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SUMMARY : Carbonyl compounds are readily acetalized under mild conditions in the presence of 

catalytic amounts of Rh(III)triphos moieties. 

Acetals are one of the most widely used protecting groups for aldehydes and ketones.’ Further, 

acetals have recently become important “tools” for the synthesis of enantiomerically pure 

compoundsz. Although the formation of acetals is generally catalyzed by protons,lb several other 

Lewis acids, including a number of transition metal complexes, have been reported as being active 

catalysts for the acetalization reaction. 3 These, however have seldom shown major advantages 

over general acid catalysis. 

We report here the use of several rhodium(TI1) complexes of the terdentate ligand 

H3CC(CHzPPh2)3, triphos, as catalyst precursors for the acetal formation and the trans- 

acetalization reactions. The herein described catalyst precursors have proven to be mild, 

demonstrate a high turnover rate, induce high diastereoselectivity and, have a high synthetic 

potential. These are : [RhC13(triphos)],4 A, [RhC12(H3CCN)(triphos)]+ (CF3S03-),5 B, 

[RhCl(H3CCN)2ttriphos)]2+ (CF3SG3-)2,’ C, and [Rh(H3CCN)3(triiphos)]3+(CF3S03-)3, 6 D. 

These complexes easily generate species with Lewis-acidic character and, thus, can be considered, 

at least in a formal sense, as “bulky protons”. Some of the results obtained are summarized in 

Table 1. Typical substrates and reaction conditions for the formation of methyl-substituted acetals 

are listed in entries l-5. A subsuate:catalyst ratio of 2OOO:l was used, although, in some cases, 

e.g., entry 1, the ratio 1OOOO:l could be used. Ethanol reacts more slowly, entry 6, and iso- 

propanol does not react under the same reaction conditions. Catalyst precursors B, c and Q give 

faster reaction rates as shown in entry 5. When cyclic acetals are to be formed, the water can be 

removed either by azeotropic distillation (entries 7, 11, 13) or by the use of iso- 

propylorthoformate7(entries 10, 12). For bulky substrates, complex Q should be used (entries 1 l- 

15). Trans-acetalization reactions are carried out under mild and aprotic conditions (entry 8). 
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Further, methylorthoformate can be used as a source of methoxide (entry 14), as well as a water 

scavenger (entriesl-5). Concerning diastereoselectivities, interesting ratios are obtained (entries 

12,13, 15). For proton-sensitive substrates, the complex A should be preferentially used (entries 

2-4). Since protons are formed upon reaction of complexes C and Q with a primary or secondary 

alcohol (vide i&-a), one could suspect these to be the actual catalysts. Indirect evidence presented 

(entries 8 -no protons present-, 13 -no acetalization with l/50 mol equivalent of acid-) suggests 

that the above complexes are active catalyst precursors. 

Complexes D and C react with methanol, as shown by the formation of 

[RhH(H$ZCN)~(@iphos)]z+ from 12 and [RhHCl(H3CCN)(triphos)]+ from C with liberation of a 

proton, by the following reaction sequence : 

,CH, 
* Rh-O,> 

H 

“Rh-H” + 
,A, 

Therefore, it can be expected that the protons generated as described above can compete with the 

metal center for the acetalization reaction. 

Concerning the reaction mechanism, it appears that two & free coordination sites are required in 

the catalyst precursor. Both substrates, carbonyl and alcohol, can then be coordinated to the metal 

before coupling together. Further, the strong m effect of the facial chelating tripodal phosphine 

activates all three & positions equivalently. Complex B has also been prepared with the arsenic 

analog of @iphos : triarq [H&C(CH2AsPh2)3]s. Its weaker catalytic activity confirms the above 

hypothesis : a strong m effect activates the sites where catalysis is to occur. 

13+ (2+) 

[Y=solvent or (anionic ligand)] 

Figure 1 : Coordination of both substrates to the metal center. 
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TABLE 1 : The Rh(lll)m catalyzed acetalization of carbonyl compounds 

Entry Substrates Substr.= Tempt Desicc. 

lk 

2” 

3” 

4k 

gk 

6k 

7’ 

6’ 

9’ 

10’ 

11’ 

1P’ 

13”’ 

14’ 

15”’ 

H&OH 

AH H&OH 

H&OH 

H&CH#H 

n 
HO OH 

n 
HO OH 

n 
HO OH 

Ratio 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

1.0 

3.0 

1.1 

1.05 

0 

CA 

Cl 0 

HCC=-h)~ 3.0 

Cl 

Time (h) Agent 

RTb.25 MOP 

RTK3.0 h4OF 

RTiO.25 MOF 

RT/3.0 MOF 

FIT’ MOF 

RT/5 EOF 

Fw2 A!Y 

RT/3 “One 

RT/3 “me 

RT/lO IO? 

wa AD 

RT/6 IOF 

Rx70 

UT/B 

FW24 

AD 

Wl-d 

MnB 

Catalyst 

A 

A 

A 

A 

A-R 

Product Yield 
W 

65h 

50’ 

HPCHP OCH,CH, 

A 0 wh 

A(p) ‘2 64J(1d) 

U 

n 
0 0 
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Table 1 : continued. 

a) [Alcohol]/[ketone]; b) Methylorthoformate; c) Ethylorthoformate; d) Azeotropic Distillation; e) 

iso-Propylorthoformate; f) Room Temperature; g) Reflux; h) Isolated yield; i) Corresponds to tbe 

reaction time (minutes) required to obtain a 50% yield of the acetal. A : 7 min, B : 4 min, C : 2 

min, n : 2 min; j) Yield determined by GC ; k) The alcohol was used as a solvent; 1) Benzene was 

used as a solvent; m) Th& reaction affords & the & product as proven by lH NMR; n) The 

proton catalyzed reaction with l/10 mol equivalent of protons affords a cis/trans ratio of 6/4 when 

performed in refluxing toluene. The rhodium catalyzed reaction affords a cis/trans ratio of l/2.5; 

o) Same diastereoselectivity as in n). 
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