2]CI04 + 2 CO + [Ir(CO)2(cod)L]C104 + L (ii) 
L = tht or tms 

[(cod)Ir(~-L)zIr(cod)][C104]2 + 4 CO * 

L = SMe2 or SEt, 
2 [Ir(CO)2(cod)L]C104 (iii) 

The i.r. spectra of these carbonylated complexes show two 
bands in the 2 100-2000 cm-' region characteristic of cis- 
dicarbonyl compounds (Table 1). The pink solids are relatively 
stable in air. The C, H, and S elemental analyses, molar 
conductivities in acetone, yields, melting points, and v(C0) 
are listed in Table 1. Proton n.m.r. spectra of CDJCl solutions 
of [Ir(CO)2(cod)L]C104 have been recorded (Table 3). The 
spectra show resonances corresponding to the vinyl and 
methylenic protons of cod, which have shifted downfield 
from the corresponding resonances of [ I r (~od)L~]C10~.~~ 
Analogously, the signals corresponding to the sulphur-donor 
ligands have also shifted downfield compared to those of the 
free ligands. 

It is noteworthy that diolefin iridium(1) cationic complexes 
with sulphur-donor ligands show a different behaviour to that 
of [Ir(cod)L2]C104 (L = P-donor ligand). The latter undergo 
diolefin displacement with carbon monoxide.'j The formation 
of five-co-ordinated complexes [Ir(CO)z(cod)L]C104 could be 
attributed to the tendency of Ir' to form five-co-ordinated 
species together with the presence of the sulphur ligand co- 
ordinated to the metal. 

The time required for reactions (ii) and (iii) is a few seconds. 
When these reactions are carried out by bubbling CO over a 
long period some cod is displaced and mixtures with other 
products are obtained. 

The reaction of the starting material [Ir(~od)~]ClO~ with 

Table 2. Interatomic distances (A) and angles (") for [Rh(CO)z- 
(Bu'SCH'CHSBU')]CIO~ 

Rh-S 2.364(3) C(2)-C(21) 1.49(2) 
Rh-C(3) 1.86(1) C(2)-C(22) 1.53(2) 
S - a  1 ) 1.83(3) C(2)-C(23) 1.51(3) 
S-C(2) 1.86(1) C(3)-0(3) 1.15(2) 
C(l)-C(l) 1.23(7) 

C( 3)-Rh-S 92.3(5) C(2)-S-C(1) 105(1) 
S-Rh-S 87.1 (2) C(21 )?=(2)-S 108(1) 
C( 3)-Rh-C(3) 87.5(8) C( 22)-C(2)-S 108(1) 
S-CU )-c( 1) 12W) C(23)-C(2)-S 107(1) 
Rh-C(3)-0(3) 175(1) C(22)-C(2)-C(21) 108(1) 
C( 1 )-S-Rh 102( 1) C(23)-C(2)-C(21) 119(2) 
C(2)-S-Rh 115.5(5) C(23)-C(2)-CW) 106(2) 

carbon monoxide has been studied as well. When CO is 
bubbled through dichloromethane solutions of [Ir(~od)~]ClO, 
a decolouration of the solutions is observed and a carbonyl 
complex showing three i.r. bands in the 2 150-2 000 cm-I 
region can be isolated. According to the i.r. spectra and ele- 
mental analyses (Table l), the formation of [Ir(CO)3(cod)]C104 
is suggested. 

(ii) Binuclear complexes. The carbonylat ion reactions of 
binuclear complexes of the type [(cod)Ir{p-(L-L)}21r(cod)]- 
[C1O4I2 [L-L = Bu'S(CH,)~SBU~, MeS(CH2)3SMe, or Me- 
SSMe] gives different products depending on the bidentate 
ligand present and the time of reaction, as shown in equations 
(iv) and (v). The i.r. spectra of dichloromethane solutions of 

[(cod)Ir{p-(L-L)}ZTr(c~d)][C104]2 + 2 CO - 
L-L = Bu'S(CH~)~SBU', dtch, or MeSSMe; reaction time = 

[(cod)(OC)Ir{p-(L-L)}21r(CO)(cod)][C104]2 (iv) 

