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Summary 

Carbon-hydrogen bond cleavage at the terminal 6-position occurs when hex-5 
en-Lone (CH,=CHCH,CH,COMe) oxidatively adds to [Os,(CO),,(MeCN),] to 
give [Os,H(p-CH=CHCH,CH,COMe)(CO),,], which is completely analogous to 
the simple vinyl complex [Os,H(p-CH=CH,)(CO),,]. A minor product from the 
reaction is [Os,(CH,CH=CHCH,COMe)(CO),,], an isomer in which double-bond 
migration has occurred to give the by-unsaturated ketone; stabilisation occurs 
through chelation and ketone coordination. [Os,H,(CO),,] reacts with 
CH2=CHCH,CH,COMe in refluxing cyclohexane to give a third isomer, 
[Os,H(CH,CH,C=CHCOMe)(C0),,1, in which further double bond migration has 
occurred to give the &-unsaturated ketone. Metallation at the /?-site gives an OS-C 
bond as part of a 5-membered chelate ring. Thermolysis of each of the three 
isomeric decarbonyl species in refluxing cyclohexane or heptane leads to the 
elimination of an Os(CO), group to give the dinuclear compound 
[Os,H(E~C=CHCOMe)(CO>,] in varying yield. Pathways from yS to the fly and 
finally the c@ unsaturated ketones may be mapped out. 

Introduction 

We have previously shown that organic ligands readily coordinate through an 
oxygen atom when involved in chelation or bridging in triosmium clusters. For 
example, in the formation of [Os,H,(C,H,O)(CO),] from phenol the ligand is 
trapped in the dienone form with the keto function coordinated [1,2]. Similarly the 
oxidative addition product of cyclohex-2-enone, [Os,H(C,H,O)(CO),,], involves 
coordination through the keto-function [3]. We also reported that the interaction of 
straight chain @-unsaturated enones RCH=CHCOCH, (R = Me, Ph, or H) gives 
OS, clusters with coordinated oxygen atoms [4]. Corresponding aldehydes behave 
similarly except that oxidative addition of the aldehydic C-H occurs competitively 
with vinylic C-H cleavage [6]. Even coordination of an ether function occurs readily 
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TABLE 1 

SPECTROSCOPIC DATA FOR THE CH,=CHCH,CH,COCH, DERIVATIVES 

Compound v(C0) a (cm-‘) ‘HNMRb 

[Os,HA(CHB=CHCCH~CH:COCH;)(CO),,] 

0) 

[OS,(CH$~ZH~=CH~CH~.~COCH:)(CO),,I 

(2) 

[Os,HA(CH;CH $D~=~~E~~~~P)(~~),,] 

(3) 

[OS,H~(CH~CH>~C=CH~COCH;)(CO),I 

(4) 

2103w, 2058s. 7.10(dd) 
205os, 202ovs, 4.29(dt) 
2OlOs, 2OOOsh, 2.68(t) 
1992m, 1984~. 2.19(dt) 
1978w, 1954vw, 2.18(s) 
1726m -18.96(d) 

2102w, 2052s. 
2021vs, 2013s, 
20OOm, 19Xlw, 
1969~. 1936w, 
1640~ 

3.81(d) 
3.35(dd) 
3.01(dd) 
2.32(s) 
2.20(dq) 
2.02(d) 

2126~. 2069m, 
205Ovs, 2020s. 
2005m, 1996m, 
1981w, 1935w, 
1526m 

2094s, 2056~s. 
2016s, 2003~s. 
199Os, 1974m, 
1486m 

6.64(s) 
3.30(m) 
3.29(m) 
2.40(s) 
1.29(t) 

~ 15.32(s) 

4.06(s) 
3.57(m) 
3.10(m) 
2.03(s) 
1.37(t) 

~ 11.42(s) 

B Jac 13.7 
C JczD 6.2 
E JED 7.2 
D 
F 
A JAB 1.6 

D JDE 20.8 

c &D 0 

E JcIE 5.7 
F 
B JczB 9.4 
A JAB 5.8 

E 
C 
D JBc 7.4 
F 
B JBD 7.4 
A 

E 
C 
D JBC 7.3 
F 
B JBD 7.3 
A 

U Cyclohexane solution. ’ In CDCl,, 200 MHz, 27OC; 6 (ppm). J (Hz). 

absorptions around 2000 cm-’ (Table 1) for these compounds are essentially the 
same and a very weak absorption at 1640 cm-’ may be assigned to the coordinated 
ketone. 

