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Abstract—A novel berbine alkaloid, ( +)-pallimamine, as well as four known alkaloids, protopine, a-allocryptopine,
(+)-tetrahydropalmatine, and (—)-capaurtmine, have been tsolated from the whole herb of Corydalis pallida var.
sparsimamma The structure of (4 )-pallimamine was established from spectral data in conjunction with a single-crystal

X-ray analysis.

INTRODUCTION

As part of our continuing investigation on the con-
stituents of Formosan Corydalis genus [1], we have
isolated a novel berbine alkaloid, (+)-pallimamine (1)
together with four known alkaloids, protopine (2), a-
allocryptopine (3), ( +)-tetrahydropalmatine (4) and (—)-
capaurimine (5) from the whole plant of corydalis pallida
var. sparsimamma (Ohwi) Ohwi. We herein describe the
isolation and elucidation of the structure of these alka-
loids.

RESULTS AND DISCUSSION

(z)-Pallimamine (1) was isolated in the form of pale
yellow prisms, mp 203-207°; [«]23 0°(CHCl;; ¢0.05)
HRMS established the molecular formula as
C,3H,,NO(M* m/z 397.1848). Peaks at 214 and 277 nm
1n the UV spectrum, which showed no shift upon addition
of KOH, suggested the presence of a non-phenolic
berbine nucleus 1n this alkaloid

The 'H NMR spectrum of 1 contained signals for four
methoxy groups [4 3 85 (6H, s) and 3.86 (6H, s)] and a
sharp three-proton singlet at 6 1.15 due to a tertiary
methyl group at C-13 Three aromatic proton resonances
at 66.28 (1H, s), 6.81 (1H, d, J=9 Hz), and 6 92 (1H, d,
J =9 Hz), were ascribed to H-4, H-11, and H-12, respect-
1vely. Signals for the C-8 methylene protons appeared at
4 338 and 4.34 (each 1H, d, J=16.3 Hz) while those for

*Part 9 1n the series ‘Studies on the Alkaloids of Formosan
Corydalis Species’ For part 8, see ref [1].

* Crystallographic  calculations were performed on a
PDP11/44 computer by use of the Enraf-Nomwus Structure
Determination Package incorporating the direct methods pro-
gram MULTAN11/82

tR=ZIIFo|—|Foll/Z|Fol, Ru=[Zw({Fol—|F|?/Zw|Fo|*]%.

the C-14 methylene group were at 6 4.19 and 4.69 (each
1H, d, J =10.5 Hz). A sharp one-proton singlet for H-13a
occurred at d 3.34. Signals at 4 2.57 (1H, dt, J=3.0 and
11.2 Hz), 2 74 (1H, dd, J =3.0 and 16 4 Hz), 3.08 (1H, m),
and 3.27 (1H, dd, J =5.4 and 11.2 Hz) for four mutually-
coupled protons were assigned to H-5eq, H-6ax, H-6eq,
and H-5ax, respectively Lack of a hydroxy group absorp-
tion in the IR spectrum, absence of any NMR signal for a
proton at C-13, and the upfield shift, by ca 3 0.5, for the
C-4 proton signal pointed to the presence of an oxymeth-
ylene bridge between C-1 and C-13, and this was suppor-
ted by the appearance of fragment ions at m/z 206 and 191
n the mass spectrum (Scheme 1). The IR spectrum of 1
contained a Bohlmann band at 2840 cm ~! characteristic
of a trans-quinolizidine skeleton The above data were in
excellent accord with structure 1 for pallimamine but left
undefined the relative stereochemistry at C-13 and C-13a.

