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Abstract: Highly diastereoselective cyclization (99% de) of 3R (or S) 3.4~disubsticuted into 

corresponding 3.4~cis(or 
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a structurally complex organic 192 we reported that asymmetric of 
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Scheme 1 

Substrates,3 which could be readily prepared from (R) [or (S)]-limonene, were subjected to asymmetric 

cyclixatlon using RhCl(BINAP). A mixture of the substrate (leq.) and a neutral rhodium complex, RbCl[(R or 
S)-BINAP] (0.5 eq.) in CH2CI2 was sdrred at room temperature; the results are summarized in Table 1.5 ‘Ihe 

cyclization reaction proceeded with high diastereoselectivity, and the (3R,4S)&-cyclopentanone with 99% de 

kom 3R-substrate and the (3S,4R)cis-isomer with 99% de from 3S-substrate were obtained, respectively, by 
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Chiral Rhodium Complex 

in CH,CI, at r.t. 

Table 1. Diastereoselective Cyclization by Neutral RhCl(Ligand) (0.5 eq.) 

Reaction was not completed even in 70-120 h. 

Table 2. Diastereoselective Cyclization by Cationic [Rh (Ligand)]C104 (0.1 eq.) 

Entry Substrate ____ __________________ 
1 3R 

Lig~$!$?%!!)_ _ _ _ Xi$KFJ_ C_k.J’a+ _ _ _ 

: 
(W-) 85 >99 

w; 
86 >99 

4 3s __ 82 96:4” 

Each reaction was completed in 2-4 h at R.T. a: Reaction was carried out at WC. 

[Rh (Ligand)]C104 (0.05eq) 

in CHzClz at r.t. 

Table 3. Enantioselective Cyclization by Cationic Rh(1) Complex 

Entry Substrate Ligand(BINAP) Yield ’ Abs. 
(%) &z) -__ ______- 

1 
R’=‘t’-B’i_““‘7SF~_)___________~_______>QQ 

co?-- 
_______ 

: 
R = t-Bu 

0 
86 >99 R 

R = Dmp* 
4 R=Dmp 
5 R = Mcx* 

:;j; 
84 >99 S 
88 >99 R 

:;f; ;; 
>99 S 

6 R=Mcx >99 R 
7 R = n-Bu 

(I$$ 
90 91a S 

8 R = n-Bu 92 92a R 
9 R = i-Pr 
10 R = i-Pr (RRj; 

70 
74 

74; S 
R 

11 R = cHex* ;58 S 
12 R = cHex (R)-(+) : 67 R 

Each reaction was completed in OS-2 h at R.T. 

a: Reaction was carried out at O’C; b: Reaction was carried out at -WC. 

*Dmp = 1.1~dimethylpropyl, Mcx = 1-methylcyclohexyl, cHex = cyclohexyl 
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using (S)-(-)-BINAP or (R)-(+)-BINAP. However, when (R)-(+)-BINAP for 3R-substrate and (S)-(-)-BINAP 

for 3S-substrate were used, [3R(or S)PR(or S)]-trans-cyclopentanone was obtained in the ratio of 82 to 18 (cis- 

isomer) or in the ratio of 74 to 26 (&-isomer). This reaction was much slower than in the case of RhCl[(+)- 

DIPMq OT Wiison complex and msulted in poor yield, in which the substrate was substantially recovered. 

Next, our attention was directed to asymmetric cyclization by a cationic rhodium complex with chiral 
ligand, ([Rh(chiral ligand)]ClO4).6 As shown in Table 2, asymmetric cyclization of (3R or S)-3Pdisubstituted 

4pentenals by Rh+C104- with (R)-(+)[or S-(-)I-BINAP as chiral ligand proceeded in good yield and in highly 

diastereoselective manner to afford (3R,4S)-ciscyclopentanone (cis 97:trans 3) from 3R-substrate and [Rh(R)- 
(+)-BINAPlC104, and (3&4R)-cis-cyclopentanone (cis 96:trans 4) from 3S-substrate and [Rh(S)-(-)- 

