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Table 2-1. Reproduc:blllty of Rate and Optucal Yield of
Hydrogenation with former Catalyst. *

Lot No  Modifying Reagent  Rate ** Optical Yield (%)

| D-Tartaric Acid ~ 13.3 57.3
2 .7 - 58.6
3 | 0.5 56. 4

* Hydrogenatioh of methyl acetoacetate (0.15 mol) was carried out at
70°C under atmospheric pressure of hydrogen over 0.6 g of catalyst.

** Reaction rate is expressed by hydrogen uptake in one hour afer the
initial 10 min. (m mol / hr)



Table 2- 2. Reproducibility of Rate and Optical Yield of
Hydrogenation with new Catalyst. *

Lot. No Modifying Reagent Rate ** Optical Yield (%)
l D-Tartaric Acid 3.3 24.9
2 | 3.0 25.3
3 | 3.1 | 26; 2
' B2 2.0

* Hydrogenation of methyl acetoacetate (0.15 mol) was carried out at
70°C under atmospheric pressure of hydrogen over 0.6 g of cata]yst.

** Reaction rate is expressed by hydrogen uptake in one hour after the

initial 10 min. (m mol / hr)
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Table 2-3  Reproducibility of Reaction Rate and‘Enantioface.
Differentiating Ability with new MRNi. * |

Lot. No  Modifying Reagent Reactlon Rate** Optical Yield

| (%)
| L-Valin 0.8 7
2 10.9 1.8
3 10. 6 2.1
4 10.8 12. 2
5 0.7 3.2
6 10.7 Il 6
6 10.4 1.6
6 0.7 1.7
7 10. 3 1.7
7 10. 6 1.8
7 0.7 1.3

* Hydrogenation of methyl acetoacetate (0.15 mol) was carried out at
70°C under atmospheric‘pressure of hydrogen over 0.6 g of catalyst

** Reaction rate is expressed by hydrogen uptake in one hour after the

initial 10 min. (m mol / hr)
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Table 2— 4 | Effect of Initial Concentration of Methyl-Acetoacetate on Optical Yield.

Modifying Initial Concentration of - Optical )
Reagent Methyl-Acetoacetate ( mol/L) Yield ™
D-Tartaric %2 §6° >
Acid 5.58 6.7
o l. 86 5.6
| 9.29 3.2
L-Valin | 2.8 13. 8
. 86 1.9
R 9.29 89
L-Glutamic | 2. 28 9.1
3.9

‘Acid | | 1.86

* Hydrogenation was carried out at 70 °C under.atmospheric pressure’over 0.6g of catalyst.
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Fig. 3-1. Relationship between Reaction Rate and
Inltlal Concentration of Substrate.®

1.2 ¢

]0 e

¥ 0.8¢
22
N =
2

0.6

0.2 0.4 0.6 0.8 1.0
log C

_0Q—— D-Tartaric Acid
— - L-Valin
— O—  L-Glutamic¢ Acid

* Hydrogenation was carried out at 70 °C under atmospheric
pressure of hydrogen over 0.6g of catalyst.

%% Reaction rate v is expressed by hydrogen uptake in one
hour after the initial 10 min. (m mol / hr)
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Fig. 3-2.  Effect of Catalyst Weight on Reaction Rate.*

2 3 4
weight of catalyst ( g )

* Hydrogenation of hethy] acetoacetate (5 ml) in 30 m1 of methanol
~was carried out at 40°C under atmospheric pressure of hydrogen.

** Reaction rate is expreésed hydrogen uptake in initial 10 min.



"Fig. 3-3  Effect of Temperature in Hydrogenation on Reaction Rate
of MRNi. o . |

. ,
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. k . -
Hydrogenation of methyl acetoacetate (0.15 mol) was carried out
under atmospheric pressure of hydrogen over 0.6g of catalyst.

** Reaction rate v is expressed by hydrogen uptake in one
hour after the initial 10 min. (m mol / hr)
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Fig. 3-4 Effect of Temperature in H’ydrogenatibn on Reaction Rate
of Ester Moiety of Acetoacetate with MRNi.

3 -
@ Me-Acetoaéetate
O n‘-Bg-Acetoacetate
2'..
@
= N\
e,
(@)
“
- o)
0 N
28 29 20 31 32 33
‘ /T (xI07 3)

Hydrogenat1on of acetoacetate (0.15 mol. ) was carried out
under atmospheric pressure of hydrogen over 0.6g of catalyst
modified with L-Valine .

