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1. General information: 

  

All reactions were carried out in water with effici ent magnetic 

stirring. The 1H NMR and 13C NMR spectra were recorded at 500 MHz 

and 75 MHz respectively. The chemical shifts are re ported in ppm 

relative to CDCl 3 ( δ = 7.26) for 1H NMR and relative to the central 

resonances of CDCl 3 ( δ = 77.0) for 13C NMR. Purification of reaction 

products was carried out by flash column chromatogr aphy using ROCC 

silica gel 60 (0.040-0.063mm, 230-400 mesh). Visual ization was 

accomplished with a solution of Phosphomolybdic aci d (1 g) in 100 

ml of ethanol (limited lifetime), followed by heati ng. Analytical 

high performamce liquid chromatography (HPLC) was p erformed on 

waters 600E chromatographs, equipped with diode arr ay UV detector, 

using Daicel Chiralpak IB, AD-H, AS-H and AD column s. Optical 

rotations were recorded on a Perkin Elmer polarimet er. MS spectra  

were recorded on an ESI-ion trap Mass spectrometer (Agilent 1100 

series LC/MSD, SL model). 

 

2. Materials.  

 

All solvents were of p.a. quality and were dried by  standard 

procedures prior to use if necessary. Unless otherw ise specified, 

materials were obtained from commercial sources and  used without 

purification. α, β-Unsaturated aldehydes were prepared following 

the procedure described in the literature. [1]  Cinnamaldehyde and 

crotonaldehyde were purified by distillation before  usage and 

stored in the fridge at -30ªC under nitrogen.  
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3. Experimental procedures and characterizations. 

 

3.1. General description of the preparation of catalysts 1-8.  

 

3.1.1. Preparation of (S)-methyl pyrrolidine-2-carboxylate 

hidrochloride[2]  

SOCl2 (4.0 mL, 55 mmol) was added 

during 5 minutes at 0ºC to a 

mixture of L-proline (5.757 g, 50 

mmol) in 35ml of anhydrous MeOH 

and afterwards stirred at reflux for 1h. Methanol a nd excess of 

SOCl2 were evaporated under reduced pressure and the yell ow oil 

obtained was used in the following step without fur ther 

purification. Yield: 8.275 g (100%). 

 

3.1.2. Preparation of (S)-methyl 1-benzylpyrrolidine-2-

carboxylate[3]  

To a cooled solution, 0-5ºC, 

of (S)-methyl pyrrolidine-2-

carboxylate hydrochloride  

(8.275 g, 50 mmol) and DIPEA 

(26.1ml; 150 mmol) in 50ml of toluene was slowly ad ded 

benzylbromide (6.5 mL, 55 mmol). The reaction mixtu re was further 

stirred for 6h at 110ºC. The reaction was quenched with saturated 

sodium bicarbonate solution (40 mL) and the product  was extracted 

with ethyl acetate (2x40 ml). The organic phase was  dried over 

anhydrous MgSO 4 and evaporated under reduced pressure, remaining a 

brown oil. The product was used in the following st ep without 

further purification. Yield: 10.298g (94%). 

 

N
H

. HCl

SOCl2 (1.1 eq.)

MeOH anh.
reflux 1hO

OH
N
H O

O

N

. HCl O

O
N
H O

O BnBr (1.1equiv)

DIPEA (2.5 equiv)
toluene

110ºC, 6h
Bn
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3.1.3. Preparation of dialkyl-(1-benzylpyrrolidin-2-yl)methanol[4]   

(S)-methyl 1-benzylpyrrolidine-

2-carboxylate (4.38 g, 20 mmol) 

in THF (40 mL) was cooled at 

0ºC and the corresponding alkylmagnesium bromide (6 0 mmol) was 

added dropwise over 10 min. The reaction mixture wa s further 

stirred overnight at room temperature. The reaction  was quenched 

with saturated ammonium chloride solution (30 mL). The supernatant 

liquid was collected leaving behind a white precipi tate which was 

extracted with dichloromethane (3 x 30 mL). The com bined organic 

extracts were washed with brine and dried over anhy drous MgSO 4. The 

solvent was evaporated under reduced pressure and t he product 

obtained was used in the following step without fur ther 

purification. 

 

3.1.4. Preparation of dialkyl-(S)-pyrrolidin-2-yl-methanol  

The crude dialkyl-(1-

benzylpyrrolidin-2-yl)methanol 

(3.15vmmol) was disolved in 4 mL 

of ethanol and palladium, (10 wt. % on activated ca rbon, 20% mol % 

weight) was added. The reaction mixture was stirred  under hydrogen 

atmosphere (1 atm) at room temperature overnight. T he solution was 

filtered over celite in a Büchner funnel and the so lvent 

evaporated under reduced pressure. The crude obtain ed was purified 

by column chromatography.  

 

3.1.5. Preparation of dialkyl-2-((trimethylsilyloxy)methyl) 

pyrrolidine 

Trimethylsilyl chloride (39 

mmol, 7.06 mL, 1.3 eq) was added 

dropwise to a solution of 

dialkyl-(S)-pyrrolidin-2-ylmethanol (30 mmol)and tr iethylanamine 

(8.4 mL, 60 mmol) in anhydrous CH 2Cl 2 (60 ml) at 0ºC. Then the 

N
O

O RMgBr (2 equiv)

THF, reflux, 16hBn
N

OHBn

R
R

N
OHBn

R
R

EtOH
overnight

H2
Pd,C (20 mol% weight)

N
H OH

R
R

N
H OH

R
R N

H OTMS

R
R

TEA (2 equiv)

ClSiMe3(1.3 equiv)
CH2Cl2
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reaction mixture was stirred at room temperature fo r 1h. The 

mixture was washed with water (2 x 100 mL), saturat ed NaHCO3 (1 x 

100 mL) and extracted with CH 2Cl 2 (2x 50 mL). The organic layer was 

dried over MgSO 4 and evaporated under reduced pressure. The crude 

product was purified by flash column chromatography  (CH 2Cl 2/MeOH 

95:5) and subsequent washing with NaHCO 3 (sat. sol.) or by a simple 

distillation.  

