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Abstract—X-ray analysis of crystals of podopetaline hydrobromide, CH,;N,-HBr, has established the absolute
structure of podopetaline, an alkaloid from Podopetalum ormondii F. Muell. The crystals are orthorhombic, with unit
cell dimensions, a = 6-619, b = 10907, ¢ = 26:806 A, Z = 4, the space group being P2,2,2,. The intensity data were
measured with CuKa radiation on a single-crystal diffractometer. The crystal structure was solved by the heavy atom
method and refined by difference and least-squares procedures to a final R index of 0-069 for the 849 observed terms.
The absolute chirality has been defined by Bijvoet's technique. Podopetaline (I) therefore provides an absolute
chirality reference for Ormosia alkaloids which was not previously available.

(-)-Podopetaline, CH;;N,, is a major alkaloid occurring
in the Australian plant Podopetalum ormondii F. Muell.
(family Leguminosae). Alkaloids related to a CxHiN;
pentacyclic parent structure’ have also been isolated from
species of Ormosia indigenous to the tropical regions of
the Americas and South-East Asia’” and from species of

Piptanthus.*® Structural assignment, however, within the
group has been difficult because of the large number of
possible stereoisomers differing in relative or absolute
configuration or both." Extensive chemical evidence® "
and subsequent synthesis' have established the structure
of the base (-)-piptanthine, CxHjsN,, isolated from P.
nanus.’ The isomeric base ormosanine, CxH1sN,, isolated
from species of Ormosia in both optically active™ and
racemic * form and from species of Piptanthus® has also
been the subject of much chemical study.™'*'" Its structure
given as (2) was deduced finally from an X-ray analysis of
the related atkaloid ( + )- jamine,'® Cs,HssNj, (3), which can
be obtained from ormosanine by reaction with formal-
dehyde." Piptanthine is therefore an epimer of ormosanine
differing only in relative configuration at C(6). These two
alkaloids recently have been isolated in racemic form from
the Asian species of Ormosia semicastrata,’ together with

18-epiormosanine'” and a fourth base, originally named
ormocastrine, but now known to be podopetaline
hydrochloride.”

To determine the absolute molecular structure of
podopetaline and thus establish the absolute chirality of
other alkaloids in this group, an X-ray analysis of the
hydrobromide salt of podopetaline was undertaken. A
brief report has been presented earlier.”
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STRUCTURE AND DISCUSSION
A perspective view of the podopetaline cation is given in
Fig. 1 while the conventional representation of the absolute
molecular structure is shown as 1 (see also Fig. 2).

Fig. 2. (a) Bond lengths (A); estimated standard deviations in
brackets;

Fig.2. (b) Bond angles; estimated standard deviations in brackets.

Podopetaline has a molecular skeleton composed of five
6-membered rings. Rings A, B, C and D are fused and thus
form a rigid framework, while ring E linked to C(9) at the
junction of rings B and C is free to rotate about the bond
C(9)-C(18). The three reduced rings, C, D and E, have a
regular chair conformation while ring A deviates a little
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from a regular chair because of the sp’ hybridization at
C(16). The cyclohexene ring B, with the double bond
between atoms C(16) and C(17), instead of the expected
half-chair form is constrained by its fusion with rings A and
C to adopt a sofa conformation in which the five ring atoms
C(11), C(16), C(17), C(T) and C(9) are nearly coplanar
(mean deviation 0-02 A) with C(8) lying 0-83 A from the
plane. Other examples of this conformation have been
noted in codeine,” bromomiroestrol” and kreysiginine.”
Ring C is cis-fused to ring D and ring E is oriented relative
to the fused ring system so that the dihedral angles
associated with the groups of atoms C(19), C(18), C(9), C(8)
and N(23), C(18), C(9), C(11) are 555 and 62:7°
respectively. The three nitrogen atoms in the molecule
N(1), N(12) and N(23) occupy positions mutually § to one
another.

The saturated C-C bonds have an average value of
1-56 A (mean deviation 0-02 A). The double bond
C(16)-C(17) is_1-34 A and the mean of seven C-N bond
lengthsis 1-51 A (meandeviation0-03 A). Theaverage value
of the five C-N-C bond angles is 111-5° (mean deviation
1-6°) which is not significantly different from the value
expected for a tetrahedral angle.

