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Asymmetric Addition of Diethylzinc to Aldehydes Catalyzed by Metal 

Complexes with Chitosan and D-(+)-Glucosamine Derivatives as a Ligand 

Tetsuo OHTA,* Noriteru MAEDA,** Ryo KUJIME,** Yohei OE,* Takayuki YAMASHITA,** and Isao FURUKAWA** 

(Received March 23, 2011) 

Chitin is an ubiquitous natural biopolymer consisted of D-glucosamine with -(1,4) bonds but hardly used for chemical 

transformation because of its extremely low solubility. On the other hand, chitosan is easily obtained from chitin by deacetylation 

and soluble in acidic media. It is also optically active and expected to be used as a chiral source, if it could be soluble in organic 

solvent. Chitosan and its monomer, D-(+)-glucosamine, were modified in order to become soluble in organic solvent and examined 

as a chiral ligand for asymmetric addition of diethylzinc to aldehydes. First, chemically modified chitosans were synthesized from 

chitosan, and used as a ligand. Although the reaction of benzaldehyde with Et2Zn in the presence of chitin and chitosan gave the 

racemic 1-phenyl-1-propanol, N-phthaloyl-6-O-tritylchitosan as a ligand accelerated the reaction to produce (R)-1-phenyl-1-propanol 

with up to 61% ee. Next, D-(+)-glucosamine derivatives were synthesized and used as a ligand. Benzyl-2-acetylamino-4,6-O-

anisylidene-2-deoxy- -D-glucopyranoside and Ti complex accelerated the reaction and was found to be the most efficient catalyst for 

the asymmetric addition to the various aldehydes with diethylzinc, giving the (R)-1-phenyl-1-propanol in high yield with high 

enantiomeric excess up to 94%. 
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Scheme 1.  Asymmetric addition of diethylzinc to 

benzaldehyde. 

 

7-9)  

10) 
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D-(+)-

 

DMF bp. 78-79 °C / 6 Torr DMSO

bp. 85-87 °C / 25 Torr

10 4A

60 (70-140 mesh) 

 

1H NMR  JNM- 400 (400 MHz, 

 / ppm) IR  (KBr, / cm-1)  

IR-408  (FT-

IR) NICOLET 800  

(GC)  GC-14B (Column: SE-30 on 

Chromosorb W (AW-DMCS 80-100 mesh, 4 mm  x 2 

m)  (GC-MS) 

 QP-2000A

 (HPLC) LC-6A 

(Column: DAICEL CHIRALCEL OJ-R, 4.6 mm  x 15 

cm, MeOH / H2O = 50 / 50, 0.30 mL / min., Detector 

SPD-10A, 220 nm) HITACHI  L-7100 

(Column: DAICEL CHIRALCEL OD-H, 4.6 mm x 25 

cm, n-Hex / i-PrOH = 99 / 1, 0.50 mL / min., Detector 

L-7400, 254 nm)  LC-6A 

(Column: DAICEL CHIRALCEL OB, 4.6 mm x 25 

cm, n-Hex / i-PrOH = 99 / 1, 0.50 mL/min., Detector 

SPD-6A, 254 nm)  SEPA-
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200  

CT5DL  (TLC)

M.NAGEL 60 F254

 

 (1a)  (1b) 

 (from Crab 

Shells) 

 89.3%  

6-O-  (1c) 11) 

IR (KBr): 3400, 2900, 700. 1H NMR (DMSO-d6): 7.2-

7.6 (Ar-H). 

 N-  (1d) 

 (50 mL)  (0.20 g, 1.24 

mmol)  (0.34 g, 1.99 mmol)  (10 

mL) 24

0.27 g 

(86.1%) IR (KBr): 3390, 1615, 650. 1H NMR 

(DMSO-d6): 7.2-7.6 (Ar-H), 8.3(-N+H2-). 

 N- -6-O-  (1e) 

 (50 mL) 1c (1.00 g, 2.48 mmol)

 (1.32 g, 12.4 mmol) DMF (20 

mL)  24

IR (KBr): 3400, 

1600, 730, 680, 630. 

 (100 mL) 

DMF (50 mL) 

 (0.18 g) 24

1e 1.00 g (81.7%) 

IR (KBr): 3400, 730, 680, 630. 

N-  (2a)11) 

IR (KBr): 3400, 2900, 1700, 700. 1H NMR (DMSO-d6): 

7.4-7.8(broad, Ar-H). 13C NMR (DMSO-d6): 160.8-

168.1, 123.3-134.6, 97.2, 78.9, 74.6, 71.7, 68.6, 59.5. 

 N- -3,6-O- (2b)11) 

IR (KBr): 3400, 2925, 1750, 1320,720. 1H NMR 

(CDCl3): 2.6(broad, -COCH3). 13C NMR (CDCl3): 168-

169, 123.7-134, 96.0, 70.0-75.5, 55.1, 20.1-20.5. 

N- -6-O-  (2c)11) 

IR (KBr): 3400, 2900, 1700, 700. 1H NMR (DMSO-d6): 

7.0-7.8 (Ar-H). 13C NMR (DMSO-d6): 167.3, 143.2-

147.7, 123.2-134.5, 50.0-100.0. 

