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Abstract : Rigidanthrin, a new dimeric phenanthrene derivative, was isolated from the orchid Bulbophyllum rigidum
which also afforded the known monomeric phenanthrenes nudol and gymnopusin and the simple aromatic compound
ethyl 4-hydroxy-3-methoxycinnamate. The structure of rigidanthrin was established as 2,2’,7,7’-tetrahydroxy-3,3’,4,4’-
tetramethoxy-1,1’-biphenanthryl from various spectral and chemical evidence. The structure of rigidanthrin was finally
confirmed by regio- as well as regio- and enantio-selective biomimetic synthesis from its monomeric congener nudol
(2,7-dihydroxy-3,4-dimethoxyphenanthrene) by oxidative phenol-coupling reaction with phosphomolybdic acid (PMA) on
silica gel surface and CuCl(OH).(-)-(S)-proline methyl ester, respectively, in very good yields. The optical purity of (-)-
rigidanthrin obtained in the latter case was found to be 95.79%. The co-occurrence of rigidanthrin with its monomer
nudol in the same orchid Bulbophyllum rigidum provides a strong circumstantial evidence in support of the proposed
biogenesis of the naturally occurring biphenanthryl derivatives which are assumed to have been formed from their cor-
responding monomers by enzymatic oxidative phenol-coupling reaction.

Keywords : Bulbophyllum rigidum, orchidaceae, rigidanthrin, dimeric phenanthrene derivative, regioselective biomimetic

synthesis, PMA on silica gel surface, enantioselective synthesis, CuCI{OH).(-)-(S)-proline methyl ester.

Introduction

We reported earlier the isolation of a large number of
compounds from a series of Indian orchids. These com-
pounds encompass a wide variety of stilbenoids, viz. stil-
bene!, bibenzyls?, phenanthrenes and 9,10-dihydrophenan-
threnes>+* and their dimers’-8, phenanthropyrans ang their
9,10-dihydro derivatives®-!3, fluorenones!4, and a few
other polyphenolics!3:16, several triterpenoids!’-19, ste-
roids of biogenetic importance?-22 and some simple aro-
matic compounds?3, As part of this general programme
of research, we have chemically investigated yet another
Indian orchid Bulbophyllum rigidum. This has resulted in
the isolation of a new dimeric phenanthrene derivative
designated rigidanthrin, besides nudol (1a)24:23,
gymnopusin (2)2627 and ethyl 4-hydroxy-3-methoxy-
cinnamate (3)?® of previously known structures. While
the known compounds were characterized by comparison
with their respective authentic samples, the structure of
rigidanthrin was established as 2,2’,7,7’-tetrahydroxy-
3,3’,4,4’-tetramethoxy-1, 1’- biphenanthryl (4a) from spec-
tral and chemical evidence and was finally confirmed by
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regio- as well as regio- and enantio-selective biomimetic
synthesis by oxidative phenol-coupling reaction from its
monomeric congener (1a) with phosphomolybdic acid
(PMA) on silica gel surface and CuCIl(OH).(-)-(S)-pro-
line methyl ester, respectively, in very high yields.

Results and discussion

Rigidanthrin (4a), amorph., [a]30° - 9.5° (c, 0.12,
MeOH), analyzed for C5,H,c0¢ which was confirmed by
its mass spectrometrically derived molecular weight 538.
The appearance of an intense peak at m/z 269 in its EI
mass spectrum indicated it to be composed of two mono-
meric halves of the same elemental composition C,¢H;30.

Rigidanthrin (4a) showed UV absorptions [A,,
(EtOH) 213, 265, 311 and 350 nm (log € 4.67, 5.02,
4.31 and 4.92)] which strikingly resemble those of phenan-
threne derivatives?*25. The phenolic nature of 4a was
indicated by its characteristic colour reactions, alkali-in-
duced bathochromic shifts of its UV maxima [(A;,, (EtOH
- 0.1 M NaOH) 224, 270 and 373 nm (log € 4.56, 4.91
and 4.92)] and by its IR absorption at v,, 3400 cm™!,
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CO,Et
P

OMe
1a:R'sR2=} OH
1 :R'sAc,R2 H 3

2: R'=s H, R2Z=0Me

42 R1=R3=H, R=0Me

4b :R'=Ac, R2=0OMe, R*=H
4c : R'=Ac, R=R3=H

4d : R'=sAc, Rz=R3=0OMe

The presence of four phenolic hydroxyl groups in 4a was
confirmed by the formation of its tetraacetyl derivative,
C4oH340;, (IM*] at m/z 706), m.p. 159 °C with Ac,0
and pyridine.