BINAPlCl04. Combination of 3R-substrate and (S)-(-)-BINAP. or 3S-substrate and (R)-(+)-BINAP, 

respectively, gave the diastereomerically pure trans-isomers (>99% de) in good yield. In addition, each reaction 

proceeded much faster than in the case of neutral rhodium [RhCl(BINAP)]. Thus, this cyclization reaction is 

advantageous for the stereospecific synthesis of stereoisomer of 3,4disubstituted cyclopentanone by using either 

(R)-(+)- or (S)-(-)-BINAP as ligand. The most remarkable difference between neutral Rh-complex and cationic 

Rh-complex for asymmetric cyclixation into 3.4disubstituted cyclopentanone is that (R)-(+)-BINAP in neutral 

Rh-complex affords (4R)-cyclopentanone, while (R)-(+)-BINAP in a cationic Rh-complex yields (4S)-isomer. 

Similarly, (S)-(-)-BINAP in a neutral Rh-complex affords (4S)-isomer, and (S)-(-)-BINAP in a cationic Rh- 

complex gives (4R)-isomer. That is to say, this stereoselective cyclization reaction is achieved regardless of the 
configuration at C3, and indicates that, in neutral and cationic Rh-complex, each stereochemical course of the 

aldehyde hydrogen to the double bond via the acylrhodium complex is essentially reversed 

The success of diastemoselective cyclixation to 3,4disubstituted cyclopentanones by cationic Rh-complex 

prompted us to examine the asymmetic cyclization of prochiral4-pentenals. As shown in Table 3, Csubstituted 4- 

pentenals were rapidly cyclixed into 3-substituted cyclopentanones in highly enantioselective fashion (>99% ee). 

when R is a quaternary carbon such as t-Bu, l,l-dimethylpmpyl, and 1-methyl-l-cyclohexyl. Thus, this highly 

enantioselective cyclixation coupled with the practical advantage, in which the employed cationic Rh-complex is 

only 0.05 eq. for the substrate (1.0 eq.). provides a convenient procedure for the synthesis of chiral3-substituted 

cyclopentanones. However, the enantioselectivity in cyclization decreased when the carbon adjacent to the double 

bond is secondary or tertiary. The order of decrease is tertiary carbon > secondary carbon. as illustrated by the 

example of R=Bu (secondary carbon, 79% ee) and i-Pr (tertiary carbon, 69% ee) or cyclohexyl (tertiary carbon, 

65% ee, 67% ee).7 4Substituted 4-pentenals were not cyclized into the 3-substituted cyclopentanone by the 

neutral rhodium complex, RhCl[(R or S)-BINAPI. This finding suggests the neutral rhodium catalyst is less 
active than the cationic Rh-complex. The inversion of absolute configuration at C3 in the cyclixed products is only 

due to the CIP (Cahn, Ingold, Prelog) rule, and the steric course of addition of the aldehyde hydrogen to the 

double bond via the acylrhodium complex is essentially the same even for 4-substituted Cpentenals as well as in 

the case of 3.4-disubstituted 4pentenals. 

The cyclixation mechanism in neutral RhCl with (R)-(+) [or (S)-(-)]-BINAP as ligand is assumed to be 

similar to the case of RhCl[(+)-DIPMCl.3 AS shown in Pig. A. two phosphines coordinate in such a way that one 
functional group (phenyl) of Pl occupies axial (p) bond and that of P2 occupies axial (a). That is to say, p-side 

of Pl and a-side of P2 may be sterically hindered. It is desired that, in the acylrhodium hydrogen intermediate 

obtained by the oxidative addition of the aldehyde carbon-hydrogen to rhodium, the double bond coordinates in 

such a way that R-subsdtuent of the substrate is located at the same side as the hydrogen, because steric repulsion 
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between R and hydrogen is smaller than that of R and Cl. Therefore, it is masonable that rhe R-substituent 
occupies a less hindered kside of P2, and subsequent insertion of the double bond into Rh-H and then reductive 

elimination affords the cyclopentanone with S-configuration.8 The masonable explanation for the finding that 

the asymmetric cyclixadon using the cationic Rh-complex affords the reversed configuration to the case of neutral 

rhodium remains unsolved. 

(R)-(+)-BINAP 
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