
Phytochemrstry, Vol 28, No 4, pp 1245-1249, 1989 0031&9422/89 S300+000 
Pnnted III Great Bntam 0 1989 Pergamon Press plc 

ALKALOIDS OF CORYDALIS PALLIDA VAR. SPARSIMAMMA AND THE 
STRUCTURE AND STEREOCHEMISTRY OF PALLIMAMINE* 

SHENG-TEH Lu,t JENG-FEN HwANG,t TIAN-SHUNG Wu,$ DONALD R MCPHAIL,~ ANDREW T MCPHAILS and 
KUO-HSIUNG LEE II 

tSchool of Pharmacy, Kaohsnmg Me&al College, Kaohsmng 80731, Taiwan, R O.C, $Department of Apphed Chemistry, 
Providence College of Arts and Saences, Shalu 43309, Talchung Hslen, Taiwan, R.O.C, $Department of Chemistry, P M Gross 
Chemical Laboratory, Duke Umverslty, Durham, NC 27706, U.S A., 11 Natural Products Laboratory, Dlvlslon of Medlcmal 

Chemistry and Natural Products, School of Pharmacy, Umverslty of North Carolma, Chapel Hill, NC 27599, U S.A 

(Recezued 20 September 1988) 

Key Word Index-Corydahs pahda var sparwnamma, Fumanaceae; alkaloids; ( + )-palhmamme; a-allocryptopme, 
protopme, (_f)-tetrahydropalmatme; (-)-capaunmine; X-ray crystal structure 

Abstract-A novel berbine alkaloid, (+)-palhmamine, as well as four known alkalcnds, protopine, u-allocryptopme, 
(+)-tetrahydropalmatme, and (-)-capaunmme, have been Isolated from the whole herb of Corydalis p&da var. 
sparswnamma The structure of (+)-pallimamme was established from spectral data m conJunction with a single-crystal 
X-ray analysis. 

INTRODUCTION 

As part of our continuing investigation on the con- 
stituents of Formosan Corydalrs genus [l], we have 
isolated a novel berbme alkaloid, (f)-palhmamine (1) 
together with four known alkaloids, protopme (2), tl- 
allocryptopme (3), (-t-)-tetrahydropalmatme (4) and (-)- 
capaurimine (5) from the whole plant of corydalis pallida 
var. sparsrmamma (Ohwi) Ohwi. We herein describe the 
isolation and elucidation of the structure of these alka- 
loids. 

RESULTS AND DISCUSSION 

(f)-Pallimamine (1) was isolated m the form of pale 
yellow prisms, mp 203-207”; [cr]i3 O”(CHCI,; ~0.05) 
HRMS established the molecular formula as 
C,,H,,NO,(M+ m/z 397.1848). Peaks at 214 and 277 nm 
m the UV spectrum, which showed no shift upon addition 
of KOH, suggested the presence of a non-phenohc 
berbine nucleus m this alkaloid 

The ‘H NMR spectrum of 1 contained signals for four 
methoxy groups [S 3 85 (6H, s) and 3.86 (6H, s)] and a 
sharp three-proton singlet at S 1.15 due to a tertiary 
methyl group at C-13 Three aromatic proton resonances 
at 66.28 (lH, s), 6.81 (lH, d, J=9 Hz), and 692 (lH, d, 
J=9 Hz), were ascribed to H-4, H-l 1, and H-12, respect- 
ively. Signals for the C-8 methylene protons appeared at 
6 3 38 and 4.34 (each lH, d, J = 16.3 Hz) while those for 

*Part 9 m the series ‘Studies on the Alkaloids of Formosan 
Corydah Spccles’ For part 8, see ref [I]. 

* Crystallographic calculations were performed on a 
PDPll/44 computer by use of the Enraf-Nomus Structure 
Determmatlon Package mcorporatmg the direct methods pro- 
gram MULTANI l/82 

tR=~IIF,I-lF,II~lF,I, ~,=C~w(l~,I-I~,1~*~~I~,121”*. 