The 300 MHz 'H NMR spectrum (dg-acetone) of 4a
showed eight sets of signals at 3 4.09, 7.03, 7.21, 7.26,
7.33, 7.87, 8.57 and 9.48 in the integral ratio of 6 : 1 :
1:1:1:1:1 : 1. Since 4a contains a total of 26
protons, each of these signals thus corresponds to double
the number of protons given by their respective integral
ratio. This, in turn, also implied the symmetrical dimeric
formulation of the compound. Thus, the singlet at  4.09
in the 'H NMR spectrum of 4a indicated the presence of
two pairs of aromatic methoxy! groups in the compound,
while the two two-proton singlets at & 7.87 and 8.57
(both disappeared on deuterium exchange) corresponded
to the presence of four phenolic hydroxyl groups in 4a.
The 'H NMR spectrum of 4a showed five different sets
of aromatic protons at $9.48 (d, J 9.0 Hz), 7.21 (dd, J,
9.0 Hz and J, 3.0 Hz), 7.26 (d, J 3.0 Hz), 7.33 (d, /9.0
Hz) and 7.03 (d, J 9.0 Hz), each corresponding to two
protons having identical environment.

The signal at & 9.48 in the spectrum of 4a is typical of
H-4 and H-5 of a phenanthrene derivative?4-25. Now, if
the above signal of 4a is assigned to its H-5 and H-5',
C-4 and C-4’ of the compound must be substituted by
methoxyl or hydroxyl function. Again, the appearance of
this signal as a clear doublet (/ 9.0 Hz) indicated that

C-6 and C-6" of 4a must be unsubstituted. In the light of
the well-documented observation??-30 that H-5 of a 4-
hydroxyphenanthrene derivative is shifted upfield by 0.5-
0.6 ppm on acetylation, the downfield shift of H-5 and
H-5" of rigidanthrin tetraacetate (4b) by 0.25 ppm com-
pared to that of the corresponding proton of 4a, implied
that C-4 and C-4’ of the compound must contain a methoxyl
rather than a hydroxyl function. The signal at 8 7.21 (dd,
J; 9.0 Hz and J, 3.0 Hz) of 4a could then be assigned to
H-6 and H-6’, which was split by H-5 and H-5" (J; 9.0
Hz) and also by H-8 and H-8’ (J, 3.0 Hz), resonating at
87.26 (d, J 3.0 Hz). That the protons at C-6 and C-8 and
C-6’ and C-8' are flanked by hydroxyl at C-7 and C-7’ in
4a was supported by the downfield shifts of these protons
by 0.23-0.33 ppm in the 'H NMR spectrum of its
tetraacetyl derivative 4b. Further supportive evidence for
the structure of rigidanthrin including the site of dime-
rization was provided by a comparison of the 'H NMR
spectra of the compound and its tetraacetyl derivative 4b
with those of nudol (1a) and its diacetate 1b, respec-
tively. The 'H NMR spectrum of 4a and its tetraacetyl
derivative 4b exhibited striking resemblance with those
of nudol (1a) and its diacetate 1b except that (i) the signal
corresponding to H-1 of 1a at & 7.33 and that at § 7.55 of
its diacetate 1b, both appearing as sharp singlets, were
absent in the 'H NMR spectra of 4a and 4b, (ii) the
signals corresponding to H-9 and H-10 of nudol (1a) at &
7.77 and 7.55, respectively and that of its diacetate 1b at
87.90 (2H, s) were shifted upfield in the spectra of 4a (3
7.33 and 7.03) and its tetraacetyl derivative 4b (& 7.39
and 7.02) and (iii) the protons of two of the acetate meth-
yls of 4b exhibited substantial upfield shift [6 1.94 (6H,
s)] compared to those of its other two acetate methyls [5
2.37 (6H, s)] and that at § 2.38 and 2.45 (each 3H, s) in
1b.

