
ABSTRACT

KING, LAURA STUART:  Development of methodology to synthesize (S)-nicotine

derivatives.  (Under the direction of Dr. Daniel L. Comins.)

N-acylpyridinium salt chemistry was used to synthesize 4 substituted (S)-nicotine

derivatives.  The intermediate dihydronicotines and the resulting nicotine derivatives serve as

potential pharmaceutical and pesticide targets as well as interesting synthetic intermediates.

Other methodologies developed synthesize (S)-nicotine-N-oxide.
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Introduction

Nicotine derivatives are currently being synthesized to explore their pharmaceutical

capabilities in the treatment of Alzheimer’s, Parkinson’s, and other CNS disorders.1,2,3,4

These derivatives are synthesized using achiral starting materials2,4,5,6 or employee synthetic

methods that result in the racemization of nicotine.7,8   The following methods synthesize 2

and 4 substituted nicotines using (S)-nicotine as the primary starting material, thus

significantly reducing the number of synthetic steps and eliminating the need for resolution.

Mild reaction conditions and inexpensive reagents are used to prevent racemization while

allowing for practical large-scale applications.



2

Review of the Literature

Nicotine is an alkaloid isolated from the tobacco plant.  It is named for Jean Nicot

who was a French ambassador to Portugal and who is attributed with introducing the tobacco

leaf and seed to France in the mid-sixteenth century.1,9,10  First isolated in 1828, the correct

structure of nicotine was not proposed until 1893 by Pinner.  Pictet and Rotschy are

accredited with first synthesizing the alkaloid in 1895.  Early work was performed in the

nineteenth century regarding reactivity including reports by August Kelulé on the ethylation

of nicotine, prior to his proposal for the structure of benzene.

 Nicotine’s ability to have strong interactions with the CNS has long been capitalized

upon. In fact, the largest use of nicotine is for insecticides, producing some 2800 tons per

year for farming.11 Current interest in nicotine stems from the discovery that autopsied brain

tissue from Alzheimer’s patients reveal thirty to fifty percent reductions in nicotinic

cholinergic receptors.12,13,14  Nicotine and nicotine derivatives act as nicotinic acetylcholine

or cholinergic agonists modulating neuroendocrine functions to effect cognition, attention,

and memory by binding to acetylcholine receptors located throughout the brain.4  There is

evidence showing a negative correlation between smoking and Alzheimer’s disease,12,15,16

and there is potential for nicotine to have beneficial effects on other CNS disorders ranging

from Parkinson’s and Tourette syndrome to ADD and depression.4,5,12,17,18   Several

derivatives are currently in different stages of clinical trials for pharmaceutical applications

(Figure 1).
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Patented Nicotine Analogues

Figure 1. Examples of patented nicotine derivatives currently in different stages of clinical

trials .

Reactivity and structural conformations of nicotine. The structure of nicotine (1) has

unique functionality (Scheme I).  It contains both a pyridine and pyrrolidine ring connected

by a chiral center.  The competitive reactivity between these functional groups and the
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conformation of the molecule are the reasons nicotine is both valued as a natural product and

also difficult to alter synthetically.

Scheme I. The structure of (S)-nicotine

The pyridine and pyrrolidine rings contain nucleophillic nitrogens, which act

competitively when reacted with electrophiles.  In 1853 and 1854, the alkylation of nicotine

by methyl and ethyliodide was reported by Planta19 and von Stahschmidt20 respectively.

Both intended to determine the number of nitrogen atoms in the molecule.  They observed

dialkylation 2 (Scheme II).

Scheme II. Dialkylation of nicotine
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Later, Pictet and Genequand21 claimed to obtain monoalkylation at the pyridinium and

pyrrolidine nitrogens (Scheme III).  However, repeated attempts to reproduce these

experimental results have failed.22  When repeated by Seeman1 in 1984, it was found that

there is a 2.5:1 ratio of products between 3 and 4 respectfully.  This is due to the fact that the

pyrrolidine nitrogen is roughly three times more basic than the pyridine nitrogen.
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Scheme III. Monoalkylation nicotine derivatives
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Further investigations with analogues show that steric hinderance due to the molecular

conformation of nicotine decreases the nucleophilicity of the pyrrolidine nitrogen.  By

increasing the size of the substituted alkyl group, Kaneko23 proved substitution of the

pyrrolidine nitrogen is more susceptible to steric effects than the pyridine nitrogen.

Another aspect of nicotine reactivity is the relative stability of the molecule when it is

exposed to acids and bases.  In 1924 Tschitschibabin and Kirssanova attempted the their now

famous amination reaction on nicotine using potassium or sodium amide.24  The reaction

gave 2- and 6-aminonicotines (5,6), however the strong bases employed resulted in

racemization of the chiral center (Scheme IV).  The proposed reactive intermediate (7) is

carbanion formation on the C2' of the pyrrolidine ring as a result of attack from the base.

This evidence proves that nicotine is susceptible to racemization under strongly basic

conditions.

Scheme IV. The Tschitschibabin synthesis applied to nicotine
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Cosford and Bleicher noticed that once the tertiary amine of the pyrrolidine is

alkylated, the chiral center at C2' is highly susceptible to nucleophillic attack.25  Based on

literature reports that alkyl chloroformates cause cleavage of the pyrrolidine ring, they

capitalized on this reaction to induce racemization with phenyl chloroformate.  Clearly, the

addition of a strong acid would result in the same ring-opening racemization pathway if the

counter ion is a strong nucleophile.

 The conformation of nicotine depends on the orientation of three respective features:

a) the position of the N-methyl group of the pyrrolidine ring with regards to the pyridine ring

(cis in structure 8 and trans in structure 9); b) the dihedral angle τ(H2'C2'C3C2).  between the

pyridine and pyrrolidine ring; and (c) the conformation of the pyrrolidine ring (Figure 2).1

X-rays of crystalline samples of nicotine-salicylic acid complex 26 and nicotine

dihydroiodide27 show the N-methyl group trans to pyridine.  It is important to note that this is

not conclusive as to solution or gas phase conformations since a crystal lattice has different

applied forces than other phase states.  In other words, it is possible that the minor isomer

crystallized.



