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Resolution of dl-Deoxynupharidine ; The Total Synthesis of Nupharidine*
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(Received April 2, 1962)

Recently we have suggested that the absolute
configuration of deoxynupharidine should be
represented as formula I'. In the course of
the synthetic route of deoxynupharidine, it
seems that the 7-axial methyl group has
mainly been produced by catalytic reduction
of the pyridine nucleus of ethyl 4-[5-methyl-
pyridyl-(2)]-valerate and the 4-equatorial furyl
group has been produced by catalytic reduction
of 1, 7-dimethyl-4- [furyl-(3)]-dehydroquinolizi-
dine-3. From the results that 3-methylquino-
lizidine obtained from 2, 5-lutidine through
catalytic reduction of pyridine nucleus afforded
mainly 3(a)-methyl form?»> and 4-methyl-
quinolizidine obtained by Murakoshi’s method®
afforded only one diastereomer of 4-methyl-
quinolizidine the synthetic mixture of deoxy-
nupharidine®> may be contained isomer Ia and
Ib predominantly. A chromatography of the
diastereoisomeric mixtures of synthetic sample
on alumina® resulted in the separation of the
following fractions. The first fraction eluted
by petroleum ether gave an isomer, which was
crystallized as hydrochloride. This isomer
could not be lead to N-oxide and to iodo-
methylate by the same condition as used with
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success in case of a natural product. From
the suggestion, that the 1(a)-methyl group of
this isomer will hinder sterically the above
reactions and from the evidence of NMR
spectra, this isomer should be presented as
l-epimer (Ib). The fraction eluted by petro-
leum ether-ether, which has the infrared and
NMR spectrum similar to that of natural
deoxynupharidine, was oxidized with hydrogen
peroxide to N-oxide and recrystallized as its
hydrochloride (infrared spectrum in Nujol
was found to be identical with that of nu-
pharidine hydrochloride), and then reduced
smoothly with palladium charcoal to give di-
deoxynupharidine. The treatment of d/-form
with [-tartaric acid afforded /-deoxynupharidine
I-tartrate as less soluble salt and the regenerated
I-base from the tartrate oxidized to d-nuphari-
dine, which was identical with a natural product
in all aspects. The d-base also has been iso-
lated with the aid of d-tartaric acid.
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Resolution of di-Deoxynupharidine
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Fig. 1. dI-Nupharidine hydrochloride (Nujol).
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Fig. 2. Nupharidine hydrochloride (natural) (Nujol).
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Fig. 3. 1(epi)-Deoxynupharidine hydrochloride (Nujol).
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Fig. 4. dl-Deoxynupharidine hydrochloride (Nujol).
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Fig. 5. Deoxynupharidine hydrochloride (natural) (Nujol).
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Fig. 7. The NMR spectra were measured
in benzene solution at 56.4 Mc. using a
Varian spectrometer and c.p.s. values
calculated from benzene.

—— 1(epi)-Deoxynupharidine
------ dl-Deoxynupharidine

Experimental

To purify the reaction product, diethyl 2-[5-
methylpyridyl-(2)J-allylmalonate was reduced par-
tially with Pd-C in ethanol to diethyl 2-[5-methyl-
(2)]-propylmalonate (picrate from ether, m.p.
84~85.5C, Found: C, 50.54; H, 5.01; N, 10.76.
Caled. for CaHOpNi; C, 50.57; H, 5.02; N,
10.7295)% and then hydrolyzed to 4-[5-methylpyridyl-
(2)]-valeric acid (m.p. 77~77.5°C, Found: C,
68.45; H, 7.88; N, 7.06. Caled. for C;;H;s0O.N:
C, 68.35; H, 7.82; N, 7.25%, the hydrochloride,
m. p. 145~146°C, Found: C, 57.42; H, 7.06; N,
5.88. Caled. for C;;H;sO:N-HCl: C, 57.51; H,
7.02; N, 6.09%). Ethyl 4-[5-methyl-pyridyl-(2)]-
valerate (b.p. 102~104°C/2 mmHg) was reduced
with platinum oxide in acetic acid and then
acylated with furoyl chloride immediately to give
furoyl derivatives.

Natural Deoxynupharidine.—[alp —109.86° (c
1.16, in ethanol), the hydrochloride, m.p. 261~
263°C, [alp —21.4° (¢ 0.98, in 1 N HCI).

Natural Nupharidine.—[alp +17.2° (¢ 1.10, in
ethanol).

I-Deoxynupharidine (synthetic) (liquid).

I-Deoxynupharidine-I-tartrate. — /-Deoxynuphari-
dine (0.76 g.) and /-tartaric acid (0.5 g.) were mixed
in acetone (8 ml.) and deposited the tartrate (1.3 g.),
which recrystallized from acetone-ethanol and
ethyl methyl ketone, m. p. 151~152°C, [a]lp —14.65°
(¢ 1.11, in ethanol).

