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Synthesis of 4-Methylnicotine and an Examination of Its Possible
Biosynthesis from 4-Methylnicotinic Acid in Nicotiana tabacum?!
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Condensation of ethyl 4-methylnicotinate with N-methyl-2-pyrrolidone in the presence of sodium hydride yield-
ed the nicotinoyl derivative 6, which on hydrolysis and reduction afforded 4-methylnicotine (8). This nicotine ana-
logue was also obtained from 4-methylpyridine-3-carboxaldehyde by preparing the acyl carbanion equivalent 2,
which was added to acrylonitrile. Hydrolysis of the Michael addition product yielded the ketonitrile 3, which was
hydrogenated to give 4-methylnornicotine, which afforded 8 on methylation. A biomimetic synthesis of 8 involved
reaction between 3-methylglutaraldehyde, ammonia, and N-methyl-Al-pyrrolinium acetate in the presence of air.
Optically active 4-methylnicotine was obtained as previously described by reaction of (—)-(2’S)-nicotine with
methyllithium. The administration of 4-methyl[4-14C]nicotinic acid (prepared from ethyl [3-14Clacetoacetate) to
Nicotiana tabacum plants did not result in the formation of radioactive 4-methylnicotine. 4-Methylnicotine

showed no nicotine-like activity in pharmacological tests.

Nicotinic acid is the established precursor of the pyridine
ring of the tobacco alkaloid nicotine.%® We have previously
shown® that 5-fluoronicotinic acid was utilized by Nicotiana
tabacum to yield 5-fluoronicotine by what we term an “ab-
errant biosynthesis”. The present article describes our at-
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tempts to produce 4-methylnicotine (8) by administering
4-methylnicotinic acid to the tobacco plant.

A reference specimen of 4-methylnicotine was required for
comparison with any material which might be isolated from
tobacco. 4-Methylnicotine has been previously described by
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Synthesis of 4-Methylnicotine

Scheme 1. Syntheses of 4-Methylnicotine?
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@ i, Morpholine, HC1Q4, KCN; ii, KO-t -Bu, CHy=CHCN, HOAc;
iii, Ho/Ni, NaBH,; iv, HCHO, HCOOH; v, N-methy!-2-pyrrolidone,
NaH; vi, 48% HBr; vii, NaBHy; viii, MeLi; ix, HCI.

Haglid,” who obtained it in small yield, along with 6-methyl-
nicotine, by the reaction of nicotine with methyllithium. We
have repeated this reaction obtaining essentially the same
results, except that our 4-methylnicotine derived from (—)-
(2’S)-nicotine (the natural isomer) had a higher specific
rotation ([«]%3p —170°) than that reported by Haglid ([«]?2p
—103.5°). (RS)-4-Methylnicotine was prepared by three
methods which are illustrated in Scheme I. The first is anal-
ogous to that used by Spath? for the synthesis of nicotine. In
contrast to the experience of Haglid,® we were able to condense
ethyl 4-methylnicotinate (5)1° with N-methyl-2-pyrrolidone,
in the presence of sodium hydride, to yield the nicotinoyl
derivative 6. The second synthesis started with 4-methylpy-
ridine-3-carboxaldehyde (1)10 using the procedure recently
developed for the synthesis of myosmine and nornicotinell,
The third method is analogous to the biomimetic synthesis
of nicotine from glutaraldehyde, ammonia, and N-methyl-
Al-pyrrolinium acetate (11)!2 in the presence of air.13 3-
Methylglutaraldehyde (10) was obtained by acid hydrolysis
of the commercially available 2-ethoxy-4-methyl-2,3-dihyd-
ropyran (9). Reaction with ammonia and 11 in the presence
of air gave a small yield of 4-methylnicotine and 4-methy!-
pyridine.

