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Abstract 

A MGssbauer, IR and 13C NMR study on some new 
thiocarboxylate derivatives of the half-sandwich iron 
complexes FeCp(C0)2SCOR showed that the -SCOR 
group is a better u-donor, weak n-donor and probably 
has a weak a-acceptor property, compared to halides 
and SCN ligands. The study on the CO-substituted 
derivatives, FeCp(CO)(EPh3)SCOR (E = P, As, Sb) 
showed that the SbPhJ is a slightly better n-acceptor 
ligand than AsPh3. A related study showed also that 
the presence of the large t-butyl substituent on the 
Cp ring in the mononuclear complexes FeCp(CO)z- 
SCOR and the dimeric compound {FeCp(CO)& has 
a considerable effect on the structural and bonding 
properties of the iron complexes. These structural 
changes are more important in the dimeric iron 
compounds. 

Introduction 

It has been demonstrated that in the half-sandwich 
complexes FeCp(C0)2X and FeCp(CO)LX, the FeCp 
and Fe-CO bonds are affected by the odonor and 
n-acceptor properties of both L and X [l-14]. 

We have recently prepared a series of new com- 
plexes, FeCp(CO)zSCOR from the reaction of 

Ol-S&FeCp(CO)& with acid chloride RCOCl 
[1.5, 161. From these iron dicarbonyl cyclopenta- 
dienyl thiocarboxylates we chose to prepare the 
CO-substituted derivatives FeCp(CO)(EPh3)(2-Fe6Hq) 
(E = P (II), As (III) and Sb (IV)) to study of the 
effect of EPh3 substituents on the bonding and struc- 
tural characteristics of these new mononuclear iron 
complexes, by MGssbauer, 13C NMR and IR spec- 
troscopy. 

*Author to whom correspondence should be addressed. 

We also included in this work a study of the effect 
of a bulky Cp substituent on the bonding and struc- 
ture of the new mononuclear iron complexes, 
FeCp(CO)zSC0(4-02NC6Hq) (V), Fe(Bu%H.+)- 
(CO)zSC0(4-02NC6H4) (VI) and Fe(l,3-di- 
Bu~C~H~)(CO)~SCO(~-O~NC~H~) (VII) and the di- 
nuclear complexes {FeCp(0)z}z (VIII), {Fe(But- 
CSH4)(C0)2}2 (IX) and {Fe(l ,3-di-ButCsH3(CO)& 
(X) [17]. This work has been initiated because 
considerable interest has been focused recently on 
the substituted cyclopentadienyl transition metal 
complexes due to the substituent influence on the 
reactivity of metal centers, on the structural charac- 
teristics and the catalytic activity of such complexes 
[l&22]. 

Experimental 

All reactions and manipulations of chemicals were 
performed under dry nitrogen. The cyclopentadienyl 
dicarbonyl iron S-bonded monothiocarboxylates I 
and V were prepared from the reaction of (/.&)- 
{FeCP(C0)2}2 with 2-FC6H4COCI and 4-02NC6H4- 
COCl respectively as described in previous work 
[ 15, 161. The CO-substituted derivatives FeCp(CO)- 
(EPh3)SC0(2-F&Ha) (E = P (II), As (III), Sb (IV)) 
were prepared by photolytic reactions of I with 
excess EPhJ in THF as solvent using a high-pressure 
mercury lamp (HANAU) (240-600 nm). Each 
substitution reaction was monitored by IR spec- 
troscopy and irradiation continued until the reaction 
had gone to completion. The reaction was considered 
complete when the two terminal CO bands of FeCp- 
(C0)2SC0(2-FC6H4) at 2045 and 1990 cm-’ had 
disappeared and a new terminal CO band appeared 
at 1957 (II), 1950 (III) and 1945 (V) cm-‘. After the 
reaction mixture was dried under vacuum, the residue 
was dissolved in a minimum amount of CHIClz and 
the required product purified by column chromatog- 
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TABLE 1. IR and 13C NMR spectral data of compounds 1-X 

M. A. El-Hinnawi and M. A. Kobeissi 

Compound IR (CH2C12) 13C NMR 

(cm-‘) (ppm) 
v(C=O) C(C=O) 

