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Abstract: Conditions have been established for the sodium dithicntte (Na2S2O4) duction of pyrldtnium 
salts 1 tacking electron-whtxhawtog substituents to their conqmding 1.4dthydropyridines (1 &DHPs) 2. 
a reaction which was pnMously reported to fail. The importance of hydmphobic effects for this Feducrion 
totalreplacecouldbe~~zedfFomthe~~obtained.Thepresentprocedureoffasaveryconvenient 
mute to a number of 1 &DHF% 2. in pardcular, a series of c&al derivatives such as 5 and 9. 

The sodium dithionite reduction of N-alkyl pyridinium salts 1 (Scheme 1) bearing electron- 

withdrawing substituents Rl and/or R2 to give l&DHPs 2 is a long-known and well-established proctdure 

which has received much attention, especially for studies of NADH coenzyme mode1s.l The mechanism of 

this reduction has also been investigated. 2 In addition to the use of an inexpensive reducing agent, other 

advantages to obtaining 1.6dihydropyridines by this reaction are simple experimental conditions and a 

complete rcgioselcctivity for 4-H substituted pyridinium salts. However, an apparent limitation of this 

procedure was the rqorted failure of the sodium dithionite reduction when IV-alkyl pyridinium salts are not 

substituted with electmn-withdrawing groups at position 3 (and/or 5) of the ring.143 
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Presumably for this reason, alternative approaches toward 3-unsubstituted or 3-alkyl substituted 1.4- 

DHPs, consisting mainly in a Birch-type reduction of the corresponding pyridinium salts, have been devised4 

The synthetic interest of these 1,4-DHPs as useful 1.5diketone equivalents has been pointed out.5 

III the wurse of our studies on the asymmetric synthesis of alkaloids from chira~ pyridinium salts6 via 

chiral dihydropyridine derivatives.7 we needed a simple procedure for reduction of these salts to the 

corresponding 1,4-DHPs which could subsequently cyclixe to give synthetically useful oxaxolidine 

intermediates.8 Thus, with the ease of the dithionite procedure in mind, we decided to reinvestigate the 

reduction of pyridinium salts devoid of electron-withdrawing substituents. We now report the essential 

features of this reduction which in fact provides a very convenient access to 1,4-DHPs. The reduction 

proceeded successfully with a large variety of pyridinium salts, in particular those obtained recently in our 

laboratory using Zincke’s reaction with chira~ primary amines. 

Cur initial attempts to reduce N-methyl substituted salt la in a two-phase system (H20-K2CO3- 

Na;lS20q/toluene at 100%) proved unsuccessful, inasmuch as no organic product could be extracted from the 

aqueous phase. This was seemingly a confirmation of the reported failure of the reaction in the absence of 

electron-withdrawing substituents at position 3 (and/or 5) of the ring. However, in sharp contrast, we observed 

that, after 10 min under the same conditions, long-chain substituted salt lb (n=ll) gave the corresponding 

I,CDHP which was recovered in 80% yield after simple decantation and evaporation of the organic layer. By 

varying the length of the alkyl chain of lb and using the same conditions, no reaction was found to occur with 

n=l, 2 or 3, but with n=4, the cortesponding 1,4-DHP could be obtained in approxitnately 50% yield afkr 10 

min. Synthetically more useful 1.4-DHP lc was obtained in high yield (>805b) under these conditions. Alkyl 

substituents at positions 3 or 35 did not affect the yield of the reaction as shown by the reduction of salts Id 

and le. These results demonstrated the determining role of hydrophobic interactions for the reaction to take 

place, the likely role of these interactions being the destabilization of the intermediate sulfinate adduct 3 in the 

aqueous phase. 

With this background information in hand, we carried out detailed studies on the dithionite reduction 

of the chiral pyridinium salts 4 and 86 (Scheme 2). Reduction of 4a and 4b gave the corresponding 1 &DHPs 

5a and Sb in good yields in the toluene-water system at 100°C (see experimental for a typical pmcedure). 

