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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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Caled for C1oH1:N30: C, 66.34; H, 6.96; N, 19.34. Found: C, 66.60; H,
7.19; N, 19.53.
y-Cyano-vy-(2-methyl-3-pyridyl)-y-morpholinobutyronitrile

(3). Methanolic potassium hydroxide (30%, 0.75 mL) was added
dropwise during 5 min to a stirred solution of 2 {2.64 g, 12.2 mmol) in
tert-butyl alcohol (60 mL) under Ny at room temperature. After 30
min acrylonitrile (0.78 g, 14.6 mmol) in tert-butyl alcohol (30 mL) was
added during 2.5 h. The mixture was stirred an additional 1.5 h and
then water (90 mL) was added. A dried (K3sCO3) chloroform extract,
on evaporation, afforded a pale pink oil (3.3 g, 100%) which crystallized
on standing. An analytical sample was obtained as colorless plates
from ether: mp 99.5-100.5 °C; IR (KBr pellet) vmqx 2240 (C=N), 1685,
1560 cm™1; HI NMR (CDCly) 6 2.31 (m, 8 H), 2.82 (s, 3 H, PyCH3),
3.78 (t, 4 H, OCHy), 7.22 (dd, 1 H, 5-PyH), 7.94 (dd, 1 H, 4-PyH), 8.59
(dd, 1 H, 6-PyH); m/e no M*, 243 (M — HCN), 228, 203, 118, 117, 86.
Anal. Calcd for C15H15N401 C, 6664, H, 6‘71; N, 20.72. Found: C, 66.47
H, 6.84; N, 20.66.

3-Cyano-1-(2-methyl-3-pyridyl)propan-1-one (4). Compound
3 (1.81 g) was heated in 50% aqueous acetic acid (25 mL) at 60 °C for
18 h. The solution was then made basic with KoCOj3 and extracted
with chloroform. The residue obtained on evaporation of the dried
(K2COj) extract was crystallized from a mixture of ether and chlo-
roform to afford colorless plates of the keto nitrile 4 (0.99 g, 85%): mp
81.5-83.5 °C; IR (Nujol) max 2250 (C=N), 1675 (C=0), 1565 (C=N)
cm~ L IH NMR (CDCl,) 6 2.74 (s, 3 H, PyCHy), 2.75 (t, 2 H, CH,CN),
3.30 (t, 2 H, COCHy), 7.23 (dd, 1 H, 5-PyH), 7.93 (dd, 1 H, 4-PyH),
8.52 (dd, 1 H, 6-PyH); m/e 174 (M™). Anal. Caled for C;oH1oN2O: C,
68.95; H, 5.79; N, 16.08. Found: C, 69.13; H, 5.72; N, 16.31.

2-Methylnornicotine (6) and 2-Methylmyosmine (7). The keto
nitrile (4) (1.07 g) dissolved in 95% ethanol (200 mL), previously
saturated with ammonia, was hydrogenated in the presence of Raney
nickel (about 5 g) for 6 h at 3 atm of pressure. Evaporation of the fil-
tered reaction mixture afforded a pale yellow oil which was subjected
to preparative TLC on silica gel PF-254 (Merck), developing with a
mixture of chloroform, methanol, and concentrated ammonia (90:
10:1). Extraction (methanol-chloroform) of the lower zone (R; 0.25)
followed by distillation (110 °C, 4 X 103 mm) of the residue obtained
on evaporation afforded (R,S)-2-methylnornicotine (0.39 g, 39%) as
a colorless oil: IR (neat) v,y 3310 (NH), 1590 cm~—1; 1TH NMR (CDCl;)
§1.32-2.39 (m, 5 H, NH, 3',4’-H), 2.54 (s, 3 H, PyCHj3), 2.58-3.29 (m,
2 H, 5-H), 4.30 (t, 1 H, 2’-H), 7.03 (dd, 1 H, 5-PyH), 7.78 (dd, 1 H,
4-PyH), 8.27 (dd, 1 H, 6-PyH); m/e 162 (M*), 161, 133, 119, 70. It
yielded a dipicrate, mp 186.5-187 °C dec, from ethanol. Anal. Calcd
for CooHooNgO14: C, 42.59; H, 3.25; N, 18.06. Found: C, 42.59; H, 3.25;
N, 17.95. 6 has been prepared independently.8

