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SUMMARY 

The reactions between sulphur dioxide and several metal carbonyls containing 
metal-metal bonds (Fe, (CO)9, Fe3(CO),,, Coz(CO),, (PPh3)2C02(CO)6, CCpFe- 
(CO)& M%(CO),o, CCPM~(CO)J,) are reported. Only the compounds containing 
bridging carbonyl groups were found to react under the prevailing conditions. Diiron 
nonacarbonyl gives, in addition to the previously reported Fe,(CO)sSO,, iron penta- 
carbonyl in comparable yield. Two crystalline isomeric ComDounds were obtained 
from bis(dicarbonyl-n-cyclopentadienyliron) and sulphur dioxide ; structures for 
these isomers are proposed on the basis of IR evidence. 

INTR3DUCTlON 

The reaction between sulphur dioxide and many organometallic compounds 
has been studied recently by several workers (e.g. refs. l-6 and references therein). In 
the majority of cases a reactio- occurs in which a sulphur dioxide molecule inserts in 
a variety of ways into a metal-carbon bond, e.g.7.8.L5 I 

0 

CpFe(CO)2Ph - SOz CpFe(CO),-&Ph 

:, 

0 

[CpFe(CO)&SnPh, z [CpFe(CO),@n[-0-kPh& 

0 

Mk(CO),CH,CH=CMe, SOf, Mn(CO)&C(Me),CH=CH, 

t> 

Insertions between Sn-Sn4a, FeSn4a, Mn-Sn4”, Cr-Cr4b and W-W4b have been 
claimed on the basis of IR evidence. 
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Snlphur dioxide also reacts with metal carbonyls in an exchange reaction with 
carbon monoxide in the presence of UV light_ The tungsten and chromium products 
were not isolated pure but identified by IR spectroscopy and isolated as pyridine 
derivatives9 : 

(MeCp)Mn(CO), z (MeCp)Mn(CO),SO, 
uv 

W(CO), = pwc%sw - WCOWY 
UV 

As part of our studies on sulphur dioxide reactions we have re-examined” the 
reaction between diiron nonacarbonyl and sulphur dioxide. Reactions involving 
metal carbonyls containing metal-metal bonds have also been studied to discover 
whether insertion between the metal-metal bond or substitution of carbon monoxide 
occurs. 

Although Strohmeierg obtained no substitution product when iron penta- 
carbonyl was treated with sulphur dioxide under UV light, Braye and Hiibel” found 
that diiron nonacarbonyl reacts in the absence of UV light to give P-S-sulphinato- 
octacarbonyldiiron (18%) whose structure has been confirmed by X-ray analysis” : 

In our hands diiron nonacarbonyl and sulphur dioxide after 2 h at - 10” gave the 
yellow crystalline Fe,(CO),SO, (647;) and also a byproduct, iron pentacarbonyl 
(67x), which was not previously reported. No Fe&(CO), was detectedlO. The 
formation of Fe(CO)5 in reasonable yield suggests that Fe,(CO)g in the presence of 
sulphur dioxide eliminates Fe(CO), and undergoes reaction by the following process : 

Fe,(CO),+SO, - Fe(CO),SO,+Fe(CO), 

- Fe(CO),SO, +Fe,(CO), - Fe,(CO),SO,+Fe(CO), 

The alternative mechanism involving reaction between carbon monoxide and Fe,- 
(CO), seems highly unlikely under the prevailing reaction conditions 

Fe2(CO)9 +SO, - Fe,(CO),SO, + CO 

CO +Fez(CO)g - 2Fe(CO), 
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Fe,(CO),SO, and Fe(CO), were also obtained from the reaction between 
triiron dodecacarbonyl and sulphur dioxide although the mechanism of formation 
is undoubtedly more complex: 

Fe3(CO)12 z Fe,(C0)$02 + Fe(CO), + residue 
50'.18h 

(6.0 mmole) (0.8 mmole) (6.6 mmole) 

