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Abstract 

Insertion reactions of acetylene, diphenylacetylene and phenylacetylene into the Ru-H bond of 

RuH(CO)(OCOR)(PPh,), (R = CH,, C,H,, C,H,, C,H,, p-CH,C,H,, p-CH,OC,H,) have been 

studied in benzene at ambient and reflux temperatures. The vinylic complex formed results from 

c&addition of the Ru-H bond to the triple bond. An excess of phenylacetylene reacts with 

RuH(CO)(OCOR)(PPh,), in refluxing benzene to give the o-vinyl alkynyl complex of formula 

Ru(CO)(OCOR)(PPh,),(C(C=CPh)=CHPh) in good yield. The appearance of a single sharp resonance 

in the 31P NMR spectra of the complexes suggests that both the phosphorus ligands are equivalent, and 

tram to each other in these octahedral Ru” complexes. 

Introduction 

The complex RuHCl(CO)(PPh,), is a versatile starting material for the synthesis 
of ruthenium(I1) complexes. Torres et al. [l] have shown that RuHCl(CO)(PPh,), 
reacts with non-activated alkynes to give five-coordinate alkenyl complexes of the 
type RuCl(CO)(RC=CHR’)(PPh,),. Furthermore reactions of these five-coordi- 
nated alkenyl complexes with dimethyl acetylene dicarboxylate [2], 3,5-dimethyl- 
pyrazole [3], 3,3_dimethylacrylate [4], or aliphatic carboxylic acids in the presence of 
a base result in replacement of the chloride ligand and formation of hexacoordinated 
Run complexes [5]. Robinson et al. [6] have shown that when RuH 
(OCOCF,)(CO)(PPh,), or Ru(OCOCF,),(CO)(PPh,), reacts with an excess of 
phenylacetylene an insertion product of the type Ru(CO)(OCOCF,)C(C%ZPh) 
=CHPh)(PPh,), is formed. We recently described the insertion of acrylonitrile into 
the Ru-H bond of hydridoruthenium(II) carboxylates [7]. We describe below the 
insertions of non-activated acetylenes into the Ru-H bond in some ruthenium(II) 
carboxylates. 
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Experimental 

All reactions were carried out under dry, pure nitrogen. Solvents \vere dried and 
freshly distilled [Xl. The complexes RuH(CO)(OCOR)(PPh I ): u cth K =I Cl-1 :. Cz if i. 
CIH,. C,H5, p-<‘HiChHG1 i)r /A~$XY,,H,~ lvere prepared 13 II published procedure 

[9]_ Diphenylacetylene and phenyiacetylcnr avre purchased ~TCW: the Aldrich C’hrn~- 
ical Co. The acetylene used uas of high purity. 

.4 mixture c>f diphenylacrylene (0.89 g: 5 mmol) and RuH(C’O)(OC‘OR)(PPll;), 
(1 mmol) in freshly distilled benzene (25 ml) w&s refllixcd fiv 0 h. to give ;L clear 

orange-yellow bolution. Tlrih \~a:, concentrated to 2 ml and la?eretf \vi th hexanc 
under nitrogen to give light yellow crystals which were warhed with diethyl ether 
and n-hexane. Similarly prepared were: Ru(C’O)(,0COCH ,)( PI% I )?( PlK‘=C’I-IPh) 
(2) (0.48 g; 558,. RLl(CO)(O(I‘C)C_~i,)(PPh:)-(PhC;-Cl-IPh) 13) (0.33 s: 3X5). 
Ru(CO)(OC’OC_~H7)(PI’h_,),( PhC’=CHPhj (6) (0.53 g: 635 ). Rut(‘O)iOC’OC‘, H. i- 
(PPh,),(PhC=-CHPh) (8) (I’).?.? g: 397 ). Ru(C’C))(C)C’C)(.‘,~~~,~‘I~; )( 1’Ph );( I%(‘- 
=CHPh) (11) (ii.21 g: 14”; t ;~c:tl Ku(C_‘C I)(OC’OC‘,, t-i .,W‘II . jc Wlr : ) >( i%C‘-=-t.‘t f Ph) 
114) (0.49 g; 57”; ). 
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IV [Ru(CO)(OCOR)(PPh,),{C(C=CPh) = CHPh}] 

Phenylacetylene (0.5 ml, excess) was added to a benzene (25 ml) solution of 
RuH(CO)(OCOR)(PPh,), (1 mmol) and the mixture was refluxed for 24 h. The 
resulting clear yellow solution was concentrated to small volume and diluted with 
hexane, to give a prepicitate of yellow microcrystals. The product was recrystallized 
from a CH,Cl,/hexane mixture. The products prepared in this way were: 
Ru(CO)(OCOCH,)(PPh,),(C(C=CPh)=CHPh} (16) (0.45 g; 62%) Ru- 
(CO)(OCOC,H,)(PPh,),{C(CrCPh)=CHPh)=CHPh} (17) (0.62 g; 69%) Ru(CO)- 
(OCOC,H,)(PPh,),{C(C=CPh)=CHPh} (18) (0.56 g; 63%), Ru(CO)(OCOC,H,)- 
(PPh,),{C(C=CPh)=CHPh} (19) (0.67 g; 76%), Ru(CO)(OCOC,H,CH,)(PPh,),- 
{C(C=CPh)=CHPh} (20) (0.63 g; 72%) Ru(CO)(OCOC,H,0CH3)(PPh,),- 
{C(C=CPh)=CHPh} (21) (0.52 g; 59%). 