 N- -6-O-

 (2d) 

 (50 mL) 

 2a (5.00 g, 17.2 mmol), 

 (4.00 g, 34.0 mmol)  (10 mL) 

80 °C 24

5.79 g (63.6%) IR (KBr): 3300, 1640, 

1590, 1716, 1450, 750, 721, 697. 1H NMR (CDCl3): 

6.9-7.6 (broad, Ar-H), 13C NMR (CDCl3): 167.9, 152.7-

153.3, 123.5-134.1, 118.3-120.2, 50.0-100.0. 

 N- -6-O-

 (2e) 

 (100 mL) 

2a (2.00 g, 6.87 mmol) (30 mL) 

 (2.50 mL, 27.2 mmol) 

80 °C 24

1.65 g (55.4%) IR (KBr): 3400, 

2900, 1700, 1610, 720. 1H NMR (DMSO-d6): 

2.5(N(CH3)2), 7.0-8.0(broad, Ar-H). 13C NMR (DMSO-

d6): 164.1-169.2, 123.4-138.4, 96.9, 71.5, 68.1, 56.7-

56.9, 33.9. 

 

キトサン，D-(+)-グルコサミン誘導体を配位子とする金属錯体存在下でのジエチル亜鉛の芳香族アルデヒド類への触媒的不斉付加反応
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 (0.5 mmol / 1 unit) 

 (10 mL) 0 °C

1.0 M  (1.0 mmol, 1.0 mL) 

 

(0.106 g, 1 mmol) 

 (2.4 mmol, 2.4 mL) 24

1M 

 (30 mL) 

1M 

GC

HPLC  

 

D-(+)-

2- -2- - -D-  (3) 

mp. 203-205 °C (decomp), [ ]20
D +45.1° (c = 1.0, H2O) 

(Lit. 12) mp. 204 °C, [ ]20
D +45° (c = 1.0, H2O)). 

 -2- -2- - -D-

 (4) 

mp. 184-189 °C, [ ]25
D +165.1° (c = 1.0, DMF) (Lit.12) 

mp. 183-184 °C, [ ]20
D +165.1° (c = 1.0, H2O)). 

 -2- -6-O- -2-

- -D-  (5)  

-2- -2- - - -

 (4) (16 mmol, 5.0 g)  (5 mL) 

 (20.0 mmol, 5.56 g) 

80 °C 

6.38 g (74%), 

mp. 120-124 °C, [ ]25
D +50° (c = 1.0, DMF). IR (KBr): 

3300, 3050, 2900, 1650, 1590, 1490, 1440, 1370, 1310, 

1210, 900, 850, 750, 700. 1H NMR (d6-DMSO): 7.22-

7.48 (m, 20H, arom-H), 5.85 (d, J = 8.0 Hz, 1H, NH), 

4.92 (d, J = 4.0 Hz, 1H, 1-H), 4.80 (d, 1H, J = 12.4 Hz, 

Ph-CH-), 4.50 (d, 1H, J = 12.4 Hz, Ph-CH-), 4.12 (m, 

1H, 4-H), 3.74-3.79 (m, 1H, 3-H), 3.61-3.71 (m, 1H, 5-

H), 3.56-3.60 (m, 1H, 2-H), 3.33-3.42 (m, 2H, 6-H2), 

1.61 (s, 3H, -COCH3).  

 -2- -4,6-O- -

2- - -D-  (6)  

DMF (10 mL)  4 (5.30 mmol, 1.66 

g) 80 °C 

p-  (0.04 

mmol, 10 mg) p-

 (6.2 mmol, 1.13 g) DMF 

(10 mL) 24

NaHCO3 (1 g, 50 mL) 

1H-NMR  2.04 g (90%), mp. 

269 °C, [ ]25
D +102° (c = 1.0, DMF). IR(KBr): 3400, 

3250, 3050, 2950, 2850, 1620, 1550, 1510, 1370, 1300, 

1250, 1170, 960, 910, 830, 790, 730, 690, 670. 1H NMR 

(d6-DMSO): 8.00 (d, J = 8.0 Hz, 1H, NH), 6.89-7.39 (m, 

9H, arom-H), 5.55 (s, 1H, An-CH-), 5.18 (s, 1H, 3-OH), 

4.78 (d, J = 4.0 Hz, 1H, 1-H), 4.69 (d, J = 12.8 Hz, 1H, 

Ph-CH-), 4.48 (d, J = 12.4 Hz, 1H, Ph-CH-), 4.12 (dd, 

J1 = 10.0 Hz, J2 = 9.0 Hz, 1H, 4-H), 3.80-3.85 (m, 1H, 

3-H), 3.74 (s, 3H, CH3O-), 3.42-3.54 (m, 3H, 2-H, 6-

H2), 3.01-3.16 (m, 1H, 5-H), 1.84 (s, 3H, -COCH3). 

 -2- -4,6-O- -

2- - -D-  (7) 

mp. 259-260 °C, [ ]25
D +88° (c = 1.0, DMF) (Lit.12) mp. 

262 °C, [ ]23
D +114° (c = 1.1, pyridine)). 

 -4,6-O- -D-

 (8) 

FAB-MS: m/z 313, mp. 199-202 °C (Lit.13) mp. 183-

186 °C, [ ]25
D +99°(c = 1.0, CHCl3)). 