7

A. The conformation of nicotine with respect to the orientation of the N′-methyl group with

respect to the pyridine ring

N N

8 cis

N N

9 trans

H H

B. Illustration of dihedral angle τ(H2'C2'C3C2).

N

N

H

1
N

H

C2'

C3'

H2'

C2'

Figure 2.  The features that determine conformational orientation in nicotine.

NMR reports by Chynoweth, Ternai, Simeral and Maciel28 initially appeared to prove

that the cis-8 form was most stable in the liquid phase.  They used NOE experiments to show

interaction between H2 and H4 protons and the methyl protons on the N′-methyl group on the

pyrrolidine ring.  Chynoweth argued that the observed NOE was only possible in the cis

configuration due to the proximity of the protons.  However, inversion of the nitrogen in the

pyrrolidine ring, N′, was not considered in this argument.  If the equilibrium between the cis

and trans formations is faster than the time of relaxation for a proton, then the observed NOE

could be an inconclusive net effect of both the cis and trans configurations.  Seeman and

Whidby performed further NMR tests with nicotine dissolved in strong acids like TFA to test

Chynoworth’s conclusions.29  Deprotonation of the salts proved to be much slower than

nitrogen inversion equilibrium allowing for more accurate NOE.  The diprotonated nicotinic
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salts showed no NOE at the H2 and H4, where as NOE was observed at the H2' and H5'

protons providing further argument that the trans formation is dominant in the liquid phase.

Pitner, Whidby and Edwards evaluated the dihedral angle τ(H2'C2'C3C2) between the

pyrrolidine ring and the pyridine ring using 13C NMR relaxation times (T1) with respect to

the anisotropic rotational diffusion constants.30  Rotation around the ring-linking carbon bond

was found to be slower than tumbling of the nicotine molecule in chloroform.  The observed

relaxation times, T1, were compared to calculated relaxation times resulting in τ=0˚ with

respect to dihedral angle τ(H2'C2'C3C2).  This orientation also illustrates the probable

pyrrolidine ring conformation taken from the x-ray of crystalline nicotine-salicylic acid

complex.  The envelope conformation was assigned by Pitner, et al. in 1978 with supporting

1H NMR data describing H2' and H5'.
31

Synthesis of Nicotine Derivatives.  Tschitschibabin and Kirssanova synthesized 2- and 6-

amnionicotines resulting in racemization of the chiral center.32  They converted

aminonicotines to the chlorides (10,11) using hydrogen chloride and to the alcohol (12) using

the diazonium salt reaction.  The 5-bromide (13) derivative was also synthesized from 2-

amino nicotine via standard bromination conditions (Scheme V).
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Scheme V. Synthesis of halogen and alcohol substituted nicotines from aminonicotines.

Haglid first made 4- and 6-methyl nicotines using methyl lithium in 1967.33  Later

studies by Seeman, et al. formed various other 4- and 6-alkyl nicotines via lithation, where

R= Et, i-Pr, n-Bu, s-Bu, t-Bu and vinyl.34  The syntheses were evaluated to determine the

percentage of racemization occurring during the reaction.  The racemization occurs via

deprotonation of H2' on the pyrrolidine ring and through an equilibrium between the

metalated nicotine species before the reaction is quenched.

Structure reactivity relationships for nicotine analogues.   Wang et. al. 1 studied the

change in nicotine analogue reactivity in comparison to nicotine.  They found that by

increasing the alkyl substitute on C6, C′2, C5, C2, and C4 decreased overall activity, ranging

from least to greatest effect in descending order.  In addition, it was noted that substitutions

on the pyrrolidine nitrogen significantly reduced analogue reactivity.  Further studies
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demonstrated the contraction of the pyrrolidine ring also drastically decreased activity

relative to nicotine.

Results and Discussion

Synthesis of 4-substituted (S)-nicotine derivatives.  The utility of the pyridinium salt

reaction has been capitalized upon by our research group to synthesize various intermediates

and synthetic products via regioselective 1,4-addition of nucleophiles.35  Therefore, initial
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methodology focused on identifying a chloroformate to form the reactive pyridinium salt

intermediate 16 (Scheme VI).  The first attempt used a Lewis acid additive, boron trihydride

etherate, to block competition from the pyrrolidine nitrogen for the phenyl chloroformate.

This attempt failed to produce the desired salt.  However, other attempts without the

borohydride additive yielded a ring-opened product, 17 , formed by attack of the

chloroformate by the tertiary amine followed by nucleophilic substitution by chlorine

(Scheme VII).   Bleicher and Cosford have reported this result while attempting the same

reaction.25

Scheme VI. N-Acylnicotinic salt

N

N

H

O
OR

16

Scheme VII. Ring-opened product

N

N

O O
Ph

Cl

17

The strategy shifted to employing even larger, bulkier chloroformates that would

selectively react with the pyridine nitrogen due to steric interactions and would not require

any blocking additives.  TCC chloroformate was then chosen due to the large and bulky
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structure.  However, no reaction was observed with the TCC chloroformate.  Pivaloyl

chloride finally yielded the desired reactive intermediate.

Next, the pivaloyl salt was reacted with a Grignard reagent to surmise the

regioseletivity of alkylation.  The reaction gave a 75% yield with a 3:1 ratio of 1,2-addition

versus 1,4-addition of phenyl grignard.  Addition of copper iodide and copper bromide to the

Grignard reagent was tried to increase regioselectivity.  Catalytic addition of copper iodide

never gave a satifactory yield; however, quantitative addition of copper bromide

dimethylsulfide complex provided only 1,4-dihydronicotines with acceptable yields ranging

from 30 to 75 percent (Table 1).
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Table 1.  1,4 Dihydronicotines

Synthesis of the 4-furanyldihydronicotine employees a Grignard which is made by lithiation

of furan followed by addition of magnesium dibromide etherate.36  The reaction is very

sensitive to moisture and all reagents must be freshly distilled, and it also requires precise

order of addition and carefully monitored reaction temperatures to yield the product.

