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Abstract – Stereoselectivity of the addition reaction of o-toluamides, 

incorporating 2-amino-1,3-propanediols as chiral auxiliary to imines has been 

studied. Addition products, diastereomerically enriched, after column 

chromatography separation were obtained and further transformed to (S)-(−)-or 

(R)-(+)-8-oxoberbines with ee up to 97%. 

INTRODUCTION 

A study of stereoselectivity of the addition reaction of chiral o-toluamides to imines is a part of our project 

connected with asymmetric synthesis of protoberberine system.1-4 The key step of the synthesis, in which a 

new stereogenic centre was created, involved the addition of laterally lithiated chiral o-toluamide to imine. 

The lateral lithiation methodology has been developed for the synthesis of several heterocyclic ring systems 

including different types of alkaloids i.e. benzophenantridinone,5,6 benzo[c]phenantridine,7,8 

protoberberine,8,9 isocoumarin.10-12 A stereoselective tandem addition/cyclization of lithiated o-toluamides 

to imines led to formation of 3-substituted dihydro-2H-isoquinolin-1-ones.13-15 Recently this methodology 

has been applied to the stereoselective synthesis of protoberberine system.2-4,16-18 

Condensation of o-toluamides incorporating chiral auxiliaries with 3,4-dihydroisoquinolines led to 

non-chiral 8-oxoberbine system.2,3,16 (S)- And (R)-α-phenylethylamine16 as well as 2-aminopropanols: 

(1R,2S)-norephedrine2 and (S)- and (R)-phenylalaninol3 were applied as inductors of chirality. 

RESULTS AND DISCUSSION 

We would like to extend further our project using commercially available, enantiomerically pure, 

2-amino-1,3-propanediols to check whether they will act as efficient chiral auxiliaries. At first we have 

HETEROCYCLES, Vol. 69, 2006 303



 

used o-toluamide (1a)2 with a chiral auxiliary derived from (+)-thiomicamine (8a) 

{(1S,2S)-2-amino-1-[4-(methylthio)phenyl]-1,3-propanediol}, an industrial waste product. Although the 

diastereoselectivity of the addition reaction of anion generated from o-toluamide (1a) to cyclic imines 

[6,7-dimethoxy-3,4-dihydroisoquinoline (2)19 or 6,7-methylenedioxy-3,4-dihydroisoquinoline (3)20] was 

very low, 26% de and 20% de, respectively, the addition products (4a and 5a) were further transformed to 

8-oxoberbines (6 and 7)2,3 (Scheme 1).  
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Scheme 1 Reagents and conditions: (i) n-BuLi (2.2 equiv), THF, Ar, –72 °C; (ii) toluene, reflux. 

 

To improve the diastereoselectivity of the addition reaction we tried to use another chiral auxiliary with 

different substituents in aromatic ring of aminodiol, e.g. with a nitro group or hydrogen in place of the 

thiomethyl one. The nitro derivative (1b) was obtained by the same reaction sequence as the 

(+)-thiomicamine derivative (1a), according to literature procedure.2 Reaction of commercially available 

(1S,2S)-2-amino-1-(4-nitrophenyl)-1,3-propanediol (8b) and o-toluoyl chloride led to amide (9b) in 77% 

yield (Scheme 2). 
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Scheme 2 Reagents and conditions: (i) o-toluoyl chloride, 0.5M KOH, CH2Cl2, 0 °C;  
(ii) (CH3O)2C(CH3)2, acetone, H2SO4, rt; (iii) Raney nickel, EtOH, rt. 
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The two hydroxyl groups in compound (9b) were protected as a 1,3-O-isopropylidene derivative in reaction 

with 2,2-dimethoxypropane. Compound (1b) was obtained as an oil in 66% yield. Amide (1c) was prepared 

by desulfurization reaction of amide (1a) (Raney nickel, EtOH) in 75% yield. 