the C-14 methylene group were at 6 4.19 and 4.69 (each 
lH, d, J= 10.5 Hz). A sharp one-proton singlet for H-13a 
occurred at 6 3.34. Signals at 6 2.57 (lH, dt, J =3.0 and 
11.2Hz),274(1H,dd,J=3.0and 164Hz),3.08(1H,m), 
and 3.27 (lH, dd, J = 5.4 and 11.2 Hz) for four mutually- 
coupled protons were assigned to H-Seq, H-6ax, H-6eq, 
and H-Sax, 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 60.5, for the 
C-4 proton signal pointed to the presence of an oxymeth- 
ylene bridge between C-l and C-13, and this was suppor- 
ted by the appearance of fragment ions at m/z 206 and 191 
m the mass spectrum (Scheme 1). The IR spectrum of 1 
contained a Bohlmann band at 2840 cm- ’ characterlstlc 
of a trans-quinohzldine skeleton The above data were in 
excellent accord with structure 1 for palhmamme 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 posltlonal and thermal 
parameters converged at R =0 044 (R,= 0.064)t over 
2867 reflections Non-hydrogen atom positional par- 
ameters are listed m Table 1 The solid-state conforma- 
tion of one enantlomer IS illustrated m Fig 1 and It clearly 
shows that the methyl group at C-13 and the hydrogen 
atom at C-13a are mutually trnns The shortest mter- 
molecular distance between non-hydrogen atoms m crys- 
tals of 1, C-14 . O-16=3.248(2) A, corresponds to a 
normal van der Waals type separation 

Bond lengths and angles m 1 (Fig 2) are generally close 
to accepted values [Z]. Aromatic rings A and D, with 
mean dihedral angles of 1 6” and 1 O”, respectively, about 
ring bonds are both approximately planar. The confor- 
matlons adopted by their methoxy substituents and the 
associated geometries agree with ex ectatlons 
Thus, whereas C-20 lies only 0.114 s) 

[3-61. 
from the least- 

squares plane through rmg A carbon atoms and C-24 1s 
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4 R’ = H, R2 = Me 

5 R’=OH, R’=H 

- H Meow , 

‘i 

m/z 397 (60%) 

I -2 Me 

Scheme I. Mass fragments of palllmamlne (1) 

only 0 113 ,& from the correspondmg rmg D plane, sterlc 
overcrowdmg of substltuents forces C-18 and C-22 to he 
1 266 and 1 255 A, respectively, from these planes These 
conformatronal differences are reflected m the values of 

the C(ar) -0 bonded distances, varlatlons m the exocychc 
bond angles subtended at the phenyl rmg carbon atoms 
bearing the methoxy substltuents, and the C(ar)-0 
-C(Me) angles When the methoxy carbon atoms he 
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Table I Non-hydrogen atom fractIona coordmates and eqmv- 

alent lsotroplc thermal parameters for palhmamme (l), with 

estimated standard devlatlons m parentheses 

Atom x Y z B(A* ) 

C(I) 0 2953(2) 

C(2) 0 2987(2) 

C(3) 0 4328(2) 

C(4) 0 5594(2) 
C(4a) 0 5537(2) 

C(5) 0 6840(2) 

C(6) 0 6840(2) 
N(7) 0 5181(2) 

C(8) 0 5330(2) 
C(8a) 0 3723(2) 

C(9) 0 3677(2) 

C(I0) 0 2244(2) 

C(II) 0 0850(2) 

C(12) 0 0901(2) 

C(I2a) 02315(2) 

C(13) 0.2367(2) 

C(13a) 04171(2) 

C(13b) 0 4246(2) 

C(14) 0 1507(2) 

C(15) 0 1565(2) 

O(l6) 0 1569(l) 

O(I7) 0.1729(l) 

C(18) 0 0494(3) 

O(I9) 0.4268(2) 

C(20) 0 5655(3) 

O(21) 0 5061(2) 

C(22) 0 5969(3) 

o(23) 0.2338(2) 

C(24) 0.0889(3) 

0 0206q5) 
0.06727(S) 

0 08551(S) 

0 05604(6) 

0 00905(5) 

-0 02387(6) 

-0 07005(6) 
-0 08947(4) 

-0 13471(6) 

-0 15305(6) 

-0 19879(6) 

-0 21830(6) 

-0 19025(7) 

-0 14447(6) 

-0 12503(6) 

-0.07518(5) 

-0 05887(5) 

- 0 00905(5) 

- 0 04274(6) 

-0 07199(6) 

0 OO526(4) 
009618(4) 

0 10265(9) 

0 13199(4) 

0 15261(7) 

- 0 22605(4) 

-0 23410(8) 

-0 26389(5) 

-0 28548(8) 

0.3268(2) 

0.2905(2) 

0.22 I7(2) 

0.1871(2) 

0 222q2) 

0 1731(2) 

0 2559(2) 
0 258q2) 

0 3345(2) 

0 3844(2) 

0.4336(2) 

0.482q2) 

0.4842(2) 

0.4372(2) 

0.3310(2) 

0.3871(2) 

0.3453(2) 

0.2956(2) 

0.4357(2) 

0.1652(2) 

0.3890(I) 
0 3272(I) 

0 2043(3) 

0.1939(2) 

0.1326(3) 

0.4269(2) 

0.5726(3) 

0.523q2) 

05654(3) 

2 54(3) 
2 70(3) 
281(3) 

