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Abstract - Piperienone has been hydrogenated in the presence of chiral ruthenium cata- 
lysts to give piperitone, mnthone and isomenthone. Starting from piperitone (42 % e.e+) 
excellent selectivity (’ 80 % e .e .f was obtained with menthone. The mechanism of the 
reactim% a double as-trio synthesis, is discussed with respect to kinetic resolution 
of piperitone as weI as the effect of the chiral center in the substrate on the cataly- 
tic a-trio induction, 

materia 

~n~te~~~s of known absolute ~u~fi~u~~~~ are particularly attractive chiral starting 

1s for the synthesis of more complex natural products’, Examples include pulegone and pi- 

per i . coyr?t;rrc?s in this respe&. However, few examples are known of asym- 

metric catalytic process in which such optically active ketones have been preyared since most of 

the catalytic hy~og~ati~ ruutes have been Emused to the synthesis of ~in~~ids4~ In a pre- 

vious paper, we reported that ~u~l~~PC~ 2 1 f-1 ,RR, trans-1 ,2-bis ~~~ph~ylph~sphino)methyl~cy~lo- 

butane 1’ is an effective catalyst for the asymmetric hydrogenation of carbon-carbon double bonds 

present in a,&Lnsaturated ketones1 . Saturated, optically activc? ketones were obtained by this 

procedure frran prochiral substrates. We have now extended our investigation on the catalytic ac- 

tivity of ~~1~~~~~ to the reduction of piperitenone, in order to examine the possibilitiy of 

a doutrle 

bonds’. 

as~tric of a substrate containing tW0 prochiral carbon-carbon double 

Pip~riten~e 1 has been previously ~~~g~at~d with chiral rhodiur, catalysts giving pre- 

d~antl~ pulegone 3 with 38 B ~anti~eri~ excess (ez.) ‘* Su~ris~gly~ using ruthenium cata- 

lysts we found that the mere substituted double bond of _l_ was first hydrogenated leading to forma- 

tion of fSf-piperitone 2. ‘Ihe results are smrized in table 7 + - 

High selectivity to piperitone 2 during the first step coultf be obtained easily when the 

reaction was performed at variorr; advancements, However, the amount of monthone-iso~nthone in- 

creased with time to a large extent I Moreover the e,e, of 2 diminished with conversion whereas 

that of menthone and isomenthone bxame enhanced. The used of RuZC14i(Diop)3IC-)RR,2,3-O-isopro- 

~li~ne-~~3-~~dro~-~,4-bis~diph~ylphosph~o~but~e~ as catalys@ was also explored but the 

e,e; of z was slightly decreased fentry 43. For p-se of comparison, results with a chiral co- 

balt complex9 have been also included (entry 5). In this case (-1 pulegone 2 was formed with love 

e*e. (15 %>. 
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Table 1. Asymnetric hydrogenation of piperitenmea (Scheme 1) 

Catalys tb 
Conversion % _ Pulegone 3 * Piperitcme 2 l Mmthone 4 * Isomenthone 5 

(time, h) % % % ee($ % % eefsR) % % ee(RR) 

1 A 20 (12) 2 16 42 1.5 - 0.5 - 

2 A 69 (Jo) 2.5 46 39 13.5 55 7 31 
3 A 82 (48) 3.5 48.5 26 21 62 9 37 
4 B 52 cm) 2 40 35 7 - 3 - 
5 c 64 (26) SF 6 - 2 - 1 - 

l * l . l . 

a SO/l substrate/catalyst, solvent : toluene, 10 atm H, and 60° (entry : 1, 2, 3), 65’ (entry 4, - 
5) 

b A : HRuCl(TBPC)25 ; B : Ru2C14(Diop)38 ; C : Co2(C0)6)P(Ph)2Neomenthyl12g 

’ 3 (S)ee : IS % 

Scheme 1 

The former results could be interpreted by assuming a kinetic resolution in the second 

step of the reaction 10 in which the major S isomer of piperitone 2 (+) is rapidly hydrogenated 

to a mixture of menthone and isomenthone, This may be the reason why the decrease of the enan- 

tianeric excess of (+) 2 was observed with time. However a simple racemizaticm of the substrate - 
my also explained the result : owing to the fact that optically active piperitone mdergoes 

very easily partial or complete racemization during isolation 11 . 

