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The orchid Coelogyne uniflora afforded earlier a steroidal ester, uniftorin. Further inve.~ti~ation of this orchid has now resulted 
in the isolation of two new phenanthropyrone d~rivatives, uniftoranthrone and uniflorinanthrone, besides Oavidin (la), Oavidinin 

(lc), isoflvidinin (ld) and oxoflavidin (le). The structures ofunifloranthrone and uniflorinanthrone were established as 2,7-dihydroxy-
5H-phenanthro[4,5-bcd)pyran-5-one (2a) and 2,7-dimethoxy-5H-phenanthro[4,5-bcd]pyran-5-one (2c), respectively, from !tpectral and 

chemical evidence. Chemical investigation of the orchid lone paleacea yielded two flavanone derivatives, 5,7-dihydroxy-6-methoxy-
2-phenyl-2,3-dihydro-411-1-benzopyran-4-one (3a) and 5,7-dihydroxy-6-methoxy-2-(4' -hydroxyphenyl)-2,3-dihydro-411-1-benzopyran-
4-one (3c), besides the known stilbenoids, 3-hydroxy-5-methoxybibenzyl (4a), batatasin-IU (4c) and gigantol (4e). The orchid 
Acrochoene punctata afforded two known bibenzyl derivatives, viz. 3,4'-dihydroxy-5-methoxybibenzyl (40 and 4,4'-dihydroxy-3,5-
dimethoxybibenzyl (4g). Additional NMR spectral evidence was provided for further confirmation of the structures of 3a, 3c, 4a 
and 4g. 

We reported earlier the isolation of a fairly large number of 
compounds from a series of Indian orchids. These com­
pounds encompass a wide variety of stilbenoids, viz. stil­
bene•, bibenzyls2·3, phenanthrenes4 and 9, 10-dihydro­
phenanthrenes5·6 and their dimers7- 9, phenanthropyrans and 
pyronesiO,II and their 9, l0-dihydroderivatives12- 14, fluore­
nones15, a few other polyphenolics16·17, several triter­
penoids18 and steroids19 of biogenetic importance and some 
simple aromatic compounds20. As part of this general 
programme of research, we have chemically investigated 
three orchids, viz. Coelogyne uniflora, lone paleacea and 
Acrochoene punctata. The orchid C. uniflora afforded ear­
lier a steroidal ester, uniflorin19. Further investigation of 
this orchid has now resulted in the isolation of two new 
phenanthropyrone derivatives, designated unifloranthrone 
and uniflorinanthrone, besides the known stilbenoids, 
flavidin (la)21, flavidinin (lc)22, isoflavidinin (ld)23 and 
oxoflavidin (le)24• The structures of unifloranthrone and 
uniflorinanthrone were established as 2,7-dihydroxy-5H­
phenanthro[ 4,5-bcd]pyran-5-one (2a) and 2, 7 -dimethoxy-
5H-phenanthro[4,5-bcd]pyran-5-one (2c), respectively, from 
spectral and chemical evidence. The orchid /. paleacea 
afforded two flavanone derivatives, 5,7-dihydroxy-6-
methoxy-2-phenyl-2,3-dihydro-4H- 1-benzopyran-4-one 
(3a)25-28 and 5,7-dihydroxy-6-methoxy-2-(4'-hydroxy­
phenyl)-2,3-dihydro-4H-l-benzopyran-4-one (Jc) 2S-28, besides 
the known bibenzyl derivatives, 3-hydroxy-5-
methoxybibenzyl (4a).!'.l,lO, batatasin-III (4c)31 and gigantol 
(4e)32. From the orchid A. punctata were isolated two 
known bibenzyl derivatives, 3,4'-dihydroxy-5-metho-

xybibenzyl (4()3,33,34 and 4,4' -dihydroxy-3,5-dimetho­
xybibenzyl (4g)35-37. While the known compounds la, lc, 
ld, le, 4c, 4e and 4f were identified by direct comparison 
with authentic samples, compounds Ja, 3c, 4a and 4g were 
characterized by independent spectral analysis and their 
structures were further confirmed by additional spectros­
copical evidence. 

Results and Discussion 

Both unifloranthrone (2a), C 15H80 4 ([M]+ at mlz 252) 
and uniflorinanthrone (2c), C 17H120 4 ([M]+ at m/z 280) 
showed UV absorptions [2a : "-max 226 and 253.5 nm (log E 

4.18 and 4.00): 2c: 203, 221.5, 259.5 and 384.5 nm (3.87. 
3.85, 4.01 and 3.19)] which are strikingly similar to those 
of the phenanthropyrone derivatives like flaccidinin (2d)38 
and isoflaccidinin (2e)39. 

Both 2a and 2c were shown to contain a o-lactone func­
tion as indicated by their IR spectra (2a : vtrulx 1705; 2c : 
1733 cm-1). But while the IR spectrum of 2a exhibited a 
strong band at 3310 cm-1 for phenolic hydroxyl func­
tion(s), that of 2c is devoid of any such band. The phenolic 
nature of 2a was also indicated by its characteristic colour 
reactions [FeCI3 : violet; phosphomolybdic acid : deep 
blue]. The presence of two phenolic hydroxyl groups in 2a 
was confirmed by the formation of its diacetyl derivative 
2b, C19H120 6 ([M+] at mlz 336), with Ac20 and pyridine. 