The upper zone (R; 0.66) on extraction yielded 2-methylmyosmine
{0.61 g, 61%) as a colorless oil: IR (neat) vpqy 1620 (C=N), 1570 cm™1;
'H NMR (CDCl3) 6 2.01 (m, 2 H, 4-H), 2.73 (s, 3 H, PyCH3), 2.92 (t,
2 H, 5-H), 4.11 (t, 2 H, 3'-H), 7.11 (dd, 1 H, 5-PyH), 7.70 (dd, 1t H,
4-PyH), 8.51 (dd, 1 H, 6-PyH); m/e 160 (M), 159, 132, 131. Its dipi-
crate had mp 185.5-186 °C. Anal. Calcd for CooHgNgO14: C, 42.74;
H, 2.93; N, 18.12. Found: C, 42.61; H, 3.05; N, 17.88.

By extending the hydrogenation time the amount of 2-methyl-
nornicotine was increased at the expense of the 2-methylmyosmine.
Thus hydrogenation of the keto nitrile 4 (4.5 g) for 17 h afforded 2-
methylnornicotine (3.49 g, 83%). Reduction of 2-methylmyosmine
with sodium borohydride in ethanol also yielded 2-methylnornico-
tine.

2-Methylnicotine (5). 2-Methylnornicotine (106 mg), 40% form-
aldehyde (3 mL), and 90% formic acid (3 mL) were heated at 100 °C
for 24 h. The residue obtained on evaporation of the reaction mixture
was made basic with K,COj, extracted with chloroform, dried
(KoCO3), and evaporated. The residue was subjected to preparative
TLC on silica gel PF-254, developing with a mixture of chloroform,
ethanol, and concentrated ammonia (100:20:1). The lower zone (R
0.31) afforded unreacted 2-methylnornicotine (11 mg, 11%). The
upper zone (R 0.56) yielded (R,S)-2-methylnicotine, obtained as a
colorless oil (81 mg, 70%) after distillation (110 °C, 4 X 10~3 mm): IR
(neat) vmax 1580, 1440 cm~!; 'H NMR (CDCl3) 6 2.18 (s, 3 H, NCH3),
2.55 (s, 3 H, PyCHs), 7.30 (dd, 1 H, 5-PyH), 7.78 (dd, 1 H, 4-PyH), 8.29
(dd, 1 H, 6-PyH); m/e 176 (M), 175, 84. Its dipicrate was obtained
as yellow prisms from ethanol, mp 224.5-225 °C. Anal. Caled for
Ca3HaoNgO14: C, 43.54; H, 3.50; N, 17.66. Found: C, 43.29; H, 3.42; N,
17.87. 5 has been prepared independently.®

Its diperchlorate was obtained as colorless needles from a mixture
of methanol and ether, mp 264-270 °C dec. Anal. Caled for
C11H1gN2-2HCIO: C, 35.03; H, 4.81; N, 7.43; Cl, 18.80. Found: C, 35.10;
H, 4.90; N, 7.58; Cl, 18.93.