The addition reaction of carbanion generated from amide (1b), by the action of n-BuLi (2.2 equiv), to imine 

(2), led to addition product (4b) with 14% de (HPLC). The crude reaction mixture was further transformed 

to dextrorotatory (R)-2,3-dimethoxy-8-oxoberbine (6) in 72% yield and with 17% ee, by reflux in toluene 

under an argon atmosphere. A similar reaction of amide (1c) with imine (2) gave addition product (4c) with 

10% de. The crude reaction mixture was chromatographed on a silica gel column to give the 

diastereomerically enriched fractions of the more polar diastereomer (12% yield, 71% de HPLC) and the 

less polar diastereomer (40% yield, 60% de HPLC). The last one was cyclized to afford dextrorotatory 

(R)-2,3-dimethoxy-8-oxoberbine (6) in 82% yield with 23% ee. 

It turned out that the replacement of the thiomethyl group in aromatic ring coming from aminodiol part by a 

nitro group or by hydrogen had no influence on stereoselectivity. Although the diastereoselectivity of the 

addition process was low we were able to obtain diastereomerically enriched fractions of addition products 

(4a,b,c and 5a) with 38 – 98% de by column chromatography on silica gel. The cyclization of the separated 

diastereoisomers, by reflux in toluene, led to enantiomerically enriched all enantiomers of lactams (6 and 7) 

with ee up to 97%.  

In the next part of our study we have investigated the stereoselective outcome of the addition reaction of 

o-toluamide (1c) to acyclic imine (10), the so called Pomeranz-Fritsch imine21 

[(3,4-dimethoxybenzylidene)-(2,2-dimethoxyethyl)amine]. Addition of carbanion generated from 

o-toluamide (1c) by the action of n-BuLi (2.2 equiv) to imine (10) led to formation of a diastereomeric 

mixture (11) in 65% yield and 22% de (Scheme 3).  
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Scheme 3 Reagents and conditions: (i) n-BuLi (2.2 equiv), THF, Ar, –72 °C; (ii) column chromatography 
separation; (iii) 6M HCl, rt; (iv) H2, Pd/C, HCl/MeOH; (v) toluene, reflux. 

HETEROCYCLES, Vol. 69, 2006 305



 

Column chromatography on silica gel led to enantiomerically enriched fractions of two diastereoisomers: 

the less polar (21% yield, 59% de HPLC) and more polar (56% yield, 49% de HPLC). The last one was 

transformed to 8-oxoberbine (6) using the Pomeranz-Fritsch-Bobbitt methodology, which involved acid 

hydrolysis (6M HCl, rt, 48 h) followed by hydrogenation (H2, 10% Pd/C, 0.3 Mpa, 18 h). The so obtained 

crude product (4c) was refluxed in toluene under an argon atmosphere giving (S)-(−)-2,3-dimethoxyberbine 

(6) in 26% yield with 53% ee, [α]D −188.3° (c 0.60, CHCl3) {lit.,3 [α]D −413.8° (c 0.359, CHCl3), >99% ee}. 

The above transformations present another synthetic strategy for the preparation of enantiomerically 

enriched protoberberines using the Pomeranz-Fritsch-Bobbitt cyclization.4  

EXPERIMENTAL 

IR spectra: Bruker FT-IR IFS 113V. NMR spectra: Varian Gemini 300 with TMS as the internal standard. 

Mass spectra (EI): instrument AMD 402. Optical rotations: Perkin-Elmer polarimeter 242B, at 20 ºC. 

Merck Kieselgel 60 (70-230 mesh) was used for column chromatography; Merck DC-Alufolien Kieselgel 

60254 for TLC. Analytical HPLC: Waters HPLC system with Mallinkrodt –Baker Chiralcel OD-H column. 

THF and Et2O were freshly distilled from LiAlH4. Imines (2),19 (3)20 and (10)21 and o-toluamide (1a)2 were 

prepared as previously described. 

