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1,4-Dihydropyridines are interesting compounds play-
ing important roles in synthetic, therapeutic, and bioor-
ganic chemistry.! The reactivity of this heterocyclic
system has involved mainly selective reductions? and
electrophilic additions® and has allowed the completion
of remarkable total syntheses of alkaloids belonging to
different structural and biogenetic types.>~* A general
drawback that severely restricts the use of 1,4-dihydro-
pyridines in organic synthesis is their easy oxidation to
the corresponding pyridinium salts (NADH is oxidized
to NAD in many metabolic reactions). We have recently
reported a useful method for the nonbiomimetic oxidation
of N-alkyl-1,4-dihydropyridines that overcomes this prob-
lem and allows the introduction of oxygen atoms at
positions 2 and 3 of the dihydropyridine ring.5¢ Continu-
ing our studies on “alternative” oxidations of these
compounds with regard to the synthesis of substituted
piperidines, in this paper we report several oxidative
electrophilic additions leading to 3-halo-2-substituted-
1,2,3,4-tetrahydropyridines.

Practically no information is available for this kind of
transformation from N-alkyl-1,4-dihydropyridines.”® It
is interesting to note that the oxidation of these com-
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Table 1. Electrophilic Addition Reactions from
Dihydropyridines 1

entry dihydropyridine reagent/solvent product vyield (%)

1 la 1,/MeOH 2a 90
2 la NIS/MeOH 2a 82
3 la FPTf3/MeOH 2f 85
4 la FBDSP/MeOH 2f 74
5 1c 1,/MeOH 29 79
6 la NIS/THF 3a 74
7 1b NIS/THF 3b 77
8 la NBS/THF 3c 70
9 1b NBS/THF 3d 76
10 1b NCS/THF 3e 75

a FPTf refers to N-fluoropyridinium triflate. ® FBDS refers to
(PhSO,):NF.
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pounds (supposedly to the pyridinium salts) with iodine
has been proposed as a quantitative estimation method
for 1,4-dihydropyridines.t2°

However, adding a stochiometric amount of iodine to
a methanol solution of dihydropyridine 1a gave the
iodinated tetrahydropyridine 2a in a stereoselective
manner and with 90% yield (Table 1, entry 1). The only
stereoisomer detected arose from an anti addition, and
the stereochemistry was ascertained by spectroscopical
analysis (including 'H—H COSY and *H—3C correlation
experiments). These experiments showed a coupling
constant pattern (H,—H3) normally around 2—-3 Hz,
indicating a trans stereochemistry and a preferred
conformation with the substituents at positions 2 and 3
being axial. Traces of the corresponding pyridinium salt
were also detected. The same result was obtained when
the reaction was performed with NIS (N-iodosuccinimide)
as the halogenating agent (2a, 82%; entry 2). Interest-
ingly, when the process was carried out in THF (Scheme
1), the incorporation of a succinimide moiety at position
2 was observed to give the 3-iodo-2-succinimidotetrahy-
dropyridine 3a (74%; Table 1, entry 6).1° Again the
reaction was highly stereoselective, and the trans isomer
isolated showed an H,—Hj; coupling constant of = 6 Hz,
thus indicating an average of two conformers in equilib-
rium.'* These remarkable transformations presumably
take place by electrophilic addition to the more reactive
enaminic double bond,*?*3 thus bypassing (probably via
kinetic control) the well-known oxidation process to
pyridinium salts, with further nucleophilic trapping of
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a,R=Me;R'=CN; X=1

b, R=Me; R"=CO,;Me; X =1
c,R=Me;R'=CN; X=Br

d, R =Me; R'=CO,Me; X =Br
e, R=Me; R"=CO,Me; X =Cl
f,R=Me;R'=CN; X=F
g,R=Bn;R"=CN; X=1

the resulting iminium species. When 1-benzyl-1,4-dihy-
dronicotinamide was used as starting material, low yields
of unstable addition compounds were obtained, and we
were not able to improve the reaction conditions. How-
ever the reaction seems to be quite general, being also
effective on dihydropyridines with different substituents
at the nitrogen and/or at position 3 (Table 1, entries 5
and 7; Scheme 2).

Furthermore, it is feasible to introduce bromine and
chlorine atoms at the 3-position of the dihydropyridine
ring through this procedure, using NBS and NCS re-
spectively (Table 1, entries 8, 9, and 10). Even electro-
philic fluorinations of dihydropyridines were achieved
using N-fluoropyridinium triflate'* (85%) or N-fluoro-
dibenzenesulfonimide!® (74%), thus allowing the stereo-
controlled formation of fluorinated tetrahydropyridines
(Table 1, entries 3 and 4). Apart from the interest of the
selective fluorine labeling of heterocycles in medicinal
chemistry,'® it is worth mentioning that this approach
may lead to a wide range of halogenated analogues of
bioactive piperidine-based compounds.’