5-0xo0-1,2,3,5,6,10b-hexahydropyrido[2,3-gJlindolizine (9).
2-Methylnornicotine (0.84 g, 5.2 mmol) dissolved in tetrahydrofuran
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(15 mL) was added to a solution of butyllithium (5.2 mL of a 2.2 M
solution in hexane, 11.4 mmol) in tetrahydrofuran at ~78 °C in a N,
atmosphere. After stirring at this temperature for 2 h, carbon dioxide
(liberated from BaCOj; (2.06 g, 10.5 mmol) with concentrated sulfuric
acid) was passed into the reaction mixture, which was then allowed
to slowly warm to room temperature during 4 h. 1-Ethyl-3-(3-di-
methylaminopropyl)carbodiimide hydrochloride (3.72 g, 20.9 mmol)
in water (20 mL) was added and the solution was stirred at room
temperature for 6 h. The reaction mixture was made basic with am-
monia and evaporated; the residue was extracted with methylene
chloride. The dried (K,COs3) extract was evaporated and the residue
was subjected to preparative TLC on silica gel PF-254, developing
with a mixture of chloroform, ethanol, and concentrated ammonia
(90:10:1). The main zone (Ry 0.45) was extracted with a mixture of
chloroform and methanol (85:15) and evaporated; the residue was
distilled (110 °C, 4 X 103 mm) to yield a pale yellow oil (0.4 g, 41%)
which crystallized on standing: mp 91.5-92.5 °C; UV (95% ethanol)
Amax (log €) 254 (sh, 3.66), 260 (3.75), 264 nm (sh, 3.70); IR (neat liquid)
Pmax 1640 em~1; 'H NMR (CDClg) complex overlapping signals in-
cluding 6 3.70 (s, 2 H, CH,CO), 7.20 (dd, 1 H, 9-PyH), 7.51 (d, 1 H,
10-PyH), 8.48 (d, 1 H, 8-PyH) Anal. Caled for C11H12N201 C, 7018,
H, 6.43; N, 14.88. Found: C, 70.37; H, 6.20; N, 15.11.

A higher yield (78%) of the lactam 9 was obtained by the following
procedure. The reaction mixture after carboxylation was added to 1
N HCI (25 mL) which was then extracted with ether (2 X 20 mL). The
residual aqueous solution was then extracted in a continuous extractor
with chloroform for 60 h. The aqueous solution was then adjusted to
pH 9.5 with ammonia and extracted for an additional 18 h with
chloroform. The combined, dried (K2COg) chioroform extracts were
evaporated to yield the lactam, purified by sublimation as before.

1,2,3,5,6,10b-Hexahydropyrido[2,3-gJindolizine (10). Borane
in tetrahydrofuran (1 M, 10 mL, 12 mmol) was added rapidly at 0 °C
to a solution of the lactam 9 (256 mg, 1.36 mmol) in tetrahydrofuran
(12 mL) in a Ng atmosphere. The solution was then refluxed for 1.5
h and cooled and water (5 mL) was carefully added. The residue ob-
tained on evaporation was refluxed with 2 N HCI (25 mL) for 1.5 h.
Evaporation and refluxing with HC] was repeated. The final residue
was made basic with 20% KOH (20 mL) and extracted with chloro-
form. Evaporation of the dried (KoCOj3) extract yielded a pale yellow
oil which was distilled (100 °C, 103 mm) to afford 10 as a colorless
oil (186 mg, 79%): UV (95% ethanol) Ayax (log €) 255 (sh, 3.44), 263
(3.56), 268 (sh, 3.52), 276 nm (sh, 3.40); IR (neat) vpay 2795, 1568, 1435
c¢cm~1; TH NMR (CDCly) 6 1.56-3.50 (complex multiplet, 11 H), 7.04
(dd, 1 H,9-PyH),7.34 (d, 1 H, 10-PyH), 8.36 (d, 1 H, 8-PyH); m/e 174
(M+),178, 118, 146. The dipicrate was obtained as yellow needles from
ethanol, mp 224-224.5 °C. Anal. Calcd for Co3H9NgO14: C, 43.68; H,
3.19; N, 17.72. Found: C, 43.96; H, 3.15; N, 17.46.

Registry No.—1, 60032-57-7; 2, 65718-98-1; 3, 65718-99-2; 4,
60032-59-9; 5, 64114-31-4; 5 dipicrate, 65719-00-8; 5 diperchlorate,
65719-01-9; 6, 64114-19-8; 6 dipicrate, 65719-02-0; 7, 65719-03-1; 7
dipicrate, 65719-04-2; 8, 65719-05-3; 9, 65719-06-4; 10, 65719-07-5;
10 dipicrate, 65719-08-6; morphorine perchlorate, 35175-75-8; acry-
lonitrile, 107-13-1; methyl 2-methylnicotinate, 65719-09-7; 3-hy-
droxymethyl-2-methylpyridine, 56826-61-0; propynal, 74-99-7; methyl
3-aminocrotonate, 14205-39-1.

