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Summary 

The dithiophosphate complexes of the type Cp*Fe(CO),($-SP(S)(OR),), (Cp* = 

n-C,H,, n-C,H,Me, &Me,; R = Et, ‘Pr) can be conveniently prepared by 
reaction between [Cp*Fe(CO),], and [SP(S)(OR),], in cyclohexane. The influence 
of the donor capacity of the substituted cyclopentadienyl rings on the spectral 
properties of the complexes is discussed. 

Introduction 

A large number of dinuclear derivatives of iron cyclopentadienyl-carbonyls 
containing organic sulphur ligands have been prepared by reactions between organic 
disulphides and [CpFe(CO),], [l-5]. However, derivatives with terminal sulphur 
organic groups are relatively rare. In general, the only mononuclear compounds of 
this type have been obtained by reaction between the halogenated derivatives 
CpFe(CO),X (X = Cl, Br) and the sodium salts of dithiocarbamate and trithio- 

carbonate ligands [6,7]. A recent method describes the preparation of 
CpFe(CO),(q’-SC(S)NR,) by reaction between [CpFe(CO),]+ PF,- and Na+ 

SC(S)NR,- [S]. 
We have found that the reactions between the dimers [Cp*Fe(CO),], (Cp* = n- 

C,H,, q-C,H,Me and q-CsMe,) and the disulphides [SP(S)(OR),],, (R= Et, ‘Pr) 
give the stable, 18 electron diamagnetic complexes q-Cp*Fe(CO),( vi-SP(S)(OR),), 
via oxidative cleavage of the Fe-Fe bond in the dimer and homolytic fragmentation 
of the S-S bond in the disulphide, which leads to the (R0)2P(S)S ligand, which is 
bonded to the iron atom in monodentate form. 

The same disulphides [SP(S)(OR),], (R = Et, ‘Pr) react with the halides TiCl,, 
TiBr, and VOCl, in a different way, the ligands not being changed in structure [9]. 

0022-328X/85/$03.30 rb 1985 Elsevier Sequoia S.A. 
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Fig. 2. The IR spectra of (A) q-C,H,Fe(CO),(v’-SP(S)(O’Pr),); (B) q-C,Me,Fe(CO),($- 
SP(S)(O’Pr),), in the 4200-3800 cm-’ region (CS, solution). 

In all cases, the frequencies at which these 2A’, A’ + A” and 2A” bands appear 
are lower than those theoretically expected. In the overtones, the differences change 
between lo-11 cm-’ for 2A’, 15-16 cm-’ for 2A”, while in the binary carbonyl 
combination bands the difference is higher, (23-25 cm-‘). These discrepancies 
between the predicted and observed band positions probably result from the 
importance of anharmonicity in the carbonyl stretching vibrations of binary metal 
carbonyls, in agreement with Jones’s conclusions [23]. 

TABLE 2 

CALCULATED AND OBSERVED BINARY CARBONYL FREQUENCIES (cm-‘) ” 

Complex Expected Observed 

2A’ A’+ A” 2A” 2A’ A’+ A” 2A” 

q-C,H,Fe(C0)2L’ 4086.0 4041.5 3997.0 4076.1 4018.5 3982.0 

r&H,Fe(CO),L2 4086.0 4041.7 3997.4 4075.9 4019.7 3982.1 

q-C,H,(CH,)Fe(C0)2L’ 4078.4 4033.3 3988.2 4068.6 4010.3 3972.1 

q-C,H,(CH,)Fe(C0)2L2 4079.0 4034.3 3989.6 4069.0 4012.3 3975.1 

v-C,(CH,),Fe(CO)2L’ 4043.0 3997.5 3952.0 4032.7 3973.5 3937.0 

v-Cs(CH,),Fe(CO),L* 4042.8 3997.1 3951.4 4032.0 3974.0 3935.6 

’ In CS, solution. L’ = SP(S)(O’Pr),; L2 = SP(S)(OEt),. 
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TABLE 4 

‘H AND 13C NMR SPECTRA OF THE COMPLEXES a 

Complex a(‘H) S(‘3C) 

1.32 (t, 6H, CH,. J(HH) 7.0) 

4.12 (m, 4H, CH,, J(HH) 6.0; J(PH) 12.1) 

5.13 (s, 5H, C,H,) 

1.37 (dd, 12H, CH,, J(HH) 6.1; J(PH) 2.3) 

4.82 (m, 2H, CH. J(HH) 6.0; J(PH) 11.2) 

5.16 (s, 5H, C,H,) 

n-(MeC,H,)Fe(CO),SP(S)(OEt), 1.29 (s, 3H, CH,-Cp) 

1.40 (t, 6H, CH,, J(HH) 7.2) 

4.11 (m, 4H, CH,. J(HH) 6.1; J(PH) 11.8) 

4.80 (t, 4H, CH, Cp, J 2) 

5.12 (t) 

q-(MeC,H,)Fe(CO),SP(S)(O’Pr), 1.32 (s, 3H, CH,Cp) 

1.42 (dd, 12H, CH,, J(HH) 6.3; J(PH) 2.5) 

4.80 (m, 2H, CH. J(HH) 6.2; J(PH) 12.6) 

4.88 (t, 4H, CH, Cp, J 2) 

5.10 (t) 

n-(C, Me, )Fe(CO) 2 SP(S)(OEt) z 1.26 (s, 15H, (CH,),C,) 

1.40 (t, 6H, J(HH) 6) 

4.21 (m, 4H, CH,, J(HH) 6; J(PH) 12) 

n-(C,Me,)Fe(CO),SP(S)(O’Pr)2 1.23 (s, L5H, (CH,),C,) 