The 1H NMR spectrum of 2a showed, as expected, sig­
nals for two phenolic hydroxyl protons at 0 ~.46 and 7.60 
(each lH, br s, disappeared on deuterium exchange) which 
were replaced by the signals at 0 4.03 and 4.04 (each 3H, s) 
for two aromatic methoxyl groups in the 1H NMR 
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ta: R 1 ~=R2=R3•R"=H 
lb: R1=R4=Ac, R>,.R'•H 
lc: R1=Me, R2•R'=R4=H 
ld : R '=R'=R'=H. R4=Me 
te : R 1eR4•H, R'R'..o 
tr: R1=R4=Ac. R2R'-<> 
111: R1=R4=Me. R'=R'•H 
lh : R 1=R4=Me, R'R'.O 

3a: R1=R2=-H 
3b: R'=H, R2=Ac 
3c: R'=OH. R'-H 
3d: R1..0Ac. R'-Ac 

R4 

2a : R1sR2=R'•H, R'R4=0 
lb: R'•R'=Ac, R.,_H, R1R4..0 
lc: R'•R'=Me, R'=H. R'R4.0 
ld : R 1-Me, RZ..OH, R'R•=O, R5=H 
le: R1=R'=H R'=OMe, R'R•=O 
21: R1=Ac,R~Me, R'R'=O,R'•Me 
Za: R 1=Me. R2=0Ac. R'R4..0. R'=Ac 
lh: R '•R'=Me. RZ..0Me, R'R4..0 

4a: R1=R2=R4•R'•H.R3•Me 
4b : R 1=Ac. R1•R4=R'cH, Rs;;Me 
4c: R1•R'-R'=H, R'=Me. R4.0H 
4d: R1sAc, R'zll'•H. R'sMe. R•=OAc 
4e: R'=R'•H, R'=Me, R4.0Me, R5.0H 
4f: R1=RZ.R•=H, R'=Me. R5=0H 
41: R'•R'-Me. R'=R'=OH. R••H 
4h: R1=R'=Me, R'=R'=oAc, R••H 
41: R'=R'=Me, R2=R'.OH, R•..OMe 
4J: R'=R'=Me, R'-OH. R•=H, R5=0Me 
411.: R'=R'-Me, R'-R4.0H, R'=H 
41: R1=R3=Mc. R'=R••OAc. R5=H 
4m: R'=R'=R'=R•=H, R'=OH 

spectrum of 2c. The spectra of both 2a and 2c were charac­
terized by the appearance of signals for six aromatic 
protons [2a: 0 7.03, 7.18, 7.71 and 7.81 (each lH, ill-res. 
meta-coupled doublet) and 7.77 (2H, s); 2c : 0 8.21 and 
7.89 (each lH, d, J 9.33 Hz), 8.18 and 7.76 (each IH. d, J 
2.40 Hz) and 7.36 (2H, ill-res. br signal)]. The signal at 0 
7.77 of 2a and those at 0 8.21 and 7.89 of 2c are typical of 
H-9 and H-10 of a phenanthropyrone derivative38•39• The 
remaining four aromatic proton signals of 2a at 0 7 .03, 
7.18, 7.71 and7.81 maybeattributedtoH-8,H-6,H-1 and 
H-3, respectively, of a 2,7-dihydroxyphenanthropyrone. 
Similarly, the remaining four aromatic proton signals at 0 
7.76, 8.18 and 7.36 of 2c may be assigned to H-1, H-3 and 
H-6 and H-8, respectively, of the corresponding 2.7-
dimethoxyphenanthropyrone analogue. This would suggest 
that while unifloranthrone may be represented as 2,7-
dihydroxy-5H-phenanthro[4,5-bcd)pyran-5-one (2a), uni­
florinanthrone (2c) is the corresponding dimethyl ether 
derivative of 2a. Although according to systematic 
nomenclature 2a and 2c are named as stated above, the 
phenanthrene numbering system has been followed in this 
paper for convenience of spectral comparison. The place­
ment of the two phenolic hydroxyl groups in 2a at C-2 and 
C-7 was also supported by the downfield shifts of its H-6, 
H-8, H-3 and H-1 by 0.34, 0.41, 0.53 and 0.32 ppm, 
respectively, in the 1H NMR spectrum of its diacetyl 
derivative 2b. 

The above contention was confirmed by the conversion 
of 2a to 2c by the action of CH2N2. 

The structures of 2a and 2c were also supported by the 
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13c NMR spectral data of 2b (more soluble in CDCJ3 than 
2a itself) and 2c (Table 1 ). The degree of protonation of 
each carbon atom of 2b and 2c (and those of all other com­
pounds reported in this paper) was established by DEPT ex-

. periments and the carbon resonances of the compounds 
were assigned by comparison with the Oc values of struc­
turally similar compounds, viz. flaccidinin diacetate (2g)38, 

agrostophylloxin (2h)11 and agrostophyllone acetate (21) 11 • 

The presence of a 0-Iactone function in both unifloranthro­
ne diacetate (2b) and uniflorinanthrone (2c) as part of a 
phenanthropyrone skeletal structure was confirmed by the 
characteristic carbonyl carbon resonances at Oc 160.2 and 
158.0, respectively. The carbon resonances of 2b at Oc 
127.6 and 126.7 and those of 2c at Oc 127.8 and 126.7 are 
again typical of C-9 and C-1 0 of a phenanthrene derivative. 
The virtually identical oc values of C-4b, C-5, C-6, C-7, C-8 
and C-8a of unifloranthrone diacetate (2b) and flaccidinin 
diacetate (2g) (Table 1) affirmed the structural identity of 
their ring-C of a phenanthropyrone derivative bearing an 
acetoxy group at C-7. Similarly, the essentially identical 
chemical shifts of the above carbon atoms of uniflorinan­
throne (2c), agrostophyllone acetate (21) and agrostophyl­
loxin (2h) (Table 1) confirmed the structural identity of 
their ring-C of a phenanthropyrone derivative having a 
methoxyl function at C-7. The chemical shifts of the 
remaining carbon atoms of 2b and 2c are also consistent 
with their assigned structures. 

ctt 

I 
2 
3 
4 
4a 
4b 
5 
6 
7 
8 
8a 
9 
10 
lOu 

Table 1. 13C NMR spectral data of2b, 2c, 2g, 2fand 2h 

Chemical shifts {li ppm) 