HPLC and NMR analysis of all dihydronicotines suggest that Grignard addition is

stereoselective as well as regioselective.  All examples have a 100% de by HPLC, and there

is no evidence by 1H  or 13C NMR of any other diastereomers present. 4-Phenyl-

dihydronicotine is the only crystalline product.  The others are clear yellow liquids like

N

N

1            methyl             19                   71%

 3            phenyl             21                   76%

N

N

R

O

Entry          R =              Product #        Yield

1) THF, 0 °C, (CH3)3CCOCl, 1 h

2) RMgBr, CuBr-DMS, -78 οC, 3 h

4            benzyl             22                   30%

2            butyl                20                   40%

1 18
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nicotine.  4-Phenyldihydronicotine crystals were grown in ether for X-ray crystallography

analysis, (Figure 4).  The crystal structure shows the stereochemistry at the new stereocenter

to be “S”, which is corresponds to the “S” configuration of natural nicotine.

Figure 4. X-ray structure of 4-(S)-phenyl-(S)- nicotine

The pyyrolidine nitrogen must coordinate with the cuprate-Grignard complex and direct the

stereoselective alkylation.  Determining the lowest energy conformations of the pivaloyl salt-

copper-Grignard complex adding to both faces of the pyridine ring with molecular modeling,

Figure 5, shows a significantly reduced distance of 0.508 Å with addition to one face versus

the other.   The shorter distance could be considerable during bond formation. This

conformer with the shorter distance also requires 0.2 kcal/mol less energy of formation,

favoring addition from the bottom face leading to product 21.
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A) The lowest energy conformation of the pivaloyl salt-copper-Grignard complex with

addition on the bottom face, which leads to product 21, is 0.508 angstroms closer and

0.2 kcal/mol lower in energy than example B (showing addition on the top face).

3.565 A, 98.4 kcal/mol

N

N

O

21 (S)-4-phenyldihyronicotine

N
ON

Cu

B) The lowest energy conformation of the pivaloyl salt-copper-Grignard complex with

addition on the top face would lead to product 22.

4.073 A, 98.6 kcal/mol

N

N

O

22 (R)-4-phenyldihyronicotine

N
O

N

Cu

Figure 5.  The lowest energy conformation of the pivaloyl salt-copper-Grignard

complex.  Molecular modeling performed using Mac Spartan Pro programs.  The pivaloyl

salt complex was minimized by calculating the Conformer Distribution of all low-energy

conformers using the Molecular Mechanics method.  The conformers shown above are the

two lowest energy conformations calculated. The copper complex was simplified to contain

only the copper bonded to phenyl-Grignard for modeling purposes. The atoms are labeled by

color: green for copper, blue for nitrogen, red for oxygen, and white for hydrogen.

  Additional measurements taken from the lowest energy conformations of the pivaloyl salt,

Figure 6, suggests that an allyl type strain between C2 hydrogens on the pyridine ring and
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adjacent C'3 and C'2 hydrogens on the pyrrolidine ring results in a preferential conformation

which leads to stereoselective alkylation.  Both calculations predict the structure determined

by X-ray crystallography of 21.

A) The lowest energy conformation of the pivaloyl salt intermediate with the pyrrolidine

nitrogen on the bottom face of the pyridine ring leads to product 21.

2.34 A
C2

C'2 N

O

1) PhMgBr
C2

N

N

O

21  (S)- 4-phenyldihydronicotine

2) CuBr-DMS
N
C'2

B) The lowest energy conformation of the pivaloyl salt intermediate with the pyrrolidine

nitrogen on the top face of the pyridine ring leads to product 22.  The shorter distance

between hydrogens on the C2 and C’3 atoms may result in an allyl type strain favoring

formation of product 21 over 22.

1.58 A

C2
C'3

N

O

N

C2 C3
N

N

O

22  (R)- 4-phenyldihydronicotine

1) PhMgBr

2) CuBr-DMS

Figure 6.  Molecular modeling of the lowest energy conformation of pivaloyl salt

intermediate showing an allyl type strain.  All molecular modeling was performed using

Mac Spartan Pro programs.  The pivaloyl salt structure was minimized by calculating the

Conformer Distribution of all low-energy conformers using the Molecular Mechanics

method.  The conformers shown above are the two lowest energy  conformations  calculated.

The atoms are labeled by color: blue for nitrogen, red for oxygen, and white for hydrogen.
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Previous observations of nicotine conformations further support this explanation.

The work by Seeman et. al. 1 discussed in a literature review of this publication describes a

conformational preference of the pyyrolidine ring with respect to the pyridine ring in

nicotinic salts.  Not surprisingly, the less hindered lone pair of electrons on the tertiary amine

prefer to face the quaternary salt center, while the bulky N'-methyl faces away from the

substituted pyridine nitrogen.  This is also the case in the obtained diastereomer 21.

Yamada et. al. reported the regio- and  stereoselective synthesis of 1,4-

dihydropyridines citing intramolecular interactions between the thiocarbonyl or carbonyl and

the pyridinium nucleus as the explanation for selectivity (Scheme VIII).37  The structure and

conformation of the reaction intermediate is strikingly similar to the one discussed in this

paper.