 

(1S,2S)-2-o-Toluamide-1-(4-nitrophenyl)-1,3-propanediol (9b) 

The compound (9b) was prepared according to literature procedure2 using 

(1S,2S)-2-amino-1-(4-nitrophenyl)-1,3-propanediol (8b) (2.12 g, 10 mmol), dichloromethane (135 mL), 

aqueous 0.5M KOH solution (65 mL) and o-toluoyl chloride (1.54 g, 10 mmol). Amide (9b) was obtained 

as a white precipitate (3.06 g, 93%), which was washed with Et2O. Yield 2.54 g (77%), mp 142-146 °C, 

[α]D +81.3° (c 0.59, MeOH); IR (KBr) ν: 3358 (OH, NH), 1623 (C=O), 1520 (NO2), 1348 (NO2) cm-1; 
1H  NMR (CD3OD) δ: 2.11 (s, 3H, ArCH3), 3.66-3.91 (m, 2H, CH2O), 4.40-4.46 (m, 1H, CHNH), 5.21 (d, 

J = 2.7 Hz, 1H, CHOH), 7.16-7.31 (m, 4H, ArH), 7.72 (d, J = 8.5 Hz, 2H, ArH), 8.23 (d, J = 8.8 Hz, 2H, 

ArH); MS m/z (%): 312 (M+ − H2O, 0.04), 296 (0.07), 178 (19), 119 (100), 91 (28). 

 

(1S,2S)-2-o-Toluamide-1-(4-nitrophenyl)-1,3-O-isopropylidenepropane (1b) 

The compound (9b) was prepared according to literature procedure2 using amide (9b) (2.93 g, 8.9 mmol), 

acetone (130 mL), 2,2-dimethoxypropane (5.5 g, 53 mmol) and concentrated H2SO4 (0.35 mL). After 

column chromatography purification amide (1b) was obtained as an oily compound (2.17 g). Yield 66%, 

[α]D +137.4° (c 1.00, CHCl3); IR (KBr) ν: 3311 (NH), 1663 (C=O), 1519 (NO2), 1346 (NO2) cm-1; 
1H  NMR (CDCl3) δ: 1.56 (s, 3H, C(CH3)2), 1.63 (s, 3H, C(CH3)2), 2.04 (s, 3H, ArCH3), 3.99 (dd, J = 1.9, 

12.1 Hz, 1H, CH2O), 4.42 (dd, J = 1.9, 12.1 Hz, 1H, CH2O), 4.60 (dd, J = 1.9, 9.9 Hz, 1H, CHNH), 5.36 (d, 
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J = 1.9 Hz, 1H, ArCHO), 6.42 (d, J = 9.9 Hz, 1H, CHNH), 7.02-7.30 (m, 4H, ArH), 7.61 (d, J = 8.2 Hz, 2H, 

ArH), 8.22 (d, J = 9.1 Hz, 2H, ArH); MS m/z (%): 355 (M+ − CH3, 3), 219 (2), 161 (44), 146 (3), 119 (100), 

91(33). 

 

(1S,2S)-2-o-Toluamide-1-phenyl-1,3-O-isopropylidenepropane (1c) 

Raney nickel (2 g) and compound (1a) (0.41 g, 1.1 mmol) in EtOH (20 mL) were stirred at rt for 24 h. Next 

it was filtered through a pad of Celite and washed with EtOH. The filtrate was evaporated and the residue 

(0.36 g, 93%) was crystallized from Et2O giving colorless crystals (0.26 g). Yield 75%, mp 108-111 °C, 

[α]D +85.6° (c 1.07, CHCl3); IR (KBr) ν: 3446 (NH), 1670 (C=O) cm-1; 1H NMR (CDCl3) δ: 1.53 (s, 3H, 

C(CH3)2), 1.61 (s, 3H, C(CH3)2), 2.06 (s, 3H, ArCH3), 4.01 (dd, J = 1.9, 12.1 Hz, 1H, CH2O), 4.37 (dd, J = 

1.9, 12.1 Hz, 1H, CH2O), 4.49 (dd, J = 1.9, 9.4 Hz, 1H, CHNH), 5.31 (d, J = 1.9 Hz, 1H, ArCHO), 6.35 (d, 

J = 9.1 Hz, 1H, CHNH), 6.98-7.01 (m, 1H, ArH), 7.09-7.13 (m, 2H, ArH), 7.22-7.42 (m, 6H, ArH); 
13C  NMR (CDCl3) δ: 18.6 (CH3C), 19.2 (CH3Ar), 29.7 (CH3C), 46.9 (C-2), 64.9 (C-3), 71.8 (C-1), 99.6 

(CH3C), 125.3 (2C, CH), 125.5 (CH), 126.6 (CH), 127.6 (CH), 128.3 (2C, CH), 129.7 (CH), 130,7 (CH), 

135.9 (C), 136.3 (C), 138.4 (C), 169.4 (C=O); MS m/z (%): 325 (M++1, 0.09), 310 (M+ − CH3, 3), 267 (2), 

161 (26), 119 (100), 105 (4), 91 (33). Anal. Calcd for C20H23NO3: C, 73.82; H, 7.12; N 4.30. Found: C, 

73.91; H, 7.08; N, 4.12. 

