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71. Yoshinobu Sato: The Synthesis of Lupine Alkaloids. II.D
The Synthesis of 1-(«a-Piperidyl)quinolizidine.

(Takamine Research Laboratory, Sankyo Co., Ltd.*)

Studies on the structure of matrine, first isolated from the root of Japanese Sophora
(Sophora flavescenee), were carried out by H. Kondo and his school and the structural for-
mula (I)® was presented in 1936. Recently, Tsuda et al.» synthesized 11~ethoxycarbonyl-
10~ox0-1,2,3,5,6,7-hexahydroquinolizo[1,8-abJquinolizine (II), and this proved the struc-
ture of (I).

Another route of the synthesis of matrine was attempted; the formation of B~ and
C-rings by cyclization from the starting material having A- and D-rings.
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As the preliminary step 1-(2-piperidyl)quinolizidine (1I) was synthesized by three
routes (Chart 1) from the same starting material, bis(2-pyridyl)methane (V),*® ob-
tained in 25% yield by boiling picolyllithium with 2-bromopyridine in ether. This com-
pound lacks one carbon atom in matrine ring, which joins A- and B-rings to form
C-ring and is an isomer of 3-(2-piperidyl)quinolizidine (Iv).”>®

Bohlmann ef «@l.” obtained 4-quinolizone compounds by condensing 2-picoline or
ethyl 2-pyridylacetate with diethyl ethoxymethylmalonate in the presence of sodium
amide in liquid ammonia. Bis(2-pyridyl)methane reacted very smoothly with diethyl
ethoxymethylmalonate. The methylene group in bis(2-pyridyl)methane is very reac-
tive due to the interaction of two pyridyl groups and 1-(2-pyridyl)-3—-ethoxycarbonyl-4—
quinolizone (VI) was easily obtained in a good yield only by heating bis(2-pyridyl)methane
with diethyl ethoxymethylmalonate at 160~180°. The condensation of (V) with diethyl
ethoxymethylmalonate in the presence of sodium amide in liquid ammonia gave the
4-quinolizone derivative in a poor yield and acid amide as a by-product. The infrared
spectrum of (VI) exhibits the absorption bands for ~-COOR (1731 cm~*), -CON < (1692 cm™),
and pyridine ring (1636, 1593, and 1570 cm™), very analogous to those of structurally
isomeric l-ethoxycarbonyl-3—(2-pyridyl)~4—quinolizone (XI[)!® synthesized by Clemo, et

*

Nishi-shinagawa, Shinagawa-ku, Tokyo ({Z#Ez412).
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Fig. 1. Infrared Spectra of (VI) and (30) (in CHCI,)
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al These two compounds have a strong fluorescence characteristic of quinolizine
derivatives and the infrared spectra of these are shown in Fig. 1.

Decarboxylation of this compound (VI) by boiling in 5% hydrochloric acid afforded
1-(2-pyridyl)-4~quinolizone (Vi) which shows a strong fluorescence and its infrared
spectrum exhibited absorption bands for -CON < (1677—! cm) and pyridine ring (1637, 1587,
and 1565 cm™) but not for ~-COOR. This pyridyl-substituted quinolizone was catalytic-
ally hydrogenated over platinum oxide in glacial acetic acid to afford an oily base,
1-(2-piperidyl)-4-oxoquinolizidine (V).  (VlI) shows no fluorescence and exhibits the
infrared spectrum absorption bands for -CON<(1642cm™') and >NH (3300 cm™) but
not for pyridine ring.

This compound was also obtained by the next route. Bis(2-pyridyl)methane was con-
densed with ethyl 3-bromopropionate in the presence of phenyllithium and afforded an
oily base, ethyl 4,4-bis(2-pyridyl)butyrate (IX). The oily base obtained by the catalytic
hydrogenation of (IX) over platinum oxide in glacial acetic acid, followed by cyclization
by heating at above 180° under reduced pressure for two hours, was proved to be iden-
tical with (Vll) by the mixed melting point of its picrolonate and the infrared spectra.

