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swrmlary: Catalytic asymmetric synthesis of secondary alkyl alcohols (up to 78% ee) was 
accomplished by asymmetric hydrogenation of enol diphenylphosphinates, derived from prochiral 
ketones such as acetophenone, 3-methyl-2-butanone, and 2-octanone, in the presence of a 
cationic rhodium complex of (R)-l-[(S)-1',2-bis(diphenylphosphino)ferrocenyl]ethanol (BPPFOH). 

There has been intense interest and activity in asymmetric hydrogenation of prochiral 

olefins catalyzed by chiral phosphine-rhodium complexes,' and high optical yields (>85%) have 

been often attained in the reaction of a-(acylamino)-1 and a-(acetyloxy)acrylic acids or 

esters,2 itaconic acid derivatives,3 and a-(acylamino)styrenes.4 These olefins have the 

structural features shown below, containing the carbonyl oxygen three atoms away from the 

R: c-c 
,X-CO-Y 

X = NH, 0, CH2 

H' 'R2 Y = R, OR 

carbon-carbon double bond, and the chelation formed by coordination of the carbonyl as well as 

the olefin to rhodium has been recognized to enhance the stereoselectivity in diastereomeric 

transition states.1e*5 

We report here that secondary alkyl alcohols of high optical purity could be obtained by 

asymmetric hydrogenation of enol phosphinates, which can be prepared regio- and stereoselec- 

tively from carbonyl compounds6 and have analogous structure to the olefins mentioned above, 

capable of coordinating to rhodium with P=O instead of C=O. The present method provides a new 

efficient route to the preparation of optically active alcohols. Although there have been 

several attempts for the preparation by asymmetric hydrogenation of prochiral ketones,7 the 

optical yields are generally low except for the reaction of those containing functional substi- 

tuents, i.e., a-keto acids and esters' and a-amino ketones.g 

As shown in eq. 1, unsymmetrical ketones 1 were converted into enol phosphinates 2 with 

high regio- and stereoselectivity by phosphorylation of lithium enolates generated under 

kinetically controlled conditions (lithium diisopropylamide in THF at -78'). The phosphinates 

2 were hydrogenated in the presence of a chiral phosphine-rhodium complex to give optically 

active secondary alkyl phosphinates 3. Conversion of 3 into alcohol 4 was effected by treat- 

ment with an excess of methyllithium in ether followed by hydrolysis. Direct acid or base 

hydrolysis of 3 was unsuccessful. The results obtained for the asymmetric hydrogenation of 2 

are summarized in Table 1. 

For the reaction of 1-phenylvinyl diphenylphosphinate (2a), we have examined several 

rhodium catalysts with chiral bisphosphine ligands, which have been reported to be effective 
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Table 1. Asymmetric Hydrogenation of Enol Diphenylphosphinates 2 Catalyzed by Chiral Phosphine 

Rhodium Complexes." 

Substrate Ligandb Solvent Temp. ("C) Conversion' %eeof4 d 

0) (Configuration) 

Ph K 0P(0)Ph2 (2a) 

Ph OP(O)Mez 

Ph K OP(O)(OEt)2 

Ph K 0P(S)Ph2 

Ph il OC(O)Me 

i-Pr OP(O)Phz (2b) 

n-C6H1 3 
K OP(0)Ph2 (2c) 

t-Bu /k 0P(0)Ph2 (W 

A 

Me 

(2e) 
Ph OP(O)Phz 

(R)-(S)-BPPFOH Benzene 

(R)-(S)-BPPFOH Benzene 

(R)-(S) -BPPFOH Benzene 

(R)-(S) -BPPFOH THF 

(R)-(S) -BPPFOH Methanol 

(S)-(R) -BPPFA Benzene 

(-)-DIOP Benzene 

BPPM Benzene 

BPPM Methanol 

(S)-prophos Benzene 

(R)-(S) -BPPFOH THF 

(R)-(S) -BPPFOH Benzene 

(R)-(S) -BPPFOH Benzene 

(R)-(S) -BPPFOH Benzene 

(R)-(S)-BPPFOH Benzene 

(-)-DIOP Benzene 

BPPM Benzene 

(R)-(S)-BPPFOH Benzene 

(R)-(S) -BPPFOH Benzene 

(R)-(S) -BPPFOH Benzene 

20 

30 

20e 

30 

20 

20 

20 

20 

20 

20 

20 

20 

3oe 

20 

20 

20 

20 

209 

30e,h 

30eFh 

100 

100 

100 

98 

0 

94 

54 (15)f 

73 (26)f 

28 

0 

96 

79 (18)f 

18 

26 

100 

17 

12 

100 

36 

40 (2O)i 

78 (R) 

63 (R) 

64 (R) 

48 (R) 

43 (R) 

80 (S) 

57 (S) 

16 (S) 

39 (R) 

33 (R) 

24 (S) 