 

3.1.6. Preparation of dialkyl-2-((Triphenylsilyloxy)methyl) 

pyrrolidine 

The dialkyl-(S)-pyrrolidin-2-

ylmethanol (6 mmol) in 

anhydrous THF (12 mL) was 

added to a solution of DMAP (1.46 g, 12 mmol) and t riphenylsilyl 

choride (3.11 g,  10.5 mmol) in THF (12 mL). Then t he reaction was 

stirred at reflux overnight. The mixture was washed  with water (2x 

25 mL), saturated NaHCO 3 (1 x 25 mL) and extracted with CH 2Cl 2 (2x 

25 mL). The organic layer was dried over MgSO 4 and evaporated under 

reduced pressure. The crude product was purified by  flash column 

chromatography (CH 2Cl 2/MeOH 95:5) and subsequent washing with 

NaHCO3 (sat. sol.)or by a simple distillation.  

 

 (s)-2-(2-(Trimethylsilyloxy)propan-2-yl)pyrrolidine ( 1) 

The catalyst compound was prepared from (S)-methyl 1-

benzylpyrrolidine-2-carboxylate according to genera l 

procedure using methylmagnesium bromide  (3.0M solution 

in diethyl ether). Overall yield over three steps: 53%. [ α] D
25 = 

+10.4 (c=1, CH 2Cl 2). 1H-RMN (CDCl 3, 500 MHz) δ: 3.07-2.98 (m, 1H, -

CH-CH2-), 2.88-2.77(m, 2H, -H CH-NH), 1.75-1.65 (m, 3H, CH2-H CH-CH2-

CH-), 1.54-1.47 (m, 1H,-CH 2-HCH-CH2-CH), 1.30(s, 3H, CH 3), 1.22 (s, 

3H, CH 3 ), 0.12 (s, 9H, -OSiMe 3).  13C-RMN (75 MHz, CDCl 3) δ: 74.87, 

69.30, 47.25, 28.24, 27.47, 26.56, 26.12, 2.45. MS:  C 10H23NOSi 202.0 

[M] +. 

N
H

OSiMe3

N
H OH

R
R N

H OSiPh3

R
R

DMAP (2 equiv)

ClSiPh3(1.3 equiv)
reflux, THF, 16h
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(s)-2-(4-(Trimethylsilyloxy)heptan-4-yl)pyrrolidine (2)  

 The catalyst compound was prepared from (S)-methyl  

1-benzylpyrrolidine-2-carboxylate according to 

general procedure using propylmagnesium bromide. 

Overall yield over three steps: 55%. [ α] D
25 = -20.8 (c 

=1, CH 2Cl 2). 1H-RMN (CDCl 3, 500 MHz) δ: 3.05-3.00 (m, 

1H, -CH -CH2-), 2.91-2.88 (m, 1H,-HCH -NH), 2.77-2.72(m, 1H, -H CH-

NH), 1.74-1.61 (m, 5H, CH 2- CH 2-CH3), 1.57-1.49 (m, 2H,-CH 2-CH2-

CH3), 1.47-1.40(m, 1H,-CH2-CH 2-CH3), 1.33-1.23 (m, 4H,-CH2 -CH2-CH- 

), 0.90 (t, 6H, J=7.2 Hz, CH 2-CH3), 0.12 (s, 9H, -OSiMe 3).  13C-RMN 

(75 MHz, CDCl 3) δ: 79.69, 66.09, 47.10, 40.56, 40.38, 26.09, 26.03, 

17.51, 17.36, 14.77, 14.68, 2.88. MS: C 14H31NOSi 258.1 [M] +.   

 

(s)-2-(7-(Trimethylsilyloxy)tridecan-7-yl)pyrrolidine (3) 

The catalyst compound was prepared from (S)-methyl 

1-benzylpyrrolidine-2-carboxylate according to 

general procedure using hexylmagnesium bromide 

(2.0M solution in diethyl ether). Overall yield 

over three steps: 59%. b.p.= 175º (0.8 torr). 

[ α] D
25 = -15.6 (c 1, CH 2Cl 2). 1H-RMN (CDCl 3, 500 MHz) 

δ: 3.01-2.98 (m, 1H, -CH -CH2-): 2.88-2.85 (m, 1H, -HCH -NH), 2.72-

2.70 (m, 1H, -H CH-NH),  1.66-1.58 (m, 5H,C- CH 2- CH 2-, H CH-CH2-CH-

), 1.54-1.38 (m, 3H,-CH 2-HCH-CH-), 1.30-1.24(m, 16H,), 0.87-1.86 

(m, 6H), 0.09(s, 9H, -OSiMe 3).  13C-RMN (75 MHz, CDCl 3) δ: 79.84, 

66.14, 47.17, 38.12, 37.89, 31.12, 30.00, 26.14, 26 .08, 24.23, 

24.06, 22.66, 22.62, 14.02, 2.97. MS: C 20H43NOSi 342.3 [M] +.  

 

(s)-2-(10-(Trimethylsilyloxy)nonadecan-10-yl)pyrrolidine (4) 

The catalyst compound was prepared from (S)-methyl 1-

benzylpyrrolidine-2-carboxylate according to genera l 

procedure using nonylmagnesium bromide (1.0M soluti on 

in diethyl ether). Overall yield over three steps:  48%. [ α] D
25 = -

N
H

OSiMe3

N
H

OSiMe3

N
H

nonyl

OSiMe3

nonyl
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20.2 (c= 1, CH 2Cl 2. 1H-RMN (CDCl 3, 500 MHz) δ: 3.19-3.16(m, 1H), 

3.13-3.02 (m, 2H), 1.86-1.75(m, 3H), 1.70-1.59 (m, 4H), 1.52-1.39 

(m, 1H), 1.38-1.21 (m, 20H), 0.92-0.88(m, 6H), 0.15 (s, 9H).  13C-RMN 

(75 MHz, CDCl 3) δ:79.65, 66.29, 47.19, 38.14, 37.78, 31.90, 30.37, 

30.38, 29.62, 29.56, 29.53, 29.29, 26.09, 25.88, 24 .18, 24.10, 

22.67, 14.07, 2.97.  MS: C 26H55NOSi 426.4 [M] +.  
 

