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Abstract-The structures of isoflavidinin and iso-oxoflavidinin, two new modified 9, IO-dihydrophenanthrenes 
of the orchids Pholidota articulata, Otochilus porecta and 0. fusca have been established. ‘jC NMR spectral 
analysis of isoflavidinin acetate was made to confirm its structure. 

INTRODUCTION 
Orchids constitute one of the largest botanical famil- 
ies, yet from a chemical point of view they have 
remained practically unexplored, despite considerable 
interest evoked by the isolation of the physiologically 
active alkaloids, such as dendrobine and some of its 
structural analogues from a few orchids of the Den- 
drobium genus [l-4]. This situation has prompted us 
to investigate a number of high altitude Himalayan 
orchids and has led to the isolation of five new 
modified 9, IO-dihydrophenanthrenes, coelogin (la) 
[5], coeloginin (lb) [5], flavidin (lc) [6], flavidinin (le) 
[7] and oxoflavidinin (Ig) [7], in addition to 2, 7- 
dihydroxyll-methoxy-9,10-dihydrophenanthrene (coe- 
lonin) [8] and 2, 7-dihydroxy-3, 4, 6-trimethoxy- 

la R, = H, R,=H,, R,= OH, R,= Me, R,= OMe 

lb R, =H, R,=O, R,=OH,R,=Me,R5=OMe 

Ic R, = R3= R,= R5= H, R2= Hz 

Id R, = R,=Ac, R,= tip, R,= R,=H 

IC R, = R,=R~H, R,=H,, R,=Me 

If R, = AC. R2=H2,R,=R,=H, R,=Me 

10 R, = R,= R,= H, R,= 0, R,= Me 

Ih R, = AC, R,=O, R,=R,=H, R,=Me 

Ii R, = Me, R,= H,, R,=R,+= R,= H 

lj R, = Me, R,= H,, R,= R,= HP R,=Ac 
Ik R, = R,=Me. R,= H,, R,= R,=H 

11 R, = Me, R2= 0, Rx= Rq= R5= H 

Im R, = Me, R,= 0. Rp R,=H, Rq= AC 

9, IO-dihydrophenanthrene [9]. Our continued interest 
in this area has been further rewarded by the isolation 
of two more new phenolic compounds, designated 
isoflavidinin and iso-oxoflavidinin from the orchids 
Pholidota articulata, Otochilus porecta and 0. fusca, 
the latter, however, producing only isoflavidinin. All 
three orchids, in addition, also contain flavidin (1~). 
The present paper deals with the structure elucidation 
of isoflavidinin and iso-oxoflavidinin. 

RESULTS AND DISCUSSION 

Isoflavidinin, ClhH1403 (M” 254), mp 120”, [cx]~+. 
O”(CHCl,), and iso-oxoflavidinin, ClhHIZ04 (M” 268), 
mp 259”, [(Y],, 4 0” (EtOH), were isolated in low yields 
from ethanolic extracts of whole plants of the three 
orchids. The UV spectrum of isoflavidinin, h,,, 215, 
286 and 303 nm (log E 4.55, 4.26 and 4.18) showed a 
striking resemblance to those of substituted 9, lo- 
dihydrophenanthrenes [5-lo] and in particular to 
those of flavidin (lc) and flavidinin (le), while that of 
iso-oxoflavidinin, A,,,,, 207, 221, 246, 287 and 365 nm 
(log E 4.34, 4.38, 4.34, 4.15 and 3.77) is somewhat 
different and exhibits a close similarity to those of 
coeloginin (lb) [5] and oxoflavidinin (lg) [7] indicating 
the presence of a conjugated carbonyl function 
similar to that in lb and lg. This is supported by the 
IR spectrum of iso-oxoflavidinin which shows a band 
at 1695 cm-‘, besides one at 3100 cm-’ for a hydroxyl 
group. Isoflavidinin also contains a hydroxyl group as 
indicated by its IR band at 3410cm-‘. With acetic 
anhydride-pyridine, isoflavidinin and iso-oxoflavi- 
dinin both form monoacetyl derivatives, C18Hlh04 
(M” 296), mp 131”, and C18H1404 (M” 310), mp 180”, 
respectively. The ‘H NMR spectrum of isoflavidinin 
shows a four-proton singlet at 6 2.85 which is typical 
[5-131 of the 9- and IO-methylene protons of a 
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essential difference being in the relative abundance of 
the ion-fragments as in the case of the flavidinin 
(le)-isoflavidinin (li) pair. 

