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The addition of nucleophiles to 3-substituted pyridinium salts prepared from

N-methylbenzamide and various pyridines has been investigated.

Good to excellent regioselectivities favoring the 2,3-disubstituted 1,2-dihydropyridines were observed. The resulting 1,2-dihydropyridines led

to the corresponding 2,3-disubstituted pyridines upon treatment with Mn(OAc)
enantioselective syntheses of (

3/NalO,. This methodology was also successfully applied to the

—)-L-733,061 and (—)-CP-99,994, two members of a new class of highly potent, nonpeptide, Substance P antagonists.

Efficient syntheses of 2,3-disubstituted piperidines are reported’ Likewise, routes leading to enantioenrich2d
becoming increasingly important since several studies haveinclude resolution of racemic intermediates linear syn-

highlighted their unique biological activitiéd=or example,
several Substance P antagonists such as L-73306&n(

CP-99,994 (2) contain this important pharmacophore unit ,,

(Figure 1)? Routes leading to enantioputé rely either on
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Figure 1. Structure of Substance P antagonists and precursors.

resolution techniquésor lengthy syntheses from a variety
of chiral building blocks such as-glutamic acid and
L-phenylglycine® Efficient syntheses of piperidine and
4, valuable precursors for the synthesidphave also been
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theses starting from-serine!® (R)-1-phenyl-1,2-ethanediét,
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or L-glutamic acic® A catalytic asymmetric approach & zamide and substituted pyriding8a—d (3 equiv) proceeded

based on a nitro-Mannich reaction, has also been recentlywell to give predominantly, and in some cases exclusively,

reportedt? 2,3-disubstituted 1,2-dihydropyridiné4 (Table 1). Although
Our research group has been involved in the development

of new methodologies for the preparation of useful enan- _

iopure piperidine-derivi ilding blocks from ch hemi-
tiopure piperidine-derived building blocks from cheap che Table 1. Nucleophilic Addition to 3-Substituted Pyridinium

cal commodities such as pyrldln?'. A Strategy that has beenSalts Derived fron® and 10 and Oxidation to 2,3-Disubstituted
frequently used to prepare piperidine alkaloids involves the Pyridines

addition of a nucleophile to aN-alkyl- or anN-acylpyri-
dinium salt such a$ or 6, as illustrated in Figure 2. We |

N x Rt

Tt,0, CH,Clo

N R2 Mn(OAC)a, HSIOG | N
T N R we——
4 3R! R &y, 0Ctlor Ph/gN ACOH, Hz0, NZ R2
5 X X 3 2. R?MgX ! 60°C
AN 6 ‘ 5 NuM [ 9 14 CHs 13
[ P N/+ B N Nu + 2,5-isomer (12)
N7 L oTf 1L
R! R? SN RETSN entry R! RZ 11127 yield % (11)Y  vield % (13)
3 3
5 R! = Alkyl R R 1 Me(10a) Me 8911  80(11a) 81 (13a)
6, R" = Acyl 7 8 2 Me(10a) Ph 7921  72(11b) 80 (13b)
. PETI . .0 Me (1 : -
Figure 2. Pyridinium salts as precursors to dihydropyridines. 8 OMe(1ob) Me >855  100(f1c)
4 OMe(10b) Ph >955 94 (11d) 94 (13d)
5 Cl(10c) Me 955  85(11e)° 63 (13e)
recently reported that the addition of nucleophiles tR* 8 Cl(1oc) Ph 7822  66(11f)¢ 91 (13f)
= H), a new class of pyridinium salts readily accessible from 7 Br(10d) Me 92:8  80(11g) 57 (13g)
sec_ondary am|dé§:procee‘_d5 with very high diastereo- and 2 Ratio was determined by4 NMR.  Isolated yield ofL1. ¢ Combined
regiocontrol to produce dihydropyridin@s(R* = H).1415 yield of both isomers is 89%6.Combined yield of both isomers is 83%.

To extend the scope of our methodology to access more
substituted piperidines from cheap precursors, we investi-
gated the addition of nucleophiles to 3-substituted pyridinium the addition reactions of methylmagnesium bromide provided
salts (7, R = H). Obviously, the addition can occur either ratios of products comparable to those observed Nitttyl-
at the C-2, C-4, or C-6 position to give potentially three pyridinium salts}’® the addition of phenylmagnesium bro-
regioisomeric dihydropyridine’$.On the basis of both the  mide proceeded in much higher regioselecti¥§tyhe minor
strong directing effect of the imidate nitrogen and stereo- 2,5-isomer (12) occurred from nucleophilic addition at C-6,
electronic effectd® we anticipated that high regiocontrol and we did not observe any product arising from attack at
would be obtained and an expedient route to 2,3-disubstitutedC-4.
piperidines could be developéd. To clearly establish the regiochemical outcome of these
The addition reactions of methyl- and phenylmagnesium reactions, the major dihydropyridine adduct was oxidized
bromide to the pyridinium salts derived frodtmethylben- to yield the corresponding 2,3-disubstituted pyridine. Much
to our surprise, the oxidation turned out to be problematic.

