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Abstract-Gymnopusin, the first naturally occurring phenanthrene derivative having a hydroxyl group at C-9, was 
isolated from the orchid Bulbophyllum gymnopus. It was shown to be 7,9-dihydroxy-2,3,4_trimethoxyphenanthrene (la) 
mainly from the spectral data of the compound and those of its diacetyl (lb) and dimethyl ether (lc) derivatives. 

INTRODUCTION 

From a series of Indian orchids we reported earlier the 

isolation of a number of compounds representing several 

structural types, bibenzyls [l, 21, phenanthrenes [3-61, 
9,10-dihydrophenanthrenes [7], 9,10_dihydrophenanthro- 
pyrans [S-12] and pyrones [8-10,131, triterpenoids 
[14, 151 and steroids [16]. Our continued search 
for phytochemicals from the same source has resulted 
in the isolation of yet another new phenanthrene 
derivative, designated as gymnopusin, from the orchid 
Bulbphykm gymnopus which, in addition, has also yielded 
2,7-dihydroxy-3,4,6_trimethoxyphenanthrene (Tg) 
[17], its 9,10-dihydroderivative (Id) [17, 181 and 
2,7-dihydroxy-3,4,8_trimethoxyphenanthrene (le) 
[6] of previously known structures. The structure of 
gymnopusin was established as la from the following 
evidence. 

RESULTS AND DISCUSSION 

Gymnopusin, C17Hr605 (Mt. 300), mp l92”, showed 
UV absorptions, &X 211, 230, 261, 285 and 340nm 
(logc4.28, 4.25, 4.70, 4.15 and 3.14) resembling those of 
phenanthrene derivatives [ 191. The phenolic nature of the 
compound was indicated by its characteristic colour 
reactions, alkali-induced bathochromic shifts of its UV 
maxima [i,~~~n~JNNaon 214, 275, 305 and 312 nm (log E 
4.35, 4.72, 4.12 and 4.13)] and from its IR spectrum 
showing bands at 3360cm-‘. The presence of two 
phenolic hydroxyl groups in gymnopusin was confirmed 
by the formation of a diacetate, C2, Hzo07 (M+. 384) 
mp 113”, with acetic anhydride and pyridine, and a 
dimethyl ether derivative, C19H2,,05 (M+.328), mp 122”, 
with diazomethane. 

The ‘H NMR spectrum of gymnopusin, which showed 
two one-proton singlets at 68.12 and 8.55 (both dis- 
appeared on deuterium exchange) further corroborated 
the presence of two phenolic hydroxyl groups in the 
compound. The spectrum also exhibited signals for five 
aromatic protons, besides those for three aromatic meth- 
oxyl groups C63.96 (6H, s) and 4.02 (3H, s)]. Of the five 
aromatic protons, one appearing at a relatively downfield 

position as an ortho-coupled doublet at 69.33 (J 
= 9.3 Hz) is typical of phenanthrene H-5 or H-4 having an 
ortho-hydrogen atom. This signal of gymnopusin was 
assigned to H-5 which coupled with H-6 appearing as an 
orrho-meta-coupled doublet of doublet at 67.21 (J1 
= 9.3 Hz and J2 = 2.8 Hz). The chemical shift and the 
splitting patterns of H-6 further indicated that H-8 of 
gymnopusin was also unsubstituted, which, accordingly 
resonated as a meta-coupled doublet at 67.69 (J 
= 2.8 Hz). H-6 and H-8 of gymnopusin are thus flanked 
by an oxygen substituent. The relatively downfield shift of 
H-8 compared with that of H-6 is presumably due to the 
presence of a hydroxyl group at C-9. Similar downfield 
shift of an aromatic proton peri to a phenolic hydroxyl or 
phenolic ether group has been observed in 4-hydroxy 
coumarin or their derivatives [20]. The remaining two 
aromatic protons appearing at 66.94 and 7.08, each as 
singlet, were assigned to H-l and H-10, respectively. The 
upfield shift of H-10 compared with those of the usual 
phenanthrene H-9 and H-10 (normally appearing at 
- 67.5) justifies the placement of one of the phenolic 
hydroxyl groups at C-9 in gymnopusin. This was further 
supported by the ‘H NMR spectral data of gymnopusin 
diacetate, which in addition, also provided evidence for 
the assignments of the other oxygen substituents of the 
compound. Thus, while the signal at 66.94 (H-l) of 
gymnopusin remains practically unaffected in the 
‘H NMR spectrum of its diacetate, those at 69.33 (H-5), 
7.21 (H-6), 7.69 (H-8) and 7.08 (H-10) of the former are 
shifted downfield to 69.58,7.41,8.07 and 7.26 respectively 
in the latter. The essentially unchanged chemical shift of 
H-l of gymnopusin on acetylation implied the absence of 
a hydroxyl group at C-2 and or C-4. Further, the presence 
of a hydroxyl group at C-4 of gymnopusin would have 
caused an upfield shift [21] of its H-5 on acetylation, 
which, on the otherhand, is shifted downfield by 0.25 ppm 
in the diacetyl derivative. The deshielding of H-5 in 
gymnopusin diacetate may be attributed to acetylation of 
a hydroxyl group at C-9 in the parent compound. The 
observed downfield shifts of H-6, H-8 and H-10 of 
gymnopusin diacetate compared with those of the cor- 
responding protons of the parent compound suggest that 
each of these protons is ortho to one of the hydroxyl 
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groups of gqmnopusin, and thus lend support to the 
placement of the two hydroxyl groups 01 gymnopusin al 
C-7 and C-9. This in turn left C-2, C-3 and C-4 as the onI) 
possible sites for the three methoxyl groups in 
gymnopusin. The relati\elg greater doshlelding ot‘ H-X 
(0.38 ppm) ofgymnopusin diacetatr compared with thov.z 
of H-6 and H-10 ( - 0.2 ppm) may bt: CILIC to :he d~a- 
magnetic anisotropic effect Of the acetOh. I+ cdrbonyl t‘unc- 