The above observations are intelligible only in terms
of a 1,1’-dimeric formulation 4a for rigidanthrin and 4b
for its tetraacetyl derivative. The observed differences in
the chemical shifts of some of the protons of 4a and 4b
from those of the corresponding protons of nudol (1a)
and its diacetate 1b, respectively may be explained in the
light of the most preferred conformations of 4a and 4b.
Construction of the Dreiding models of 4a and 4b shows
that in the most preferred conformations of the compounds,
the two monomeric units remain almost perpendicular to
each other. In this conformation, H-10 and H-10" and H-
9 and H-9’ of 4a and 4b fall in the shielding zones of the
neighbouring aromatic rings of the compounds. Accord-
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ingly, these protons of 4a and 4b were shifted upfield
[4a: § 7.03 (H-10, H-10") and 7.33 (H-9, H-9); 4b : &
7.02 (H-10, H-10") and 7.36 (H-9, H-9")] compared to
H-10 and H-9 of nudol (1a) and its diacetate 1b, which
appeared at the normal regions [1a : § 7.63 (2H, ABq, J
8.0 Hz); 1b : 8 7.90 (2H, s)]. The greater shielding of
H-10 and H-10" of 4a and 4b than those of their
H-9 and H-9' may be attributed to the greater proximity
of H-10 and H-10’ than H-9 and H-9 to the shielding
zones of the neighbouring aromatic rings as shown in
structural diagrams of 4a (R! = H) and 4b (R! = Ac).
This also affirmed the site of dimerization in 4a and 4b to
be at 1,1” position.

Again, in the light of the reported observations-8 that
protons of methyl, methoxyl and acetoxyl groups ortho
to the site of dimerization in similar biaryls>-8, which fall
in the shielding zones of the neighbouring aromatic rings
resonate at higher fields than such protons at other parts
of the molecules, the appearance of the protons of the
two acetate methyls of 4b at much higher. field (& 1.94)
compared to those of the other two acetate methyls ap-
pearing at the normal region (8 2.37) required the high
field acetate methyls to be associated with the acetoxy
functions at C-2 and C-2’ of 4b (R! = Ac), the other two
acetoxy functions being already placed at C-7 and C-7’.
This, in turn, affirmed the placement of two hydroxyl
functions at C-2 and C-2’ in 4a, the other two hydroxyl
groups being at C-7 and C-7’. The four methoxyl groups
of 4a were thus placed at C-3, C-3’ and C-4, C-4". The
energy barrier for rotation around the 1,1’-bond of 4a
seems to be high enough to make it optically active.

Further evidence in support of the structure of
rigidanthrin (4a) was provided by the !3C NMR spectral
data of its more soluble tetraacetyl derivative (4b)
[Table 1]. The degree of protonation of each carbon atom
was determined by DEPT experiments and the assign-
ments of the carbon chemical shifts of 4b were made by
comparison of the & values with of those of 1b and other
structurally related compounds like 4c® and 4d3!. The
13C NMR spectrum of 4b showed 20 carbon resonances
which corresponded to just half the number of carbon
atoms present in its molecule. This further affirmed the
symmetrical dimeric formulation of 4b and hence of the
parent rigidanthrin (4a). The carbon chemical shifts of
4b are virtually identical with those of nudol diacetate
(1b) except that the protonated C-1 resonance (5 117.1)
of the latter is replaced by a relatively lowfield quater-
nary carbon signal at §, 121.9 in the former and that
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C-10 of 1b is shifted upfield by 2.0 ppm in 4b. Such
downfield shifts of C-1 and C-1’ and upfield shifts of
C-10 and C-10’ of structurally similar phenanthrene dimers
compared to the corresponding carbon atoms of their res-
pective monomers are typical of 1,1-biphenanthryl de-
rivatives>-9:31, Rigidanthrin (4a) is thus the symmetrical
1,1’-dimer of nudol (1a). The above contention was fur-
ther confirmed by the virtually identical 8. values of
C-4b (C4b"), C-5 (C-5"), C-6 (C-6"), C-7(C-7"), C-8 (C-8),
C-8a (C-8a’) and C-9 (C-9’) of 4b and the corresponding
carbon atoms of cirrhopetalanthrin tetraacetate (4c)® pos-
sessing acetoxy functions at C-7 and C-7’. Again, the
essentially identical §; values of C-1 (C-1"), C-2 (C-2),
C-3 (C-3"), C-4 (C-4"), C-4a (C-4a’), C-10 (C-10") and
C-10a (C-10a") of 4b and those of the corresponding car-
bon atoms of 4d3! confirmed the presence of four methoxyl
groups at C-3, C-3’, C-4 and C-4’ and two of the four
acetoxyl functions at C-2 and C-2’ in 4b, the other two
acetoxyl functions of 4b being already placed at C-7 and
C-7’. The placement of the four methoxyl groups at C-3,
C-3’, C-4 and C-4’ was also supported by the relatively
downfield shifts of the methoxyl carbon resonances (8,
61.0 and 60.0) of 4b, which are typical of the methoxyl
functions having no ortho hydrogen atom. The structure
of rigidanthrin is thus established as 2,2’,7,7’-tetrahydroxy-
3,3’,4,4’-tetramethoxy-1,1’-biphenanthryl (4a).