Found: C,59.26; H, 7.73; N, 3.59. Calcd. for
CigHgO:N : C, 59.51; H, 7.62; N, 3.65%.

d-Nupharidine-d-camphorsulfonate. — d-Nuphari-
dine (0.3g.) and d-camphorsulfonic acid (0.3 g.)
were mixed in chloroform (10ml.) and the de-
posited salt (0.5g.) recrystallized from ether-
ethanol in needles, m.p. 182~183°C (decomp.),
[alp +39.0° (¢ 0.9, in ethanol).

Found: C, 61.86; H, '8.25; N, 2.85. Calcd. for
CosHygOgNS : C, 62.21; H, 8.35; N, 2.90%.

Chromatography of Synthetic Deoxynupharidine.
—The synthetic deoxynupharidine (42.15g., b.p.
93~98°C/2 mmHg was chromatographed on alumina
and resulted in the separation of following frac-
tions (the fraction was checked by the infrared
NMR spectroscopy) ;

Chromatography No. 1—1

Synthetic sample (13.3g.) was dissolved in
petroleum ether (50 ml.) and chromatographed on
alumina (80g.).

Fraction Eluent Volume Weight
ml. g.
1—1 Pet. ether 200 3.4
2—1 Pet. ether 200 1.7
3—1 Pet. ether 200 0.25
4—1 Pet. ether: Ether 100 0.8
5—1 Ether 100 0.65
6—1 Ether 310 0.2
7—1 Ethanol 120 4.4
Chromatography No, 1—2
Synthetic sample (15.5g.) was dissolved in

peteroleum ether (100 ml.) and chromatographed
on alumina (100g.).

Fraction Eluent Volume Weight
ml. g.
1—2 Pet. ether 200 2.3
2—2 Pet. ether 100 4.5
3—2 Pet. ether: Ether 100 0.8
3—2 Ether 100 1.9
5—2 Ether 200 0.3
6—2 Ether 400 0.2
72 Ethanol 150 4.5
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Chromatography No. 1—3

Synthetic sample (13.35g.) was dissolved in
petroleum ether (100 ml.) and chromatographed on
alumina (100g.).

Fraction Eluent Volume Weight

ml. £.
1—3 Pet. ether 200 3.4
2—3 Pet. ether 100 4.5
4—3 Pet. ether 100 0.3
4—3 Pet. ether: Ether 100 0.5
5—3 Ether 100 2.9
6—3 Ether 200 0.3
7—3 Ethanol 150 1.9

Chromatography No. 2

Fractions except 7 of chromatography No. 1—1,
2, 3 were dissolved in peteroleum ether (50ml.)
and chromatographed on alumina (125g.).

Fraction Eluent Volume Weight

ml. g.
8 Pet. ether 200 21.7
9 Pet. ether 100 2.1
10 Pet. ether: Ether 100 0.6
11 Pet. ether: Ether 100 2.8
12 Ether 225 1.5
13 Ether 200 0.5
14 Ethanol 100 0.3

Chromatography No. 3

The fractions 8 and 9 (23.8 g.) were dissolved in
petroleum ether (100 ml.) and chromatographed on
alumina (130g.).

Fraction Eluent Volume Weight
ml. g.
15 Pet. ether 200 14.4
16 Pet. ether 100 5.2
17 Pet. ether: Ether 100 0.8
(7:3)
18 Pet. ether: Ether 100 3.7
(7:3)
19 Ether 100 0.3
20 Ether 300 0.05
21 Ether 120 Trace

Chromatography No. 4

The fractions 15 and 16 (19.6g.) were dissolved
in petroleum ether (80 ml.) and chromatographed
on alumina (115g.).

Fraction Eluent Volume Weight
ml. g.
22 Pet. ether 100 11.1
23 Pet. ether 100 4.7
24 Pet. ether: Ether 100 0.7
(7:3)
25 Pet. ether : Ether 100 2.5
(7:3)
26 Ether 100 0.05
27 Ether 300 0.05
28 Ethanol 125 Trace

Chromatography No. 5

The fractions 22 and 23 (15.8g.) were dissolved
in petroleum ether (60 ml.) and chromatograph on
alumina (125g.).

Resolution of dl-Deoxynupharidine
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Fraction Eluent Volume Weight
ml. g.
29 Pet. ether 200 10.6
30 Pet. ether 100 2.2
31 Pet. ether : Ether 100 2.2
(7:3)
32 Pet. ether : Ether 100 1.6
(7:3)
33 Ether 100 Trace
34 Ether 300 Trace
35 Ethanol 120 Trace