lion at C’-9. Construction of ii Drciciing model of 

gymnopusin diacetatc (lb) shop; that in ‘1 particular 
con<ormation of theacetoxyl groupat C -‘)” H-X falls in the 
deshieiding zone ol the C)-acctox) carbony lunct~on 

produclng an aLerage deshielding 01 f LS 111 1 b 
More compelling evidence in >uppori ii! th2 structure 

la for pqmnopustn *a\ pro\idcd I)) lhc ‘.‘(‘ LLM K 

spectral data ot ita more ~olublc diacctyi I 1 biand dimeth> I 
ether (1~) dcri\atl\es. 7‘hc degree ot prownatwn ol’each 
carbon atom aas detcrmmed by DEPOT expcrimrnts. Ihl: 
chemical shit& ot’the carbon atoms 01 Ib a:~d Zc (l’ablc 1 ) 
were awgned h) comparwn Mith tw <) i;liucs ot 
structurally related compounds tahing 1111<) consiiierilti~)n 
oi‘the known additive parameters ot‘thc iunot~mal group\ 
on benzenoid system [2]. Thus. while the OL values of C- 
4b. C-5. C-6 and C-7 of‘ 1 b are cssent~ali~ s~mllar to those 
ofthecorresponding carbon atoms of IILI~OI diacetate (1 h) 
[-?I. those ol’C-X and C-Xa 01 the l‘ormer are thit’tcd upficltl 
by 6.84 and . 5 ppm respecti\elj cornpar& with C-X and 
C-Xa of the latter. In the light 01 the earlier ob~er\atlon~ 

that substituent at C-X in the phenanthrcnr: sy\tcm causes 
an uptield shitt of’C-0 by - 6 ppm ‘15 111 c!ml‘usarin ( le) 01 
its diacetatc (If’) 161. the upheld bh;it 01 (‘3 of 
gymnopusin dlacetate ( 1 b) by 6.M ppm pro\ idcb the most 
convincing proot‘lbr the placement ot one ot the acetox!i 
group at C-9 in I b and hence one oi‘ the h,droxyi groups 
at the same position in pymnopusm. Stm~lar \hieldings ot 
carbon atoms by substituentsat tht:pcripc;\ltion haveaizo 

been observed in ‘).lO-dihydrophuilanihre~~~ dernati~cs. 
C-10 ot coelogin [K] and cosloginin iliawtatc 18.1 b> 
methoxyl group a[ C-l. and oxqnrcthyknc carbons 01 
imbricatin diacetate [I ij and co&gin i $1 b> C‘-.3 sub. 
stitucnts Phe upfield shili 01 (‘-)(a 01‘ lb b> _ .i ppm 
compared wrth that of the corresponding c;irhon atom 01 
nudol diacetate corresponds to the addit,,, parameter 01 
an acetoxyl f’unction at the orrho-position thereby further 
corroborating the locatlon of‘ one ol‘the acrtou)! g,rcwp at 
C-Y ot‘l b. This is also in accord with the upli&l shll’t 01 (.~- 
10 of lb. compared with that ol‘thccclrrespondingcarbarl 
atom ot‘nudol diacetate (lb) [i]. The greater \hicldmg of 
C-Ii) than is expcctcd tbr an ortho-acemuy pm~p may be 
attributed to the additional shielding <:au& bq con- 
secutlve substitutions at the carbon atoms o!‘ Kmg 1El. in 
CBSL’ 01‘ such polysubstitutcd benzenoid !,tsterns simple 
additive parameters do not exact]! Ibllo\s i 27. 2.%] Such 
departure has also been obserwd III the O; saiut~ ot C‘- 1. 
C-2, C-3. c‘3 OI i b. lc and 1 h. The assipnnients 01 the aho\c 
carbon atoms WCI-c further \erifk! b> i’unctionai group 
manipulation. Thns the change In the oL ~alt~cs of the 