The IR spectrum of Fe,(C0)8S02 is tabulated in Table 1. The v, and v, of the 
SO2 group are characteristic of S-sulfinates (Table 2). The mass spectrum was also 

TABLE 1 

IR SPECTRA OF Fe,(CO),SO,, (B), AND (A) (cm-‘) 

Assignment Fe,(CO)$02 (B) 
WBr) (mr) 

(A) 
(KBr) 

(A) or (B) 
(CH,Cl,) 

WW 

dC0) 

i 

B(CH) 

I 

v(M-c) 
6(M-C-O) 
v(SOJbend 

2133 vs 
2088 vs 
2G68 vs 
2049 vs 
2038 vs 
2017 vs 

1210 s 
11% (sh) 

1049 s 

615 s 

554 w 
S32 m 
502 w 

442m 

394 w 
382 w 
302 VW 
277 VW 
267 VW 

3138 VW 
3093 w 

205s (sh) 
2037 vs 
1994 vs 
1983 vs 

1426 VW 
1419 VW 

1360 v& 
1233 m 
1223 s 
1070 VW 
1062 VW 
1016 s 
lO!lO VW 
889 VW 
864 w 
855 w 
838 VW 
612 m 
592 m 
569 m 
543 m 
534 m 
528 m 
511 VW 

438 VW 

390 VW 

3140 VW 
3094 w 
3082 w 

205s vs 
2033 vs 
1993 (sh) 
1984 vs 

1127 w 

2057 vs 
2044 vs 
2010 vs 
1995 (sh) 

1360 VW 
1231 s 1232 s 

1116 VW 
1071 VW 
1021 s 1022 vs 
969 VW 
888 w 

855 w 

608 m 

571 m 

537 m 
531 m 
513 VW 
493 VW 
441 VW 
429 VW 

362 VW 
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TABLE 2 

nia v, arm v&j-O) momximci FREQUENW (cm-‘) FOR som mow-r4 S-SULPHINATLS 

Compound v,(S=O) v&+0) Ref. 

1210 1049 This 
1196 work 

c#=xo&LcyPh 9/o - 1205 1050,1045,1038 7 

CpF&Og&tl 0 0 1195 1039 7 

%RO 
7 1198 1048 

1185 
24 

-502 1330 II47 24 

1308 

TABLE 3 
MASS SPECTRUM OF Fez(CO)sSO, 

Direct inxx-rion probe at loo”. ionising electron beam of 70 eV. Abundance measured relative to mfe 64 
(IM%). 

mle Abundance Assigrinient (X’) 

456 0.05 
428 0.05 

400 0.05 
372 0.05 
344 0.05 
316 0.15 

288 0.15 
260 0.15 
232 0.75 
224 0.10 
204 0.60 
196 6.5 
176 1.0 
168 11 
140 5.6 
112 12 
84 74 
76 4.2 
64 100 
56 82 
28 m 

P + (CO), 
Ptco 
P 
P-CO 

P - (CO), 
D- (CO), 

P - (CO), 
p- (CO), 
Fe(CO)eSO, 

Fe&O)4 
Fe(COj$O, 

Fe(COj, 
Fe(CO)2S0, 

Fe(CO), 
Fe&Oh 
Fe(CO)z 
Fe(C0) 
CSOI? 
so, 
Fe 
co 
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obtained although the parent ion was very weak compared with m/e 28 (COT) which 
formed the base peak (co abundance) and m/e 64 (SO:) (lOO”/o abundance). The mass 
spectrum is shown in Table 3. The peaks at m/e >400 are undoubtedly due to catalytic 
effects in the ion source16*17. 

Dicobait octacarbonyi reacts with sulphur dioxide in an ampoule at 450 for 
42 h. The black, air-sensitive product was not character&d, although it was shown 
to contain suiphur and carbonyi groups. The more stable cobalt carbonyi derivative, 
Co,(CO)JPPh&, did not react with liquid sulphur dioxide, probably owing to its 
insolubility. 

