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Regioselective deprotonations of ( S)-nicotine and derivatives at the C-2 and C-6 positions of the pyridine ring were performed in good to
excellent yields. These methodologies allow the direct introduction of a plethora of functional groups onto the pyridine ring of nicotine.

(S)-Nicotine (1), the most abundant alkaloid isolated from of neurodegenerative disorder drugs which possess the
freshNicotina tabacunt has attracted much attention because positive effects of nicotine without the compound’s harmful
of its important pharmacological effects on central nervous side effects. The development of new pharmaceuticals based
system (CNS) diseases. In particul@)-ficotine may have  on the core nicotine structure has been limited by the lack
beneficial effects in the treatment of Parkinson’s disease of synthetic methods for preparing derivatives directly from
(PD), Alzheimer’s disease (AD), and Tourette’s syndréme. natural nicotine. In most previous studies, reagents other than
The neurotransmitter (NT) most consistently implicated in nicotine were used as starting material for the synthesis of
AD is acetylcholine (ACh). Many groups of compounds have (S)-nicotine derivative¥ Since nonchiral compounds have
been isolated from natural sources or synthesized as liganddeen used as starting material, a low-yielding resolution was
for the nicotinic acetylcholine receptors, of which nicotine often required to provide the desired enantiomer. In an
and its analogues represent an important class. Howeverattempt to avoid one or more resolution steps, our attention
nicotine is not suitable for therapeutical use due to its turned toward the synthesis of enantioselective nicotine
undesirable side effects including the potential for abuse andderivatives using natura$-nicotine itself as an inexpensive
actions on the cardiovascular and gastrointestinal systems. starting material.

As a consequence, pharmaceutical reseachers are racing to Lithiation of aromatic and heteroaromatic compounds has
synthesize a selective nAChR ligand for the development been widely used to introduce various functional grotips.
This reaction is a very attractive functionalization method

(1) (a) Leete, E.; Mueller, MJ. Am. Chem. Sod 982,104, 6440. (b) = ag electrophilic substitutions are often difficult srdeficient
Gorrod, J. W.; Jacob, P., IllAnalytical Determination of Nicotine and
Realted Compounds and their MetaboljtBtsevier: New York, 1999. (c)

Pailer, M. Tabacco Alkaloids and Related Compoundsn Euler, U. S., (3) (&) McDonald, 1. A.; Vernier, J.-M.; Cosford, N.; Corey-Naeve, J.
Ed.; Pergamon Press: New York, 1965; p 15. Curr. Pharm. Des1996 2, 357. (b) Cosford, N. D. P.; Bleiker, L.; Dawson,

(2) (a) Levin, E. D.J. Neurobiol.2002,53, 633. (b) Newhouse, P. A; H.; Whitten, J. P.; Adams, P.; Chavez-Noriega, L.; Correa, L. D.; Crona, J.
Kelton, M. Pharm. Acta Helz2000,74, 91. (c) Holladay, M. K.; Dart, M. H.; Mahaffy, L. S.; Menzaghi, F. M.; Rao, T. S.; Reid, R.; Sacaan, A. |;
J.; Lynch, J. K.J. Med. Chem1997,40, 4169. (d) Breining, S. RCurr. Santori, E.; Stauderman, K.; Whelan, K.; Lloyd, G. K.; McDonald, 1JA.
Top. Med. Chem2004,4, 609. Med. Chem1996,39, 3235.

10.1021/01052196j CCC: $30.25  © 2005 American Chemical Society
Published on Web 11/03/2005



heterocycles. To investigate regioselectivity in the deproto- pyridine ring (Scheme 1). The lack of lithiation at the C-2
native metalation of nicotine, several metalating agents wereposition of the pyridine is probably due to steric hindrance
screened. The choice of base was found to play a crucialresulting from the pyrrolidine ring at C-3. Initially S{-6-
role to access the desired lithiopyridine intermediates. chloronicotine 4) was obtained in only 39% yield (Table
Recent efforts toward functionalization of pyridines have 1). It is noteworthy to emphasize that this substitution of
focused on the development of directed ortho-metalation
methods (DoM effect). The mechanism of this selective
reaction was generally assumed to proceed via the well-Table 1. Formation of (S)-6-Chloronicotine

known complex-induced proximity effect (CIPE) between

the ortho-directing group and the lithiating agent promoting 1)n BuLi-LIDMAE

introduction of lithium at the ortho position. In 2000, Fort 1 ) c o

and co-workers reported a new base composed-BtiLi )©2Cle
and MeN(CH),0Li.® This unimetal superbase calladBuLi—