 - -D-  

 (95 mL)  (1 

mL) -D-  (106 mmol, 23.5 g) 

30

11.5 g (35%). 

 -4,6-O- - -D-
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 (9)13) 

mp. 180-181 °C. [ ]25
D +87° (c = 1.0, CHCl3). 

 

D-(+)-

  

 (5 mL) -2-

-4,6-O- -2- - -D-

 (4) (0.25 mmol, 0.11 g) 

 (3.75 mmol, 3.75 mL) 

 (1.25 mmol, 

0.13 g) 

1M-

5 : 1 1-

GC HPLC

 

  

5 mL -2-

-4,6-O- -2- - -D-

 (4) (0.25 mmol, 0.11 g)

 (1.75 mmol, 0.49 g) 1

 (3.75 

mmol, 3.75 mL) 

 (1.25 mmol, 0.13 g) 

M-

 5 : 1

1- GC

HPLC  

1-Phenyl-1-propanol: [ ]D
25 +47° (c = 1.0, CHCl3) 

(Lit.14) [ ]D
25 +45.5° (c = 1.14, CHCl3) for (R)). 

1-(2-Methoxyphenyl)-1-propanol: [ ]D
25 +5.58° (c = 0.4, 

CHCl3) (Lit.15) [ ]D
22 +27.6° (c = 2.03, CHCl3) for (R)). 

1-(3-Methoxyphenyl)-1-propanol: [ ]D
25 +28.85° (c = 

0.9, CHCl3) (Lit.16) [ ]D
25 +32.0° (c = 1.0, CHCl3) for 

(R)). 

1-(4-Methoxyphenyl)-1-propanol: [ ]D
25 +33.7° (c = 1.0, 

C6H6) (Lit.17) [ ]D
22 +25.7° (c = 1, C6H6) for (R)). 

1-(2-Chlorophenyl)-1-propanol: [ ]D
25 +46.8° (c = 1.0, 

CHCl3) (Lit.18) +52.31° (c = 3.46, CHCl3) for (R)). 

1-(4-Chlorophenyl)-1-propanol: [ ]D
25 +34.9° (c = 1.4, 

CHCl3) (Lit.14) [ ]D
25 +37.3° (c = 1.57, CHCl3) for (R)). 

1-(1-Naphthyl)-1-propanol: [ ]D
25 +25.8° (c = 1.0, 

CHCl3) (Lit.18) [ ]D
25 +51.10° (c = 4.0, CHCl3) for (R)). 

1-(2-Naphthyl)-1-propanol: [ ]D
25 +30.1° (c = 2.0, 

CHCl3) (Lit.16) [ ]D
25 31.7° (c = 1, CHCl3) for (R)). 

1-Phenyl-1-penten-3-ol: [ ]D
25 +31.1° (c = 2.2, CHCl3)  

(Lit.18) [ ]D
23 -6.6° (c = 3.20, CHCl3) for (S)). 

 

O

X
R2O O

OR1

n

1a chitin  R1 = H, R2 = H, X = NHAc
1b chitosan  R1 = H, R2 = H, X = NH2

1c 6-O-tritylchitosan  R1 = Tr, R2 = H, X = NH2

1d N-benzylchitosan  R1 = H, R2 = H, X = NHBn
1e N-benzyl-6-O-tritylchitosan  R1 = Tr, R2 = H, X = NHBn
2a N-phthaloylchitosan  R1 = H, R2 = H, X = phth
2b N-phthaloyl-3,6-di-O-acetylchitosan  R1 = R2 = Ac, X = phth
2c N-phthaloyl-6-O-tritylchitosan  R1 = Tr, R2 = H, X = phth
2d N-phthaloyl-6-O-phenylcarbamoylchitosan  
                                                   R1 = CONHPh, R2 = H, X = phth
2e N-phthaloyl-6-O-dimethylcarbamoylchitosan  
                                                   R1 = CONMe2, R2 = H, X = phth  

Scheme 2. Chitosan derivatives. 

 

 (1b) 1b 

 (Scheme 2)

 1a 1b 

Table 1  
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 1b N-

 (2a) 
1H NMR 7.4-

7.8 ppm (phenyl) 13C NMR

160.8-

168.1 ppm IR 1700 

cm-1

2a  

2a 3,6 N-

-3,6-O-  (2b) 

13C NMR

 

6 N-

-6-O-  (2c) 

2a 

 2c  

2c 

IR

1700 cm-1 (C=O) 
1H NMR

6-O-  (1c) 

 

1b  1c 

1b N-

 (1d) 1c 

 24

DMF

 IR

N- -6-O-

 (1e)  

N- -6-O-

 (2d) N- -6-O-

 (2e)  2a 

80 °C 24

2d 13C NMR

152.7, 153.6 ppm

118.3-123.5 ppm IR

1752, 1602 cm-1 (C=O) 

2e 
13C NMR  

(164.1 ppm)  (18.4 ppm) 

IR 1700 

cm-1

2d 2e 

3

3

6

 

Table 1.  Solubility of chitosan derivatives.a) 

Modified 
chitosan

DMF DMSO Pyridine CHCl3 CH2Cl2 Toluene

1a – – – – – – 
1b – – – – – – 
1c + + + ± – – 
1d + + + – – – 
1e + + + + + – 
2a + + + – – – 
2b + + + + + – 
2c + + + + ± – 
2d + + + + + – 
2e + + + ± + – 

a) (+) = soluble, (±) = partially soluble or swelled, (–) = insoluble, 10 
mg of sample in 2 mL of solvent at room temperature. 
 

