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The bridging acyl complexes [Os,H(p-COC,H,X)(CO),,] (X = NH, 0, or S) 
have been prepared by oxidative addition of the 2-formyl derivatives of pyrrole, 
furan, or thiophene (C,H,XCHO) at [Os,(CO),,(MeCN),] with cleavage of the 
aldehydic C-H bonds. On heating double decarbonylation of the acyl complexes 
occurs, to afford high yields of the compounds [Os,H,(CO),(~&.,H,X)], reported 
previously for X = NH or 0. For X = NH, two isomers with this formulation were 
characterised by ‘H NMR and IR data; the one containing the l.r,-2,3-C,H3N 
ligand isomerises to one containing pj-l,ZC,H,N. The direct reaction of pyrrole 
with [Os,(CO),,] has been re-examined at lower temperatures than before, and 
observed to give new products, including [Os,H(CO),,(C,H,N)], which contains a 
bridging non-aromatic tautomeric form of pyrrole. The ability of OS, clusters to 
stabilize non-aromatic tautomers of aromatic ligands is discussed. 

Introduction 

We have been interested in the reactions of cu,/3-unsaturated ddehydes with 
triosmium clusters because oxidative addition can occur with C-H cleavage either at 
the formyl or the alkenyl group [l]. In the former case CL-acyl complexes are 
generated. ~2-Formyl-pyrrole, -furan, or -thiophene might be regarded as cr,&un- 
saturated aldehydes, so that oxidative addition could occur at the CHO group or at 
the ring. Previously it has been shown that oxidative addition of the ring C-H 
bonds occurs for pyrrole [2] and furan [3] to give triosmium clusters. 

Results and discussion 

Scheme 1 shows the reactions of the aldehydes with [Os,(CO),,(MeCN),]. In the 
case of the pyrrole and furan derivatives only products 1 (66%) and 2 (60%), formed 

(Continued on p. 374) 
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~Os31CO),~IMeCN)21 + 
CHO- 

(1; X = NH) (41 

(2; x = 0) (X = S only1 

13; x =S) 

SCHEME 1 

by C-H cleavage at the formyl group, were obtained. The thiophene derivative 
likewise gave 3 (40%) as the major product but some compound 4 (30%) was also 
obtained. Compounds 1 to 3 are closely related to known bridging acyl compounds 
of the type [OS,@-H)@-RCO)(CO)i,,] [4-61 and show similar v(C0) absorptions 
for the terminal CO ligands and for the bridging acyl(1425-1435 cm-‘) (see Table 
1). The formyl group is preserved in compound 4, as shown by the ‘H NMR 
spectrum (6(CHO) 9.15 ppm). Compound 4 is structurally directly comparable with 
[Os,H(CO),,(MeC=CHCOMe)] (X-ray structure [7]) and the aldehydic derivatives 
[Os,H(CO),,(RC=CHCHO)] (R = Ph or Me) [l] which contain chelating a,/%un- 
saturated aldehydes or ketones. When the ligand X in [Os,H(X)(CO),,] is chelating 
at one OS atom, the Y(CO) spectrum is characteristically different from that when X 
is bridging as in compounds 1 to 3. The behaviour of 2-formylthiophene with 
[Os,(CO),,(MeCN),] is very like that of RCH=CHCHO (R = Me or Ph) in giving 
competitive C-H cleavage at the CHO group and the P-vinyl site [l]. 

There seems no intrinsic reason why 2-formylfuran and 2-formylpyrrole could 
not also react at the ring sites as well as, or instead of, at the CHO group. Indeed, 
furan itself reacts with [Os.,(CO),,(MeCN),] to give [Os,H(C,H,O)(CO),,] (26% 
yield) by metallation at the 2-positon. The 2-furanyl group was shown by the X-ray 
structure to bridge in a n1,n2-manner, like a bridging vinyl ligand [3]. 

Compounds 1 to 3 readily undergo thermal decarbonylation to give compounds 5 
to 8, as shown in Scheme 2. Interestingly compound 5 was reported earlier to be 
formed by direct reaction of pyrrole at very high temperatures in refluxing decalin 

‘X c 
C+ 

lcol,os - I - OSICO) 3 

‘OS4 
(CO) j- 

(11- (3) 
15; X=NH) (81 
16; x =O) (X = NH only) 
(7; x = S) 

SCHEME 2 
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KO)a 
H_~c~~-H 'OSQ 

3 (CO), 

(5) (25%) (8) (40%) (9) (20%) 

SCHEME3 

(around 19O“C) [2]. We have re-examined these compounds and have found that 
compound 5 as reported here is directly comparable with compounds 6 and 7, and 
that the compound we originally and incorrectly described as 5 [2] is actually an 
isomer which we now formulate as compound 8. Indeed in the decarbonylation of 1 
both isomers 5 and 8 are obtained. Compound 6 was reported earlier to be formed 

by decarbonylation of [Os,H(~&,H,O)(CO),Olr itself formed from furan [3]. This 
is the first report of the thiophene-2,3-diyl compound 7, and it is perhaps surprising 
that this is formed rather than any compound containing OS-S bonds in view of the 
proliferation of such compounds [8]. 