1-(2-Piperidyl)-4-oxoquinolizidine was reduced with lithium aluminum hydride in
anhydrous ether and afforded an oily base, 1-(2-piperidyl)quinolizidine (II). ' The infra-
red spectrum of this compound has only the frequency for NH (3310cm™). Two
structural isomers are considered for this compound by whether the bond between
quinolizidine and piperidine rings is axial or equatorial. Fractional recrystallization of
the picrolonate of (II) afforded two kinds of crystals of m.p. 244° and 254°, the former
being more soluble in methanol than the latter.
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Fig. 2. Infrared Spectra of (VI), (Vll), and (1) (in CHCI,)

11) G.R. Clemo, W. McG. Morgan, R. Raper : J. Chem. Soc., 1936, 1025.
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1-(2-Piperidyl)quinolizidine was also obtained by the following route. 3-Phenoxy-
propyl bromide was condensed with bis(2-pyridyl)methane in the presence of phenyl-
lithium and quantitatively afforded 4,4-bis(2-pyridyl)butyl phenyl ether (X) as viscous
oily base. The infrared spectrum of this compound exhibited the absorptions for ether
linkage (1242 cm™) and pyridine and benzene rings (1600, 1590, 1570, and 1500 cm™).
Catalytic hydrogenation of (X) over platinum oxide in 5% hydrochloric acid afforded
the dipiperidyl compound (Xi). The infrared spectrum of this compound showed absorp-
tions for >NH (3300 cm™), ether linkage (1242 cm™), and a benzene ring (1603, 1590, and
1502 cm™). The ether linkage of this compound was cleaved by boiling in 48% hydro-
bromic acid and the product was cyclized with conc. potassium hydroxide to give (II).
The infrared spectra of (VI), (Vll), and (II) are shown in Fig. 2.

The author wishes to express deep gratitude to Prof. K. Tsuda of the University of Tokyo for
his kind and helpful guidance and to Mr. M. Matsui, Director of this Laboratory, for his encourage-
ment. Thanks are also due Mr. T. Onoe, Miss C. Furukawa, and Miss H. Otsuka for micro-
analysis, and to Mr. H. Shindo for infrared spectral measurement.

Experimental

Bis(2-pyridyl)methane (V)—A solution of 28 g. of 2-picoline in 50 cc. ether was added to a solution
of. PhLi in 200cc. of ether, prepared from 4.2g. Li and 47 g. bromobenzene. To this mixture,
a solution of 47.4 g. of 2-bromopyridine in 50 cc. of ether was added gradually under cooling with
ice and stirring. After 1 hr. the mixture was refluxed for 1 hr., cooled, and extracted with 200 cc.
of 1077 HCl. The acid solution was basified with K,CO; and extracted with ether. The ether
solution was dried over anhyd. Na,SO, and the solvent was distilled off. The residue was distilled
under reduced pressure. The fraction of b.py; 95~105° was obtained; 13.5g.(21.6%). The picrate
was obtained in ether solution, m.p. 202°(from EtOH). Anal. Calcd. for CiiHyoNy«2CH,0;/N, ¢ C, 43.9;
H, 2.54; N, 17.7. Found: C, 43.74; H, 2.72; N, 17.27.

1-(2-Pyridyl)-3-ethoxycarbonyl-4-quinolizone (VI)—1) A mixture of 17 £.(0.1 mole) of bis(2-py-
ridyl)methane and 21.0g.(0.1mole) of diethyl ethoxymethylmalonate was heated at 120~140° for
4 hrs. and at 180~190° for 3 hrs., during which the EtOH produced was distilled off. After the
mixture was cool, petroleum ether was added and gave yellow prisms, m.p. 148~153°. Yield, 20 g.
(7025). Recrystallization from a mixture of benzene and ether afforded yellow prisms, m.p. 153 ~
155°.  Anal. Caled. for Ci;H,O3N,: C, 69.37; H, 4.80; N, 9.52. Found : C, 69.32; H, 5.10; N, 9.82.