Single-crystal X-ray analysis defined the complete
structure and relative stereochemistry of 1. The crystal
structure was solved by direct methods.* Full-matrix
least-squares refinement of atomic posttional and thermal
parameters converged at R=0044 (R, =0.064)f over
2867 reflections Non-hydrogen atom positional par-
ameters are listed in Table 1 The solid-state conforma-
tion of one enantiomer 1s 1llustrated in Fig 1 and 1t clearly
shows that the methyl group at C-13 and the hydrogen
atom at C-13a are mutually trans The shortest inter-
molecular distance between non-hydrogen atoms 1n crys-
tals of 1, C-14 .0-16=3.248(2) A, corresponds to a
normal van der Waals type separation

Bond lengths and angles in 1 (Fig 2) are generally close
to accepted values [2]. Aromatic rings A and D, with
mean dihedral angles of 1 6° and 1 0°, respectively, about
ring bonds are both approximately planar. The confor-
mations adopted by their methoxy substituents and the
assoclated geometries agree with expectations [3-6].
Thus, whereas C-20 lies only 0.114 A from the least-
squares plane through ring A carbon atoms and C-24 1s
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Scheme 1. Mass fragments of palimammne (1)

only 0 113 A from the corresponding ring D plane, steric
overcrowdmg of substituents forces C-18 and C-22 to e
1266 and 1255 A, respectively, from these planes These
conformational differences are reflected 1n the values of

the C(ar) —O bonded distances, variations in the exocychc
bond angles subtended at the phenyl ring carbon atoms
bearing the methoxy substituents, and the Clar)—O
—~C(Me) angles When the methoxy carbon atoms lie
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Table 1 Non-hydrogen atom fractional coordinates and equiv-
alent 1sotropic thermal parameters for pallimamine (1), with
estimated standard deviations in parentheses

Atom x % z B(A%)
oy 029532 0020605  0.32682)  254(3)
c2) 029872 006727(5)  0.29052)  270(3)
Q) 04328(2) 008551(5)  0.22172)  281(3)
C(4) 05594(2) 005604(6)  0.18712)  290(3)
Cda)  055372) 000905(5)  022242)  25503)
C(5)  068402)  —002387(6) 01731(2)  299(3)
C(6) 0 6840(2) —007005(6) 02559(2) 299(3)
N()  05181(2)  —008947(4)  02580(2)  256(2)
C(®) 05330(2)  —013471(6) 033452  306(3)
CBa)  037232)  —015305(6)  03844Q2)  274(3)
CO)  036772)  —019879(6)  04336(2)  319(3)
C(10)  022442)  —021830(6)  04820Q2) 3 70(4)
C(11)  00850(2)  —019025(7)  048422)  392(4)
C(12)  009012)  —014447(6)  043722)  342(3)
C12a) 023152)  —012503(6)  03310Q2)  241(3)
C(13) 0.2367(2) —0.07518(5) 0.3871(2) 269(3)
C(13a) 041712)  —005887(5)  034532)  240(3)
C(13b)  04246(2)  —000905(5)  02956(2)  241(3)
C(14)  01507(2)  —0042746)  043572)  271(3)
C(15)  015652)  —007199(6)  0.16522)  296(3)
o(16)  01569(1) 000526(4)  03890(1)  318(2)
o(17  0.1729() 0096184)  032721)  321(2)
C(18)  00494(3) 01026509)  020433)  581(5)
O(19)  0.4268Q) 0131994)  0.19392)  391(3)
C20)  056553) 015261(7)  0.1326(3)  501(5)
O21)  050612)  —022605(4)  042692)  384(3)
C22)  05969%3)  —023410(8)  05726(3) 5475
0(23) 0.2338(2) —026389(5) 0.5234(2) 519(3)
C(24)  00889(3)  —028548(8)  056543)  588(5)
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close to the aromatic ring plane and n-electron delocaliz-
ation 1s maximized, the C(ar)-O bond lengths [C-3-
0-19=13592) A, C-10-0-23=1.361(2) A] are signifi-
cantly shorter than those involving the other two
methoxy substituents [C-2-O-17=1 382(2) A, C-9-0-21
=1382(2) A]. In contrast to the situation at C-2 and C-9
where exocyclic C—-C-O angles are approximately equal,
the C-4-C-3-0-19 and C-11-C-10-O-2 angles are re-
spectively greater than the C-2-C-3-0-19 (A 9.7°) and C-
9-C-10-C-23 (A 6.8°) angles in order to reduce intra-
molecular non-bonded H(Me)... H(aryl) interactions. En-
largement of the C(ar)-O-C(Me) bone angles at O-19
[117.3(2)°] and O-23 [117 7(2)°] from the values found at
the out-of-plane methyl groups [1133(1)° at O-17,
114,3(2)° at O-21] also aids m relieving these same
nteractions.