Scheme VIII. Yamada coordinating molecule
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X
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O

X

X R2

N
COR1
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X

X

R2

Nu

COR1
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23 24 25

While experimenting with different chloroformates to form a nicotinic pyridinium

salt,  less conventional methods found in the literature were explored.  Redmore

demonstrated that trityl tetrafluoroborate salts could induce pyridinium salt formation.38

Trifluoromethylsulphonyl anhydride was shown by Andera et. al. to form the desired reactive

intermediate.39  However, these alternative methods did not form the 1-acylnicotinic salt.
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   With a regioselective method in place to synthesize 1,4-dihydronicotines, the next

crucial step was to find a mild oxidation to give the corresponding 4-substituted nicotine

derivatives.  This proved to be a challenge.  Early attempts tried classical methods using p-

chloranil, o-chloranil, palladium on carbon or sulfur with toluene reflux.40   No reaction was

observed after 6 hours in each case and it was difficult to isolate products from the reaction

mixture by aqueous work-up.  Nicotine derivatives are very polar and therefore challenging

to isolate by aqueous work up.  Subsequently, further attempts aimed for cleaner oxidation

methods allowing for simpler product isolation and non-aqueous work up.   Thus, Akiba’s

mild oxidation method41 of bubbling oxygen through the reaction vessel in THF was

employed, but this also produced no reaction.

Electrochemistry also seemed like an attractive solution.  The method used by

Comins and Killpack42 applies anodic oxidation to 1-acyldihydropyridines using sodium

methoxide as the electrolyte and nucleophile to deacylate and give the substituted product.

There were concerns that deacylation would not occur since the amide bond formed by

addition of pivaloyl chloride is much stronger than the carbamate examples shown in the

literature.  These concerns proved to be valid.  Even with additional efforts adding biphenyl

as a radical catalyst, no reaction was observed using the anodic oxidation method.

Hegde, et. al. utilized another approach to oxidize 2-cyclohexenoes.43  They added

excess sodium ethoxide and iodine to cyclohexenones, 27, to gain the corresponding

aromatized phenols with alpha iodination, 28 (Scheme IX).
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Scheme IX.  1,4 Addition to cyclohexenone

R 2
E

R1

R2

E

R1

I
OHO

27 28

6 equiv. NaOEt
2 equiv. I2

EtOH, -78 o C

The mechanism is thought to proceed by anionic diiodination with successive

dehydroiodination at the beta position and subsequent aromatization.   The potential

iodination would serve as a fringe benefit by allowing introduction of functionality at the 6

position of nicotine. This method was attractive due to the possibility of

multifunctionalization.  Initial TLC results suggested product formation; however, further

investigation proved only decomposition occurred.

Lavilla used manganese actetate as a mild oxidation to convert 1-

methyldihydropyridines, 29, to the corresponding salt, 30, (Scheme X).44  The method uses a

mild reflux of methanol providing a 27% yield increase over the traditional Wenkert

procedure.  Several attempts again gave no reaction.
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Scheme X. Oxidation with Mn(OAc)3

N

CN

Mn(OAc)3 N

CN
29 30

Traditional palladium on carbon oxidation was repeated using higher boiling o-

xylenes.  This resulted in decomposition of the dihydronicotines, indicating some reaction

occurred under the harsher conditions.  So, the procedure was repeated with longer reaction

times, a few days, lower boiling solvents, and non-aqueous work-up.  While palladium on

carbon proved fruitless, the classical refluxing in toluene with stoichiometric sulfur was a

success after 24 to 32 hours of heating.  This simple method fulfills the economical and

practicality goals.  The product was easily isolated in a 35 to 75 percent yield by bulb-to-bulb

distillation of the crude reaction mixture under vacuum (Table 2).  On larger scales, the

addition of carbon to the crude reaction mixture prior to distillation helped to adsorb

impurities.  The carbon is then easily separated by filtration.
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N

N

N

N

R1 eq S8, 

toluene, reflux, 32 h

1            methyl           32               79%

 3            phenyl           34              60%

Entry          R =           Product #    Yield

4            benzyl           35              51%

2            butyl              33              93%

R

18 31

Table 2. Aromatization of 1,4-Dihydronicotines

Once the aromatization step was identified, several examples were synthesized.  Both

the dihydronicotines and nicotine derivatives were analyzed with a polarimeter to ensure that

nicotine’s chiral center was not racemized by the new method.  All polarimeter analyses were

modeled after the USP method for the rotation of nicotine and were compared to the

literature [α]D = −160°.45,49 Rotational analyses suggest that the chiral center remains intact.

This is supported by HPLC evidence.  A method was developed to resolve racemic nicotine

with a chiral HPLC column.  Synthesized derivatives were submitted to the same method and

showed 100% ee.

The introduction of different functional groups at the 4 position was attempted using

the developed methodology.  The preparation of 4-furanyl dihydronicotine was proposed as a

route to synthesize 4-carboxynicotine via oxidation of the 4-furanyldihydronicotine by
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ozonolysis4 6  and subsequent aromatization with sulfur.4 1   Synthesis of 4-

furanyldihydronicotine, 36, was successful and gave a 34 percent yield; however, ozonolysis

resulted  in total decomposition in two separate trials.  These reactions were performed on

small scale, 5-10 mg of material, and were thus particularly susceptible to decomposition due

to excess exposure to ozone.  Further investigations using an ozone indicator, such as Sudan

III, would be warranted and could produce the desired product.   Structure 36 was

successfully  aromatized using the sulfur procedure to give 4-furanyl (S)-nicotine (37).

Several 1,4- addition reactions were tried using an ethyl vinyl ether Grignard which

was previously demonstrated by Heathcock and Chadarian in the literature.47  The ethyl vinyl

ether is first lithiated by t-BuLi, and then the cuprate is formed by stirring with copper iodide

and dimethylsulfide.  The procedure is purported to be difficult in the literature, with several

tips reported on how to reduce unwanted polymerization of the reagent.  However, repeated

efforts were never able to produce the desired intermediate, and few successful uses of this

method were found in the literature.