2bf 2c+ zr' 2gf 
125.4 121.9 127.4 115.0 
150.4" 160.0 143.6' 150.2h 
122.6 119.0 144.1/ 151.6h 
118.0 117.0 108.8 113.0 
125.3 123.9 124.9 126.8 
127.5 . 125.1 125.1 128.1 
150.6Q 152.0 151.5 151.8h 
108.2 101.8 102.0 107.4 
149.6 160.0 160.3 149.8 
115.0 105.0 104.8 114.7 
131.2b 131.7'1 132.3 131.9 
127.6c 127.8' 126.4K 126.gi 
126.7" 126.7' 126.3' 126.5; 
130.7' 130.7' 125.1 130.6 

ArO-COAr 160.2 158.0 158.2 157.1 
OMe 55.0 55.9 55.6 

56.0 62.9 

OAc 169.0 169.3 169.0 
169.1 20.7 169.2 
21.0 20.9 
21.1 21.2 

2hf 

115.3 
151.:zi 
152.1 
109.3 
123.0 
125.5 
152.si 
101.8 
159.5 
104.4 
131.4 
126.~ 
125.!1 
124.3 
158.1 
55.8 
56.2 
62.0 

t Spectra were run in CDCb and the chemical shifts were measured with 
lh-Ms = licocb + 76.9 ppm. 
ttFor convenience of spectral comparison, the phenanthrene numbering 
system of CIU'bon atoms has been followed. 

a-kValues are interchangeable within each column. 
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The structures of unifloranthrone (2a) and uniflo­
rinanthrone (2c) were finally confirmed by the following 
chemical evidence. Dehydrogenation of both flavidin 
diacetate (lb) and oxoflavidin diacetate (lf) with DDQ in 
dcy benzene afforded the same unifloranthrone diacetate 
(2b) which on acid hydrolysis finally gave unifloranthrone 
(2a). Similar dehydrogenation of flavidin dimethyl ether 
(lg) and oxoflavidin dimethyl ether (lh) with DDQ, as ex­
pected, also afforded uniflorinanthrone (2c). 

Unifloranthrone (2a) and uniflorinanthrone (2c) are thus 
two new additions to the growing list of naturally occurring 
phenanthropyrone derivatives. 

The UV, IR and the 1H and 13C NMR spectral data of 
the two flavanone derivatives isolated from the orchid 
I. paleacea compared excellently with those reported25- 28 

for 3a aod 3c suggesting their structural identity, although 
direct comparison could not be made due to nonavailability 
of authentic samples. We report in this paper some addi­
tional spectroscopical evidence, viz. the 13C NMR spectral 
data of the diacetyl derivative of 3a (3b) and those of the 
triacetyl derivative of 3c (3d) (Table 2). Comparison of the 
carbon resonances of 3b and 3d with those of the original 
phenolic compounds 3a and 3c (also recorded by us inde­
pendently) not only confirmed the reported assignments of 
the oc values of 3a and 3c but also revealed some diagnostic 
13C NMR spectral evidence for the presence of a 5-
hydroxyflavanone moiety in 3a and 3c. Thus, the lowfield 
shifts of the tlavanone carbony I carbons of 3a and 3c by 7.4 
and 7.9 ppm. respectively, compared with those of the cor­
responding carbon atom of 3b and 3d may be attributed to 
the reduced carbonyl character of the flavanone carbonyl 
group caused primarily by the strong intramolecular 
hydrogen bonding between the above carbonyl function 
with the hydroxyl group at C-5 and partly ~y the electron­
donating effects of the above hydroxyl group and that at 
C-7. This was also supported by the upfield shifts of C-3 of 
3a and 3c by 1.7 and 3.0 ppm, respectively, compared with 
those of the corresponding carbon atom of their respective 
acetyl derivatives 3b and 3d. The virtually unchanged oc 
values of C-9 of 3a and 3c in the spectra of their respective 
acetyl derivatives 3b and 3d and the relatively lowfield 
resonances (oc 59.9--61.4) of the methoxyl carbons of 3a, 
3b, 3c and 3d justified the placement of the lone methoxyl 
group at C-6 flanked by hydroxyl functions at C-5 and C-7 
in 3a and 3c and acetoxyl functions at the same positions in 
3b and 3d. The downtield shifts of C-6, C-8 and C-1 0 of 3b 
and 3d by 11.0 and 10.7, 15.3 and 14.9 and 9.3 and 10.5 
ppm, respectively. compared with the corresponding carbon 
atoms of 3a and 3c confirmed the placement of the two 
phenolic hydroxyl functions of 3a at C-5 and C-7, and two 
of the three such functions of 3c at the same positions. The 
placement of the remaining hydroxyl group of 3c at C-4' 
was confirmed by the downfield shifts of C-1' and C-3' 

(and C-5') of 3d by 6.6 and 6.7 ppm, respectively, com­
.pared with the corresponding carbon atoms of 3c. the Oc 
values of C-2' (and C-6') of 3c remaining practically un­
changed in the spectrum of 3d. The Oc values of C-1', C-2' 
(C-6'), C-3' (C-5') and C-4' of 3a corresponded to an un­
substituted phenyl ring at C-2. This was further confirmed 
by the virtually identical oc values of these carbon atoms of 
both 3a and 3b. 

c 
2 
3 
4 
5 
6 
7 
8 
9 
10 
I' 
2' 
3' 
4' 
5' 
6' 
OMe 
OAc 

Table 2. 13c NMR spectral data of3a-d 

Chermcal shifts (8 ppm) 

3a+ 3btt 3ct 

79.1 79.3 78.4 
43.2·· 44.9 42.1 
196.4 189.0 196.8 
154.3 143.6 155.0 
128.4 119.4 129.0 
158.4 149.8 159.4 
94.6 109.9 95.1 
157.6 157.7 157.6 
103.0 112.3 102.0 
138.4 138.0 129.0 
126.0 125.8 127.9 
128.7 128.5 115.2 
128.4 128.5 157.9 
128.7 128.5 115.2 
126.0 125.8 127.9 
608 61.3 59.9 

168.5 
167.5 
20.6 

. 20.3 

3d++ 

78.9 
45.1 
188.9 
143.8 
139.7 
150.0 
110.0 
157.8 
112.5 
135.6 
127.1 
121.9 
151.0 
121.9 
127.1 
61.4 
168.9 
168.6 
167.6 
20.9 
20.7 
20.4 

+spectra were run in d6-DMSO and the chemical shifts were measured 
with &rMs = 8d6-DMSO + 39.7 ppm. 

ti Spectra were run in CDCh and the chemical shifts were measured with 
BrMs = &:ocr3 + 76.9 ppm. 