1 min 

[(cod)Ir{p-(L-L))2Tr(~~d)][C104]2 + 4 CO ---t 

L-L = Bu'S(CH,),SBu*; reaction time = 1 h 
L-L = dtch; reaction time = 2 h 

[(OC)~I~{CL-(L-L)}~I~(CO)~I[C~O~I~ + 2 cod (v) 

the tetracarbonylated complexes [(OC)21r{p-(L-L)}21r(C0)2]- 
[C10412 show three v(C0) bands in the 2 150-1 950 em-' 
region. Several previously reported tetracarbonylated bi- 
nuclear compounds of Rh' and Ir' exhibit three similar CO 
stretching bands in The C, H, and S elemental 
analyses, conductivities in acetone, melting points, and yields 
of the isolated complexes are listed in Table 1. Measurements 
of the equivalent conductivities of the complexes in acetone 
solutions at different concentrations gave plots of the Onsager 
equation (Ae = A,, - ,443 for which the A values were 
characteristic of 2 : 1 electrolytes.21 In the case of [(cod)(OC)- 
I~(J.I-M~SSM~)~I~(CO)(CO~)][C~O~]~, attempts to establish 
the nuclearity using this method were unsuccessful because of 
the instability of the solutions, but by analogy with the related 
complexes a dimeric structure is suggested. 

The lH n.m.r. spectrum of [(~od)(OC)Ir(p-dtch)~Ir(CO)- 
(cod)][C1O4I2 in CDC13 solution shows resonances correspond- 
ing to the co-ordinated cod (Table 3). The methylenic protons 
from co-ordinated dtch give rise to two types of resonances in 
a 1 : 1 ratio at 3.42 and 3.80 p.p.m. which appear downfield 
compared to the free ligand. It should be noted that this 
spectrum shows resonances due to free dtch as well, which 
could indicate that one of the two bridging ligands is cleaved 
in solution giving the four-co-ordinated compound [(cod)- 
(OC)Ir(j~-dtch)Ir(CO)(cod)][ClO~]~. The 'H n.m.r. spectrum 
of the tetracarbonylated complex [(OC)21r{~-Bu'S(CH2,t- 

Table 3. Proton n.m.r.a (6jp.p.m.) data for some iridium(1) carbonyl complexes 

cod Sulphur ligand 
7 I r 3 

Complex CH% CHZ-C CHZ-S CH2-C CH3-C CH3-C BuLS 
4.90 2.63 3.37 (t) 2.17 (qnt) - - 
4.50 2.50-2.80 (m) - - 2.85 (s) - - - - - (2) 

(3) 
(4) 
( 5 )  4.87 2.63 3-11 (4) 
(7) * 
(9) 

4.84 2.59 3.83 (t) 3.10 (qnt) 

- 1.41 (t) - - 
- - - 4.24 2.21-2.50 (m) 3.42, 3.80 

3.53 (s) - I - 1.66 (s) 
Recorded at 298 K in CDCIJ solutions, downfield from SiMe,; s = singlet, t = triplet, q = quartet, qnt = quintet, and m = multiplet. 
Also free dtch resonances at 6 = 2.87 p.p.m. 

- - 
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SBU~)~I~(CO)~][CIO..,]~ in CDCIJ solution shows signals 
corresponding to co-ordinated BU'S(CH~)~SBU' (Table 3). Table 4. Atomic co-ordinates ( x  lo4) and occupancy factors ( f )  of 

Experimental 
Materials.-All reactions were carried out at room temper- 

ature under dry nitrogen atmospheres using standard Schlenk 
techniques. Solvents were deoxygenated immediately before 
use. 

Apparatus.-The C, H, and S analyses were carried out 
with a Perkin-Elmer 240B microanalyzer. 1.r. spectra were 
recorded on a Beckman IR 4260 spectrophotometer using 
Nujol mulls between polyethylene sheets, 'H n.m.r. spectra 
on a XL-200 Varian spectrometer using CDCI, as the solvent 
and SiMe, as the internal reference at room temperature. 
Conductivities were measured in acetone solutions, in the 
concentration range 1 x 10-"--5 x lo-, mol dm-j, with a 
Red. Copenh. CDCM3 Radiometer conductimeter. Values 
of A in Onsager's equation were calculated from measure- 
ments in acetone at several concentrations in the range 
5 x 10-3-5 x lo-' mol dm-,. Melting points were deter- 
mined with a Buchi 510 apparatus. 

Preparation of Iridium(1) Carbonyl Complexes.-(a) Carbon 
monoxide was bubbled through dichloromethane solutions 
of the complexes [Ir(cod)Lz]C1O, (L = tht or tms), [(cod)Ir- 
(p-L),Ir(c~d)][ClO~]~ (L = SMe, or SEt,), and [(cod)Ir{p- 
(L-L)}zIr(cod)][C104]~ [L-L = BU'S(CH~)~SBU', dtch, or 
MeSSMe] generated in situ as previously reported. After 1 
min the starting solutions became colourless. Addition of 
EtzO gave the corresponding [Ir(C0)2(cod)L]C104 (L = tht, 
tms, SMe,, or SEt,) and [(cod)(OC)Jr(p-(L-L)},Ir(CO)(cod)]- 
[CIO,], [L-L = BU'S(CH~)~SBU', dtch, or MeSSMe] which 
were filtered off, washed with Et,O, and vacuum dried. 