FeCp(CO)&0(2-FC6H4) (I) 
FeCp(CO)(PPh$WO(2-FChHJ (II) 
FeCp(CO)(AsPh$SC0(2-FC6H4) (III) 
FeCp(CO)(SbPh=$SCO(2-FCgH4) (IV) 
FeCp(CO)#CO(4-02NC6H4) (V) 
Fe(ButCp)(CO)2SC0(4-o*NC6H4) (VI) 
Fe(l,3di-ButCp)(C0)2SCO(4-02NCsH4) (VII) 

{FeCp(COl& (VIII) 
@e(ButCp)(C0)a)2 (IX) 
{Fe(l ,3di-ButCp)(C0)2}2 (X) 

aBridging CO. 

raphy. The column was first eluted with l/9 (vol./ 
vol.) Et,O/n-hexane to elute the unreacted EPh3 and 
the product was then separated by l/l (vol./vol.) 
Et20/n-hexane (E= P), or l/3 (vol./vol.) Et,O/ 
n-hexane for E = As and Sb. The products were 
recrystallized from CH2C12-n-hexane and charac- 
terized by IR and ‘H NMR spectroscopy and 
elemental analysis. 

FeCp(CO)(PPh,)SC0(2-FC6H4) (II), yield 83%, 
brownish-orange crystals, melting point (m.p.) 
165-166 “C. And. Calc. for C31H2402SFPFe: C, 
65.74; H, 4.24; S, 5.65. Found: C, 65.53; H, 4.33; 
S, 5.70%. IR: r&O) 1957vs, v(C=O) 1592s, v(C=S) 
923s cm-‘. ‘H NMR: 64.60 (d, 5H, CsHs); 66.97 (m, 
lH, 5-ArH); 67.06 (m, lH, 4-ArH); 67.34-7.61 (m, 
17H, 3-, 6-ArH and PPh3) ppm. 

FeCp(CO)(AsPhs)SC0(2-FC6H4) (III), yield 63%, 
dark red crystals, m.p. 111-l 12 “C. Anal. Calc. for 
C3iHa402SFAsFe: C, 60.98; H, 3.93; S, 5.24. Found: 
C, 60.76; H, 3.87; S, 5.19%. IR: @O) 195Ovs, 
v(C=O) 1593s v(C-S) 923s cm-‘. ‘H NMR: 64.68 
(s, 5H, CsHs), 66.93-6.04 (m, 2H, 4-, 5-ArH), 
67.29-7.49 (m, 17H, 3-, 6-ArH and AsPhs) ppm. 

FeCp(CO)(SbPh3)SC0(2-FC6H4) (IV), yield 70%, 
dark violet crystals, m.p. 126-128 “C. Anal. Calc. for 
C3rHZ402SFSbFe: C, 56.66; H, 3.65; S, 4.87. Found: 
C, 56.61; H, 3.83; S, 4.64%. IR: y(C0) 1945vs, 
v(C=O) 158Os, v(C-S) 932m cm-‘. ‘H NMR: 64.75 
(s, 5H, CsHs), 67.32-7.64 (m, 19H, ArH and SbPh3) 

ppm. 
The compounds Fe(ButCsH4)(CO),SCO(4- 

02NC6H4) (VI) and Fe(1 ,3-di-ButCsH3)(CO)2SC0(4- 
02NC6H4) (VII) were prepared from the reaction of 
(j.G3){Fe(ButCsH4)(Co)z)z and (p-S3){Fe(l ,3di- 
Bu~C~H~)(CO)~>, with 4-02NC6H4COC1 as has been 
recently described [ 171. {Fe(C,H&CO),}, (VIII) 
was purchased from Aldrich. The two iron dimers 
{Fe(ButCsH4)(CO)2}Z (IX) and {Fe(l ,3-di-ButCSH3)- 
(CO)2}2 (X) were prepared by the reaction of 

