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In our search for the chemical basis of
resistance of the soybean variety
PI227687 Glycine max Mer. (Legu-
minosae) to the soybean looper Psexdo-
plusia includens, we have isolated and
chemically characterized three iso-
flavonoids from two active fractions of a
soybean foliage MeOH extract. P. inclu-
dens mortality caused by fractions 3 and
4 in an artificial diet were 71 and 98%,
respectively. Current experiments in-
volve the synthesis of these isoflavones in
order to obtain biological data on the
pure compounds.

Coumestrol (1), a common iso-
flavonoid first isolated from ladino clover
(1), was isolated as a solid from fraction
3. Characterization of coumestrol in-
volved 'H-nmr (200 MHz) and ms com-
parison of its acetate with authentic ma-

1 R=R'=H
la R=Ac,R'=H

2 R=H, R'=prenyl
2a R=Ac, R'=prenyl

terial. Phaseol (2) was isolated as a solid
from fraction 3. It was characterized by
200 MHz 'H-nmr and ms analyses of its
acetate derivative. The 'H-nmr spec-
trum in CDClsexhibited characteristic
signals that were in accord with reported
data (2). This is the first report of the
presence of phaseol (2) in soybean.

The common isoflavone afrormosin
(3) (3) was isolated from fraction 4.
Characterization involved H-nmr and
ms analyses, and the molecular structure
was determined by single crystal X-ray
analysis.

The structure of afrormosin is illus-
trated in Figure 1. The isoflavone fused
ring system is planar with all ten atoms
lying an average of 0.004A from a com-
mon plane and the carbonyl oxygen
atom lylng 0.016(1)A out of this plane.
The six atoms of the phenyl substituent
lie an average of 0.010A from a common
plane, and this plane forms a dihedral
angle of 53.9° with that of the fused ring
system. Bond distances are normal with
C-C lengths in the C(5) through C(lO)
ring ranging 1.364(4)-1.415 (3)A and
averaging 1.389A, and corresponding
distances within the phenyl substituent
rangmg 1.372 (4)-1.394(4)A and av-
eraging 1. 382A. The C(2)= C(3)double
bond has a length of 1. 334(4)A the car-
bonyl CH4)=0(11) 1. 242(3)A, and
bonds to O(I) are asymmetric, 0(1)-
C(2) 1.349(3)A, O(1)-C(9) 1.381(3)A.
Molecules are linked in the solid by
lmear hydrogen  bonds  O( 13)-

. .O(11), with length 2.695(3)A,
.0 distance 1.73(4)A, and angle
at H 174(3)



Nov-Dec 1986}

Caballeroer al.:

Isoflavones 1127

FIGURE 1. The crystal structure of afrormosin

EXPERIMENTAL

PLANT MATERIAL AND EXTRACTION.—
Seeds of soybean, genotype PI227687, were ob-
tained from Dr. Curtis Williams, Jacob Hartz
Seed Co., Stuttgart, AR, and were field-planted
in June 1983. When plants reached the V7 stage
(4), the fourth through eighth trifoliates down
from plant apices were collected, air dried,
ground to a fine powder, and extracted in a
Soxhlet apparatus in a series with petroleum
ether, CH,Cl,, and MeOH for 48 h each. The
residue was then stirred with H,O for another 48
h. The MeOH extract (10 g) was fractionated by
flash chromatography on 250 g of Si gel. The col-
umn was initially developed with CHCl; until no
material was eluted. This fraction was called 4
and yielded 0.43 g. A gradient solvent of 500-ml
volume with 10% increments of Me,CO was used
later; 250-ml fractions were collected and moni-
tored by tlc on analytical Si gel plates using
CHCl;-Me,CO (10:1) as eluent and recombined
in fractions 3 (0.710 g) and 2 (0.7 g). Fracrion 1
(8.14 g) was eluted with pure MeOH.