In our initial report on the products of the reaction of [Os,(CO),,] and pyrrole 
and N-methylpyrrole we commented upon the differences between the two deriva- 
tives [Os,H(CO),(&$H,NR)] (R = H or Me) that were isolated [2]. Compound 
10 when R = Me can now be seen to be spectroscopically entirely analogous to 
compounds 5 to 7, and different from the species we originally reported with R = H. 
When there is an NH atom, the initially formed compound 5 isomerises by transfer 
of this hydrogen atom to carbon to give the more stable isomer 8. Carrying out the 
reaction of pyrrole with [Os,(CO),,] at temperatures below 190°C gave a mixture 
of isomers 5 and 8 and other products (Scheme 3; see later). 

The formulation of cluster 8 as the N,C-bonded form is based on ‘H NMR and 

IR data. The originally reported v(NH) absorptions for 8 at 3670 and 3600 cm-’ 
are spurious. These absorptions were found for Nujol mulls but completely pure 
samples give no v(NH) absorptions in this region, whereas isomer 5 shows an 
absorption at 3450 cm-‘, close to that found for compound 1 (3464 cm-‘). The ‘H 
NMR signal originally reported for NH at S 7.50 ppm can with hindsight be seen to 
be too sharp for such a resonance, and is now assigned to CH (see Table 1). Isomer 
8 gives 13C{lH} NMR signals for the CH atoms at 6 117.2, 149.3, and 167.8 ppm 
(3-, 4-, and Spositions) and a weak absorption at 6 175.9 ppm (2-position). 

We have examined the conversion of isomer 5 into isomer 8. Treatment of isomer 
5 with D,O/CDCl, caused a very slow exchange of the NH proton over many 
hours, but upon addition of catalytic quantities of NEt, the exchange was complete 
within 2-3 min at room temperature, that is within the time required to record a ‘H 
NMR spectrum. Figure 1 shows the NMR spectra confirming this exchange. On 
standing a solution of [Os,H,(CO),(C,H,ND)] (5) (still containing an excess of 
D,O) is slowly converted into [Os,HD(CO),(C,H,N)], isomer 8. Thus the H-atom 
transfer to carbon is from osmium and not nitrogen. Various mechanisms are 
possible, but not an intraligand H-atom transfer. We have formulated compound 8 
in Scheme 2 with bridging nitrogen, but we cannot yet actually distinguish this from 
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(81 

A- 
27% 

K) 

I I , 8 I 1 I 

8 7 -17 -19 -21 
6 

Fig. 1. ‘H NMR spectra of CDCl, solutions of (A) cluster 8 [Os3H2(C4H,N)(CO),], (B) cluster 5 
[Os,H,(C,H,NH)(CO),], and (C) cluster 5 after treatment of a CDCl, solution with D,O and Et,N 
(catalytic amounts). 

a carbon-bridged form. We are trying to grow good crystals for an X-ray structural 
determination in order to distinguish between forms 8a and 8b. 

P \‘, 
KO)3Os - --\oslco1, I ’ Los’4 ? 

‘I, \o KO)3Os- - SKO), 

IA cco,; &k,$ 
3 

(aal l8b) 
The other product from the reaction of pyrrole with [Os,(CO),,] at 174OC is 

compound 9, [Os,H(CO),,(C,H,N)]. As with 8, compound 9 is bonded through 
nitrogen. The IR spectrum near 2000 cm -I is almost indistinguishable from that of 
the 2-pyridyl compound [Os,H(CO),,,(C,H,N)] and other 2-metallated nitrogen 
heterocycles [9], and this confirms the N,C-mode of attachment. The iH NMR 
spectrum (Table 1) confirms the non-aromatic form of the ligand, Indeed, in 
compound 9 an unstable tautomer of free pyrrole has been stabiliscd (see Scheme 
4). The two non-aromatic forms, B and C, without N-H bonds, are clearly unstable 
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SCHEME 4 

with respect to A. We believe we have trapped form B in compound 9 with the CH, 
group adjacent to nitrogen on the basis of the ‘H NMR shift for the CH, protons 
which are accidentally isochronous. In both compounds 8 and 9 non-aromatic forms 
of the ligand are stabilized, the loss of aromaticity being compensated for by the 
formation of N-OS bonds. The stabilization of the cyclohexadienone form of 
phenol by the triosmium cluster has previously been described, and this is mainly a 
consequence of forming strong u-bonds between osmium and the p3-ligand. 

