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Resa chetone (ee%)a Resa endo (ee%)a Resa eso (ee%)a

Microrganismo (-)b (+)b (-)b (+)b (-)b (+)b

Saccharom. cerev. RM1 -- 13 (54) 46 (100) -- 12 (100) --

Saccharom. cerev. RM74 36 (0)  3 (100) -- 31 (100) --

Yarrowia lipolytica Y2 -- 25 (100) 48 (100) -- 7 (14) --

Yarrowia lipolytica Y9 -- 26 (100) 43 (100) -- 6 (2) --

Fusarium 25 (24) -- -- 28 (38) 7 (100) --

Trichoderma sp. -- 4 (100) 46 (98) -- 20 (100) --

Penicillum roqueforti -- 40 (44) 30 (100) -- 3 (100) --

�	-�	����	����	�����	���������	���	��	� ���
�	
����	����
��
	�������5

 �	"�����	������	��������	
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�	�������� ��� ����	�����	�����
����	������
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�	��������	�����	��	�����	"��"�������5
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R2

R1

O

OH HO

(±)

46%, ee > 95%

OH

Trichoderma

HO

20%, ee > 95%

Mucor spirescens

Trichoderma
OH

70%, ee 70%

HO

15%, ee > 95%

63%, ee 80% 5%, ee > 95%

Tetrahedron Asymmetry  7, 277 (1996)
9



Saccharo m yces cerev. R M 1 � � � � �

Saccharo m yces cerev. R M 9 �

Saccharom yces cerev. R M 74 � �

Saccharom yces cerev. M L 31 � � � �

Y arro w ia lip olytica Y 2 � �
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P enicillu m  d igitatu m �

P enicillu m  ro qu efo rti �

Fu sariu m �

R hizo p us nigricans �

OO O O
O

+��
�� ����1,��
�
� �����#����� �/

� #	
���������� ������	��������

�

�

�2
���� ������

�� ��

�� ��

7

7

� .  


��
'�������������
�� ����1����������
�� ����1

��
������

:



N

S

O

N

S

OH

N

S
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O

N

S

OH

Trichoderma viride 
CBS 189.79

98%

N

S

OH

90%

N

S

Rhizopus oryzae
CBS 372.73

ee > 95%

O

ee  > 95%

Yarrowia 
lipolytica  G

17% 98%

Saccharomyces 
cerevisiae ML30

N

S

ee  > 95%

Rhizopus microsporus 
chinensis CBS 346.49

OH

72%

N

S

ee > 76%

Saccharomyces 
cerevisiae ML30

OH

Tetrahedron Asymmetry   2, 243 (1991)

ee  > 95%
ee > 95%

92%

ClClCl

≡≡≡≡ �3�
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Ar Me

OH

Ar Me

O

Ar Me

OH

O

S

N

ossidazione

  Tetrahedron Letters 34, 883 (1993)

BY

R-enantiomero

Ar  = 7 giorni/ tampone fosfato

9 giorni/ tampone fosfato

13 giorni/ tampone fosfato

8 giorni/ tampone fosfato

68%

90%

64%

46%

32%  (ee 90%)

10% (ee > 95%)

36%  (ee 86%)

54% (ee 40%)

Ar Me

OH

Ar Me

O

Ar Me

OH

O

S

N

N
S

O

4 giorni

Bacillus stearothermophilus

6 giorni

6 giorni

Ar  =

ossidazione

R-enantiomero

Tetrahedron  Asymmetry  4, 1607 (1993)

6 giorni

47%

50%

42%

46%

53%  (ee >95%)

50% (ee > 95%)

58%  (ee 92%)

54% (ee 40%)

6 giorni

5 giorni

49%

40%

51% (ee > 95%)

60% (ee 90%)

;��� �	���
����	
����	��"����,	
����
����� 
�	��	�������

<���� �	��"����,	����
�����

�	��	
�������

3�



��
� ��� 0 ���������	���	����
�0��
������	� ����
������� �5

O

O

OH OH

7���.����


��
� ���

Penicillum roqueforti -- 66 (44) 30 (100) -- 4 (100) --

Resa chetone (ee%)a Resa endo (ee%)a Resa eso (ee%)a
Microrganismo

(-)b (+)b (-)b (+)b (-)b (+)b

Bacillus stearotherm.
ATCC2027

51 (86) -- -- 49 (95)

����������


OH
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OH AcO

OH OAc
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R

RY. lip.

Y. lip.

Y. lip.

1h

2h

2h

50% (ee  67%) 50% (ee  60%)

56% (ee  39%) 44% (ee  42%)

78% (ee  > 95%)
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48 72
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37 39
GC1

O
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OAc

65 40
GC1
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40
GC1

H
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OAc

28
GC2

OCO(CH3)2
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57 36 R,R 43 23
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Yarr. lip.

Ar

O

Tetrahedron Asymmetry  9, 2317 (1998)

BY
 

81% (ee>95%)

Trichod.

90% (ee > 95%)

BY
 

77% (ee >95%)

Trichod.