 

Addition to cyclic imine – product (4c) – a representative procedure 

Amide (1c) (325 mg, 1mmol) was dissolved in dry THF (10 mL) under an argon atmosphere and the 

mixture cooled to −72 ºC. n-BuLi (1.6 M solution in hexanes, 1.4 mL) was introduced and the carbanion 

generated for 30 min at −72 ºC. A solution of 6,7-dimethoxy-3,4-dihydroisoquinoline (2) (191 mg, 1 mmol) 

in dry THF (10 mL) was added and the mixture kept at −72 ºC for 4h and then treated at this temperature 

with 20% aqueous NH4Cl (6mL). When the reaction mixture reached rt, the phases were separated and the 

aqueous one extracted with Et2O (3x10 mL). The combined organic extracts were dried and solvents 

removed under reduced pressure yielding 519 mg of crude product. HPLC analysis of the crude reaction 

product indicated the presence of two diastereoisomers (4c) in a ratio 55:45 [hexane/propan-2-ol=65:35, 

tR  26.5 min, tR 29.5 min (major)] together with unreacted amide (1c) and imine (2). The crude product was 

purified by column chromatography (CH2Cl2/MeOH, 100:1 → 50:1) yielding diastereomerically enriched 

fractions of the more polar diastereomer (63 mg, 12% yield, 71% de HPLC, tR 26.5 min) and the less polar 

diastereomer (201 mg, 40% yield, 60% de HPLC, tR 29.5 min). 1H NMR for more polar diatereoisomer 

(CDCl3) δ: 1.54 (s, 3H, C(CH3)2), 1.61 (s, 3H, C(CH3)2), 1.82 (br s, 1H, NH disappeared with D2O), 

2.55-2.92 (m, 5H, CH2), 3.27 (dd, J = 4.1, 13.5 Hz, 1H, CH2), 3.86 (d, J = 1.9 Hz, 1H, ArCHNH), 3.88 (s, 

3H, OCH3), 3.89 (s, 3H, OCH3), 3.99 (dd, J = 1.9, 12.9 Hz, 1H, CH2O), 4.33 (dd, J = 2.2, 12.9 Hz, 1H, 

HETEROCYCLES, Vol. 69, 2006 307



 

CH2O), 4.53 (dd, J = 2.2, 8.8 Hz, 1H, CH(NHCO)), 5.30 (d, J = 1.4 Hz, 1H, ArCHO), 6.58 (s, 1H, ArH), 

6.69 (s, 1H, ArH), 7.08 (d, J = 7.4 Hz, 1H, ArH), 7.12-7.19 (m, 5H, ArH), 7.20-7.36 (m, 3H, ArH), 8.09 (d, 

J = 8.8 Hz, 1H, CONH disappeared with D2O). 

 

Cyclization reaction – a representative procedure 

The fractions consisting of more polar diastereomer (4c) (97 mg, 0.2 mmol, 60% de) were refluxed under 

argon in dry toluene (10 mL) for 24 h. After cooling to rt, it was evaporated to dryness and the remaining oil 

(97 mg) dissolved in Et2O (30 mL) and washed with 5% aqueous HCl (4x2 mL). The organic phase was 

dried and evaporated yielding (R)-(+)-2,3-dimethoxy-8-oxoberbine (6) (51 mg) in 82% yield with 23% ee, 

HPLC [hexane/propan-2-ol=80:20, tR 27.2 min (major), tR 31.5 min]. 

