
Subscriber access provided by American Chemical Society

Organometallics is published by the American Chemical Society. 1155 Sixteenth Street
N.W., Washington, DC 20036

Synthesis of alkoxycarbonyl complexes by reaction of the heterobinuclear
complex [(.eta.6-p-cymene)RuCl(.mu.-pz)2Rh(CO)2] with alcohols

Daniel Carmona, Joaquina Ferrer, Josefa Reyes, and Luis A. Oro
Organometallics, 1993, 12 (10), 4241-4243• DOI: 10.1021/om00034a075 • Publication Date (Web): 01 May 2002

Downloaded from http://pubs.acs.org on March 8, 2009

More About This Article

The permalink http://dx.doi.org/10.1021/om00034a075 provides access to:

• Links to articles and content related to this article
• Copyright permission to reproduce figures and/or text from this article

http://dx.doi.org/10.1021/om00034a075


Organometallics 1993,12, 4241-4243 4241 

Synthesis of Alkoxycarbonyl Complexes by Reaction of the 
Heterobinuclear Complex 

[ (q6-pcymene)RuCl(~-pz)2Rh(CO)2] with Alcohols 
Daniel Carmona, Joaquina Ferrer, Josefa Reyes, and Luis A. 010. 

Departamento de Qutmica Inorgbnica, Imtituto de Ciencia de Materiales de Aragbn, 
Uniuersidad de Zaragoza- Comejo Superior de Inuestigaciones Cientlficas, 

50009 Zaragoza, Spain 

Received May 14, 199P 

Summary: The reaction of [(q6-p-cymene)RuCl(p-pz)2- 
Rh(C0)d (pz = pyrazolato; 1) in alcohols with iodine in 
the presence of a n  excess of N u l  or NaBPhr led to 
alkoxycarbonyl complexes with the formulas [(q6-p- 
cymene)Ru(p-l)2(p-pz)Rh(COOR)I(CO)] (R =Me (2),Et 
(3), n-Pr (4, i-Pr (6)) and [(q6-p-cymene)Ru(p-Br)2(p- 
Brpz)Rh(Br)(COOMe)(CO)l (Brpz = 4- bromopyrazolato; 
6). The new compounds exhibit notable stability. They 
have been isolated in the solid state and characterized 
by a combination of elemental analyses and IR and 'H 
and 13C11H) NMR spectroscopy. 

Activation of coordinated carbon monoxide by nucleo- 
philes is particularly interesting, since complexes involved 
in these processes have been invoked as playing a key role 
in several catalytic reacti0ns.l Some representative ex- 
amples include the water-gas shift reaction? the carbo- 
nylation of alcohols: the reductive carbonylation of 
nitroarenes: the carbonylation of aryl halides: and the 
carbalkoxylation of vinyl electrophiles.6 

Alkoxycarbonyls are an important group of activated 
carbon monoxide species. Several studies have been 
carried out with compounds of this type in order to prepare 
and characterize them as stable adducts and to design 
basic modes of their reactivity.laJ Although several 
alkoxycarbonyls, in particular those of the group 10 metals, 
have been prepared by carbonyl insertion into the M-0 
bond of alkoxy ~ o m p o u n d s , 6 4 ~ ~ ~ ~ * ~  the formation of alkox- 
ycarbonyl complexes has usually been accomplished by 
nucleophilic attack of coordinated carbon monoxide by 
alkoxide anions.7bic 
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However, the synthesis of alkoxycarbonyls by the 
reaction of metal carbonyl compounds with alcohols is 
unusual. It is limited to strongly activated cationic metal 
carbonyls1@ and, frequently, it  requires the presence of a 
base to shift the reactions toward the p r ~ d u c t s . ~ ~ J l  

Following our research into the synthesis and reactivity 
of binuclear systems with M(p-pyrazolato)2M' (M = 
Rh(III), Ir(III), Ru(I1); M' = Rh(I), Ir(1)) cores,12J3 we are 
now reporting the preparation of RuRh alkoxycarbonyl 
complexes by the reaction of alcohols with the dicarbonyl 
complex13 [(q6-p-cymene)RuC1(p-pz)2Rh(CO)21 (1) in the 
presence of halogens. 