Noteworthy is the fact that at low salt concentration (concentration of sodium dithionite and potassium 

carbonate ranging from 0.25M to 0.75 M) a significant pmportion (up to 40%) of the isomeric piperidines &I- 

6b was obtained. Formation of these by-products was completely suppressed using salt concentration above 

1M. As expected, these 1,4-DHPs were relatively stable, contrasting with the very high instability of their 1.2- 

dihydro counterparts such as 7 obtained by the NaBH4 reduction of 4a in alkaline medium.7a 

Attempts to obtain 1,4-DHP 9a under the conditions found for the synthesis of Sa-b were 

disappointing, the predominant product of the reaction being the piperidine lla along with small amounts of 

oxaxolidine 1Oa. Similar results were obtained during the reduction of salt 8b which led to llb as the major 

compound, again accompanied with a minor amount of lob. The. presence of a hydroxyl group in these 

molecules was very likely favourable for an overreduction of the intermediate l&DHP in the water phase. 
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We therefore sought new conditions which could ensure a rapid transfer of the DHP 9a OT 9b from the 

queous to the orgmic phase as soon as it was formed, in ox&r to prevent these overreduction phenomena. 

Since it was not possible to incmase the hydrophobic character of the starting pyridinium salt, we decided to 

work with a saturated aqueous sohion of sodium dithimite (2 2.5M) and potassium carbonate (r 2.5M). 

having in mind the role of salt amentration in the reduction of 4a-b (vi& supra). Finally, under these 

conditions, using refluxing ether as organic solvent, l&DHP !Dag was extracted in ether and recovered in 

73% yield. The formation of the products Uta and lla was completely suppressed under these conditions. 

This was demonstrated by recording the NMR spectra of the crude product obtained immediately after 

removal of the solvent (see experimental). 
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Compared to 1,4-DHPs Sa, l&DHP 9a proved to bc very unstable, turning into tars within a few 

hours at ambient tcmperatme. Again, the prcscnce of the hydroxyl group was responsible for the instability of 

the compound, presumably catalysing diierixation and polymerization via very reactive immonium 

intermediates. During this process, the initial formation of oxsxolidine 12a (scheme 2) was observed. The 

hchaviour of l&DHP !Ia thus contrasted with that of the umesponding regioisomen ‘c 1,2-DHP which, as we 

have recently shown.8 gave spontaneously the corresponding oxaxolidine 13. Noteworthy is the presence of a 

very reactive enamine in 12a and not in 13. Finally, it is important to point out that, in contrast to 

unsubstituted l&DHP 9a, 3-alkyl substituted l&DHPs such as 9b gave useful oxaxolidine intetmediatc l2b 

in good yield. 

Detailed studies on the application of these oxaxoCl.ines toward asymmetric synthesis of a number of 

natural products will be disclosed sepamtely. 
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Experimental (typical procedures): 

(+)-l-C (llQ-1-PhemyletJbyll- 1,4-dihydropyridiae @a). To a two-phase solution of toluene (150 mL) and 

water (170 mL) containing sodium ditbionite (3Og) and potassium carbonate (24 g) was added pyridinium salt 

4a (6.2 g, 28.2 mmol) in water (20 mL). The mixture was heated at ItXPC during 0.2 It under vigorous 

stilling. The organic phase was collected, washed with an aqueous solution of sodium bic&toMte. and dried 

over anhydrous Na2SO4. Evaporation of the solvent uuder teduced pmssure and filtration over alumina (30 g) 

with pentane - AcOEt (1:l) as eluant gave pure 1.4-dihydmpyzidii Sa (3.5 g, 18.9 mmol. 67% yield) as a 

pale yellow oil. This compound decomposes on standing in air but could be stored at -20°C over KOH 

pellets; [ati +3 (c 1.2. CHC13); 1H NMR (250 MHZ, CDCl3): 6 7.15-7.33 @H,.m), 5.77 @-I, dt, J= 1.2 Hz, 

