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Abstract

The reaction of [(C;Mes)Ru(CO),]BF, with hydroxide and alkoxide anions in
toluene results in the formation of hydroxycarbonyl- and alkoxycarbonyl-
ruthenium(II) complexes, (CsMes)Ru(CO,RXCO), (2: R =H, Me, Et, 'Pr, 'Bu).
Treatment of 2 with CF,;SO;CH; yields the cationic dialkoxycarbene complexes
[(CsMes)Ru=C(OMe)(OR)(CO), |CF;SO;. Both photolysis and reduction (with hy-
dridic agents) of 2 leads to the dimeric complex, [(CsMes)Ru(CO),1,.

Hydroxycarbonyl and alkoxycarbonyl complexes (i.e., metallocarboxylic acids
and their esters) of transition metals are of interest because of the proposed
intermediacy of such complexes in catalytic processes relating to carbon monoxide
conversion, which are becoming increasingly well-known [1]. Here we report on the
isolation and some reactions of hydroxycarbonyl- and alkoxycarbonyl-ruthenium(II)
complexes.

Our results are summarized in Scheme 1, and the selected spectral data of the
hydroxy- and alkoxy-carbonyl complexes are listed in Table 1.

Treatment of the tricarbonylruthenium cationic complex 1 [2] with sodium
methoxide in toluene at ambient temperature gave a yellow slurry. Removal of the
solvent in vacuo, extraction with n-pentane followed by cooling of the concentrated
extract to —20°C afforded the methoxycarbonylruthenium(II) complex 2a in 58%
yield as yellow prisms. Analogously the complexes 2b-2d were synthesized by
reaction of 1 with EtONa, ‘PrONa, or 'BuOK, respectively.

In the IR spectrum, complexes 2 exhibit two characteristic absorption bands for
terminal CO stretching vibration, at 2010-2022 cm™~! and 1961-1976 cm™!. The
absorptions for acyl-CO appear in the region 1634-1641 cm™' and are well within
the usual range for n'-acyls of metallocarboxylates [1]. The *C NMR shifts of the
carbonyl carbons are also consistent with the presence of COOR groups. The
resonances around & 202 ppm are tentatively assigned to terminal carbonyl carbons
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Scheme 1. (i) RO™, C4HsCH3; (ii) Na,COs, H,0, CgHsCHy; (iii) CH,NO, or Et,0; (iv) CF,SO,CH,,
CH,Cl; (v) HBF,, Et,0BF,, or CF;S0;SiMe;, CH,Cl,; (vi) LiBEt,H or BH,, THF; (vii) A», C¢H,.

because the intensity of the signals is stronger than that observed at § 191 ppm, by a
factor of ca. 2. The signal at § 191 ppm disappears after the reaction with
CF,;SO,CH; which leads to the carbene complexes 4. The complexes were further
characterized by "H NMR spectroscopy and elemental analyses.

Reaction of tricarbonyl 1 with water in toluene in the presence of Na,CO,
yielded a hydroxycarbonyl complex 3 as colorless needles. The OH stretching band
observed at 2701 cm ™! is indicative for the dimeric or oligomeric structure of 3 via
hydrogen bonds. The hydroxycarbonyl complex 3 decomposes smoothly to monohy-
dride 5 at ambient temperature in diethyl ether or nitromethane; however, the
stoichiometry of the decomposition could not be clarified.
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Table 1
Selected spectral data for (CsMe;s)Ru(CO),(COOR)
R IR® (cm™ 1) 'H NMR ? (ppm, J in Hz) 13C NMR? (ppm)
»(CO), ¢  #»(CO0),¢ 3(CsMe;) S(R) 3(CO), ¢ 8(CO), ?
2a  Me 2022 1641 1.61 3.58 202.1 192.0
1961
2b  Et 2015 1641 1.63 4.26 202.2 191.5
(g, J 7.1)
1976 1.15
(t, J711)
2 Pr 2014 1634 1.63 5.33 202.3 191.0
(sept, J 6.4)
1963 121
d, J6.4)
2d 'Bu 2010 1637 1.65 1.53 202.4 191.3
1968
3 H 2014 1602 1.97°¢ 798¢ 4 I
1963

9 Measured in KBr. » Measured in C¢D. ¢ Terminal CO. # Acyl CO. ¢ Measured in CD,Cl,.” Spectrum
could not be obtained because of the instability of 3 in solution.

The alkoxycarbonyl complexes 2 react with a variety of substrates under mild
conditions. The low frequency of the acyl-CO stretching of 2 which suggests that the
bonding in alkoxycarbonyl+complexes involves a contribution from a carbene-like

resonance hybrid (CsMes)Ru=C(OMe)(O ™), which is quenched by reaction with
electrophiles. Treatment of 2 with methyl trifluoromethanesulfonate in dichloro-
methane at ambient temperature gave the cationic dialkoxycarbene complexes
4a—4c, tricarbonyl complex 1, and ROMe. The carbene complexes 4 are formed via
electrophilic attack of Me™ on the acyl oxygen atom of 2. In contrast, Cutler et al.
reported that an iron analogue of 2, CpFe(CO,Me)CO),, could not be converted to
a carbene complex [CpFe=C(OMe),(CO),]CF;S0,; by treatment with CF,SO;Me
[3].

The 'H and *C NMR parameters of the carbene ligands of 4a—4c characterize
their structural types. The resonances of methoxy protons of 4 are shifted downfield
considerably, § 4.28 ppm for 4a, § 4.28 ppm for 4b, and § 4.25 ppm for 4c¢,
compared with that of the methoxycarbonyl complex 2a, 8 3.58 ppm. In the *C
NMR spectrum of 4b, the carbene-carbon resonance appears at 239.8 ppm which is
comparable with the values for [CpFe=C(OMze),(CO),]PF, (8 251.9 ppm) [4], for
[CpFe=C(OMe),(CO),ICFE;SO; [5] (8 251.8 ppm), and for [CpFe=C(OMe)(OEt)-
(CO),ICE;SO; [5] (8 250.4 ppm).

Addition of other electrophiles such as HBF,, Et;OBF,, or CF;S0,SiMe; to ester
2 in dichloromethane gave the cationic tricarbonyl complex 1 quantitatively by
electrophilic attack on the alkoxy oxygen.

Reaction of 2 with excess LiBEt;H or BH,;(THF) in tetrahydrofuran gave
[(CsMe5)Ru(CO),], [6] via the monohydride 5 as an intermediate, which was
confirmed by monitoring the reaction by '"H NMR. The dimeric complex 6 was also
obtained as sole non-volatile product in the photolysis reaction of 2a in benzene.
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