2-(13-(trimethylsilyloxy)pentacosan-13-yl)pyrrolidine (5) 

The catalyst compound was prepared from (S)-methyl 

1-benzylpyrrolidine-2-carboxylate according to 

general procedure using dodecylmagnesium bromide 

(1.0M solution in diethyl ether). Overall yield ove r 

three steps:  63%.  [ α] D
25 = -9.0 (c= 1, CH 2Cl 2).  1H-RMN (CDCl 3, 500 

MHz) δ:  3.04-3.00(m, 1H),  2.90-2.88 (m, 1H), 2.78-2.72(m, 1H), 

1.68-1.27 (m, 48H),  0.92-0.88 (t, 6H, J= 7.0 Hz),  0.12 (s, 9H).  
13C-RMN (75 MHz, CDCl 3) δ:79.84,  66.1, 47.2,  38.1, 37.9, 31.9, 

30.3, 29.6, 29.5, 29.3, 26.1, 26.0, 24.2, 24.0, 22. 7, 14.8, 3.0. 

MS: C32H67NOSi.  

 

(s)-2-(7-(Triphenylsilyloxy)tridecan-7-yl)pyrrolidine (6) 

The catalyst compound was prepared from (S)-methyl 

1-benzylpyrrolidine-2-carboxylate according to 

general procedure using hexylmagnesium bromide 

(2.0M solution in diethyl ether). Overall yield 

over three steps: 74%. b.p.= 295º (0.28 torr). 

[ α] D
25 = -2.5 (c 1, CH 2Cl 2). 1H-RMN (CDCl 3, 500 MHz) 

δ: 7.73,-7-67 (m, 6H, Ar): 7.45-7.31 (m, 9H, Ar), 3. 17-3.01(m, 1H, 

-CH-CH2-), 2.95-2.78 (m, 1H, -HCH -NH-), 2.77-2.63(m, 1H, -H CH-NH-

), 1.74-1.53 (m, 4H), 1.38-0.96 (m, 20H), 0.84 (t, 6H, J= 6.4 Hz).  
13C-RMN (75 MHz, CDCl 3) δ: 135.57, 129.45, 127.58, 82.51, 66.03, 

46.96, 38.36, 37.54, 31.70, 29.77, 26.40, 25.88, 24 .10, 23.77, 

22.62, 14.06. MS: C 35H49NOSi 528.3 [M] +.  

N
H

OSiPh3

N
H

dodecyl

OSiMe3

dodecyl
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(3R,5S)-5-(7-(trimethylsilyloxy)tridecan-7-yl)pyrrolidin-3-ol (7) 

The catalyst compound was prepared from trans -

4-Hydroxy-L-proline according to general 

procedure. Overall yield over five steps: 26%.  
1H-RMN (CDCl 3, 500 MHz) δ: 4.42 (m, 1H), 3.36 

(dd, J= 10.0, 5.0 Hz, 1H), 3.21 (dd, J= 15.0, 

5.0 Hz), 2.90 (d, J= 15 Hz, 1H), 1.80-1.25 (m, 

22H), 0.91 (m, 6H), 0.14 (s, 9H). 13C-RMN (75 MHz, CDCl 3) δ: 79.24, 

71.7, 64.1, 55.2, 38.1, 37.4, 35.8, 31.8, 31.6, 29. 9, 29.8, 24.0, 

23.9, 22.6, 22.5, 14.0, 2.91. MS: C 20H43NO2Si 358.3 [M] +.  

 

(S)-7-(pyrrolidin-2-yl)tridecan-7-ol (8) 

The catalyst compound was prepared from (S)-methyl 

1-benzylpyrrolidine-2-carboxylate according to 

general procedure using hexylmagnesium bromide 

(2.0M solution in diethyl ether). Overall yield 

over two steps: 85%. [ α] D
25 = -11.4 (c 0.5, CH 2Cl 2).  

1H-RMN (CDCl 3, 500 MHz) δ: 3.11-3.08( m, 1H, -CH -

CH2-): 3.00-2.90 (m, 2H, -H CH-NH-), 1.81-1.65(m, 4H), 1.51-1.37 

(m, 20H), 0.89 (t, 6H, J=6.5Hz).  13C-RMN (75 MHz, CDCl 3) δ:73.44, 

64.15, 46.55, 37.84, 35.07, 31.82, 31.75, 30.06, 30 .03, 26.00, 

25.25,  23.63, 23.38, 22.60, 13.99.  MS: C 17H35NO 270.2 [M] +.  

 

3.2. Preparation of Catalyst 6-Rac: 

Catalyst 6-Rac was synthesized following the same 

experimental procedure as for catalyst 6 but 

using as starting material D-L-Proline.   

 

 

 

 

 

N
H

OH

N
H

OSiMe3

N
H

OSiMe3

HO
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3.3. General procedure for the Michael addition of nitromethane. 