The equatorial orientations of the phenyl group at C-2 in 
3a and 3b and the 4-hydroxyphenyl group in 3c and 4-
acetoxyphenyl substituent at the same position in 3d were 
confirmed by the splitting patterns of the signals for H-2 
and Hr3 of 3a, 3b, 3c and 3d constituting typical ABX sys­
tem. H-2 of these compounds representing the X part of the 
ABX system appeared in the region 8 5.33-5.49 as double 
doublets having J values in the region of 13.0-13.68 and 
2.66-3.10 Hz corresponding to coupling between H-2 (ax) 
and H-3 (ax) and H-2 (ax) and H-3 (equat), respectively. 
The H-3 (equat) and H-3 (ax) constituting the AB 
part resonated in the region o 2.66-3.10 having J values 
[JH-J(ax)-H-J(equat~ about 17 Hz. This would suggest that H-2 
of all the above compounds must be axial in nature and 
hence the phenyl substituent at C-2 in each of these com­
pounds must be equatorially oriented. 

The isolation of 3a and 3c represents the second report 
of the occurrence of flavanone derivatives in an Or­
chidaceae plant, the first report being that of pinobanksin40 

from the orchid Bulbophyllum odoratissimum41 • 
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The bibenzyl derivative 4a isolated from the orchid 
/. paleacea was first reported29, without any spectral. 
evidence, to occur in the heartwood of Pinus albicaulis. It 
was also later isolated30 from Dioscorea batatas inoculated 
with Pseudomonus cichorii. The other bibenzyl derivative 
4g obtained from the orchid A. punctata was first reported 
from Combretum psidiode;5·36 and later from C. 
apiculatum37• The UV, IR. 1H NMR and mass spectral data 
of 4a and 4g are virtually identical with those reported ear­
lie~0·35·36 for these compounds and the structures of these 
compounds were based mainly on the above spectral data. 
Thus, the 1H NMR spectrum of 4a showed signals for an 
aromatic methoxyl and a phenolic hydroxyl function and 
eight aromatic protons, while that of 4g exhibited signals 
for two aromatic methoxyl, two phenolic hydroxyl groups 
and six aromatic protons. The spectra of both 4a and 4g 
were characterized by the appearance of a four-proton sig­
nal at ca 0 2.75-2.85 which is typical of the four benzylic 
protons of a bibenzyl derivative. The presence of a single 
phenolic hydroxyl group in 4a and two such functions in 4g 
was confirmed by the formation of their respective acetyl 
derivatives 4b and 4h with Ac20 and pyridine. 

The bibenzylic nature of 4a and 4g and the distribution 
of their functional groups in the two phenyl rings of the 
compounds were confirmed by their mass spectral fragmen­
tations. Thus, the appearance of two intense peaks at m/z 91 
and 137 in the mass spectrum of 4a and those at m/z 107 

and 167 in the spectrum of 4g established that while 4a was 
composed of an unsubstituted benzyl moiety and another 
benzyl residue containing a methoxyl and a hydroxyl 
group, 4g was also made up of two benzyl units, one of 
which contained a hydroxyl and two methoxyl groups, the 
other bearing a single hydroxyl function. 

The structures of 4a and 4g have now been further con­
firmed including the relative positions of their functional 
groups by the 13C NMR spectral data of the compounds and 
their acetyl derivatives 4b and 4h (Table 3). The chemical 
shifts of the carbon atoms of 4a, 4b, 4g and 4h were as­
signed by comparison with the oc values of structurally re­
lated compounds. Thus, the oc values of C-a.', C-1, C-2, C-
3, C-4, C-5 and C-6 of 4a are almost identical"with those of 
the corresponding carbon atoms of batatasin-III (4c)31 and 
gigantol (4e)32, confirming the presence of a 3-hydroxy-5-
methoxybenzyl moiety in 4a. This was further confirmed 
by the essentially similar oc values of the above carbon 
atoms of 4b and batatasin-III diacetate (4d) containing a 3-
acetoxy-5-methoxybenzyl unit. The unsubstituted nature of 
the other benzyl moiety of both 4a and 4b was confirmed 
by the virtual identity of the oc values of C-1 ', C-2', C-3', C-
4', C-5' and C-6' of both the compounds with those of the 
aromatic carbon atoms of n-propylbenzene42. Now, coming 
to the other bibenzyl derivative 4g, it has been observed 
that the oc values of C-a.', C-1, C-2, C-3, C-4, C-5 and C-6 
of 4g are virtually identical with those of the corresponding 

Table 3. 13C NMR spectral data of 4a-m 

Chemical shifts (6 ppm) 

c 4a·~ 4bt 4c+ 4dt 4et 4gtt 4ht 41+ 4jt 4kt 

I 144.3 144.0 145.0 143.7 144.5 132.s' 138.¢ 132.si 133.4 132.8" 