J=8.3Hz),4.35(W,dt,J=3.J=8.3Hz),4.18(3H,q,J=7Hz),2.%(W,m), 1.47(3H,d,J=7Hz); f3C 

NMR (50.2 MHz, CDC13): 19.2, 23.0, 59.9, 98.1 (2C). 126.7 (2C), 127.1, 128.4 (2C), 129.9 (2C), 142.9; 

HRMS @I): calcd for Cl3H15N m/z 185.1204, obsdm/z 185.1211 

(-)-l-C (2R)_Z=PhenyleLhanol]-l~-~hy~p~~ne @a). To a biphasic solution of diethyl ether (500 II&) 

and water (90 mL) containing sodium dithionite (60 g) and potassium carbonate (48 g) was added pyridinium 

salt 8a (12.2 g, 51.8 mmol) in water (30 mL). The mixture was refluxed during 1 h under vigorous stirring. 

The ethereal phase was decanted and washed with an aqueous solution of sodium bicarbonate, dried over 
anhydrous Na2SO4 and concentrated. Tbe residue was dissolved in pentane and filtered over celite to give 

pure 1,4dibydropytidine 9a (7.58 g, 37.7 mtnol, 73% yield) as an oil which decomposed very rapidly; [aID 
49 (c 1.7, CHC13); 1H NMR (250 MHz, CDC13): 8 7.20-7.38 (5H,.m). 5.83 (W, d, J= 8.3 Hz). 4.36 (W. 

dt.J= 3Hz,J= 8.3Hz),4.15 (lH,dd,J=6.2Hz.J= 7.8Hz), 3.92(1H,d.J=6.2Hz), 3.91 (W,m), 2.96 

(m. 2H); l3C NMR (50.2 MHz, CDC13): 22.8, 62.6,66.3,98.1 (2C), 126.9 (2C), 127.3, 128.3 (2C), 130.0 

(2C). 138.7;HRMS (EI): calcdforC~3Hl5NnJz 201.1154,obsdm/z 201.1146. 

References and No&x 

l-Reviews on dihydropyzidines : a) Eisner, U.; Kuthan, J. Chem. Rev. 1972,72, l-42. b) Stout, D.M.; Meyers, 

A.I. Chem. Rev. 198282,223~243. 

2- Blankenhom, G, Moore, E.G. J. Am. Chem. Sec. 1980.Z02.1092-1098 and reference s cited therein. 

3- Wallcnfels, K.; Schiily. H.; Hofmann, D. Jurnrs Liebig Ann. Ckm., 1959,621, 106-136. 

4- a) Birch, A.J.; Karakhanov, E.A. J. Chem. Sot., Chem. Co-. 1975, 480-481. b) De Koning, A.J.; 

Budzelaar, P.H.M.; Brandsma, L.; de Bie, MJA.; Boersma, J. Tetruhe&on Letters 1980,2Z,2105-2108. 

5- Stevens, R.V.; Canary, J.W. J. Org. Chem. 1990,55,2237-2240 and nfcrcnces cited therein. 

6- GCnisson, Y.; Marazan o. C.; Mehmandoust, M.; Gnecco, D., Das, B.C. SynZetr 1992.43 l-434. 

7- a) Mehmandoust, M.; Marazano. C.; Singh, R.; Gillet, B.; Cesario, M; Fourrey. J-L.; Das, B.C. 

Tetruhedron Letters 1988,29,4423-4426. b) Mchmandoust, M.; Marazano. C.; Das, B.C. J. Chem. Sot., 

Gem. Commun. 1989,1185-l 186. 

8- For a preliminary communication on this work, see Gnecco, D.; Marazano C.; Das, B.C. J. Chem. Sot., 

Chem. Commun. 1991,625-626. 

9- This compound was reported as a potential intermediate in the reaction of (R)-(-)phenylglycinol and 

glutaraldehyde in the presence of KCN: Guenier, L.; Royer, J.; Grierson, D.S.; Husson, H-P. J. Am. Chem. 

Sot. 1983, ZUS. 7754-7755. Bonin, M.; Grierson. D-S.; Royer, J.; Husson, H.-P. Organic Syntheses 1992.70, 

54-59. 

(Received in France 10 November 1993; accepted 1 December 1993) 