More compelling evidence in support of the structure
4a for rigidanthrin was provided by the 2D NMR spec-
tral analysis (HMQC and HMBC with J~_y; parameters
set to 160 Hz and 7 Hz, respectively) of its tetraacetyl
derivative 4b. The chemical shifts of all the protonated
carbon atoms of 4b were confirmed by the 1-bond 'H-
13C correlations observed in the HMQC spectrum of the
compound, while the long range (3-bond and in a few
cases 2-bond) 'H-13C correlations exhibited by the HMBC
spectrum of 4b further confirmed the assignments of its
protonated as well as nonprotonated carbon atoms. In the
HMBC spectrum the strongest correlations are those be-
tween 3-bonds, while 2-bond correlations are also some-
times observed in compounds containing oxygenated func-
tions like methoxyl and hydroxyl/acetoxyl groups attached
to the aromatic ring, which probably alter the electron
distribution in favour of such couplingsﬁ*”. Thus, the
most downfield protons at & 9.72 (2H, d, J 9.36 Hz)
assigned to H-5 (H-5’) of 4b showed three strong 3-bond
correlations with carbon resonances at §; 123.2, 149.0
and 133.8 attributed to its C-4a, (C-4a"), C-7 (C-7’) and
C-8a (C-8a"), respectively. The protons at § 7.42 (2H,
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Table 1. 13C NMR spectral data of 4b, 1b, 4c and 4d

Chemical shifis* (85,)
C 4b? 1b2 4c? 4d4
1(1") 121.9 117.1 119.2 122.6
2(2) 145.2 1449 147.8 144.7
3(3) - 1425 143.2 104.1 142.5
4 (4) 152.4 152.5 159.2 152.2
4a (4a") 123.2 123.0 117.5 121.9
4b (4b") 129.3 129.4 128.2 129.4
5(5) 129.2 128.9 130.2 109.5
6 (6) 119.6 119.6 120.8 150.4
7 149.0 148.7 148.5 139.8 .
8 (8) 121.0 120.9 119.5 121.1
8a (8a") 133.8 133.7 133.5 128.6
9 (9% 127.0 126.9 128.5 126.6
10 (10" 125.4 127.4 125.7 123.1
10a (10a") 127.6 127.42 134.4 127.5
OMe 61.0 (OMe at C-4) 61.2 56.1 61.1
60.0 (OMe at C-3) 60.05 - 60.1
55.8
OCOMe 169.7, 20.9 169.2, 20.8 169.3, 20.8 168.4, 19.5
168.5, 19.9 169.5, 21.3 169.7, 21.3 169.3, 20.4

*Carbon atoms with and without parenthesis correspond to those of the dimeric phenanthrene derivatives and those without parenthesis
correspond to those of the monomers.

“Spectra were run in CDCIl; and the chemical shifts were measured with dppg = 8CDCI~‘ + 76.9 ppm.

dd, J; 9.36 Hz and J, 2.50 Hz) of 4b assigned to its H-6
(H-6") exhibited two 3-bond correlations with the carbon
signals at §_ 129.3 and 121.0 assigned to its C-4b (C-4b")
and C-8 (C-8"), respectively. Similarly, the protons at &
7.52 (2H, d, J 2.50 Hz) which corresponded to H-8
(H-8") of 4b displayed three strong 3-bond and one 2-
bond fairly strong correlations with the carbon resonances
at 8, 119.6, 129.3, 127.0 and 149.0 which were assigned
to its C-6 (C-6"), C-4b (C-4b"), C-9 (C-9’) and
C-7 (C-7'), respectively. Again, the protons at & 7.39
(2H, d, J 9.09 Hz) assigned to H-9 (H-9) of 4b exhibited
three strong 3-bond correlations with the carbon signals
at §. 121.0, 129.3 and 127.6 which corresponded to its
C-8 (C-8'), C-4b (C-4b") and C-10a (C-10a"), respectively.
Similarly, the protons at 6 7.02 (2H, d, J 9.09 Hz) attri-
buted to H-10 (H-10") of 4b showed three strong 3-bond
correlations and one 2-bond weak correlation with the
carbon resonances at §. 133.8, 123.2, 121.9 and 127.6
which were assigned to its C-8a (C-8a’), C-4a (C-4a’),
C-1(C-1") and C-10a (C-10a’"), respectively. The methoxyl
protons at & 4.09 and 4.11 exhibited strong 3-bond corre-

