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Abstract: Bis(triarylphosphite) ligands 1 ~  were prepared in optically pure forms from (R)- or (S)-binaphthol 
and (ArO)2PCI, and their Rh(l) complexes have been used as catalysts for hydroformylation of vinyl acetate. The 

corresponding branched aldehyde, 2-acetoxypropanal, was given in up to 95% regioselectivity and in 49% ee. 

Asymmetric hydroformylations have attracted much attention in organic synthesis due to the high 

synthetic utility of optically active aldehydes. 1 A great deal of effort has been made for development of chiral 

catalysts efficient for both high regioselectivity (branch/normal ratio) and high stereoselectivity in carbon-- 

carbon bond forming step. Rhodium or platinum complexes modified by optically active diphosphines have 

been used as catalysts, but the results have so far been unsatisfactory in many cases from a synthetic point of 

v i e w . l ~  In spite of the high catalytic activity of Rh(I) phosphite complexes for hydroformylation, they 

have rarely been employed as catalysts for asymmetric hydroformylations. 4 We report here asymmetric 

hydroformylation of vinyl acetate catalyzed by chiral bis(triarylphosphite)--Rh(I) complexes. 

Optically pure bis(triarylphosphite) ligands 1--4 were readily prepared by the reaction of (R)- or (S)- 

binaphthol with the corresponding chlorophosphites 5 ~ 8  in the presence of triethylamine. Phosphites 1 4  

are stable in air and moisture, and can be easily purified by column chromatography on silica gel. The 

structures of 1--4 were supported by their elemental analyses and spectral data. 5 HPLC analysis of (R)- or 

(S)-1--4 with chiral column (DAICEL CHIRALSEL OD, hexane--2-propanol (97:3)) showed that these 

compounds are optically pure. 31p NMR spectrum of ligand 4 exhibited a singlet which indicates that only 

one diastereomer has been obtained. Such formation of single diastereomer has been reported in the reaction 

of 2,2'-biphenol with PC13. 6a 

Treatment of (S)-I with Rh(CO)2(acac) in benzene resulted in a displacement of CO by (S)-I. After 

recrystallization of the product from a mixture of hexane and benzene (4:1) at -20 °C, pure complex (S)-9 was 

obtained as yellow needles whose structure was characterized based on their elemental analysis and spectral 

data. 7 Complex (S)-9 exhibited only one 3lp resonance at 5 128.81 (JRh--P = 299 Hz), almost the same 

chemical shift with that of the free ligand (5 129.03). Similar reactions of (R)- or (S)-2 or 3 with 

Rh(CO)2(acac) gave (R)- or (S)-10 and 11, respectively. 

Complexes 9---11 were used as catalysts for hydroformylation of vinyl acetate (12) under various 
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conditions to give preferentially 2-acetoxypropanal (13) accompanied by the linear product (14). Some 

representative results are summarized in Table 1. Use of pure samples of (S)-9 and (R) - l l  purified by 

recrystallization resulted in low enantioselectivity (runs 1 and 2), while addition of 0.1 equiv, of excess ligand 

(S)-I to (S)-9 improved the enantioselectivity to a large extent at the expense of catalytic activity (run 3). 

Further addition of the ligand hardly affected on the selectivity and catalytic activity (runs 4 and 5). Since 

complex Rh(CO)2(acac) catalyzes the above hydroformylation much faster than any of phosphite complexes 

9- -11  (run 7), the observed low enantioselectivity in the absence of excess ligands indicates that some 

phosphite free Rh(I) species formed by a dissociation of the chiral ligands worked as catalysts under such 

conditions. It has also been reported that the hydroformylation of vinyl acetate using Rh complexes of DIOP 

or its derivatives requires 3- -6  equivs, of ligands to obtain moderate enantioselectivity (80 °C, 6% ee for 3 

equivs, and 51% ee for 6 equivs. ).2 It is noteworthy that only a slight excess of phosphite ligand 1 could 

suppress the dissociation effectively to give good results. 3,5-Dimethyl substitution on the phenyl ring of the 

ligands resulted in slight decrease, if any, of the enantioselectivity (runs 1 and 2, 5 and 13). The lower 

reaction temperature gave higher enantioselectivity, though the reaction proceeded more slowly (runs 9--12). 

