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E N A N T I O S E L E C T I V E  H Y D R O G E N A T I O N  O F  E T H Y L  

A C E T O A C E T A T E  ON C O P P E R -  N I C K E L  C A T A L Y S T S :  

I N F L U E N C E  O F  pH ON M O D I F I C A T I O N  AND T H E  

N A T U R E  O F  T H E  M O D I F I E R  

V.  V.  C h e r n y s h e v a  a n d  E.  I .  K l a b u n o v s k i i  UDC 541. 128.1 

It was shown in [1, 2] that Cu-Ni catalysts (CNC) of variable composition, modified with (+)-tartaric 

acid, manifest enantioselectivity in the hydrogenation of ethyl acetoacetate (EAA) and acetylacetone. How- 

ever, the ini]uence of the pH of the modifying solution and {he nature of the modifier on the optical yield had 

not been investigated. Here we are reporting on an investigation of CNC of variable composition modified 

with tartaric acid and amino acids, in the hydrogenation of EAA, as influenced by variations of pH of modifi- 

cation and the catalyst composition. 

EXPERIMENTAL 

The starting materials were as follows: freshly distilled EAA, bp 63~ (12 ram); amino acids and tar- 

taric acid with values of [c~ ]D corresponding to those reported in the literature. The CNC was obtained by 

reducing a mixture of oxides in a stream of N2-H 2 (i0:I) for 2 h at 180~ and 3 h at 280~ following [3]. The 

CNC was modified with 0.5% solutions of the acids in a l-h treatment at 50~ using 200 ml of the modifier 

solution per gram of CNC (the modification with the amino acids was performed at 50~ and at the pH of the 

isoelectric point of the particular amino acid). The following conditions were used in autoclave hydrogenation: 

for the CNC-tartaric acid, 5 ml E~CA without solvent, 0.5 g CNC, 100~ i00 atm, hydrogenation time 3.5 h; 

for the CNC-amino acid, 5 ml EAA, 0.25 g CNC, 130~ i00 arm, 3.5 h. The hydrogenated products were 

analyzed by GLC and po la r imet ry .  The LKhM-8MD chromatograph had a ka tharometer  detector  and a glass 
column packed with 10% PEG M 15,000 on Chromatone N-AW. The po la r imete r  was a H i lge r -Wa t t s  ins t ru-  
ment (D line of Na). The optical yield was calculated,  assuming for optically pu:,e ethyl ~ -hydroxybutyrate  
(EHB) [~ ]~ = 24 ~ At conversions below 7%, a cor rec t ion  was app]ied for the change of [~ ]~ with the con- 

centrat ion of EHB in the cata lysate .  

D I S C U S S I O N  O F  R E S U L T S  

The reaction rate v, as determined from the conversion achieved in 3.5 h (Fig. I, curve I), and the 

optical yield p (Fig. i, curve 2) vary antibatically with the pH of the solution of (+)-tartaric acid used "co modify 

the catalyst with the 50:50 Cu:Ni composition, the reaction rate v reaching quite high levels at pH 3 and 12 (v = 

0.26, conversion 70%), approaching the effectiveness of the unmodified catalyst (v = 0.36). This is explained 
by the low degree of adsorption of the tartaric acid on the catalyst surface, as indicated by the low values of p 

at these levels of pH. With pH > 4, the optical yield tends to increase, but the pH 6-8.5 region has not yet 

been investigated experimentally. As can be seen from Fig. 1 (curves 3-5), in the case of Ni catalysts, the 
optimal pH is in the 5-9 range. For the Cu catalysts, the pH range is somewhat lower, and a maximum in the 
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Fig.  1. Hydrogena t ion  r a t e  (1) and opt ical  y ie ld  (2) in  hydrogena t ion  of ethyl a c e t o -  

ace ta te  on CNC with Cu:Ni = 50:50, as funct ions  of pH of modi fy ing  so]ut ion of (+)- 
t a r t a r i c  ae id .  Curves  3-5  a r e  p lot ted  f rom data  of [4-61 on the hydrogena t ion  of m e t h -  

yl ace toace t a t e  on ske le ta l  Ni modi f ied  with ( + ) - t a r t a r i e  ac id .  Curve  6 shows the r e -  

su i t s  ob ta ined  in  [71 in  the  hydrogena t ion  of ethyl ace toace ta t e  on Cu modi f ied  with (+)- 

t a r t a r i c  ac id .  Curve  7 shows the v a r i a t i o n  of w. 

F ig .  2. Hydrogena t ion  ra te  ( 2 ,  4), opt ica l  y ie ld  (1, 5), and magn i tude  of w (3) as 

func t ions  of compos i t i on  of CNC modi f ied  with S - phe ny t a l a n i ne  (1-3) and ( + ) - t a r t a r i c  

ac id ,  pH 5.1 (4, 5). 