JICS-7

lations with the carbon signals at &, 142.5 and 152.4
which corresponded to its C-3 (C-3") and C-4 (C-4'),
respectively. All the above correlations observed in the
HMBC spectrum of 4b are shown on its structural dia-
gram (Fig. 1), which further confirmed its assigned struc-
ture and hence that of the parent rigidanthrin (4a).

Fig. 1. Long range 'H-13C correlations (HMBC) observed in the
spectrum of 4b.
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MeO, OMe Adsorbed on silica gel
(100-200 mash), impregnated
Ho O Q 0 = (t}Rigidanthrin(4a)
Q with slightly more than 1 equiv. 80%
of phosphomolybdic acid(PMA), .
kept in a chromatographic
Nudol{1a) col':l‘mn for 6 hr. ooraph

CuCHOH).(-}-s-proline methylester in

CH,C1,-MeOH(3.5:1), stirred for 24 hr

(-}Regidanthrin(4a)

in oxygen atmosphere at temperature of

ice-cold water

75%
(optical purity: 95.79%)

Scheme 1. Synthesis of (1) aﬁd (-)-rigidanthrin (4a).

The structure of rigidanthrin was finally confirmed by
its regioselective biomimetic synthesis from its naturally
occurring monomer nudol (la) with slightly more than
one equivalent of phosphomolybdic acid (PMA) on silica
gel surface3? in 80% yield (Scheme 1). The product, is,
however, a dl-mixture.

More importantly, an efficient regio- and enantio-se-
lective biomimetic synthesis of natural (-)-rigidanthrin
was achieved with an optical purity of 95.79% [calcu-
lated on the basis of the pure natural (-)-rigidanthrin to
have the [a]p - 9.50° (MeOH) as has been actually ob-
served] involving oxidative phenol-coupling reaction of
nudol (1a) with CuCI(OH).(-)-(S)-proline methyl ester, a
new chiral reagent developed by us, in about 75% yield
(Scheme 1). A detailed account of the above reagent and
its application would be described in a forthcoming com-
munication. Similar oxidative phenol-coupling reaction
with achiral reagent CuCl(OH).TMEDA has been ini-
tially employed by Noji et al.33 and later by Majumder
and his co-workers3:34 to get the dl-product.

Biogenetically, rigidanthrin (4a) may be assumed to
be formed by oxidative coupling of its monomeric conge-
ner nudol (1a). The co-occurrence of nudol (1a) and
rigidanthrin (4a) in the same orchid Bulbophyllum rigidum
has provided a strong circumstantial evidence in support
of the above contention. Rigidanthrin (4a) is, thus, a new
addition to the growing list of naturally occurring
biphenanthryl derivatives.
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Experimental

M.p.s : uncorr. CC : silica gel (100-200 mesh). TLC :
silica gel G. IR : KBr discs. 'H and 13C NMR : 300 MHz
and 75 MHz, respectively. NMR spectra were recorded
in dg-acetone (4a) and CDCl; (4b and others) using TMS
as internal standard. Chemical shifts were expressed in
8ppm- The HMQC and HMBC spectra of 4b were re-
corded in CDCl; in a 500 MHz instrument with Jo_y
parameters set to 160 Hz and 7 Hz, respectively. MS :
direct inlet system, 70 eV. All analyt. samples were rou-
tinely dried over P,Os for 24 h in vacuo and were tested
for purity by TLC and MS. The petrol uséd had b.p. 60-
80 °C. Anhydrous Na,SO, was used for drying organic
solvents.

Plant materials :

Bulbophyllum rigidum King and Pantling was collected
from Kalimpong (Darjeeling, India) in August 2002. A
voucher specimen (Majumder s.n.) was deposited in the
Herbarium of the Department of Botany, University of
Calcutta (CUH).

