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1,2,3,4-Tetrahydropyridines were halogenated upon treatment with iodine to obtain the desired cross-coupling precursors. Diastereoselective

hydrogenation of Suzuki cross-coupling adducts allowed the facile asymmetric synthesis of 2,5-

readily available pyridine.

cis-substituted piperidines in five steps from

Piperidine units are found in many natural products and are intermediate in the synthesis of a serotonin receptor agonist

key pharmacophores in several biologically active com-
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pounds. Their stereoselective synthesis remains a great We have previously reported that the addition of organo-

challengé:? During our studies on the enantioselective
synthesis of piperidines with different substitution patterns
from readily available pyridine derivativésye have been
interested in the preparation of the 2j§-substituted adducts.

An increasing number of non-natural 2,5-substituted

piperidines has sparked the interest of the scientific com-

munity in the recent years due to their abilities to interact
with adrenergic receptorg)( their anti-inflammatory proper-
ties (3), and their herbicidal activitie8,(4; Figure 1)+° For
example, octahydropyrido-1,2-pyrazifeis an advanced

metallic reagents to 3-substitutBEpyridinium imidate salts
bearing an electron-donating group (EDG) resulted in the
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Scheme 3. Retrosynthetic Approach to 2,5-Substituted
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Figure 1. 2,5-Substituted piperidines of importance.

when the 1,2,3,4-tetrahydropyridinésare added over 6 h
to a mixture of iodine and cesium carbonate (Table 1).

I oblc L. Preparation of iny lodides

highly regioselective formation of 2,3-substituted 1,2-dihy-
dropyridines (Scheme ).
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We also reported that\-imidate 1,2,3,4-tetrahydropyri- 1 Ph Me Me 80 8a
dines can be synthesized in good yields and high diastereo- 2 Ph Ph Me 84 8b
selectivities in two steps from chiral pyridinium salts 3 Ph Me Bn 66 8c
(Scheme 2§¢ We envisioned that their iodination, followed 4 2(CH:0TBS)Ph  Me  Me 73 8d

a3 equiv of iodine and cesium carbonate were used.

Scheme 2. Preparation of 1,2,3,4-Tetrahydropyridines from

Chiral Pyridinium Salts With the vinyl iodide adducts in hand, we turned our
attention to the Suzuki cross-coupling reaction. A screening
0 1 Tto @ 1 of palladium catalysts showed that the commercially avail-
Ph)J\NH i NT R able bis(tri-tert-butylphosphine) palladium complecata-
, H * O = EWIPd/C PhAN lyzes the coupling of 1,2,3,4-tetrahydro-5-iodopyridirges
P N o P and aryl boroxin® to generate in high yields 2,5-substituted
OMe OMe 1,2,3,4-tetrahydropyridines (Table 2).
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Table 2. Suzuki Cross-Coupling with
1,2,3,4-Tetrahydro-5-iodopyridines
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)N\ R Py(tBusP), tBUOK N™ R
Ar” =N tamyl alcohol, 102°C  Ar” =N
i—Pr“"H i-Pr“"\
OR? OR?
8 10
entry  substrate R3 yield (%)  product
1 8a 4-(MeO)Ph (9a) 92 10a
2 8a 4-(CD)Ph (9b) 85 10b
3 8a 3,4-(Bn0O)2Ph (9¢) 83 10c
4 8b 4-(MeO)Ph (9a) 85 10d
5 8b 4-(C1)Ph (9b) 70 10e
6 8b Ph (9d) 91 10f
7 8b 2-(Me)Ph (9e) 80 10g
8 8b 4-(NC)Ph (9f) 84 10h
9b 8b n-Bu (9g) 65 10i
10 8c 3,4-(Bn0O)2Ph (9¢) 97 10j
11 8d 3,4-(Bn0O)2Ph (9¢) 74 10k

aCsF was used instead dfBuOK in this caseP Pd(dba} and
P(t-BuxMe were used instead of the Rd{usP) complex in this case.

Electron-rich boroxins were efficient coupling partners for
these Suzuki cross-couplings wheBuOK was used as a
base. However, an improved yield was obtained if the base
was switched to CsF for cross-coupling with boroxins bearing
electron withdrawing substituents (entry 8).,ltha) and
P(t-BupMe forms an active complex for the cross-coupling
of alkyl boroxin, as opposed to Pd{fgu)s). which mostly
led to dehalogenation products(entry 9).

Conformational analysis df-imidate tetrahydropyridines
10 indicates that the Rsubstituent rests in a pseudo-axial
conformation due to A2 allylic strain interactions with the
amidine group. We, therefore, expected this substituent to
shield one face of the cyclic alkene. Gratifyingly, subjecting
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tetrahydropyridine40f and 10d to standard hydrogenation
conditions afforded the corresponding piperidines in a good
ratio of diastereomers favoring the cis isomer (Scheme 4).

Scheme 4. Stereocontrolled Hydrogenation of 5-Substituted
1,2,3,4-Tetrahydropyridines
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In conclusion, we have developed a new methodology for
the stereoselective synthesis of 2j5-disubstituted piperi-
dines. For examplella was synthesized in 5 steps from
pyridine in 57% overall isolated yield demonstrating that the
halogenation of 1,2,3,4-tetrahydropyridines forms a versatile
vinyl iodide intermediate. Previous studies showed that
reduction of amidine in high yields is straighforward@he
application of this methodology to the synthesis of biologi-
cally active compounds is under examination and will be
reported in due course.
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