1.53 (dd, 12H, CH,, J(HH) 7.0; J(PH) 2.8) 

4.70 (m. 2H, CH, /(HH) 6.3; J(PH) 12.5) 

15.92 (d, CH,, J(PC) 34) 

63.00 (d, CH,, J(PC) 28) 

85.63 (s, C,H,) 

211.50 (s, CO) 

23.70 (d, CH,, /(PC) 22) 
72.00 (d, CH, J(PC) 30) 

85.66 (s, C,H,) 

211.20 (s, CO) 

12.85 (s, CH,-Cp) 

15.91 (d, CH,, J(PC) 20) 

62.40 (d, CH,, J(PC) 18) 

74.60 (s, c,,, Cp) 

84.70 (s, C,,,Cp) 

104.40 (s, C,Cp) 

211.80 (s, CO) 

12.95 (s, CH,-Cp) 
23.60 (d, CH,, /(PC) 12) 

71.80 (d, CH, J(PC) 20) 

74.70 (s, c,,, Cp) 

84.70 (s, C,,,Cp) 

104.60 (s, C,Cp) 

212.00 (s, CO) 

9.38 (s, Me,Cp) 

15.80 (d, CH,, J(PC) 30) 

62.40 (d, CH,, J(PC) 34) 

96.40 (s, C,) 

214.00 (s, CO) 

9.40 (s, Me,C,) 
23.60 (d, CH,, J(PC) 26) 

71.40 (d, CH, J(PC) 35) 

96.30 (s, C,) 

214.00 (s, CO) 

’ In CDCl, solution; S in ppm, J in Hz. 

On the other hand, when the electronic density around the metal is increased as a 
consequence of the increase in the number of methyl substituents on the cyclo- 
pentadienyl ring, a decrease in the carbon-oxygen bond order and an increase in the 
screening of the 13C nucleus are expected, shifting the CO signal to higher 6 values. 
There is thus a linear correlation between v(C0) and S(CO), as can be seen from 
Fig. 3; this is similar to that found for complexes such as +ZsH,Fe(CO),X 
(X = a-ligand type) [29,30]. 

There is similar correlation between S(C0) ppm and the anodic oxidation 
potential * (Fig. 4). It can be inferred that the increase in the electronic density on 

* The electrochemical behaviour of the new complexes will be considered in a subsequent publication. 
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Experimental 

All reactions were carried out under oxygen-iree N, using Schlenck techniquex. 
The disulphides [SP(S)(OR)*], (R = Et. ‘PI-). were prepared h? c)xidation of the 
CRO),P(S)SNa precursor \fi_k I, 1311. Pentameth~-lc~clo~~~~t~~iie~~e [12]. end the 
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dimer carbonyls [~~-CiH,Fe(CO),],. [v-C,H,MeFe(C‘0),]7 [33] and [q- 
C,Me,Fe(CO),], 1341 Lvere obtained by published methods. The lilt one wab made _ _ 
hy a modification of the King synthesis involving use of n-decanr ;IS sol\rnt. 

The IR spectra Lvere recorded at 4000-200 cm ’ on ;i Nicdct 51)X FT-IR 

spcctrophotometcr using Nujol and hexachlorot~litadie]Ic: mull\ between CsI windwx 
‘The solution spectra (CHC‘I: or CL) \l:ere examined in a liquid cell \vith C‘\Rr 
M-indow>. In the range 4200 X00 cm ’ the spectra ww’e recorded :)n CS, wlulions 
in 4-cm quartz cell>. In a11 LXSC’S the solwnt absorpticw\ TI ;I\ ~uh~tracrec! I>!: uw of 
the softwxre of the spectrophotometer. 

‘T-he ‘H and ‘?C NMR qxctra \\eere recorded on a Hruker W’H-.X)-5\ (X0 MHr. 
FT mode) spectrometer. 

The preparation of ~-CiMe,Fe(CO),(?7’-SP(S)(O’Pr),) i> dcacrihed in detail 
below. The procedures for the other complexes lvere essentially similar (Table 5). 

~~-C~M~~~~~~(CCI)~(?~‘-SP(S,(i~‘Pr~-j. A mixture of 1 g (2 1nr11o1) of jCJJc,Fe- 
(CO)-], and 1.5 g (3.5 mmol) of iSP(S)(O’Pr) ,] 3 in 60 2m’ of c~clc~htxane contained _ _ _ .- 
in 3 100 cm’ two-necked Fisk fitted with N, inlet. magnetic stirrer and reflus 
condenser was kept berkveen 50 60°C. The formation ol’ t$.‘>Me,Fe(C’(i) >( vi- 
SP(S)(O’Pr),) wa4 monitored I>\ TR spectroscop!. (The initlai bnrrds ~)f the tlimer 

[ q-CiMe5Fe(CO),]L at lY40 2nd lY?O cm ’ gi\.e XV;IX to nw bands dt 2040 and 

1980 cm ’ corresponding to lhe complex.) The solids in! ti,ili\ present in the roacticw 
mixture dissolved and an intent reci coloured xolution VA\ formed. After 5 1;~ the 
reaction ~2s complete. and coc)ling tc) room temperature ga\e red ~1.1 \tal4. .Thcse 
Lvere filtered off. washed se\~ewl times xsith c>clohexanc. and dried in IRCLI~. The 
solid ~vas recrystalized from cLclohex3ne,/‘hexalie or Cl1 ,c’i :, ‘he\:tne. 

The complexes are solubiz in C‘H,lC’ll. THF. <‘H ,C‘N slightly soluble in bewene 
and cyclohe.xane. and insoluhlt: in n-heuane and CC’!,. 
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