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Abstract: BINAP-Ru catalyzed hydrogenation allows efficient dynamic kinetic resolution of 

certain 2-substituted 3-0~0 carboxylic esters having cyclic structures to lead to the alcoholic 

products in high enantiomeric and diastereomeric excesses. 

Kinetic resolution is a process in which one of the enantiomeric cats&ems of a racemate is more readily 

transformed into a product than is the other. t In ordinary kinetic resolution processes, the maximum yield of 

one enantiomer is 50% and the enantiomeric excess (ee) is affected by the extent of conversion. However, 

racemic compounds possessing a chirally labile stereogenic center, under certain ccoditio~ may be ccmverted to 

one major stereoisomer, where the chemical yield can be 100% and the ee is independent of conversion. Thus 

asymmetric hydrogenation of 2-substituted 3-0~0 carboxylic esters provides an opportunity to obtain one 

stereoisomer among four possible isomers in a diastereo- and enantioselective manner. We here disclose 

stereoselective reaction of some cyclic substrates using BINAP-Ru(If) catalysts.* 
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A systematic study, as summarized in Table I, has revealed that the steric course of hydrogenation of 

chiral 0x0 esters catalyzed by IRuCI(c6Hs)(R)-binap)lCl (1)s is markedly influenced by the structures of the 

substrates and reaction conditions including the choice of solvents. Formation of hydroxy ester 3 from the 

simple 2-alkylated substrate 2 is highly enantioselective but not diastereoselective regardless of the substrate 

conversion (entry 1 and 2).4 Use of cyclic substrates, however, results in satisfactory diastereoselectivity, 

where annulation of the ester directive group and ketone moiety’ provides equally distinct, but opposite, 

diastereomeric bias. Thus, under the influence of a catalytic amount of 1 in methano1.e hydrogenation of 

racemic keto lactone 4 proceeded in 98:2 2.3-syn/anti selectivity to form (2.9,3R)-5 (94% ee) and (2R,3R)-5 
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Table I. Stereoselective Hydrogenation of 2-Substituted 3-0~0 Carboxylic Esters0 

product,~ 9i yieldc 

entry substrate solvent 

syn anti 

2S,3R 2R,3S 2R,3R 2S,3S 

1 2 CH2C12 29.9“ 2.2d 65.9d 2.od 

2 2 C2HsOH 49.w 0.8d 48.911 o& 
3 4 CH30H 94.s 3.2e 1.8d 0.5d 

4 6a CH2Cl2 1.35f 0.05f 94.58 4.18 

5 6a CH30H 18.4f O.lf 76.78 4.88 

6 6b CH2Cl.2 3.7f 1.4.f 90.2h 4.P 

7 6b C2HsOH 47.1f 1Sf 48.0 3.oh 

8 6c CH2C12 s.sr 1.7f 89.5i 3.3i 

a Reactions were carried out in a 0.6-1.6 M solution of the substrate (1 J-4.6 mmol) under 100 atm of hydrogen at 50 
“C for 60-80 h in the presence of 0.08-0.18 mol% of [RuCl(CaH6)((R)-bmap)lCL. Conversion was 100%. b Hydroxy ester 
numbering. c Combiion of GLC analysis of the hydrogenation product and HPLC analysis of the (R)-MTPA estex or the N-((R)- 
(1 -naphthyl)ethylcarbamatcsmaccs. d A 91:9 mixture of (2R.30 and (2S,3R)-3 and methyl (2S,3S)-3-hydroxy-2-allylbutanoate were 
prepared by the known method IFtiter, G.; Mllller. U.; GUmher, W. Tetrahedron 19&Q, 40. 12691. ‘Ihe latter was converted in 50% 
yield to (?.S,3S)-5 (ozonolysis and NnB& reduction). These (R)-MTPA asten were used for the peak assignment in the HPLC 

analysis. C HPLC analysis of the (R)-MTPA esters derived from a 26:74 mixture of the 2.3~sya and -anti products which was 
prepared by epimerization of (2&3S)-5 (2 quiv LDA. H20). f HPLC analysis of the (R)-MTPA esters formed from an 11:89- 
21:79 mixture of tbe 2.3~syn and -anti isomers which was prepared from the hydrogenation met (1 quiv NaOCH3 or NaGCzHS). 
8 Rotation of Iranr-2-hydroxymclhylcyclopentanol obtained by LiAlfQ reduction of the hydrogenation producl (synthetic. [a]D25 - 
38.6O (c 1.28. CH30I-i); lit.’ [a)D20 +42.2O (c 0.37. CH3OH) for the lS.2R isomer in >99% w). h Rotation of the hydmgenation 

prcduct ([a]$9 -47.3O (c 0.52, ether); lit.’ [a]# +58O (c 0.5. ether) for lS.2.S isomer). i IH-NMR analysis of the (R)-MTPA 
ester (see ref 1 lb). 
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(60% ee) (hydroxy ester numbering, entry 3). By contrast, reaction of racemic cyclic ketone of type 6 in 

dichloromethane containing the same catalyst proceeded with consistently high (up to 99:l) 2J-anti seIeaivity to 

give the trans products @?,3R)-71 in excellent ee’s (entry 4,6 and 8).7 For instance, hydrogenation of 6a in 

dichloromethane afforded (1R,2R)-2-methoxyczubonylcyclopentan-f-o,I in 92% et nnd in 99% yield. In the 

reaction of 6, the diastertosekctivity is decrea& to some extent by inaasingtheringsizandbyrcplacingthe 

dichlorometbane solvent by alcohols (entry 5 at~I 7), while ee’s of the major produus remain unchanged. These 

results obtained with the chiral substrates agree with the general sense of enantioselective hydrogenation of 

prochiral3oxo carboxylic esters.4 

Thus ideal dynamic kinetic resolutkm 7.8 of 3-0~0 cartmxyk esters has been accomphshed, because: (1) 

racemization of the substmtes is sufficiently faster than hydrogenation, (2) stereochemical control by chiral 

BINAI-Ru catalyst is efficient, and (3) the cyclic structures of the substrates differentiate clearly between the 

syn and anti tmnsition states. Chirality of the BINAP ligand is controlling the facial selectivity at the carbonyl 

function, whereas the cyclic constraints in the substmtes determine the relative reactivities of the enantiomeric 

substrates. Overall, one of four possible diastereomeric transition states is selected, to realize a high level of 

enantio- and diastereoseIective formation of the 2-substituted 3-hydroxy esters. The sterically restricted 

transition states leading to the major stereoisomeFs are vkualized in sauctm~ 8 and 9. 
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The bicyclic substrate 109 contains one chirally labile and two stable stereogenic centers. When the 

racemate was subjected to hydrogenation using 0.36 mol% of the Ru catalyst 1 (100 MIII, CH2C12, SO OC, 42 h), 

the (SS)-10 was consumed at substantially higher rate than (RR)-10 and alcoholic product 11 among eight 

possible stereoisomers was obtained in 86% ee and in 32% yield .*o Thus the 2R isomer of (Ss)-10 appears 

to be hydrogenated preferentially from the convex face of the bicycloI3.3.Oloctane skeleton by way of the 
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transition state of type 9. The product 11 serves as a chiral building block* 1 for the synthesis of carbacyclins, 

stable analogues of prostacyclin.t2 
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