Interestingly, the reaction catalyzed by the Rh(I) complex of (R)-4 gave the product with opposite absolute 

configuration compared to those with (R)-l--3,  though enantioselectivity was rather poor (run 14). 
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Complex [Rh(CO)2C1]2 could also be used in combination with 1- -3 ,  to give results similar to those obtained 

with Rh(CO)2(acac) (runs 15--17) .  Benzene is the solvent of choice. Use of  coordinating solvent such as 

THF resulted in decrease of both enantioselectivity and conversion (run 17). When the reaction was carried 

out by use of  a mixture of [Rh(CO)2C1]2 and excess (R)-BINAP (BINAP = 2,2 '-bis(diphenylphosphino)- 

1,1'-binaphthyl) (3 equivs, to Rh), the reaction proceeded much slowly (run 18). The same sense of  

cnantioface selection has been observed for reactions by use of (R)-BINAP and 1 ~ 3  with R configuration. 

The above f indings suggest that chiral  b is (phosphi te) - -Rh(I )  complexes  are promissing catalysts for 

asymmetric hydroformylations. 

Table  1. Hydroformylation of Vinyl Acetate Catalyzed by Chiral Diphosphite--Rh(I)  Complexes. a 

run Rh b Ligand L/Rh Temp, °C Time, h S/C c % Conv. d 13/14 d % ee e C o n f i g f  

1 A (S)-I  1.0g 30 48 400 80 94/6 12 R 

2 A (R)-3 1.0g 30 40 400 75 94/6 2 S 

3 A (S)- 1 1.1 30 40 400 29 94/6 45 R 

4 A (S)-I  1.2 30 40 400 33 94/6 46 R 

5 A (S)-I  2.5 30 40 500 22 92/8 45 R 

6 A (S)- 1 2.5 20 40 300 11 94/6 49 R 

7 A None - -  30 17 1000 82 94/6 - -  - -  

8 A (S)-2 1.1 30 40 200 38 94/6 42 R 

9 A (S)-2 1.5 30 40 200 32 94/6 46 R 

10 A (S)-2 1.5 40 40 200 82 93/7 45 R 

11 A (S)-2 1.5 50 40 200 97 92/8 41 R 

12 A (S)-2 1.5 80 3 2000 83 91/9 31 R 

13 A (S)-3 2.5 30 40 300 12 91/9 45 R 

14 A (R)-4 2.5 60 40 400 12 94/6 14 R 

15 B (S)-I  2.5 20 40 100 25 94/6 49 R 

16 h B (S)-I  2.5 60 40 800 91 94/6 (41) R 

17 h,i B (S)-I  2.5 60 40 800 81 93/7 (34) R 

18 h B (R)-BINAP 3.0 80 40 800 6 9/1 (47) S 

a All reactions were carried out in benzene under 100 atm of H 2 and CO (1:1 mixture) unless otherwise stated, b Catalyst 

precursors: A, Rh(CO)2(acac); B, [Rh(CO)2C1] 2. c Substrate/catalyst ratio, d Determined by GC (25% DOP on Uniport HP, 100 

°C, He lkgcm "2, FID detector), e Determined by GLC with a chiral column (CHIRADEX B PH, 55 °C) or by 1H NMR 

(270 MHz) by the aid of chiral shift reagent Eu(hfc)3 (values are given in parentheses), f Configurations were determined by the 

comparison of optical rotation values of the products with the literature data. 2 g The isolated complexes, (S)-9 (run 1) and (R)- 

11 (run 2) were used as catalysts, h Reactions were carded out under 70 arm (H 2 and CO, 1:1). i The reaction was carried out in 

THF. 
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