
Tcmak&w~ Vol. 41. No. 13, pp. 2165 to 2769,1985 lxMo-4o20,%5 53.00 + .oo 
Printed in Great Britain. 0 1985 Pagamoo Pxs Ltd. 

ON THE CHEMISTRY OF INDIAN ORCHIDACEAE 
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Abetrsct-Dendrobium gibsonii, an Orchidaceae plant yielded the first natural Buorenone derivatives 
designated de&sin and dengibsinin to which l,S-dihydroxy-7-methoxy-9-fluorenone (1) and 1,6- 
dihydroxy-5,7dimethoxy-9-fluorenone(2) structures have been assigned respectively. The structures are fully 
supported by the ‘H-NMR, IR, W and MS qectral data ofdengii and dengibsinin ami a number of their 
pertinent derivatives. Aurantiamide acetate, dimethyl terephthalate and j?-sitosterol have been isolated as the 
&her constituents. 

In continuation of our earlier studies on the chemistry 
of Indian Orchidaceae, l we now report on the structure 
elucidation of the two new isolates of Dendrobium 
gibsonii Lindl., designated dengibsin and dengibsinin 
which are shown to possess l&lihydroxy-7-methoxy- 
9-fluorenone (1) and l&dihydroxy-5,7-dimethoxy-9- 
fluorenone (2) structures respectively on the basis of the 
spectral properties, specially the ‘H-NMR data of the 
parent compounds and some of their pertinent 
derivatives. To our knowledge, the isolation of 1 and 2 
constitutes the first report of the natural occurrence of 
fluorenone derivatives. The other isolates were 
characterised as the modified dipeptide aurantiamide 
acetate (16), dimethyl terephthalate and the ubiquitous 
/I-sitosterol. 

Dendrobium gibsonii, an epiphytic herb growing in 
Sikkim Himalaya, Assam, Khasia mountains and 
Burma2 was collected for the present investigation 
from wecling district, W. BengaL India, at an altitude 
of 2500 m. It possesses slender stems with lanceolate 
acuminate leaves and tubular basal sheaths and grows 
yellow to orange flowers. 

Dengibsin (l), C,,H,,,04 (M+ 242), m.p. 227”, [a& 
f O", isolated as deep red needles from the CHCl, 
extract of the whole orchid D. gibsonii exhibited IR 
(KBr) absorptions indicative of phenolic OH (FeC& 
colour positive) chelated with conjugated C=O group 
(3330 and 1715 cm- ‘). It formed two methyl ethers, viz. 
monomethyl ether (4) and dimethyl ether (5) and two 
acetates. viz, monoacetate (6) and diacetate (7) (vi& 

(1) R=li (5) R’=R2=CH3 

(4) i?=cHJ (7) t?‘=R2=COCH3 

(6) R - COCHj 

(2) R -Ii 

(9) R -CHj 

(12) R = COCH3 

(10) R’=CHJ, Rz=,, 

(11) R’= R2=CH3 

(13) d = R2 =COCHJ 

(14) Rl=COCy, R&Y) 