 (NAD) NADH
19) 20) 
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 (Eq. 1)  

O

H + Et2Zn
chitosan derivatives

OH

CH2Cl2
(1)

Table 2

 (1a)  

(1b) 

 (Entries 2 and 3)

 

  

N-  (1d) 

(Entry 

5) 6  1e 

16% ee  (Entry 6)

 1c 

 (Entry 4)

 

N-  (2a) 

 36

32% ee (R)  (Entry 7)

 2b 

44% ee  (Entry 

8) 6

 2c 

69% 56% ee

 (Entry 9)

2d 2e 2d 

N- -6-

O-  (2c) 

 

Table 2. Asymmetric addition of diethylzinc to benzaldehyde 
catalyzed by chitin, chitosan and modified chitosans.a) 

Entry Catalyst
1-Phenyl-1-propanol 

Yield 
( % )b) 

E.e. c) 
(% ee) Config.d) 

1 None 0   
2 1a trace racemic  
3 1b 5 racemic  
4 1c trace racemic  
5 1d 54 racemic  
6 1e 66 16 R 
7 2a 36 32 R 
8 2b 27 44 R 
9 2c 69 56 R 

10 2d 42 55 R 
11 2e 86 45 R 

a) Reaction conditions: benzaldehyde (1.0 mmol), diethylzinc 1.0 M 
solution in hexane (3.4 mmol, 3.4 mL), catalyst (0.5 mmol / 1 unit), 
dichloromethane (10 mL), 0 °C, 24 h.  b) Determined by GLC.  
c) Determined by HPLC. (DAICEL CHIRALCEL OD-H, n-hexane / 
i-PrOH = 98 / 2, 0.5 mL/min, uv 254 nm).  d) See experimental 
section. 

N- -6-O-  (2c) 

 (Table 3)  

50 

mol%  (Entries 

1-4, and 7)  

-78 °C -30 °C

0 °C

 (Entries 5-8)  

 (Entries 7, 9, and 10) 2c 

 

  

 (Entries 7 and 11)  
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Table 3. The effects of reaction conditions in the asymmetric 
addition of diethylzinc to benzaldehyde.a) 

Entry 2c 
(mol%) 

Temp 
(°C) Solv  

1-Phenyl-1-
propanol

Yield 
(%)b) 

% eec)

(config.) 

1 10 0 CH2Cl2 77 34 (R) 
2 30 0 CH2Cl2 61 49 (R) 
3 70 0 CH2Cl2 84 51 (R) 
4 100 0 CH2Cl2 73 50 (R) 
5 50 -78 CH2Cl2 trace  
6 50 -30 CH2Cl2 trace  
7 50 0 CH2Cl2 69 56 (R) 
8 50 r.t. CH2Cl2 69 54 (R) 
9 50 0 C6H5Me 77 38 (R) 

10 50 0 n-C6H14 45 11 (R) 
11d) 50 0 CH2Cl2 46 61 (R) 

a) Reaction conditions: benzaldehyde (1.0 mmol), diethylzinc 1.0 M 
solution in hexane (3.4 mmol, 3.4 mL), solvent (10 mL), 24 h.  b) 
Determined by GLC. c) Determined by HPLC. (DAICEL 
CHIRALCEL OD-H, n-Hexane / i-PrOH = 98 / 2, 0.5 mL / min, uv 
254 nm).  d) Reaction conditions: benzaldehyde (5 mmol), 
diethylzinc 1.0 M solution in hexane (6.0 mL), CH2Cl2 (10 mL), 6 h. 

   

6

3

 2c 

 2c 

 

 

   

(Table 4)

 (Entries 2-6)

2-

1- 66% ee

 (Entries 7 and 

8)  (Entry 9) 

 
 

Table 4. Asymmetric addition of diethylzinc to various 
aldehydes.a) 

Entry
Aldehydes (RCHO) 

R = 
Yield 
(%)b) 

% eec) 
(config.) 

1 C6H5 69 54 (R) 
2 2-CH3OC6H4 75 54 (R) 
3 3-CH3OC6H4 71 42 (R) 
4 4-CH3OC6H4 53 32 (R) 
5 2-ClC6H4 75 57 (R) 
6 4-ClC6H4 62 53 (R) 
7 1-Naphthyl 49 66 (R) 
8 2-Naphthyl 46 53 (R) 
9 C6H5CH=CH 72 racemic 

a) Aldehyde (1.0 mmol), diethylzinc 1.0 M solution in hexane (3.4 
mmol, 3.4 mL), catalyst (2c) (0.5 mmol/1unit), CH2Cl2 (10 mL), 0 °C, 
Time, 24 h.  b) Isolated yields.  c) See experimental section. 