A series of reactions hoped to install a phosphorus moiety at the 4 position of (S)-

nicotine.  Diphenylphosphine was lithiated using n-BuLi and added to the pivaloyl nicotinic

salt, and the similarly lithiated diphenylphosphine-borane complex was also tried.48

Redmore successfully installed phosphonates selectively at the 4 position of pyridine by

using a bulky triphenylmethyl tetrafluoroborate to form the 1-acylpyridinium salt.38  This

approach also failed to give favorable results.
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Development of nicotine N-oxide methodology.  As discussed in the literature review,

nicotine-N,N'-dioxide (38) has been known since Taylor and Boyer first discussed properties

and synthesis in 1953.49  The N-monooxide or nicotine N-oxide (39) was said to be highly

unstable and sensitive to vacuum distillation, impeding purification, NMR characterization,

and synthetic uses.  The picric acid salts of nicotine oxides were studied by NMR.  Also, the

archaic preparation used antiquated reagents requiring lengthy reaction times.

A modern synthesis by Purushothaman and Craig50 using two equivalents of m-

CPBA quickly afforded the nicotine N,N'-dioxide in quantitative yield.  The challenge would

be to selectively reduce the pyrrolidine N'-oxide.  Luckily, a slight adjustment of the first

method tried worked very well.  Stirring at room temperature with carbon disulfide afforded

quantitative yield of the nicotine N-oxide after 12 hours.51  The key to both reactions is the

purification.  The nicotine N,N'-dioxide is easily purified by washing over a basic alumina

column withCH3Cl and eluting with a 1:3 mixture of MeOH:CH3Cl.  The nicotine N-oxide is

purified by washing over a florasil column with CH3Cl and eluted with MeOH.  This is

particularly important with the nicotine N-oxide, because other techniques using silica or

alumina will result in rapid decompostition.

Formation of the nicotine N-oxide provides a useful reactive intermediate.  The only

reaction performed thus far with nicotine N-oxide, was an amination reaction using a highly

reactive aminating reagent, 40 (Scheme XI).52



24

Scheme XI.  Aminaiton of nicotine N-oxide

N

N

H

O

1)                                    , 1,2 DCE, reflux, 3 d

2) HCl, 100 o C, 8 h

N

O

Cl

N

N

H

H2N

40

39 41
11%

While this reaction is highly selective, it is not very high yielding, only 26% product is

recovered after the first step with an overall yield of  11% recovered after acid hydrolysis.

This is due to the reactivity of the aminating reagent, 40, that begins to turn orange and

decompose as soon as it is distilled for use.
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Conclusions

This research proves that nicotine is a viable synthetic building block. Our new

methodology harnesses classical heterocyclic techniques like N-acylpyridinium salt

chemistry to synthesize highly desirable derivatives. The addition of Grignards to pivaloyl

nicotinic salts is both highly regio- and stereoselective due to the unique confirmation and

functionality of nicotine.  The use of nicotine N-oxide again takes a classical approach to

solving a new problem of functionalizing nicotine.
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Experimental Section

All reactions were conducted in an argon atmosphere and with oven-dried glassware.

THF and toluene were distilled prior to use in sodium/benzophenone ketyl prior to use.

Pyridines and amines were distilled prior to use from calcium hydride and stored with

molecular sieves.  All other solvents and reagents were purchased commercially, kept under

argon atmosphere, and used directly.  Radial PLC used a Chromatotron manufactured by

Harrison and Associates in Palo Alto, California.  IR spectra were taken using a Perkin-

Elmer 7500 spectrometer in a nitrogen atmosphere.  NMR were obtained on Varian XL-300

and XL-400 spectrometers.  Optical rotations were determined with a Randolf Research

Autopol III automatic polarimeter manufactured in Flanders, New Jersey.  All HPLC

determinations used two Waters and Associates equipment systems of Miliford,

Massachusetts.  The 600 E multi solvent delivery system uses a 486 λ tunable ultraviolet

detector with a PORASIL analytical column, and the 501 pump model uses a 440 λ detector

with either a Chiralcel OJ or OD column.  These HPLC systems determined all reported

diastereomeric and enantiomeric ratios.  High resolution mass spectra were determined by a

JEOL HX1110HF mass spectrometer.
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Experimental for 1,4-dihydronicotines:

N

N

O

N

N

1) 1 eq pivaloyl chloride, 
      THF, 0 οC, 1 h

2) 0.8 eq CuBr-DMS, 
     1.1 eq  PhMgBr,
      THF, -78 οC, 3 h

1

21

1-[(4S)-3-((2S)-1-Methylpyrrolidin-2-yl)-4-phenyl((1,4-dihydropyridyl)]-2,2-

dimethylpropan-1-one (21). Pivaloyl chloride (123 µL, 1.0 mmol) was added drop wise to a

solution of nicotine (160 µL, 1.0 mmol) in 2 mL of THF at 0 °C, and the resulting solution

was stirred for 1 hour to form a heterogenous mixture containing the white, solid  1-acyl

pyridinium salt.  Concurrently, phenylmagnesium bromide (1.1 mL, 1.1 mmol) was added

slowly to a solution of CuBr•DMS (164 mg, 0.8 mmol) in 5 mL of THF at -78 °C, and the

resulting yellow-orange solution was stirred for 30 min.  The solution was then cooled to -78

°C, and the organocopper reagent added via a double tipped needle. The resulting mixture

was stirred for 3 h.  The reaction mixture was quenched with 2 mL of saturated NH4Cl, and

the white solid formed was removed by vacuum filtration.  The filtrate was extracted with

EtOAc (3 x 10 mL), and the combined organic extracts were  washed with 10% NH4OH (aq)

until the persistent blue color vanished from the organic phase.  The organic layer was

washed with saturated aqueous NaHCO3, dried (K2CO3), filtered over Celite and

concentrated in vacuo.  The crude yellow oil was purified by radial PLC (silica gel,

