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Abstract—X-ray analysis has defined the molecular structure of (~)-phaseollin CxHsOu 2 pterocarpan with
lipophilic antifungal activity, isolated from Phaseolus vulgaris L. The orthohombic crystals belong to the space
group P2,2,2, with a =6.540(3), b = 12.975(6), c = 19.388(4) A and Z =4. The structure was solved by direct
methods from diffractometer dala measured with CuKa radiation, and refined to a final R index of 0.083 for the
992 observed terms. The molecular skeleton (I} has a cis B/C ring junction. Viewed down C(6B)-C(7) the conformation
is staggered: ring C is envelope whereas ring B is skewed with C(6B) and C(7) lying respectively above and below the
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plane of the other ring atoms.

INTRODUCTION

{—)-Phaseollin, C20H1sOs, a pterocarpan with lpophilic
antifungal activity, has been isolated from Phaseolus
vulgaris L. (family Leguminosae) following fungal innac-
ulation.! Together with a number of structurally-related
compounds also isolated from natural sources,”’
phaseollin forms a series of pterocarpans which have the
basic ring structure (1I). Most of these compounds have
been found to exhibit antifungal activity®* and, apart
from phaseollin and pisatin, CyH,40,” have been ex-
tracted from apparently healthy plant tissue. Some
earlier studies of pterocarpans and derivatives led to the
proposal that their characteristic antifungal activity may
depend upon the molecular shape.” For the benzofuro-
benzopyran ring system, which has asymmetric centres
C(6B), C(12B), a cis B/C ring junction was concluded
from consideration of Dreiding models.® Of the two
possible conformations resulting from the cis fusion,
proton magnetic resonance data indicated assignment of
the staggered.”

Apart from the configuration at 6B, 12B, the molecular
formula (1) assigned to phaseollin was based on UV,'IR
and NMR spectra® An X-ray analysis of crystals of
phaseollin was undertaken to define the structure and so
establish unequivocally the conformation of the basic
structure (II). A report of this work which included the
essential features of the molecular structure has been
presented earlier.”

EXPERIMENTAL

Colourless orthorhombic needles of phaseollin,
CaoH 404, were found from Weissenberg photographs to

(n

belong to the space group P2,2,2:. Accurate unit cell
parameters were determined by a least-squares fit of 28
values, measured for fifteen strong reflections on a four-
circle diffractometer with CuKe radiation. The crystal
density was determined by flotation in a xylene-bromo-
form mixture and indicated four molecules in the unit
cell.

Crystal data. (—)-Phaseollin, CzoH,s04. F.W. = 322,36,
Orthorhombic space group P22:2:.. a= 6.540(3), b=
12.9756), ¢ =19.388(4) A, U =1645.2(1.1) A>; F(000)=
680, Dy, =130, D.=130gem™>, Z=4; u{CuKa)=
6.50cm~'. Three-dimensional intensity data were
measured with CuKe radiation (graphite crystal
monochromator) on & Rigaku-AFC  four-circle
diffractometer. The crystal was aligned with its a axis,
the longest crystal axis, approximately parallel to the ¢
axis of the diffractometer. The intensities were recorded
by the w-20 scan technique with a scan rate of 4° min™'
and 10 s stationary background counts. Three reference
reflections were monitored every 50 reflections and
showed no significant variation in intensity over the data
collection period. Of the 1621 non-equivalent terms
measured to & 28 maximum of 130°, 992 had values for
which [Fol>30|Fo| and thus were considered observed.
The intensities were corrected for Lorentz and polariza-
tion factors but not for absorption or extinction. Scatter-
ing factors used in the analysis were those given by
Cromer and Mann'® for C and O and by Stewart ef al."
for H.

The structure was solved by direct methods with the
X-ray system.'? Phases of 208 [E} terms with values
greater than 1.50 were derived by application of the
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Fig. 1. (a) Bond lengths. The estimated standard deviations range
from 0.01 to 0.02 A. (b) Bond angles. The estimated standard
deviations are 1°.

tangent formula.'® The final phased set of reflections had
an R(Karle)' of 0.29 and scale factor, {|E)/(E) = 1.07.
From the subsequent E-map the sites of eleven non-
hydrogen atoms were located. A further two E-maps,
calculated with phases derived from a starting set based
on the partial structures, revealed the sites of all the
remaining non-hydrogen atoms. Structure amplitudes
calculated with an overall temperature factor determined
by a Wilson plot, and with all atoms included as C, yielded
a reliability index, R = Z||F,}| —|F|/2 |F,| of 0.22.