2 108.0 113.8 108.3 113.7 108.1 106.3 105.5 105.2 105.0 105.4 

3 156.5 151.6 158.2 151.5 156.7 147.9 152.0 146.8k 147.0 146.8 

4 99.1 105.0 99.9 105.2 99.2 132.1 131.5 133.5 132.401 132.9° 

5 160.8 160.3 161.9 160.2 160.9 147.9 152.0 146.8k 147.0 146.8 

6 106.6 111.9 106.3 111.8 106.9 106.3 105.5 105.2 105.0 105.4 

I' 141.6 141.3 144.3 143.0 133.7 133.0 139.7' 132.1 132.6m 143.3 

2' 128.2 128.2 116.2 121.3 114.3 129.7 129.3 111.2 129.3 115.2 

3' 128.3 128.3 159.2 150.7 146.3 115.3 121.3 146.1* 113.6 155.9 

4' 125.8 125.9 113.6 119.1 143.8 155.8 149.1 143.7 157.9 112.9 

5' 128.3 128.3 130.0 129.1 111.4 115.3 121.3 114.1 113.6 129.2 

6' 128.2 128.2 120.4 125.8 121.0 129.7 129.3 121.0 129.3 120.5 

IX 37.7u 37.6b 37.3' 37.3'1 38.1' 38.68 38.zi 38.31 38.311 37.7P 

a' 37.3" 37.2b 36.9' 37.rf 37.1' 37.58 37.d 37.81 37.2" 36.7P 

OMe 55.1 55.2 55.6 55.2 55.2 56.0 56.1 55.7 55.2 56.2 

55.9 55.1 56.2 

OAc 169.0 169.3 168.4 

21.0 21.0 20.8 

20.2 

tThe spectra were run in CDCb and the chemical shifts were measured with &rMs = &:oc13+ 76.9 ppm. 

+tThe spectrum was run in acetone-d6 and the chemical shifts were mea.~ured with 6-rids = 6-.u:etone-dfi + 29.6 ppm. 

a-.'Values are interchangeable within each column. 
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41+ 4ft 4mt 

139.7 145.2 145.0 

105.0 108.0 107.7 

151.7 159.5 157.9 
130.0 98.9 100.7 
151.7 161.4. 157.9 
105.0 106.7 107.7 
143.1 133.8 133.2 
121.6 129.4 129.9 
150.6 115.1 115.8 
119.1 154.2 154.8 
129.1 115.1 115.8 
125.9 129.4 129.9 
38.8q 38.1' 38.8"' 
37.5q 36.6'' 37.3' 
55.9 55.2 

168.8 

168.2 

20.9 

20.0 
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carbon atoms of moscatilin (4i)43, amoe~in (4j)3 and (ld). Rechromatography of this mixture finally gave pure 
aloifol-1 ( 4k)44 confirming the presence of a 4-hydroxy-3,5- la (0.05 g), crystallized from petroi-EtOAc, m.p. 2 l 0°, lc 
dimethoxybenzyl moiety in 4g. This was also corroborated (0.04 g), crystallized from the same solvent mixture, m.p. 
by the fact that the oc values of the above carbon atoms of 168°, and ld (0.03 g). also crystallized from the same sol-
4h (the diacety1 derivative of 4g) are also essentially similar vent mixture, m.p. 120°. Washing the main column with 
to those of the corresponding carbon atoms of aloifol-1 petrol-EtOAc (7 : 1) gave oxotlavidin (le; 0.04 g), crystal­
diacetate (41l Again, the oc values ofC-a, C-J', C-2', C-3', Jized from petrol-EtOAc, m.p. 255°. Further elution of the 
C-4', C-5' and C-6' of 4g are almost identical with the cor- column with petrol-EtOAc (1 : I) afforded unitloranthrone 
responding carbon atoms of 4f3 and dihydroresveratrol (2a; 0.06 g), amorph. powder (Found: C, 71.37; H, 3.10. 
(4m)45 having a 4-hydroxybenzyl moiety. The structure of C H 0 · C 71 41 H 3 19m) '~ EtOH-O IMNaOH 15 8 4 reqmres : , . ; , . -to ; ""max · 

4g is thus established as 4,4' -dihydroxy-3,5-dimetho- 226 and 268 nm (log E 4.17 and 3.99); v max 3310 (OH), 
xybibenzyl. . 1705 (lactone C=O), 1625, 1585, 1505, 865, 835, 745, 685 

In view of the fact· that several polyoxygenated hi benzyl and 662 em-• (aromatic nucleus); mlz (rei. int.) 252 [M+] 
derivatives are reported to exhibit strong antimitotic proper- (100), 224 (4), 223 (I I), 207 (7). 196 (4), 195 (6), 168 (8), 
ty46, while others are known to act as potent endogenous 167 (8) and 139 (15). Acetylation of 2a with Ac20 and 
plant growth regulators47, it would be interesting to study pyridine in the usual manner gave 2b, crystallized from 
4a, 4g and other bibenzyl derivatives isolated from petroi-EtOAc, m.p. 230° (Found : C, 67.71; H, 3.51; 
I. paleacea and A. punctata for similar biological activities. C 1~1206 requires : C, 67.83; H, 3.59%); ~ax 217, 237 

Experimental 

M.ps. are uncorrected. Column chromatography was 
done on silica gel ( 100-200 mesh) and TLC on silica gel G. 
UV spectra were recorded in 95% aldehyde-free EtOH and 
IR spectra on KBr discs. 1 H and 13C NMR spectra were run 
at 300 and 75 MHz, respectively, in CDCI3 using TMS as 
an internal standard. Chemical shifts are expresed in 0 
(ppm). Mass spectra were recorded at 70 eV using a direct 
inlet system. All analytical samples were routinely dried 
over P20 5 for 24 h in vacuo and were tested for purity by 
TLC and MS. Petrol used had b.p. 60-80°. 

Isolation of unifloranthrone (2a), uniflorinanthrone 
(2c), jlavidin (la), flavidinin (lc), isoflavidinin ( ld) and 
oxoflavidin (le) from Coelogyne uniflora; ·rhe flavanones 
3a and 3c and the bibenzyl derivatives 4a, 4c and 4e from 
lone paleacea; the bibenzyls 4f and 4g from Acrochoene 
punctata : Air-dried powdered whole plants of C. uniflora 
(3 kg), /. paleacea (2.5 kg) and A. punctata (2 kg) were 
separately kept soaked with 9, 7 and 6 L of MeOH, respec­
tively, for 2 weeks. The MeOH extract in each case was 
concentrated to ca 100 ml, diluted with H20 (500 ml) and 
exhaustively extracted with Et20. The E~O extracts were 
separately fractionated into acidic and nonacidic fractions 
with 2M NaOH. The aq. alkaline solution in each case was 
acidified in the cold with cone. HCI and the liberated solids 
were extracted with E~O. washed with H20, dried and the 
solvent removed. The E~O extract in each case after 
removal of the acidic compounds, was similarly washed 
with H20, dried and the solvent removed. The acidic and 
neutral fractions thus obtained from all the three orchids 
were separately chromatographed. 