1%TEA/EtOAc) to give 245 mg (76%) of 21 as a light yellow solid: mp 84-85 °C; [α]25
D°(c=
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0.0101 g/mL, CH3CH2OH): -25.2°; IR (CHCl3) 2970, 2776, 1739, 1661, 1455, 1311, 1209,

1151, 1014, 968, 888, 761, 700 cm-1; 1H NMR (CDCl3, 400 MHz): 1.32 to 1.13 (m, 2H), 1.39

(s, 9H), 1.52 to 1.43 (m, 1H), 1.68 to 1.57 (m, 1H), 2.02 ( q, 1H, J = 9.6 Hz), 2.10 (s, 3H),

2.36 (t, 1H, J = 8.0 Hz), 2.98 (t, 1H, J = 8.8 Hz), 3.92 (d, 1H, J = 4.0 Hz), 5.09 (dd, 1H, J =

8.0 Hz and 4.4 Hz), 7.28 to 7.17 (m, 6H), 7.41 (s, 1H); 13C NMR (CDCl3, 400 MHz): 22.8,

28.5, 34.1, 39.761, 40.7, 44.1, 56.6, 70.0, 111.4, 120.6, 123.0, 126.9, 128.5, 128.7, 145.5,

174.2. HRMS (calculated: 325.2280, found: 325.2286)

                                  .

1-[3-((2S)-1-methylpyrrolidin-2-yl)-4-methyl((1,4-dihydropyridyl)]-2,2-dimethylpropan-

1-one (19). Light yellow oil. [α]23
D°(c=0.0452 g/mL, CH3CH2OH): -64.0°. IR (neat, cm-1):

739, 939, 1043, 1158, 1208, 1317, 1403, 1477, 1632, 1659, 2775, 2967. 1H NMR (CDCl3,

400 MHz):1.11 (d, J=6.8 Hz, 3H), 1.34 (s, 9H), 1.64 to 1.86 (m, 3H), 1.88 to 1.96 (m, 1H),

2.10 (dd, J=17.2 Hz, 7.2 Hz, 1H), 2.21 (s, 3H), 2.49 (t, J=8.0 Hz, 1H), 2.89 (m, 1H), 3.09 (t,

J=8.0 Hz, 1H), 5.02 (dd, J=8.4 Hz, 4.8 Hz, 1H), 7.04 (d, J=8.4 Hz,1H),7.15(s,1H).13CNMR

(CDCl3, 300MHz): 22.9, 23.6, 27.0, 28.4, 29.9, 23.2, 39.4, 40.8, 57.1, 70.9, 113.7, 121.4,

123.3, 124.3, 173.9; HRMS (calculated: 263.2123, found: 263.2127).
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1-[3-((2S)-1-methylpyrrolidin-2-yl)-4-butyl((1,4-dihydropyridyl)]-2,2-dimethylpropan-

1-one (20). Light yellow oil. IR (neat, cm-1): 739, 896, 928, 997, 1041, 1112, 1156, 1209,

1313, 1403, 1462, 1660, 2774, 2957. 1H NMR (CDCl3, 300 MHz): 0.84 to 1.18 (t, J=5.1 Hz,

3H), 1.21 to 1.26 (m, 3H), 1.33 (s, 9H), 1.30 to 2.09 (m, 7H), 2.19 (s, 3H), 2.47 to 2.49 (m,

1H), 2.86 to 2.87 (m, 1H), 3.06 to 3.10 (m, 1H), 5.04 (dd, J=6.3 Hz, 3.6 Hz, 1H), 7.09 (d,

J=6.0 Hz, 1H), 7.18 (s, 1H);. 13C NMR (CDCl3, 400 MHz): 14.3, 23.0, 27.4, 28.4, 32.5, 35.9,

39.6, 40.8, 57.0, 70.8, 111.7, 122.5, 123.0, 124.4, 173.9; HRMS(calculated: 305.2593, found:

305.2601). 

1-[3-((2S)-1-methylpyrrolidin-2-yl)-4-benzyl((1,4-dihydropyridyl)]-2,2-dimethylpropan-

1-one (22). Light yellow oil. IR (neat, cm-1): 701, 742, 900, 977, 1023, 1153, 1212, 1306,

1400, 1453, 1494, 1629, 1658, 2774, 2950. 1H NMR (CDCl3, 300 MHz); 1.33 (s, 9H), 1.75

to 2.01 (m, 4H), 2.13 to 2.17 (m, 1H), 2.3 (s, 3H), 2.37 (dd, J=12.4 Hz, 2Hz, 1H), 2.64 (t,

J=7.6 Hz, 1H), 3.11 (m, 2H), 3.27 (dd, J=12.4 Hz, 8.8 Hz, 1H), 4.84 (dd, J=8.4 Hz, 3.2 Hz,

1H), 7.01 (d, J=8.0 Hz, 1H), 7.15 to 7.29 (m, 6H) ppm; 13CNMR(CDCl3,300 MHz); : 23.4,

26.7, 28.4, 31.9, 37.3, 39.7, 40.9, 43.7, 57.1, 71.0, 111.0, 122.7, 124.2, 126.1, 128.4, 129.6,

139.8, 174.1. HRMS(calculated: 339.2436,

found: 339.2447).
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1-[3-((2S)-1-methylpyrrolidin-2-yl)-4-furanyl((1,4-dihydropyridyl)]-2,2-

dimethylpropan-1-one (36). Freshly distilled furan (1.29 mL, 17.8 mmol) was added drop-

wise to n-BuLi (8.5 mL, 17.8 mmol) in 5 mL THF at –20 °C and stirred for 0.5 hours36.   The

resulting lithiate was then canulated into a suspension of magnesium bromide etherate ( 4.6

g, 17.8 mmol) in 10 mL THF and stirred at room temperature for 1 hour48.  The mixture

turned brown in color.  Next, the Grignard reagent formed was added slowly to a solution of