(15) R’=CH3,RkOCH, 

t For Part I see Ref. 1. 
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Experimental) indicating thereby the presence of one 
free and one chelated phenohc OH groups in the 
molecule. The UV and visible spectrum of 1 exhibits a 
pattern similar to that offluorenone(Table 1)and hence 
suggesting 1 to be a fluorenone derivative. The ‘H- 
NMR spectrum (100 MHz, d,-acetone) exhibits signals 
for one aromatic OMe (6 4.08, 3H, s), one chelated 
phenolic OH (6 8.92,1 H, s, disappeared on D,O shake), 
two meta-coupled aromatic protons (6 6.77 and 6.82, 
each lH, d, J = 1.7 Hz) and three other aromatic 
protons (6 6.97.2,3H, m). A comparative study on the 
‘H-NMR spectra ofdengibsin, its monoacetate, and its 
diacetate (Table 2) reveals that one meta-coupled (d, J 
= 1.7 Hz)aromatic proton suffers significant downfield 
shift on acetylation of the free phenolic OH group and 
another ortho- and meta-coupled aromatic proton (dd, 
J = 7.5 and 1.5 Hz) on acetylation of the chelated 
phenolic OH group. Therefore, dengibsin is a 
dihydroxymonomethoxy fluorenone derivative in 
which one benzene ring contains the meta-coupled 
aromatic protons and the OMe and free OH groups 
while the other ring contains the remaining three 
aromatic protons and the chelated OH group. Since 
only one of the meta-coupled aromatic protons is 
deshielded on acetylation of the free phenolic OH 
group dengibsin can be assigned the structure 1. 
Furthermore, the dimethyl ether of dengibsin was 
found to be different from 1,3,8-trimethoxyfluorenone 
(8), recently synthesised by Nakano et 01.~ From this 
nonidentity the presence of the oxygen functions at 
1,5,7 and not 1,3,8 (= 1,6,8 of structure 1) is 
immediately obvious. 

Dengibsinin (2), C,sH120, (M+ 272), mp. 22OO”, [alo 
fO”, isolated as orange-red needles from both the 
petrol and chloroform-extracts, gave positive FeCl, 
colouration and exhibited IR (KBr) absorption bands 
(3290and 1715cm- ‘)similar to thoseof 1. Its 6-methyl 
ether (9). l-methyl ether (lo), l$-dimethyl ether (ll), 6- 

acetate (12), l&diacetate (13), 1-acetate&methyl ether 
(14) and 6-acetate-l-methyl ether (15) were prepared 
(aide Experimental). The UV and visible spectral 
pattern of 13 is reminiscent of that of fluorenone 
skeleton (Table 1). The ‘H-NMR spectrum (200 MHz, 
CDC13) of dengibsinin (2) (Table 3) shows the presence 
of two aromatic OMe (6 4.14 and 3.96, each 3H, s), one 
free phenolic OH (a 6.12, lH, s, exchangeable with 
DzO), one chelated phenolic OH (6 9.14, lH, s, 
disappeared on D,O shake) and four aromatic protons 
(67.10,1H,s;6.98,lH,dd,J, = 7.3HzandJ, = 2.0Hz; 
7.13, IH, dd, J, = 7.3 and J, = 6.8 and 7.19, IH, dd, J, 
= 6.8 and J, = 2.0). The splitting pattern of the four 
aromatic proton signals of this dimethoxydihydroxy 
fluorenone derivative clearly indicates that one of its 
benzeneringscontains threeadjacent aromatic protons 
while the other ring should be pentasubstituted 
showing the remainingaromaticprotonas asinglet. On 
acetylation of the free phenolic OH group of 
dengibsinin, no significant deshielding of any aromatic 
proton was observed while on acetylation of the 
chelated phenolic OH, only one aromatic proton (dd, J 
= 7.3 and 2.0 Hz) sugers appreciable downfield shift by 
0.6 ppm. Thus, there is no proton as the immediate 
neighbour of the free phenolic OH. The chelated 
phenolic OH has one ortho proton permitting its 
location at C-l. The disposition of the two OMe 
groups and the free phenolic OH group in the other ring 
was established as follows. 

The chemical shift of the only aromatic singlet 
protonin2,9or11[67.10in2,7.14in9and7.13in11 
(Table 3)] indicates that the proton is not flanked by 
two OMe groups. The reported’ chemical shift of H-4 
of 8 is 6 6.75; substitution of its H-2 by OH or OMe 
would not be expected to deshield H-4 by N 0.35 
ppm-the singlet is, therefore, due to the proton present 
at the peri positon of the carbonyl (C-8 in dengibsinin 
and its derivatives). As the free phenolic OH has no 

Table 1. UV and visible spectral data of dcngibsin (I), dengibsinin (2), their derivatives and fluorenone 

Compd. 

