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Studies on Orchidaceae Alkaloids

XXIL* Synthesis and Absolute Configuration of Pierardine.
Lactone-Betaine Isomerization of Shihunine

MAGNUS ELANDER, LARS GAWELL and KURT LEANDER

Department of Organic Chemistry, University of Stockholm,
Sanddsgatan 2, S-113 27 Stockholm, Sweden

(+)-Pierardine has been synthesised by reaction of the lithium
salt of phthalaldehydic acid with 3-dimethylaminopropylmagnesium
chloride, followed by lactonization. The natural occurring enantiomer
(I) was obtained by recrystallisation of ( + )-pierardine di-O-benzoyl-
L-tartrate. On the basis of the CD curves of I, 3-propylphthalide
derived from I and of 3S-butylphthalide, I is assigned the 38 config-
uration. The isolation of shihunine from Dendrobium pierardii Roxb.
is reported. The possibility that shihunine is present in a betaine form
in the plant is discussed.

In a recent publication 2 we reported the isolation and structural determi-
nation of pierardine (I), an alkaloid from Dendrobium pierardit Roxb.** The
present communication reports the synthesis and absolute configuration of
pierardine (I), and also the isolation of shihunine (II)35 from D. pierardis.
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In the synthesis, the lithium salt of phthalaldehydic acid & was reacted
with 3-dimethylaminopropylmagnesium chloride 7 in tetrahydrofuran, followed
by lactonization.

The resulting ( + )-pierardine was resolved by recrystallisation of its di-
O-benzoyl-L-tartrate. Four recrystallisations from ethanol yielded the pure

* No. XXI of this series, see Ref. 1.
** Also known as Dendrobium aphyllum Roxb.
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(—) enantiomer, indistinguishable (NMR, IR, MS, optical rotation) from an
authentic sample of pierardine (I).

The absolute configuration of I was established by comparison of the CD
curves (Fig. 1) of I and its transformation product 3-propylphthalide,? with
that of 3S-butylphthalide, reported by Snatzke et al.® From the similarity
of the curves it is evident that the compounds have the same absolute config-
uration, and hence pierardine (I) is 38S-(3-dimethylaminopropyl)phthalide.
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Fig. 1. CD curves of pierardine (I) (- - - -), and 3S-propylphthalide ( } in methanol.

Shihunine (II), an alkaloid from Dendrobium lohohense Tang et Wang,3,®
has been isolated from D. pierardii. Spectroscopic measurements show that
shihunine in the crystalline state, or dissolved in non-polar solvents (chloro-
form, carbon tetrachloride, hexane), has the structure II. In water or methanol
solutions, however, shihunine is rapidly and virtually completely converted
into the betaine III, as supported by NMR (see Fig. 2), UV, and IR spectra.
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IIT is readily retransformed into shihunine (IT) by evaporating the solvent
and drying the residue thoroughly.
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Fig. 2. NMR spectrum of shihunine in D,0.

On the basis of the above evidence it seems probable that shihunine occurs
as the betaine III in the plant, and that the lactone II is formed during the
isolation procedure.

EXPERIMENTAL

Melting points are corrected. The optical rotations were measured on a Perkin-Elmer
141 polarimeter, the IR spectra on a Perkin-Elmer 257 instrument, the mass spectra on
a Perkin-Elmer 270 instrument, and the NMR spectra on a Varian A60-A spectrometer,
with TMS as internal reference.

Isolation of the alkaloids. Fresh plants of Dendrobium pierardii Roxb. (40 kg) were
extracted with methanol (100 1). The extract was concentrated to 2 1, acidified and washed
with carbon tetrachloride (4 x 0.5 1). The aqueous solution was made alkaline (pH 10)
with sodium hydroxide and extracted with ether (6 x 0.5 1). The combined ether solu-
tions were treated as previously described,? giving pierardine hydrochloride (8 g).