In some cases, when poorly nucleophilic species were
present in the reaction medium, the formation of byprod-
ucts in these processes was observed. For instance, when
attempting a fluoride attack upon the initially formed
iminium ion using different combinations of fluoride
sources (KF, AgF, TBAF, BF,~, etc.) and halogenating
species (NIS, iodine, stabilized iodonium ions), in no case
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were 2-fluoro-3-iodotetrahydropyridines detected. In the
course of these experiments, the hydroxy derivative 4 and
dimer 5 were formed instead (Scheme 3). The formation
of 4 (19%), which was obtained through interaction of 1b
with bis(collidine)iodonium tetrafluoroborate,'® may be
rationalized by considering that, once the dihydropyridine
was halogenated, the resulting iminium ion was trapped
by water during the aqueous workup. On the other hand,
the production of dimer 5 (20%) may be explained by a
nucleophilic attack of unreacted dihydropyridine on the
above-mentioned iminium intermediate, followed again
by a water quenching of the second iminium ion thus
produced.'® A redox interference was observed in one
experiment (attempted iodofluorination of 1b with iodine
and silver fluoride in acetonitrile), leading to the isolation
of 3-iodotetrahydropyridine 6 (5%). Also pyrrole 7 (10%)%°
was obtained, its formation probably being the result of
a ring-opening, ring-closure, oxidation sequence from
intermediate 4.

The new reactivity of dihydropyridines described in
this paper opens interesting perspectives from a prepara-
tive standpoint, allowing stereocontrolled transforma-
tions, which complement the usual two-electron-transfer
processes seen in nature and in the vast majority of
oxidations of these compounds. We feel that this method
will have useful applications in the synthesis of important
natural and/or bioactive piperidines.?*

Experimental Section

General. All solvents were purified and dried by standard
methods. All reagents were of commercial quality from freshly
opened containers. Organic extracts were dried with anhydrous
sodium sulfate. TLC and column chromatography were carried
out using SiO,. Melting points were determined in a capillary
tube and are uncorrected. Microanalyses and HRMS were
performed by Centro de Investigacion y Desarrollo (CSIC),
Barcelona. Unless otherwise quoted, NMR spectra (Table 2)
were recorded in CDCI; solution with TMS as an internal
reference at 200, 300, or 500 MHz (*H) and 50.3 or 75 MHz (13C).
Only noteworthy IR absortions are listed (cm™). UV spectra
were obtained in MeOH solution. The starting N-alkyl-1,4-
dihydropyridines 1 were prepared by sodium dithionite reduction
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Table 2. 'H and 3C NMR Chemical Shift Data for Tetrahydropyridines 2 and 3
H2 H3 H4 H6
Cc2 C3 C4 C5 C6 N-R R’ succinimide OMe
2a 4.40 4.35 2.85, 2.38 6.72 3.11 3.43
90.8 18.1 27.4 74.5 144.2 42.8 121.4 56.0
2f 4.33 4.79 2.50, 2.38 6.76 3.15 3.44
86.5 81.6 23.8 74.0 144.7 42.6 121.5 56.6
29 4.37 4.37 291, 2.40 6.78 4.37 3.33
89.1 17.8 27.8 74.8 143.6 57.8 121.6 56.0
3a 5.36 4.73 2.72 6.84 2.86 2.79
69.5 17.4 321 75.5 147.2 40.5 120.1 175.6; 27.9
3b 5.36 4.85 2.84 7.35 2.85 3.68 2.77
70.1 20.0 31.0 96.3 145.3 40.3 167.4;51.0 175.8; 27.9
3c 5.32 4.66 2.74 6.81 2.85 2.80
68.2 40.8 30.6 74.6 147.2 40.1 120.7 175.7,27.9
3d 5.33 4.78 2.85 7.32 2.84 3.69 2.78
68.8 42.8 29.6 95.4 1454 39.8 167.5; 51.0 175.8; 27.9
3e 5.23 4.73 2.86 7.31 2.83 3.69 2.79
68.6 51.8 28.9 94.7 1454 39.5 167.6; 51.0 175.9; 27.9

of the corresponding pyridinium salts, following published
procedures.??

General Method for Oxidative Addition Reactions. A
solution of iodine (1 mmol) or N-halosuccinimide (1 mmol) in
THF (40 mL) was added dropwise under an N, atmosphere to a
stirred solution of dihydropyridine 1 (1 mmol) in THF (40 mL)
or MeOH (40 mL) at 0 °C, and stirring was continued for 1 h at
this temperature. Water (150 mL) was added, and the mixture
was extracted with CH2Cl, (3 x 75 mL). The combined organic
extracts were washed with aqueous Na;S,03 solution (100 mL,
0.5 M), water (100 mL), and a saturated aqueous Na,COgs
solution (100 mL), dried (Na;SO,), and then concentrated under
reduced pressure. The residue was purified by crystallization
from CH,Cl,—hexanes or by column chromatography (SiOg,
elution with CH,Cl,) to yield pure tetrahydropyridines 2 (from
reactions performed in MeOH) or 3 (from reactions performed
in THF).

