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Reductions of Heterocyclic Systems; L. The Selective
Reduction of 4-Substituted Pyridinium Salts with
Cyanoborohydride

Robert O. HurcHins*, Nicholas R. NATALE

Department of Chemistry, Drexel University, Philadelphia, Penn-
sylvania 19104, US.A.

Our interest in the synthetic potential of cyanoborohydride
for selective reductions’ “* coupled with the propensity of
this reagent to discriminately attack highly electrophilic
imminium ions>® prompted a systematic exploration of
the utility of cyanoborohydride in the nitrogen heterocyclic
area. This communication presents a preliminary report of
the typoselective (chemoselective) conversion of certain pyri-
dinium saits to tetrahydro derivatives without damage to
most common functional appendages.

For initial investigation, various 4-substituted pyridinium
salts bearing a collection of functional groups were chosen
in order to limit and direct the hydride attack to the 2-posit-
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SYNTHESIS

Table. 1,2,5,6-Tetrahydropyridines 2

< Nrxo — Z—CN—R

1 2

Substrate/Product Reaction conditions  Yield m.p. of 2 Molecular

No. R z X solvent*/temperature/ [7%]° (m.p. of picrate)  formula®
time of 2

a Ce¢Hs—CH, NC— Cl H,0/100°/2h 82 CisHiaN,
1:1 H,O/C,HsOH/ 70 (196-198°) (198.3)
25°/2h

b 4-0,;N—~C4H,~—CH, NC-— Br H,0/100°/2h 75 95--97° C13H13N;0,
1:1 HO/C;HsOH/ 91 (215-220° dec)  (243.3)
25°/16h

¢ 4-Br—CxHy—~CO~—CH, NC— Br 1:1 H,O/C;HsOH;/ 75 148-149° C14H13BrN,O
25°/24h (169-171°) (305.2)

d CeHs—CH, C,H;00C—-  Br  H,0/100°2h 61 C,sH{oNO,

(48--50%) (245.3)
e 4-0;N—CHy—CH, C,H;00C -  Br  H,0/100°/th 83— CysH1sN,O4
(141-142°) (290.3)
f 2,6-di-Cl—C4H3—CH, C;Hs00C-- €l H,0/100°2h 86 - C,sH,+C1L0,
(146-147°) (300.2)
g CeHs—CH, H,N—CO~  Cl  H,0/100°2h 66 109-110° Cy3H16N,0
rrrrrr 2163)
h 4-02N"“C5H4gCH2 HzN”‘C()“" Br HZO/1OO°/Ih 94 180”1810 ((,‘13H15N303
261.3)
i 4-Br—C¢H4—~CO—CH, H;N—CO ~ Br H,0/100°/3h 50 189-191° ((,',MHlsBrNZO;
(177-179°) (323.2)

j 4-0;N-—~CsHyg—-CH, C¢Hs—CH,— Br H,0/100°/14h 62 70-71° CoH;2oN,0,
1:1 H,O/C,HsOH/ 80 — (308.4)
78°/15h

k 4-0,N-—Ce¢Hy—CH,; HO--N=:CH~ Br 1:1 HO/C,;HsOH/ 72 159--161° C13HysN;O4
25°/48h (261.3)

4-0,N--CsHs—CH, isoquinoline Br H,0/100°/1h 75¢ Ci6H16N,0,
(171-173°) (268.3)

4-0;N—~-C¢H4~CH, quinoline Br H,0/100°/i h 44¢ 91..93° Cy16H16N,0,
(268.3)

* Solutions 0.1 molar in substrate and 0.22 molar in sodium
cyanoborohydride.

b Isolated and purified by recrystallization or flash distillazion.

¢ All products (or the picrates) gave satisfactory microanalysis.

ion leading to intermediate 1,2-dihydropyridines which are
subsequently isomerized in protic media and further redu.ced
to 1,2,5,6-tetrahydro derivatives (Scheme A)"®.
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Results for a variety of substituted examples, including quino-
line and isoquinoline, are presented in the Table. Noteworthy
is the extreme chemoselectivity, possibly reflecting the
inertness of cyanoborohydride in neutral or basic media
toward inactivated carbonyls and related groups. Thus, nitro,
amido, cyano, ethoxycarbonyl, and even such normally
sensitive groups as ketones and oximes are not affected
and allow selective attack of the ring in their presence.

Scheme A

The conversion of 4-cyano-N-(p-bromophenacyl)-pyri-
dinium bromide (1¢) to the corresponding tetrahydropyri-

¢ In CDCl,.
¢ Product is the corresponding 1,2,34-tetrahydro(iso)quinoline
derivative,

dine 2¢ convincingly suggests that such pyridinium reduc-
tions should be possible in complex, functional group laden
molecules without requiring blecking techniques (Scheme
B).
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Scheme B

The general experimental procedure is convenient and
straightforward. The pyridinium salt and sodium cyanoboro-
hydride (2.2 mol eq) are stirred in solvent (water or 50 %
aqueous ethanot) for the appropriate time at the temperature
listed in the Table. An inert atmosphere is not essential
unless the product is air sensitive. The products are either
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'H-N.M.R. (CDCl3/DMSO-de) 6 [ppm]

vinylic H benzylic H other H
6.44 (1 H) 3.54 2H)
6.65 (1 H) 3.75 (2H)
6.54 (1 H) 3.90 (2H)
6.81 (1H) 3.54 2H)Y
6.70 (1 H) 3.70 2H)* —
6.90 (1 H) 3.87 (2H)
6.51 (1 H) 357¢2H) 000 -
6.51 (1H) 3.70 2H) —
6.43 (1H) 4.68 (1H, CHOH)
530 (1H) 3.52 (2H)
5.93 (1H) 3.73(2H)
3.65 (2H¢
4.47 2HY

filtered (solids) or extracted into ether. In the presence of
other easily reduced groups (i.c. ketones), the reactions are
preferably conducted at room temperature. Thus, at 100°,
the carbonyl group in 1i suffers attack concomitantly with
the pyridinium ring (Scheme C). Other functionalities resist
reduction even at 100° (Table).
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Scheme C

4-Cyano-N-(p-bromophenacyl)-1,2,5,6-tetrahydropyridine (2¢);
Typical Procedure:

A solution of 1¢ (3.82 g, 10 mmol) and sodium cyanoborohydride
(1.38 g, 22 mmol) in 50 % aqueous ethanol (100ml) is stirred at
ambient temperature under a nitrogen atmosphere for 24 h. The
resulting precipitate is filtered, washed with water, and dried
in vacuo. Recrystallization from ethanol affords 2¢ as pale yellow
needles; yield: 2.30 g (75 %); m.p. 148-149°. Characterized as the
picrate, m.p. 169-171°. Spectral and microanalysis data are pro-
vided in the Table.
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