The structure of iso-oxoflavidinin was also confirmed 
by its conversion from isoflavidinin (li). The latter 
adsorbed on a Si gel surface, when kept exposed to 
air, is slowly converted (less than 5% in 10 days) to 
the former. Similarly, isoflavidinin acetate (lj) on 
treatment with m-chloroperbenzoic acid in methylene 
chloride at room temperature is partially converted to 
iso-oxoflavidinin acetate (lm) in greater yield. 

Like l(a-c), le and lg, isoflavidinin and iso- 
oxoflavidinin are optically inactive. This may be 
explained by the fact that the energy barrier between 
the two possible conformers of each compound for- 
med by flipping of rings B and D is quite low (as 
indicated by Dreiding models), and that for each 
compound the flipped conformer is the optical 
antipode of the other. Thus at room temperature 
rapid interconversion of one conformer into the other 
renders each compound optically inactive. This view 
is in conformity with the appearance of the oxy- 
methylene protons of isoflavidinin as a singlet instead 
of an AB quartet. 

Isoflavidinin (li) and iso-oxoflavidinin (11) are 
thus two new additions to the growing list of naturally 
occurring modified 9, lo-dihydrophenanthrenes bear- 
ing an oxymethylene bridge or a lactone moiety 
flanked between C-4 and C-S. 

EXPERIMENTAL 
Mps are uncorr. Si gel (60-100 mesh) was used for CC and 

Si gel G for TLC. UV spectra were measured in 95% 
aldehyde-free EtOH and IR spectra in KBr discs. ‘H NMR 
spectra were recorded at 60MHz in CDC& using TMS as 
int. standard and chemical shifts are expressed as 6 values. 
r3C NMR spectra were run in the same solvent with the 
same int. standard. MS were recorded with a direct inlet 
system operating at 70eV, figures in the first bracket 
attached to m/z values represent rel. int. of peaks. All the 
analytical samples were routinely dried over P205 at 80” for 
24 hr in uacuo and were tested for purity by TLC and mass 
spectrometry. Na2S04 was used for drying organic solvents 
and the petrol used had bp 60-80”. 

Isolation of isofiaoidinin (li) and iso-oxofiauidinin (II). 
Air-dried, powdered whole plant of P. arficulata Lindl. 
(1 kg) was extracted with EtOH in a Soxhlet for 40 hr. The 
EtOH extract was coned under red. pres., diluted with HZ0 
and exhaustively extracted with EtrO. The total EtlO-solu- 
ble material was extracted with 2 N aq. NaOH soln. The aq. 
alkaline soln was acidified in the cold with cont. HCI and 
the liberated solids extracted with Et20, washed, dried and 
the solvent removed. The residue was chromatographed. 
The petrol-EtOAc (10: 1) eluate gave isoflavidinin (0.1 g) 
crystallized from petrol-EtOAc, mp 120”. (Found: C, 75.48; 
H, 5.42. C1eH1403 requires C, 75.59; H, 5.51%.) MS m/z 254 
(M+‘, lOO), 253 (48), 252 (4) 240 (4), 239 (20), 181 (5.4), 165 
(3.6) 152 (4.2) and 127 (18). Isoflavidinin acetate (lj) 
(prepared by treatment of li with Ac20-C6HSN in the cold) 
crystallized from petrol-EtOAc, mp 131”. (Found: C, 72.85; 
H, 5.36. C1sHr604 requires: C, 72.97; H, 5.41%.) UV A,,, nm: 
216, 284-285 and 304 (log E 4.52, 4.16 and 4.16); IR v,,, 
cm-‘: 1250, 1274 and 1762 (OAc); ‘HNMR: S 2.28 (3H, S, 
OCOC&), 2.89 (4H, s, Hz-9 and HZ-lo), 3.76 (3H, s, Ar- 
OCH,), 5.1 (2H, s, Ar-0-C&-Ar), 6.38 (2H, br s, H-6 and 
H-8), 6.75 (lH, d, J = 3 Hz; H-l) and 6.84 (lH, d, J = 3 Hz; 