Thermal treatment of either compound 1 or 2 in refluxing cyclohexane (5 h) 
causes further double bond shift to give the compound [Os,H(CH,CH,C= 
CHCOCH,)(CO),,] (3). Compound 3 can be assigned to the structure shown in 
Scheme 1 by comparison with [Os,H(CH,C=CHCOCH,)(CO),,] which is of known 
X-ray structure [4]. Although we have shown that 1 and 2 both give 3 on heating, it 
is likely that 1 transforms to 3 via 2. 

No organometallic products are obtained from the room temperature reaction of 
hex-5-en-2-one with [Os,H,(CO),,]; the IR spectrum shows that the dihydride 
persists under these conditions. However, the ‘H NMR spectrum shows significant 
isomerisation of the enone. The dihydride [Os,H,(CO),,] is an effective catalyst for 
the isomerisation of terminal to internal alkenes [9-111, and presumably isomerisa- 
tion to the py-enone occurs. Prolonged reflux of [Os,H,(CO),,] with the enone in 
cyclohexane (12.5 h) gave two OS, products: the major is [Os,H(CH,CH,C=CH- 
COCHs)(CO),,] (3) (53%) and a minor one is [Os,H(CH,CH,C=CHCO- 
CH,)(CO),] (4) (8%). Some unreacted [Os,H,(CO),,] (3.8%) was also isolated. 
Compound 3 is also obtained by thermal treatment of 1 or 2, but this itself 
decomposes thermally to the dinuclear compound 4. 
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The stoichiometry of compound 4 as [Os:!H(C‘H~CH,C‘“-CHCOCF~~ )(CO),, ] VI as 
established by elemental analysis and the parent molecular ion was okrved in the 
EI mass spectrum (m/c corresponding to 19’0s, at 651)). The ‘F-l NMR spectrum 
(Table 1) clearly identifies the ligand as shown. PreviousI\ WL‘ reported that 
[Ck,H(CH=CHCOCH,)(C0)~,] loses CO (YI heating :tj gii,t jOs~H(CH= 
CHCOCH,)(CYI),] which was only obtained ab an oil so eharacteriseci LV:I!+ by its 
IR and NMR spectra 141. This compound compares so closely spectrl)aci)iiicailv- \vith 
4 that both must be dinucie,w and our original report in error. In tcrmh t,af elettr~.rn 
counting the loss of CO from JOs,H(R(.‘=CI-ICC>CI-I 1 ~~C‘O~il,j (K -rz ii <lr Ft) is 
directly analogous to the loss of Qs(C.‘Oj,. although the iatrrr i\ miich less often 
encountered. In 4 the C’H,CH ~C==CHCOC’H3 ic a five-clcctron donating ligand but 
only a three-electron donor m 3. In accord with this the II’ signal >$hifta from 86.64 
to 84.06 on coordination of the C-C‘ bond in going from 3 to 4. I‘hl: structure 
shown for 4 in Scheme I is the most likely. T‘he compound jR.u 2 H(Ph(‘- 

CHCOCH,)(CO),] and its X-ray structure [12] correspond\ directly ly:th that 
depicted for 4 in Scheme 1. No IR spectrum was reporrcd for the Ru 1. crmpound 
but the ‘H NMR spectra compares well with that of 4 :n rrnportanr rcspzct~. 1.hc 
appearance of diastereotopic protons for the merhylene group of 3 in rhck ’ H NMK 
spectrum at room temperature indicates that rapid osc-ifliltion of lhc qganic lignnd 
between the 0s atoms does not occur. 