Isolation of rigidanthrin (4a), nudol (1a), gymnopusin
2)and 3 :

Air-dried finely powdered whole plant of B. rigidum
(4 kg) was kept soaked in MeOH (10 L) for four weeks at
room temperature. The MeOH extract was concentrated
to ca. 100 ml, diluted with H,O (750 ml) and exhaus-
tively extracted with Et,0. The Et,O extract was frac-
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tionated into acidic and non-acidic fractions with 2 M
NaOH solution. The aqueous alkaline solution was acidi-
fied in the cold with conc. HCI and the liberated solids
were extracted with Et,O, washed with H,O, dried and
the solvent was removed. The Et,O extract containing
the non-acidic constituents (left after treatment with 2 M
NaOH) was also washed with H,O0, dried and the solvent
removed. The residues containing the acidic and non-
acidic (neutral) compounds were separately chromato-
graphed.

Chromatography of the acidic fraction :

“The petrol-EtOAc (80 : 1) eluate afforded a compound
(0.12 g) as a semisolid mass which was characterized as
ethyl 4-hydroxy-3-methoxy-cinnamate (3). Washing the
main column with petrol-EtOAc (10 : 1) gave gymnopusin
(2), [0.12 g], crystallized from petrol-EtOAc, m.p. 192
°C. The petrol-EtOAc (5 : 1) eluate afforded nudol (1a)
[0.3 g], as amorphous powder. 'H NMR : §9.33 (1H, d,
J 10.0 Hz, H-5), 8.65 and 8.00 (each 1H, br.s, ArOH),
7.63 (2H, ABq, J 8 Hz, H-9 and H-10), 7.35 (1H, d, J
3.0 Hz, H-8), 7.33 (1H, s, H-1), 7.30 (1H, dd, J, 10.0
Hz and J, 3.0 Hz, H-6), 4.05 and 4.00 (each 3H-, S,
ArOMe). Acetylaﬁon of 1a with Ac,0 and pyridine gave
the corresponding diacetate 1b, crystallized from petrol-
EtOAc, m.p. 156 °C. '"H NMR : § 9.38 (1H, d, J 10.0
Hz, H-5), 7.90 2H, s, H-9 and H-10), 7.80 (1H, d, J 3.0
Hz, H-8), 7.55 (1H, dd, J; 10.0 Hz and J, 3.0 Hz, H-6),
7.55 (1H, s, H-1), 4.05 and 4.00 (each 3H, s, ArOMe),
2.45 and 2.38 (each 3H, s, OAc at C-7 and C-2).

Further elution of the column with petrol-EtOAc (1 : 1)
gave crude rigidanthrin (4a) which on repeated chroma-
tography afforded pure 4a (0.28 g) as an amorphous solid
(Found : C, 71.34; H, 4.81. C3,H,¢Og requires : C,
71.37; H, 4.83%); IR (KBr) U« cm™! : 3400 (phenolic
-OH), 1610, 1570, 850, 830 and 780 (aromatic nucleus);
TH NMR : § 9.48 (2H, d, J 9.0 Hz, H-5 and H-5'), 8.57
and 7.87 (each 2H, s, Ar-OH), 7.33 (2H, d, J 9.0 Hz, H-
9 and H-9"), 7.26 (2H, d, J 3.0 Hz, H-8 and H-8'), 7.21
(2H, dd, J; 9.0 Hz and J, 3.0 Hz, H-6 and H-6"), 7.03
(2H, d, J 9.0 Hz, H-10 and H-10), 4.09 (12H, s, 4X
ArOMe); MS (EI) m/z (rel. int.) : 538 [M*] (100), 269
(37), 253 (15), 241 (10), 224 (22), 210 (12), 189 (11),
169 (19), 146 (18) and 132 (19). Rigidanthrin (4a) was
acetylated with Ac,O and pyridine in the usual manner to