Endocyclic torsion angles in the trans-fused B and C
rings are related by approximate C, symmetry axes
passing through the mid-points of the C-4a-C-13a and C-
6-N-7 bonds 1n the former and through the mid-points of
the C-8a—C-12a and N-7-C-13a bonds 1n the latter, and
thus these rings are best described as half-chair forms.
The bonding geometry at N-7 (mean bond angle
= 108.9°) 1s pyramidal An approximate mirror plane of
symmetry passing through C-1 and C-13 relates endo-
cychc torsion angles in ring E, and, with small torsion
angles about adjacent C-1-C-13b and C-1-O-16 bonds,
this ring has an envelope conformation in which C-13 1s
the out-of-plane atom. Although C-14 lies in the aromatic
ring A plane (A=0008 R), the slightly longer C-1-O-16
distance of 1373(2)A compared with the mean of
1.360(2) A for corresponding bonds at C-3 and C-10 is
indicative of some degree of bond stramn 1 ring E.

Other alkaloids 1solated from the same source were
characterized as protopine (2) [7], a-allocryptopine (3)
[7], (£)-tetrahydropalmatine (4) [8], and (—)-capauri-

Fig 1 Structure and solid-state contormation of one enantiomer of pallimamine (1); small circles denote hydrogen

atoms. Endocyclic torsion angles (w,, 0 +0 2—0 3°) for the enantiomer shown follow ®,; ,—01, @, 316,w;,—08,

W4aa— 16,04, 13531, 0135, —23 Mg A, @y, s — 185, 05,646 8, w6, —638,0,,13, 497, ®135,130—23.0, @1 34,40

74 ning B, 0, 5447, w5 g.— 130, Wge 12230, Wy2413—23.9, 043,13, 574, 03,7694 m1ing C, g, 9 19, @g 30

—1.8, 0101109, 11,01 @3,2,01, 15,5, 10m g D, @; 135~ 55, 013513, 34 2, 0134,13— 595, 1314
614, w1416—350, w6, 5210 ning E
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Fig 2 Bond lengths (Ay and bond angles (deg) in pallimamine (1), with estimated standard deviations
parentheses

mine (5) [9] by comparison with authentic samples
and/or from spectral data (UV, IR, 'H NMR, and MS)

EXPERIMENTAL

Mps uncorr, '"H NMR 400 MHz, chemical shifts are reported
m ppm (6) from TMS as internal standard, MS 70eV,
TLC, Pre-coated silica gel plates were used for analytical
(Merck, 60F-254, 0 25 mm) and prep (Merck, sihca get GF, 20 x
20 cm, 2000 p) TLC

Plant material Corydalis pallida var sparssmamma was collec-
ted in Nan-Shan village, Yilan-Hsien, Taiwan, in July, 1973, and
vertfied by Prof C-S Kuoh A voucher specimen is depostted in
the Herbannum of Kaohsiung Medical College, Kaohsiung,
Taiwan, RO C

Extraction and separation The fresh whole herb (27 5 kg) was
exhaustively extracted with warm EtOH Following removal of
EtOH, the solid residue was dissolved in 3% AcOH The result-
ing acidic soln was basified with NH,OH and extracted with
CHCI; The CHCI; layer was shaken with 2% NaOH and then
with 2% H,SO, Neutralization of the combined aq extracts
with conc NH,OH was followed by extraction with CHCl,
Drying and evapn of this CHCI; extract afforded the crude non-

phenolic alkaloids (Part A, 40.7 g) CC on silica gel with elution
by CHCl;-MeOH muxtures of increasing polarity afforded 10
fractions Colourless crystalline protopine (2) (203 g) was ob-
tained from fraction 2 which, following removal of 2, was further
purified by silica gel prep TLC by use of CHCI,-MeOH (10 1)
as eluant to give pale yellow prisms of z-allocryptine (3) (R, 0 37,
72 mg)