(1) 

(4) 

(5) 
05) 

I: 
(9) 

(10) 

(11) 
(12) 

(13) 
(14) 
(1s) 

Fluorenone 

c” nm (log e) 

267(5.36), 275(5.40), 338(4.34) 
& 479.5 (4.08) 

26y4.56), 274(4.60) & 47q3.24) 

274(4.58), 339(3.53) & 47q3.20) 
243(4.29), 260(4.44), 271(4.42), 

334(3xX) & 446.Y3.31) 
258(4.46), 267(4.47) & 42h2.96) 
264(4.37), 283(4.38), 309(4.03), 

365(3.90) & 449.5(3.04) 
267(4.48), 274(4.45), 353j3.62) 

& 455(2.93) 
283(4.53), 366(3.92) & 450(2.93) 

277(3.56), 360(3.66) & 454(3.01) 
25814.501.272t4.4913513.46) 
8;.453(3.13)‘ ‘- ’ ’ 

268(4.56), 31q3.30) & 415(279) 
270(4.54), 31q3.34) & 423j2.86) 
266(4.43), 274(4.47), 35q3.41) 

& 452.y2.87) 
249(4.73), 257(4.86), 296 (3.47) 

& 38q2.39) 

Lx E,OH + ?&OH nm flog e) 

291.5(5.45) & 549.5(41X) 

252(4.36), 271(4.27), 293(4.15), 
390 (3.32) & 552 (3.27) 

- 
- 

261(4.24), 31 l(4.41). 406(4.08) 
& 505.5(3.71) 

263(4.56), 299(3.89), 360(3.49) 
& 543.5(3.10) 

262(4.31), 312(4.42), 407(3.93) 
& 513(3.63) 

- 
_ 

No change 
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Table 2. ‘H-NMR spectral data of den&in (1) and its derivatives (67)’ 

Chemical shifts (a), multiplicitica and coupling constants (Hz) 

C,-OH/OCH3 C,-oH/OCH~ 
Compd. OCOCH, H-2 H-3 H4 OCOCH, H-6 C,-OCHb, H-8 

(1) 

(4) 

(3 

(6) 

(7) 

8.92, s I--_ 6.90-7.20. ml - 6.11. d 4.08,s 6.82, d 
(1.7) (1.7) 

8.87, s -6.90-7.30, ml 3.86, s 6.63, d 4.03,s 6.95, d 
(2-l) (2.1) 

3.90,s -6.95-7.32, ml 3.85, s 6.60, d 3.90, s 6.91, d 
(2.1) (2.1) 

8.92, s - 6.92-7.37. m 1 2.32, s 7.13, d 4.05. s 6.85, d 
(1.7) (1.7) 

236, s 7.57, dd l-6.98-7.40, m J 231, s 7.12, d 3.91,s 6.83, d 
(7.5,1.5) (1.8) (1.8) 

’ For 1.100 MHz, de-acetone and for 4-7,8O MHz, CDCl,. 
b The assignment of the OCH, signals of 4 and 5 may be intcrdtangcd. 

ortho proton, one OMe group is allocated to c-7. 
Further, compound 15 (6acetate-l-methyl ether), a 
derivative of 2 showed benxene-induced shift for two 
0Magroup.s (A6 = 0.6.0.7 ppm, aide Table 3) having 
ortho protons4 So dengibsinin should possess 
structure 2 or 3. Structure 2 (P 1.6 - dihydroxy - 57 - 
dimethoxy - 9 - fluorenone) for dengibsinin has been 
finally settled on the basis of the following evidence. 

(i) The aromatic singlet of 10 (in which the chelated 
OH is methylated) underwent downfield shift (Ab 
= 0.08 ppm) by in situ reaction with trichloroacetyl 
isocyanate,’ demonstrating the meta disposition of the 
proton with respect to the free phenolic OH group as in 
2H(reported A6 foi H- = 0.3-0.5, H, = 0.15 and 

_ = 0.4 ppm). 