** Reaction rate v is expressed by hydrogen uptake in one
hour after the initial 10 min. (m mol / hr)
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Hydrogen Distribution in Methyl-3hydroxy-Butyrate.

Table 3 - I
CH CIH‘”— CH® — coo-cHE
OH®

Nb. Hm 'th) Hm Hm. H(s)

| 100, 0 96. 6 100, 7 0. 8 96. 4
(103.8)  (100.2) (104.5) ~ (05.0)  (100.0)

) 100.0 2.0 0.8 29. 3 103, 4

' (96.8)  (I.6)  (10.5)  (283)  (100.0)

3 100. 0 39.8 82. 6 103. 8 106. 4
(94.1)  (31.4) (71.6)  (97.6)  (100.0)

y 100. 0 60.1  62.0 95. 4 1016
(98.4)  (59.2)  (60.7)  (93.8)  (100.0)

5 100, 0 00.2 1059 9. | 100, 7
(99.3) . (99.6) (I05.1)  (90.5)  (100.0)

- 100. 0 93,9 96. 7 3.6 100, 5
| (99.6)  (93.5) (963)  (13.1) (100.0)

1) Standard Sample of methyl-3hydroxy-butyrate.

2) Methyl-3hydroxy-butyrate produced by hydrogenat1on of acetoacetate under
the following conditions:
L-Val MRNi; Prepared by the use of heavy water and methanol-d,
Solvent; Methanol-d,, Reaction temperature; 40°C -

3) Methyl-3hydroxy-bytyrate produced by hydrogenat1on of acetoacetate under

- the following conditions:
Catalyst; Decomposed nickel,
Reaction temperature; 40°C

4) Methyl-3hydroxy-butyrate produced by hydrogenatlon of acetoacetate under
the following conditions:
Catalyst; Decomposed nickel modified with D—Tartar1c acid in dioxane,

_ Solvent; Dioxane, Reaction temperature; 40°C

5) Standard sample 1) was shaked with Raney nickel under atmospheric pressure
of deuterium at 50°C for 24hr. No change -of optical purity of 1) was
observed.

6) Standard sample 1) was shaked with decomposed nickel under atmospheric
pressure- of deuterium at 50°C for 24hr. No change of optical purity
of 1) was observed.

Solvent; Dioxane,
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Table 4 -1  Effect of Structure of Modifying Reagent of MRNi on
Reaction Rate and Enantioface Differentiating Ability’
Modifying Reaction™ Optical
Reagent Rate Yield "
_ D-Tart 8.1 2.6
L-Lactic Acid = 13.9 - 0.9
L-2hydroxy-3methy! _ »
-Butyric Acid 4.0 0.1
L-Ala 10,6 I 1
L-But 0. 3 4,1
L-Val 0. 7 3. 2
L-Leu 0. 3 4,2
L-Heu 9.7 1.9
D-allo lleu 9.9 9.1
L-N, N diMe-Ala 13,2 0.1
L-N Me-Val 13.2 3.8
L-Asp 0. 5 1.3
L-Glu 1.2 8.9
L-0rn 3.9 6.7
L-Lys 3.5 1.3
L-Asp-NH, 6.2 0.2
L-Asp-3 Me ester 9.3 2.0
L-Glu-NH, 4.7 5.1
L-Glu-¥-Me ester 8.9 2.7
L-Lys-«-N Ac 6.4 2.5
L-Lys-w-N, N diMe - 10.5 9.7

n* Hydrogenation of methyl acetoacetate (0.15 mol) was carried out at
70°C under atmospheric pressure of hydrogen over 0.6 g of catalyst.

** Reaction rate is expressed by hydrogen uptake in one hdur after the
initial 10 min. (m mol / hr)
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Table 4-2  Adsorbed Amount of Modifying Réagent on the Cafalyst

Modifying | Adsorbed Amount
Reagent - - (mmol/gcat)
L-2hydroxy-3methyl
-butyric acid . 0.133
L-Val 0. 185
L-Glu e 026

L-Lys | 0.273




Reaction Rate ( m mol / hr )

Fig. 4-1. Relationship between Reaction Rate and Adsorbed
Amount of Modifying Reagent on the Catalyst.
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Table 4 -3

Effect of Modifying Reagent on Optical Yield and

| Adsorbed Amount on the Catalyst.