(12) Tsuritani, N.; Yamada, K.-I.; Yoshikawa, N.; Shibasaki, @hem. After extensive experimentation using a variety of oxidants,

Lett. 2002, 276—277. 2 .
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(14) Charette, A. B.; Grenon, M.; Lemire, A.; Pourashraf, M.; Martel, manganese triacetate and periodic acid as the terminal oxidant
J.J. Am. Chem. So@001,123, 11829—11830. : : : - ;

(15) For another example of a pyridinium salt giving 1,2,5,6-tetrahy- Ir.] acetic acid afforded pyrldlne$3 n gOOd to excellent
dropyridines in a highly regioselective process, see: Legault, C.; Charette, yields (Table 1).
A.B. J. Am. Chem. So@003,125, 6360—6361. With these encouraging results in hand, the diastereose-

(16) For a discussion of the factors responsible for the preferential . . . . . .
formation of the 1,2-adduct over the 1,6-adduct, see: Sundberg, R. J.; I€Ctive version of the reaction was investigated in the con-

Ha(rggt)og, G; Trinclile, ?J.dgr_g. Chfem1986,51, 3672—3679. vl text of the synthesis of the antipode of L-733,080 &nd

Oor exampiles of a ition o organomagnesium reage aoy _ . _ _
3-substituted pyridinium salts, see: (a) Chia, W.-L.; Shen, S.-W.; Lin, H.- CP 99,994 (2) (SChe_me 1). Deprotonation Of_‘?f hydroxypy
C. Tetrahedron Lett2001,42, 2177—2179. (b) Comins, D. L.; Myoung,  ridine (14) with NaH in DMF, followed by addition of 3,5-
Y. C.J. Org. Chem1990,55, 292—298. (c) Comins, D. L.; Mantlo, N. B. i ; i i
Tetrahedron Lett1987,28, 759—-762. (d) Krow, G. R.; Cannon, K. C.; b|s(tr|flugron_1ethyl)benzyl bromide (15)’ afforded pyrldlne
Carey, J. TJ. Heterocycl. Chen1985,22, 131—135. (e) Comins, D. L.; 16in 70% yield.

Mantlo, N. B.J. Heterocycl. Chenl983,20, 1239—1243. (f) Comins, D. Activation of amidel7*° in the presence of pyridin&6

L.; Abdullah, A. H.J. Org. Chem1982,47, 4315—4319. (g) Lyle, R. E.; . L. .
Marshall, J. L. Comins, D. LTetrahedron Lett1977,18, 10151018, (3 €quiv) followed by the addition of phenylmagnesium

For examples of addition of organotin reagents leading to 1,2-dihydropy- bromide led to 1,2-dihydropyridin&8in 84% yield and as

ridines, see: (h) Itoh, T.; Hasegawa, H.; Nagata, K.; Okada, M.; Ohsawa, ; [y ; i
A. Tetrahedror1 994 50, 13089-13100. (i) Yamaguchi, R.: Moriyasu, M. & Single regio- and diastereomer. The amount of pyridine

Yoshioka, M.; Kawanisi, M.J. Org. Chem.1988, 53, 3507—3512. (j)

Yamaguchi, R.; Hata, E.-I.; Utimoto, Rletrahedron Lett1988,29, 1785— (18) For example, the addition of PhMgCI M-acyl-3-picolinium salt
1788. (k) Yamaguchi, R.; Moriyasu, M.; Yoshioka, M.; Kawanisi, 8. (analogue to entry 2) gives a 16:66:15 mixture of C2:C6:C4 nucleophilic
Org. Chem.1985,50, 287—288. addition regioisomers (ref 17f).

3518 Org. Lett, Vol. 6, No. 20, 2004



Scheme 1. Synthesis of {)-L-733,061
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16 could be reduced to 1.5 equiv if 2,6-dbutyl-4-meth-

ylpyridine was added as the proton scavenger. The yield

dropped slightly to 70% using this procedédfelhe diaste-
reoselective hydrogenation @B from the opposite face of
the phenyl ring at C-2 afforded piperidirid as a single
diastereomer (>95:5) in 52% vyield. Finally, alane reduction
of the amidine yielded (—)-L-733,061 in 75% vyield.