The reaction of [(q6-p-cymene)RuCl(p-pz)2Rh(C0)21 (1) 
with iodine in MeOH, EtOH, n-PrOH, or i-PrOH, in the 
presence of an excess of NaI or NaBPL, led to the 
precipitation of the alkoxycarbonyl complexes [(q6-p- 
cymene)Ru(p-I)~(p-pz)Rh(COOR)I(CO)l (R = Me (2), Et 
(31, n-Pr (4), i-Pr (51, respectively) in a chemical yield of 
51-58% (reaction 1). Complex 2 can also be prepared, in 
poor yield, by reacting 1 with iodine in MeOH in the 
absence of sodium salts. 

I t  is noteworthy that complex 1 is indefinitely stable in 
alcohols and that, on addition of iodine to a solution of 
complex 1 in dichloromethane, IR solution measurements 
showed a shift of the v(C0) bands to higher frequencies, 
indicating an oxidation of the metal from Rhl to RhIII. 

Complexes 2-5 were obtained as dark red, air-stable 
powders, and their formulations were ascertained by 
analytical and spectroscopic means. Thus, the presence 
of carbonyl and alkoxycarbonyl groups was inferred from 
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Table I. 'H and Relevant '3c NMR Data for the ReDorted Complexes 

Notes 

comolex 'HNMRIG"*b I3CI1Hi N M R / P  
[(rl6-p-cymene)Ru(p-I)z- 

[ (q6-p-cymene)Ru(p-I)2- 

[ (s6-p-cymene)Ru(p-I)2- 

(ppz)Rh(COOMe)I(CO)] (2) 

(p-pz)Rh(COOEt) I(CO)] (3) 

(p-pz)Rh(COO-n-Pr)I(CO)] (4) 

[ (r16-p-cymene)Ru(Cc-I)2- 
(p-pz)Rh(COO-i-Pr)I(CO)] (5) 

[ (q6-p-cymene)Ru(p-Br)2- 
(p-Brpz)Rh(Br)(COOMe)(CO)] (6) 

8.34 (d, lH),  7.91 (d, lH),  6.18 (t, lH ,  3JHH = 2.2), 5.60, 5.52 (2H, JAB = 6.0), 
5.43, 5.35 (2H, JAB = 6.3), 3.73 (s, 3H), 2.96 (sp, lH),  2.41 (s, 3H), 1.27 (d, 
3H, 3 J ~ ~  = 6.9), 1.28 (d, 3H, 3 J ~ ~  = 6.9) 

8.33 (d, lH),  7.91 (d, 1H), 6.17 (t, 1H, 3 J ~ ~  = 2.2), 5.59, 5.50 (2H, JAB = 5.9), 
5.41, 5.34 (2H, JAB 
3H), 1.27 (d, 3H, 'JHH = 6.8), 1.27 (t, 3H), 1.28 (d, 3H), 3 J ~ ~  = 6.7) 

6.2), 4.22 (q, 2H, 3 J ~ ~  = 7.1), 2.95 (Sp, lH) ,  2.40 (s, 

8.33 (d, lH),  7.91 (d, 1H), 6.17 (t, 1H, 3 J ~ ~  = 2.2), 5.59, 5 .51  ( ~ H , J A B  = 5.8), 

2H), 2.39 (S, 3H), 1.26 (d, 3H, 3 J ~ ~  = 6.8), 1.27 (d, 3H, 3 J ~ ~  = 6.9), 0.92 
(t, 3H, 3 J ~ ~  = 7.4) 

5.8), 
5.40, 5.33 (2H, JAB = 6.0), 3.73 (s, 3H), 2.95 (SP, lH),  2.39 (s, 3H), 1.27 (d, 
6H, 3 J ~ ~  = 7.1), 1.24 (d, 3H, 3 J ~ ~  

5.40, 5.33 (2H, JAB = 5.4), 4.14 (t, 2H, J =  6.4), 2.95 (sp, lH),  1.59 (m, 

8.33 (d, lH),  7.90 (d, lH),  6.16 (t, lH ,  3JHH = 2.2), 5.58, 5.50 (2H, JAB 

6.3), 1.19 (d, 3H, 3 J ~ ~  = 6.8), 1.10 

8.10 (s, lH),  8.02 (s, lH),  5.64, 5.58 (2H, JAB = 5.9), 5.47, 5.42 (2H, JAB = 
6.3), 3.81 (S, 3H), 2.86 (Sp, 1H), 2.41 (S, 3H), 1.2Se(d, 6H, 3 J ~ ~  = 7.0) 

(m, 1H) 

181.8 (d, Jmc = 59.0), 
173.2 (d, Jmc = 31.3) 

