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Characterization of 2-Epicastasterone from Immature Seeds of Phaseolus vulgaris
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Brassinosteroids (BRs), steroidal plant hormones, regulate
diverse phenomenon in the growth and differentiation of
plants.l"' Among naturally-occurring BRs, castasterone (CS)
has been identified as the most abundant BR in the plant
kingdom, one which strongly regulates the overall develop-
ment of plants. especially vegetatively growing plants.” We
have previously reported that immature seeds of Phaseolus
vilgaris contain CS and a number of unknown BRs showing
the same MS spectrum as that of CS with different retention
times on GC and HPLC. suggesting that the unknown BRs are
isomers of CS (Fig. 1)." This prompted us to investigate the
chemical structure of the unknown CS isomers. and lead to
our identification of a new mnaturallv-occurring BR, 2-epi-
castasterone (2-epiCS) from immature seeds of P. vu/garis.
Herein. we report elucidation of the structure and biological
activity of 2-epiCS.
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Figure 1. Sturucture of castasterone (CS), 2-gpicastasterone (2-epiCS),
3-gpicastasterone (3-epiCS) and 2-deoxveastasterone (2-deoxyCS).

graphy for purification of BRs from 2 vu/garis have been
reported.” In a large-scale reverse-phase HPLC (Shenshu Pak,
Develosil ODS 3 pum, 20 x 250 mum) eluted at a flow rate of 20
mL min" with 45% acetonitrile as the mobile phase. a com-
pound in fraction 24 and showed a blue-purplish spot on HPTLC
(Merck, F-sq) with an Ry of 0.30 after heating followed by
spraving of 70% sulfuric acid. The compound was further
purified by a small-scale. normal phase HPLC (Shensu Pak.
Aquasil. 10 x 200 mm). It eluted at a flow rate of 3 mL min”
with a gradient of increasing iso-propanol in »#-hexane (0-20
min: 25%. 20 - 40 min: gradient to 60% iso-propanol in s-
hexane). The fraction eluting betwveen 31 and 32 min gave a
pure solid-state substance which we used for instrumental
analyses.

The compound was derivatized with methaneboronic acid
in pyridine followed by heating at 70 °C for 30 min. and
analyzed by capillary GC-MS (JEOL DX303,EI, 70 eV). As
abismethaneboronate (BMB). the compound showed a mole-
cular ion at #/z 312 and prominent ions at #/z 470. 357/358,
327. 287 and 155 (Table 1). These molecular and prominent
ions. except the one at m/z 470, are the same as those of the
BMB derivative of CS. High resolution MS showed the mole-
cular formula of the characteristic ion at m/z 370. The ion peak
at 470.3308 was C=H4-O4B (calculated 470.3367), which indi-
cates that the characteristic ion is derived from the loss of
CH:OB from the molecular formula of BMB of the compound
(C3uHsOsB:), most likely from an A rning methaneboronate.
Coupled with a distinct retention time on GC from that of CS
BMB. our findings suggest that the compound is an isomer of
CS.

In a 400 MHz proton NMR study (Table 2). absorptions for
four methyls (C-21. C-26. C-27 and C-28) and two protons at
C-22 and C-23 in the side chain of the isomer of CS were
exactly the same as those of CS. indicating that the side chain
structure of the isomer is identical to that of CS. In addition.
signals for Hs-18 at 60.69 (s) and H--7 at 6 2.33 (dd. /=4, 14
Hz) are basically equal to those of CS. indicating that the
structures of the B. C and D rings in the isomer of CS is also

Table 1. Movement of CS and its isomer in £, vulgaris on HPTLC, HPLC and GC-MS.

Compound R on HPTLC  Rt® on HPLC RRt® on GC Prominent ion® (m/z, relative intensity)
CsS 043 30-31 1.000 S12(M+, 60), 357/358(10), 327(8), 287(60), 155(100)
CS 1somer 0.30 23-24 1.347 S12(M+, 49), 470(23), 357/338(18), 287(32), 135(100)

“Rt: Retention tinie {min). *RRt: Relative Retention time. “The samples are analvzed by a capillary GC-MS as BMB derivatives.
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Table 2. 400 MHz proton NMR data for CS, 2-¢piCS and an isomer
of CSin P. vuigaris. The chemical shifts are given m ppm from tetra-
methylsilane.

