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Synthesis and structure of a dinuclear cobalt carbonyl derivative 
containing methyldithioformate as a five-electron donor ligand 
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Abstraet 

Dicobalt octacarbonyl reacts with an excess of (MeSCS2) 2 m form several sulfur-comaining cobalt catboayl derivatives; oi adkreit/eu 
of PPh 3, the complex Co2(CO)2(PPh3)2( 1,3-'q-SzCSMeXI.t- 1,2-'q-SCSMe) (1) could be isolated from the w.action nfixlm~. The 
of complex 1 was determined by X-ray crystallography; it contains a methyl dithioformate ligand in which the ligamt deemes five 
electrons to the cluster and the CS group is bound ~ a r  to the Co 2 core. 
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l . ~ u e f i o n  

Several metal cacbonyl complexes containing 
dithioesters as ligands have been described already. In 
these complexes the dithioester may be bonded either to 
one [1-14], two [12,15-21], or five [22] metal atoms. 
The number of electrons donated by the figand to the 
metal(s) in order to achieve the 18-eleclron configura- 
tion in these complexes is erie [2,3,5,12,14], three [ I ,4-  
11,13,14,16,19], four [20], or six [12,15,17,18,21,22]. 
We report now the synthesis and structure of an aikyl 
dithioformate-substituted dinuclear cobalt carbonyl 
derivative in which the dithi0ester ligand is a five-elec- 
tron donor. 

?, Results and  diseussien 

Dicobalt octacarbonyl reacts at room temperature in 
di-'.hiommethane solution with bis(methylthio(thio- 
cathonyl))disulfide, (MeSCS2) 2 , to give a complex mix- 
ture of different cobalt carbonyl derivatives. Evaporat- 

• Cenespouding  amhars. 

ing the reaction mixtures to d~ryeess and d i s s o i v ~  the 
residues in hexane, the solutions showed IR spectra 
which suggested that the main products may beinn~ to 
the well-known class of Co3(CO)~(tt3-SXg-L) com- 
plexes [23,24]. This result would not be ~ ,  
since almost all complexes of t ~  type deacn'bed fili 
now were formed by reacting Co2(CO) I and dLfferem 
organic sulfur compounds. In order to characterize these 
complexes by t r a~orming  them into well-crysudliz~ 
products, efforts were undertaken m lneluee PPh3-mb- 
stimted ~rivatives. 

However, when Weduct mixtmes obtained by using 
an excess o f  the organic  sulfur compound  
[(MeSCS2)2:Co2(CO) s 0.56-1.25:!:  equal to S:Co 
3.75-1.67:1] were treated vdth excess PPh 3, a complex 
with an unusually high S:C~* ratio (5:2) and a v ~  
simple IR specmlm in the Vco region (1973vs, 1932m 
cm" ' in Nujol) was obtained. The s m g t t n  of this 
unexpected complex was determined by X-my caystal- 
Iography, and funnd to be that shown in Fig~ 1. Table 1 
lists some relevant bond lengths and angles. 

AS Call be sfell fium Fig. 1, C02(CO)2(PP~3)2(l,3--'Iqo 
~;2CSMeXIx-I,2-'q-SCSMe) (1) is a dinuclear complex 
21~ which ~ CO2P2C2S 5 curc has essenfiaJ~y C s SylIl- 
merry and contains two differem sulfur-comainiug or- 
ganic figands. One of these is methyl ~thh2cathoca~ 
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Fig. 1. ~ ' r ~  plot (50% probability)of complex L Co.,(CO).,(PPh3).,(I,3-'q-S2CSMeXI~-1,2-'q-SCSMe). 

MeSCS 2, which is coordinated through two sulfur atoms 
parallel to the two cobalt atoms in a way simila= to the 
arrangement adopted by the closely related MeOCS 2 
ligand in Co3(CO)7(tt3-sXlt-l,3-~q-S2COMe) [24]. The 
pentaatomic Co2S2C ring is puckered, while the 3(1), 
S(2), C(I) and S(3) atoms fie on a plane, thus suggest- 
ing a ~r delocalization on these four atoms, with a 