To further illustrate the potential of this methodology, we
elected to prepare the antipode of CP-99,984by adding

the appropriate organometallic reagent to the pyridinium salt

derived from amidel7 and pyridine21. The presence of a

much more sterically hindered group at C-3 may lower the

regioselectivity of addition. The synthesis of pyridi2kwas
straightforward, starting from 3-aminopyridin20j (Scheme
2). Deprotonation 020 with NaHMDS (2 equiv):! followed
by addition of ditert-butyl-dicarbonate, afforded a 78% yield
of the mono-Boc-protected pyridine. Alkylation withmeth-
oxybenzyl bromide yielded pyridin1 in 78% vyield. As

anticipated, the addition of various organometallic reagents

to the pyridinium salt derived from amidk/ and pyridine
21 proved to be somewhat troublesome. Addition of PhLi
and PhMgBr produced mixtures of dihydropyridines. How-
ever, we were pleased to see that the addition eZRIpro-
ceeded extremely well to give 1,2-dihydropyrid@2in 77%
yield. The hydrogenation &2 proceeded uneventfully; how-
ever, the cleavage of the chiral auxiliary proved to be
problematic?

(19) For the preparation of amider and its use in the stereoselective
synthesis of 1,2-dihydropyridines, see ref 14.

(20) See Supporting Information for details.

(21) Use of 1.1 equiv of NaHMDS resulted in the exclusive formation
of the bis-Boc-protected pyridine in 42% vyield (50% max yield); see
Supporting Information.

Org. Lett, Vol. 6, No. 20, 2004

Scheme 2. Preparation and Nucleophilic Addition &i
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This unfortunate situation prompted us to devise a chiral
amide with a latent hydroxy group on the aryl substituent to
facilitate the hydrolysis of the amidine (Scheme 3).

Scheme 3. Hydroxy-Assisted Cleavage of the Auxiliary
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TBDMS-protected amide28 and29 were easily prepared
according to the sequence outlined in Scheme 4. Opening

Scheme 4. Synthesis of Novel Amides

23 o) PGO. o
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R
26 (R'=H, PG=H)

27 (R' = iPr, PG = H)

+

24 (R'=H)
25 (R' = -Pr)
TBDMSCI,

imidazole 1
28 (R' = H, PG = TBDMS)

THF, nt
29 (R = -Pr, PG = TBDMS)

(28: 92%; 29: 91%)

of phthalide 23) with 2-methoxyethylamine2d) using
Weinreb's procedure afforded hydroxyami2&?® A slightly
lower yield was obtained whe®-methyl valinol (25) was
used (68%), probably due to steric factors. Protection of the
benzylic alcohol with TBDMSCI proceeded efficiently with
both substrates to give amid28and29in excellent yields.

(22) Demethylation of the aromatic methyl ether occurred during the
amidine reduction step.

(23) Basha, A.; Lipton, M.; Weinreb, S. Metrahedron Lett1977,18,
4171-4172.
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The addition of P§Zn to the pyridinium salts derived from
amides28 or 29 and pyridine21 produced the expected 1,2-

In conclusion, we have shown that the addition of or-
ganometallic reagents to pyridinium salts substituted with

dihydropyridines in 54 and 53% yields, respectively (Scheme an electron-donating group at the C-3 position gives pre-

5). Hydrogenation of diene30 and31 with PtO,, followed

by cleavage of the auxiliary under mildacidic conditionsand
removal of theN-Boc protecting group with TFA, afforded
(+)- and (—)-CP-99,994 (2), respectively.

Scheme 5. Synthesis of CP-99,994
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dominantly the 1,2-dihydropyridine adducts. These can be
readily oxidized to 2,3-disubstituted pyridines with manga-
nese triacetate and periodic acid. Moreover, the resulting 1,2-
dihydropyridines can be further used for the synthesis of 2,3-
disubstituted piperidines. This was demonstrated by the
concise syntheses of (—)-L-733,061 and (—)-CP-99,994.
Further applications of this methodology will be reported in
due course.

Acknowledgment. This work was supported by the
National Science and Engineering Research of Canada
(NSERC), Merck Frosst Canada & Co., Boehringer Ingel-
heim (Canada), Ltd., and the Université de Montréal. A.L.
thanks NSERC (Canada) and FQRNT (Québec) for a
postgraduate fellowship. We also thank Prof. William D.
Lubell for helpful discussions.

Supporting Information Available: General information,
experimental procedures, and characterization data for all
new compounds. This material is available free of charge
via the Internet at http://pubs.acs.org.

OL048624N

Org. Lett, Vol. 6, No. 20, 2004