 

D-(+)-

   D-(+)-

D-(+)-

21)  

 

D-(+)-

D-(+)-

 (Scheme 3)  

D-(+)-

 (3) 

1

-2- -2- - -D-

 (4) 4,6

-2-

-4,6-O- -2- - -D-

 (6)

-2- -4,6-O- -2-

- -D-  (7) 

6 -2-
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-6-O- -2- - -D-

 (5)

-4,6-O- - -D-

 (8) -4,6-O-

- -D-  (9)  

 

O

X
HO

R3O
OR1

R2O

3 R1 = R2 = R3 = H, X = NH3Cl
4 R1 = Bn, R2 = R3 = H, X = NHAc
5 R1 = Bn, R2 = Tr, R3 = H, X = NHAc
6 R1 = Bn, R2-R3 = CHC6H4OMe(4), X = NHAc
7 R1 = Bn, R2-R3 = CHC6H5, X = NHAc
8 R1 = Me, R2-R3 = CHC6H4OMe(4), X = OH
9 R1 = Bn, R2-R3 = CHC6H4OMe(4), X = OH  

Scheme 3. D-Glucosamine derivatives. 

 

D-(+)-

D-(+)-

O

H + Et2Zn

glucosamine 
derivatives

OH

CH2Cl2
(2)

Table 5. Asymmetric addition of diethylzinc.a  

Entry Ligand 
Ti(O-i-Pr)4 

equiv.b) 

1-Phenyl-1-propanol 
Yield 
(%)c) 

E.e. 
(% ee)d) Config.e)

1 3 none 16 racemic  
2 4 none 25 racemic  
3 5 none 2 racemic  
4 6 none 39 racemic  
5 3 1.4 10 racemic  
6 4 1.4 70 41 R 
7 5 1.4 65 33 S 
8 6 1.4 85 88 R 
9 7 1.4 86 91 R 

10 8 1.4 13 33 S 
11 9 1.4 71 31 S 

a) Reaction conditions: benzaldehyde : Ligand : Et2Zn = 1.0 : 0.2 : 3.0 
(molar ratio), r.t., 24 h.  b) Based on aldehyde. c) Determined by 
GLC. d) DAICEL CHIRALCEL OB, Hexane / i-PrOH = 90 / 10, 0.5 
mL / min, uv 254 nm.  e) See experimental section. 

 

 3 9 

 (Eq. 2, Table 5)  

D-(+)-  (3) 

 4 5 6 

 (Entries 1-4)  

(IV)

 (Scheme 4)22,23)   

O

H + Et2Zn
ligand , Ti(O-iPr)4

OH

O

O

Tf
N

N
Tf

Ti(O-i-Pr)2 Ti(O-i-Pr)2

CH2Cl2

 
Scheme 4. Addition of diethylzinc to benzaldehyde. 

 
(IV)

 (Entries 5-11)  D-(+)-

 (3) 

 4 70%  

41% ee (R) 

 5 65%

33% ee S 4

6  6 

85% 88% ee (R) 

 

4,6

 7  6 

-D-

 8  9 

S

. 
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(IV)

 6  7 

 

 

(Table 6)

86%  88% ee 

 THF 

 

 
Table 6. The effect of solvent.a) 

Entry Solvent Yield (%)b) E.e.c) 
(% ee) Config.d)

1 CH2Cl2 86 88 R 
2 Toluene 79 85 R 
3 Hexane 71 72 R 
4 THF 77 88 R 

a) Reaction Conditions: benzaldehyde : Ligand (6) : Ti(O-i-Pr)4 : 
Et2Zn = 1.0 : 0.2 : 1.4 : 3.0 (molar ratio), r.t., 24 h.  b) Determined by 
GLC.  c) DAICEL CHIRALCEL OB, Hexane / i-PrOH = 90 / 10, 
0.5 mL/min, uv 254 nm d) See experimental section  
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39% 5  

mol% 94% ee

40 mol% 83% ee

66%  
 
Table 7. The effect of ligand to Ti(O-i-Pr)4.a) 

Entry 
Ligand 6 
( mol%)b) 

Yield 
(%)c) E.e. (% ee)d) Config.e) 

1 0 39 racemic  
2 2 100 89 R 
3 5 98 94 R 
4 10 80 87 R 
5 20 86 88 R 
6 40 66 83 R 

a) Raction Conditions: benzaldehyde : Ti(O-iPr)4 : Et2Zn = 1.0 : 1.4 : 
3 (molar ratio), r.t., 24 h.  b) Based on Ti(O-i-Pr)4.  c) Determined 
by GLC.  d) DAICEL CHIRALCEL OB, Hexane / i-PrOH = 90 / 10, 
0.5 mL / min, uv 254 nm.  e) See experimental section. 