Chromatography of the acidic fraction obtained from 
C. uniflora : The petrol-EtOAc (10 : 1) eluate afforded a 
mixture of flavidin (la), flavidinin (lc) and isoflavidinin 

(sh), 253, 355.5 and 373.5 nm (log E 4.06, 4.04, 4.16, 3.21 
and 3.28); vmax 1210 and 1762 (OAc), 1735 (lactone C=O), 
1632, 1595, 845, 755 and 690 em-• (aromatic nucleus); 1H 
NMR 0 2.41 and 2.42 (each 3H, s, 2 x OAc), 7.37 (IH, d, J 
1.16 Hz, H-8), 7.59 (IH, d, J 1.6 Hz, H-6), 7.87 (2H, s, H-9 
and H-10), 8.03 (lH, d, J 1.3 Hz, H-1) and 8.34 (IH, d, J 
1.3 Hz, H-3); m/z (rei. int.) 336 [M+] (19), 294 (33), 252 
(100), 224 (5), 223 (13), 207 (9), 196 (5), 195 (8), 168 (10), 
167 (10) and 139 (17). 

Chromatography of the neutral fraction obtained from 
C. uniflora : The petroi-EtOAc (50 : I) eluate gave unitlorin 
(0.075 g), crystallized from petrol-EtOAc, m.p. 215°. Fur­
ther elution of the column with petroi-EtOAc (30 : I) af­
forded pure uniflorinanthrone (2c) as a semisolid mass 
(Found : C, 72.79; H, 4.25. C 17H120 4 requires : C, 72.85; H, 
4.32%); Vma:'t 1730 (0-lactone), 1615, 1463, 895, 839, 804 
and 749 em- (aromatic nucleus). 

Methylation ofunifloranthrone (2a) with CH~2 : To a 
solution of unifloranthrone (0.02 g) in MeOH (15 ml) was 
added an excess of CH2N2 in E~O and the reaction mixture 
was kept overnight in an ice-bath. MeOH was then 
removed under reduced pressure and the residue extracted 
.with E~O. washed with dilute NaOH and then H20, dried 
and the solvent removed. The residue was chromato­
graphed. The petrol-EtOAc (30 : I) eluate afforded uniflo­
rinanthrone (2c; 0.015 g) as a semisolid mass. 

Conversion of jlaviditz diacetate (lb) and oxoflavidin 
diacetate (lf) to unifloranthrone diacetate (2b) by 
dehydrogenation with DDQ and the acid hydrolysis of2b to 
2a: To solutions of lb (0.05 g) in dry C6H6 (25 ml) and 1f 
(0.05 g) in the same solvent (25 ml) were added 0.085 and 
0.06 g of DDQ, respectively. The resultant mixtures were 
separately heated under reflux for 25 and 18 h, respectively. 
The solvent in each case was removed under reduced pres-
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sure to give a solid which was extracted with E~O. washed 
3 times with 2 M aq. NaOH and then with H20, dried and 
the solvent removed. The residues were separately 
chromatographed. The petrol-EtOAc (3 : 1) eluate in the 
chromatography of the product obtained from lb gave 2b 
(0.038 g), crystallized from petroi-EtOAc, m.p. 230°. 
Similar chromatography of the product obtained from 1f 
also gave 2b (0.042 g) in the same eluate. 

To a solution of 2b (0.03 g) in MeOH (20 ml) was 
added 2M aq. HCl (5 ml) and the mixture was heated under 
reflux for 5 h. MeOH was then removed under reduced 
pressure and the residue extracted with Et20, washed with 
H20, dried and the solvent removed. The residue was 
chromatographed. The petrol-EtOAc (I : I) eluate gave 
pure 2a (0.025 g) as an amorph. powder. 

Conversion of flavidin dimethyl ether (lg) and 
oxoflavidin dimethyl ether (lh) to unijlorinanthrone (2c) by 
dehydrogenation with DDQ : To solutions of lg (0.04 g) in 
dry C6H6 (20 ml) and lh (0.04 g) in the same solvent (20 
ml) were added 0.07 and 0.05 g ofDDQ, respectively. The 
resultant mixtures were separately heated under reflux for 
25 and 18 h, respectively. The reaction product in each case 
was worked up in the same manner as described earlier. 
The residues thus obtained were separately chromato­
graphed. The petrol-EtOAc (30: 1) eluate in the chromato­
graphy of the product obtained from lg gave 2c (0.031 g) as 
a semisolid mass. Similar chromatography of the product 
obtained from lh also gave 2c (0.034 g). 

Chromatography of the acidic fraction obtained from 
1. paleacea : The petrol-EtOAc (80 : I) eluate afforded 4a 
as a viscous oil (0.04 g) : 1H NMR o 2.84-2.93 (4H, m, H2-

a: and Hz-a:'), 3.76 (3H, s, ArOMe), 5.45 (IH, brs, ArOH), 
6.32-6.35 (3H, m, H-3, H-4 and H-5) and 7.23-7.34 (5H, 
m, H-2', H-3', H-4', H-5' and H-6'); m/z (rei. int.)228 (M+, 
45), I37 (100), 91 (60). Acetylation of 4a with Ac20 and 
pyridine gave 4b also as an oil : A..n.,. 221 and 270.5 nm 
(loge 4.18 and 3.61); vmax 1235 and 1760 (OAc), 1600, 
1580, 1490, 1460, 1445, 895, 865, 835, 750, 725 and 704 
cm-1 (aromatic nucleus); 1H NMR o 2.24 (3H, s, OAc), 
2.85 (4H, s, Hz-a: and Hz-a:'), 3.76 (3H, s. ArOMe), 6.50 
( IH, app.t, 11 1.8 and 12 2.1 Hz, H-4), 6.55 and 6.60 (each 
JH broad signal, H-6 and H-2) and 7.18-7.32 (5H, m, H-2', 
H-3', H-4', H-5' and H-6'). 