The alkaline aqueous solution was extracted with chloroform (15 x 1 1), and the com-
bined chloroform solutions were evaporated to dryness at a bath temperature of 40°.
The residue, which showed IR bands (CHC];) at 1745(s) and 1618(m) cm™, was filtered
through neutral alumina (2.5 x 20 cm), using chloroform as eluent. Evaporation of the
eluate to dryness and recrystallisation of the residue from ether at —20° afforded shi-
hunine **° as colourless needles (13.2 g), m.p. 77— 78°, [«] sq5—s80 22 0° (¢ 12.0, chloroform),
indistinguishable from an authentic sample (IR, MS, TLC). NMR spectrum (CDCl;):
12.0-2.7 (m,4H),t16.4—7.2 (m, 2H),77.3—8.2 (m, 4 H), 1 7.88 (s, 3 H). NMR spectrum
in D,0, see Fig. 2. UV spectrum: A,,, (hexane) 278 nm (log ¢ 2.89). 270.5 nm (log ¢
2.97), 264 nm (log ¢ 2.87), 230.3 nm (log ¢ 3.94), 223.7 nm (log ¢ 4.03); A,.x (Water)
215 nm (log ¢ 4.13), Apgex- 277 nm (log ¢ 3.16), 270 nm (log ¢ 3.23). IR spectrum: oy«
(KBr) 1750 cm™; oy (CCl, )1777 em™; opay (CHCl,) 1745 em™; 6, (CHZ;OH) 1680(w),
1618(s), 1595(m), 1565(m).

3-Dimethylaminopropylmagnesium chloride (IV). The Grignard reagent was prepared
as described by Marxer et al.,” using 3-dimethylaminopropylchloride (4.0 g), magnesium
(0.80 g), and tetrahydrofuran (25 ml).

Synthesis of (+ )-pierardine. Lithiumhydride (0.30 g, 87 %, purity) was added in small
portions to phthalaldehydic acid ® (3.75 g) in tetrahydrofuran (25 ml). The mixture was
refluxed for 1 h, cooled, and IV (prepared from 0.80 g Mg) in tetrahydrofuran (30 ml)
was added dropwise under stirring. The solution obtained was refluxed for 1.5 h, acidified
with hydrochloric acid (pH 2), and then heated at 90° for 1 h. The reaction mixture was
washed with ether (2x 75 ml), made alkaline (pH 10) and extracted with chloroform
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(4 x 100 ml). The extract was dried (Na,80,) and concentrated, leaving a pale yellow
oil (4.75 g), which was dissolved in ether and treated with hydrogen chloride in ether.
The precipitate (5.35 g) was recrystallised twice from ethanol, giving ( + )-pierardine hy-
drochlori(ﬁa (4.85 g), m.p. 185—~186°. (Found: C 61.2; H 7.20; Cl 13.8; }?5.45; 0 12.6.
Cale. for C,3H ,CINO,: C 61.1; H 7.09; Cl 13.9; N 5.48; O 12.5). From the hydrochloride,
(+)-pierardine was obtained as a colourless oil, indistinguishable (NMR, MS, IR, TLC,
GLC) from an authentic sample.

Resolution of (+)-pierardine. Solutions of (+ )-pierardine (0.97 g) and di-O-benzoyl-
L-tartaric acid (1.64 g) in ether were mixed. The precipitate (2.30 g) was recrystallised
four times from ethanol, giving pierardine di-O-benzoyl-L-tartrate (0.65 g), m.p. 156°,
[a] 576 2 —113° (¢ 0.58, methanol). (Found: C 64.5; H 5.30; N 2.66; O 27.8. Caﬁ:. for
C3,H3 NO,,: C 64.5; H 5.41; N 2.43; O 27.7.) The tartrate was dissolved in a mixture of
methanol and hydrochloric acid, and the solution was washed with ether (4 x 5 ml).
The aqueous layer was made alkaline (pH 10) and extracted with ether (3 x 5 ml). Evap-
oration of the solvent from the dried ether solution afforded pierardine (I), [«];, ® —68°
(¢ 0.66, chloroform).
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