Results and discussion 

The complex [RuH,(CO)(PPh,),] reacts with carboxylic acids to give 
RuH(CO)(OCOR)(PPh,), isolated as yellow solids. These hydridoruthenium 
carboxylates undergo insertion on treatment with a stoichiometric amount or an 
excess of acetylene and diphenylacetylene in refluxing benzene, to give the mono-in- 
sertion products Ru(CO(OCOR)(HC=CH,)(PPh,), and Ru(CO)(OCOR.)(PhC= 
CHPh)(PPh,), respectively (Table 1). The complexes are stable in the air, so’luble in 
benzene, chloroform and methylene chloride, and insoluble in petroleum ether. In 

Table 1 

Melting points and analytical data for insertion complexes of ruthenium(H) with acetylenes 

No. Compound M.p. Analysis (found (talc.)) 

(“C) C H 

Ru(CO#OCOCH,#PPh,).(HC=CH,) 228 (X42(66.51) 4.5N4.87) 1 

2 

3 
4 

5 
6 
7 
8 
9 

10 
11 

12 

13 
14 
15 
16 
17 
18 

19 
20 
21 

Ru(COj(OCOCH; j(PPh;j;(PhC=CtiPh) 185 

Ru(CO)(OCOC,H,)(PPh,),(HC=CH,) 214 
Ru(CO)(OCOC,H,)(PP~,)~(P~C=CHP~) 198 

Ru(CO)(OCOC,H,)(PPh,),(HC=CH~) 185 
Ru(CO)(OCOC,H,)(PPh,),(PhC=CHPh) 229 
Ru(CO)(OCOC,H,)(PPh&HC=CH,) 206 
Ru(CO)(OCOC,H,)(PPh,),(PhC=CHPh) 247 
Ru(CO)(OCOC,H,)(PPh,),(HC=CHPh) 214 

Ru(CO)(OCOC,H,CH,)(Pph,),(HC=CH,) 214 

Ru(CO)(OCOC,H,CH,)(PPh&(PhC=CHPh) 189 

Ru(CO)(OCOC,H,CH,)(PPhs),(HC=CHPh) 210 

Ru(CO)(OCOC,H,OCH,)(PPh,),(HC=CH,) 216 

Ru(CO)(OCOC,H,OCH,)(PPh,),(PhC=CHPh) 210 

Ru(CO)(OCOC,H,OCH,)(PPh,),(HC=CHPh) 193 

Ru(CO)(OCOCH,)(PPh,),(C(C=CPh)=CHPh} 242 
Ru(CO)(OCOC,H,)(PPh,),(C(C=CPh)=CHPh) 218 

Ru(CO)(OCOC,H,)(PPh,),(C(CkCPh)=CHPh) 212 

Ru(CO)(OCOC,H,)(PPh,),(C(CkCPh)=CHPh} 243 

Ru(CO)(OCOC,H,CH,)(Pph,),(C(C=CPh)=CHPh) 200 

Ru(CO)(OCOC,H,OCH,)(PPh~)~{C(C=CPh)=CHPh} 216 

71.02(71.37) 4.63t4.46) 
66.53(66.92) 4.98(5.04) 

71.82(71.60) 4.68(4.97) 

67.15(67.26) 5.25(5.21) 
71.61(71.81) 5.27(5.22) 

68.46(68.70) 4.49(4.74) 

72.88(73.02) 4.38(4.82) 
70.99(71.13) 4.44(4.78) 

69.07(69.11) 4.79(5.02) 

72.85(73.17) 4.98(5.06) 

71.31(71&I) 4X6(5.05) 
67.52(67.78) 4.67(4.92) 

71.69(71.94) 4.96(4.97) 

70.16(70.18) 4.59(4.96) 

71.73(72.12) 4.42(4.80) 
72.30(72.33) 4.‘77(4.95) 

72.50(72.52) 4.‘79(5.08) 
73.47(73.68) 4.96(4.70) 

73.62(73.78) 4.66(4.93) 
72.16(72.61) 4.84(4.86) 
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Table 3 

“‘P NMR data for some hydrido ruthenium carboxylates and the products of their reactions with 

acetylenes 

No. RuH(CO)(OCOR)- Ru(CO)(OCOR)- 

(PPh,), (PPh,),(R’C=CR’) 

I R = OCOCH, 44.50s 39.46s ” 