LIDMAE induced a regioselective lithiation of pyridine ¢,

derivatives even when an ortho-directing group was present

n-Buli (equiv) T (°C)  solvent system 4 (%)

L . .. 6.0 0 hexanes 39-60
on the heterocyclic ring (Scheme 1). This selectivity strongly 9 P 0  hexenesTHF 36
3 6.0 —20 hexanes 70
4 5.4 0 hexanes 65
Scheme 1. Fort's Unimetal Superbase Complexation by the 5 5.4 —920  hexanes/toluene 87
Pyridine Nitrogen Atom oR and Its Complexation with )
(S)-Nicotine (1) a8 Reactions were run on a 1.0 mmol scale.

N" (ref 6) Bu—L| i reaction was the substitution by a butyl group onto the
2 0\_,"‘\ pyridine ring at the C-6 position. Interested by the potential
synthetic utility of compound, solvent systems, number of

4 equivalents of base, and temperature were varied. The
5| N N\ BuLi-LIDMAE M | NN reaction outcome was found to be highly sensitive to
—_—
\
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- solvents. When THF was used as a cosolvent (needed to

’

\ Bu—L‘i'__IEi g By dissolve the electrophile) (entry 2), classical nucleophilic
O N— )N{_/O substitution byn-BuLi was observed due to aggregate

\ / disruption. Toluene (entry 5), a less polar solvent, did not

sttheerlgyhrlrnoclii&aiﬂgiigge to di_srupt th_e aggregate, thus providing a better cosolvent_ for
this reaction. A lower temperature during the deprotonation

(entries 3 and 5) limited the addition of the butyl group to

contrasted with results observed with the well-known lithium the pyridine ring affording higher yields of 6-chloronicotine
diisopropylamine (LDA) and alkyllithium bases, which (4). The synthesis of was successfully performed on a large
abstracted exclusively the hydrogen at C-3 in agreement withscale (20 mmol) in excellent yield.
the DoM effect. The complete inhibition of the DoM effect Next, the reaction of various representative electrophiles
of the C-2 chlorine of2 with n-BuLi—LiDMAE was was examined (Table 2). The addition of electrophiles to
explained by the formation of aggregates betweduLi— the lithiated nicotine intermediate is very exothermic, which
LIDMAE and the substrate via lithium complexation by the facilitates the formation of the undesired regioiso€fhe
pyridine nitrogen atom. The metalation had to be performed low yields of bromination and iodination (entries 2, 3, and
in apolar, noncoordinating solvents such as hexane. Ag-9. respectively) were due to decomposition of the starting
gregates were assumed first to delimeBuLi near the C-6 ~ Mmaterial or butyl addition. The use of;Br.Cls (entry 4)
proton of 6-chloropyridine and second to ensure stabilization afforded (S)-6-bromonicotine (8b) in good yield. Among
of the formed C-6 lithiated intermediate. other examples §-6-(dimethylphenylsilyl)nicotinefd) and
The reaction of nicotine witm-BuLi—LiDMAE resulted (S)-6-(tributylstannyl)nicotine8f) (entries 6 and 8) were

in the selective deprotonation at the C-6 position of the Obtained in high yield since these groups cannot be displaced
by n-BuLi to form byproduct 6. The chlorination of
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Table 2. Versatility of the Lithiation of Nicotine and Nicotine
Derivatives vian-BuLi—LiDMAE
1) 2.4 equiv n-Buli,

R 3.0 equiv LIDMAE
X “N hexanes, -20°C, 1 h
[ )

2)4.0 equiv E*, -78 °C
1 8a-j 9a-j
7a-c 55-92 % traces-21 %
entry?® nicotine, R electrophile 8, % 9, %
1° 1,H CoClg 8a,87 9a,4
2 1,H NBS 8b,27 ¢
3 1,H Bry 8b, 6 c
4b 1,H C2BryCly 8b, 67 9b, 21
5b 1,H I 8¢,55 9c, 4
6 1,H PhSi(Me)2Cl 8d,92 ¢
7 1,H MeSSMe 8e,70 9e,6
8 1,H CISnBug 8f, 55 c
9b 1,H ethyl formate 8g,26 ¢
10 7a,d SiMe3 CzClG 8h, 53 c
11 7b,? Si(ally)Mes  C2Clg 8i, 56 c
12 7c,* SiMesPh CoClg 8j, 43 c

aReactions were run on a 2.0 mmol scaleb Spectral data matched
the literature’-® ©Not observedd Reference 11¢ Reference 12.