The molecular packing in the crystal is illustrated in Fig.
3. The T-shaped molecules are interleaved to form a bilayer
structure which is held together by ionic forces between
the bromine ions and ionic > N*H, groups. Each bromine
ion lies approximately mid-way between the nitrogen
atoms of rings E of two adjacent molecules, the Br-—N(23)
distances being 3-27 and 3-35A respectively. N(23)
obviously carries the protonic charge. By contrast, the Br
approach to N(12) is 3-82 A. There is no close approach of
Br to N(1). Other intermolecular approaches less than
390 A are given in Table 2. The forces between the bilayer
units are van der Waals, no close approaches being
involved (see Fig. 3).

Podopetaline is found to have the same relative
configuration at C(6), C(11) and C(18) as the related
alkaloid jamine shown in 3. In the latter, N(12) and N(23)
are bridged by a methylene group so that the molecule has a
rigid framework in which six 6-membered ring systems are
fused together. The chair conformation for ring C in
podopetaline and the cis junction at rings C and D are in
contrast to the situation in jamine and the related base
panamine® in which ring C is in the boat conformation
and the junction at rings C and D is trans. It has been
suggested that the trans conformation noted in jamine®
and presumably panamine has arisen because of steric
interaction between the H atom at C(16) and the lone pair
of electrons on N(1). In podopetaline, the absence of
hydroger. at C(16) allows the cis conformation to occur.
This results in ring C adopting the chair conformation. A
similar situation to that noted in jamine probably also
occurs in the reduced base ormosanine.

The absolute structure determined for podopetaline,
which has five asymmetric carbon atoms in the molecule at
C(6), C(7), C(9), C(11) and C(18), provides a reference
absolute chirality for other alkaloids in this series.

EXPERIMENTAL

Colourless orthorhombic needles of (-)-podopetaline hydrob-
romide, C,H,;N;-HBr, were found from Weissenberg photographs
to belong to the space group P2,2,2,. The unit cell parameters,
determined from diffractometer settings, were a = 6-619(3),
b = 10-907(4), ¢ = 28-806(6) A, U = 1935-2 A>. The density, D,, =
1-34 g.cm™', measured by flotation in a mixture of bromoform and
xylene is in accord with the value, D, = 1-36, calculated on the basis



The absolute molecular structure of (-)-podopetaline

129

c*0
bs0 Y
i ) ¢
[ &i L %
%
I I
O
bel % %

J

Fig. 3. Projection of the structure down the a axis. Selected approach distances are indicated.

Table 1. Atomic parameters of the absolute structure with their estimated standard deviation, all X 10*, referred to a
right-handed set of axes. The thermal parameters are in the form given by the expression exp [—(h’B:.+

k?Baa+ 12833+ 2hkB 2 + 2hIB .3 + 2kiB )]

x Yy z B11 B2z Bis Bia Bis B2y

Br 9212(3) 0699 (2) 2287(1) 0388(6) 0077(1) 0020(0) 0030 (4) 0003(2) -0002(1

N(l) 7541 (23) 4582(10) 4155(5) 0364(51) 0038(13) 0018(2) 0014 (22) -0001(10) -0005(4)
C(2) 9039 (34) 5469(12) 4308(6) 0383(s8) 0054 (15) 0023(3) -0002 (34) -0006 (14} =0003(5)
c(3) 8262(37) 6830(17) 4300(6) 0547(90) 0147(24) 0015(3) -0008(38) 0006 (14) -0004 (6}
c(d) 6261(33) 6956(18) 4605(6) 0371 (80} 0098(19) 0020(3) -0005(34) -0008(14) -0001(6)
Cc(5) 4676135) 6002(14) 4446 (6) 0521 (87} 0072(19) 0021 (3) +0044(32) 0005(14) -0012(6)
C(6) 5641 (34) 4662(13) 4476 (6) 0317(61) 0080(17) 0024(3) 0011(34) 0037(15) 0003(6)
cn 4183(37) 3643(15) 4289 (6) 0448(66) 0100(17) 0018(3) ~0019(40) 0016(16) -0004 (6)
c(8) 3737(30) 3683(14) 3714(5) 0446 (76) 0101(16) 0016 (3) 0015(33) 0008(12) -0008(6)
c(9) 5906 (36) 3527(15) 3464(5) 0419 (68) 0130(19} 0011(3) 0002 (41} 0040 (14) -0002(6)
Cc(10) 7206 (34) 4634(12) 3612(5%) 0635(80) 0068(17) 0009(2) -0062(31) ~0009(12) -0014(5)
c(1l1) 6710(28) 2198(15) 3597(5) 0372(67) 1108(19) 0011(2) 0065 (30) 0010(11) 0009 (6)
N{12) 8964 (25) 2297(12) 3555(5) 0373(53) J120(15) 0013(2) 0003(32) 0018(10) 0000(S