Table 8

98%  94% ee

 (Entry 3)  

  

Entry 5 5

 

(Entries 3, and 6-9)  

 
Table 8. Addition of diethylzinc to benzaldehyde.a) 

Entry
Et2Znb)

(equiv.)
Ti(O-i-Pr)4

b)

(equiv.) 
Temp. 
(°C) 

1-Phenyl-1-propanol
Yield c) 

(%) 
E.e. d) 

(Config.) 
1 3.0 1.4 -78 - - 
2 3.0 1.4 0 96 89(R) 
3 3.0 1.4 r.t. 98 94(R) 
4 1.2 1.4 r.t. 99 91(R) 
5 5.0 1.4 r.t. 99 94(R) 
6 3.0 0.075 r.t. 16 75(R) 
7 3.0 0.313 r.t. 99 66(R) 
8 3.0 0.625 r.t. 99 85(R) 
9 3.0 1.25 r.t. 98 93(R) 

a) Reaction Conditions: benzaldehyde : ligand 6 = 1.0 : 0.05, r.t., 6 h.  
b) Based on aldehyde. c) Determined by GLC. d) DAICEL CHIRAL-
CEL OB, Hexane / i-PrOH = 90 / 10, 0.5 mL/min, uv 254 nm.  
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Table 9. Asymmetric addition of diethylzinc to various 
aldehydes.a) 

Entry 
Aldehydes 

(RCHO) R = 
Yield 
(%)b) 

E.e.c) 
(% ee) Config.d) 

1 C6H5 98 94 R 
2 4-CH3C6H4 89 88 R 
3 3-CH3OC6H4 74 91 R 
4 2-CH3C6H4 72 82 R 
5 4-ClC6H4 77 92 R 
6 2-ClC6H4 78 77 R 
7 2-naphthyl 93 95 R 
8 1-naphthyl 84 95 R 
9 C6H5CH=CH 85 69 R 

a) Reaction conditions: aldehyde : ligand (6) : Ti(O-i-Pr)4 : Et2Zn = 
1.0 : 0.05 : 1.4 : 3.0 (molar ratio), r.t., 6 h. b) Determined by GLC. c) 
DAICEL CHIRALCEL OB, hexane / i-PrOH = 90 / 10, 0.5 mL/min, 
uv 254 nm.  d) See experimental section. 
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Scheme 5. Structure of zinc reagents. 
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Scheme 6.  Plausible active intermediate. 
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Scheme 7.  Reaction mechanism. 

 

D-(+)-

D-(+)-

D-(+)-

 

1) , a) 
, , , 

(1990)  b) , 
, ,  (1990) 

c) , , , 
 (1990) . d) , 

, 57 (1981). e) , , 43, 155 (1988). 
f) , , 42, 567 (1983).  
g) A. Domard, “A perspective on 30 years research on 
chitin and chitosan.” Carbohydrate Polymers, 84, 696-
703 (2011). 

2) For example: a) R. Noyori, M. Ohta. Y. Hsiao, M. 
Kitamura, T. Ohta, and H. Takaya, “Asymmetric 
synthesis of isoquinoline alkaloids by homogeneous 
catalysis.”  J. Am. Chem. Soc., 108, 7117—7119 (1986).  
b) H. Takaya, T. Ohta, K. Mashima, and R. Noyori, “New 
chiral ruthenium complexes for asymmetric catalytic 
hydrogenations.”  Pure & Appl. Chem., 62, 1135—1138 
(1990).  c) K. Hori, H. Kodama, T. Ohta, I. Furukawa, 
“Palladium–catalyzed asymmetric 1,3-dipolar cyclo-
addition of nitrones to olefins.”  Tetrahedron Lett., 37, 
5947–5950 (1996).  d) T. Ohta, H. Kamizono, A. 
Kawamoto, K. Hori, and I. Furukawa, “Kinetic resolution 
of isoxazolidines by Pd-BINAP complex.” Eur. J. Org. 
Chem., 3855–3863 (2002).  e) Y. Suzuma, S. Hayashi, T. 
Yamamoto, Y. Oe, T. Ohta, and Y. Ito, “Asymmetric 1,4-
addition of organoboronic acids to -unsaturated 
ketones and 1,2-addition to aldehydes catalyzed by 
palladium complex with ferrocene-based phosphine 
ligand.” Tetrahedron:Asymmetry, 20, 2751–2758 (2009). 

3) (a) T. Sato, K. Soai, K. Suzuki, and T. Mukaiyama, 
“Enantioface-differentiating (asymmetric) addition of 
dialkylmagnesium to aldehydes by using the lithium salt 
of (2S, 2'S)-2-hydroxymethyl-1-[(1-methylpyrrolidin-2-
yl)methyl]pyrrolidine as a chiral ligand.” Chem. Lett., 
601–604 (1978). (b) T. Mukaiyama, K. Soai, T. Sato, H. 
Shimizu, and K. Suzuki, “Enantioface-differentiating 
(asymmetric) addition of alkyllithium and dialkyl-
magnesium to aldehydes by using (2S,2'S)-2-hydroxy-
methyl-1-[(1-alkylpyrrolidin-2-yl)methyl]pyrroli-dines as 
chiral ligands.J. Am. Chem. Soc., 101, 1455–1460 (1979). 