Due to the bulky pyrrolidine ring at the C-3 position,
functionalization of the C-2 position of the pyridine ring of

nicotine appeared as the most challenging via lithiation. The
selectivity of various bases was investigated. In 1999, Kondo
and co-workers reported the chemoselective formation of

arylzincates using lithium diert-butyltetramethylpiperi-

dinozincate (TMP-zincate) prepared from the addition of di-

tert-butylzinc to a solution of lithium tetramethylpiperidide
(LITMP).® Most interestingly,a-metalation ofszz-deficient

aza-aromatics proceeds smoothly at room temperature to give
the corresponding heteroarylzincates, which react with elec-

trophiles. Thex-metalation of pyridine followed by treatment
with 1, gave 2-iodopyridine in 76% yield. Based on this
precedent, theo-metalation of nicotine ) using TMP-

yield, and §)-4-iodonicotine (10) was formed in 24% yield.
In all attempts, the reaction never went to completion and
starting material was recovered.

Reactivity of LITMP with nicotine 1) was then investi-
gated (Table 4). When nicotine was added to a solution

Table 4. Electrophile-Dependent Regioselectivity in the
Reaction of Nicotine with LITMP

4.0 equtv E*,-78°C
1 +

3 0 equiv LiTMP
THF, -78°C, 1h

8k-1 9k-1
minor major
entry? electrophile 8, % 9, %
1 TMSC1 8k, 24 9k, 64
2 CysSnCl b 91, 94
3 N-methyl-N-pyridin-2-yl-  decomposition of
benzamide electrophile

aReactions were run on a 2.0 mmol scaleb Not observed.

containing both the base and chlorotrimethylsilane (TMSCI),
the C-2-substituted nicotin@k was obtained as the major
product in 64% yield and C-6 substitut& in 24% yield.

To rationalize these results, it is proposed that LiTMP can
coordinate at the pyrrolidine nitrogen in the transition state
(Figure 1). The C-2 position of the pyridine ring is selectively

zincate was therefore attempted (Table 3). When 1.0 equivFigure 1. Possible complexation of LiTMP favoring the depro-

Table 3. Regioselectivity in the Reaction of Nicotine with
TMP—Zincate

|
1) TMP-Zincate, THF, rt " ''IN x'N
Z LIS \
2)4.0 equiv |2 N
THF, rt,12 h
9¢ 10
entry® TMP—zincate (equiv) 9c (%) 10 (%)
1 1.0 19 24
2 2.0 7 20

aReactions were run on a 2.0 mmol scale.

tonation at the C-2 position of the pyridine ring of nicotine.

deprotonated versus the C-6 position. Once the TMS group
is attached, the coordination of another LITMP to the
pyridine nitrogen seems to be unlikely because of a steric
effect. This may explain why a disubstituted nicotine was
not obtained. Variation of the number of equivalents of base
showed that the best yield &k was achieved using 3.0
equivalents of LITMP. Given this interesting regioselectivity,
other electrophiles were testeN-Methyl-N-pyridin-2-yl-
benzamide, which would have allowed access to a phenyl
ketonel® was not stable in the presence of LiTMP, and
starting material was recovered. However, the installment

of TMP-zincate was used as the base followed by addition

of iodine, (S)-2-iodonicotine (9¢) was obtained in only 19%
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of (S)-nicotine. The new methodologies described herein
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and potentially useful compounds based on nicotine. Ongoing
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lective substitution of all positions on the pyridine ring of ©OL052196J
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Supporting Information Available: Experimental pro-
cedures and characterization and NMR data8ot-f,h—I,
9c,e,k, andl0. This material is available free of charge via
the Internet at http://pubs.acs.org.
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