In this context, we further looked at the effect of the new formed substrate chiral cen- 

ter on the catalytic asymmetric reacticn by using racemic 2 as substrate and HRLIC~(TBPC)~ as chi- 

ral catalyst. Results are listed in table 2. 
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Table 2, Asynmetric hydromnaticm of racemic piperitone in presence of HRuC1(TIEQZa (Scheme 1) 

1 ‘1 l 

Conversion % Stermisomers 8 hanticmeric excess % 

(time, h) Lb 4 2 
a b 

;-fR) Q-M) z- (RR) 

7 26 (20) 74 17.5 &*S 3 (-) Z&S(-) 3?.5(+) 0.93 0.24 

2 56 (48) 44 39 17 13S(-) 35 (-) 51 (+) 1.03 0.16 

3 7s (78) 25 50 25 20 (-) 43.S(-) 66-S(*) 1.43 0.11 

aSO/ substrate/catalyst, solvent : toluene, 10 atm H2 and 60” 
b recovered starting piperi tone 

As table 2 shows, the catalyst is sensitive to the preexisting chirality in the substra- 

te : the hydro~nati~ of racemic 2 proceeds more rapidly with one of the enantiomers ((+)-S-z) . 
Accordingly, the e .e, of the recovered starting material, predominantly the R enantiomer, is en- 

hanced with time, The rest obvious explanation for the decrease of the e.e. witfs conversion (ta- 

ble 1, entries 1,2,3) during the first step of hydrogenation (l_ L* 2) is the kinetic resolution _ 

occuring during the second stop (2 + Q + 2). It should be also noted that the e.e, of Q and 2 in- 

creases with time. 

In order to understand more deeply the origin of the e .e. of each diastereoisomer (4_ and 

A)* we applied a relationship between the relative amounts and the e.e. of reaction produr:ts and 

recovered starting material, recently proposed by Kagan and Co11 l I’. There are no major discre- 

pacies between experimental data and calculated values frcm equation YO = XIYt + X2Y2 + X3Y3 

(Yo : e.e. of starting 2 (4) ; Yt es. of 2 after kinetic resolution ; Y2 and Y3 e.e. of respc- 

tively isomenthone 5 and menthone 4 ; X, , X2, X3 represent th - e fraction amount after partial con- 
version of one mule) l For example, with 56 % conversion, the quation leads l;o Y1 talc. : If 8, 

and Y, meas. : 13.5 %. These results suggest the absence of racemization of 2 during the reaction. 

To Irealize the extent of enantioface differentiation more quantitatively, we must look at 

the ratio of diastereoisomers (+)5/(+)4_ = a and (-)!j/ (-)4 = b . As pointed out by Kagan ‘2, these 
ratio are independant of time if the structure uf the chiral catalyst remains constant ~rou~out 

the reaction. Values are summrized in table 2 I It clearly appears that the stereoselectivities 

an? slightly conversion-de~ndent~ This p~n~non which has been previously detected for the 

first time during hydrogenation of dehydropgrtidesJ2 may be quite general. It can be interpreted 

as the ~dicativn that several catalytic species are involved in the reaction. 

Finally, we carried out the reduction of 2 with (+)Z form predominating (e .e e : 42 %f . 

As expxted, the e.e. of (-)4 is high (80 %) and the e,e, of the recovered _2. is lower than that 

of the starting material (table 3, entry 1). We checked also the influence of the chiral center 

in the substrate cm asptetric inductian, The exneriaent using an achiral phosphor 1 igand PPhf 

/RwU~(PP~~)~~‘~ gave the consistent result (table 2, entry 2) : the e .e. of the reduced products 
was identical to that observed for piperitune 2 I In this case, no asmtric induction which fa- 

vored the formation of one of the diastereoisomers was observed. 

The high values of the e.e, (SS-80 %) obtained with Q from the r~~ct~un of ~i~ri~n~n~ 

or piperitone have been attributed in large part to the kinetic resolution. The modest results 

usually obtained in asmetric hydrugenation of a-8 Lnsaturated ketunes, due to the low rigidity 

of the catalytic intermediate can be increased by double asymmetric synthesis, 
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Table 3. Asyarnetrit. hydro~ation of up&ally active piperitonea 

Entry Catalyst 
Enantiomeric excess % 

zb 4 5 - 

1 ~~l(~~~ 2 34f+)-fS) 80(-)-(SR) 2%+1-N 
2 R~l2~PPh3)3~ 29 (+1-G) 30i-f -fSR) 31 SC-)-(SS) 

. l l l 

aValues of enantimric excess of starting piperitone are 42 % and 29.5 % of entries 1 and 2 
respectively. 
Conditions are the same as indicated in table 1 and 2 (time : 24 h) . 

% ecovered starting piperi tone. 

‘See reference 13. 

The follming instrmnts were used : Bruker AW 80 NR spc3ctraneter ; Lfnicam SP 1100 
spectraphotometer ; Perkin-Elmer 241 polarimeter. An fntersmat systan (colunn : carbcrwax 1540, 
1~18 m, Ib=O+S m> was used for GC analysis. Piperitone was prepared by catalytic hydrogenation 
of piperitenone using RuCl2(PPh3)13. Piperitone, menthone and isomenthone for determination of 
optical purity were obtained by preparative column ~hr~to~ap~ on silica gel eluted with a 
mixture of etherlfiexane fl:fO), [In practice, pure menthone and isomenthone are very difficult 
to obtain. A second chromatography gives a good separation of the menthone-isomenthone mixture). 
Enantianeric excesses are calculated relative to the published values for the optically pure 
compounds 2 : reference 3 7 ; 4 and 2 : reference 14. 

The reactions were carried out in a 300 mL Engineer autoclave with a magnetic stirrer-l ‘ 
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