2) A solution of 8.5g.(0.05mole) bis(2-pyridyl)methane in 50cc. of ether was added to a
suspension of NaNHy(from 1.2g. Na)in 100 cc. ether. To this mixture 10.8g. of diethyl ethoxy-
methylmalonate was added dropwise with stirring and the mixture was refluxed for 3 hrs.
After cool water was added and the ether layer was separated. The aq. solution was extracted
with CHCl;, the ether and CHCl; solutions were combined, dried, and the solvent distilled off,
The residue, after distilling off the starting material /% vacwo, was chromatographed on alumina
as a benzene solution. Benzene eluate gave 1-(2-pyridyl)-3-ethoxycarbonyl-4-quinolizone, m.p. 153~
155°,  Yield, 0.69g.(4.7%). The CHCl; eluate gave 1-(2-pyridyl)-3-carbamoyl-4-quinolizone, m.p.
283~285°. Awnal. Caled. for C;sH;;O.N,: C, 67.9; H, 4.18; N, 15.84. Found : C, 67.44; H, 4.22; N,
15.58. ‘

1-(2-Pyridyl)-4-quinolizone (VII)—1-(2-Pyridyl)-3-ethoxycarbonyl-4-quinolizone (188 mg.) was re-
fluxed with 20 cc. of 10% HCI for 10 hrs. The mixture was evaporated to dryness under a reduced
pressure, the residue was dissolved in a small amount of water, basified with K,CO;, and extracted
with CHCl;. The CHCI; solution was dried over anhyd. Na,SO, and the solvent was distilled off to
give yellow prisms, m.p. 143~144°(from EtOH and ether). Yield, 96 mg. Anal. Calcd. for C14H;(ON,:
C, 75.65; H, 4.54; N, 12.61. Found: C, 75.87; H, 4.63; N, 12.32.

Etayl 4,4-Bis(2-pyridyl)butyrate (IX)—A solution of 15g. of bis(2-pyridyl)methane in 50 cc. of
ether was added to PhLi solution in 100 cc. of ether, prepared from 1.25g. Li and 14g. bromo-
benzene. To this mixture a solution of 16.5g. of ethyl 3-bromopropionate in 50 cc. of ether was
added gradually with stirring. Then the mixture was refluxed for 3 hrs., water was added to
decompose the Li complex, and then dil. HCI was added. The agq. layer was separated, basified
with K;CO; the liberated base was extracted with CHCl;, and dried over anhyd. Na,SO,. The
solvent was distilled off and the residue was distilled /% vacuo to give a very viscous oil, b.pg.¢s 150~
160°. Yield, 3.39g. Dipicrate : m.p. 188~190° (from EtOH). Anal. Caled. for Ci6H1502N3+2CH,0, N,
C, 46.12; H, 3.33; N, 15.41. Found: C, 45.7; H, 3.21; N, 15.66.

1-(2-Piperidyl)-4-oxoquinolizidine (VIII)--1) 1-(2-Pyridyl)-4-quinolizone (1.5g.) was hydrogenat-
ed over PtO, in glacial AcOH. The catalyst was filterd off and the solvent was evaporated to
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dryness in vacuo. The residue was dissolved in a small amount of water and extracted with CHCl,
after basifying with K,CO;. The extract was dried over anhyd. Na,SO, and the solvent was distilled
off. The residue (1.92 g.) was distilled under a reduced pressure to give a very viscous oil, b.p.
190~205°(bath temp.). Yield, 1.05g. Awual. Calcd. for C HON; : C, 71.14; H, 10.24; N, 11.85. Found:
C, 70.84; H, 10.24; N, 11.50. Picrolonate : m.p. 239~240° (decomp.)(from EtOH). Anal. Caled. for
C:4H,:0N,-C HO:N, : C, 57.59; H, 6.44; N, 16.79. Found: C, 57.67; H, 6.24; N, 16.83.

2) Ethyl 4,4-bis(2-pyridyl)butyrate (3.3 g.) was hydrogenated over PtO; (0.5 g.) in glacial AcOH.
The mixture was filtered and evaporated to dryness under a reduced pressure. The residue was
dissolved in a small amount of water, basified with K,CO,, the liberated base was extracted with
CHCI;, the extract was dried over anhyd. Na,SO,, and the solvent was distilled off. The residue
was heated at 200° under a reduced pressure (6~10 mm. Hg) for 2 hrs. and then distilled in vacuo to
give a very viscous oil, b.pg.os 155~157°. Yield, 2.1g.(73%). Anal. Calcd. for Ci:H:yON, ¢ C, 71.14;
H, 10.24; N, 11.85. Found: C, 70.95; H, 9.93; N, 11.91.

