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Abstract 

The novel cis-( ~-alkyl)(~~-O,) complexes of rhodium [(THF)(EtOH)Na{ CL- 
EtOH},{ p(COzR)CH2CH(C0,R)Rh( q2-O,)(triphos)},Na(EtOH)(THF)][BPh, I2 - 
2EtOH (R = Me, 3; Et, 4) have been synthesized by reaction of dioxygen with the 
hydrides (triphos)RhH(q2-alkene) followed by NaBPh, addition (alkene = dimethyl 
fumarate, 1; diethyl fumarate, 2) (triphos = MeC(CH,PPh,),). The structure of 4 
has been determined by X-ray diffraction. Oxygen atom transfer reactions from the 
~~-0, complexes to various inorganic and organic substrates have been studied. 

We recently showed that the hydride(q2-dimethyl fumarate) complex (triphos)- 
RhH( q2-DMFU) (1) (triphos = MeC(CH,PPh,),; DMFU = dimethyl fumarate) 
undergoes migration of hydrogen from metal to alkene by two-electron oxidation 
(Scheme la) [l]. We now report that the insertion of dialkyl fumarates into the 
Rh-H bond can also be promoted by oxidative addition of dioxygen. The reaction 
produces unusual examples of rhodium cis-(alkyl)(q2-0,) complexes, which exhibit 
a remarkable ability to transfer oxygen atoms to both inorganic and organic 
substrates. 

When 0, is bubbled into colorless solutions of 1 or of the diethyl fumarate 
derivative (triphos)RhH(q2-DEFU) (2) (DEFU = diethyl fumarate] [2*] in tetra- 
hdyrofuran (THF) at room temperature a reaction takes place, as evidenced by the 
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Scheme 1. 

appearance of a pale yellow color and change in the 31P{ rH} and ‘H NMR spectra. 
Monitoring of the reactions by NMR techniques reveals that complete transforma- 
tion of 1 and 2 (0.5 mmol, 50 ml THF’) occurs in 6 h. Furthermore, the formation of 
the new rhodium complexes is accompanied by some decomposition (20%) of the 
(triphos)Rh moiety, as shown by the appearance of a 31P NMR signal at 27.34 ppm 
due to triphos(=O)3 [3*]. On slow evaporation of the solvent, gummy products are 
isolated which retain the spectroscopic and chemical (sensitivity to oxygen) features 
of the solution compounds [4*]. Addition of solid NaBPh, to the THF solutions of 
1 or of 2 during the bubbling of 0, has three important effects: (i) the reactions 
become much faster, (ii) the formation of phosphine oxide is arrested, and (iii) pale 
yellow crystals of the new products [(THF)(EtOH)Na{ Cc-EtOH},{ ~.r- 
(CO,R)CH,CH(CO,R)Rh( q*-02)(triphos)} ,Na(EtOH) (THF)][BPh,] 2 * 2EtOH (R 
= Me, 3; Et, 4) [5*] are obtained after addition of ethanol (Scheme lb). Compound 
3 (or 4) can be synthesized in quantitative yield by bubbling 0, into previously 
prepared l/l mixtures of 1 (or 2) and NaBPh, in THF. In this case no formation of 
phosphine oxide is observed, and the reactions are complete within 1 h. 

* Reference number with asterisk indicates a note in the list of references. 



Fig. l. Drawing of the complex cation of 4. The phenyl rings have beem omimd for &t&y. &&ted bond 
diStan=S (A) ad @es (“) are as fohvs: 0(1)-o(2), 1.45(l); Rh-ql) 2.039(7); Rl+q2), 2.037(7); 
m-c(6), 2.21(l); Rh-P(l), 2.292(3); w-p(2), 2.285(Z); Rh-P(3), 2.421(3); Na’-q3), 2_295(9); 
Na-qSh 2.3W9); Na-q7), 2.44(l); Na-q8), 2.566(g); Na’-q8), X579(9); Na’-q9), 2.415(15); 
c(6)-0, 1.52(l); c(7)-c(8), 1.50(2); C(6)-C(ll), 1.50(l); C(S)-o(3), 1.22(l); c(s)-o(4), 1.31(l); 
C(ll)-C(S), 1.21(l); CWO-O(6), 1.36(l); O(l)-Rh-O(Z), 41.8(3); R&0(1)-0(2), 69.0(4); 
qlI-~-c(6h 88.8(3); 012)-=-c(6), 84.2(3); p(l)-Rh-p(;?), 90.4(l); P@)-~h-pf3), 86&l); 
Na-q8)-Na’, 87.6(3). 

The dication in 4 has the complex structure shown in Fig. 1, as established by an 
X-ray diffraction study [6+ 1. It consists of two octahedrahy coordinated sodium 
atoms terminally linked by one THF and one EtOH molecules and held together by 
bridges formed by two ethanol and two rhodium complex species, respectively. In 
the atypically bridging transition metal complex, the original hy~d~e~yl 
fumarate pair, transformed into a a-suceinyl ligand, uses both C=O oxygen atoms 
from its ethoxycarbonyl substituents to bridge the sodium atoms. The three phos- 
phine donors of ‘triphos and an q*-0, group complete the pseud~~t~~~ 
coordination sphere of the two rhodium metals, related by the center of symmetry at 
opposite comers of the big molecular system. As in other known cases [7 * 1, the 
tr~sition metal group supporting ~‘~r~ation of 0, (a peroxo group in view of 
the observed O-O distance of 1.45(l) A) can be described as a typical L,M 
fragment with butterfly geometry (M = d6). A network of hydrogen bonds provide 
extra stability to the system and is partly responsible for its unusual complexity. In 
particular, both the peroxo-oxygen atoms make short contacts with the OH groups 
of bridging and terminal ethanol ligands. C?ntacts between O(1). . .0(7) and 
O(2). , . O(8) are as short as 2.65(I) and 2,84(l) A, respectively. 

Some of the interactions between the (triphos)Rh(u-succinyl)(~2-02) moieties 
and the sodium cations are certainly maintained in solution [8*], and contribute 
markedIy to the stabilization of 3 and 4, especially as far as the loss of oxygen is 
concerned. However, none of the complexes is prevented from transferring oxygen 
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atoms under mild conditions to substrates such as SOz, triphenylphosphine, or 
styrene (Scheme 2). The reactions with SO, result in the quantitative formation of 
Na zS04 and the Rhnr succinyl complexes [(triphos)Rh{CH(C0,R)CH2(C02R)}]- 
[BPh,], (R = Me, 5; Et, 6) [1], which can also be obtained together with H202, by 
treatment of 3 or 4 with two equivalents of a strong protic acid. Formation of H20z, 
which provides evidence for the peroxo nature of the ~~-0~ ligand in 3 and 4 [9], is 
also observed when the complexes are treated with 3,5-di-t-butyl catechol to give the 
five-coordinate catecholate Rhnf complex [(triphos)Rh(3,5-DBCat)J[BPh, ] (7) [lo * ] 
and the corresponding dialkyl succinate. The oxidations of PPh, and styrene 
become catalytic under 1 atm of 02, with turnover rates of 3.8 and 1.2, respectively 
(THF, 2 h, reflux temperature, catalyst to substrate ratio l/30. Rates expressed as 
moles of product per mole of metal per hour). In addition to benzaldehyde (relative 
rate 0.8) (oxidative cleavage) [9b] and styrene oxide (relative rate 0.2), the reactions 
of 3 and 4 with styrene and 0, also produce acetophenone (relative rate 0.2). 
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