Bis(dicarbonyi-z-cyciopentadienyliron) has been shown to undergo insertion 
reactions with a variety of reagents, e.g.“: 

[CpFe(CO)&+SnCi,-2H20 + CpFe(CO),-SnCi,-CpFe(CO), 

Thus, we were interested to see whether sulphur dioxide would insert in a similar 
manner to give CpFe(CO),-SO,-CplFe(CO), or whether substitution of carbon 
monoxide would occur, cJ’“_ 

CCpFe(CO)& + PPh, - Cp,Fe,(CO)J(PPh3) -I- CO 

Bis(dicarbonyi-z-cyclopentadienyliron) and snlphur dioxide reacted during 
48 h at 40” in an ampouie although no reaction occurred at room temperature. 
Extraction with acetone yielded a red-brown crystalline compound (B) on addition 
of a little petroleum ether and ccoiing. 

On recrystallising from methyiene chloride/petroleum ether, (B) gave a 
reddish crystalline material (A) with a slightly different IR spectrum from that of(B) 
(see Table 1). In solution both (A) and (B) are identical (NMR, IR) and can be inter- 
converted since their formation depends on which solvent is last used for the re- 
crystaiiisation. A similar situation has recently been reported with the parent com- 
pound. Bis(dicarbonyi-n-cyciopentadienyiiron) can exist as two isomers in the solid 
phase which dissolve to-give identical (IR, NMR) soiutions14. 

The IR spectra of (A) and (B) are shown in Table 1. The strong absorptions at 
1232 and 1022 cm- ’ are assigned to v,, and v, of an S-suiphi?ate group by comparisoti 
with other S-suiphinates (Table 2). The v(C0) and 7(C,HS) of (A) or (B) in solution are 
very similar to those for CpFe(CO),SO,R and related compounds (Table 4). A 
CCpFe(CO) (SW1 complex would be expected to show v(C0) at a lower frequency 
and r(CgH5) at a higher r value than those observed for (A) and (B) based on a com- 
parison with the anaIogous thiophenyi and other derivatives (Table 4). Furthermore, 
the 2 major bands at M. 2050 and 2000 cm- ’ observed for (A)and (B) in the solid phase 
can be assigned to a [CpFe(CO),] group (plus a solid phase effect) whereas a [CpFe- 
(CO)] group should yield only one major absorption. The 6(CH) region for cycio- 
pentadienyi groups in (A) and (B) indicates that ail these groups are not equivalent. 
There are two absorptions at ca. 888 and 855 cm- ’ suggesting that there arc. two 
types of C,H, grouping in both (A) and (B). The lower absorption is assig;l-,d to 
[CpFe(CO)J attached to an electron withdrawing group such as -S02Ph. The 
absorption at ca. 888 cm-l indicates a cyclopentadienyi group attached to an iron 
atom having stronger electron withdrawing groups attached_ The structures which 
are consistent with these observations and with an osmometric molecular weight 
determination (found: 781, caicd.: 788) are shown below: 
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TABLE 4 

THE 7(C,H,) AND v(C0) VALUES FOR SOME CpFe(CO),X AND CpFe(CO)LX COMWUNDZ? 

Compound T(C&) (ppm) v(C0) (cIn-x) Ref. 

0 0 
CpFeKO~2 >s<.CH Ph 2 

% /O 
cpFee(C0)2-~Ph 

CpFe(C0124--Ph 

CpFe(COl,-As(CF,), 

?h 

CO Ph 

4.90 (CDCI,) 2060, 2010 (CHCl,) 

4.70 (CDC13) 2054 2013 (CHCI,) 

5.17 (CS,) 2030, 1987 (CC1.J 

5.08 (CCI,F) 2038, 1995 (CS,) 

5.51 (CS,) 1978 (CCL) 

5.97 (CS,) 

5.43 (CCI,F) 

6.01 (CS,) 

1938 (CCL) 

1998, 1985, 1973 (CS,) 

1961 (CS,) 

6.13 (CS,) 1917 (CS,) 