CuBr•DMS (1.73 g, 8.4 mmol) in 15 mL of THF at -78 °C, and the resulting yellow-orange

organocopper reagent was stirred for 30 minutes.  Concurrently in a separate flask, pivaloyl

chloride (985 µL, 8 mmol) was added to nicotine (1.28 mL, 8 mmol) in 5 mL of THF at 0 °C,

and  was stirred for 1 hour to form a heterogenous mixture containing the white, solid  1-acyl

pyridinium salt. The salt solution was then cooled to -78 °C, and the organocopper reagent

was added via a jacketed double tipped needle. The resulting mixture was stirred for 12

hours.  The reaction mixture was quenched with 2 mL of saturated NH4Cl, and the white

solid formed was removed by vacuum filtration.  The filtrate was extracted with EtOAc (3 x

10 mL), and the combined organic extracts were washed with 10% NH4OH (aq) until the

persistent blue color vanished from the organic phase.  The organic layer was washed with

saturated aqueous NaHCO3, dried (K2CO3), filtered over Celite and concentrated in vacuo.

The crude yellow oil was purified by radial PLC (silica gel, 1%TEA/EtOAc) to give 1.94 g

(77%) of 36.  [α]25
D°(c= 0.0215 g/mL, CH3CH2OH): -33.8°. IR (neat, cm-1):739, 843, 1015,

1184, 1266, 1409, 1480, 1598, 1666, 2968, 3052, 3406. 1H NMR (CDCl3, 300 MHz): 1.26

(m, 1H), 1.38 (s, 9H), 1.72 to 1.39 (m, 3H), 2.09 (q, 1H, J= 9.2 Hz), 2.16 (s, 3H), 2.44 (t, 1H,

J= 7.6 Hz), 3.02 (t, 1H, 9.0 Hz), 4.13 (d, 1H, J= 4.0 Hz), 5.04 (q, 1H, J= 3.2 Hz), 6.05 (d, 1H,
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J= 3.2 Hz), 6.28 (m, 1H), 7.25 (d, 1H, J= 8.0 Hz), 7.30 (s, 1H), 7.39 (s, 1H). 13C NMR

(CDCl3, 400 MHz):  22.8, 27.0, 28.5, 32.9, 36.8, 39.7, 40.8, 56.8, 69.4, 106.2, 107.8, 110.6,

111.9, 118.2, 120.3, 121.0, 124.3, 141.4, 145.2, 157.1, 174.2.  HRMS (calculated: 315.2073,

found: 315.2086).
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Experimental for oxidation of 1,4-dihydronicotines to 4 substituted nicotines:

N

N

O

N

N
1 eq S8,

 toluene, reflux, 32 h

21

34

3-((2S)-1-Methylpyrrolidin-2-yl)-4-phenylpyridine (34). 21 (49.1 mg, 0.15 mmol) was

dissolved in 2 mL of toluene.  Sulfur (5 mg, 1.0 mmol) was added and the solution was

refluxed for 32 h.  The solution was evaporated to dryness and the residue purified by radial

PLC (silica gel, 1% TEA/EtOAc) to give 21.4 mg (59%) of 34, a white solid: [α]25
D°(c=

0.0117 g/mL, CH3CH2OH): -131.5°. mp = 87-89 °C; IR (CHCl3) 702, 843, 1042, 1004,

1473, 1587, 2779, 2966; 1H NMR (CDCl3, 400 MHz) δ 1.80 to 1.72 (m, 2H), 2.00 to 1.88

(m, 1H), 2.08 to 2.05(m, 1H), 2.10 (s, 3H), 2.16 to 2.12 (m, 2H), 3.17 (t, 1H, J = 7.6 Hz),

7.08 (d, 1H, J = 5.2 Hz), 7.26 to 7.24 (m, 2H), 7.44 to 7.43 (m, 3H), 8.49 (d, 1H, J = 5.2 Hz),

8.92 (s, 1H); 13C NMR (CDCl3, 400 MHz) δ 23.0, 35.8, 40.6, 57.0,  65.4, 124.0, 128.1,

128.5, 128.9, 139.0, 147.5, 149.8, 150.2. HRMS (calculated: 239.1548, found: 239.1561).
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3-((2S)-1-methylpyrrolidin-2-yl)-4-butylpyridine (33). Clear oil. [α]23
D°(c=0.199 g/mL,

CH3CH2OH): -109.8. IR(neat, cm-1):  836.6, 901.6, 1043.8, 1209.9, 1406.8, 1457.6, 1592.6,

2777.8, 2870.9, 2956.6.  1H NMR (CDCl3, 400 MHz) δ:  0.94 (t, 3H, J=7.2 Hz), 1.34 to 1.42

(m, 2H), 1.51 to 1.55 (m, 2H), 1.61 to 1.69 (m, 1H), 1.78 to 1.82 (m, 1H), 1.95 to 1.97 (m,

1H), 2.17 (s, 3H), 2.19 to 2.30 (m, 2H), 2.63 (t, 2H, J=8.0 Hz), 3.25 (d, 1H, J=8.4 Hz and 1.6

Hz), 3.32 (t, 1H, J=8.4 Hz), 7.01 (d, 1H, J=5.2 Hz), 8.34 (d, 1H, J=5.2 Hz), 8.71 (s, 1H). 13C

NMR (CDCl3, 400 MHz) δ:  14.1, 22.9, 31.7, 33.0, 34.9, 40.8, 57.5, 65.5, 123.8, 136.8,

147.8, 149.4, 149.7. HRMS (calculated: 219.1861, found: 219.1855).

