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Abstract

A new methodology is described for the novel and rapid synthesis
of nicotine and its analogues from nicotinaldehyde. The major feature
of the methodology is the highly effective intramolecular [3+2] cycloaddition
of azomethine ylides. The reaction was studied using conventional
thermal and microwave irradiation conditions.


Key words

intramolecular dipolar cycloaddition - nicotinoid heterocycles - microwaves
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[bookmark: RD16809ST-7]7  
            
Synthesis of 4-(dimethylvinylsilanyl)pyridine-3-carboxaldehyde  (5a); Typical Procedure: A solution of 

            
n-BuLi (1.6 M in hexanes, 11.2 mmol)
was slowly added to a solution of N,N,N′-trimethylethylenediamine
(12 mmol) in anhydrous THF (40 mL), which was stirred and cooled
at 
-78 ˚C. After 30 min, 3-pyridinecarboxaldehyde
(10 mmol) was slowly added and the resulting mixture was stirred
for 30 min at -78 ˚C. A further solution
of n-BuLi (1.6 M in hexanes, 20 mmol)
was added slowly and the reaction was stirred continuously at -48 ˚C
for 3 h. The reaction was cooled to -78 ˚C,
and a solution of dimethylvinylchloro-silane (30 mmol) was slowly
added. The mixture was stirred at -78 ˚C
for 30 min then allowed to warm to room temper-ature. The reaction
was quenched with brine and then extracted with diethyl ether. The
organic layer was washed with brine, dried (MgSO4) and
evaporated. The crude mixture was purified on silica gel (pentane-EtOAc,
1:1) to provide the product in 63% yield as a viscous yellow
oil. ¹H NMR (CDCl3, 300 MHz): δ = 10.19
(s, 1 H, CH=O), 9.03 (s, 1 H, H2), 8.75 (d, J = 4.8 Hz, 1 H, H6), 7.63 (d, J = 4.8 Hz, 1 H, H5), 6.40 (dd, J = 20.3, 14.6 Hz, 1 H, Hc),
6.10 (dd, J = 14.6, 3.4 Hz,
1 H, Hb), 5.80 (dd, J = 20.3,
3.4 Hz, 1 H, Ha), 0.45 (s, 6H, SiMe2); ¹³C
NMR (CDCl3, 300 MHz): δ = 192.2 (CH=O),
153.5 (C6), 152.9 (C2), 150.2 (C4), 136.8 (CH=), 135.5
(C3), 133.5 (CH2=), 130.3 (C5), -2.9
(SiMe2).

            
3,8,8-Trimethyl-1,2,3,3a,8,8a-hexahydro-3,5-diaza-8-silacyclopenta[
            a
            ]indene-2-carboxylic
acid methyl ester (6b): Thermal conditions: A solution of 5a (1 mmol) and sarcosine methyl ester 9b (2 mmol) in toluene (10 mL), was stirred
and heated at reflux for 6 h. After evaporation of the solvent under
reduced pressure, the crude product was purified by short column
chromatography on silica gel (CH2Cl2-MeOH,
95:5) to provide the product in 95% yield as viscous yellow
oil. Microwave conditions: In a pyrex
tube (2 × 15 mm), 5a (1
mmol) and sarcosine methyl ester 9b 

(2
mmol) were submitted to microwave irradiation (CEM Discover apparatus;
50 W, 130 ˚C) for 5 min. After cooling, the crude
mixture was purified by short column chromato-graphy on silica gel
(CH2Cl2-MeOH, 95:5) to provide the product
in 99% yield. ¹H NMR (CDCl3,
300 MHz): δ = 8.65 (s, 1 H, H4), 8.50 (d, J = 4.6 Hz, 1 H, H6), 7.42 (d, J = 4.6 Hz, 1 H, H7), 4.57 (dd, J = 7.4, 4.5 Hz, 1 H, H3a),
3.88-3.90 (m, 1 H, H2), 3.74 (s, 3 H, OMe), 2.55 (s, 3
H, NMe), 2.12-2.14 (m, 3 H, H1 and H8a), 0.37 (s, 3 H,
SiMe), 0.27 (s, 3 H, SiMe); ¹³C NMR
(CDCl3, 300 MHz): δ = 173.7 (C=O), 149.7
(C7a), 147.4 (C4), 147.3 (C6), 146.1 (C3b), 126.9 (C7), 70.9 (C3a),
68.32 (C2), 50.9 (OMe), 35.7 (NMe), 28.7 (C1), 27.3 (C8a), -2.0
(SiMe), -3.7 (SiMe).

            
1-Methyl-5-pyridin-3-yl-pyrrolidine-2-carboxylic
acid methyl ester (7b): A solution
of 6b (1 mmol) and TBAF (1 M in THF, 4
mL, 4 mmol) was stirred and heated at reflux for 5 h. After cooling
to room temperature, the reaction was quenched with water and then
extracted with EtOAc. The organic layer was washed with brine, dried
(MgSO4) and evaporated under reduced pressure. The crude
mixture was purified on silica gel (CH2Cl2-MeOH)
to provide the product in 55% yield as a viscous yellow
oil. ¹H NMR (CDCl3, 300 MHz): δ = 8.6
(s, 1 H, Hb), 8.50 (d, J = 4.2
Hz, 1 H, Hf), 7.67 (d, J = 7.8
Hz, 1 H, Hd), 7.26 (dd, J = 7.8,
4.2 Hz, 1 H, He), 4.06 (dd, J = 8.5,
6.7 Hz, 1 H, H5), 3.95 (dd, 

            
J = 8.1
Hz, 1 H, H2), 3.74 (s, 3 H, OMe), 2.40-2.60 (m, 1 H, H4),
2.26-2.36 (m, 1 H, H3), 2.24 (s, 3 H, NMe), 1.86-2.04 (m,
1H, H3), 1.76-1.80 (m, 1H, H4); ¹³C
NMR (CDCl3, 300 MHz): δ = 174.3 (C=O),
149.2 (Cb), 148.4 (Cf), 139.3 (Cc), 134.7
(Cd), 123.5 (Ce), 65.9 (C2), 64.5 (C5), 51.1
(OMe), 35.0 (NMe), 34.0 (C4); 27.7 (C3).
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