182.0 (d, Jmc = 56.0), 
172.4 (d, Jmc = 31.2) 

181.9 (d, Jmc = 55.9), 
172.3 (d, JRhC = 30.9) 

182.1 (d, Jmc = 55.9), 
171.6 (d, Jmc = 30.7) 

0 Measured in CDCl3 at room temperature: chemical shifts relative to SiMed as external standard, with J in Hz. Abbreviations: s = singlet, d = 
doublet, t = triplet, q = quartet. b Two AB systems and two doublets are observed for the aromatic and isopropyl methyl protons, respectively, of the 
p-cymene in each case. e Only one doublet is observed for the two isopropyl methyls of this complex. 

I N-N, ...' I 

Figure 1. Proposed structure for complexes 2-5. 

[(~6-p-cymene)RuC1(p-pz)2Rh(CO)21 + 
ROH 

1, + NaI/NaBPh, - 
[($-p-cymene)Ru(p-I)2(p-pz)Rh(COOR)I(CO)l + 

2-5 
NaCl + others (1) 

R = Me (2), Et (3), n-Pr (4), i-Pr (5) 

their IR spectra. They showed one terminal v ( C ~ 0 )  band 
at  ca. 2090 cm-l and two strong absorptions in the 1700- 
1705- and 1050-1065-cm-' regions, which were assigned 
respectively to v(C=O) and v(C-0) vibrations of an 
alkoxycarbonyl group. The v(C=O) frequencies come into 
the upper range of those observed for alkoxycarbonyl 
complexes (1580-1703 ~ m - ~ ) ~ ~ * ~  and are indicative of low 
dr-pr back-bonding from rhodium, consistent with ox- 
idation of this atom during the reaction.lob 

The 1H NMR spectra of complexes 2-5 showed the 
presence of only one pyrazolato group per p-cymene ligand. 
Furthermore, two AB systems and two doublets were 
assigned to the aromatic and isopropyl methyl protons of 
thep-cymene ligand, respectively, which indicate that the 
ruthenium is a chiral ~enter .1~  The appropriate resonances 
of the R substituent of the coordinated alkoxycarbonyl 
group were also observed in each case (Table I). 

Besides the resonances of the pyrazolato, R, and 
p-cymene groups, the 13C{lH) NMR spectra of 2-5 showed 
two doublets (due to lo3Rh-13C coupling) a t  ca. 182 and 
172 ppm, which correspond to the carbonyl carbon nucleus 
of the CO and COOR ligands, respectively. 

All attempts to obtain suitable crystals of these com- 
plexes for diffractometric purposes have been unsuccessful. 
However, we have recently determined the molecular 

(14) (a) Bennett, M. A.; Ennett, J. P. Organometallics 1984,3, 1365. 
(b) Esteban, M.; Pequerul, A.; Carmona, D.; Lahoz, F. J.; Marth, A,; Oro, 
L. A. J. Orgunomet. Chem. 1991,204,421. (c) Carmona, D.; Mendoza, 
A,; Ferrer, J.; Lahoz, F. J.; Oro, L. A. J. Organomet. Chem. 1992,431,87. 

structure of the related IrRh alkoxycarbonyl species [(os- 
C~Me~)Ir(p-I)~(p-pz)Rh(COOMe)I(C0)1 by diffractomet- 
ric methods.15 Interestingly, its spectroscopic data are 
comparable to those of complexes 2-5 and, therefore, these 
complexes probably adopt similar structures. Conse- 
quently, although several binuclear geometries are in 
accord with the analytical and spectroscopic data, we 
propose the structure schematically shown in Figure 1 
(found for the IrRh alkoxycarbonyP) for the new com- 
plexes. The metals are bridged by two iodides and one 
pyrazolato ligand. The terminal ligands iodide, carbonyl, 
and alkoxycarbonyl are linked to the rhodium atom, the 
carbonyl group being trans to the pyrazolato bridging 
ligand. 