Table I 
Selected bond lengths (4) and bond angles (°) for complex l 
co(I)~2o(2) 2.43511) s(3)-c(1) 1.74216) 
co(I)-S(i) 2.30112) s13)-c(2) 1.78218) 
ce(i )-s14) 2.230(2) s{4)-c13) 1.722(6) 
co(i)-P( i ) 2.232(2) s15)-c(3) 1.727(5) 
Co(l )-C'(l 1) 1.747(6) s15)-c(4) 1.77918) 
Co(I )-C13) 1.938(5) P(I)-C 1.834(6) 
Co(2)-S(2) 2.287(2) P(1)-C 1.835(6) 
Co12)-S14) 2.226(2) P(I)-C 1.827(6) 
Co12)-P12) 2.232(2) P(2)-C 1.80916) 
Co12)-C(21 ) 1.74516) P(2)-C 1.82716) 
Co12)-C(3) 1.93616) P(2)-C 1.83516) 
S(I)-C( I ) 1.68916) C(I D-O(I 1) 1.141(8) 
S(2)-C(1) 1.685(6) C121)-O121) 1.14518) 

Co12)-Co(I )-S(l) 94.70) Co(I)-S14)-C13) 57.0(2) 
Co12)-Co( 1 )-S14) 56.8(1) Co(2)- S(4)~IZ(3) 57.0(2) 
S(I )-Co(I)-S14) 106.311) C13)-S(5)-C14) 102.213) 
Co(2)--Co(I)-P(1) 154.311) Co(1)-C(II)-O(ll) 176.7(6) 
Co(2)-Co(I)-C(1 1) 102.912) Co(2)-C121)-O121) 177.916) 
S(I)-Co(I)-C(I 1) 102.312) S(I)-C(I)-S(2) 127.113) 
Co12)~o(I)-C13) 51.012) S(I)-C(I)-S(3) 121.0(3) 
Co(1~Co(2)-S(2) 98.711) $12)-C(I)-S(3) 111.813) 
Co~ I)-Co12)-S14) 57.011) Co( I )-C(3)-Co12) 77.9(2) 
C~ I )-Co(2)-P(2) 158.611) Co(I)-C(3)-S14) 74.8(2) 
Co(I )-Co(2)~C(21) 91.512) Co12)-C13)-S14) 74.7(2) 
Co(1)-S(I)-C(I) 109.3(2) Co(I )-C13)-S(5) 139.013) 
Co12)-S(2)-C( 1 ) 107.312) Co12)-C(3)-S(5) 137.413) 
C(I)-S(3)-C12) 105.813) S14)-C(3)-S(5) 126.313) 
C~ 1)-S14)-Co12) 66.2(I) 

greater double bond character on the shorter C(I)-S(I)  
and C(I)-S(2) bonds (1.687(6) #. av.) compared with 
the C(l)-S(3)  bond (1.74216)A). The extension of the 
~r delocalization to the C(I)-S(3) bond is also con- 
fumed by the small deviation of C(2) from the mean 
plane 10.15 A), as already found in Coa(CO)7(p,3-SXIx- 
1,3-'q-S2COMe) [24] and in Coa(CO)5(PPh3)2(I~-SXp,- 
1,3-'q-S2CSBu t) [25]. The asymmetry of the angles 
around C(I) is a consequence of this rough coplanarity, 
which gives rise to a C(2) . . .S( I )  contact 13.113A), 
significantly shorter than the sum of the van der Waals 
radii. 

The other ligand is methyl dithioformate MeSCS, 
which through its CS group is also coordinated to both 
cobalt atoms but occupies a position perpendicular to 
the two metals. The C(3), C(4), S(4) and S15) atoms lie 
on a plane with a mean deviation from it of 0.032,~; 
this planarity and the values of the C(3)-S14) and 
C13)-S(5) bond lengths 11.724(6)~, av.) suggest a it 
delocalization along the SCS chain. The C(3)-S bond 
lengths are in the range of those observed in other 
compounds (1.720-1.737,~.), having a similar arrange- 
ment of the M2CS 'tetrubedron' (M = Mo, W, Fe, or 
Co) [20,21,26-32]. 

Two features of the structure of complex 1 deserve a 
mention. One of these is that the CS group uses five 
electrons in bonding to the two metals to satisfy the 
18-electron rule. This is a bonding mode which has 
been observed in metal carbonyl chemistry only in a 
few cases up to now [20,27-32], and none of these is a 
dithioester complex. The other is the symmetry of the 
M2CS 'tetrabedron', in the sense that the two metal 
atoms are identical and have the same arrangement of 
ligands in their coordination sphere, which is also rather 
rare [20,21,27,28,33,34]. Owing to the odd number of 
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electrons furnished by the CS group, this is only possi- 
ble because the methyl trithiocarhonate ligand also do- 
nates an odd number of electrons (three) to the two 
cobalt atoms. 