+CH3NO2

N
H R1

OSiR3

9a-h (1mmol)2 mmol

1-8  (5 mol%)

R1

R
CHO

R
CHO

O2N R

O2N

OH

R
CO2Me

O2N

Method A

Method BH2O

10

12
 

To a mixture of freshly prepared catalyst  1- 8 (0.05 mmol, 5 mol%) 

the α, β–unsaturated aldehyde 9a- h (1 mmol), water (1 mL), were 

added nitromethane (2 mmol, 110  µL) and benzoic acid (6.1 mg,0.05 

mmol, 5 mol%). The mixture was stirred at room temp erature for the 

specified time and then was elaborated as follow: METHOD A 

(derivatization to alcohols): To a cooled solution (ice-brine 

bath, –5 ºC) of NaBH 4 (18.9 mg, 0.5 mmol) in EtOH (3 mL) the 

solution of the above reaction mixture in EtOH (5 m L) was added, 

dropwise. The reaction was stirred at the same temp erature for 20 

min (TLC: EtOAc/Hex 1:1) and afterwards quenched wi th H 2O (20 mL) 

and extracted with CH 2Cl 2 (3 x 30 mL). The combined organic layers 

were washed with brine and dried (MgSO 4). The solvent was 

evaporated and the crude compound was purified by f lash 

chromatography (eluent: EtOAc/Hex 1:2). METHOD B (derivatization 

to carboxylic methyl esters): The crude reaction ( ≈1.0 mmol) was 

dissolved in a mixture of MeOH (5.0 mL), CH 3CN (5.0 mL), and water 

(5.0 mL). The solution was cooled down to 0 ºC and KH2PO4 (380 mg, 

2.77 mmol) and NaClO 2 (225 mg, 2.10 mmol) were added. After the 

injection of H 2O2 (35% solution, 3.0 mL), the mixture was warmed up 

to RT and stirred for 2 h. The pH was adjusted to 3  with 1M HCl 

and saturated Na 2SO3 solution (20 mL) was added.  

 

The resulting mixture was extracted with CH 2Cl 2 (3 x 30 mL), the 

combined organic layers were washed with 30 mL wate r, and dried 

over MgSO 4. The organic layer was concentrated in vacuum and the 

residue was dissolved in 5.0 mL toluene and 15.0 mL  methanol. 
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Trimethylsilyl diazomethane (0.5 mL, 1 mmol, 2.0 M in n-hexane) 

was added dropwise. The solution was stirred for additional 10 min 

and quenched with four drops of concentrated AcOH. The solvents 

were evaporated under vacuum. The crude product was subjected to 

FC on silica gel.  

 

3.3.1. Synthesis of (R)-4-nitro-3-phenylbutan-1-ol (ent-10a) using 

catalyst 8.  

N
H hexyl

OH

(1 mmol)0.5 mL

8 (10 mol%)
NaBH4 
(0.5 eq.)

EtOH, 0°C

hexyl

+CH3NO2
CHO CHO

O2N O2N

O
H

ent-10a
 

To a mixture of 8 (0.1 mmol, 0.1 equiv., 10 mol %) and α,β-

unsaturated aldehyde 9a (1.0 mmol, 132 mg, 126 µL) was added 0.5 

mL of nitromethane. The reaction mixture was stirred for 18 h at 

room temperature and then the solvent was evaporated under vacuum.  

To a cooled solution (-5°C) of NaBH4 (9.45 mg, 0.25 mmol, 0.5 eq.) 

in EtOH (10 mL) a solution of the reaction mixture in EtOH (5 mL) 

was added, dropwise. The reaction was stirred at 0 oC for 20 min 

(TLC: AcOEt/Hex 1:1) and afterwards quenched with H2O (20 mL) and 

extracted with CH2Cl2 (3 x 30 mL). The combined organic layers were 

washed with brine and dried (MgSO4). The solvent was finally 

evaporated and the crude compound was purified by flash 

chromatography (eluent: AcOEt/Hex 1:2).  
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3.3.2. General procedure for the synthesis of racemic adducts. 

N
H hexyl

OSiPh3

(1 mmol) 0.5 mL

6-rac (10 mol%)

hexyl

+ CH3NO2R
CHO

R
CHO

O2N
R

O2N

OH

R
CO2Me

O2N

Method A

Method B

 

 

To a mixture of 6-rac  (0.1 mmol, 0.1 equiv., 10 mol %) and α, β-

unsaturated aldehyde 9a-i (1.0 mmol) was added 0.5 mL of 

nitromethane and benzoic acid (6.1 mg, 0.05 mmol, 5  mol%). The 

reaction mixture was stirred for 18 h at room tempe rature and then 

the solvent was evaporated under vacuum. The subseq uent 

derivatization to the alcohol and ester products wa s carried out 

following the general procedure described above for  the optically 

active products.  

 

3.4. General procedure for the Michael addition of malonates  

9
RCO2Bn

CO2Bn
+

3 or 6 (5 mol%)
PhCO2H (5 mol%)

13

CHO

R

CHO

CO2BnBnO2C

H2O
 25 ºC/36 h or

0 ºC/72 h
 

To a mixture of catalyst 3- 6 (0.04 mmol, 0.04 equiv., 5 mol 

%), α, β-unsaturated aldehyde 9a-b (1.0 mmol, 1.25 equiv.), and H 2O 

(1.0 mL) were added successively dibenzyl malonate (200 µL, 0.8 

mmol, 1.0 equiv.) and benzoic acid (4.88 mg, 0.04 m mol, 4 mol%). 