Reaction 1 was performed using other oxidants such as 
chlorine and bromine as well as methyl iodide, with the 
following results. The addition of chlorine or methyl iodide 
to solutions of complex 1 in MeOH, EtOH, or i-PrOH, in 
the presence of NaBPh,  afforded complex mixtures of 
products which we have not been able to separate or 
characterize. However, the addition of bromine in carbon 
tetrachloride to a solution of 1 in methanol gave a single 
compound (6) whose IR spectrum is analogous to those 
recorded for compounds 2-5. Analytical data and the 
observation by lH NMR of only two singlets, a t  8.02 and 
8.10 ppm, for the protons of the pyrazolato ligand, indicate 
that bromination of the 4-position of the pyrazolato ring 
has taken place.16 Consequently, complex 6 has been 
formulated as [(06-p-cymene)Ru(p-Br)2(p-Brpz)Rh(Br)- 
(COOMe)(CO)I (Brpz = 4-bromopyrazolato) and, given 
the similarity of spectroscopic data, we propose a structure 
comparable to those of complexes 2-5. 

We have also attempted the preparation of alkoxycar- 
bony1 complexes of RuIr by treating the dicarbonyl 
complex [(~6-p-cymene)RuC1(p-pz)~Ir(C0)21 (7) with io- 
dine and N a B P b  in MeOH, EtOH, i-PrOH, or n-PrOH. 
In all cases the reaction led to the precipitation of red- 
brown solids, which are mixtures of several products. In 
most cases the major component, according to lH NMR 

(15) Carmona, D. J.; Lahoz, F. J.; Oro, L. A,; Reyes, J.; Lamata, M. P. 
J. Chem. SOC., Dalton Trans. 1990, 3551. 

(16) Similar ring substitution reactions have beenreportedforbinuclear 
pyrazolato-bridged complexes of iridium or rhodium, the attack occurring 
at the 4-position, which is the most favored one for electrophilic 
substitution. Janke, C. J.; Tortorelli, L. J.; Burn, J. L. E.; Tucker, C. A.; 
Woods, C. Inorg. Chem. 1986,25,4697. Atwood, J. L.; Beveridge, K. A. 
G.; Bushnell, W.; Dixon, K. R.; Eadie, D. T.; Stobart, S. R.; Zaworotko, 
M. J. Inorg. Chem. 1984,23,4050. 
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ROH (25 mL) was allowed to react at room temperature with the 
NaA salt (A = I, B P 4  0.33 "01) and 12 (0.44 mmol) for 24 h. 
During this time a dark red solid precipitated, which was removed 
by filtration, washed with ROH, and dried under vacuum. All 
complexes were recrystallized from dichloromethane-hexane. 2 
yield 56%. Anal. Calcd for cl&I&J~1&RhRu: C, 22.01; H, 
2.31;N,3.21. Found C,22.63;H,2.44;N,3.48. lSCNMR(CDCl3, 

145.2, 143.1, 106.3 (pz); 105.8, 98.8, 82.0, 81.6, 81.4, 32.0, 22.7, 
22.6,18.4 @-cymene); 56.0 (COOMe). IR (cm-'1: 2090 (a), 1700 
(E), 1065 (m). 3: yield 51%. Anal. Calcd for CI~H~ZNZI~OS- 
RhRu: C, 23.02; H, 2.50; N, 3.16. Found C, 23.18; H, 2.56; N, 

6): 181.8 (d, Jmc 59.0 Hz, CO); 173.2 (d, Jmc = 31.3, COOR); 

3.43. "C NMR (CDCb,6): 182.0 (d, Jmc = 56.0 Hz, CO); 172.4 
(d,Jmc = 31.2, COOR); 145.1,143.1,106.3 (PZ); 105.8,98.8,82.0, 
81.7,81.4,32.0,22.8,22.6,18.4 @-cymene); 65.1,14.7 (COOEt). 
IR (cm-l): 2090 (a), 1705 (E), 1050 (m). 4: yield 58%. Anal. 
Calcd for ClsHuNzIsOaRhRu: C, 23.99; H, 2.68; N, 3.11. Found: 
C, 24.23; H, 2.48; N, 3.18. 13C NMR (CDCls, 6): 181.9 (d, Jmc 

55.9 Hz, CO); 172.3 (d, Jmc = 30.9, COOR); 145.1,143.1,106.3 
(PZ); 105.8, 98.8, 82.0, 81.7, 81.6, 81.5, 32.0, 22.7, 22.6, 18.4 @- 
cymene); 70.9, 22.5, 10.7 (COOn-Pr). IR (cm-l): 2090 (a), 1705 
(a), 1055 (m). 5: yield 52%. Anal. Calcd for ClauOsN213- 
RhRu: C, 23.99; H, 2.68; N, 3.11. Found C, 24.48; H, 2.75; N, 
3.24. 13C NMR (CDCb, 6): 182.1 (d, Jmc = 55.9, CO); 171.6 (d, 
Jmc = 30.7, COOR); 145.0, 143.1, 106.2 (PZ); 105.7, 98.8, 82.0, 
81.8,81.7,81.4,32.0,22.8,22.6,18.4 @-cymene); 72.9,22.25,22.2 
(COOi-Pr). IR (cm-'): 2090 (E), 1700 (81, 1055 (m). 