Th,~ CO and P(C6H~) 3 ligands on the two Co atOms 
are nearly eclipsed. The crystal packing shows a short 
contact (2.91 A) between S(5) and a H pbenylic atom of 
a molecule at x ,  - 0.5 - y, - 0.5 + z; this contact is in 
the plane of the C(3), C(4), S(4) and S(5) atoms, with 
angles of 123 ° (C(3)-S(5). . .H) and 134 ° ( C ( 4 ) -  
s(5)... H). 

In agreement with its structure, complex 1 shows 
only one signal in its 31p NMR spe.~Inm at 38.4ppm. 
The ~3C spectrum exhibits a triplet at 242.6ppm (CI, 
3j(PCoSC ~ ) 16.5 Hz), a broadened singnlet at 210.1 ppm 
((CO)2), a further, slighter broadened singulet at 
138ppm (assigned to (C3)) and, apart from the aromatic 
carbons of the phenyl rings, two sharp singulets of the 
S-methyl groups (24.3 and 21.9ppm). The value of the 
chemical shift of C3 falls within the range observed for 
p.-methylene complexes (100-200 ppm) [35]. 

Experiments to characterize fm'ther complexes funned 
in the same reaction and to get some information about 
the mechanism of formation of I are in progress. 

3. F~q~rim~ 

3.1. General methods 

All manipulations were carried out under Ar by 
standard Schlenk techniques using deoxygenated, dry 
solvents. Infrared spectra were recorded on a Specord 
IR 75 (Carl Zeiss, Germany) spectrometer and were 
calibrated with benzene (1959.6cm-t). 3lp and 13C 
NMR spectra were obtained at 293 K on a Varian Unity 
300 spectrometer. Co2(CO) ~ was prepared according to 
the litemtare method [36]. 

3.2. Synthesis 

3.2.1. Preparation o f  (MeSCS z)2 
The method of Knoth and Gattow [37] was somewhat 

modified in the sense that NaNO2/HCI was used as an 
oxidant [38] instead of 12. 8.0g (0.143mol) KOH was 
dissolved in 40ml water, and after cooling 7.6ml (ap- 
prox. 6.2g, 0.13tool) MeSH and 8.6ml (10.9g, 
0.143 tool) CS 2 added. The reaction mixture was sfined 
at 0°(2 until it became homogeneous. Following this, 
8.0g (0.116tool) NaN'O 2 , 8ml MeOH and finally 10ml 
conc. HCI were added under stirring at 0°(2. The prod- 
net slowly c~ystallized from the solution. Fflwadon and 
washing with cold water yielded 15.0g (MeSCS2) 2 
(0.122moi, 94% calculated on MESH). M.p. 89°(2 (lit. 
89-90°C) [37]. 

Table 2 
Crys~l data and ~ of d ~  ~ and ~ far 

En~deal f o c u m l a  C42H~Co202P2S 5 
habit b~m,m; Wis~ic 

Crystal size (mm 3) 0.20×0.40:<0.52 
Crystal system mm'm¢lil~c 
S ~  group P2 t / c  
Unit cell dimensions a = 18.039(3)A 

b = 10.530(2) A 
c = 21.526(4).A 
# ffi 92.37(2)" 

Volume 4~5.403).~ 3 
Z 4 
Fommla weight 912.8 
Density (calc.) L484 gcra -3 
AbsmiRion coefficie~ 1.182mm -t 
20 range 2.0-55.ff ~ 
Scan type ~ -2#  
,5can speed Vatmb~; 4.00-20.00 ~ mm- 
Sc.aa nmge 2.00" 
Reflectiees ~ 9716 

rcl]ecfio~ 9289 ( R ~  = 2.2"/~) 
O~ved  ~ 5475 (F > 4JUe(F)) 
.~bsem~ cenmi~ 
Min./max. u'mmnissioa 0.2104/0.2321 
R e ~  method Fetl-malr~ lea~-sqmres 