C(13) 9910(32) 1017(14) 3652 (6) 0627(96) 2103(20) 0018(3) 0094(32) ~0028(13) -0001(6)
Cc(l4) 9361(45) 0546 (18) 4182(6) 0647(96; 0128(22) 0018(3) -0037(55) 0001(16) -0000(7)
c(15%) 7044 (40) 0536(17) 4253(7) 0634(97) 0084 (21) 0023(4) 0055(39) -0007(16) 0027(7)
Cc(16) 6195(38) 1778(17} 4126(7) 0472(89) 0115(21) 0022 (4) -0024 (41) 0006 (16) -0007(7

c(17) 4956 (33) 2381(17) 4439(7) 0447(95) 0107¢22) 0023 (4) -0105(33) -0000(15) 0005(7)
c(le) 5511(30) 3643(15) 2893(5) 0289 (59) 0170(17) 0013(3) ~0037(34) 0009 (12) -0006(S)
c(19) 3902(29) 2740(13) 2664 (6) 0377(59) 0108(16) 0013(2) -0005(32) -0032(14) ~0006(6)
c(20) 3586 (35) 3063(15) 2089(6) 0494(87) 0093(18) 0018(3) -0030(33) -0009(14) -0008(6)
c(2l) 5607 (34) 2969(16) 1822 (5} 0349(60) 0145(20) 0014(3) -0031(42) 0002(15) -0012(7}
c(22) 7229(31) 3773(14) 2059 (5) 0453(71) 0082(17) 0009(2) 0011{31) -0005(11) -0005(5)
N(27) 7494 (26) 3473(10) 2617(5) 0564 (62) 0056(12) 0013(3) -0013(25) -0020(11) -0007(5)

of four molecules in the unit cell. Three-dimensional intensity data
to 0-85A were recorded with CuKa radiation on a Picker
automatic single-crystal four-circle diffractometer. Recorded
intensity values for 1558 of a possible 1732 non-equivalent terms
were made of which 849 had values significantly greater than the
background scatter. The intensities were corrected for Lorentz and
polarization factors but not for absorption, w(CuKa)=132-2cm™',
All scattering factors used in the analysis were those given in
Intemnational Tables for X-ray Crystaliography.”

The structure was solved by the heavy-atom method. The Br
atom site parameters derived from an, ‘unsharpened’ 3-dimensional
Patterson synthesis were x = 0-077, y =0-069, z =0-227. Light-
atom sites were selected from a Fourier map phased on the bromine
contribution to the structure factor. The atomic sites selected,
when assembled with the aid of a ball-on-spoke model,
corresponded to nineteen of the twenty-three atoms comprising the
molecular skeleton. The sites of the remaining four skeletal atoms,
C(10), C(14), C(15) and C(16) (see Fig. 2), were located from the
subsequent Fourier synthesis, and a difference map allowed
differentiation of the C and N atom sites. After isotropic full-matrix
least-squares refinement, calculation of bond lengths and angles
and the spatial disposition of the associated atoms established the

position of the double bond to be between C(16)-C(17). The R index
for the 1558 measured terms was 0-138 for R = ZjF,| - |F.|/Z|Fq|.
Final least-squares refinement cycles were carried out in which all
the atoms were refined anisotropically. The final R index for the 849
observed terms was 0-069. All terms were given unit weight.

Atomic parameters together with their estimated standard
deviations are listed in Table 1. Derived bond lengths and angles are
given in Fig. 2, while some short intermolecular approach distances
are given in Table 2 and Fig. 3. Tables listing a comparison of
measured and calculated structure amplitudes have not been
included, but are available on request from the authors.

The absolute configuration of the structure has been determined
by Bijvoet’s method,* utilizing the anomalous dispersion of CuKa
radiation by the bromine atoms, for which Af' =-09, and
Af" =152 Comparison of observed intensity of selected Friedel
pairs with the calculated values has shown that the absolute
structure is defined by parameters listed in Table 1 when these are
referred to a right-handed set of axes. Table 3 lists a comparison of
the difference in observed intensity of the selected Friedel pairs
with the corresponding calculated difference expressed as the
percentage 100 Al(calc)/I(calc), where I(calc) refers to the
calculated intensity uncorrected for anomalous dispersion.