4,4-Bis(2-pyridyl)butyl Phenyl Ether (X)—A solution of 34 g.(0.2 mole) of bis(2-pyridyl)methane
in 100 cc. of ether was added gradually with stirring to a solution of PhLi in 200cc. of ether,
prepared from 2.8g. Li and 31.4g. bromobenzene. After stirring for 30 mins. 3-phenoxypropyl
bromide in 100cc. of ether was added, the mixture was stirred, and gently refluxed for 6 hrs.
Water was added to decompose the Li complex and the ether layer was separated. The ether layer
was extracted with 5% HCI, the acid layer was basified with K;CO;, and extracted with ether.
The ether extract was dried over anhyd. Na,SO, and the solvent was distilled off. The residual
oil was distilled 7z vacuo to give a very viscous oil, b.p.ez 180~190°. Yield, 42.1g.(69.227).

4,4-Bis(2-piperidyl)butyl Phenyl Ether (X1)-2,2-Bis(2-pyridyl)butyl phenyl ether (11.8 g.) was
hydrogenated over PtO; (1.0 g.) in 525 HCI (40 cc.). The catalyst was filtered off and concentrated
in vacwo. The residue was basified with K,COj;, extracted with ether, the extract was dried over
anhyd. Na,SO,, and the solvent was distilled off. The residue was distilled under a reduced
pressure to give a very viscous o0il, b.po s 172~180°. Yield, 8.5g.

1-(2-Piperidyl)quinolizidine(1ll)—1) 1-(2-Piperidyl)-4-Oxoquinolizidine (1.53 g.) was added to a
solution of 1.0 g. of LiAlH, in 50 cc. of ether at room temperature and the mixture was gently refluxed
for 5 hrs. To this mixture water was added to decompose the Li complex, the ether layer was sepa-
rated, dried over anhyd. N2,S0,, and the solvent was distilled off. The residue was distilled under
a reduced pressure to give an oil, b.p; 160~170°(bath temp.). Yield, 1.3g. Picrolonate was obtained
by adding an ether solution of picrolonic acid to 0.0638 g. of the base in ether. Yield, 0.2098 g. The
crude picrolonate was digested with 40 cc. each of MeOH and filtered, and a total of 200 cc. of MeOH
was needed to dissolve all the picrolonate completely. FEach filtrate was concentrated and cooled.
By this method two kinds of crystals were obtained; (a) m.p. 242~244° (decomp.), 0.0897 g., and
(b) m.p. 253~254° (decomp.), 0.0716 g. (a) is more soluble in MeOH than (b). Anal. Calcd. for CyyHysNge
2C,0HOsN, : C, 54.39; H, 5.64; N, 18.66. Found (Dipicrolonate of (a)): C, 54.55; H, 5.97; N, 18.75.
Found (Dipcrolonate (b)) : C, 54.37; H, 5.99; N, 18.64.

2) 4,4-Bis(2-piperidyl)butyl phenyl ether (4.7 g.) dissolved in 50 cc. of 489 HBr was left to stand
over night and then refluxed for 5 hrs. After cool, the mixture was extracted with ether, the aqueous
ayer was concentrated i vacuo, and treated with 30 cc. of 507 KOH. The mixture was extracted
with ether, dried over anhyd. Na,SO, the solvent was distilled off, and the residue was distilled
under a reduced pressure to give an oily base, b.pg.s 113~115°.  Yield, 1.75 g. Dipicrolonate, m.p.
242~243°(decomp.). Anal. Calcd. for CisH;eNy»2C;0HgOsNy : C, 54.39; H, 5.64; N, 18.66. Found: C,
54.55; H, 5.97; N, 18.75.

Summary

1-(2-Piperidyl)quinolizidine was obtained from bis(2-pyridyl)methane by three
routes. As an intermediate compound 1-(2-pyridyl)-3—-ethoxycarbonyl-4-quinolizone,
a structural isomer of l-ethoxycarbonyl-3-(2-pyridyl)-4-quinolizone, was obtained in
a good yield.
(Received May 27, 1957)
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