290(3) 

2 55(3) 
2 99(3) 
299(3) 
2 56(2) 
3 06(3) 

2 74(3) 
3 19(3) 

370(4) 
3 92(4) 
3 42(3) 
241(3) 

269(3) 

240(3) 

2.41(3) 

271(3) 

296(3) 

3 18(2) 
321(2) 

5 81(5) 
391(3) 

501(5) 

3 84(3) 
547(5) 

5 19(3) 
5 88(5) 

close to the aromatic rmg plane and x-electron delocaliz- 
atlon IS maximized, the C(ar)-0 bond lengths [C-3- 
0-19= 1.359(2) A, C-l&O-23= 1.361(2) A] are slgmfi- 
cantly shorter than those involving the other two 
methoxy substituents [C-2-0-17= 1 382(2) A, C-9-O-21 
= 1 382(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-1&0-2 angles are re- 
spectlvely greater than the C-2-C-3-0-19 (A 9.7”) and C- 
9%C-l&C-23 (A 6.8”) angles in order to reduce intra- 
molecular non-bonded H(Me). . . H(ary1) interactions. En- 
largement of the C(artO-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 Cl13 3(l)” at O-17, 
114,3(2)” at O-211 also aids m relieving these same 
interactions. 

Endocychc torsion angles in the tmns-fused B and C 
rings are related by approximate CZ symmetry axes 
passing through the mid-points of the C-4a-C-13a and C- 
6-N-7 bonds m the former and through the mid-points of 
the C-8a-C-12a and N-7-C-13a bonds m the latter, and 
thus these rmgs are best described as half-chair forms. 
The bonding geometry at N-7 (mean bond angle 
= 108.9”) IS pyramidal An approximate mirror plane of 
symmetry passing through C-l and C-13 relates endo- 
cychc torsion angles m rmg E, and, with small torsion 
angles about adjacent C-l-C-13b and C-1-0-16 bonds, 
this ring has an envelope conformation in which C-13 IS 
the out-of-plane atom. Although C-14 lies m the aromatic 
rmg A plane (A=0 008 A), the slightly longer C-1-0-16 
distance of 1373(2) A compared with the mean of 
1.360(2) 8, for correspondmg bonds at C-3 and C-10 is 
indicative of some degree of bond strain m ring E. 

Other alkaloids isolated from the same source were 
characterized as protopme (2) [7], a-allocryptopine (3) 
[7], (+)-tetrahydropalmatine (4) [S], and (-)-capaun- 

Fig I Structure and solid-state contormatlon of one enantlomer of palhmamme (1); small arcles denote hydrogen 

atoms. Endocychc toruon angles (w,,, (r +O 2-O 3”) for the enantlomer shown follow Q,,~ -0 I, oz.3 I 6, ~3.4 -0 8, 

~4.4n - I 6, ~ds.lab 3 I, m13b.l -2.3 m ring A, w4s.5 - 18 5, CJ+.~ 46 8, we,,--63 8, %.13a 49 7, %3a,13b-23.0, %b.4s 

7.4 m rmg B, w,.~ 447, u+,~~- 130,0,,,,,,30, ~~~~,,,-23.9, 013.13a 574, ~,~~.,-69.4 in ring C, %,.g 19, %JO 

-1.8,0,,.,, 09,0,~.,~--01 ~~~~~~~~ 1, o~~~.~~--I Om rmgQw,,,,,--55, m13b.13s 342, ~~~-595, %.M 
61.4, ~,~,~~-350, o,~.~ 52 m rmg E 
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Fig 2 Bond lengths (A) and bond angles (deg ) m palhmamme (I), with estlmdtcd standdrd deviations in 

parentheses 

mme (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 (a) from TMS as internal standard, MS 70 eV, 

TLC, Pre-coated slhca gel plates were used for analytical 

(Merck, 60F-254,O 25 mm) and prep (Merck, slltca gel GF, 20 x 

20 cm, 2C@O p) TLC 

Plant matmal Corydahs palhda var sparsrmamma was collec- 

ted m Nan-Shan vrllage, Ydan-Huen, Taiwan, rn July, 1973, and 
verlfed by Prof C-S Kuoh A voucher specimen 1s deposlted m 

the Herbarium of Kaohslung Medical College, Kaohsiung, 

Taiwan, R 0 C 

Extractton and separatmn The fresh whole herb (27 5 kg) was 

exhaustively extracted with warm EtOH Followmg removal of 

EtOH, the sohd residue was dissolved m 3% AcOH The result- 

mg acldlc soln was baslfied with NH,OH and extracted with 

CHCI, The CHCl, layer was shaken with 2% NaOH and then 

with 2% H,SO, Neutrahzatlon of the combined aq extracts 

with cone NH,OH was followed by extractlon with CHCl, 
Drying and evapn of this CHCI, extract afforded the crude non- 