Table 2. Intermolecular approach distances < 3-90 A

ATOMS d(A)
Br .ev... Naa?t 3.82
Br ...... canl 3.7
Br ..u... ctz)® 3.65
Br vevun. N2t 3.35
Br ...... crzn?® 3.66
Br ...... canlt 3.83
Br ...... cz It 3.81
Br ...... ctis X 3.88
Br ...... ca™ 3.6
Br ...... canT 3.7
Br .e.... N2t 329
€13 ...... cenil 3 e
N(12) ...... ciey TV 3.53
C(13) ...... cee) 3.86
Ci2) ...... cis) W 3.79
C(6) ...... caa’ 3.70
C(3) «.u... ciy VI 3.78
Symmetry codes : I7 x b'e z
IIr 1l-x -k+y k-2
I 2-x  ~kty K-z
IV l4x y z
Vi <htx -y 1-2
VI ktx Y-y  1-2

Acknowledgement—We are grateful 1o Dr. J. A. Lamberton,
Division of Applied Organic Chemistry, CSIRO, for preparing
crystals of podopetaline hydrobromide.

REFERENCES

'F. Bohiman and D. Schuman, The Alkaloids (Edited by R. H. F.
Manske) Vol. IX,Chap. 5. Academic Press, London (1967).
K. Hess and F. Merck, Chem. Ber. 52, 1976 (1919).

°H. A.Lloydand E.C. Horing, J. Am. Chem. Soc. 80, 1506 (1958).
“C. H. Hassall and E. M. Wilson, Chem. & Ind. 1358 (1961).
’Z. Valenta, P. Deslongchamps, M. H. Rashid, R. H. Wightman
and J. S. Wilson, Tetrahedron Letters 1559 (1963).

C. H. Hassall and E. M. Wilson, J. Chem. Soc. 2657 (1964).
’S. McLean, P. K. Lau, S. K. Cheng and D. G. Murray, Can. J.
Chem. 49, 1976 (1971).

*R. A. Konowalova, B. S. Diskina and M. S. Rabinovich, Zh.
Obshch. Khim. 21, 773 (1951); Chem. Abstr. 45, 9548 (1951).

M. F. Mackay, A. McL. MATHIESON and L. SATZKE

Table 3. Comparison of Al(obs), the difference in intensity of
selected Friedel pairs, with the corresponding calculated difference
expressed as the percentage difference 100 Al(calc)/T(calc), where
I(calc) refers to the calculated intensity uncorrected for anomalous

dispersion
R k1 100 AX{calc}/I{calc)
1 45 - -2
1 5 4 + +18
1 4 2 - -21
1 111 + +21
2 45 - -19
2 11 + +32
2 4 3 - -33
2 6 1 + +23
110 2 - -1
1 218 + +22
18 23 + +14
2 119 - -20
2 118 - -21
2 1 - -29
3 217 + +24

*U. Eisner and F. Sorm, Collect. Czech. Chem. Commun. 24, 2348
(1959).

'°p, Deslongchamps, J. S. Wilson and Z. Valenta, Can. J. Chem. 44,
2539 (1966).

''P. Deslongchamps, J. S. Wilson and Z. Valenta, Tetrahedron
Letters 3893 (1964).

'?Z. Valenta, P. Deslongchamps, M. H. Rashid, R. H. Wightman
and J. S. Wilson, Can. J. Chem. 44, 2525 (1966).

'3S. McLean, A. G. Harrison and D. G. Murray, Ibid. 45,751 (1967).

'*H.J.Liu,Z. Valentaand T. T.J. Yu, Chem. Commun. 1116 (1970).

'SP, Naegeli, W. C. Wildman and H. A. Lloyd, Tetrahedron Letters
2069 (1963).

P, Naegeli, R. Naegeli, W. C. Wildman and R. J. Highet,
Tetrahedron Letters 2075 (1963).

E. M. Wilson, Chem. & Ind. 472 (1965).

'*]. L. Karle and J. Karle, Tetrahedron Letters 2065 (1963); Acta
Cryst. 17, 1356 (1964). '

°S. McLean, M. L. Roy, H.J. Liuand D. T. Chu, Can. J. Chem. 50,
1639 (1972).

2S. McLean and R. Misra, Ibid. 52, 1907 (1974).

¥N.K. Hart, S. R. Johns, J. A. Lamberton, M. F. Mackay, A. McL.
Mathieson and L. Satzke, Tetrahedron Letters 5333 (1972).

2 Perspectives in Structural Chemistry Vol. I; p. 41, Wiley (1967).

], Fridrichsons, A. McL. Mathieson and M. F. Mackay,
Tetrahedron 26, 1869 (1970).

* 1. L. Karle and J. Karle, Acta Cryst. 21, 860 (1966).

2 International Tables for X-ray Crystallography Vol. I1I, Kynoch
Press, Birmingham (1962).

*]. M. Bijvoet, A. F. Peerdeman and A. J. van Bommel, Nature,
Lond. 168, 271 (1951).