2045,199O 211.68 

1957 214.50 

1950 219.31 

1945 218.00 

2040,1998 211.34 

2042,199O 212.31 

2040,198s 213.16 
1990,1950, 1767a 211.91 

1981,1938, 1762a 212.72 

1975,1935, 1760a 214.10 

Fez( with But&H5 and 1 ,3-di-But&H4 respec- 
tively as described in ref. 17. The IR spectra were 
recorded using a Pye-Unicam SP3-100 spectro- 
photometer. ‘H and 13C NMR spectra were recorded 
on a Bruker WP 80 SY spectrometer with TMS as 
internal standard. CDC13 was used as solvent for NMR 
measurements. Elemental analyses were performed 
by M.H.W. Laboratories, Phoenix, AZ 85018, U.S.A. 
Table 1 shows the IR and 13C NMR spectra of com- 
pounds I-X. 

Mhsbauer Measurements 
The Mossbauer spectra for compounds I-X 

were recorded by using 20 mCi “Co diffused in a 
palladium matrix as a moving source which was 
mounted at room temperature on a standard constant 
acceleration drive unit. Each of the compounds was 
used as the absorber in the form of a polycrystalline 
powder sandwiched firmly and homogeneously in a 
thin layer between two plastic discs as a holder. The 
discs were 10 mm in diameter and transparent to the 
14.2 keV gamma rays. The spectra of all the com- 
pounds were recorded at 77 K. The distance between 
the absorber and the source was chosen to be 10 cm 
to minimize the angle effect on the linewidth of the 
Mossbauer spectra. The spectrometer was calibrated 
with a thin a-iron foil held at room temperature. The 
recorded spectrum of each compound showed a 
quadrupole splitting of two lines. All the spectra were 
fitted to Lorentzian line shapes using a standard 
multiparameter non-linear squares program, leaving 
linewidths, areas and positions as free parameters. 
The spectra were corrected for the parabolic motion 
of the source. A typical spectrum of our measure- 
ment and fit is depicted in Fig. 1. Table 2 shows the 
Mossbauer parameters extracted from the fit for 
each compound. The isomer shifts were measured 
relative to o-iron which was held at room tempera- 
ture. 
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Results and Discussion 

The IR and 13C NMR spectral data are presented 
in Table 1. As we have mentioned above each of the 
compounds I-X studied in the present work gave a 
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Fig. 1. The MGssbauer effect spectrum of {Fe(Bu%p)- 

(CO)z}z (IX) at 77 K. 
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well resolved quadrupole doublet spectrum in a 
Mossbauer spectrum. The Mossbauer effect param- 
eters obtained at 77 K are shown in Table 2. The 
new iron dicarbonyl cyclopentadienyl S-bonded 
thiocarboxylate complexes I and V exhibit lower 
isomer shift values (0.159 (I), 0.158 (V)) than those 
reported in the literature for the mononuclear iron 
complexes FeCp(C0)2X (X = Cl, 0.228; Br, 0.227; 
I, 0.215; SCN, 0.186 mm s-l} [23]. These isomer 
shift values for I and V indicate an increasing 
s-electron density at iron. The S-bonded thiocar- 
boxylate group may be considered as a better u-donor 
and a weaker n-donor ligand in comparison to X = Cl, 
Br, I and SCN. Another possibility is that the back- 
bonding from the filled d orbital at Fe into vacant 

-S%- r; orbitals or n-d orbitals on the sulfur 
atom might also contribute to the lowering of the 
isomer shift values in compounds I and V. 

Figure 2 shows the molecular structure of FeCp- 
(CO)zSC0(2-02NC6H4) [16]. The Fe atom in all of 
the reported iron thiocarboxylate complexes is 
thought to have the same structural environment as 
shown in Fig. 2. Therefore the AE, values for I and 
V are expected to be close to each other (1.795 (I) 
and 1.805 (V) mm s-l). This is because almost no 
effect is expected on changing the R group in 

TABLE 2. MGssbauer parameters obtained from compounds I-X at T= 77 K. Isomer shift (6) measured relative to room 
temperature &on 

Compound Isomer shift Change in Quadrupole splitting Change in Linewidth Area 

6 6 MQ GQ r1 Al 

(mm s-l) (mm s-l) (mm s-l) (mm s-l) r2 A2 

I 0.159(l) 0 1.795(7) 0 0.276(5) 0.052(l) 
0.278(5) 0.062(l) 