Supplementary Material Available: Proton noise decoupled
13C-NMR spectra of compounds 5, 6, 7,9, and 10 (1 page). Ordering
information is given on any current masthead page.
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Eight cembranoid diterpenes have been isolated from an unidentified soft coral. The structures were elucidated
from spectral data and chemical degradation sequences. The compounds were identified as (15*,35*,48*,7F,117)-

3,4-epoxy-13-0x0-7,11,15-cembratriene,
7E,11Z)-13-0x0-3,7,11,15-cembratetraene,

(15*,38*,45*,7E,11E)-3,4-epoxy-13-0%0-7,11,15-cembratriene, (3E,
(3E,7E,11E)-13-0x0-3,7,11,15-cembratetraene,

(1S*,35* 4S* 7E,

11E)-3,4-epoxy-14-0x0-7,11,15-cembratriene, (15*,3S*,45* 14R*,7E ,11E)-3,4-epoxy-14-hydroxy-7,11,15-cembra-
triene, (7E,11E)-3,4-epoxy-7,11,15-cembratriene, and {—)-cembrene-A. The application of 13C NMR spectroscopy

to the determination of stereochemistry is discussed.

The soft corals or alcyonaceans are known to be a source
of interesting marine natural products® which include ses-
quiterpenes,? cembranoid diterpenes,® polyhydroxylated
sterols,* and pregnanes.® Some cembranoid diterpenes from
soft corals are known to be toxic and have been cast in the role
of deterrents to predation by reef fishes.! We wish to report
the isolation and identification of eight cembranoid diterpenes
from an unidentified soft coral® which was collected at Canton
Island in the South Pacific.

Silica gel chromatography of the chloroform-soluble ma-
terial from the combined acetone and 15% methanol in chlo-
roform extracts of the soft coral gave a series of fractions from
which the ketones 1 and 2 and the hydrocarbon 8 were ob-
tained in high purity. Chromatography of one of the mixed
fractions on silver nitrate impregnated silica gel gave two pure
compounds, the ketones 3 and 5, and a mixture of the ketone
4 and the epoxide 7 which could only be separated after re-
duction of the ketone 4. The alcohol 6 was isolated from a
mixture with the ketone 2 as the corresponding acetate. The
molecular formulas, optical rotations, and yields of the com-
pounds isolated are summarized in Table 1.

The ketone 1 was shown to have the molecular formula
CooH3002 by high-resolution mass measurement. The infrared
band at 1690 cm~! and the UV absorption at 236 nm (e 3000)
both suggested the presence of an «,3-unsaturated ketone.
The 'H NMR spectrum contained signals at 6 5.68 (1 H, t, J
= 6.5 Hz) due to the 8 proton on an «,3-unsaturated ketone,
5.08 (1 H, t,J = 7 Hz) assigned to the vinyl proton on a tri-
substituted olefinic bond, 4.85 (1 H, bs) and 4.74 (1 H, bs) for
the terminal methylene protons and four methyl signals at
1.84, 1.80, 1.67, and 1.21 ppm. When recorded in CDClj3 so-
lution, the TH-NMR spectrum contained an unresolved proton
multiplet at 6 2.84 and a signal at 2.64 (1 H, t, J = 6.5 Hz)

0022-3263/78/1943-2127$01.00/0

which could be assigned to an a-epoxy proton. When recorded
in CgDg solution, the tH-NMR spectrum of 1 contained three
mutually coupled signals at 6 3.06 (1 H, m, J = 7Hz, H,), 2.77
(1H,dd,J =17,7Hz, H,),and 2.58 (1 H,dd, J = 17,7 Hz, Hy,)
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