The mother hiquor remammng after removal of 3 was re-
peatedly punified by prep TLC (silica gel, CHCl;-Me,CO 14 1)
to furmsh pale yellow prisms of (% )-palimamne (1) (R, 073,
5 mg) Compound 1 mp 203-207°, Caled for C,,H,,NO, (M™)
m/z 397 1887, Found 397 1848, [«]3*0"' (CHCl;, ¢005), IR
vKBrem ' 2840, 1610, 1590, 1500, UV 8% nm (loge) 2i4
(4 56)and 279 (3 18), MS m/z(rel 1nt) 397(M*, 60), 396 (100), 366
(3), 206 (2), 191 (14), and 160 (4) Fraction 4 was further sepd by
prep TLC (sihica gel, CHC1;-Me,CO 3 1) to afford colourless
crystals of (£ )-tetrahydropalmatine (4) (R, 0 87, 28 mg)

Tertiary phenolic alkaloids (Part B, 4 3 g) were obtained by
work-up of the aq. NaOH extract of the tertiary base. Part B was
chromatographed on a silica gel column with CHCl;- Me,CO
(10 1) as eluant to give a red-brown residue which was purnified
by prep TLC (silica gel. CHCl; -Me,CO 2 1) to afford a yellow
amorphous substance, ( ~)-capaurtmine (5) (R, 048, 65 mg)
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X-Ray analysis of (zx)-Palbmammne (1) Crystal data
C,3H,,NO,, M, =397 48, monochnic, a=7274(2) A, b=28 975
(N A c=6 089(2) A, B=95.39(2)° (from 25 orientation reflections
51°<0<67°), V=12833 A3 Z=4, D_,.=1291 g/cm?, 4(CuKa
radiation, 2=15418 A)=7 0 cm ™. Space group P2,/c(C3,) uni-
quely from the systematic absences OkO when k 5 2n, hOl when
I#2n. Sample dimensions 0.12 x 018 x 0 80 mm

Preliminary unit-cell parameters and space group information
were obtained from oscillation and Weissenberg photographs
Intensity data (+h, +k, +1, 6,,,=67°, 3646 umque reflections)
were recorded on an Enraf-Nonwus CAD-4 diffractometer
[CuKa radiation, incident-beam graphite monochromator, w-26
scans, scanwidth (1 1540 14 tanf)°] A total of 2867 reflections
with I>300(I) were retained for the analysis, and the usual
Lorentz and polarization corrections were apphed.

The crystal structure was solved by direct methods Approxi-
mate positions for 26 out of the total of 29 non-hydrogen atoms
were derived from an E-map, and the remaining 3 atoms were
then located 1n a weighted F, Fourier systhesis. Several rounds
of full-matrix least-squares adjustment of positional and aniso-
tropic temperature factor parameters for these atoms were
followed by a series of difference Founer syntheses which
revealed hydrogen atom locations Inclusion of hydrogen atom
positional and 1sotropic thermal parameters as variables in the
subsequent least-squares iterations led to convergence (max
shift-esd <Q03) at. R=0044 (R, =0064). Final non-hydrogen
atom positional parameters are listed 1n Table 1. A view of the
solid-state conformation, with the atom numbering scheme, 1s
provided 1n Fig. 1 Anisotropic temperature factor parameters,
hydrogen atom positional and thermal parameters, bond
lengths, bond angles, torsion angles, and a hst of observed and
calculated structure amplitudes have been deposited with the
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Neutral atom scattering factors used 1n all structure-factor
calculations were taken from hit. [10] In the least-squares iter-
ations, ZwA? [w=1/c%(|F,|), A=(IFy}=|F )] was mimmzed
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