give the corresponding tetraacetyl derivative 4b, crystal-
lized from petrol-EtOAc, m.p. 150 °C (Found : C, 67.95;
H. 4.80. C4yH340,, requires : C, 67.99; H, 4.82%); UV
Amax m : 218, 262, 296 and 309 (log € 4.62, 4.93, 4.35
and 4.39); IR (KBr) V.. cm™! : 1255 and 1760 (OAQ),
1610, 885, 830 and 790 (aromatic nucleus); '"H NMR : §
9.72 (2H, d, J 9.36 Hz, H-5 and H-5"), 7.52 2H, d, J
2.50 Hz, H-8 and H-8'), 7.42 (2H, dd, J; 9.36 Hz and J,
2.50 Hz, H-6-and H-6"), 7.39 (2H, d, J 9.09 Hz, H-9 and
H-9), 7.02 (2H, d, J 9.09 Hz, H-10 and H-10"), 4.11
and 4.09 (each 6H, s, 4 X ArOMe), 2.37 (6H, s, OAc at
C-7 and C-7’) and 1.94 (6H, s, OAc at C-2 and C-2);
MS (EI) m/z (rel. int.) : 706 [M 1] (15), 664 (82), 622
(100), 580 (65), 538 (30) and 269 (68).

Chromatography of the neutral fraction gave only some
uncharacterized oily mass.

Biomimetic synthesis of rigidanthrin (4a) involving
oxidative phenol-coupling reaction :

(i) Regioselective biomimetic synthesis of (t)-
rigidanthrin with phosphomolybdic acid (PMA) on silica
gel surface :

A solution of nudol (1a) [0.10 g] in acetone (25 ml)
was uniformly adsorbed on 15 g of silica gel (100-200
mesh) previously impregnated with an aqueous methanolic
solution of phosphomolybdic acid (PMA) [0.70 g] (the
silica gel after uniformly impregnated with PMA was
dried in a vacuum desiccator for 1 h] and the solvent was
removed by keeping the materials also in a vacuum desi-
ccator for 30 min. The material was then placed on a bed
of fresh silica gel (ca. 30 g) in a small chromatographic
column and kept soaked with petrol for 6 h. The silica
gel layer containing PMA and la gradually turned in-
tense blue in colour. The column was then washed with
petrol-EtOAc (5 : 1). The eluate on removal of solvent
gave small amounts of unreacted 1a (0.02 g). Further
washing the column’ with petrol-EtOAc (1 : 1) gave an
eluate leaving behind the inorganic materials mostly in
the column. The above eluate was washed with H,O,
dried and the solvent removed. The residue was
chromatographed. The petrol-EtOAc (1 : 1) eluate af-
forded pure (+)-rigidanthrin (4a) [0.08 g; ca. 80%] as a
white amorphous powder.
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(ii) Regio- and enantio-selective biomimetic synthesis
of (-)-rigidanthrin (4a) with CuCIl(OH).(-)-(S)-proline
methyl ester :

(-)-(S)-Proline (0.50 g) dissolved in MeOH (60 ml)
was treated with a solution of 8 molar equivalent of CH,N,
in Et,0 (100 ml) and the mixture was kept overnight in
an ice-bath. Removal of the solvent gave an oily residue
which was taken in Et,0, washed twice with NaHCO;
solution and then with H,O, dried and the solvent re-
moved. The residue was chromatographed. The petrol-
EtOAc (3 : 1) eluate gave pure (~)-(S)-proline methy!l
ester as an oily mass.

To a hot solution of CuSO,4.5H,0 (7 g) and pure NaCl
(1.84 g) in H,0 (25 ml) was added a solution of sodium
metabisulphite (1.68 g) in 18 ml water during about 5
min with constant stirring. The mixture was then cooled
in an ice bath, when CuCl was precipitated out. It was
filtered, washed twice with cold water and then dried in
vacuum desiccator.

A mixture of CuCl (1.5 g) and (-)-(S)-proline methyl
ester (3.9 g), as prepared above, in 95% methanol was
stirred under oxygen atmosphere at room temperature for
1 h. The resulting precipitate was collected by filtration,
washed with acetone and dried in a vacuum desiccator to

give CuCI(OH).(-)-(S)-proline methyl ester as a yellow-
ish powder.

A mixture of nudol (1a) [0.27 g] and CuCI(OH).(-)-
(S)-proline methyl ester (0.025 g) in 25 ml CH,Cl,-MeOH
(3.5 : 1) was stirred at a temperature of ice-cold H,O0 for
25 h in an atmosphere of oxygen. The solvent was then
removed under reduced pressure and the residue was ex-
tracted with Et,0, washed with dil. HCI and then with
H,0, dried and the solvent removed. The residue was
then chromatographed. The petrol-EtOAc (5 : 1) eluate
gave unreacted 1a (0.07 g). Further washing the column
with petrol-EtOAc (1 : 1) afforded (-)-4a (0.20 g, ca.
75%) as an amorphous powder, [oz]%)00 -9.1° (c, 0.10,
MeOH) [optical purity was 95.79% calculated on the basis
of pure (-)-rigidanthrin (4a) having [a]5) °-9.5° (MeOH)].