II 0.226(l) 0.069 1.817(8) 0.022 0.248(5) 0.016(l) 

0.254(5) 0.016(l) 

III 0.293(3) 0.134 1.827(5) 0.032 0.256(5) 0.017(l) 

0.267(5) 0.018(l) 

IV 0.286(4) 0.127 1.782(5) -0.013 0.265(5) 0.035(l) 

0.257(5) 0.035(l) 

V 0.158(2) 0 1.805 (5) 0 0.268(2) 0.043(l) 

0.265(2) 0.043(l) 

VI 0.161(2) 0.003 1.857(2) 0.052 0.270(2) 0.036(l) 

0.270(2) 0.038(l) 

VII 0.161(2) 0.003 1.903(4) 0.098 0.232(5) 0.0140(l) 

0.330(5) 0.0124(l) 

VIII 0.227(2) 0 1.912(5) 0 0.338(7) 0.105(l) 

0.371(2) 0.126(l) 

IX 0.231(4) 0.004 1.956(2) 0.044 0.289(l) 0.030(l) 

0.286(l) 0.0361(l) 

X 0.220(2) -0.007 2.153(2) 0.241 0.444(5) 0.043(l) 

0.482(5) 0.047(l) 
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Fig. 2. The molecular structure of FeCp(C0)2SC0(2- 

02NC6H4) (ref. 16). 

FeCp(C0)2SCOR complexes on the basic geometry 
around the Fe atom. When compound I undergoes 
photolytic CO substitution by EPhs (E = P, As, Sb) 
it gives the mono-substituted derivatives, FeCp(CO)- 
(EPha)(2-FC6H4) (E = P (II), As (III), Sb (IV)) as 
the only product and in very good yield. The isomer 
shift values of II, III and IV are significantly higher 
by an amount of 0.069, 0.136 and 0.129 mm s-l 
respectively than that of the unsubstituted com- 
pound I. These results are in agreement with the 
weaker rr-acceptor and better a-donor properties of 
the group V ligands compared to the CO ligand 
[l l-131. The isomer shift values in the substituted 
derivatives II, III and IV (0.226, 0.293 and 0.286 
mm s-l respectively) are consistent with the better 
n-acceptor and u-donor property of the PPha ligand 
relative to both AsPhs and SbPhs [24]. The similar 
isomer shift values of complexes III and IV with the 
SbPhs derivative IV having a slightly lower isomer 
shift value might indicate that SbPha has a slightly 
better n-acceptor property than AsPha. 

The infrared spectra of compounds II, III and IV 
show that the carbonyl stretching frequencies in 
these compounds are in the order II > III > IV, 
which indicates an increase in the rr-donation from 
Fe to the CO-n* orbital in the order IV > III > II. 
However the 13C NMR results for the carbonyl 
carbons in II, III and IV show that the n-donation 
from the iron to CO-n* orbitals is in the order 
III>IV>II. Some authors [13,25] have demon- 
strated, by studying several different types of organo- 
metallic systems, that the expected increase in 
occupation of the antibonding rr*-carbonyl orbitals, 
as is observed by the decreased IR CO stretching 
frequency in II-IV versus I, shows up as an apparent 
deshielding of the carbonyl carbon atom which is 
counter to diamagnetic shielding predictions. The 
13C NMR results, therefore, indicate that the SbPh3 
ligand is probably a slightly better rr-acceptor than 
AsPh, which agrees with the observed Mossbauer 
results. 

The quadrupole splitting parameter aEQ for 
compounds I-IV is relatively invariant. In related 
compounds Bancroft et al. [14] have attributed this 
invariance to the ability of the carbonyl and cyclo- 

pentadienyl ligands to substantially modify their 
bonding properties so as to neutralize the changes in 
electron asymmetry. It is interesting to note that 
FeCp(CO)(SbPh,)SCO(2-FC6H4) (IV) has relatively 
the lowest quadrupole splitting value. This low value 
could be attributed to the smaller cone angle of 
SbPh3 relative to AsPh3 and PPh3 [26] and low 
ligand-ligand repulsion, which results in a geometry 
with a relatively reduced field gradient at the iron 
nucleus. 