From the molecular formula, differentiation of the C
and O atoms were made. Least-squares refinement in
which the atoms were given individual isotropic
temperature factors reduced R to 0.14. Apart from the
hydrogen of the hydroxyl group, H atoms were included
in the refinement at calculated positions assuming a C-H
bond length of 1.08A and with an isotropic thermal
parameter, U = 0.05 A? for the methyl H atoms and one
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Fig. 3. The projection of the structure down the a axis.

of 0.04 A® for the remainder. The hydrogen parameters
were not refined. In the final refinements, the C and O
atoms were given anisotropic temperature factors and
their parameters were refined in three blocks cor-
responding to positional and thermal parameters for 10, 9
and 9 atoms respectively. The least-squares refinements
were made with SHELX76 program,’® the function
minimized being w{|F,| - |F.[]* with w = 1.0. A final R of
0.083 was attained for the 992 observed terms.

Final atomic coordinates with their estimated standard
deviations are given in Table 1. Bond lengths and angles
are given in Fig. 2. while some short intermolecular
distances are given in Table 2—see also Fig. 3. Figure 2 has
been prepared from the output of the ORTEP program."’
Tables of calculated and observed structure amplitudes
and anisotropic thermal parameters for the non-hydrogen
atoms are available on request from the authors.

Description of the structure. A perspective view of the
phaseollin molecule is given in Fig. 2, while a con-
ventional representation of the molecular structure is
shown as (I). The molecular skeleton consists of five ring
systems fused together to form a rigid framework which
is approximately propeller in shape. As predicted by
previous workers, the B/C ring junction is cis.” The
staggered conformation of the benzofurobenzopyran ring

Fig. 2. A perspective view of the molecule with thermal ellipsoids scaled to 50% probability.
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Table 1. (a) Final atomic coordinates of the non-hydrogen atoms with their estimated standard deviations in

parentheses. All values have been multiplied by 10*. {b} Calculated H atom coordinates (x10%). The methyl H atoms

were given an isotropic thermal parameter, U = 0.05 A” and all others were given a value, U=0.04 A The atoms
were given the same numbering as the C to which they were bonded.

x/a yh zlc x/a yib 2jc
(a) C(1) =932(19) T115(8) =3281(6) O(8) 6232(12) 3907(5) -4205(4)
C -1410(22)  7938(10) 29147y C(8A) 4570(16) 3303(8) ~4131{8)
C(3) -168(21)  B91(10) =2906(7)y C(9) 4897(18) 2287(8) -3950(6)
C(A) —-1501(24)  9RS58(10) —2858(8) C(10) I20%18) 1619(8) -3907(6)
C(B) 1485(24)  BBT2(13) —2355(7) O(10) 3688(14) 615(5) —-3686(5)
04) B42(13)  9005(5) -3580(4) C(11) 1269(18) 1928(8) —4057(6)
CdA) 1774{19) B129(7) -3836(6) C(12) 988(17) 2%60(7) —4266(5)
C(5) 3545(21)  8229%(9) -4235(6) C(12A) 2584(17) 3650(8) —4299(6)
C(6) 4499(18)  7I87(8) —453%6) C(12B) 2221(1% 4739(N —454((5)
C(6A) 3539(18)  64329) —4453(6) 0 1124(11) 5328(5) -3986(4)
C(6B) 4187(17) 53417 -4658(6) C(13A) 1805(18) 6342(8) —4042(6)
C@ 5869(18) 4994(8) -41537) C{13B}) 833(18) 7173(8) =3711(6}
(b) H(l) —-186 643 =326 H{6) 593 746 —481
H@2) =276 791 -259 H{6B) 478 526 =518
H(3A) -220 990 =235 H(7) 726 541 -427
H3AYD -51 1051 -29 H(T) 539 517 ~363
H(3A") -268 986 =325 H(9) 643 201 -385
H(3B) w 884 -185 H{il) -1 141 —401
H(3B'} 249 822 -242 H(12) -52 - 322 -44]
H(3B") 236 958 —240 H{12B) 140 468 -502
H{5) 417 899 —432
Table 2. Contact distances less than 3.75 A. Estimated standard deviations
range from 0.01 1o 0.02 A
od....... o' 23A O ...... s 1284
od)....... C(6B" 3.68 o3)....... oo™ 148
O®)....... cop'™ 337 C(3B)....... cm™ 1.69
OF)....... cany 154 C3B)....... CinX i
Of)....... cayY 1.35 C4A)....... @) 355
o0 ....... oV 3.69 C5....... cE" 3.65
o(10). ...... coA" 167 C6)....... ce 3.74
olm....... C3B™! in C6)....... Ci6A)™! 3.63
oq0). ...... CHA 347 C@E)....... cart 388
Symmetry code
I: X 1+y z Vil I+x -l+y 7
I -}+x -y -1-z VI -l+x Y z
1 1-x —'§+y -3~z IX 1-x %+Y -7
Iv: T+x -y -1~z X: -X ity -1-z
Vi l+x y z X d+x Bty ~1-2
VI X —l+y z
system, with the torsion angle, (mean deviation 0.02 A), the double bond C(1)-C(2) is
OB} C(T), C(6B)IC(12B) = 56.3°, agrees with the assign- 1.32 A in length, the C{sp*}-O bonds have a mean value
ment based on prolon magnetic resonance data.” Con-  1.47 A while the C(sp’}-O bonds have a mean value