4) (a) N. Oguni, and T. Omi, “Enantioselective addition of 
diethylzinc to benzaldehyde catalyzed by a small amount 
of chiral 2-amino-1-alcohols.” Tetrahedron Lett., 25, 
2823–2824 (1984).  (b) N. Oguni, Y. Matsuda, and T. 
Kaneko, “Asymmetric amplifying phenomena in enantio-
selective addition of diethylzinc to benzaldehyde.” J. Am. 
Chem. Soc., 110, 7877–7878 (1988).  c) , 

 No.19, 
 ( ) 143–154 

太田哲男・前田憲輝・久次米亮・大江洋平・山下隆之・古川　功



（　  ）33

125

 

(1993). 
5) (a) M. Kitamura, S. Suga, K. Kawai, and R. Noyori, 

“Catalytic asymmetric induction. Highly enantioselective 
addition of dialkylzincs to aldehydes.” J. Am. Chem. Soc., 
108, 6071–6072 (1986).  (b) M. Kitamura, S. Okada, S. 
Suga, and R. Noyori, “Enantioselective addition of 
dialkylzincs to aldehydes promoted by chiral amino 
alcohols. Mechanism and nonlinear effect.” ibid, 111, 
4028–4036 (1989).  (c) R. Noyori and M. Kitamura, 
“Enantioselective addition of organometallic reagents to 
carbonyl compounds: transfer, duplication and intesifica-
tion of chirality.” Angew. Chem., Int. Ed. Engl., 3, 34–48 
(1991). 

6) (a) K. Soai, S. Niwa, Y. Yamada, and H. Inoue, “Chiral 
piperazine as a new chiral catalyst for the enantioselective 
addition of dialkyl zincs to aryl aldehydes. Tetrahedron 
Lett.,, 28, 4841–4842 (1987).  (b) S. Niwa and K. Soai, 
“Asymmetric synthesis using chiral piperazines.  Part 3.  
Enantioselective addition of dialkylzincs to aryl aldehydes 
catalyzed by chiral piperazines.” J. Chem. Soc., Perkin 
Trans., 1, 2717–2720 (1991).  (c) K. Soai and S.  Niwa, 
“Enantioselective addition of organozinc reagents to 
aldehydes.” Chem. Rev., 92, 833–856 (1992). 

7) (a) M. Yoshioka, T. Kawakita, and M. Ohno, 
“Asymmetric induction catalyzed by conjugate bases of 
chiral proton acids as ligands. Enantioselective addition 
of dialkylzinc-orthotitanate complex to benzaldehyde 
with catalytic ability of a remarkable high order.” 
Tetrahedron Lett., 30, 1657–1660 (1989).  (b) K. Tanaka, 
H. Ushio, and H. Suzuki, “Enantioselective addition of 
diethylzinc to aldehydes catalyzed by secondary amino 
alcohols.” J. Chem. Soc., Chem. Commun., 1700–1701 
(1989).  (c) N. N. Joshi, M. Srebnik, and H. C. Brown, 
“Chiral oxazaborolidines as catalysts for the 
enantioselective addition of diethylzinc to aldehydes.” 
Tetrahedron Lett., 30, 5551–5554 (1989).  (d) E. J. 
Corey, P. W. Yuen, F. J. Hannon, and D. A. Wierda, 
“Polyfunctional, structurally defined catalysts for the 
enantioselective addition of dialkylzinc reagents to 
aldehydes.” J. Org. Chem., 55, 784–786 (1990). 

8) (a) J. C. Anderson, R. Cubbon, M. Harding, and D. S. 
James, “Concepts for ligand design in asymmetric 
catalysis: a study of chiral amino thiol ligands.” 
Tetrahedron:Asymmetry, 9, 3461–3490 (1998).  (b) K. R. 
K. Prasad and N. N. Joshi, “C2-Symmetric chiral zinc 
alkoxides as catalysts for the enantioselective addition of 
diethylzinc to aryl aldehydes.” Tetrahedron:Asymmetry, 7, 
1957–1960 (1996).  (c) H. Nakano, N. Kumagai, H. 

Matsuzaki, C. Kabuto and H. Hongo, “Enantioselective 
addition of diethylzinc to aldehydes using 2-
azanorbornylmethanols and 2-azanorbornylmethanethiol 
as a catalyst.” Tetrahedron:Asymmetry, 8, 1391–1401 
(1997). 

9) K. Soai, S. Yokoyama, and T. Hayasaka, “Chiral N,N-
dialkylnorephedrines as catalysts of the highly 
enantioselective addition of dialkylzincs to aliphatic and 
aromatic aldehydes.  The asymmetric synthesis of 
secondary aliphatic and aromatic alcohols of high optical 
purity.” J. Org. Chem., 56, 4264–4268 (1991). 

10) (a) X.-T. Yang, J.-X. Tian, M.-Y. Huang, and Y.-Y. Jiang, 
“Hydrogenation of nitriles catalyzed by a silica-supported 
chitosan-platinum-nickel complex.” Makromol. Chem. 
Rapid Commun., 14, 485–488 (1993).  (b) X. X. Wang, 
M. Y. Huang., and Y. Y. Jiang, “Hydrogenation catalytic 
behavior of palladium complexes of chitin and chitosan.” 
Makromol. Chem. Macromol. Symp., 59, 113–121 (1992).  
(c) Y. Baba, Y. Kawano, and H. Hirakawa, “Highly 
selective adsorption resins. I. Preparation of chitosan 
derivatives containing 2-pyridylmethyl, 2-thienylmethyl, 
and 3-(methylthio)propyl groups and their selective 
adsorption of precious metals.” Bull. Chem. Soc. Jpn., 69, 
1255–1260 (1996). 