trans-3-lodo-2-methoxy-1-methyl-1,2,3,4-tetrahydropy-
ridine-5-carbonitrile (2a) was obtained as an oil (90% yield):
IR (KBr) 2189, 1633; UV 263 (4.39); MS (El) m/z (relative
intensity) 278 (M*, 34), 247 (8), 151 (43), 119 (100); HRMS (El)
mass calcd for CgH11N,Ol 277.9916, found 277.9910.

trans-1-Benzyl-3-iodo-2-methoxy-1,2,3,4-tetrahydropy-
ridine-5-carbonitrile (2g) was obtained as an oil (79% yield):
IR (KBr) 2192, 1632; UV 269 (4.30); MS (El) m/z (relative
intensity) 354 (M*, 2), 227 (13), 196 (9), 91 (100); HRMS (El)
mass calcd for C14H1sN2Ol 354.0229, found 354.0216.

trans-3-lodo-1-methyl-2-succinimido-1,2,3,4-tetrahydro-
pyridine-5-carbonitrile (3a) was obtained as a white solid
(74% yield): mp 142—-143 °C; IR (KBr) 2188, 1712, 1702, 1635;
UV 262 (4.08); MS (Cl) m/z (relative intensity) 346 (M + H™).
Anal. Calcd for Ci1H12N3O2l: C, 38.28; H, 3.50; N, 12.17.
Found: C, 38.01; H, 3.54; N, 11.91.

Methyl trans-3-iodo-1-methyl-2-succinimido-1,2,3,4-tet-
rahydropyridine-5-carboxylate (3b) was obtained as a white
solid (77% yield): mp 125—-126 °C; IR (KBr) 1718, 1675, 1632;
UV 279 (4.39); MS (EIl) m/z (relative intensity) 378 (M, 4), 347
(14), 251 (22), 152 (100). Anal. Calcd for C12H15N204l: C, 38.11;
H, 4.00; N, 7.41. Found: C, 38.00; H, 3.98; N, 7.18.

trans-3-Bromo-1-methyl-2-succinimido-1,2,3,4-tetrahy-
dropyridine-5-carbonitrile (3c) was obtained as a white solid
(70% yield): mp 141-142 °C; IR (KBr) 2191, 1708, 1702, 1638;
UV 266 (4.47); MS (El) m/z (relative intensity) 299 and 297 (M*,
16), 119 (100). Anal. Calcd for C11H12N30,Br: C, 44.31; H, 5.06;
N, 14.09. Found: C, 44.23; H, 4.07; N, 13.89.

Methyl trans-3-bromo-1-methyl-2-succinimido-1,2,3,4-
tetrahydropyridine-5-carboxylate (3d) was obtained as a
white solid (76% yield): mp 105—106 °C; IR (KBr) 1714, 1673,
1632; UV 283 (4.44); MS (El) m/z (relative intensity) 332 and
330 (M*, 10), 301 and 299 (36), 152 (100). Anal. Calcd for
C12H1sN204Br: C, 43.52; H, 4.56; N, 8.46. Found: C, 43.35; H,
4.50; N, 8.30.

Methyl trans-3-chloro-1-methyl-2-succinimido-1,2,3,4-
tetrahydropyridine-5-carboxylate (3e) was obtained as a
white solid (75% yield): mp 149.5—-150.5 °C; IR (KBr) 1708,
1681, 1634; UV 281 (4.50); MS (EI)) m/z (relative intensity) 286
(M*, 4), 255 (8), 249 (8), 152 (100). Anal. Calcd for C12H15N204-
Cl: C,50.27; H,5.27; N, 9.77. Found: C,50.29; H, 5.33; N, 9.62.

trans-3-Fluoro-2-methoxy-1-methyl-1,2,3,4-tetrahydro-
pyridine-5-carbonitrile (2f). A solution of 1-fluoropyridinium
triflate (227 mg, 0.91 mmol) in MeOH (5 mL) was added
dropwise to a solution of dihydropyridine 1a (99 mg, 0.82 mmol)
in anhydrous CH,Cl, (10 mL), and the resulting solution was
stirred overnight at room temperature under a nitrogen atmo-
sphere. Water (100 mL) was added, and the mixture was
extracted with CH,Cl,. The organic extracts were dried, filtered,
and evaporated to give 120 mg (85%) of practically pure
tetrahydropyridine 2f. Further purification may be achieved by
column chromatography (SiO,, CH,Cl,): IR (KBr) 2195, 1635;
UV 263 (4.05); MS (EI)) m/z (relative intensity) 170 (M*, 51),
139 (100), 119 (52); HRMS (El) mass calcd for CgHi1N,OF
170.0855, found 170.0852.
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