The Mossbauer effect results for the unsubstituted 
Cp compound, V and the mono- and di-t-butyl-Cp 
compounds, VI and VII, show that their isomer shift 
values are almost the same, which indicates that no 
significant change in s-electron density at the iron 
atom is observed upon adding one or two t-butyl 
substituents to the Cp ring. On the other hand, a 
significant change in quadrupole splitting value AE, 
is observed in VI and VII relative to V. The increase 
in AE, in VII relative to V is almost double the 
increase in compound VI, relative to V. This variation 
is mainly due to the steric repulsion between the 
bulky t-butyl groups and the surrounding ligands and 
the resulting electronic effects which explains the 
increase in asymmetry of the charge distribution 
around the Fe atom. Both IR and 13C NMR spectra 
of compounds V-VII (Table 1) show that a slight 
increase in n-donation from Fe to CO has resulted 
upon Cp substitution. However, the unchanged 
s-electron density at the Fe atom in VI and VII 
relative to V could then be interpreted as a result of 
slight elongation of the Fe-Cp bond in VI and VII 
which causes a decrease in the dn(Fe) -+ n*(Cp) back 
donation. Such an increase in the metalLCp bond 
distance has been recently observed in (1,3-di- 
ButCp),TiClz [27]. This compound has an average 
Ti-C distance which is 0.1 A longer than any other 
Ti-C bond distances of all structurally studied 
titanocene compounds [28]. In addition to the above 
work we have carried out a further study of the effect 
of t-butyl substituents at the Cp ring on the structure 
and bonding of the iron dimers IX and X. The 
Mossbauer results showed that the presence of one 
t-butyl at the Cp ring in IX has almost no effect on its 
isomer shift, but a significant effect is observed on 
the quadrupole splitting, ALYQ, which clearly indicates 
an increase in the asymmetry of charge distributions 
in the Fe atom electron shell as a result of both 
geometrical changes due to steric repulsions and 
electronic effects. The presence of two t-butyl groups 
on the Cp ring in compound X caused a decrease in 
the isomer shift value relative to IX and VIII and a 
relatively large increase of 0.24 mm s? in the 
quadrupole splitting value compared to VIII. 

The IR spectra of VIII, IX and X showed a gradual 
decrease in the carbonyl stretching frequency in these 
compounds going from VIII to X, indicating an 
increased dn-donation from iron to carbonyl-n* 
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orbitals. Similar results were obtained from 13C NMR 
spectra. The large increase in the AE, value and the 
decrease in the isomer shift in X reflect a substantial 
change in its structure and bonding properties com- 
pared to the unsubstituted Cp dimer VIII. This is 
due to the presence of two bulky t-butyl groups on 
the Cp rings. The large steric repulsion between the 
bulky t-butyl groups on the two Cp rings in the dimer 
X results probably in a weakening of the Fe-Fe bond 
and a further increase in back donation from drr(Fe) 
to CO-n*. These two effects together cause the 
increase of s-electron density in the iron atom and 
cause also an appreciable increase in the asymmetry 
of the charge distribution around the Fe atom. In 
our previous report [7] on the chemistry of IX and 
X, we observed that both compounds and in particu- 
lar compound X are thermally unstable in comparison 
to VIII, and we have found that compounds IX and 
X exhibit a reactive Fe-Fe bond towards oxidative 
insertion of S, (x = 3, 4) from Ss. Further study of 
their reactivities and a study of their molecular 
structure by X-ray diffraction are now under con- 
sideration. 

Acknowledgements 

We gratefully acknowledge the financial support 
from Yarmouk University. One of us (M.A.K.) would 
like to thank the Mossbauer group in the Physics 
Department at Liverpool University for the use of 
their laboratory facilities. 