Weighling scheme w- I : w 2 ( F ) + O . ~ F  2 
Number of pmammm~ ~ 478 
Final R indices (Cos. da~) R ffi 5.67%, wR ffi 7.32% 
X imtces (alldata) R= 10.19%. wR= 1237% 
~ - f i !  1.03 
Largesl and mmm A / ~ 0.111,0.004 
Dma-to-par~e~ ra~o II,5:1 
Largest diffemm:e peak 1.18eh, -3 

d i f f ~  ho~ - 0.47e A -3 
R = ~ F o  - F~)/EFo; we ffi(v'(W(Fo - FD)2/E(wFo)2)~/2 

3.2.2. Preparat ion o f  Co2(CO)2(PPhj )2 ( I ,3 -1p  
S 2 CSMeX It- 1,2- ~-SCSMe) ( 1 ) 

513 mg (1.5 mmoD Co2(CO)s and 308 mg 
(!.25 retool) (Me.SCS2) 2 (S:Co 5:2) were dissolved 
der Ar in 20 ml dicldommethane and the ~ ~nred 
un~! tbe m s pe c~  of sanlplcs mlu~ f ~ n  fl~ I m P e l  
mixture ~ that all C%(CO) s bad been comnmed 
(about 16h). The dark bm~vn solution was evapmmed 
in vacuo m dryness, the ~ dissolved in 2Oral 
hexane and filtesed. To this solmioa 580rag (2.21 retool) 
PPh 3 was added, and the react ion n f i x M ' c  semmi 
overnight at 0 ~C. The crystals we~  filteaod and naays - 
t a t t i , ~ l  f r om CH,_C12/hexaue by the slow diffesioa 
method. Yield 176rag (0.193retool 12.9%, cak-ula~l 
on cobalt). Anal. Found: Co, 13.3: P, 6.70. Calc.: Co. 
12 .91 ,  P,  6 . 7 8 % .  

3.3. Crystallography 

The crystal data, parameters of data collectioa and 
refinement are collected in Table 2. In Table 3 atomic 
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Table 3 
Selected atomic coor~nau~s (×104) and equivalent ison'opic dis- 
ix~'ement coefficients (,~2 x l0 s) for complex t 

Atom x y z Ueq 

Co(1) 23s5(i) -261(i) 5015(i) 33(i) 
Co(2) 2705(i) 1238fi) 42o7(i) 33(~) 
S(1) 3360(I) 298(2) 5682(1) 45(1) 
S(2) 3879(I) 1737(2) 4567(1) 43(1) 
S(3) 4873(I) 1429(2) 5613(1) 56(I) 
S(4) 2883(1) -847(1) 4128(I) 40(1) 
S(5) 1236(I) -599(2) 3713(1) 52(1) 
~1) 2168(l) -2193(1) 5392(1) 34(I) 
t~2) 2513(I) 2030(1) 3253(I) 35(I) 
C(1 ~) 1632(4) 472(6) 5354(3) 45(2) 
@(I I) ! 119(3) 922(6) 5555(3) 76(2) 
C(21) 2165(3) 2423(6) 4531(3) 44(2) 
O(21) 1805(3) 3174(5) 4756(3) 66(2) 
C(I) 3992(3) 1119(5) 5286(3) 37(2) 
C(2) 4923(4) 597(9) 6335(3) 70(3) 
C(3) 2016(3) -171(6) 4157(2) 38(2) 
C(4) 536(4) 359(9) 4O33(4) 74(3) 

F,,quivalem isouep~ U defined as one third of the trace of the 
o ~ , o ~  ~:j ~ .  

fractional coordinates of  the most relevant atoms are 
given. The reflections with - 2 3  < h  <23,  0 < k <  13, 
0 < l _< 28 were collected on a Siemens !)4 automatic 
diffractometer using graphite monochromated Mo Kct 
radiatiou (k=O.71073A). Two standard reflections 
were measured every 50 reflections; no decay was 
detected. For solutiou (direct methods) and refinement 
the Siemens stw.t,x'r~ n~s package was used. Most of 
the hydrogen atoms coincident with the calculated ones 
appeared on the last Fourier difference map; therefore 
they were pot in the calculated positions and refined 
riding on the corresponding carbon atoms with fixed 
f /~ .  All other atoms were anisotropically refined. 

4. Sulpp~meutary material available 

Full tables of distances and angles, fractional atomic 
coordinates and anisoUopic thermal parameters. List of 
observed and calculated slructure factors. 
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