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In connection with our previous work on dihydropyridines,2 we have investigated
the preparation of alkyldihydropyridines by reduction of the corresponding pyri-
dinjum salts with NaBH4. Close examination of the pertinent |iterature reveals
some controversial points. Thus, according to Kinoshita,3 the reduction of an
alkylpyridinium salt with NaBH4 in strongly alkaline medium yields dihydropyridi-
nes,whereas according to Panouse4 and Ferles5 tetrahydro and hexahydropyridines
are formed. Therefore, we reduced 1,3-dimethylpyridinium iodide 1 in 0.8 N NaOH/
MeOH with NaBH4 following Kinoshita’s method: a broad band appeared in the uv
spectrum at ca.335 nm, indicative of the formation odal,2- or a 1,6-dihydropyri-
dine system. When the reduction of the salt was complete, the reaction mixture
was extracted with CH20I2 and the solvent evaporated. On distillation, the crude
residue did not give dihydropyridines, but two major products, namely the tetra-
hydropyridine 235 (bp 128-130°/760 torr; hydrochloride mp 163-5°)and the dimer ba
(bp 108-110°/0.01 torr) identified on the basis of molecular weight (218, frommass
spectrum) and spectroscopic properties:lH nmr (see Table I);13C nmr (CDC|3,25.18
MHz) §131.5,123.5,110.0 (s,vinyl C), 133.4,119.7,118.7 (d,vinyl CH), 62.8 (d,C-2),
59.9 (¢,C-6),55.3 (¢,C-6"),42.7 (q,N-CH,),42.3 (a,N'-CH,),33.3 (¢,C-3),20.9,20.7
ppm (q,C—CHg); uv A max(MeOH) 332 nm; ir (liquid film) 91610 and 1670 cm_l.Since
it has been recently reported6'7that alkyldihydropyridines could be isolated by

alkal ine reduction of pyridinium salts with NaBH, in a two-phase system, we have

carried out a series of experiments following th?s procedure, In a typical run,l
(10.0 g, 0.042 mol) was rapidly added to a stirred mixture of NaBH4(1.3 9,0.034
mol), 10 N NaOH (30 ml),methanol (30 ml), and light petroleum ether (150 mt);

after three minutes the hydrocarbon phase was separated and evaporated yielding

a mixture of products (2.5 g), that were not resolved, and whose composition,

changing as a function of time, was established by a careful 1H nmr analysis.
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Spectra recorded immediately after evaporation of the solvent gave the following
composition: 1,3-dimethyl-1,2-dihydropyridine %a,62%; 1,3-dimethyl-1,4~-dihydropy~
ridine éa,ll%; 1,3-dimethyl-1,6-dihydropyridine ia,ll%; 1,3-dimethy!-1,2,5,6~
-tetrahydropyridine éa,ll%; 1,1’,5,5’~tetramethyl-1,17,2,3,6,6’-hexahydro-2,3’-
bipyridine ga,S% 8(Scheme 1) .Nmr spectra were also recorded after 24,40,72,144,

and 168 hours: they clearly demonstrate a gradual decrease in the amount of 2a,

TABLE 1- 1H nmr data for compounds za-éa (100 MHz,CDCI,,TMS as internal standard)

3'
Compd & ,ppm Assignment J, Hz Compd & ,ppm Assignment
2a  5.81,bd 1,H-6 5,6 7.0 5a 5.33,m 1,H-4
5.55,m 1,H-4 5,4 6.0 ~ 2.87,m 2,H-2
4.60,dd 1,H-5 2.50,m 2,H-6
3.67,bs 2,H-2 2.31,s 3,N~CH
2.58,s 3,N=CH 2.10,m 2, H-5 3
1.62,bs 3,C—CH§ 1.50,s 3,C-CH,
3a  5.8-5.4 2,H-2+"H-6 5,6 8.0 6a 5.8-5.4 3,H=-27+ H-4
T 4.35,dt 1,H-5 5,4a|3_0 + R-4
2.8,m 2,H-4 5.48 3.61,bs 2,H-6*
2.72,s 3,N—CH3 3.12 1,H-6a(orpg )
1.62,bs 3,C-CH3 2.8 1,H-6g(ora )
4a  5.8-5.4 2,H=-2+"H-4 5,4 9.0 2.58,s 3,N7~CH,
5.24,ddt 1,H-5 5,2 1.0 2.4-2.0 3,H-2 +°H-3
3.58,bd 2,H-6 5,6 14_0 2.18,s 3,N-CH,
2.52,s 3,N-CH, 5,68 1.66,1.64 6,C—CH3+ C’-CH,
1.62,bs 3,C-CH
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until it completely disappears, and a corresponding increase in the amount of Qa.
2a could not be isolated by distillation of the reaction mixture in vacuo, since

heating increases the rate of dimerization and consequently the product obtained

is ga rather than 2a.The high za:ga+ia ratio indicates a predominant attack of BH;
ion to the most hindered position. 2a is a primary reduction product and not an
artefact derived from the rearrangement of ga (or ia). This was demonstrated by re-

peating the reduction of 1 in the same conditions as above, but replacing NaBH K by