2-Formylfuran (Zfuraldehyde), 2-formylpyrrole (2-pyrrolaldehyde), and 2-for- 
mylthiophene (Zthiophenaldehyde) were synthesised by literature methods or 
purchased from Aldrich. [Os,(CO),,(MeCN),] was synthesised as described earlier 

111. 

Reaction of [Os,(CO),,(iUeCN),] 
2-Formyljiian. A solution of [Os,(CO),,(MeCN),] (0.300 g) and freshly puri- 

fied C,H,O* (1 cm3) in LiAlH,-dried cyclohexane (50 cm3) was heated under reflux 
under N, for 4 h. Removal of the solvent under vacuum and separation of the 
residue by TLC (SiO,, eluant, n-hexane) gave four bands. The main yellow band 
gave [Os,H(CO),,(&CH=CHCH=CCO)] (2) as yellow crystals (0.180 g, 60%), 
and another band gave [Os,H,(CO),a] as purple crystals (0.030 g, 10%). The other 
two bands only gave traces of compounds which were not character&d. 

2-Formylpyrrole. A solution of [Os,(CO),,(MeCN),] (0.350 g) and C,H,ON 
(0.30 g) in dried cyclohexane (40 cm3) was heated under reflux for 3 h under 

nitrogen. The brown residue after removal of solvent under vacuum was separated 
by TLC (Siq; eluant, pentane) and gave four bands of which only one gave any 
significant amount of material which was character&d as [Os,H(CO),,(p- 
HNCH=CHCH=CCO) (l), as yellow crystals (0.200 g, 66%). 

2-Formylthiophene. A solution of [Os,(CO),,(MeCN),] (0.250 g) and freshly 
distilled C,H,OS (2 cm3) in dried cyclohexane (30 cm3) was heated under reflux 
under N, for 2 h. The orange-yellow residue after removal of solvent was separated 
by TLC [SiO,; eluant, petroleum ether (b-p. 40-60°C)] to give only two bands. The 
main one gave [Os,H(CO),,(@CH=CHCH=CCO] (3), as yellow crystals (0.080 g, 
40%) and [Os,H(CO),,(SCH=CHC=CCHO)] (4), as yellow crystals (0.060 g, 30%). 

Reaction of [Os,(CO),,/ with pyrrole 
The reaction previously carried out in refluxing decalin [2] was repeated at 

somewhat lower temperatures. A solution of [Os,(CQ),,] (0.200 g) and pyrrole (3 
cm3) in n-decane (50 cm3) was heated under reflux for 4 h. Removal of the solvent 
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under vacuum and TLC separation (SiO,; eluant, petroleum ether (b.p. 40-60°C)) 
gave four bands yielding: [os,H,(Co),)(~~-NCH=CHCH=C)] (8), as yellow crystals 
(0.080 g, 40%) the isomeric form of this [Os,H,(CO),(&H=CCCH=CH)] (5), as 
pale yellow crystals (0.050, 25%), [Os,H(CO),,(~-N=CCH=CHCH,)I (9) as yellow 
crystals (0.040 g, 20%), and a trace of [Os~HZ(CO)r,,]. 

Thermolysis of acyl compounds l-3 
Compound 2. A solution of [Os,H(CO),,(HNCH=CHCH=CCO)] (0.200 g) in 

n-dccane (50 cm3) was heated under reflux for 15 min. Removal of solvent under 
vacuum and TLC separation (SiO,, eluant: petroleum ether (b.p. 40-60°C)) gave 
two main yellow bands yielding [Os,H,(CO),(NCH=CHCH=C)] (8), (0.080 g, 40%) 

and its isomer (5), (0.060 g, 30%) both as yellow crystals. Using rather lower 
temperatures (refluxing n-octane) gave mainly compound 5 (65%). 

Compound 2. A solution of [Os,H(CO),,(OCH=CHCH=CCO)] (0.150 g) in 
octane (30 cm3) was heated under reflux for 4 h. Removal of the solvent under 
vacuum and TLC separation as above gave several minor bands which were 
uncharacterised and one main yellow one which yielded [Os,H,(CO),- 

(OC=CCH=CH)J (6), as yellow crystals (0.060 g, 40%) which was characterised by 
comparison with published spectroscopic data for this compound [3]. 

Compound 3. A solution of [Os,H(CO),,(SCH=CHCH=CCO)] (0.125 g) in 
cyclohexane (50 cm3) was heated under reflux for 15 h and subsequent work-up as 
above gave two main species: [Os,H,(CO),(SC=CCH=CH)] (7) as yellow crystals 
(0.062 g, 50%) and recovered 3 (0.031 g, 25%). 
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