Washing the column with petrol-EtOAc (30: 1) gave 3a 
(0.1 g), crystallized from petrol-EtOAc, m.p. 167°; [a:] 0 -

33° (MeOH); vmax 3110 (chelated OH), 1640 (chelated 
C=O), 1625, 1585, 825, 775 and 710 cm-1 (aromatic 
nucleus); 1H NMR 0 I2.18 (lH, s, chelated phenolic OH), 
7.38-7.46 (5H, m, H-2', H-3', H-4', H-5' and H-6'), 6.13 
( IH, s, H-8), 6.12 (lH, s, unchelated phenolic OH), 5.39 
(1H, dd, 11 13.0 andJ2 3.10 Hz, H-2), 3.93 (3H, s, ArOMe), 
3.10 (IH, dd, 11 17.20 and J2 13.0 Hz, ax. H-3) and 2.82 
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(IH, dd, J 1 17.20 and 12 3.10 Hz, equat. H-3). Acetylation 
of 3a with Ac20 and pyridine gave 3b as a semisolid mass: 
A.max 227, 257.5 and 326.5 nm (logE 4.33, 4.12 and 3.88); 
Vmax 1225, 1760 and 1775 (OAc), 1685 (C=O), 1615, I565, 
765, 705 and 620 em-• (aromatic nucleus); 1H NMR o 2.24 
and 2.34 (each 3H, s, 2 x OAc), 2.67 (IH, dd, J 1 16.72 and 
J2 2.66 Hz, equat. H-3), 2.92 (lH, dd, 11 I6.72 and 12 I3.60 
Hz, ax. H-3), 3.69 (3H, s, ArOMe), 5.38 (!H. dd, 11 I3.60 
and 12 2.66 Hz, H-2), 6.66 (I H, s, H-8) and 7.33 (5H, m, H-
2', H-3', H-4', H-5' and H-6'). 

The petrol-EtOAc (10 : 1) eluate in the above 
chromatography afforded 3c (0.05 g), crystallized from 
petrol-EtOAc, m.p. 226°; vmax 3150 •(chelated phenolic 
OH), 3340 (unchelated phenolic OH), 1650 (chelated 
C=O), 1620, I605, 835, 820 and 685 cm-1 (aromatic 
nucleus); 1H NMR o 12.2 (1H, s, chelated phenolic OH), 
7.33 (2H, d, J 8.6 Hz, H-2', H-6'), 6.88 (2H, d, J 8.6 Hz, H-
3', H-5'), 6.47 (IH, s, unchelated phenolic OH), 6.11 (1H, s, 
H-8), 5.33 (IH, dd, 11 13.06 and 12 2.91 Hz, H-2), 4.99 (IH. 
s, unchelated phenolic OH), 3.94 (3H, s, ArOMe), 3.08 
(IH, dd, 11 17.15 and I 2 13.06 Hz, ax. H-3) and 2.78 (lH, 
dd, I 1 I7.I5 and 12 2.91 Hz, equat. H-3). Acetylation of 3c 
with Ac20 and pyridine in the usual manner gave 3d as 
amorph. powder: A.max 222, 257.5 and 325.5 nm (logE 4.31, 
3.84 and 3.51); vmax 1215 and 1770 (OAc), 1680 (C=O), 
16I7, 1570, I530, 1505, 865, 845, 750, 690, 665 and 615 
cm-1 (aromatic nucleus); 1H NMR o 2.30, 2.33 and 2.42 
(each 3H, s, 3 x OAc), 2.76 (dd, I 1 16.80 and I 2 2.85 Hz, 
equat. H-3), 3.01 (dd, I 1 16.80 and 12 I3.68 Hz, ax. H-3), 
3.77 (3H, s, ArOMe), 5.44 (IH, dd, 11 13.68 and J2 2.85 Hz, 
H-2), 6.74 (IH, s, H-8), 7.I4 (2H, d, J 8.51 Hz, H-3', H-5') 
and 7.44 (2H, d, J 8.51 Hz, H-2', H-6'). 

Further washing the column with petrol-EtOAc (7 : 1) 
afforded gigantol (4e; 0.04 g) in the early fractions and 
batatasin-111 (4c; 0.06 g) in the later fractions. 

Chromatography of the neutral fraction obtained from 
I. paleacea yielded some uncharacterized oily mass. 

Chromatography of the acidic fraction obtained from 
A. punctata: The petrol-EtOAc (10: 1) eluate gave 4f as a 
semisolid mass (0.03 g). Further elution of the column with 
petrol-EtOAc (7 : 1) afforded 4g (0.05 g), crystallized from 
petrol-EtOAc mixture, m.p. 136°; A.~!!H-O lM N .• oH 226, 244, 

283.5 (sh) and 292 nm (sh) (loge 4.07, 4.1 0, 3.57 and 3.48); 
Vmax 3400 (OH), 1610, 1580, 1514, 14I4, 825, 815, 795, 
775 and 650 cm-1 (aromatic nucleus); 1H NMR o 2.73 (4H. 
s, H2-a: and Hra:'), 3.75 (6H, s, 2 x ArOMe), 5.36 (2H, br 
signal, 2 x OH), 6.27 (2H, s, H-2 and H-6), 6.68 (2H, d, I 
8.5 Hz, H-3' and H-5') and 6.94 (2H, d, J 8.5 Hz, H-2' and 
H-6' ); m/z (rei. int.) 274 [M+] (20), 167 ( 100) and 107 (71). 
4g was acetylated with Ac20 and pyridine in the usual man­
ner to give the corresponding diacetyl derivative 4h as a 
semisolid mass (Found : C, 66.91; H, 6.10. C20H220 6 re-
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quires: C, 67.00; H, 6.19%); A.mux 231 and 270.5 nm (logE 
4.26 and 3.60); Vmux 1240 and 1765 (OAc), 1600, 1510, 
1460, 815, 665, 645, 625 and 595 cm-1 (aromatic nucleus); 
1H NMR B 2.19 and 2.23 (each 3H, s, 2 x OAc), 2.79 (4H, 
ill-res. m, H2-a. and H2-a.'), 3.68 (6H, s, 2 x ArOMe), 6.28 
(2H, s, H-2 and H-6). 6.90 and 7.07 (each 2H, d, J 8.4 Hz 
constituting an A2B2 system, H-3', H-5' and H-2', H-6'); 
mlz (rei. int.) 358 [M+] (2), 316 (52), 274 (15), 168 (22), 
167 (100), 107 (70) and 43 (77). 