4

NaBD4.Ana|ysis of nmr spectra of the reaction mixture immediately after evapora-
tion of the hydrocarbon phase, gave the following composition: 2b,76%; gb,ll%;ﬁp,
11%; ib,Z%. No 1,3-dimethyl-6-deutero(or 4-deutero)l,2~dihydropyridine was detec-
ted,thus excluding the isomerization of Qb (or &P) to 2b. Nmr spectra of the mix-
ture of deuterated compounds were also recorded after 24,48,120 and 144 hours:thay
clearly demonstrate a gradual decrease in the amount of 2b, until it disappears,
while a corresponding amount of Qb is formed. Furthermore, we reduced l with
LiAlH4 in anhydrous ethyl ether: again dihydropyridines were not isolated andthe
predominant products were the dimer fa and the tetrahydropyridine éa. When the
mixture of the products %a—ga freshly obtained from the evaporation of the hydro~

carbon phase was treated with NaBD 6 in 0.5 N NaOH/HZO, the gradual fading of the

dihydropyridine uv absorption band4was noticed, until it completely disappears.
The solution was extracted with CHZClZ' the solvent evaporated and the residue
distilled. The fraction boiling between 50° and 70° at 20 torr by treatment with
an ethereal HCI solution gave a mixture of hydrochlorides that was shown by 1H
and 13C nmr spectr'a9 to be formed by the deuterated products Z (60%),§(13%),and
2(10%),together with the hydrochloride of the already existing tetrahydropyridi-
ne ia. The formation of 7,§, and 2 demonstrates the ability of the enamine sysem
present respectively in E,g and 4 to undergo complete and direct reduction by
NaBH4 in alkaline medium. In a separated experiment, 6a in 0.5 N NaOH/H20 was
also treated with NaBH,; the reduction proceeded slowly and was complete after

4
12 hr, to yield Lp, bp 170°/20 torr, mw 220 (from mass spectrum), uv (H?O) end-
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absorption at ca. 210 nm, 13C nmr (CDC|3, 25.18 MHz)8132.5, 131.1 (s,vinyl C),
121.8,118.9 (d,vinyl CH), 61.0, 37.2 (d,C-2 and C-3’), 59.3,59.0,53.5,25.2 (¢,
methylene C), 45.9,40.0 (q,N-CHs), 20.9,20.7 ppm (q,C-CH3).The experimental evi-

dence demonstrates: i) the remarkable regioselectivity of attack of the BH4 ion
0-

. . . .y 2 .
on the salt 1, in agreement with previous Flndmgs1 1 concerning other nucleo-

philic reactions on 3-methylpyridinium cations, and ii) the ability of the ena-

mine system present in %,g,é and Q to undergo direct reduction by NaBH4 inalka-
line solution. In this case the mechanism commonly postulated for the further
reduction of the dihydro to tetrahydropyridines in solution of low pH13'14cannot

be operative since it involves, as a key step, the protonation of the enamine
system to an imonium cation. Obviously some alternative mechanism must be opera-
tive in those cases where a pyridinium salt is directly reduced to a tetrahydro
derivative by NaBH, in alkaline solution. Further work on this point is under

4

way in our laboratory.

References and Notes

1) Present address: Istituto di Chimica Farmaceutica - Universita di Camerino.
2) F.Liberatore,A.Casini,V.Carelli,A.Arnone and R.Mondelli,J,0r «Chem.,40,559
(1975) and previous papers in the series. 3) N.Kinoshita and T.Kawasaki,Yakugaku
Zasshi,83, 123 (1963); Chem.Absts.,59,5126g (1963). 4) J.J.Panouse,Bull.Soc.
Chim.France D 53, 1953. 5) M.Ferles, Col!.Czech.Chem.Comm., 23,479 (1958). 6)
J.P.Kutney, R.Greenhouse and V.E.Ridaura, J.Amer.Chem.Soc.,gg, 7364 (1974). 7)
E.M.Fry and J.A.Beisler, J.Org.Chem., 35, 2809 (1970). 8) The composition of the

mixture was evaluated as follows: the integrals of the signals due to the C-5
protons gave a ga:gg:ia ratio corresponding to 6.2:1.1:1.1. The integrals of the
signhals due to the N-methyl protons gave a ga:ia:Sa:ga ratio of 1:1:1:0.5. 9)
Typical peaks in the all decoupled 13C nmr spectr:E (DZO' dioxane as internal
reference, § 67.4 from TMS) are, for Z: a triplet at850.8 ppm, C—6,JC6_D=22.3Hz;
for 8 a triplet ats61.3 ppm, C-2 and a triplet at§55.3 ppm, C-6; for ga-HCI a
singlet at§51.2 ppm, C-6. 2 has been identified from the presence in the 1H nmr
spectrum (DZO, 100 MHz) of a doublet at§1.16 ppm, C—CH3, JCH3-C3-H
by irradiating the C3—H signal at§2.8 ppm. 10) H.M3hrle and H.Weber, Tetrahedron,
26, 2953 (1970). 11) R.Kuhn and E.Teller, Liebigs Ann.Chem.,715,106
(1968). 12) G.W.Fisher, Chem.Ber.,103, 3489 (1970). 13) A.R.Katritzky, J.Chem.Soc.,
2586 (1955). 14) R.E.Lyle and P.S.Anderson, Adv.Het.Chem., 6, 45 (1966).

=7Hz decoupled

Aknowledgement. The authors thank Prof.V.Carelli for helpful discussions. This

work was supported by a research grant from CNR, Rome, Italy.