Acknowledgement

The work was supported by the University Grants
Commission (UGC) and the DST, New Delhi, India.

1122

References

1.

10.

1.

12.

13.

14.

15.

18.

19.

20.

21.

22.

23.

24.

P. L. Majumder, M. Roychowdhury and S. Chakraborty,
Phytochemistry, 1998, 49, 2375.

P. L. Majumder, S. Guha and S. Sen, Phytochemistry, 1999,
52, 1365.

P. L. Majumder, S. Sen and S. Majumder, Phytochemistry,
2001, S8, S81.

P. L. Majumder, S. Laha and N. Datta, Phytochemistry,
1982, 21, 478.

P. L. Majumder, S. Pal and S. Majumder, Phytochemistry,
1999, 50, 891.

P. L. Majumder, A. Pal and M. Joardar, Phytochemistry,
1990, 29, 271.

P. L. Majumder and S. Banerjee, Tetrahedron, 1988, 44,
7303.

P. L. Majumder, Burhanur Rahaman, Mausumi Roychowdhury
and K. P. Dhara, J. Indian Chem. Soc., 2008, 85, 192.

P. L. Majumder, D. Bandyopadhyay and S. Joardar, J. Chem.
Soc., Perkin Trans. 1, 1982, 1131.

P. L. Majumder, S. Sen and S. Banerjee, Tetrahe-
dron, 1999, 55, 6691.

P. L. Majumder and D. C. Maiti, Phytochemistry,
1988, 27, 899.

P. L. Majumder and D. C. Maiti, Phytochemistry,
1989, 28, 887.

P. L. Majumder and E. Sabzabadi, Phytochemistry,
1988, 27, 1899.

P. L. Majumder and J. Chakraborty, J. Indian Chem.
Soc., 1989, 66, 834.

P. L. Majumder, S. Lahiri and S. Pal, J. Indian
Chem. Soc., 1994, 71, 645.

P. L. Majumder, S. Lahiri and N. Mukhoti, Phyro-
chemistry, 1995, 40, 271.

P. L. Majumder and S. Ghosal, J. Indian Chem. Soc.,
1991, 68, 88.

P. L. Majumder, S. Majumder and S. Sen, Phyto-
chemistry, 2003, 62, 591.

P. L. Majumder and B. Rahaman, J. Indian Chem.
Soc., 2006, 83, 58.

P. L. Majumder and J. Chakraborty, Tetrahedron,
198s, 41, 4973.

P. L. Majumder and A. Kar, Phytochemistry, 1989,
28, 1487.

P. L. Majumder and S. Pal, Phytochemistry, 1990, 29,
2717.

P. L. Majumder and S. Lahiri, Indian J. Chem., Sect.
B, 1989, 28, 771.

R. Stermiz, T. R. Suess, S. K Schauer and Q. P.
Anderson, J. Nat. Prod., 1983, 46, 417.



25.

26.

27.

28.
29.

Majumder ef al. : Rigidanthrin, a new dimeric phenanthrene derivative of the orchid Bulbophyllum rigidum

S. R. Bhandari, A. H. Kapadi, P. L. Majumder, M.
Joardar and J. N. Shoolery, Phytochemistry, 1985, 24,
801.

P. L. Majumder and S. Banerjee, Phytochemistry,
1988, 27, 245.

P. L. Majumder and S. Banerjee, Indian J. Chem.,
Sect. B, 1989, 28, 1085.

D. C. Maiti, PhD Thesis, Calcutta University, 1992.

P. L. Majumder and S. Lahiri, Phytochemistry, 1990,
29, 621.

30.

31.

32.

33.

34.

R. M. Letcher and R. M. Wong, J. Chem. Soc.,
Perkin Trans. 1, 1978, 739.

R. M. Letcher and L. R. M. Nhamo, J. Chem. Soc.
(C), 1971, 3070.

P. L. Majumder and M. Basak, Tetrahedron, 1991,
47, 8601.

M. Noji, M. Nakajima and K. Koga, Tetrahedron Let-
ters, 1994, 35, 7983.

P. L. Majumder, S. Chakraborty and M. Roychow-
dhury, J. Indian Chem. Soc., 2000, 77, 389.

1123