In order to eliminate chlorophyll from frac-
tions 3 and 4, flash chromatography on a C-18 re-
verse phase Si gel column was performed using
MeOH-H,0 (4:1) as eluent. Of fraction 3, 100
mg was applied to a 1-mm reverse phase tlc plate
and developed with MeOH-H,O (4:1). Coumes-
trol (15 mg) and phaseol (22 mg) were isolated as
solids with Rf's of 0.4 and 0.27, respectively. Of
fraction 4, 100 mg was applied toa 1-mm normal
phase tlc Si gel plate and developed with hexane-
Me,CO (2:1) followed by elution with CHCI;-
MeOH (25:1). Afrormosin (15 mg) was isolated
as crystals with an overall Rf of 0.62.

COUMESTROL ACETATE (1a).—CoH;,0;
'H amr (200 MHz, CDCl;) H-1 (8 8.02 d,
J12=8.5 Hz), H-2 (7.2 dd, J,,=8.5;
J2.4=2.3 Hz), H-4(37.3d, J4,=2.3 H2), H-7
(6 8.11 d, J,4=8.6 Hz), H-8 (8 7.22 dd,

Js7=8.6; Jg10=2.4 Hz), H-10 ® 7.49 d,
J10,8=2.40 Hz), CH; (3 2.43, 5); ms 70 eV m/z
(rel. int.) 352 (6.2, C1oH,0,, M*), 310 (11.2,
M*-C,H,0), 268 (100, M*-2C,H,0).

PHASEOL ACETATE (2b).—C,H,,0;; 'H
nmr (200 MHz, CDCly), H-1 (8 7.85 d,
J1,=8.5Hz), H-2(87.6d, J, ;=8.5 Hz), H-7
(88.12d, J, 4=7,8=8.7 Hz), H-8 (8 7.21 dd,
Js,=8.7; Jg10=2.2 Hz), H-10 (6 7.48, d,
Ji0s=2.2 Hz), H-1' (33.59d, ], ,~=7.0 Ha),
H-2' (35.19 brt, J, -=7.0 Hz), H-3'a (3 1.84
s), H-3'b (8 1.70, s), CH; (8 2.43, 5); ms 70 eV
mlz (rel. int.) 420 (6.7, M™), 378 (8.5, M*-
C,H,0), 336 (46, M*-2C,H,0), 281 (21, M*-
2C,H,0-C,H,), 280 (60, M*-2C,H,0-C4Hy).

AFRORMOSIN (3).—C,,H,40s; 'H nmr (200
MH:z, CDCl;), H-2 (58.35s5), H-5(87.615), H-
8 (3 693 s, H-2, H6' (d 7.66 d,
Jr.3=J¢.5=8.5 Hz), H-3', H-5' @ 6.97 d,

Js.22=Jer.5=8.5 Hz); ms mlz (rel. int.) 298
(100, M%), 283 (11, M*-CH,), 267 (1.5, M*-
CH,0), 166 (44, M*-CyHZO).

X-RAY DATA OF AFRORMOSIN (3).—A crys-
tal of dimensions 0.10X0.16X0.32 was used for
data collection on an Enraf-Nonius CAD4 diffrac-
tometer equipped with MoKa radiation and
a graphite monochromator. Crystal Data:
C;H 405, MW=298.3, orthorhombic space
group Pca°21, a=27.470(4), b=6.505(1),
c=7.5333)A, V=1346.1(9)A3, Z=4, D,
=1.472 gem™3, A=0.710734, n (MoKw)

!Atomic coordinates for this structure have
been deposited with the Cambridge Crystalio-
graphic Data Centre and can be obtained on re-
quest from Dr. Olga Kennard, University Chem-
ical Laboratory, Lensfield Road, Cambridge CB2
1EW, UK.
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=1.02 cm~!, T=20°. Data were col-
lected by ®-20 scans of variable speed ranging
0.20-5.0 degrees min~!. One octant of data
having 1°<8<27° was measured, yielding 1582
unique reflections of which 1458 and I>O and
were used in the refinement. Data reduction in-
cluded corrections for background, Lorentz, and
polarization effects; no absorption correction was
necessary.

The structure was solved by direct methods
(MULTAN 78) (5) and was refined by full matrix
least squares with weights w=0"2 (Fo). Cand O
atoms were treated anisotropically, while H
atoms were located from difference maps and re-
fined isotropically. Convergence was achieved
with R=0.058, R,=0.038, extinction
coefficient 5.2(7)X 10~ 7, and maximum residual
density 0.26e A™3. Coordinates are given in
Table 1.
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