7 

7 

21 

22 

21 

21 

22 

23 

23 

l There are in fact two cti isomers for an approximately octahedralIy coordinated iron compound In 
one the two cyclopentadienyl groups are cis to a SO1 group, whiIe in the other the two CpFe(CO)l groups 
are cis to soz. 
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As has been shown for the cis and trans isomers of bis(dicarbonyl-lr-cyclopenta- 
dienyliron)14, the cis isomer has the greater number ofbands [v(M-C)and S(M-C-O)] 
around 600 cm- ’ and also has the greater splitting of the 6(CH) around 850 cm-‘. 
Consequently we suggest that (B) is the cis isomer and (A) is the trans isomer. 

In solution there are still 4 v(C0) bands which indicates that there is a mixture 
of isomers in solution_ The v(CH) region (800-900 cm-l) now shows only one absorp- 
tion indicating that the cyclopentadienyl groups are in very similar environments and 
this is confnmed by the NMR spectrum which likewise shows only one absorption 
at room temperature. Hence the two isomers probably exist in equilibrium in solution, 
as has been found with [CpFe(CO),],f8*1g_ 

A second major product was obtained from this reaction and recrystallised as 
a yellow powder from ethanol/petroleum ether. The- IR spectrum and element 
analysis suggest that the compound is CpFe(C0)2-FeS03H-Hz0, possibly a 
decomposition product of (A) or (B) in ethanol solution. 

The mass spectra of these products yielded very little information. This is 
probably due to the relative involatility of the samples and their thermal instability. 

Dimanganese decacarbonyl and bis(tricarbonyl-rr-cyclopentadienyhnolyb- 
denum) were completely recovered after treatment with sulphur dioxide in an ampoule 
(5@,45 h; 50”, 48 h, respectively). The former readily dissolved in the sulphur dioxide 
whereas the latter was only slightly soluble. However, this lack of reactivity may be due 
to the absence of bridging carbonyl groups since these are present in the other com- 
pounds reported here which do react with sulphur dioxide*. 

The results of this work show that metal carbonyl compounds with bridging 
carbonyl groups react with sulphur dioxide in the absence of W light, whereas most 
compounds without carbonyl bridges appear to need U V irradiation for reaction to 
occur. The formation of Fe2(CG)8SG2 is not a simple carbon monoxide substitution 
reaction as might be inferred from a previous report. The product from bis(dicarbonyl- 
rr-cyclopentadienyliron) and sulphur dioxide requires that a substitution process 
occurs, although the formation of this compound appears to be somewhat complex. 

EXPERIMENTAL 

The starting materials are commercially available and were purified where 
necessary by recrystallisation. Anhydrous grade sulphur dioxide (ex. Matheson) was 
dried by passing through cont. sulphuric acid and over phosphorus pentoxide/ 
calcium chloride. The experiments were carried out under an atmosphere of nitrogen. 
IR spectra were obtained as KBr discs or in methylene chloride solution using a 
Perkin-Elmer Modei 457 spectrometer_ NMR spectra were recorded on a Varian 
HA-100 instrument operating at 100 MHz and for mass spectrometry a Perkin-Elmer- 
Hitachi RMU-6E spectrometer was employed_ Element analyses were carried out by 
the A. Bemhardt Microanalytical Laboratory, West Germany. 