References 

P. M. Treichel, R. L. Shubkin, K. W. Barnett and D. 
Reichard,Inorg. Gem., 5 (1966) 1177. 
R. J. Hanines, A. L. due Preez and T. L. Maria% Z. 
Organomet. Chem., 28 (1971) 405. 
D. A. Brown, H. 1. Lyons, A. R. Manning and J. M. 
Rowley,Znorg. Chim. Acta, 3 (1969) 346. 
V. N. Pandey,Znorg. Chim. Acta, 22 (1977) L39. 
K. W. Barnett and P. M. Treichel, Znorg. Chem., 6 (1966) 
294. 

6 

7 

8 

9 

10 

11 
12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 
26 

27 

28 

103 

C. R. FoJks and A. J. Rest, J. Organomet. Chem., 136 
(1977) 355. 
H. G. Alt, M. E. Erechner, B. M. Janson and U. Thewalt, 
Z. Naturforsch., Teil B, 37 (1982) 1109. 
H. U. Wekel and W. Malisch, J. Organomet. Chem., 264 
(1984) ClO. 
G. Thum and W. Malisch, J. Organomet. Chem., 264 
(1984) C5. 
P. M. Treichel and D. A. Komar, J. Organomet. Chem., 
206 (1981) 77. 
J. P. Bibler and A. Wojcicki,Znorg. Chem., 5 (1966) 889. 
P. M. Treichel. R. L. Shubkin. K. W. Barnett and D. 
Reichard, Inor;. Chem., 20 (1969) 187. 
0. A. Gansow, D. A. Shexnayder and B. Y. Kimura, 
J. Am. Chem. Sot., 94 (1972) 3406. 
G. M. Bancroft, K. D. Butler, L. E. Manzer, A. Shaver and 
J. E. H. Ward, Can. J. Chem., 52 (1974) 782. 
M. A. El-Hinnawi and A. M. Al-Ajlouni, J. Organomet. 
Chem., 332 (1987) 321. 
M. A. El-Hinnawi, A. M. Al-Ajlouni, J. S. Abu Nasser, 
A. K. Powell and H. Vahrenkamp, J. Organomet. Chem., 
359 (1989) 79. 
M. A. El-Hinnawi, M. Y. El-Khateeb, I. Jibril and S. T. 
Abu-Orabi, Synth. React. Znorg. Met.-Org. Chem., in 
press. 
(a) P. Johnston, M. S. Loonate, W. L. Ingham, L. Carlton 
and N. J. Coville, Organometallics, 6 (1987) 2121; 
(b) H. Bonnemann, Angew. Chem., Znt. Ed. Engl., 24 
(1985) 248; (c) K. Abdullah, B. L. Booth and C. Stacey, 
J. Organomet. Chem., 293 (1985) 103. 
(a) M. Hoch. A. Duch and D. Rehder, Znorg. Chem., 25 
(1986) 2907; (b) B. D. Zwick, A. M. Arif, A. T. Patton 
and J. A. Gladysz, Angew. Chem., Znt. Ed. Engl., 26 
(1987) 910. 
V. Hofmann, W. Buchner and H. Werner, Angew. Chem., 
Znt. Ed. Engl., 16 (1977) 795. 
W. P. Hart, D. W. Macomber and M. D. Rausch, J. Am. 
Chem. Sot., 102 (1980) 1196. 
D. W. Macomber, W. P. Hart, M. D. Rausch, C. U. 
Pittmann, Jr. and R. D. Priester, Jr., J. Am. Chem. Sot., 
104 (1982) 884. 
E. J. Long, D. G. Alway and K. W. Barnett,Znorg. Chem., 
I7 (1978) 486. 
E. M. Thorsteinson and F. Basolo, Z. Am. Chem. Sot., 88 
(1966) 3929. 
G. M. Bodner,Znorg. Chem., 14 (1975) 2694. 
M. 0. Albers and N. J. Coville, J. Organomet. Chem., 232 
(1982) 261. 
I. F. Urazowski, V. I. Ponomaryov, 0. G. Ellert, I. E. 
Nifant’ev and D. A. Lemenovskii, J. Organomet. Chem., 
356 (1988) 181. 
D. Cozak and M. Melnik, Coord. Chem. Rev., 76 (1986) 
53. 