formational detail in the benzofuran and benzopyran ring
systems, however, differs from the deductions of
Pachier and Underwood.” Ring C is envelope with four
atoms planar within +0.02 A and C(12B) lying +0.44 A
out-of-plane, while ring B is skewed with atoms_O(B),
Ci84), C(12A) and C(12B) planar within +0.01 A and
C(6B) and C(7) lying +0.12 and —0.55 A respectively
from the plane. Consequently the two aromatic rings are
mutually inclined at 48.6° and are not approximately
perpendicular to each other as previously implied.* By
virtue of the double bond between C(1) and C(2) and its
fusion to ring D, ring E is a distorted half-chair, C(2) and
C(3) deviating from the coplanarity of the other four
atoms (+0.03 i) by —-0.32 and —0.69 A respectively.
The aromatic C-C bonds have an average value 1.39

1.38 A. The angles subtended at the O atoms range in
value from 106 to 116°, These dimensions agree with
expected values for comparable lengths and angles."

The molecular packing in the crystal is illustrated in
Fig. 3. The molecules are aligned with their long axes
approximately parallel to the b crystal axis. There is an
intermolecular hydrogen bond between O(d) of ring E
and the hydroxyl oxygen O(10} of 2.81 A. These inter-
actions link the molecules related by the translation
along b into chains parallel to b. Most of the other shost
intermolecular contacts involve one of the oxygen
atoms—see Table 2 and Fig. 3. As there are no unusually
short intermolecular approaches, it would appear that the
molecules are held together in the crystal along a and ¢
by van der Waals interactions.
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Anisotropic thermal parameters of the non-hydrogen atoms with their estimated standard deviations in
parentheses. All values have been multiplied by 10°.

T = exp [=2m(Uyh? + Uzk® + Ussl® + 22Ukl + 2U ;3hl + 2U :hk))

Uy, o) Uss U Ui U
Cch 23(7) 135 60(8) ~7(6) 14(6) -5(6)
C(2) 32(8) 37(8) 52(8) o7 14(8) 16(8}
C(3) 38(9) 29N 47(8) 27 A7) 0N
C(3A) 48(10) 39(8) 66(10) ~13(8) 18(9) 6(8)
C(3B) 48(9) 73(10) 419 —8(8) ~3(8) -149
04 36(5) 14(4) 27(4) 2(3) 1(4) 1(4)
C(4A) 3N 4(5) 24T 0(5) 4(6) -8(5)
C(5) 42(8) 26(6) 28(6) 1(5) -9(6) ~14(6)
C(6) 31(7) 19(6) 31(6) 6(5) 6(6) ~23)
C(6A) 37 3T 34T -2(6) 16) 96)
C(6B) 131 11{6) 38(6) s 11(6) 8(6)
()] 12(6) 6(5) 80(8) 1(5) 107 o5
0(8) 28(4) 27(4) 73(5) 1(4) ~4(4) 2(4)
C(8A) 27(6) 31(6) 36(6) —6(5) o5) =5(%
C9) 38(7) 18(5) 63(8) 1(6) 7(6) 4(6)
C(10) 3Ty 28(6) 46(7) -=7(6) -4(6) 6(5)
0110} S1(5) 26(4) 97(6) 5(4) ~11(6) 44y
C(1n) 316) 32(6) 497 =7(6) 8(6} -5}
C(12) 22(5) 22(5) 34(6) ~4(4) -9(5) (S5}
C(12A) 36(7) 15(5) 46(7) 05) ~14(6) 2(6)
C(12B) 53(8) 225) 22(6) ~4(5) —=5(6) 10(6)
0(13) 17(4) 14(4) 41(5) -13) 5(4) 1(4)
C(13A) 34(7) 19(6) 29(6) 5(5) ~14(6) ~9(6)
C(13B) 26(6) 15(5) 32(6) -3(5) -3(6) 6(5)