TABLE 1 

Reaction rate, mmoles/min, g-cation(. 10 =) 

Cu:Ni Amino acid used as modifier 
Catalyst 

Ala Val Phe Pro Asp Thr  

50 : 50 
t0 : 90 

52 
63 

56 
67 

63 
66 

93 
62 

23 
68 

43 
37 

optical yield has been noted for pH 4.5 and 9.5 [4]. A comparison of our results with those reported in [5-8] 

shows that the relationship we found between p and the pH of modification in the case of the CNC is closer to 

the picture observed on the Ni catalysts. This statement is further supported by curve 7 in Fig. i, which 

shows the variation of the rate of formation (w) of excess R(-) enantiomer (w = p.v), with a maximum at pH 5-6 

the same as is characteristic for the Ni catalysts. 

In [9], in the hydrogenation of EAA and methyl acetoacetate on Ni and Cu modified with a series of S--ami- 

no acids, it was found that on the Ni, S(+)- or R(-)-methyl fi-hydroxybutyrate was formed, depending on the 

temperature of modification, whereas on the Cu catalyst, only S(+)-ethy113-hydroxybutyrate (EHB) was formed 

within the interval of modification temperatures from 20 ~ to 90~ In this connection, if we assume an additive 

contribution to the asymmetric reaction from the chiral Cu and Ni centers of the mixed catalyst, we can expect 

that o11 mixed CNC modified with a S-amino acid, as the content of Cu in the CNC is increased~ the configura- 

tion of the EHB that is formed will change from R to S at a certain composition of the catalyst. However, it is 

difficult to reproduce the experimental conditions accurately for the Cu and Ni catalysts, since skeletal cata- 

lysts were used in [9], and the conditions under which the experiments were conducted were different from 

those we used. 

In preliminary studies with two samples of Cu-Ni catalysts with 50:50 and 10:90 metal ratios (wt.%), we 

investigated the influence of the nature of the S-amino acid used as a modifier on the rate of EAA hydrogenation. 

As cml be seen from these data (Table i), all of the catalysts modified with amino acids had rather high activ- 

ities. 
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In [i0], a detailed study was made of EAA hydrogenation .on a Cu-Phe catalyst, and it was established 

that the values of p pass through a maximum at a modification temperature of 55~ Therefore, we investi- 

gated CNCs of variable composition modified with S-phenylalanine at a similar temperature (45~ However, 
at this temperature, the modification of the Ni catalyst with S-phenylalanine is quite ineffective (in the hydro- 

genation of MAA, p = 1.4%) [II]. As a consequence, when the chm~ge is made from Cu to Ni catalyst, we 

should expect that on the copper and copper-rich mixed catalysts, S(+)-EHB would be formed, with a gradual 

drop of the optical yield as the content of Ni in the catalyst was increased. However, as shown by our results 
(Fig. 2), on all of the catalysts with variable composition, only R(-)-EHB was formed, the optical yield of 

which dropped almost to zero as the content of Ni in the catalysts was increased (Fig. 2, curve I). Here we 

found that the reaction rate increased with increasing Ni content up to 50%, after which it remained almost 

unchanged (Fig. 2, curve 2). This is in agreement with the data of [3] for the hydi~ogenation of acetone on CNC. 

It should be noted that in our experiments, the Cu catalyst showed very little activity, and the introduction of 

2% Ni favored the hydrogenolysis reaction (16% ethyl butyrate was formed); only with additional increases of the 

Ni content was any EHB formed. Hence we can assume that the catalyst component responsible forthe asymmet- 

ric hydrogenation in these systems is the Ni component, its effect being manifested only when 10-15% Ni is in- 

troduced. Support for this view may be found by examining the coincidence of the maxima of the curves for the 

variation of w (Fig. 2, curve 3) and the content of surface hydrogen, which according to [3], occurs at 20-40% 

Ni in CNC. Also shown in Fig. 2 are the results from the hydi~ogenation of EAA on CNC modified with (+)- 

tartaric acid. In this case, we note a monotonic increase of the reaction rate an d optical yield as the Ni con- 

tent is increased. The difference of these results from those we obtained previously [I] shows how strongly 

the enantioselectivity of the modified catalysts is influenced by their genesis and by the hydrogenation condi- 
tions. 

Thus, the l~ show a substantial difference between the surface chiral complexes formed by modifi- 

cation of CNC with RR(+)-tartaric acid and S-~-amino acids, which is in agreement with [12]; the results also 

demonstrate the high sensitivity of the asymmetric reaction to the nature of the catalyst surface. 

C O N C L U S I O N S  

1. A substantial difference has been established between the surface chiral  complexes formed by modifi-  
cation of c o p p e r - n i c k e l  catalysts  with t a r t a r ic  acid or amino acids.  

2. It has been established that the nickel component of the catalysts  plays an important  role in the mani-  
festation of enantioselective proper t ies .  
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