(b) When CO was bubbled through dichloromethane 
solutions of the complexes [(cod)Ir{p-(L-L)}zIr(cod)][C104]2 
[L-L = BU'S(CH~)~SBU' or dtch] for 1 and 2 h respectively, 
a second and progressive colour change was observed in the 
solutions. The products [(OC),Ir(p-(L-L)>zlr(CO)z][CIO~]z 
[L-L = Bu'S(CH,),SBu' or dtch] were precipitated by 
addition of Et,O, filtered off, washed with Et,O, and vacuum 
dried. 

Preparation of Rhodium(1) Carbonyl Complexes.-A 
stoicheiometric amount of AgClO, (0.26 mmol) was added 
to an acetone solution of [(OC),Rh(p-Cl),Rh(CO),l (0. I3 
mmol). The mixture was stirred in the absence of light for 5 
min and then a slight excess (0.27 mmol) of the appropriate 
ligand [L-L = BU'S(CH~)~SBU', MeS(CH,),SMe, or dtch] 
was added. The solution was filtered through Kieselguhr to 
remove silver chloride and collected over Et,O under a 
nitrogen atmosphere to give a precipitate of [Rh(CO),(L-L)],- 
[C104], [L-L = Bu'SCH'CHSBu', MeS(CH,),SMe, or 
dtch] which was filtered off, washed with Et,O, and vacuum 
dried. 

X-,Ray Data Collection, Structure Deterniination, and 
Refinement.-Crystal data. C12H20C10RhS2, A4 = 462.8, 
orthorhombic, a = 11.129(2), b = 15.877(3), c = 10.742(2) 
A, U = 1 898.1(1)A3, space group C c n ~ 2 ~ ,  Z = 4, D, = 1.62 
Mg m'-3, F(000) = 936, Mo-K, radiation (h = 0.710 69 A), 
p(Mo-K,) = 11.41 cm-'. 

A small crystal was selected and mounted on a Philips 
Pw- 1 100 four-circle diffractometer. The unit-cell parameters 
were determined from centring and subsequent refinement of 
25 reflections (4 < 0 < 9"). Intensities were collected with 
monochromatized Mo-K, radiation, using the o-scan tech- 

the oxygen atoms of perchlorate ion in (Rh(C0)2(Bu'SCH= 
CHSBu')]CIO4 

Atom Xla 
1 435(1) 
2 358(4) 

3 341(14) 
4 115(26) 
4 158(26) 
2 531(25) 

565( 14) 

3 37 l(39) 

O(13) 
2 571(5) 
3 197(44) 
2 098(70) 

1765(51) 
3 537(44) 

Ylb 
O(0) 

1 026(3) 
389(27) 

1 790(12) 
2 213(21) 
1301(16) 
2 320( 18) 
-81 l(10) 

- 1 268(8) 
O(0) 

o(0) 

- 568(27) 
- 405(26) 

- 554(33) 

Zlc f 
O(0) 

1 277(4) 
2 230(28) 

454( 19) 
I 392(30) 
- 435(21) 
- 362(54) 
- 869( 19) 

- 1 459(16) 
6 085(5) 
6 961(48) 0.76(10) 
5 088(81) 0.53(8) 
5 359(103) 0.37(7) 
6 707(38) 0.57(8) 

nique (scan speed 0.03" s-' and scan range lo). The crystal 
orientation and reflection intensity was monitored every 2 h, 
but no significant variation was observed. The number of 
measured intensities was 743 (0 d 25") with 734 considered as 
observed [ I  b 2.5o(Z)]. Lorentz, polarization, but not absorp- 
tion, corrections were made. 

The Rh and S atoms were located from an unsharpened 
Patterson map. The positions of the remaining, non-hydrogen 
and non-oxygen atoms linked to chlorine were obtained from 
a subsequent Fourier synthesis. Isotropic refinements were 
carried out with the SHELX 76 computer program.22 A 
difference synthesis revealed several peaks for the oxygen 
atoms linked to chlorine, indicating a disorder. Isotropic and 
anisotropic refinements led to R = 0.064. A difference elec- 
tron-density map revealed the location of the hydrogen atoms, 
which were refined with an overall isotropic thermal para- 
meters, while the remaining atoms were refined anisotropically. 
The occupation factors for the oxygen atoms linked to chlorine 
atoms were treated as variables in the latter cycles. The final 
R was 0.035 for all observed reflections (R' = 0.043). The 
function minimized was E,l]Fol - IF,] I t ,  where w = [02(Fo) + 
0.03061F'12]-1. Final atomic co-ordinates are given in Table 4. 
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