4-Methyl[4-14C]nicotinic acid (16) was made from ethyl
[3-14C]acetoacetate by the route illustrated in Scheme II,
which is essentially that developed by Bobbit,1° modified for
synthesis on a small scale. The 4C-labeled 4-methylnicotinic
acid was fed to N. tabacum plants by the wick method, along
with an equivalent amount of {2-3H]nicotinic acid. The latter
was fed at the same time s0 that the efficiency of “aberrant
biosynthesis” could be compared with the normal biosynthesis
of nicotine. A similar experimental procedure was used by
Kirby!4 in a study of the biosynthesis of morphine and its
analogues in Papaver somniferum. The crude alkaloids from
tobacco contained both 14C and tritium. A portion of the crude

Scheme II. Synthesis of 4-Methyl[4-'“C Inicotinic Acida
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alkaloids was diluted with nonradioactive (RS)-4-methylni-
cotine. Nicotine and 4-methylnicotine were then separated
by GLC. The resultant nicotine was labeled, as expected, with
tritium (0.72% absolute incorporation); however, the recovered
4-methylnicotine was completely devoid of 4C. Thus the
enzymes responsible for nicotine biosynthesis from nicotinic
acid are apparently incapable of utilizing an analogue which
contains a methyl group in the 4 position. This result contrasts
with the observations of Rueppel and Rapoport,!® who found
that methyl groups could be introduced into the N-methyl-
Al-pyrrolinium salt (even at C-2, the point of attachment to
C-3 of nicotinic acid) to afford analogues of nicotine with extra
methyl groups in the pyrrolidine ring. The utilization of other
methyl derivatives of nicotinic acid, where the methyl groups
are further removed from the site of condensation with 11, is
being examined.

Experimental Section!6

4-Methylnicotine. (a) From Ethyl 4-Methylnicotinate by the
Spiath Method. Ethyl 4-methylnicotinate!? (6.0 g, 36 mmol) and
N-methyl-2-pyrrolidone (7.2 g, 72 mmol) were added slowly in a Ny
atmosphere to a magnetically stirred suspension of sodium hydride
(3.5 g, 146 mmol) in benzene (25 mL), and the mixture was refluxed
for 18 h. The cooled mixture was added to ice, neutralized with acetic
acid, and extracted with'benzene (4 X 50 mL). The combined organic
extracts were washed with 10% NaHCOs, Distillation (140 °C, 10~3
mm) of the residue obtained on evaporation of the dried (MgSQy)
benzene extract afforded a colorless solid (2.76 g) (6). This compound
was refluxed with 48% HBr (10 mL) in a N3 atmosphere for 18 h. The
residue obtained on evaporation of this reaction mixture was dissolved
in methanol (50 mL), the solution neutralized with KOH, and sodium
borohydride (3 g) added. After standing 18 h the solution was acidified
with HC! and evaporated to dryness. The residue was made basic with
NaOH, extracted with chloroform, dried (MgSOQy,), and evaporated
to yield a brown oil. Distillation (110 °C, 10~3 mm) afforded (RS)-
4-methylnicotine (1.66 g) as a colorless oil: IR (neat) 1600 cm™!
(C==N); 13C NMR!8 (CDCl3) ppm from Me,Si, 151.1 (C-2), 150.0 (6),
147.4 (4), 139.3 (3), 127.1 (5), 67.1 (2), 57.9 (5"), 41.2 (NMe), 34.1 (3),
23.1(4'), 19.0 (4-Me); mass spectrum, m/e 176 (M*), 161 (M — Me),
147,133; TLC on silica gel G {(Merck), developing with a mixture of
chloroform, methanol, and concentrated NH3 (100:10:1), indicated
that 4-methylnicotine had an Ry of 0.85 (nicotine 0.83). It was revealed
as a purple spot (nicotine, orange-brown) on spraying with p-ami-
nobenzoic acid and then exposing to CNBr. It afforded a dipicrate,
mp 212-213 °C, yellow needles from ethanol.

Anal. Caled for Co3H2oNgO14: C, 43.54; H, 3.50; N, 17.66. Found:
C, 43.97; H,3.29; N, 17.21.

It yielded a diperchlorate, colorless plates from ethanol-ethyl ac-
etate, mp 276-277 °C dec.

Anal. Caled for C;;H1gNo-2HCIO,4: C, 35.03; H, 4.81; N, 7.43. Found:
C, 35.03; H, 4.57; N, 7.55.