H-3); MS m/z 268 (M”, lOO), 267 (22.6) 254 (10.3), 253 
(54.9) 239 (5.6) 165 (4.7) 153 (4.0) 152 (4.3). Isoflavidinin 
methyl ether (lk) (prepared by treatment of a methanolic 
soln of li with CH2N2-Et20) crystallized from petrol- 
EtOAc, mp 138”. (Found: C, 76.25; H, 5.89. C17Hr603 
requires: C, 76.12; H, 5.97%.) UV A,,, nm: 215, 286 and 303 
(log E 4.50, 4.21 and 4.15); ‘H NMR: 2.85 (4H, s, HZ-9 and 
H,-lo), 3.76 (6H, s, ArOCH3), 5.06 (2H, s, Ar-0-C&-Ar), 
6.35 (2H, s, H-6 and H-8), 6.45 (lH, d, J = 3 Hz; H-l) and 
6.63 (lH, d, J = 3 Hz; H-3). 

Further elution of the chromatogram with petrol-EtOAc 
(5: I) gave in the early fractions iso-oxoflavidinin (II) (0.03 g) 
crystallized from petrol-EtOAc, mp 259”. (Found: C, 71.52; 
H, 4.39. ClhHo04 requires: C, 71.64; H, 4.48%.) MS m/z 268 
(M+‘, loo), 267 (lo), 254 (4). 253 (31.8), 225 (6.2) 197 (5.1) 
168 (8.4), 151 (5.2), 149 (4.5). 139 (8.2) and 115 (6.5). Iso- 
oxoflavidinin acetate (lm) crystallized from petrol-EtOAc, 
mp 180”. (Found: C, 69.59; H, 4.45. Calc. for C18H1405: C, 
69.68; H, 4.52%.) IR V,,,cm-‘: 1295, 1762 (OAc) and 1726 (lac- 

tone >C=O); ‘H NMR: 6 2.32 (3H, s, OCOC&), 3.08 (4H, s, 

H2-9 and H,-lo), 3.92 (3H, s, Ar-OCH,), 6.68 (2H, br s, H-6 
and H-8), 7.30 (IH, d, J= 3 Hz; H-l) and 7.82 (lH, d, 
J = 3 Hz; H-3); MS m/z 310 (M+‘, 17.4) 269 (17.7) 268 (lOO), 
267 (11.9), 264 (6), 253 (19), 168 (5.2), 152 (4.1) and 139 (7.6). 

The latter fractions of the petrol-EtOAc (5 : 1) eluate gave 
flavidin (lc) (0.2 g), mp 210”. 

The same isolation procedure was employed with 0. 
porecta Lindl. and 0. fusca Lindl., the former giving li 
(yield O.OOS%), 11 (yield 0.002%) and lc (yield 0.02%) and the 
latter only li (yield 0.009%) and lc (yield 0.02%). 

Conversion of isoflauidinin (li) to iso-oxoflauidinin (11) 
and of isoflauidinin acetate (lj) to iso-oxoflauidinin acetate 
(lm). Isoflavidinin (20 mg) in CHC& was adsorbed on Si gel 
(5 g) and the material kept exposed to air in a column for 10 
days. The total material was then eluted with petrol-EtOAc 
(3:l). Evapn of solvent gave a residue which on TLC 
showed an additional IX-staining spot having an R, value the 
same as that of II. Chromatography of this residue gave 
unchanged li (0.017 g) and only ca 1 mg of 11. 

A soln of lj (20 mg) in dry CH2C12 (3 ml) was treated with 
m-chloroperbenzoic acid (20 mg) in CH& (3 ml). The mix- 
ture was kept at room temp. for 2 days. The CHzClz soln 
was then washed with aq. NaHC03, dried and then chroma- 
tographed. The petrol-EtOAc (2O:l) eluate gave unchanged 
lj (0.014g). Further elution of the column with petrol- 
EtOAc (15 :I) gave lm (0.003 g). 
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