The reaction mixture was stirred at the specified t emperature 

until consumption of starting malonate (TLC) and th e water 

evaporated under vacuum pump. Et 2O was added and then filtered 

through 1-2 cm bed of silica gel. The solvent was f inally 

evaporated and the crude compound was purified by f lash 

chromatography (eluent: AcOEt/Hex 1:10). Physical a nd 

spectroscopic data are in agreement with literature  values. [5] 
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3.5. Amine catalyzed Michael addition of aldehydes to enals (14) 

 

R2

9

+
Cat. (20 mol%)

14

CHO

PhCO2H (20 mol%)
H2O, RT, time

R1

O

R1

R2

EtOH, -5 ºC

HO

OH

NaBH4

 

 

To a mixture of catalyst  6 (105.4 mg, 0.4 mmol, 0.4 equiv., 20 mol 

%), the α,β–unsaturated aldehyde 9 (2 mmol), and water (2 mL), were 

added propionaldehyde or pentanal (6 mmol) and benz oic acid (48.4 

mg, 0.4 mmol, 20 mol%), the resulting emulsion was stirred at room 

temperature for the specify time. Once compound 9 was consumed 

(TLC), the reaction mixture was quenched with 1 N H Cl (20 mL), and 

the resulting mixture was extracted with dichlorome thane (3 x 20 

mL). The combined organic layers were then washed s uccessively 

with saturated NaHCO 3 (1 x 20 mL) and brine (2 x 20 mL) and dried 

over anhydrous MgSO 4.  

To a cooled solution (-5°C) of NaBH 4 (76.5 mg, 2.0 mmol) in EtOH (5 

mL) a solution of the reaction mixture in EtOH (5 m L) was added, 

slowly and dropwise. The reaction was stirred at 0 oC for 20 min 

(TLC: AcOEt/Hex 1:1) and afterwards quenched with H 2O (20 mL) and 

extracted with CH 2Cl 2 (3 x 30 mL). The combined organic layers were 

washed with brine and dried (MgSO 4). The solvent was finally 

evaporated and the crude compound was purified by f lash 

chromatography (eluent: AcOEt/Hex 1:2). 

The racemic adducts were obtained using pyrrolidine  as catalyst 

following otherwise identical procedure. 

The relative configuration of adducts 14 was determ ined to be 

anti. [6]  
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3.6. Data of adducts: 

 

4-Nitro-3 phenylbutan-1-ol (10a) 

The title compound was prepared from nitromethane ( 2 

mmol) and cinnamaldehyde (1 mmol) according to the 

general procedure A. Yield: 136 mg, 0.70 mmol, 70%.  

[ α] D
25 = -13.7 (c 0.5, CH 2Cl 2, 96% ee). 1H-RMN (CDCl 3, 

500 MHz) δ: 7.38-7.24 (m, 5H, Ar), 4.71-4.61 (m, 2H, H CH-NO2), 

3.75-3.71 (m, 1H, H CHOH), 3.67-3.62 (m, 1H, HCH OH), 3.54-3.50(m, 

1H, Ar-CH ), 2.02-1.96 (m, 2H, CH-H CH-CH2). 13C-RMN (75 MHz, CDCl 3) 

δ: 138.92, 129.06, 127.54, 80.64, 59.94, 41.15, 35.7 1. The 

enantiomeric excess was determined by HPLC with  Ch iralpack IB 

column at 220nm (hexane/ i PrOH in the ratio of 90/10, flow rate = 

0.5 mL/min tr=35.72 min, tr=41.26 major). MS: C 10H13NO3 218.1 

[M+Na] +.  

 

4-Nitro-3 phenylbutan-1-ol (10b) 

The title compound was prepared from 

nitromethane (2 mmol) and (E)-3-(4-

methoxyphenyl)acrylaldehyde (1 mmol) according 

to de general procedure A. Yield: 179 mg, 0.71 

mmol, 71%. [ α] D
25 = -22.8 (c 0.5, CH 2Cl 2, 96% ee). 1H-RMN (CDCl 3, 500 

MHz) δ: 7.14 (d, 2H, J= 8.7 Hz, Ar), 6.87 (d, 2H, J= 8.7 Hz, Ar) 

4.62 (dd, 1H, J= 12.2, 7.2 Hz, H CH-NO2), 4.55 (dd, 1H, J = 12.2, 

8.4 Hz, HCH -NO2), 3.79 (s, 3H, OCH 3), 3.65-3.61 (m, 2H, H CHOH), 

3.53-3.47(m, 1H, Ar-CH ), 1.97-1.87 (m, 2H, CH-H CH-CH2). 13C-RMN (75 

MHz, CDCl 3) δ: 159.11, 130.71, 128.54, 80.89,77.00, 76.58, 59.96 , 

55.26, 40.43, 35.73. The enantiomeric excess was de termined by 

HPLC with  Chiralpack IB column at 220nm (hexane/ i PrOH in the ratio 

of 98/2, flow rate = 0.5 mL/min tr=109.7 min, tr=11 5.8 major). MS: 

C11H15NO4 248.0 [M +Na] +.  

 

O2N

OH

O2N

OH

MeO



 S15

4-Nitro-3-p- tolylbutan-1-ol (10c) 

The title compound was prepared from 

nitromethane(2 mmol) and (E)-3-p-

tolylacrylaldehyde (1 mmol) according to de 

general procedure A. Yield: 139 mg, 0.66 mmol, 

66%. [ α] D
25 = -14.7 (c 0.5, CH 2Cl 2, 97% ee). 1H-RMN (CDCl 3, 500 MHz) 

δ: 7.16 (d, 2H, J= 5.8 Hz, Ar), 7.10 (d, 2H, J= 5.8H z, Ar), 4.63 

(dd, 1H, J 1= 12.2, 7.2Hz, H CH-NO2), 4.57 (dd, 1H, J  = 12.2, 8.3 Hz, 

HCH-NO2), 3.68-3.59 (m, 2H, CH 2OH), 3.51-3.47 (m, 1H, CH CH2), 2.32 

(s, 3H, Ar-CH 3), 1.99-1.86 (m, 2H, CH-H CH-CH2). 13C-RMN (75 MHz, 

CDCl3) δ: 137.34, 135.77, 129.65, 127.33, 80.72, 59.85, 40. 73, 

35.64, 20.95. The enantiomeric excess was determine d by HPLC with  

Chiralpack IB column at 220nm (hexane/ i PrOH in the ratio of 90/10, 

flow rate = 0.5 mL/min tr=27.4 min, tr=28.9 major).  MS: C 11H15NO3 

232.0 [M +Na] +.  

