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Abstract - Flavanthrin. the first dimeric 9.10-dihvdrovhenan- 
threne derivative, was-isolated from 
which also yielded the previously reported 9.1 
nanthrene. coelonin (2a): 

the orchidad=_ 

The structure of flavanthrin &as 
established as the l,F4imer (&) of its congener coelonin 
from spectral and chemical evidence. 

As part of our general programme of research on the chemical constituents of 

Indian orchids we reported earlier 1,2a,2c-f,3-7 the isolation of a number of 
compounds from a series of such orchids. 

structural types, viz., 
These co;pounds represent s;yal 

bibenryls’, phenanthrenes , phenanthropyrans and 
3b pyrone s, 9,10-dihydrophenanthrenes4, 9,lC-+dihydrophenanthropyrans 5a-e,5g and 
Sa-c,5f pyrones, tri terpenoids6 and steroids . tir continued search for new 

phytochemicals from the same source has resulted in the isolation, for the 

first time, of a dimeric 9,10-dihydrophenanthrene derivative, designated as 

flavanthrin, from the orchid Eria flava whi;h also yielded the previously 

reported 9,lO-dihydrophenanthrene coelonin (2a). The structure of f lavan- 
thrin was established as & from the following spectral and chemical evidence. 

The molecular formula of flavanthrin, m.p.285’. was established as C30H2606 

from elemental analysis and from its mass spectrometrically derived molecular 

weight of 482. That flavanthrin is built-up of two monomeric halves of the 
same elemental composition C15H13 0 wao indicated by the appearance of an 3 
intense doubly charged molecular ion at m/r 241 in its mass spectrum. The 
compound showed UV absorptions,hmax 217 and 281 nm (log l 4.66 and 4.50). 
which strikingly resemble those of 9,l&dihydrophenanthrene derivativ L % 5a-a,10 . 
The phenolic nature of flavanthrin was indicated by characteristic colour 
reactions, alkali-induced bathochromic shift of its UV maxima [)~:~-““” NaCW 
222 and 304 nm (log e 4.54 and 4.53)] and by its IR spectrum showing bands at 

3440 cm”. The presence of four such phenolic hydroxyl groups in flavanthrin 
was confirmed by the formation of a tetraacetyl derivative, C38H34010 (M+’ 650), 

m.p.180°, with Ac20 and pyridine. 
The ‘H NM spectrum of flavanthrin showed nine set of signals at a 2.36, 

2.50, 3.92, 6.59, 6.66, 6.67, 7.54, 8.07 and 8.30 in an integral ratio of 
2:2:3:1:1:1:1:1:1. Each of these signals when considered in the light of the 
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position (b 1.92) compared to the other two acetate methyls which appeared at 

the normal position (6 2.29) as in coelonln diacetate (6 2.23). These obaerva- 

tiona can only be ratlonaliaed in terms of a l,l’-coupling of two coelonin 

units in flavanthrin as in & and a similar formulation (2) for its tetra- 

acetate. Construction of Dreiding models of & and 2 shows that in the most 

preferred conformation of ths two molecules the two monomeric halves remain 

perpendicular to each other so that lO-, lo’-methylene protons fall in the 

shielding zone of the nelghbouring aromatic rings Cl and C respectively and 

this accounts for the observed upfield shift of these protons (b 2.36 in 9 and 

2.43 in lb). The rings Cl and C also exert a long range shielding effect on the 

9- and 9’-methylene protons which appeared at slightly upfield positions in 

flavanthrin (b 2.50) and its tetraacetate (a 2.58) compared to the corresponding 

protons of coelonin and its diacetate. The two acetate methyls at C-2 and C-2’ 

in flavanthrin tetraacetate likewise fall in the shielding zone of rings C’ and 

C respectively, and as a result they are shifted upfield compared to the Other 

two acetate methyls. This type of diamagnetic anisotropic effect of the neigh- 

bouring aromatic rings on the methyl, acetoxyl and methoryl groups attached to 

the carbon atoms ortho to the site of coupling is a well-documented feature in 

the bianthraquinonerivatives 9,lO . 

Me0 

2a: R= ii 

la:R=H 

lb: R= AC 

lc: R= AC, 9,lO,d,l6-Dehydro 

2b: R= AC 

ld : R = H ,9 ,10,9’,10’-Oehydro 

The structure & for flavanthrin was further corroborated by the 13C NMR 

spectral data of the compound and its tetraacetate (&) (Table 1). The degree 

of protonation of each carbon atom was determined by DEPT experiments and the 

assignment of the carbon chemical shifts of & and 2 were made by comparison 

of the b, values with those of coelonin (2 ) and coelonin diacetate 
485 

4a (2b) and 
and other structurally related compounds . a-g. 