(b) From 4-Methylpyridine-3-carboxaldehyde. o-(4-
Methyl-3-pyridyl)-a-morpholinoacetonitrile (2). 4-Methylpyr-
idine-3-carboxaldehydel® (1.61 g) and morpholine perchlorate (2.8
g) were dissolved in morpholine (10 mL) and the solution was heated
at 80 °C for 1 h under N». Potassium cyanide (1 g) dissolved in a
minimum of water was added and the mixture heated at 100 °C for
2 h. The cooled mixture was added to 10% K»COsz and extracted with
chloroform. The dried (MgS0O,) extract was evaporated, and the
residue sublimed (110 °C, 10~* mm), affording 2, which was crystal-
lized from benzene-hexane to yield colorless plates (1.5 g), mp 127-128
°C.

Anal. Caled for Cy2H15N30: C, 66.34; H, 6.96; N, 19.34. Found: C,
65.97; H, 6.97; N, 18.83.

3-Cyano-1-(4-methyl-3-pyridyl)propan-1-one (3). The nitrile
(2) (0.94 g) was dissolved in tert-buty! alcohol (50 mL) containing 30%
KOH in methanol (0.2 mL). Acrylonitrile (0.37 mL) in tert-butyl al-
cohol (15 mL) was added to the mixture which was then stirred at
room temperature for 45 min. After dilution with an equal volume of
water the mixture was extracted with chloroform, which was then
back-washed with water and dried over MgSO4. Evaporation yielded
a viscous oil, having an absorption in the IR at 2250 cm™~! (C=N) and
a mass spectrum m/e 270 (M* for C15H;3N40) and 244 (M — HCN).
This crude +v-cyano-y-morpholino-v-(4-methyl-3-pyridyl)butyro-
nitrile (0.75 g) was dissolved in a mixture of acetic acid (10 mL), water
(5 mL), and tetrahydrofuran (1.5 mL) and heated at 53 °C for 24 h.
The reaction mixture was added to KsCO5 and water and extracted
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with chloroform. The solid residue obtained on evaporation of the
dried (MgSOy) pale purple extract was sublimed (70 °C, 10~¢ mm)
to afford 3, which yielded colorless needles from ether (0.75 g): mp
83-84 °C; mass spectrum, m/e 174 (M*), 144 (M — CH,CH,CN).

Anal. Caled for C1gHoN2O: C, 68.95; H, 5.79; N, 16.08. Found: C,
68.70; H, 5.71; N, 15.85.

4-Methylnornicotine (4). The keto nitrile (3) (184 mg) dissolved in
a mixture of ethanol (20 mL) and concentrated NHj (2 mL) was hy-
drogenated at 2 atm pressure in the presence of Raney nickel (%
teaspoon) for 18 h. TLC of the reaction mixture indicated the presence
of mostly 4-methyinornicotine with some 4-methylmyosmine (4-
methyl-1’,2’-dehydronornicotine). Sodium borohydride was added
to the filtered mixture, and the solution refluxed for 1 h. The cooled
solution was acidified with HCl and evaporated to dryness. The res-
idue was made basic with NaOH and extracted with methylene
chloride, dried (MgS0,), evaporated, and distilled (140 °C, 102 mm)
to afford 4-methylnornicotine as a colorless oil (140 mg), mass spec-
trum, m/e 162 (M%), 147 (M — Me). It afforded a dipicrate, yellow
needles from 95% ethanol, mp 230-231 °C.

Anal. Caled for CooHgoNgO14: C, 42.59; H, 3.25; N, 18.06. Found:
C, 42.16; H, 3.11; N, 18.47.

4-Methylnicotine (8). 4-Methylnornicotine (100 mg), 90% formic
acid (1 mL), and 40% formaldehyde (3 mL) were refluxed for 18 h. One
drop of concentrated HCl was then added, and the refluxing continued
for an additional hour. The residue obtained on evaporation was made
basic with NaOH, extracted with chloroform, dried (MgSQ,), evap-
orated, and distilled to yield 4-methylnicotine (95 mg), identical (IR,
TLC, mixed mp of dipicrate) with material obtained by method a.