 

Addition to acyclic imine (10) – product (11) 

Amide (1c) (325 mg, 1mmol) was dissolved in dry THF (10 mL) under an argon atmosphere and the 

solution cooled to −72 ºC. n-BuLi (1.6 M solution in hexanes, 1.4 mL) was added and the carbanion 

generated for 30 min at −72 ºC. A solution of imine (10) (253 mg, 1 mmol) in dry THF (6 mL) was added 

and the mixture kept at −72 ºC for 4h and then treated at this temperature with 20% aqueous NH4Cl (6mL). 

When the reaction mixture reached rt, the phases were separated and the aqueous one extracted with Et2O 

(3x10 mL). The combined organic extracts were dried and the solvents removed under reduced pressure 

yielding crude product. HPLC analysis of the crude reaction product indicated the presence of two 

diastereoisomers (11) in a ratio 61:39 [hexane/propan-2-ol=80:20, tR 19.9 min (major), tR 21.4 min) 

together with unreacted amide (1c) and imine (10). The crude product was purified by column 

chromatography (CH2Cl2/MeOH, 200:1 → 50:1) yielding diastereomerically enriched fractions of the more 

polar diastereomer (321 mg, 56% yield, 49% de HPLC, tR 19.9 min) and the less polar diastereomer (124 

mg, 21% yield, 59% de HPLC, tR 21.7 min). 1H NMR for more polar diastereoisomer (CDCl3) δ: 1.53 (s, 

3H, C(CH3)2), 1.62 (s, 3H, C(CH3)2), 1.70 (br s, 1H, NH disappeared with D2O), 2.48 (dd, J = 1.1, 5.8 Hz, 

2H, CH2), 2.76 (dd, J = 6.3, 13.2 Hz, 1H, CH2), 2.89 (dd, J = 6.3, 13.2 Hz, 1H, CH2), 3.21 (s, 3H, OCH3), 

3.24 (s, 3H, OCH3), 3.74 (t, J = 7.1 Hz, 1H, CH(OCH3)), 3.83 (s, 3H, OCH3), 3.87 (s, 3H, OCH3), 4.04 (dd, 

J = 1.9, 12.1 Hz, 1H, CH2O), 4.33 (t, J = 5.5 Hz, 1H, ArCHNH), 4.37 (dd, J = 2.2, 12.9 Hz, 1H, CH2O), 4.49 

(dd, J = 2.2, 8.8 Hz, 1H, CH(NHCO)), 5.32 (d, J = 1.9 Hz, 1H, ArCHO), 6.64 (d, J = 8.8 Hz, 1H, CONH), 

6.68-6.79 (m, 1H, ArH), 6.91 (d, J = 7.4 Hz, 4H, ArH), 7.07-7.41 (m, 6H, ArH); IR (KBr) ν: 3446 (NH), 

1662 (C=O) cm-1; MS m/z (%): 579 (M++1, 0.3), 563 (M+ − CH3, 0.7), 489 (2), 416 (16), 255 (16), 254 

(100), 222 (35), 190 (10), 177 (6), 118 (6), 75 (22). Anal. Calcd for C33H42N2O7: C, 68.49; H, 7.32; N 4.84. 

Found: C, 68.07; H, 7.71; N, 4.42. 
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Pomeranz-Fritsch-Bobbitt cyclization 

The fractions consisting of more polar diastereomer (11) (280 mg, 0.48 mmol, 49% de) were dissolved in 

6M aqueous HCl (8 mL) and MeOH (1 mL) and the solution was stirred at rt for 48 h. It was then 

hydrogenated with hydrogen at 0.3 MPa in the presence of 10% palladium on carbon (280 mg) for 18 h. 

Next the catalyst was removed by filtration through a pad of Celite, the filtrate was basified with 20% 

NaOH and extracted with CH2Cl2. Organic extracts were dried and solvents removed under reduced 

pressure. The crude reaction product (4c) (124 mg, 50%) was refluxed under argon in dry toluene (10 mL) 

for 30 h. After work-up the crude reaction product was purified by column chromatography to give 

(S)-(−)-2,3-dimethoxyberbine (6) in 26% yield with 53% ee, HPLC [hexane/propan-2-ol=80:20, tR 27.2 

min, tR 31.5 min (major)];[α]D −188.3° (c 0.60, CHCl3) {lit.,3 [α]D −413.8° (c 0.359, CHCl3), >99% ee}. 
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