 

 

3-Methyl-4-nitrobutan-1-ol (10d) 

The title compound was prepared from nitromethane ( 2 

mmol) and crotonaldehyde (1 mmol) according to the 

general procedure A. Yield: 80 mg, 0.60 mmol, 60%. 

[ α] D
25 = +2.8 (c 1, CH 2Cl 2, 87% ee). 1H-RMN (CDCl 3, 500 

MHz) δ: 4.45(dd, 1H, J= 11.8, 6.2 Hz, H CHNO2), 4.28 (dd, 1H, J= 

11.8, 7.8 Hz, HCH NO2), 3.89-3.66 (m, 2H, H CHOH), 2.60-2.44(m, 1H, 

CH-CH3), 1.74-1.45 (m, 2H, CH-CH 2-CH2-), 1.07 (d, 3H, J= 6.8 Hz).  

13C-RMN (75 MHz, CDCl 3) δ: 81.52, 60.01, 36.23, 29.92, 17.24. The 

enantiomeric excess was determined by HPLC analysis   of the 2-

naphthoyl derivative (Chiralpack AD-H column at 254 nm (hexane/ i PrOH 

in the ratio of 95/5, flow rate = 0.5 mL/min tr=46. 46 min, tr=48.8 

major). MS: C 5H11NO3 156.0 [M +Na] +.  
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(S)-methyl 3-(3-methoxyphenyl)-4-nitrobutanoate (12e) 

The title compound was prepared from nitromethane 

(2 mmol) and (E)-3-(3-methoxyphenyl)acrylaldehyde 

(1 mmol) according to de general procedure B.  

Yield: 144 mg, 0.57 mmol, 57%.  [ α] D
25 = -23.8 (c 

0.5, CH 2Cl 2, 95% ee).  1H-RMN (CDCl 3, 500 MHz) δ: 

7.29-7.24 (m, 1H, Ar), 6.85-6.77 (m, 2H, Ar), 4.68 (m, 2H), 3.97 

(m, 1H), 3.81 (s, 3H), 3.66 (s, 3H), 2.78 (d, J= 7. 5 Hz, 2H). 13C-

RMN (75 MHz, CDCl 3) δ:  171.0, 160.0, 139.9, 130.1, 119.4, 113.5, 

113.1, 79.3, 55.2, 51.9, 40.2, 37.5.  The enantiomeric excess was 

determined by HPLC with  Chiralpack IB column at 22 0nm 

(hexane/ i PrOH in the ratio of 80/20, flow rate = 1.0 mL/min tr=13.0 

min, tr=21.8 major). MS: C 12H15NO5 [M +Na] +.   

 

 

 (S)-Methyl-4-nitro-3-(4-nitrophenyl)butanoate (12f) 

The title compound was prepared from 

nitromethane (2 mmol) and (E)-3-(4-

nitrophenyl)acrylaldehyde (1 mmol) according to 

de general procedure B. Yield:  158 mg,  0.60 

mmol, 60%. [ α] D
25 = -7.6 (c 1, CH 2Cl 2,  98 % ee). 1H-

RMN (CDCl 3, 500 MHz) δ: 8.21 (d, 2H, J= 8.7 Hz, Ar), 7.43 (d, 2H, 

J= 8.7 Hz, Ar), 4.79 (dd, 1H, J= 13.0, 6.5 Hz, H CH-NO2), 4.68 (dd, 

1H, J= 13.0, 8.3 Hz, HCH -NO2), 4.17-4.01 (m, 1H, CH -Ar), 3.65 (s, 

3H,COO-CH3), 2.81 (m, 2H, CH 2-CH2-CH3). 13C-RMN (75 MHz, CDCl 3) 

δ:170.35, 147.73, 145.61, 128.47, 124.29, 78.53, 52. 18, 39.83, 

37.07. The enantiomeric excess was determined by HP LC with  

Chiralpack AD-H column at 254nm (hexane/ i PrOH in the ratio of 

90/10, flow rate = 0.5 mL/min tr=43.2 min, tr=49.8 major). MS:  

C11H12N2O6 245.8 [M-NO 2+Na] +.  

 

(S)
CO2Me
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(S)
CO2Me

O2N
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(S)-Methyl 3-(4-chlorophenyl)-4-nitrobutanoate (12g) 

The title compound was prepared from 

nitromethane (2 mmol) and (E)-3-(4-

chlorophenyl)acrylaldehyde (1 mmol) according to 

de general procedure B. Yield: 179 mg, 0.69 

mmol,  69%. [ α] D
25 = -9.1 (c 0.5, CH 2Cl 2, 95 % ee). 1H-RMN (CDCl 3, 500 

MHz) δ: 7.33 (d, 2H, J= 8.5 Hz,  Ar), 7.17 (d, 2H, J= 8.5 Hz,  Ar), 

4.73 (dd, J= 12.6, 6.9 Hz), 4.62 (dd, J= 12.6, 6.9 Hz), 3.98 (m, 

1H), 3.64 (s, 3H), 2.80-2.71 (m, 2H). 13C-RMN (75 MHz, CDCl 3) δ:  

170.8, 136.8, 134.0, 129.3, 128.7, 79.1, 52.0, 39.6 , 37.4. The 

enantiomeric excess was determined by HPLC with  Ch iralpack IB 

column at 220nm (hexane/ i PrOH in the ratio of 90/10, flow rate = 

0.5 mL/min τ1 = 30.7 min. (minor enantiomer); τ2 = 35.4 min. (major 

enantiomer).  MS: C11H12ClNO4 280.0 [M +Na] +.  