The 13C NMR spectra of both flavanthrin (&) and its tetraacetate (2) showed 

signals which corresponded to just half the number of carbon atoma present in 
their respective molecular formulae. This is again in conformity with their 

symmetrical dimeric formulation. Further, except for C-l, C-1’ and C-10, and 

C-10’, the signals for all the carbon atoms of & and & appeared essentially 
at the same positions as those for the corresponding carbon atoms of coelonin 
(3) and its diacetate (g), respectively. The sfgnal for the protonated C-l 
of 2 (bc 108.04) and that of & (6, 113.47) are replaced by the relatively 
downfield non-protonated carbon signals at b, 113.15 and 121.09, In the spectra 
of 9 and &, respectively. This la another convincing evidence that flavanthrin 

is a symmetrical dimer of Its congener coelonin (2) linked at its-C-1 position. 
The upfleld shift of C-10 and C-10’ of & and g byrc3-4 ppm compared to their 
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C-9 and C-9*, which finds analogy with eimilar upfield shifts of5p10 in 
I-substitu;Ed 9,lGdihydrophenanthrene derivatives like coelogin and 
coeloginin provides further evidence for the l,l*-dimeric formu1atton 2 
for flavanthrin. 

Table 1. l3 C NMR spectra1 data of flavanthrin (&), flavanthrfn .tetraacetate 
(lb), coelonin (2a) and coelonin diacetate (2) 

Carbon 
atoms 

Carbon qPP4 
atoms 

6,(PPm) 

2s Ub aa bt 
22! 

c-l,C-1’ 
C-2, c-2 ’ 

c-3,c-3 * 
c-4, c-4 ’ 

C&a, C-4a * 
C-4b, C-4b ’ 

c-5 ) c-5 ’ 

C-6,Cd’ 
c-7, c-7 * 
C-8, C-8 ’ 

CSa, C-8a * 
c-9 ( c-9 * 

c-10,~10’ 
C-lOa,C-1Ca’ 
CMe 

CCCCH3 

113.15 
155.27’ 

98.76 
157.96 

116.77 
125.78 

129.80 
114.44d 

155.84= 
114,24d 

14C.88e 
30.04 

27.62 
139.89e 
55.42 

121.09 
149. 16f 

104.49 
156.91 

119.74 
130.01 
129.65 

120.09 

148. 50f 
118.74g 

141. 36h 
29.37 

26.72 
140.22h 
55.62 

20.47 

21.03 
168.95 
169.36 

C-l 

c-2 

c-3 
C-4 

C4a 

C-4b 
c-5 
C-6 

C-7 
C-8 

C-8a 

c-9 

c-10 
c-1Oa . 
0th 

CXTXH3 

10s’. 04 
155.77’ 

99.05 
158.50 
116.11 

125.47 

129.55 
114.745 

157.06i 
113.28j 

141 l Olb 
30.511 

31.101 
139.69k 
55.48 

113.47 

149.9dm 

103.95 
157.56 

120.67 

129.88 
129.43 

120.25” 

148.96m 
118.91” 
141.12’ 
29.46p 

30. C%p 
139.78’ 
55.69 

21.17 

169.47 
169.57 

aSpectra were run in d 6-acetone and chemical shifts were measured with 

b(W) = b (d6-acetone) + 29*6 ppm* 

bSpectra were run in CDC13 and the chemical shifts were measured with 

?IW 
= oCDc13 + 76.9 ppm. 

“PValues are interchanqrble. 
+ In our earlier paper some of the nonprotonated carbon resonances were 

confused with noise signals, as the spectrum was run in a low resolution 
instrument with poor sample sire. These have since been revised here by fresh 
measurement of the spectra of both 2 and 2. 

The structure & for flavanthrin was finally confirmed by the conversion of 
its tetraacetate (2) to the corresponding phenanthrene derivative, C38H30010 
(M+* 646), m .p.282’ by DDQ’? The latter from its various spectral data was 

shown to‘have the structure & and was identical in ail respects Mth the 
tetraacetyi derivative of cirrhopetalanthrln12 (ld), the first dlmeric phenan- 

threne derivative isolated in our laboratory in the recent past from a taxono- 
mically related orchid Cirrhonetalum maculosum. The structure of x has been 
established from an extensive 2D NMR correlation studies of its tetraacetate 
(&), the details of which have been described in a separate communication12. 
Ihe above conversion of 2 to & served as complementary evidence for the 
confirmation of the structures of both the compounds. 
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Flavanthrin (19) is thus the firet dimeric 9,lO-dihydrophenanthrene deri- 

vative and its co-occurrence with coelonln (2) in the same orchid Eria flava 

prov;c$;4al:trong circumstantial evidence for the role ?f oxidatlve coup- 

ling ’ ’ in the biogenesis of naturally occurring phenollc dlmers from the 

corresponding monomeric phenols, although it is difficult to predict at which 

stage of biogenesis the dimerisation has taken place. 