(c) From 3-Methylglutaraldehyde and N-Methyl-Al-pyrrol-
inium Acetate. N-Methyl-2-pyrrolidone (1.0 g) was added to a sus-
pension of sodium aluminum hydride (170 mg) in ether (50 mL) and
the mixture refluxed for 2 h. The cooled solution was added to ice and
acetic acid (2 mL) and then lyophilized. The resultant residue was
dissolved in water (50 mL) and filtered, and 3-methylglutaraldehyde2®
(1.14 g) and concentrated NHj (10 mL) were added. The solution (pH
10.5) was stirred in an open beaker at room temperature for 3 days.
The mixture was then extracted with chloroform. This solution was
then extracted with 2 N HCI (3 X 50 mL). The aqueous extract was
made basic with NaOH and extracted with ether. The residue ob-
tained on evaporation of the dried (MgSQy) extract was distilled (140
°C, 1073 mm), yielding a pale yellow oil which was subjected to pre-
parative TLC in silica gel PF-254 (Merck), developing with a mixture
of chloroform, benzene, ethanol, and concentrated NHj (125:75:20:1).
The zone at Ry 0.4 corresponded to 4-methylnicotine. This was ex-
tracted with methanol and evaporated, and the residue distilled, af-
fording 4-methylnicotine (75 mg) identical with material obtained
by the previous methods. 4-Methylpyridine (R 0.6) was also obtained
from the preparative TLC plates and was characterized as its picrate,
mp 166-167 °C.

(d) From Nicotine and Methyllithium.1® Methyl iodide (1.25
mL) was added to a suspension of lithium ribbon (0.28 g) in ether (30
mL), and the mixture stirred under N5 until all the lithium had dis-
solved. (—)-(2’'S)-Nicotine (1.62 g, 20 mmol) in toluene (50 mL) was
added. Ether was distilled out of the reaction mixture and the residual
solution was heated under reflux for 7 h with stirring. The dark brown
reaction mixture was cooled and added to ice and 2 N HCl. The
aqueous solution was extracted with ether which was discarded. The
aqueous solution was made basic with NaOH, extracted with chlo-
roform, dried (MgSO,), evaporated, and distilled (140 °C, 10~3 mm).
The pale yellow distillate (250 mg) was subjected to GLC (Varian
Aerograph 90 AP) on an 8 ft X 3 in. column of 10% 20M Carbowax,
70/80 mesh, with an He flow rate of 60 mL/min at 180 °C. Under these
conditions the retention times of nicotine, 6-methylnicotine, and
4-methylnicotine were 4.4, 4.8, and 6.5 min, respectively. 4-Methyl-
nicotine was obtained as a colorless oil (52 mg, 3% yield from nicotine)
having an IR spectrum identical with that of a previously prepared
racemic material. Its specific rotation was [a]23p ~170°, []23345 —593°
(c 1.8 in CHCly). Its picrate was obtained as fine yellow needles from
95% ethanol, mp 195-197 °C (lit.7 193-195 °C).