96% (ee>95%)

92% (ee> 95%)

O

OH

S

OH

N
O

OH

N

S

OH

CF3

OH

Pseud. pauc.

Ar

OH

Tetrahedron Asymmetry  9, 2317 (1998)

48% (ee>95%)

Pseud. pauc.

40% (ee > 95%)

Pseud. pauc.

40% (ee 90%)

Bac. stearot.

48% (ee>95%)

44% (ee> 95%)

O

OH

S

OH

N
O

OH

N

S

OH

CF3

OH

Bac. stearot.

Ar

O
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Yarrowia

lipolytica OH

R

70% ( ee > 95%)

OH

Yarrowia

lipolytica OH
58% ( ee  91%)

R
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O
O

O

Ph

O

O

Tetrahedron, 52, 3547 (1996)

O

O

Tetrahedron Asymm., 11, 2367 (2000)
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.������� ������� ���

Resa alcol (ee%)a Resa chetone (ee%)
Terrenob

(-) (+) (-) (+)

Glucosio -- -- -- --

Saccarosioc -- 86(76) 14(100) --

Acido citricod -- 49(95) 51(86) --

Mg++e -- 86(14) 14(100) --

Mn++e -- 94(8) 6(100) --

Fe++e -- 97(2) 3(100) --
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Saccharomyces cerevisiae ML29
 Pressione            Resa %                ee%
      P. atm.                   24                         53 (S)

     1500 bar                50                         92 (S)
O OH

Yarrowia lipolytica Y5
 Pressione           Resa %                ee%
      P. atm.                   6                       100 (3R,1R)
     1500 bar                91                     100 (3R,1R)

O

O
O

OH

O
O

Yarrowia lipolytica PO5
 Pressione            Resa %                ee%
      P. atm.                   22                         14 (R)
     1000 bar                 25                        33 (S)

O OH

Saccharomyces cerevisiae RM1
 Pressione            Resa %                ee%
      P. atm.                    77                         84 (S)

     400 bar                   21                         100 (S)
O OH
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OHOHO

NAD+NADH

(±)

BSDR

BSDR

S
S

(-) (-)
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-������ �	I	�����	�� "������	��	��	������ �	� �������� �����
� �	����""���
�	
��	��������	�
	����	������	���������	

����������	��	�������	
��	���������5

OH

OH
40%(ee>95%)

OH

OH

80% (ee 95%)

OH

OH
92% (ee > 95%)

Ph
OH

OH
80% (ee 95%)

OH
82% (ee > 95%)

OH

OH

OH

80% (ee 95%)

J. Org. Chem. 62, 1854 (1997) ��
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Resa % Resa% (ee%)

Ceppo

O

(±)-1

OH OH O O

  6  

OO

(-)-(1S,5R)               (+)-(1R,5S)

O

O

     7     

O

O

(-)-(1S,5R)              (+)-(1R,5S)

E1 41 41 9 6 (33) 10 (>98)
E5 21 34 32 3 (33) 10 (19)

E6 47 32 15 6 (9) ---

E19C 31 26 11 5 (13) 28 (72)

E19D 47 13 6 8 (<1) 26 (90)

ICE3 62 14 22 --- 5 (33)

ICE7 43 26 13 --- 5 (20)

ICE13 24 33 14 6 (33) 23 (82)

ICE15 26 47 10 7 (14) 10 (20)

ICE16 25 28 20 --- 27 (68)
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Fusarium solani (ICE16)

(+)-(1R, 5S)-7(±)-1

86%, 70% ee
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Aspergillus wentii (E19D)

(±)-2 (+)-(1R, 5S)-9

56%, 85% ee
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C7-ossidazione C3-ossidazione C12-ossidazione

Xanthomonas malthophilia
BS6

Pseudomonas fluorescens
BS7

Pseudomonas fluorescens
B18

Pseudomonas fluorescens
B18

Bacillus mycoides B23 Bacillus mycoides B23
Acinetobacter calcoaceticus

lwoffi BS11
Acinetobacter calcoaceticus

lwoffi BS11
Acinetobacter calcoaceticus

lwoffi B37
Acinetobacter calcoaceticus

lwoffi B37
Acinetobacter calcoaceticus

acidovorans B49
Acinetobacter calcoaceticus

acidovorans B49
Pseudomonas fluorescens

B25
Pseudomonas fluorescens

B25
Pseudomonas fluorescens

B25
Pseudomonas fluorescens

B26
Pseudomonas fluorescens

B26
Pseudomonas fluorescens

B26
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ESTRATTO CELLULARE
↓↓↓↓

DEAE- Sepharose

Non assorbito                       Eluizione a gradiente
                                                            ↓↓↓↓                                                    ↓↓↓↓

(NH4)2SO4   55-75% sat              (NH4)2SO4   45-75% sat
                                                            ↓↓↓↓                                                    ↓↓↓↓

Idrossilapatite                        Trattamento termico
                                                            ↓↓↓↓                                                    ↓↓↓↓

Blu-Sepharose                          Phenyl-Sepharose
                                                            ↓↓↓↓                                                    ↓↓↓↓

7ββββ-HSDH                                   IDROLASI
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