2 = OCOC,H, 45.43s 39.15s a 

3 = OCOC,H, R’ = R2 = H 45.07s 38.42s 

4 = OCOC,H, R’ = R2 = H 45.23s 38.90s, 39.00s u 

5 = OCOC,H,CH, R’ = R’ = H 45.11s 38.43s 

6 = OCOC,H,OCH, R’ = R2 = H 45.14s 38.49s 

7 = OCO,H,CH, R’ = R2 = Ph 45.11s 35.07s 

8 = OCOC,H,OCH, R’ = R2 = Ph 45.14s 35.07s 

” Insertion products of the type Ru(CO)(OCOR)(PPh,),(C(C=C-Ph)=CHPh). 

tram disposition of the phosphine ligands. These resonances are at higher field than 
those for the corresponding hydrido ruthenium carboxylates. The shielding observed 
for the 31P resonance may be attributed to the presence of the vinylic groups in 
place of hydrido ligand. A similar upfield shift was also observed for diphenyl- 
acetylene insertion compounds. Thus IR, ‘H and 31P NMR data are consistent with 
the stereochemistry of the complex Ru(CO)(OCOR)(PPh,),(HC=CH,) shown be- 
low. 

ic\ 
H H 

An excess of phenylacetylene reacts with RuH(CO)(OCOR)(PPh,), complexes in 
refluxing benzene to give coordinately saturated u-vinyl complexes of the formula 

Ru(CO)(OCOR)(PPh,),{ C(CkCPh)=CHPh} in good yield. These compl.exes are 
also formed in stoichiometric reactions of 1,4-diphenylbutadi-1,3-yne with the 
appropriate ruthenium hydrido carboxylates [lo]. The formation of Ru- 
{C(CkCPh)=CHPh} bonds is confirmed by the IR spectra. The v(CS) band of 
HCkCPh is shifted only slightly, from 2711 to 2103 cm-‘, which rules out metal- 
acetylide formation. The vinylic Y(C=C) frequency gives rise to a medium band 
(1595 cm-‘). The Y(C=O) band has been shifted to higher frequency - 1940 cm-‘, 
suggesting that the Ru-CO bond order is lower than in the mono-insertion 
products. The carboxylate chelation is strengthened in these complexes, as can be 
seen from the AY(OCO) values. ‘H NMR spectra include a multiplet at 6.2 ppm 
(4J(PH) = 3 Hz) attributable to the vinylic =CHPh proton. The 3’P NMR spectra 
show a singlet at 39 ppm due to tram phosphine ligands. 

The 13C NMR spectrum of the complex Ru(CO)(OCOC,H,OCH,)(PPh,),(PhC- 
=CHPh) shows resonances due to terminal and carboxylate carbons at 206 and 176 
ppm, respectively. The upfield shift for the terminal carbonyl (204 ppm) accompa- 



nied by a downfield shift for the carboxylate carbon (178 ppm) is consistent with 
the observed reduction in the i\v(OCO) values for the complexes of the type 
Ru(CO)(OCOR)(PPh,)2{C(CrCPhj=CHPh}. The data suggest that the complex 
has the stereochemistry shown below. 

?Ph3 
G 0 

,+- 

D 0 

0 0 

The phenylacetylene. being a terminal acetylene. reacts in a different way with 
the Ru-H bond in ruthenium(l1) aromatic carboxylate complexes. Reaction with an 

excess of phenylacetylene at ambient temperature gives mono-insertion products of 

the type Ru(CO)(OCOR)(PPh,),(HC=CHPhj which were isolated a> yellc~ micro- 
crystals. The 1R spectra show features similar to those of acetylene bind diphenyl- 
acetylene complexes. ‘H NMR spectra show a doublet of lripleta at 5.7 ppn\ 

[ 7JWHL,,,, = 16 Hz. 4/(tiPb =_ Z Hz] due to the =CH proton. A similar Ggnal from 
the Rum-CH= proton is observed at - 7.9 ppm. However. aliphatic c3rbo~ylates did 
not give pure mono-insertion compounds in their reactIon> Lvith pheng. lacet~lenc at 
ambient temperature In either benzene or methylene chloride. hut ins;tc:\d a mixture 
of t\\o products was formed. t-ven with a 1 : 1 molar proportron the product ~v,lh ;i 

m ix tu re 0 f Ru((‘Oi(OC‘OR)(PPh :);(ItC’--:(‘HI’h) ;I i-l d 

Ru(CO)(OCOR)(PPh,),(C‘((‘-CPh)=CHPh}. Attempts tcl separate them in 2 pure 
btate by fractional crystallization or column chrom~~tograpIi\ on FloriGl were 
unsuccessful. The IR spectra of the mixtures iho\\ a ~(c-‘%) hand ;it 2iO-i cm ’ 
and tvr-o carbonyl bands at 1935 and 1925 cm ‘. The ’ tl YMK ipectr:l al’io ~110~ 

resonances for vinylic protons for both products. ‘The “(’ NMR qwctra do not at~c~\x 

signals due to Ku=C’ at - 360 ppm, Ishich rules out thv fornlaticw of .i Ku \imvli- 
dene bond such as that reported by Robinson et al. [6]. 

Work in progress is aimed at establishing the mechanism of the rexlion giving 
rise tc> formation of the alkynvl alkene ruthenium(l1) comp!exe~. 
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