4-Methyl{4-14C]nicotinic Acid (16). Potassium hydroxide (0.275
g) dissolved in methanol (5 mL) was added to a solution of 2-cy-
anoacetamide (0.336 g, 4 mmol) and ethyl [3-14C]acetoacetate (0.52
g, 4 mmol, nominal activity 0.25 mCi, Amersham-Searle) in methanol
(5 mL). After refluxing for 5 h, the mixture was cooled and the white
potassium salt which separated was removed by filtration. This salt
was dissolved in water, and the solution neutralized with HCl when
13 separated (0.37 g, 82%). This compound was heated in a sealed glass
tube with POCI; (1 mL) for 5 h at 180 °C. The contents of the tube
were added to ice when 2,6-dichloro-3-cyano-4-methylpyridine (14)
(0.421 g, 91%) separated. This dichloro compound was dissolved in
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methanol (10 mL) containing sodium acetate (0.4 g) and palladium
chloride (50 mg) and hydrogenated for 18 h at 3 atm pressure. The
filtered mixture was evaporated, aqueous NaHCO; added to the
residue, and the mixture extracted several times with ether. The dried
(MgS0,) extract was evaporated, affording 3-cyano-4-methylpyridine
(15) (150 mg, 57%). This compound was heated with NaOH (0.2 g) in
ethylene glycol (3 mL) at 175 °C in an N atmosphere for 18 h. The
cooled reaction mixture was diluted with water, adjusted to pH 4 with
HCI, and extracted continuously with ether. The residue obtained
on evaporation of the ether extract wassublimed (200 °C, 1074 mm),
affording 4-methyl[4-14C]nicotinic acid (65 mg, 37%), mp 219-220 °C
(1it.10 215-216 °C). Specific activity was 1.31 X 108 dpm/mmol (the-
oretical activity based on the nominal activity of the starting material:
1.37 X 108 dpm/mmol).

Feeding of 4-Methyl[4-!4C]nicotinic Acid and [2-®H]Nicotinic
Acid to Nicotiana tabacum, and Isolation of the Alkaloids. An
aqueous solution (10 mL) of 4-methyl[4-14C]nicotinic acid (15 mg, 0.11
mmol, 1.43 X 107 dpm) and [2-3H]nicotinic acid4 (13.3 mg, 0.11 mmol,
5.73 X 107 dpm), 3H/14C = 4.0, was administered to four 3-month-old
(12 in. high) N. tabacum plants growing in soil in a greenhouse, by the
wick method. After 5 days the plants (fresh weight 550 g) were har-
vested and maserated with chloroform (2 L) and concentrated NHj
(200 mL). Filtration yielded two layers. The aqueous layer had an
activity (°H) of 3.42 X 107 dpm and ®H/'4C = 3.8. The chloroform layer
was evaporated in the presence of 2 N HCL. The filtered aqueous so-
lution was made basic with NaOH and extracted with chloroform.
Distillation (140 °C, 10~3 mm) of this dried (MgSO,) extract afforded
a pale yellow oil (146 mg) having an activity (°H) of 1.87 X 108 dpm
(3.3% of the amount of [*H]nicotinic acid fed), 3H/14C = 5.0. Some of
this oil (50 mg) was mixed with (RS)-4-methylnicotine (50 mg) and
the mixture subjected to GLC as previously described. The recovered
nicotine, assayed as its dipicrate, had a specific activity (3H) of 4.6 X
105 dpm/mmol and was devoid of 14C. The recovered 4-methylnico-
tine, characterized and assayed as its dipicrate, was completely in-
active (both 2H and 4C).

Pharmacology of (RS)-4-Methylnicotine. (The procedure was
carried out by Herbert McKennis, Professor of Pharmacology,
Medical College of Virginia, Richmond, Va.) The (RS)-4-methylni-
cotine diperchlorate (5 X 10~ M) showed no nicotine-like activity
when tested on isolated rabbit aortic strips. One easily sees a con-
tractile response to nicotine at 1 X 10~¢ M. The 4-methylnicotine (5
X 1074 M) showed no antagonism to the stimulating effect of nor-
epinephrine (5 X 10~8 M). These results are consistent with those of
Haglid,” who reported very low pharmacological activity for 4-
methylnicotine.
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Synthesis of a “Bridged Nicotine:
1,2,3,5,6,10b-Hexahydropyrido[2,3-glindolizine!
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The bridged nicotine 10, a pyridoindolizidine, has been prepared by reduction of the tricyclic lactam 9, which was
obtained by cyclization of the amino acid 8. This compound was produced by carboxylation of the dilithium deriva-
tive of 2-methylnornicotine, which was synthesized by recently developed methods.