cs CS isomer 2-EpiCS
Ring protons
H;-18 0.69s 0.69s 0.69s
H:-19 0).76s (0.97s brs (.97s brs
Ho2 377 brm 393 brs 393 brs
(Wi.=21Hz) (Wi>=103Hz) (Wi»=10.3Hz)
0.3 4.06 brs 398 brs 3.98 brs
i (Wi2=105Hz) (Wi=2=105Hz) (Wi»=10.5Hz)
H-3 2.69 2.73 2.73
(/=4 l4Hz) (J=3,13Hz) (/=3,13Hz)
Ha? 2.30 233 233
- (/=4 ld4Hz) (J=4, l4Hz) (J=4, l4Hz)
Side chain protons
Me(1) (0.83d 0.83d 0.83d
Me(2) 0.91d 0.91d 0.91d
Me(3) 0.95d 0.95d 0.95d
Me(4) 0.97d 0.97d 0.97d
H-22 3.56d 3.56d 3.56d
(/=9Hz) (/=9Hz) (/=9Hz)
H-23 3.73dd 3.73dd 3.73dd
(J=2.9Hz) (J=2.9Hz) (J=2.9Hz)

the same as that of CS. Signals for two broad singlets (W)~ =
10.5 Hz) at & 3.93 and 3.98 represent the presence of two
equatorial protons attached with secondary hvdroxyvls. Cou-
pled with the fact that the isomer can be derivatized as BMB.
these results indicate that a vicinal hvdroxyl is axially located
at C-land C-2. C-2 and C-3. or C-3 and C~4. However. absorp-
tion at 6 2.73 as a double doublet (/= 3, 14 Hz) was assigned
to H-3 to venfy the presence of the proton at C-4, excluding
the possibility of 3.4-diaxial hydroxyls. If the diaxial hvdroxyls
are located at C-1 and C-2. H-1 must give a sharp doublet: but
the observed signals for both protons attaching to the hydroxyl
at 6 3.93 and 3.98 were broad singlets, also denving the possi-
bility of 1.2-diaxial hydroxyls. In 2.3-diaxial hydroxyls. two
equatorial protons at C-2 and C-3 couple with at least three
protons. giving rise to broad singlets. Therefore, the location
of the vicinal hydroxyls in the A ring is at C-2 and C-3.
Because the obtained amount of the isomer of CS was small
(ca. 30 pg). "C-NMR and/or 2D NMR to confirm the position
and configuration of vicinal hyvdroxyls at C-2 and C-3 could
not carried out. However, proton NMR data for the isomer of
CS was exactly the same as that of synthetic 2-epiCS (Table 2).
Therefore, the structure of the isomer of CS is conclusively
characterized to be 2-epiCS. (22R.23R 248)-2B.3¢.22.23-tetra-
hvdroxy-3u-cholestan-6-one.

The biological activity of 2-epiCS was examined using the
rice lamina inclination assay. As shown in Fig. 2. 2-¢piCS$
exhibited almost no biological activity up to 0.002 ppm. At
0.02 ppm. 2-¢piCS showed weak activity that was approxi-
mately one fiftieth that of CS. indicating that replacement of
the 2o-hydroxyl with a 2B-hvdroxyl in CS greatly reduces
biological activity, Another BR. 2-deoxycastasterone (2-deoxy -
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Figure 2. Biological activity for castasterone (CS), 2-¢picastasterone
(2-epiCS) and 2-deoxycastasterone (2-deoxyC8) in the rice lamina
mclination assay.

C8). which has no hydroxyl1 at the C-2 position of CS. showed
one tenth the activity of CS. Compared to 2-deoxyCS. 2-¢piCS
showed one fifth the activity, confirming that introduction of
a B-configured hydroxyl at C-2 hinders expression of BR
activity.

This study is the first to demonstrate the presence of
2-¢piCS in immature seeds of P vulgaris. This novel com-
pound showed less activity than 2-deoxyCS and CS. which
indicates that introduction and configuration of the hydroxyl
at C-2 are important for BR activity. In other words, the
presence of an a-configured hydroxyl at C-2 is essential for
the strong BR activity of CS. It has been previously reported
that CS is inactivated by conversion to a less biologically
active stereoisomer. 3-epicastasterone (3-epiC $)." A lower
activity for 2-epiCS than for CS implies that 2-epimerization
is also an inactivation reaction of CS by substitution of an ¢-
configured to a f-configured hydroxyl at C-2.
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