(ii) Upon NaOD-D,O treatment of d,-DMSO 
solution of 10 the aromatic singlet proton at 6 7.11 
remained completely unexchangbd even after a few 
days supporting its meta orientation with respect to 
the phenohc OH. 

Withaviewtoprovidingevidnwrforthepresenceof 
the Pfluorenone moiety in both 1 and 2 a few reducing 
agents like Zn-Hg/HCl, Zn dust/NaOH and NaBH4 
were employed to effect the reduction of the carbonyl 
function of 2 while 9-fluorenone was used as the model 
compound. In the former two cases although CO 
reduction took place, the expected fluorene or the 9- 
fluorenol derivatives were not obtained. This 
behaviour may be ascribed to the presence of a number 
of oxygen substituents in the molecule. 

Table 3. ‘H-NMR qnxtral data of daqibaiom (2) and its derivatives (!L15)Lb 

Chemical shilh (a), multiplicitira and coupling constants (Hz) 

C&H/OCHy C,-OH/OCH;/ 
Compd. OCOCH, H-2 H-3 H-4 C&W OCOCH, C,-OCH; H-8 

(2) 

(9) 

(10) 

(lO)+TAI 
(6 W’ 

(II) 

(12) 
(13) 

(14) 

(15) 

(15) in C,Dz 

9.14,s 

9.10,s 

3.98, s 

3.97, s 

3.98, s 

8.83, s 
238, s 

234, s 

3.96. s 

3.28, s 

6.98, dd 
(7.3-2) 
6.99, dd 
(7.8.1.5) 
7.07, dd 
(8, 1.5) 
7.11,dd 
(8.3, 1.1) 
7.07. dd 
(7.8, 1.5) 

I 
7.57, dd 
(8.391) 
7.55, dd 
(6.6, 1.5) 
7.08, dd 
(8.5,1.5) 
6.52, dd 
(8.1.1) 

7.13, dd 
(7.3.6.8) 
7.13. dd 
(7.8.7.3) 

7.221 
c8i 

7.27, dd 
(8.3,7) 
7.21, dd 
(7.8.7.3) 

- 6.96-7.30, m 
7.27, dd 
(8.3.6.8) 
7.26. dd 
(726.6) 
7.24, dd 
(8.597) 
6.80. dd 
(4 7.1) 

7.19, dd 
(6.8,2) 
7.20, dd 
(7.3,1.5) 
7.29, dd 
(8.1.5) 
7.34, dd 
(7, 1.1) 
1.29, dd 
(7.3, 1.5) 

1 
7.12, dd 
(6.8,l) 
7.09, dd 

‘77zz 
i7.15) 
7.45 dd 
(7.1-l) 

4.14,s 

4.11.9 

3.96, s 

3.93, s 

3.96, s 

4.05,s 
3.89, s 

3.93,s 

3.88, s 

3.65, s 

6.12, s 

3.92. s 

6.12, s 

3.90,s 

2.38, s 
236, s 

3.86, s 

237, s 

1.95.8 

3.96 9 

3.96,s 

3.90,s 

3.87,~ 

3.92,s 

3.89, s 
3.81. s 

3.90, s 

3.82, s 

3.12, s 

7.10, s 

7.14,s 

7.13, s 

7.21, s 

7.13,s 

7.22, s 
7.19, s 

7.14. s 

1.11, s 

7.01. s 

l solvmt CDcl, lmlm.5 otherwist statal. 
b Spectra of 2,9,11 and 13 at 200 MHz, 12 and 14 at 80 MHz and 10 and 15 at 270 MHz 
‘Theassignmentofth*#OCH,sienabmaybcintsrchnngod 
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Dengibsinin l-acetate&methyl ether (14). Acetylation 
(Ac,O/Py, 24 hr, room temp) of 9 (5 mg) followed by 
cry&&&on of the product from CHCl,-petrol afforded 14 
in yellow needles (3.5 mg), m.p. 130”, IR : Y”z cm-’ : 308& 
2890, 1795, 1445, 1622, 1492, 1442, 1430, 1393, 1335, 1212, 
1158,1105,1095,1013 and 777. 