Many analogues of nicotine have been prepared, and their
pharmacology has heen studied in an effort to obtain struc-
ture-activity relationships.? Haglid has reviewed* this work
and stated that it would be of great interest to examine the
pharmacology of bridged nicotines, such as the pyridoindol-
izidine 10, in which the configuration of the pyrrolidine ring
would be fixed relative to the pyridine ring. This article de-
scribes the synthesis of compound 10 and also 2-methylnico-
tine (5) by the route illustrated in Scheme 1.5

2-Methylpyridine-3-aldehyde (1) was converted to 2-
methylnornicotine (6) by the procedure recently developed
for the synthesis of myosmine and nornicotine.” Reaction of
1 with morpholine and sodium cyanide in the presence of
perchloric acid yielded 2. The anion generated by reaction of
2 with potassium tert-butoxide was added to acrylonitrile to
yield the Michael addition product 3. Acid hydrolysis of this
compound afforded the keto nitrile 4.8 Hydrogenation of this
compound in the presence of Raney nickel yielded a mixture
of 2-methylmyosmine (7) and 2-methylnornicotine (6). The
yield of the latter increased with the duration of the hydro-
genation. Reaction of 2-methylnornicotine with 2 equiv® of
butyllithium, followed by treatment with carbon dioxide,
afforded the carboxylic acid 8, which was cyclized to the lac-
tam 9. This reaction was achieved with the aid of 1-ethyl-
3(3-dimethylaminopropyl)carbodiimide.'® However, a better
yield of the lactam was obtained by prolonged chloroform
extraction of a solution of the amino acid 8 in dilute aqueous
hydrochloric acid. Reduction of the lactam with borane in
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tetrahydrofuran produced the desired bridged nicotine 10 in
excellent yield. Reduction of the lactam with lithium alumi-
num hydride gave only a 30% yield.

The indolizidine ring system can exist in two configurations,
a conversion of the cis to the trans fused ring junction occur-
ring by inversion of the lone electron pair. It is generally agreed
that the trans configuration (11) is thermodynamically more
stable.!! The infrared spectrum of 10 has Bohlmann bands!2
at 2730, 2675, and 2630 cm~! characteristic of an axial C-H
group trans to the lone electron pair on nitrogen. We thus
assign the trans configuration to the indolizidine ring system
in the bridged nicotine 10. The (S) enantiomer of 10 is illus-
trated in formula 12, In nicotine an analogous configuration
has been found,!3 i.e., the N-methyl group (equivalent to C-5
in the bridged nicotine) is trans to the pyridine ring.

No Bohlmann bands were found in the IR spectrum of the
lactam 9. It is, therefore, suggested that this compound has
a cis-indolizidine ring junction. Indeed, inspection of a
Dreiding model of the lactam indicates a preference for the
cis isomer.

The heterocyclic system found in compounds 9 and 10 exists
in elaeokanidine A (13), one of the alkaloids of Elaeocarpus

;’W

N

kaniensis.* The pharmacology of 2-methylnicotine and the
bridged nicotine 10 is being examined and will be reported
elsewhere.

Experimental Section!s

a-(2-Methyl-3-pyridyl)-a-morpholinoacetonitrile (2). 2-
Methylpyridine-3-aldehyde!® (3.31 g, 27 mmol) was added to a solu-
tion of morpholine perchlorate (5.64 g, 30 mmol) in morpholine (35
mL), and the mixture was heated at 76 °C for 1 h under Ns. Sodium
cyanide (1.32 g, 27 mmol) in water (2 mL) was added and the mixture
was heated at 100 °C for 45 min. The cooled solution was poured into
10% sodium carbonate (100 mL) and extracted with chloroform. The
residue obtained on evaporation of the dried (KoCOQ3) extract was
triturated with ether to yield 2 (4.82 g, 82%). Crystallization from ether
afforded colorless prisms: mp 112.5-113.5 °C; IR (Nujol) vpmax 1590,
1580, 1105 cn~1; TH NMR (CDCl3) 6 2.58 (t,4 H,NCH,), 2.65 (s, 3 H,
PyCHa), 3.69 (t,4 H, OCHy), 4.90 (s, 1 H, «-H), 7.17 (dd, 1 H, 5-PyH),
7.80 (dd, 1 H, 4-PyH), 8.54 (dd, 1 H, 6-PyH); m/e 217 (M+). Anal.
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