Complex 2 was prepared as above, but in the absence of sodium 
salts, in 15% yield. 

Synthesis of [(8'-pcymene)Ru(p-Br)z(p-Brpz)Rh(Br)- 
(COOMe)(CO)] (6). To a solution of 0.150 g (0.27 mmol) of 
[($-p-cymene~RuC101-pz~~Rh~CO~~l(1) and 0.135 g (0.39 mmol) 
of NaBPhr in methanol (25 mL) was added 2.10 mL (0.64 "01) 
of a 0.31 M solution of Br2 in CC4. The mixture was stirred at 
room temperature for 2 days, and during this time an orange 
solid precipitated which was filtered off, washed with methanol, 
and dried under vacuum. The solid was recrystallized from 
dichloromethane-hexane; yield 28 % . Anal. Calcd for 
c&&&&.RhR~x C, 23.70; H, 2.36; N, 3.45. Found: C, 24.25; 
H, 2.39; N, 3.46. IR (cm-l): 2110 (E), 1710 (E), 1065 (m). 

measurements, was the decomposition product [((&I- 
cymene) RuIJ2 (p-I) 21. l7 

In summary, the addition of iodine or bromine to 
solutions of [ (s6-p-cymene)RuC1(p-pz)~Rh(C0)21 in dif- 
ferent alcohols increases the electrophilicity of the carbon 
atom of the coordinated carbon monoxide due to the 
oxidation of the rhodium center. Thus, one of the carbon 
monoxide carbons can be selectively attacked by the 
alcohol used as solvent, affording alkoxycarbonyl com- 
plexes. However, the whole process is more complex since, 
according to the stoichiometry of the final products, the 
mechanism also includes the substitution of the chloride 
atom, favored by the presence of sodium salts, and the 
displacement of one of the two bridging pyrazolato groups 
by an iodide ligand. On the other hand, the reaction is not 
a general one. Thus, the related iridium complex [($- 
p-cymene)RuCl(p-pz)~Ir(CO)~l, under the same condi- 
tions, gives a complex mixture of reaction and/or decom- 
position products. Additionally, the use of chlorine or 
methyl iodide as oxidants, instead of iodine, affords 
intractable mixtures of reaction products and, finally, 
bromine produces not only the oxidation of the rhodium 
atom in 1 but also the substitution of the proton of the 
4-position of the remaining pyrazolato group. 

Experimental Section 
General Comments. [(~s-p-cymene)RuC1(~-pz)~Rh(CO~~l 

was prepared as previously reported.13 IR spectra were recorded 
on a Perkin-Elmer 783 spectrophotometer, using Nujol mulls 
between polyethylene sheets, or dichloromethane solutions 
between NaCl plates. NMR spectra (external standard SiMer) 
were measured at room temperature on a Varian XL 200 
spectrometer (50.3 (13C) and200.0 ('H) MHz). Elementalanalyses 
were carried out with a Perkin-Elmer 240C microanalyzer. 

Synthesis of [(1'-pcymene)Ru(p-I)r(c-pz)Rh(COOR)I- 
(CO)] (R = Me (2), Et (3), m-Pr (4), fPr  (5)). A solution of 
[(~l~-p-cymene)RuCl(r-pz)~Rh(CO)~] (1; 0.125 g, 0.22 mmol) in 

(17) An authentic sample of [((t16-p-cymene)RuIJ~(r-I)~l waa prepared 
by treating the chloride [((t16-p-cymene)RuC1J~(~-C1)zl with excess NaI 
in MeOH over 24 h. Anal. Calcd for CmH&Ruz: C, 24.56; H, 2.85. 
Found: C, 24.82; H, 2.92. lH NMR (CDCb, 300.0 MHz, 25 OC, 6): 5.53, 
5.43 (AB system, 4H, phenyl ring protons, JAB = 6.0 Hz); 3.01 (sp, IH, i-Pr 
CH); 2.35 (a, 3H, CH3); 1.24 (d, 6H, i-Pr CHs, JHH = 6.8 Hz). 
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