Chromatography of the neutral fraction obtained from 
A. punctata afforded only an uncharacterized oily mass. 

Acknowledgement 
The work was supported by U.G.C. and C.S.I.R., New 

Delhi. 

References 
I. P.L. Majumder, M. Roychowdhury and S. Chakraborty. 

Phytochemistry, 1998, 49, 2375. 

2. P.L. Majumder. M. Roychowdhury and S. Chakraborty, 
Phytochemistry, 1997, 49. 167. 

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

1365. 

4. P. L. Majumder and R. C. Sen, Phytochemistry, 1991, 30, 2092. 

5. P. L. Majumder, S. Banerjee, D. C. Maiti and S. Sen, 
Phytochemistry. 1995, 39, 649. 

6. P. L. Majumder. S. Banerjee and S. Sen, Phytochemistry, 1996, 42, 

847. 

7. P. L. Majumder. S. Pal and S. Majumder, Phytochemistry, 1999, 

so. 891. 

8. P. L. Majumdcr, S. Banerjee, S. Lahiri, N. Mukhoti and S. Sen, 

Phywchemistry. 1998. 47, 855. 

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

10. P. L. M;uumder and E. Sabzabadi. Phytochemistry, 1988,27, 1899. 

II. P. L. Majumder. S. Lahiri and N. Mukhoti, Phytochemistry, 1996, 
42. 1157. 

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

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

14. P. L. Majumder, S. Sen and S. Banerjee, Terrahedmn, 1999, 55, 
6691. 

15. P. L. Majumder and J. Chakraborti, J. Indian Chern. Soc., 1989.66, 
834. 

16. P. L. Majurnder. S. Lahiri and S. Pal, J. Indian Chern. Soc., 1994. 
71, 645. 

17. P. L. Majumder, S. Lahiri and N. Mukhoti, Phymchemistry, 1995, 
40. 271. 

18. P. L. M~jumder and S. Ghosal, J. Indian Chern. Soc., 1991. 68. 88. 

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

20. P. L. Majumder and S. Lahiri, Indian J. Chern., Sect. B. 1989, 28, 

771. 

21. P. L. Majumder, N. Datta, A. K. Sarkar and J. Chakrnborti, J. Nat. 
Prod., 1982, 45, 730. 

22. P. L. M~jumder and N. Datta, Indian J. Chern., Sect. B, 1982, 21, 

534. 

23. P. L. Majumder, A. K. Sarkar and J. Chakraborti, Phytochemistry, 

1982. 21. 2713. 

24. P. L. Majumder and N. Datta. Phytochemistry, 1984, 23, 671. 

25. S. Takagi, M. Yamaki and K. Inoue, Yakugaku Za.uhi, 1980, 100, 

1220. 

26. M. Iinuma. T. Tanaka, K. lwashima and S. Matsuura, Yakugaku 
Za.fshi, 1984, 104, 691. 

27. E. Wollenweber. K. Mann, F. J. Arriaga-Giner, J. N. Roitman and 
J. G. West, Phytoclzemi.ftry, 1993, 33, 871. 

28. T. A. Stepanova, V. I. Sheichenko, L. P. Smirnova and V. I. 
Glyzin, Khem. Prirsoedin, 1981. 721. 

29. G. Lindstedt, Acta Chern. Scand .. 1950, 4, 1246. 

30. M. Takasugi, S. Kawashima, K. Monde, N. Katsui, T. Ma.~amune 
and A. Shirata, Phytochemutry, 1987, 26, 371. 

31. K. Sachdev and D. Kulshreshtha, Phytochemistry, 1986, 25, 499. 

32. R. K. Juneja. S. C. Sharma and J. S. Tandon, Phytochemistry, 
1985. 24, 321. 

33. L. Crombie and W. M. Crombie, J. Chern. Soc .. Perkin Trans. I, 
1982, 1455. 

34. L. Crombie and S. V. Jamieson, J. Chern. Soc., Perkin Trans. I, 
1982, 1467. 

35. R. M. Letcher, L. R. M. Nhamo and I. T. Gumiro, J. Chern. Soc .. 
Perkin Tran.f. I, 1972, 206. 

36. R. M. Letcher and L. R. M. Nhamo, J. Chern. Soc., Perkin Trans. 
I, 1974. 2941. 

37. E. Malan and E. Swinny, Phytochemistry, 1993. 34, 1139. 

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

39. P. L. Majumder and D. C. Maiti, Phytochemistry, 1991, 30, 971. 

40. M. Kuroynagi, Y. Yamamoto, F. Fukushima, A. Ueno, T. Noro 

and T. Miyase, Chern. Pharm. Bull. (Jfm.). 1982. 30. 1602. 

41. P. L. Majumder and R. C. Sen. PhytochemiStry, 1991. 30. 2092. 

42. J. B. Stothers, "Carbon-13 NMR Spectroscopy", Academic Press, 
New York, 1972. 

43. P. L. Majumder and R. C. Sen, PhytochemiStry. 1987, 26, 2121. 

44. R. K. Juneja. S.C. Sharma and J. S. Tandon, Phytochemistry, 
1987. 26, 1123. 

45. S. A. Adesanya, S. K. Ogundana and M. F. Roberts, 

Phytochemistry, 1989, 28. 773. 

46. G. R. Pettit, S. B. Singh and J. M. Schmidt, J. Nat. Prod., 1988, 

51, 517. 

47. J. Gorham, Pmg. Phytochem., 1980, 6, 203. 

175 