 

 

 

3.7. Derivatization of 3-Methyl-4-nitrobutan-1-ol with naphthoyl 

cloride 

119mg (1mmol) of 

3-Methyl-4-

nitrobutan-1-ol 

were solved in 2 

mL of dry 

dichloromethane 

and 0.42 mL of triethylamine (3 mmol, 6eq) was adde d at room 

temperature. At the same temperature 0.30 mL (2 mmo l, 4 eq) of 1-

napthoyl chloride was dropped followed of 6mg (0.05  mmol) of 

dimethylaminopyridine. The mixture was stirred at r oom temperature 

for 3h and then quenched with 2 mL of distilled wat er. The product 

was extracted with 3 x 10 mL of dichloromethane and  the organic 

phase was washed with a solution of saturated NH 4Cl and NaHCO 3. The 

(S)
CO2Me

O2N

Cl

O2N

OH TEA
DMAP

O Cl

O2N

O

O
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organic phase was then dried with magnesium sulphat e and 

evaporated under reduced pressure. The crude  material was purified 

by column chromatography on silica gel (eluting wit h hexane/ethyl 

acetate 90:10) obtaining the compound as a pale yel low solid 

(yield: 249.9mg, 87 %).   

 

3.8. (E)-3-(3-(Cyclopentyloxy)-4-methoxyphenyl)acrylaldehyde (9h) 

The title compound was prepared using Heck reaction  

from 4-bromo-2-(cyclopentyloxy)-1-methoxybenzene 

(1.13 g, 4.16 mmol) according to the general 

literature procedure. [1]  Yield:  0.90 g,  3.64 mmol, 

87%.  1H-RMN (CDCl 3, 500 MHz) δ: 9.66  (d, 1H, J= 7.6 

Hz, CHO),  7.40  (d, 1H, J= 15.8 Hz), 7.17-6.88 (m, 

3H), 6.60 (dd, 1H, J= 15.8, 7.6 Hz), 4.81 (m, 1H), 3.90 (s, 3H), 

2.18-1.57 (m, 8H).  13C-RMN (75 MHz, CDCl 3) δ: 193.2, 152.9, 152.8, 

147.8, 126.7, 126.3, 122.9, 113.5, 111.5, 80.5, 55. 8, 32.6, 23.8.  

 

(S)-Methyl 3-(3-(cyclopentyloxy)-4-methoxyphenyl)-4-nitrobutanoate 

(12h) 

The title compound was prepared from 

nitromethane (2 mmol) and (E)-3-(3-

(cyclopentyloxy)-4-

methoxyphenyl)acrylaldehyde (1 mmol) 

according to de general procedure B. Overall 

Yield:  209 mg,  0.62 mmol, 62 %.  [ α] D
25 = -18.3 (c 1, CHCl 3,  98 % 

ee).  1H-RMN (CDCl 3, 500 MHz) δ:  6.82-6.73 (m, 3H, Ar-H), 4.76 (m, 

1H, CH), 4.70 (dd, 1H, J= 12.4, 7.2 Hz), 4.61 (dd, 1H, J= 12.4, 

7.0 Hz), 3.90 (m, 1H), 3.82 (s, 3H), 3.64 (s, 3H), 2.75 (d, 2H, J= 

7.2 Hz), 1.95-1.57 (m, 8H).  13C-RMN (75 MHz, CDCl 3)  δ:  171.26, 

149.82, 147.91, 1430.58, 119.24, 114.54, 112.42, 80 .62, 79.64, 

56.03, 51.88, 39.81, 37.71, 32.75, 23.99. HPLC: Dai cel Chiralpak 

IB, hexane/2-propanol (90/10), flow rate = 0.5 mL/m in  ( τ1 = 33.6 

(S)
CO2Me

O2N

MeO

O

O
O

O
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min. (minor enantiomer); τ2 = 36.1 min. (major enantiomer)). MS:  

C17H23NO6 360.1 [M +Na] +.  

 

3.9. (S)-4-(3-(Cyclopentyloxy)-4-methoxyphenyl)pyrrolidin-2-one: 

(S)-(+)- Rolipram  

(S)-methyl 3-(3-(cyclopentyloxy)-4-methoxyphenyl)-

4-nitrobutanoate (100 mg, 0.29mmol) was disolved in  

5 ml of ethanol and palladium, 10 wt. % on 

activated carbon (20mg, 20% mol % weight) was 

added. The reaction mixture was stirred under 

hydrogen atmosphere (1 atm) at room temperature 

overnight. The solution was filtered over Celite in  a Büchner 

funnel and the solvent evaporated under reduced pre ssure. The 

crude obtained was purified by column chromatograph y (SiO 2 eluent: 

AcOEt). Yield: 57.5 mg, 0.208 mmol, 72%. mp 133-136  ºC. [ α] D
25 = 

+26.2 (c 0.6, MeOH,  98% ee). 1H-RMN (CDCl 3, 500 MHz) δ:  6.83-6.75 

(m, 3H, Ar-H),  5.72 (m, 1H, NH),  4.75 (m, 1H, CH),  3.81 (s, 3H),  

3.75 (m, 1H), 3.63 (m, 1H), 3.37 (t, J= 7.9 Hz, 1H) ,  2.69 (dd, J= 

16.8, 8.7 Hz, 1H),  2.44 (dd, J= 16.8, 8.7 Hz, 1H),  1.95-1.58 (m, 

8H).  13C-RMN (75 MHz, CDCl 3) δ: 177.3, 149.3, 148.0, 134.6, 118.8, 

114.0, 112.4, 80.7, 56.2, 49.6, 40.0, 37.9, 32.8, 2 4.0.   