25 CR) 

60 (R) 

55 (S) 

40 (S) 

48 (8) 

39 (S) 

49 (5) 

- 

a The reaction was carried out at 5 atm initial hydrogen pressure for 40 h in the presence of 

cationic rhodium complex prepared in situ from a chiral ligand, [Rh(NBD)2]+ClO$-, and Et3N 

(2 : L* : [Rh(NBD)2]+C104- : Et3N = 1 : 0.01 : 0.01 : 0.05). b See text. c Conversion was 

determined by lH NMR spectra of the reaction mixture. Isolated yields of alcohol 4 were over 

70% when the conversion is >90%. d Obtained by a chiral shift reagent study with tris(3- 

trifluoroacetyl-d-camphorato)europium(III) [Eu(facam)s] or tris(d,d-dicampholylmethanato)- 

europium(II1) [Eu(dcm)3]. e At 50 atm initial hydrogen pressure. f Yield of ethylbenzene. 

9 For 170 h. ' For 70 h. ' Yield of propylbenzene. 
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1) LDA R2 ,0P(0)Ph2 H2 R2CH2cHR1 
R2CH2COR1 F 'c=c * 

2) ClP(O)Ph, H' 'R1 
I 

L*/Rh OP(O)Ph, 

1 2 3 

a: R1 = Ph, R2 = H 
b: R1 = i-Pr, R2 = H 

C: R1 = n-CgH13, R2 = H 
1) MeLi R2CH2?HR1 

* I (1) 
d: Rl = t-Bu, R2 = H 2) H30+ 6H 

e: R1 = Ph, R2 = Me 4 

for the hydrogenation of a-acylaminoacrylic acids. A rhodium cationic complex with (R)-l-[(S)- 

1',2-bis(diphenylphosphino)ferrocenyl]ethanol [(R)-(S)-BPPFOH]l" was the best catalyst exhibit- 

ing both high enantioselectivity (78% R) and high catalytic activity (100% conversion in 40 h). 

The (S)-~,~-dimethyl-l-[(R)-1',2-bis(diphenylphosphino)ferrocenyl]ethylamine [(S)-(R)-BPPFA]lo 

rhodium complex also catalyzed the hydrogenation in good yield, but the stereoselectivity was 

lower. The hydrogenation with (-)-2,3-U-isopropylidene-l,4-bis(diphenylphosphino)-2,3-butane- 

diol [(-)-DIOP]ll or (25,4S)-N-(te~t-butoxycarbony1)-4-(diphenylphosphino)-2-[(diphenylphos- 

phino)methyl]pyrrolidine [BPPM]3c~12 as ligands resulted in low conversion and formation of 

ethylbenzene as a by-product, though the stereoselectivity was not low. Low catalytic activity 

of the (-)-DIOP- and BPPM-rhodium complex was also observed in the reaction of 1-isopropylvinyl 

diphenylphosphinate (Zb). The rhodium complex with (S)-1,2-bis(diphenylphosphino)propane [(S)- 

prophos12b was entirely inactive for the present hydrogenation. 

The BPPFOH-rhodium catalyzed-hydrogenation of 2a gave rise to higher optical yields at 

lower reaction temperature and at lower hydrogen pressure, as is usually observed in the 

asymmetric hydrogenation of a-acylaminoacrylic acids.1T3c,13 Solvent effects on the catalytic 

activity and stereoselectivity were remarkable; benzene leads to high conversion and high 

selectivity while methanol leads to complete inhibition of the hydrogenation. 

Substitution of the diphenylphosphinyl group in 2a for other phosphorus-containing func- 

tional groups lowered the stereoselectivity. Thus, the optical purities of the products 

obtained for hydrogenation of 1-phenylvinyl dimethylphosphinate, diethyl phosphate, and 

diphenylphosphinothioate in the presence of the (R)-(S)-BPPFOH-Rh catalyst were 39% (R), 33% 

(R) 9 and 24% (S), respectively. The hydrogenation of 1-phenylvinyl acetate resulted in low 

conversion and low stereoselectivity (25% R) under the present reaction conditions.14 

The rhodium catalyst with (R)-(S)-BPPFOH ligand was also effective for the asymmetric 

hydrogenation of diphenylphosphinates (2b,2c) derived from 3-methyl-2-butanone and Z-octanone, 

giving quantitatively 3-methyl-2-butanol (4b) (60% ee R) and 2-octanol (4~) (48% ee R). It 

should be noted that the optical yields attained here are much higher than those reported for 

direct hydrogenation of prochiral dialkyl ketones.7 Phosphinates 2d and 2e gave the corres- 

ponding hydrogenated products with opposite configuration S in moderate optical yields. 

We are presently continuing studies on mechanistic aspects of this asymmetric hydro- 

genation, focusing attention upon the coordinating ability of the diphenylphosphinyl group 

toward rhodium. 
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