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Recently, it has been shown that Pt-Sn hydmfurmyktion catalysts allow ds to be ohtaincd fmn alkenes 
in “one-pot” reactions, resulting in the direct protection of the reactive alckhyde functions from unwanted side 
reactions. such as elimination or racemixation;t this latter effect, however, seems not to be general.3 Apart from 
the intrinsic Lewis acidity of the transition metal complex, SnCl2 has been demostrated to be a useful catalyst in 

%&alization3 and acetal hydroly& and its presence as co-catalyst for the hydroformyktion reaction uadouhtedly 
has a strong influence on the efficiency of the acetalization pmcess. Related Rh(I)-StQs complexes ate known, 
but no catalytic activity reportede 

On the other hand. some rhodium complexes have been used as catalysts in acetalixation and 
transacetalixation of carbonyl compounds under mild conditions; principally acidic Rh(IIl). complexes such as 
[RhClH2(PPh3)2]7 or [Rh(triphos)CI3] derivatives.8 were used with this purpose. Rhodium (I) complex 
[Rh2Cl2(CO)4],9 a relatively strong Lewis acid. 10 has also been used with the same objective, although the 
presence of Rh(llI) species during the reaction course cannot he excludedtn~tt However, a transformation of 
alkenes into acttals. similar to the described for platinum catalysts, using a rhodium catalyst has not been 
descritJed. 

Hem we report an efficient and selective “one-pot” conversion of alkenes into acetals catalyzed by rhodium 
compkxes and PP’fS through consecutive hydmfonnylation and acetalization reactions. 
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Rhodium (I) catalytic systems have been very active in the hydroformylation of dihydrofurans.t2 and we 
chose a similar rhodium catalytic system for the hydroformylation/acetalization of 25dihydrofuraq which is 
known to provide a single hydroformylation pruduct,t3 to prevent the formation of mixtunes. 

Preliminary experiments in hydroformylation of 25dihydrofuran carried out with the catalytic system 
[(Rh2(p-OMeh(codh] (1) /lo PPh3 and HC(OEt)3 or 2.2dimet.hoxypropane (DMP) as solvent at 50 bar and 
60°C gave only small amounts of acetals after 48 hours of reaction, although the conversion to aldehydes was 
compkte. In order to favour the formation of acetals S&l+-3 was added to the reaction tnixtuq however, this 
caused the conversion percentages to aldehy& felt down flable 1. Entry 3). 
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On the other hand. the use of p-tolucncsulphonic acid (PTSA) as the acetalization catalyst inhibited the 

hydroformylation because of the precipitation of the phosphine co-catalyst as triphcnylphosphonium 
p-toluenesulphonate salt Since the phosphine type ligands are necessary for the rhodium catalyst activity under 

mild conditions, the use of strong acids as acetalization catalysts is precluded. The weak acid 

triphcnylphosphonium p-toluenesulphonate should be compatible with the phosphorus ligand. but unfortunately 
the hydroformylation rate was very low in this case and consequently the rate of acetal formation was also low. 

Table 1. Consecutive Hydroformylation-Acetalization of 2,5-Dihydrofuran with the Catalytic System 
[Rh2@-OMch(COD)2]+10 PPh3. 
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A weaker acid like pyridinium p-tolunesulphonate 14 has no influence on the hydroformylation rate and 

working in 22-dimethoxypmpane as the solveat allowed ua to obtaiu the dimethykeal in 82% yield within 24h 
(Tablel. Enay 6). Since the hydroformylation reaction is tit complete after 12h. increasing the temperature 
thur to WC the acetal was quantitatively obtakd in 24 hours (Tablel. Enay 7). pyridinium camphorsulphonate 

gave similar results. 

When the p?a&on was carried out in HC(OEt)s as the solvent the rate of acetalization in- 92% of tk 

corresponding dicthylecetal being obtained in 4h (Figun 1). Howeva, the high boiling point of this solvent 
makes the pudfkatiorl of the rextion mixture tYNxe diffkul~ eqecially when pmducta have a low boiling point 

Rgure 1: Evdntkm d cbt hy&of-y-dy=- 
d2,Sdihydmfr~:(A) DMR(r) DMP.PPfS;(O) 
~rw.~~rs(12ha16o’Cmd12hat90DC);(.) DIG’. 
FTlQH+Frs;(o) Hc(0Fibi(m) Hc(Ow+~. 
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Typical ppudurr: as follows: Tbe suhstmtc (5 mmol), previously sti with alumina for 24 h, was ad&d 

to a solution of the catalyst (0.05 mnrll of [Rh@OMe)(COD)fz), the phosphorus co-catalyst (0.5 mumI of m) 
and 60 mg of PFI’S in IS ml of pnviously deoxygenated solvent (Hc(oEth or DMP); the resulting solution was 
introduced into the evacuated autoclave. pressurized at 50 bar with a 1: 1 mix- of tX/H2 and heated at 60 OC. 
~tbespecifiedtimcatthcindicatedtWpcnWe, tht autoclave was carefully depressurized and opened, The 
msultiug solution was analyuxf by gas chmmatography, tH and tx NMR spwtmswpy. 

In the same way, styrene is converted into the diethyl acetals with a ratio n/is0 similar to the one obtained 
when the hydrofomtylation is carried out in other mo~c commoo solvents (Scheme 2). 
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The diierent reactivity of the triethyl orthoformate and 2,2-~~~ox~m~ could be successfully 

exploited to selectively hydroformylatc the aldchyde function formed in the ma&on in the pnscnce of slightly 

hi&ered ketones ; thus, hydroformylation of 5-methyl-5-hexen-2-one gave almost exclusively the dimethylacetal 
of the aklehydes (Scheme 3). 

a) CH(Ohi&+ 

Vinyl acetate had been asymmetrically hy~fo~yi~ using (-)-DlOP as auxiliary ligan&‘s When the 
hydmformylation was carried out with I+(->DIOP as catalytic system in DMP as the solvent the ohtained ee was 
25% (Scheme 4). The PPTS media and the conditions of the hydroformylation-acetalization process am 

compatible with the presence of sensitive substituents as the acetate group, and even result in a excellent 

negioselectivity in the hydrofotmylation of vinyl acetate (Scheme 5)_ On the other hand, these &on wnditions 
didn‘t significantly improve the eo in asymmetric hy~fo~yl~on reaction but it is clear they did not have a 
negative influcocc. 

Scheme 4 

m 80% (2s%ec) 
a) l+lO(-)-DICE’, DhSP, 20 bar, 7WC. 24 h, 10096. 

0 
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4% %% @atee) 
3 I+ W-)_DIOPtTVTS. DMP. XI bar. 70°C. 24 h. 100%. 

Finally, it is noteworthy that the zwitterionie rhodium w~lex[~~(~-S(CH~~~NMe~H)~~c~)~J 

W&*6*17 is able to catalyze the hydroformylation of 2,5dihydrofuran at a similar hydmformylation rate to the 
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neutral complex. although the acetalktion reaction ratie was slower than when PPTS was used. ra@ring 48 

hours for the quantitative convessiott to eatal when HC(GE& was used as the solvent 
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