11) H. Kitajima, K. Ito, Y. Aoki, and T. Katsusi, “N,N,N',N'-
Tetraalkyl-2,2'-dihydroxy-1,1'-binaphthalene-3,3'-
dicarboxmides: novel chiral auxiliaries for asymmetric 
Simmons-Smith cyclopropanation of allylic alcohols and 
for asymmetric diethylzinc addition to aldehydes.” Bull. 
Chem. Soc. Jpn., 70, 207–217 (1997). 

12) R. Selke, M. Ohff, and A. Riepe, “Asymmetric 
hydrogenation - influence of the structure of carbohydrate 
derived catalysts on the relative enantioselectivity QH/Me 
regarding acid and ester substrates and its inversion - 
selectivity increase in water by amphiphiles.” 
Tetrahedron, 52, 15079–15102 (1996). 

13)  , L. F. Tietze, Th. 
Eicher,  (1983). 

14) A. Bisai, P. K. Singh, and V. K. Singh, “Enantioselective 
diethylzinc addition to aldehydes catalyzed by Ti(IV) 
complex of unsymmetrical chiral bis(sulfonamide) 
ligands of trans-cyclohexane 1,2-diamine.” Tetrahedron, 
63, 598–601 (2006). 

15) K. Soai, S. Niwa, and M. Watanabe, “Polymer-bound 
ephedrine as an efficient chiral catalyst for the 
enantioselective addition of dialkylzincs to aldehydes.” J. 
Org. Chem., 53, 927–928 (1988). 

16) K. Yoshida, T. Toyoshima, N. Akashi, T. Imamoto, A. 

キトサン，D-(+)-グルコサミン誘導体を配位子とする金属錯体存在下でのジエチル亜鉛の芳香族アルデヒド類への触媒的不斉付加反応



（　  ）34

126

 

Yanagisawa, “Rapid screening for asymmetric catalysts: 
The efficient connection of two different catalytic 
asymmetric reactions.” Chem. Commun. 2923–2925 
(2009). 

17) T. Tanaka, Y. Yasuda, and M. Hayashi, “New Chiral 
Schiff Base as a Tridentate Ligand for Catalytic 
Enantioselective Addition of Diethylzinc to Aldehydes.”  
J. Org. Chem., 71, 7091–7093 (2006). 

18) S.-W. Kang, D.-H. Ko, K. H. Kim, and D.-C. Ha, “Highly 
Enantioselective Additions of Diethylzinc to Aldehydes 
Using 2-Triflamido-methyl-2'-hydroxy-1,1'-binaphthyl.” 
Org. Lett., 5, 4517–4519 (2003). 

19)  K. Kurita, Y. Koyama, K. Murakami, S. Yoshida, and N. 
Chan, “Studies on chitin. XII. Chitin derivatives having 
1,4-dihydronicotinamide groups for asymmetric 
reduction.” Polymer J., 18, 673–679 (1986). 

20) 74 , , 1174, 
(1998). 

21) a) T. Bauer, J. Tarasiuk, and K. Pasniczek, “Highly 
enantioselective diethylzinc addition to aldehydes 
catalyzed by D-glucosamine derivatives.” Tetrahedron: 
Asymmetry, 13, 77–82 (2002).  b) T. Bauer and S. 
Smolinski, “Enantioselective addition of diethylzinc to 
aldehydes catalyzed by D-glucosamine derivatives: 
Highly pronounced effect of trifluoromethylsulfon-
amide.” Appl. Cat., A, 375, 247–251 (2010). 

22) F.-Y. Zhang, C.-W. Yip, R. Cao, and A. S. C. Chan, 
“Enantioselective addition of diethylzinc to aromatic 
aldehydes catalyzed by Ti(BINOL) complex.” 
Tetrahedron:Asymmetry, 8, 585–589 (1997). 

23) M. Yoshioka, T. Kawakita, and M. Ohno, “Asymmetric 
induction catalyzed by conjugate bases of chiral proton 
acids as ligands. Enantioselective addition of dialkylzinc-
orthotitanate complex to benzaldehyde with catalytic 
ability of a remarkable high order.” Tetrahedron Lett., 30, 
1657–1660 (1989). 

24) S. Nishimura, O. Kohgo, K. Kurita, and H. Kuzuhara, 
“Chemospecific manipulations of a rigid polysaccharide:  
syntheses of novel chitosan derivatives with excellent 
solubility in common organic solvents by regioselective 
chemical modifications.” Macromolecules, 24, 4745–
4748 (1991). 

25) R. Noyori, In Asymmetric Catalysis in Organic Synthesis, 
John Wiley and Sons, Inc., New York, 1994, Chapter 5. 

26) H. Takahashi, M. Yoshioka, and S. Kobayashi, “Catalytic 
enantioselective reactions using C2-symmetric 
disulfonamides as chiral ligands.” J. Syn. Org. Chem., 
Jpn., 55, 714–724 (1997). 

27) B. Weidmann and D. Seebach, “Organometallic 
compounds of titanium and zirconium.” Angew. Chem., 
95, 12–26 (1983). 

 
 
 

太田哲男・前田憲輝・久次米亮・大江洋平・山下隆之・古川　功