Scheme 2 IS a proposal for the mechanism of isomerisation of I t<> 2. The 

oxidative addition whereby 1 15 formed is reversed and the allyl~c (‘ H bond i5 then 
cleaved leading to 2. I sually vin\iiic C -H cleavages are Inore facile !hai3 ~ill\liC i)9i’s 

in 0, clusters. contrary to the liorm. As ;I consequence 1 tk .\. formed ai ihc kinctlc 
product of oxidative addition of hex-5-en-z-one to [O~?((.‘4))i,,(Ilt~CI\:!.j. On ther- 
molyis. the product of oxida:ive addition at the ailvlic \itc>. t 111\tt-.: 2. 1~ obtained. 
probably via the route in Schcrnc 7. 

To examine the mechanisms of isomerisation of cluster:, 1. and 2 to 3. WC’ 
prepared CH,=CHCH,CD,(‘O(‘D, ( b 98’7 deuteration at the mdicatcd sites) b> 
exchange of hex-5-en-‘-one with ;I CH,OD,, D,O mixture 111 the presence of 
NaOC‘Hl a~ catalyst. The deuterated enone was used to (ynthcsisr ;:omp~~~untis 1 to 
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SCHEME 3 

3 as in Scheme 1. The deuterium-distributions in these products were established by 
both ‘H and *H NMR spectra. We conclude that compounds 1 and 2 formed from 
CH,=CHCH,CD,COCD, are [Os,H(CH=CHCH,CD,COCD,)(CO),,] and 
[Os,(CH,CH=CHCD,COCD,)(CO),,] respectively and that there has been no 
scrambling of hydrogen atoms involving the sites (Y to the ketone. The subsequent 
isomerisation of these deuterated compounds to 3 gave a 50/50 mixture of di- 
astereomers of [Os,H(CH,CHDC=CDCOCD,)(CO),,]. In one diastereomer H is in 
one and D in the other diastereotopic site of the CH,CHD group but these 
occupancies reversed in the other. In the ‘H NMR spectrum each diastereomer gives 
a 1/3/3/l quartet for the respective CHDCH, protons at 63.29 and 3.30. None of 
the CH,CH, or CH,CD, species are present and no D is in the hydride site. 

The conversion of 2 to 3 requires a hydrogen atom shift from the 3- to the 
5-position and an oxidative addition (C-H cleavage) at the 4-position. Our deutera- 
tion results favour a D-shift from the 3- to 5-position prior to the oxidative addition 
at the 4-position (process A, Scheme 3). Other mechanisms, such as B in which the 
oxidative addition occurs first, would lead to deuterium in the hydride site. 

Experimental 

The starting clusters [Os,H,(CO),,] [14] and [Os,(CO),,(MeCN),] [15] were 
prepared as described previously. Hex-5-en-2-one was used as purchased (Aldrich). 
All reactions were carried out under nitrogen. Parent molecular ions were observed 
in the EI mass spectra of compounds 1 to 4. 

Reaction of [Os,(CO),,(MeCN),] with hex-5-en-2-one 
A solution of [Os,(CO),,(MeCN),] (0.16 g) and hex-5-en-2-one (1 cm3) in 

dichloromethane (20 cm3) was stirred at room temperature for 8 h. Removal of the 
solvent and TLC (SiO,; eluant: dichloromethane/petroleum ether (b.p. 30-4O”C), 
l/4 V/V) gave several bands. The two main ones were extracted with CH,Cl, and 
gave yellow crystals characterised as [OS,H(CH=CHCH,CH,COCH~)(CO)~~] (1) 
(0.050 g, 30%) (Found: C, 21.45; H, 1.3. C,,H,,O,,Os, talc: C, 20.6; H, 1.1%) and 
[Os3(CH3CH=CHCH,COCH3)(CO),,] (2) (0.008 g, 5%). 
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