EXPERIMENTAL 

M.ps were determined in a Kofler Block and were uncorrected. UV spectra were 
measured in 95% aldekyde-free EtCti and IR spectra were run in KBr discs. 1~ NM 
spectra were recorded in a Bruker 300 MHz supercon instrument in 
and 2a) and in CDCl3 (lb and 2b) using ThlS as internal standard. 1 4 2 

-acetone (la 
NMR were - 

run 3 75 ,MHz In the sse insEument in the same solvents and with the same 
internal standard. Chemical shifts were measured in b opm. Mass spectra were 
recorded at 70 eV and the figures In the first bracket attached to m/z values 
represent relative intensities of peaks. Silica gel (103-200 mesh) w&s used for 
chromatography and silica gel G for TLC. All analytical samples were routinely 
dried over P205 for 24 hr. In yacuo and were .tested for purity by TLC and Ms. 
Ank$;do;) Na2S04 was used for a?ylng organic solvents and petrol used had b.p. 

. 

Isolation of f lavanthr (2a). Air-dried powdered whole plant 
fE1 fl (2 kg) wiz %e%%%%r Tweeks The methanolic extract was 

The$$a&?out and concentrated udder reduced pre;sure to 100 ml, diluted 
with water (750 ml) and exhaustively extracted with EtpO. The ether layer was 
then extracted with 2N aaueous NaOH solution. me aqueous alkaline solution was 

. 

then acidified with cone, HCl In the cold and the liberated solid was’extracted 
with EtpO, washed with water, dried and the solvent removed. The residue was 
chromatographed. me petrol-EtOAc (15:l) eluate gave coelonin (2a) (0.1 g), 
crystalllsed from petrol-EtQAc mixture, m.p.84O; Diacetate, rn.pxJ@. 

Further elution of the column with petrol-EtQAc (2:l) afforded a gummy 
residue consisting main1 of f avanthrin 

1 t 
la) which on re eat d chromatogra hy 

finally gave pure flavan hrin 0.3 g) in &iZ betrol-EtOAc 75813 eluate, cryS!a- 
llised from petrol-EtOAc mixture, m.p.285O, produced blue colouration with phos- 
phomolybdlc acid reagent. (Found 
C, 74.69; H, 5.395) ?ma (cm-l) : 

: C, 74.61; H, 5.45. C3@26@ requires : 

9 
3440 

nucleus ); MS : m/z 482 M+*, MO), 272 9), 248 (16), 241 (M++/2 t 
OH), 1600, 1580 and 820 (aromatic 

220(6), 211(7), 197(10), 181(5), 169(5), 157(4), 115(4) and 75(5!. 
26), 225 (7), 

Flavanthrin (&) (O.C5 g) was acetylated with AcpO and pyridine In the usual 
manner and the crude acetyl derivative was chromatographed. The petrol-EtQAc 
(7:1) eluate gave flavanthrin tetraacetate (lb) (0.045 g), crystalllsed from 
petrol-EtOAc mixture, m.p. 1800 (Found : C, 6K99; H, 5.28. C38H34010 requires : 
C, 70.15; H, 5.23#). )Lmax nm : 217, 243, 273, 294 and 307 (log e 4.76, 4.44, 
4.57, 4.36 and 4.20); +max (cm-l) : 1288 and 1760 (OAc ), 1592, 1570, 890 and 
822 (aromatic nucleus ); 1H ti : d8.28 (2H, d, J = 8.6 Hz; H-5 and H-5*), 6.97 

!EdH’H$!:)J16 73 (2H ‘s’ H-3 &d HL3’) 
= 8.6 Hz J2 = 2 4 Hz* H-6 and H-6’), 6.92 (2H, d, J = 2.4 Hz; H-8 

3.91 (6H, s; 2x ArCMe), 2.58 (1H, lll- 
resolved irlilet, J’= 5.6 Hz* H2-9 an; H2-9’) 2.42 (4H, Ill-resolved triplet, 
J = 5.6 Hz; H -10 and H2-lo’), 2.29 (6H, s; 

? 
&c at C-7 and C-7’) and 1.92 (~H,s; 

OAc at C-2 an C-2’). 

Oxidation of flavanthrin tetraacetate (lb) to cirrhooetalanthrin tetraacetate 
. A solution of lb (0 04 g) G dry benzene (5 11 was heated under 
DDQ (0.09 g) for18 lk. Benzene was then remozed under reduced 

oressure and residue was taken In Et20 (50 ml). The Et90 extract was repeatedly 
bashed with 15% NaOH solution, and then.washed with waler till free from alkali, 
dried and the solvent removed. me residue was chromatographed. The petrol- 
EtOAc (2:l) eluate gave a solid (0.025 g), crystallised from the same sollent 
mixture, 2820, which was found to be Identical in all respects (m.p.,IR, H 
and 13C Nm and mass spectra) with cirrhopetalanthrin tetraacetate (&). 
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