phenohc alkaloids (Part A, 40.7 g) CC on slhca gel with elutlon 

by CHCI,-MeOH mixtures of lncreasmg polarity afforded 10 

fractions Colourless crystallme protopme (2) (2 03 g) was ob- 

tamed from fraction 2 which, followmg removal of 2, was further 

purified by slhca gel prep TLC by use of CHCl,-MeOH (10 I) 

as eluant to give pale yellow prisms of x-allocryptme (3) (R, 0 37, 

72 mg) 
The mother liquor remammg after removal of 3 was re- 

peatedly purified by prep TLC (silica gel, CHCI,-Me,CO 14 1) 

to furmsh pale yellow prisms of (I_ )-palhmamme (1) (R, 0 73, 

5 mg) Compound 1 mp 203--207”, Calcd for C,,HZ,NO, (M’) 

m/z 397 1887, Found 397 1848, [ali (CHCI,, LOOS), IR 
v$f:cm ’ 2840, 1610, 1.590, 1500, UV ~2:” nm (log&) 2i4 

(4 56)and 279(3 18), MS m/z(rel mt ) 397(M +, 60). 396(100), 366 

(3), 206 (2), 191 (14). and 160 (4) Fraction 4 was further sepd by 

prep TLC (slhca gel, CHCI,-Me&O 3 1) to afford colourless 

crystals of (k)-tetrahydropalmatme (4) (R, 0 87, 28 mg) 

Tertiary phenohc alkaloids (Part B, 4 3 g) were obtamed by 

work-up of the aq. NaOH extract of the tertiary base. Part B was 

chromatographed on a silica gel column with CHCI,-Me,CO 

(10 I) as eluant to give a red-brown residue which was purified 

by prep TLC (silica gel. CHCI, -Me,CO 2 1) to afford a yellow 

amorphous substance, I - )-capaurlmme (5) (R, 0 48, 65 mg) 
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X-Ray analysts of (+)-Pallrmamme (1) Crystal data 

C,,H,,NO,, M, = 397 48, monoclinic, a = 7 274(2) A, b = 28 975 

(7) A;, c =6 089(2) A, fi =95.39(2)” (from 25 ortentatton reflecttons 
51”10<67”), V= 1283 3 A3, 2=4, DEalf=l 291 g/cm”, p(CuKx 

radiation, I = 1 5418 A) = 7 0 cm- i. Space group P2,/c(C&,) um- 

quely from the systemattc absences Ok0 when k #2n, h01 when 

I # 2n. Sample dimensions 0.12 x 0 18 x 0 80 mm 

Prehmmary unit-cell parameters and space group mformation 

were obtamed from osctllatton and Weissenberg photographs 

Intensity data (+ h, + k, + I, gmax =67”, 3646 umque reflecttons) 

were recorded on an Enraf-Nomus CAD-4 dtffractometer 

[CuKa radiation, mcrdent-beam graphtte monochromator, 0-20 
scans, scanwtdth (1 15+0 14 tano)“] A total of 2867 reflecttons 

wtth I > 3 Oa(l) were retamed for the analysts, and the usual 

Lorentz and polarizatton correcttons were applied. 

The crystal structure was solved by direct methods Approxi- 

mate posrtions for 26 out of the total of 29 non-hydrogen atoms 

were derrved from an E-map, and the remammg 3 atoms were 

then located m a weighted F, Fourter systhesis. Several rounds 

of full-matrtx least-squares admstment of positional and amso- 

troptc temperature factor parameters for these atoms were 

followed by a serves of dtfference Fourier syntheses whtch 

revealed hydrogen atom locattons Inclusion of hydrogen atom 

positional and tsotropic thermal parameters as variables m the 

subsequent least-squares iterations led to convergence (max 
tiJf+:d<&fi~). ti_ P.=Qabi. (&.=~%h>. !?lJXd !J~dJ_~dCW~ 

atom postttonal parameters are hsted m Table 1. A vtew of the 

sohd-state conformation, wtth the atom numbermg scheme, 1s 

provided m Ftg. 1 Amsotroptc temperature factor parameters, 

hydrogen atom postttonal and thermal parameters, bond 

lengths, bond angles, torsion angles, and a hst of observed and 

calculated structure amplitudes have been depostted with the 

Cambrtdge Crystallographtc Data Centre 

Neutral atom scattermg factors used m all structure-factor 

calculattons were taken from ht. [lo] In the least-squares tter- 
ations, ZwAz [w= l/o’(lF,I), A=(\Fo] = IF&] was mmtmized 
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