Adsorbed Amount | Optical(

| Mo'difying. tical
Reagent (m mol / g cat) Yield
oy sy om
L-Val _0. 185 | 3.2
L-Glu 0.2l6 | 89
L-Lys 0.273 . 1.3
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Table 5 -_l - Effect of Structure of Ester Moiety of Acetoacetate
on Reaction Rate and Enantioface Differentiating Ability of MRNi.

(CH3-C-CH2-COOR ) -

0 .
W e wmo
Me 10.7 7
't 9.7 16. 4
n-Pr 8.7 49
B | 8.4 ot
ipr 6.2 | 14.3

+-Bu 3.8 L —

'*'Hydrogenation of acetoacetate (0.15 mol.) was carried out
at 70°C under atmospheric pressure of hydrogen over 0.6g
.of catalyst modified with L-Valine.

** Reaction rate is expréssed by hydrogen uptake in one
hour after the initial 10 min. (m mol / hr)
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Table 5 - 2 Effect of Structure of Modifying Reagent of MRN|
on Reaction Rate in Hydrogenation of n- Butylacetoacetate

Modifying Reageynt B Reaction Rate ™
L-Ala 84
L-But : 8.5
‘L-val 85

* Hydrogenation of n-Butyl acetoacetate was carried
out at 70 °C under atmospheric pressure of hydrogen
over 0.6g of catalyst.

*% Reactwn rate 1is expressed by hydrogen uptake in one hour
_ after the initial 10 min. (m mol / hr)
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Table 5-3 Specific Gravity of Acetoacetate.
(CH3 - C - CH_- COOR )
H 2

0
R Specific Gravity (g/cm?)
Me oo
Et - 1. 0234
n-Pr o 0.9968
| n-Bu | 0.9775
iso-Pr 0. 9859

tart-Bu 0. 9658




Molar Concentration of Acetoacetate in Neat
(mol1 /1)
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Fig. 5-1 Relationship between Reaction Rate and Molar

Concentration of Substrate in Neat,

[ CH3— C — CHp— COO-R
1l
o

9
8
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7} - \'30,
- tart-Bu | -
N
6 O
. rd

B

2 4 6 -8 10

Reaction Rate ( m mol / hr )
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Fig. 6-1 Effect of Température in Hydrogenation on Enantioface
Differentiating Ability of MRNi.

Modifying reégent

9 ® -~ R,R-Tartaric acid

O — L-Ala
4049 , M — [-But
o — L-Val
g— L-Glu
304
20~

Optical Yield

Reaction Temperature (°C)

* Hydrogenqtion of methyl acetoacetate (0.15 mol.)
was carried out under atmospheric pressure of
hydrogen over 0.6g of catalyst.



In ( Cr/Cs )

Fig. 6-2  Relationship between In(Cr/Cs) and I/T.
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Fig. 6-3 Effect of Ester Moiety of Acetoacetate on Temperature
Dependence of Optical Yield.
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™ Table 6 -1  Effect of Structure of Modifying Reagent on MRNi
4 - on Temperature Dependence of Optical Yield.

Modifying | ‘ - Reaction ) - ) Optical(%)
Reagent =~ Temperature | Yield "
30 0. 00
| 40 | - 0.15
i Aia ) 50 - 0.97
L-Lactic Acid 60 065
70 - 0.86
80 - = 1.08
L-2methoxy | 60 | —0.07
-Propionic Acid 80 | 0.33
30 " — 3.88
o 40 - - 3.07
L-2hydroxy-3methyl 50 = 1.89
-Butyric Acid | 60 , - 1.80
10 o - =0.74
80 0. 18
L-2methoxy-3methyl A0 ~0.00
-Butyric Acid 60 0.24

80 o 1.06
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AN |
{4 - Table 7-1 - Effect of Hydrogen Pressure and Solvent on Temperature

Dependence of Enantioface Differentiating Ability of MRNi.

Hydrogen Reaction | Sign of
Pressure Temperature ( C.) Solvent Optical Yield
Atmospheric 30 -
Pressure 40 B +
N 30 -
2 . _—
40 Kg/cm 40 | | +
Atmospheric 40 EtOH -
Pressure * 50 EtOH +

* Hydrogenation of methyl acetoacetate (5 m1) in 30 ml of ethanol
~ was carried out over 0.6g of catalyst. :
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Fig. — 2 Relationship between Optical Purity and Opticalr'Rotation.
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Fig. — 3 Relationship between Optical Rotation and Proportion
of Methyl-3hydroxybutyrate in Methyl-Acetoacetate Solution.
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