 

(2R,3R)-2-methyl-3-phenylpentane-1,5-diol 14a 

Yield: 240 mg, 1.24 mmol, 62%. [ α] D
25 = +10.7 (c 1, 

CH2Cl 2,  dr ≥99 anti , 98% ee). 1H-RMN (CDCl 3, 500 MHz)  

δ: 7.32-7.18 (m, 5H, Ar), 3.50 (m, 1H), 3.45 (dd, 

J= 10.0, 5.0 Hz, 1H), 3.39 (m, 1H), 3.27 (dd, J= 

10.0, 5.0 Hz, 1H), 2.69 (m, 1H), 2.10 (m, 1H), 1.86  (m, 2H), 1.58 

(b, 2H), 1.06 (d, J= 5.0 Hz, 3H).  13C-RMN (75 MHz, CDCl 3) δ: 143.5, 

128.5, 128.2, 126.4, 66.3, 61.3, 44.6, 41.3, 34.8, 14.8. HPLC: 

Daicel Chiralpak AS-H, hexane/2-propanol/Etanol (97 /1/2), flow 

O
O

NH

O

HO OH



 S20

rate = 0.5 mL/min (anti, τ1 = 31.8 min. (major enantiomer); τ2 = 

36.4 min. (minor enantiomer)).  

  

 (2R,3R)-3-phenyl-2-propylpentane-1,5-diol 14b 

Yield: 244 mg, 1.10 mmol, 55 %.  [ α] D
25 = +9.6 (c 1, 

CH2Cl 2, dr ≥99 anti,  97% ee). 1H-RMN (CDCl 3, 500 MHz) 

δ: 7.39-7.19 (m, 5H, Ar), 3.52 (m, 1H), 3.50 (dd, 

J= 15.0, 5.0 Hz, 1H), 3.41 (m, 1H), 3.36 (dd, J= 

15.0, 5.0 Hz, 1H), 2.82 (m, 1H), 2.10 (m, 1H), 1.88  

(m, 1H), 1.72 (m, 1H), 1.58 (b, 2H), 1.35 (m, 4H), 0.93 (d, J= 5.0 

Hz, 3H). 13C-RMN (75 MHz, CDCl 3) δ: 143.5, 128.5, 128.3, 126.4, 

63.3, 61.5, 45.9, 43.4, 35.5, 30.9, 20.3, 14.43. HP LC: Daicel 

Chiralpak AS-H, hexane/2-propanol/Etanol (97/1/2), flow rate = 0.5 

mL/min (anti, τ1 = 39.1 min. (major enantiomer); τ2 = 43.3 min. 

(minor enantiomer)).  

 

(2R,3R)-3-(4-methoxyphenyl)-2-propylpentane-1,5-diol 14c 

Yield: 92 mg, 0.42 mmol (in a 1 mmol scale), 42%. 

[ α] D
25 = +15.2 (c 1, CH 2Cl 2, dr ≥99 anti,  98% ee).  1H-

RMN (CDCl 3, 500 MHz) δ: 7.11(d,  J= 10.0 Hz, 2H), 

6.85 (d, J= 10.0 Hz, 2H), 3.80 (s, 3H), 3.52 (m, 

1H), 3.50 (dd, J= 10.0, 5.0 Hz, 1H), 3.41 (m, 1H), 

3.37 (dd, J= 10.0, 5.0 Hz, 1H), 2.76 (m, 1H), 2.08 

(m, 1H), 1.84(m, 2H), 1.67(b, 2H), 1.34(m, 4H), 0.9 1 (t, J= 5.0 

Hz, 3H). 13C-RMN (75 MHz, CDCl 3) δ: 158.2, 135.1, 129.1, 114.0, 

63.3, 61.5, 55.2, 46.0, 42.6, 35.7, 31.0, 20.4, 14. 4. HPLC: Daicel 

Chiralpak AS-H, hexane/2-propanol/Etanol (90/6/4), flow rate = 1.0 

mL/min (anti, τ1 = 10.0 min. (major enantiomer); τ2 = 12.3 min. 

(minor enantiomer)).  

 

 

 

HO OH
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4. Selected 1H and 13C NMR Spectra 

 
Below the 1H-NMR spectra of the crude compound from the reacti on 

between nitromethane and cinnamaldehyde before the reduction step 

is shown (reaction carried out at 5mmol scale)  
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5. HPLC Chromatograms of selected compounds. 

Chiralpak IB, 90:10 hexane:iPrOH, 0.5mL/min, λ=220nm 
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Chiralpak IB, 98:2 hexane:iPrOH, 0.5mL/min, λ=220nm 
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Chiralpak IB, 90:10 hexane:iPrOH, 0.5mL/min, λ=220nm 
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Chiralpak AD-H, 95:5 hexane:iPrOH, 0.5mL/min, λ=254nm 
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From rac-10d
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Chiralpak AD-H, 90:10 hexane:iPrOH, 1mL/min, λ=254nm 
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Chiralpak IB, 90:10 hexane:iPrOH, 0.5mL/min, λ=220nm 
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Chiralpak IB, 90:10 hexane:iPrOH, 0.5mL/min, λ=220nm 
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Using catalyst: 
 
 
 
 
 
Chiralpak IB, 90:10 hexane:iPrOH, 0.5mL/min, λ=220nm 
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Chiralpak AD, 80:20 hexane:iPrOH, 1mL/min, λ=220nm[5] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chiralpak AD, 80:20 hexane:iPrOH, 1mL/min, λ=220nm 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

O

O

OBn

OBnO

O

13a
18

.8
70

25
.7

48

A
U

0.00

0.50

1.00

1.50

Minutes

17.00 18.00 19.00 20.00 21.00 22.00 23.00 24.00 25.00 26.00 27.00 28.00

25
.0

21

42
.0

29

A
U

0.00

0.20

0.40

Minutes

22.00 24.00 26.00 28.00 30.00 32.00 34.00 36.00 38.00 40.00 42.00 44.00 46.00

O

O

OBn

OBnO

O

O
13b



 S44

Chiralpak AS-H, 97:1:2 hexane:iPrOH:EtOH, 1mL/min, λ=209.8nm 
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Chiralpak AS-H, 90:6:4 hexane:iPrOH:EtOH, 1mL/min, λ=228nm 
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