Reaction between sulphur dioxide and metal carbonyls 
(1). Diiron nonacarbonyI 

Diiron nonacarbonyl(4.43 g, 12.2 mmole) and sulphur dioxide (ca. 25 ml) were 

* It should be noted, however, that Ruff achieved SC& insertion into the nonbridged carbonyl anions 
[Mz(CO),,]‘- (M=Cr, W) (ref. 4b). The rationaie for the reactivity of metal carbonyls with respect to 
sulfur dioxide is by no means clear at present. 
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stirred under N, at - 10” during 2 h. The volatile material at room temperature was 
removed under reduced pressure and was collected in a trap at - 7S”. Tke contents of 
the trap were allowed to come to room temperature; the sulphur dioxide evaporated 
leaving a yellow liquid which was identified (IR, mass spec.) as iron pentacarbonyl 
(1.60 g, 8.17 mmole, 67%). The non volatile residue was a reddish-brown solid which 
recrystallised from methylene chloride to yield yellow crystals of @-sulphinato- 
octacarbonyldiiron (1.55 g, 3.88 mmole, 64%) m-p. loo” decompn. (Found I C, 24.20; 
H, 0.00; S, 7.83; Residue, 38.66. C,Fe,O,, calcd.: C, 24.03; H, 0.00; S, 8.02; Fe,O,, 
39.95X.) 

(2). Triiron dodecucarbonyl 
Sulpkur dioxide (ca_ 25 ml) and triiron dodecacarbonyi (3.04 g, 6.04 mmole) 

were sealed in uucuo in a 100 ml thick-walled Pyrex ampoule and placed in an oven at 
50” for 18 4 during which the initial dark green suspension/solution became a light 
brown precipitate in a yellowish solution. The volatile material was removed under 
reduced pressure and collected in a trap at -78”. The contents of the trap were allowed 
to come to room temperature; the sulpkur dioxide evaporated leaving an orange 
liquid wkich was identified (IR) as iron pentacarbonyl (l-29 g, 6.56 mmole). The non- 
volatile residue was treated with acetone; recrystallisation from acetone/petroleum 
ether (b-p. lOO-120”) yielded yellow crystals of p-L-S-sulphinato-octacarbonyldiiron 
(0.164 g, 0.787 mmole). Anjnsoluble brown material was obtained but not identified 
(0.94 g)_ 

(3). Dicobalt octacarbonyl 
Dicobalt octacarbonyl (4.26 g, 12.8 mmole) and sulphur dioxide (ca. 30 ml) 

were stirred under reflux (- 10”) for 2 h. The brownish crystalline material appeared 
to dissolve in the sulphui dioxide to fo_rm a dark solution. The sulphur dioxide was 
removed under a stream of nitrogen leaving a brown residue which was shown by 
IR spectroscopy to be dicobalt octacarbonyl (4.07 g, 12.2 mmole, 96% recovery). 

Reaction between dicobalt octacarbonyl and sulpkur dioxide in an ampoule 
at 45“ for 42 h and also by passing the gas through a benzene solution at 23O for 6 h 
led to the recovery (IR) of a small proportion of starting material. The remainder of 
the reaction product was found to contain sulphur but was not obtained in a pure 
state or characterised. 

(4). Bis[tricarbonyZ(triphenyZphosphine)cobaZt] 
Sulphur dioxide (ca_ 25 ml) and bis[tricarbonyl(triphenylpkosphine)cobalt] 

(1.93 g, 2.38 mmole) were sealed in uucuo in a 100 ml Pyrex ampoule and left at 22O for 
24 k. No visible change occurred after 24 k; the cobalt compound appeared to be 
insoluble in the sulphur dioxide. The volatile material was removed under reduced 
pressure leaving a brownish solid identified by IR spectroscopy as bis[tricarbonyl- 
(triphenylphospkine)cobalt] (1.84 g, 2.27 mmole, 96% recovery). 

(5). Bis[dicarbonyZ-sr-cyclopentadienyZiro_nl 
Bis(dicarbonyl-sr-cyclopentadienyliron) (8.05 g, 22.7 mmole) and sulpkur 

dioxide @a. 25 ml) were sealed in uucuo in a 100 ml Pyrex ampoule and placed in an 
oven at 40” for 48 k. The sulphur dioxide was removed under reduced pressure and the 
residue transferred to a Soxhlet apparatus. Extraction with benzene (150 ml) gave a 
black solid which was shown (IR) to be bis(dicarbonyl-sr-cyclopentadienyliron) 
(1.92 g, 5.42 mmole, 24% recovery). The residue was-treated with hot acetone (4 x 40 
ml); addition of petroleum ether (b-p. 60-80°) gave reddish-brown crystals of (B) 
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(1.93 g, 2.45 mmole, 22%) decompn. ca. 1750. (Found : C, 36.38 ; H, 2.47 ; S, 12.21; 
Residue, 32.32. C2&IZOFe401& calcd. : C, 36.59; H, 2.56; S, 12.21; FeZOX, 4@.540/) 