3-((2S)-1-methylpyrrolidin-2-yl)-4-benzylpyridine (35). Clear oil. [α]23
D°(c=0.0177 g/mL,

CH3CH2OH): -113.9. IR(neat, cm-1):  703.0, 761.8, 1044.9, 1253.3, 1456.2, 1589.8, 1718.0,

2354.8, 28.46.2, 2931.7.  1H NMR (CDCl3, 400 MHz) δ: 1.54 to 1.64 (m, 1H), 1.70 to 1.79

(m, 1H), 1.89 to 1.95 (m, 1H), 1.98 to 2.65 (m, 1H), 2.11 (s, 3H), 2.22 (dd, 1H, J=17.6 Hz

and 8.0 Hz), 3.21 (dt, 1H, J=8.2 Hz and 2.0 Hz), 3.33 (t, 1H, J=8.0 Hz), 4.07 (s, 2H), 6.96 (d,

1H, J=5.2 Hz), 7.08 to 7.10 (m, 2H), 7.22 to 7.31 (m, 3H), 8.39 (d, 1H, J=4.8 Hz), 8.76 (s,

1H). 13C NMR (CDCl3, 400 MHz) δ: 22.9, 34.4, 38.0, 40.7, 57.1, 65.9, 125.0, 126.7, 128.8,

129.1, 137.4, 139.4, 147.6, 148.1, 149.8. HRMS (calculated: 253.1705, found: 253.1695).
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3-((2S)-1-Methylpyrrolidin-2-yl)-4-furanylpyridine (37), white solid, mp= 61-63 °C,

[α]25
D°(c= 0.0297 g/mL,CH3CH2OH): -181.8°. IR (neat, cm-1): 740, 843, 899, 1014, 1208,

1406, 1465, 1592, 2777, 2838, 2940. 1H NMR (CDCl3, 400 MHz): 1.71 to 2.01 (m, 3H),

2.18 (s, 3H), 2.42 to 2.29 (m, 2H), 3.25 (t, 1H, J= 8.0 Hz), 3.66 (t, 1H, J= 8.0 Hz), 6.54 (m,

1H), 6.72 (d, 1H, J= 3.2 Hz), 7.44 (d, 1H, J= 5.2 Hz), 7.59 (s, 1H), 8.49 (d, 1H, J= 5.2 Hz),

9.00 (s, 1H).   13C NMR (CDCl3, 400 MHz):  23.2, 35.0, 40.9, 57.1, 65.7, 111.6, 111.9,

120.9, 135.0, 136.8, 143.7, 148.0, 150.6, 151.1.  HRMS (calculated: 229.1341, found:

229.1343).

(S)-Nicotine-N-oxide (39), Dissolved 38 (2.46 g, 12.6 mmol) in 2 mL of MeOH and added 5

mL of carbon disulfide.  Stirred for 10 hours and dried in vacuo.  The crude reaction mixture

was filtered over Fluorasil and the 39 was eluted with MeOH to give a 100% yield.  1H

NMR (CDCl3, 400 MHz):  1.62 to 1.91 (m, 3H), 2.17 (s, 3H), 2.29 (q, 1H, J= 8.8 Hz), 3.07

(t, 1H, J= 8.0 Hz), 3.18, (t, 1H, J= 8.8 Hz), 7.25 to 7.18 (m, 2H), 8.02 (d, 1H, J= 6.4 Hz),

8.16 (s, 1H).
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(S)-Nicotine-N,N'-dioxide (38).  Dissolved nicotine (505 mg, 3.1 mmoles) in 1 mL

chloroform and cooled to 0 ° C.  Dissolved m-CPBA (1.5 g, 6.3 mmoles) in 15 mL

chloroform and added drop-wise to nicotine solution.  Allowed reaction to warm to room

temperature and stirred for three hours.  Followed reaction by TLC to determine completion.

Dried reaction under vacuum and placed crude product on a hand packed basic alumina

column.  The size of the column was calculated by multiplying the weight of the starting

material in grams by 20.  Rinsed column with CH3Cl to elute unreacted starting material and

collected pure product with a 1:3, MeOH:CH3Cl wash.  Recovered 99%, near quantitative

yield, of a dark red oil, 37:  1H (400 MHz, CDCl3) 2.10-2.07 (m, 1H), 2.34-2.31 (m, 1H),

2.71-2.60 (m, 2H), 3.04 (s, 3H), 3.76-3.62 (m, 2H), 4.13 (t, 1H, J = 6.8 Hz), 7.24 (t, 1H, J =

6.8 Hz), 7.90 (d, 1H, J = 8.0 Hz), 8.23 (d, 1H, J = 7.6 Hz), 8.33 (s, 1H).

2-amino-5-((2S)-1-Methylpyrrolidin-2-yl)-pyridine (41),  405 2  (709 mg, 4 mmol) is

dissolved in 4 mL of 1,2-dichloroethane and refluxed for 3 days with 40 (780 mg, 4 mmol).

The reaction mixture turned dark orange, and it was then dried in vacuo and dissolved in 3

mL concentrated HCl and refluxed for 8 hours.  The reaction was dried in vacuo, washed

with CH2Cl2, dissolved in 1 mL H2O and the pH was made basic by adding saturated

Na2CO3.  The basic solution was extracted with CH3Cl and purified by radial PLC in EtOAC

with 2% TEA.  The light yellow oil product 41 gave an 11% yield, [α ]25
D°(c= 0.01575

g/mL,CH3CH2OH): -91.8°. 1H NMR (CDCl3, 300 MHz): 1.71 to 2.11 (m, 3H), 2.14 (s, 3H),

2.29 (m, 1H), 2.92 (t, 1H, J= 9.0 Hz), 3.21 (t, 1H, J= 9.6Hz), 4.39 (s, 1H), 6.53 (d, 1H,  J=

8.4 Hz), 7.49 (dd, 1H, J= 8.7 and 2.4 Hz), 7.96 (d, 1H, J= 1.8). 13C NMR (CDCl3, 400 MHz):

22.5, 34.7, 40.5, 57.1, 68.8, 109.1, 128.4, 137.2, 147.7, 158.1.
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