over silica gel a5ordbd dengibsinin (0.5 mg) ki 17(4 mg) from 

Dengibsinin tietare-l-methyl ether (15). Dengibsinin 6 
acctatd 11 (10 mg) was methyl&d with Me,SO*-(1.0 ml) in 

petrol-EtOAc (9: 1) and petroCEtOAc (4: 1) eluates 

Me,CO by refluxina in ~re-sence of drv KXO, (0.3 d for 6 hr. 

respectively. Compound 17crystallised from EtOAc-petrol in 
colourless needles. m.p. 180”. IR: e an-‘: 3180-3380 (OH), 

Usual work up zor&d an orang&& soiih which was 
purified by chromatography over silica gel and then 
crystallised from CHCl,-petrol to alTord 15 in orangtred 

1618,1583,1480,1458,1370,1313,1230,1145,1085,980,760 

needles (9 mg), m.p. 140”. IR: $2 cn-’ : 1775, 1715, 1610, 

and 720; ‘H-NMR (200 MHz, CDCI,): S 1.88 (lH, d, J = 8.4 

1480,1380,1315,1270,1200 and 1135. 
Dengibsinin l-methyl ether (10). Compound 15 (7 mg) was 

deacetylated with S%ethanolicNaOH (24 hr, room temp). The 
product was chromatographed over silica gel and then 
crystallised from CHCl,-petrol in orange n&dles (5 rngb mp. 
205”,IR:v~cnrm-‘:3280, 1695,1600,1490,1480,1420,1385, 
1310,1280, 1140 and 1050. 

Sodium borohydride reduction of dengibsinin (2). To a soln of 
dengibsinin (5 mg) in dry MeOH (10 ml) NaBH, (100 mg) was 
added and the mixture was kept at room temp for 24 hr. The 
residue obtained on usual workup exhibited TLC spots for 2 
and a more Dolar comuound. ChromatoPraohv of this mixture 

equiv) and p-toluenesulphonic acid (2 mg) were added and the 
mixture was kept at room temp for 30 days. The CHCI, soln 
was then washed with 5% NaHCO, aq, dried over Na,SO, 
and concentrated. The resulting residue was chromato- 
graphed over silica gel. The early petrol-EtOAc (4: 1) ehuttes 
alTordcd 12(1.3 mg)and thelater ones 18(1.7mg).Thepetrol- 
EtOAc (3: 1) eluates furnished 2 (3.8 mg). Compound 18 
cqstaUiscd from CHCl,-petrol in yellow needlea, m.p. 193”. 
M’ 314, ‘H-NMR (80 MHz, CDCI,): 6 2.39 (3H. s, C,- 
OCOCl&), 3.90 and 3.97 (each 3H, & C&CH, and C;- 
OCH,), 6.07 (lH, br s, exchangeable with D,O, C,-OH), 7.14 
(lH,s,H-8),7.1&7.37(2H,m,H-3andH-4)and7.54(1H,dd, 
J = 8 and 1.5 Hz. H-2). 
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Hz, exchangeable width D,O, CHOmI3.98 andh.12 (each 3H, 
s,C,-OCH,andC,-OCH,),5.43(1H,d,J = 8.4Hz,collapsing 
to a singlet on D20 shake, CHOH), 5.71 (lH, s, exchangeable 
withD,O,C,-OH),6.9O(lH,dd, J = 7.8and 1.5 Hz, H-2),7.04 
(lH,s,H-8).7.14(1H.t.J = 7.8HzH-31.7.18tdd.J = 7.6and 
i.5 &,HGjandi)Ai(iH,s,exchangeab;lewi;h D20,C,-OH 
chelated with C,-oxygen). 
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