The residue which was insoluble in acetone was treated with hot ethanol 
(3 x 40 ml); a brownish solid was filtered (0.365 g) but not identified. Evaporation of. 
the filtrate gave a light brown solid which recrystallised from ethanol/petroleum 
ether (b-p. 60-80“) as a yellowish-brown powdery solid CpFe(CO),FeSO,H:H,O 
(4.29 g, 12.9 mmole 57%) decompn. ca. 180“. (Found: C, 25.60; H, 2.82; S, 10.03; 
Residue, 38.18 ; molwt. osmometric in methanol, 359. C,H,Fe,S06 calcd. ; C, 25.34; 
H, 2.43 ; S, 9.93 ; FezOs, 48.13% ; mol.wt., 332.) 

i.,,, (KBr), 3380 m, 3115 w, 2977 VW, 2934 VW, 2054 vs, 2002 vs, 1628 w, 1429 m, 
1423 (sh), 1244 m, 1182 vw, 1101 (sh), 1038 (sh), 976 s, 854 w, 836 vw, 621 m, 606 m, 
576 s, 653 m, 495 m cm-‘. 

Conuersion of(B) into (A). (B) (0.33 g) was dissolved in methylene chloride 
(30 ml); petroleum ether (b.p. 60-80’) (1 m 1) was added and the solution left at 0” 
overnight. The dark reddish crystals of (A) (0.018 g) were liltered and the filtrate 
evaporated to yield a further amount of (A) as a reddish powder (0.300 g) decompn. 
ca. 160”. (Found : C, 36.46 ; H, 2.45 ; S, 12.29 ; Residue, 33.34; molwt. osmometric in 
methanol, 781. C,+H,,Fe,O,,S, calcd.: C, 36.59; H, 2.56; S, 12.21; Fe,O,, 40.54°A ; 
molwt., 788.) 

It was also found that evaporation of a pure acetone soluticn of(B) afforded 
(A) as a reddish solid. 

Conuersion ofA into B. (A) (ca. 0.1 g) was dissolved in acetone (50 ml) ; petroleum 
ether (b.p. 60-80”) was added and the solution evaporated to yield (B) as a reddish 
brown solid. 

(6). Dimanganese decacarbonyl 
Sulphur dioxide (ca. 20 ml) and dimanganese decacarbonyl(1.43 g, 3.68 mmole) 

were sealed in tlacuo in a 100 ml thick-walled Pyrex ampoule and placed in an oven at 
50” for 45 h. The dimanganese decacarbonyl dissolved to form a dark solution. The 
volatile material was removed under reduced pressure leaving a yellow solid which 
sublimed in uacuo at 50° to yield dimanganese decacarbonyl(l.42 g, 3.64 mmole 99% 
recovery). 

A similar experiment carried out at 22” for 24 h was also unsuccessful. 
(7). Bis(tricarbonyl-E-cyclopentadienyholybdenzm) 
Bis(tricarbonyl-n-cyclopentadienylmolybdenum) (4.20 g, 8.57 mmole) and 

sulphur dioxide (ca. 25 ml) were sealed in uuczlo in a 100 ml Pyrex ampoule and placed 
in an oven at 50° for 48 h. Very littIe of the purple solid appeared to dissolve_ The sul- 
phur dioxide was removed under reduced pressure and the residue extracted with 
acetone (ca. 50 ml) to yield bis(tricarbonyl-a-cyclopentadienylmolybdenum) (4.04 g, 
8.24 mmole, 96% recovery). 

Similar reactions in refluxing benzene and in methylene chloride at 28O, 54 h 
were unsuccessful_ The starting material was recovered in good yield. 
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