Infrared spectra of the fractions 11, 18, 25 and
32 were similar to that of natural deoxynupharidine.
dl-Nupharidine Hydrochloride.—A part (2.2g.)
of the above fractions 11, 18, 25 and 32 was dis-
solved in acetone and added 15% of hydrogen
peroxide (2.3g.) The reaction mixture was heated
on a steam bath at 50°C for 3hr. and then
evaporated in vacuo. The residue was dissolved
in ethanol (4.5g.) and added concentrated hydro-
chloric acid (0.7ml.) and ether (38 ml.) and then
kept in a refrigerator to give a precipitate (m. p. 193
~196°C), which was recrystallized from ethanol-
ether in needles, m.p. 222~223°C (decomp.).
Found: C, 62.85; H, 8.29; N, 4.98. Calcd. for
C|5H2302N'HC12 C, 63-03; H, 8.46; N, 4‘90%.
dl.Deoxynupharidine = Hydrochloride. — dl-Nu-
pharidine hydrochloride (1g.) was dissolved in
ethanol (30ml.), added 109 palladium charcoal
(0.4g.) and hydrogenated at ordinary pressure and
temperature. Eighty-seven milliliters of hydrogen
(theoretical amount, 79 ml.) were absorbed in 2 hr.
The catalyst was filtered off and the filtrate was
evaporated in vacuo. The residue recrystallized
from ether and ethanol gave di-deoxynupharidine
hydrochloride (0.85g.), m.p. 218~220°C, yield
939,. Analytical sample obtained by further re-
crystallization melted at 224~225°C.

Found : C, 66.69; H, 8.84. Caled. for C;sHsON-
HCl: C, 66.77; H, 8.97%.

Resolution of dl-Deoxynupharidine.—The di-base
(1.5g.) which was obtained by several runs as
above mentioned and /-tartaric acid (0.6g.) were
dissolved in acetone (9ml.) and ether (ca. 0.5ml.)
and left overnight in the refrigerator. The preci-
pitated crude tartrate (0.5g., m.p. 141~144°C)
was recrystallized several times from ethyl methyl
ketone. The final product (0.2g.) melted at 151.5
~152°C (mixed melting point with authentic -
deoxynupharidine [-tartrate, 152~154°C) and showed
[alp —11.54° (¢ 1.00, in ethanol).

Found: C, 59.30; H, 7.64; N, 3.58%.

The base recovered from the above tartrate
showed [alp —68.82° (¢ 1.01, in ethanol), the
hydrochloride, [alp —17.03° (¢ 1.02, in 1~ HCI),
m. p. 258~261°C.

Found: C, 66.82; H, 8.96; N, 5.03%.

d-Nupharidine.—The synthetic /-deoxynupharidine
(64 mg.) was dissolved in acetone (2 ml.) and added
152% hydrogen peroxide (0.6ml.). The mixture
was kept at 50°C for 2hr. and the solvent was
evaporated under reduced pressure. The residue
was dissolved in chloroform and washed with
water. The residue (68 mg.) obtained from the
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chloroform solution by evaporation was recrystal-
lized from acetone in plates (8 mg.), 222°C
(decomp.), [alp +13.00° (¢ 0.38, in ethanol).
Found: C, 71.81; H, 9.57%. The hydrochloride,
m. p. 245~246°C (decomp.).

Found: C, 63.25; H, 8.487%.

d-Deoxynupharidine-d-tartrate. — The mother-
liquor from the first crop of I/-deoxynupharidine
I-tartrate was evaporated, the residue dissolved in
water, basified, and extrated with ether, giving the
crude d-base (1.0g.). This was combined with d-
tartaric acid (0.64g.) in ethyl methyl ketone
(10 ml.) and the d-tartrate (0.9 g. m. p. 138~140°C)
repeatedly crystallized from ethyl methyl ketone,
the last fraction (0.35g.) having m. p. 152~154°C,
[alp +13.5° (¢ 1.66, in ethanol).

Found: C, 59.48; H, 7.62; N, 3.76%.

d-Deoxynupharidine. — d-Deoxynupharidine re-
covered from the above showed [alp +108.58°
(¢ 0.99, in ethanol), the hydrochloride, m. p. 259~
261°C. Found: C, 66.50; H, 8.85; N, 5.18%.

1-(epi)-Deoxynupharidine.—Fraction 29 (10.6g.)
was dissoved in ethanol (50 ml.) and concentrated
hydrochloric acid (5ml.) and then added ether
(50ml.). The precipitated hydrochloride (7.7g.
m. p. 220~222°C) was recrystallized from acetone-

[Vol. 35, No. 9

methanol in prisms, m. p. 224~225°C.

Found: C, 66.65; H, 8.87; N, 5.36%.

The free base (400 mg.) was dissolved in acetone
(6 ml.) and added 159 hydrogen peroxide (1 ml.).
After the mixture was kept at 50°C for 2hr., the
solvent was removed in vacuo and the residue dis-
solved in chloroform. The chloroform solution
was washed with water and then evaporated. The
residual oil (400 mg.) was identical with starting
material in infrared spectra.

The free base (350 mg.) was mixed with methyl
iodide (5ml.) and then left overnight. To the
reaction mixture ether was added and the ethereal
solution washed with bisulfite solution. By re-
moving of solvent, starting material was recovered
(350 mg.).

The author wishes to thank Mr. Naohiro
Hayakawa of Japan Atomic Energy Research
Institute for measurement of the NMR
spectra.

Deartment of Chemistry
Faculty of Science
Osaka University

Nakanoshima, Osaka