aboxc carbon atoms ot’ pymnopusin dmcthyi ether (Ic) 
exactly correspond to the changed add~tnc parameter\ 

caused by rcplaccment of the acctosyl group, 111 lb ii\ 
methoxyl functions in Ic at (‘-7 kind C‘-iI. 1.hc L;pfield shrl’t 
ofC-I 01 lbb! 14.6ppmcompared wirhlhaiol (‘-1 oflh 
is due to the replacement oi.thc acetoxql g~oup.it (‘-2 tq ;I 
methnxyl group which together with thi: ii-ac<toxci group 
causes the obserbcd upfield shlit ~1 (‘-&I UI lb bq 
4.16 ppm compared uith that of i‘-4;1 oi Ih. (‘-la 01 lr is 
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A phenanthrene derivative from orchid 

R’ Me0 OR6 

@ = RZ= Rs= “, R’ =OH, Rs= R6= Me 

R’ = R3 = H, R2 = AC. R’ = OAc, R5 = R6 = Me 

R’ = R3 = H, R2 = R5 = R6 = Me, R4 Z OMe 

R’= OMe, RZ= R3= R4= R5 = H, R6 = Me, 9,lO-dihydro 

RI = R2 = R4 = Rs = H , R’=OMe, R6=Me 

R’= R4= H, R2 = Rs = AC, R3 = OMe, k = Me 

R’ = OMe, R* = R” = R4 = Rs = H, R6= Me 

R’ = Rx = R4 = H, R2 = RS = AC, R6= Me 

IXJCUO and were tested for purity by TLC and MS. Dry Na2S04 

was used for drying organic solvents and petrol used had 

bp 60-80”. 

Isolation ofgymnopusin (la), Id, leand lg. Air-dried powdered 

whole plant of B. gymnopus (2 kg) was soaked in MeOH (5 I) for 3 

weeks. The MeOH extract was then drained out and coned under 

red. pres. to 100 ml, diluted with Hz0 (750 ml) and exhaustively 

extracted with Et*O. The Et20 layer was thenextracted with 2 M 

aq. NaOH soln. The aq. alkaline soln was then acidified with cone 

HCI in the cold and the liberated solid was extracted with Et20, 
washed with H20, dried and the solvent removed. The residue 

was chromatographed. The early fractions of petrol-EtOAc 

eluate (10: 1) gave Id (0.02 g), crystallized from petrol-EtOAc, 

mp 111-l 13”. The fractions immediately following the elution of 

Id gave a mixture of le and lg. Repeated rechromatography of 

this mixture finally yielded pure le (0.04 g), crystallized from 
petrol-EtOAc, mp 185”, and Ig (0.05 g), crystallized from the 

same solvent mixture, mp 135”. The identity of Id and le was 

established by direct comparison (co-TLC, mmp and IR spectra) 

with authentic samples of 2,7-dihydroxy-3,4,6-trimethoxy-9,10- 

dihydrophenanthrene [ 181 and 2,7-dihydroxy-3,4,8-trimethoxy- 

phenanthrene [6] earlier isolated from the orchids Coelogyne 

oualis and Eria conjiisa, respectively. The diacetate of Id on 
dehydrogenation with DDQ in C6H6 gave acompound identical 

in all respect with the diacetyl derivative of lg. 
The later fractions of the petrol-EtOAc (10: 1) after elution of 

Id, le and lg in the original chromatography afforded la (0.1 g), 

crystallized from petrol-EtOAc, mp 192” (Found : C, 67.89; H, 
5.43;C,7H1605 requires:C,68,00,H, 5.33%). IRvmaxcm-‘: 3360 

(OH), 1610, 1578, 860 and 828 (aromatic nucleus); MS: m/z 300 
(M+ , loo), 286 (14), 285 (73). 271 (6), 270 (6), 257 (14), 242 (35), 

227 (lo), 199(8), 185 (9), 171 (5), 150(5),84 (9),49 (ll)and43 (9). 

GJmnopusin diacetate (lb) and gymnopusin dimethyl ether (1~). 
Gymnopusin (0.04 g) was acetylated with Ac20 and pyridine in 

the usual manner to give lb (0.035 g), crystallized from 

petrol-EtOAc. mp 113’. (Found: C, 65.54; H, 5.12; C2,HZ007 
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requires: C, 65.62; H, 5.21 ‘x). UV I max nm: 218,258,301,310,339 
and 356 (log E 4.27,4.52, 3.74, 3.72, 2.97 and 2.98); IRvmax cm-‘: 

1251 and 1755 (OAc), 1627, 1612, 1492, 860 and 840 (aromatic 

nucleus); ‘H NMR: 69.58 (lH,d,J = 9.3 Hz; H-5). 8.07 (lH,d,J 

= 2.8 Hz; H-8), 7.41 (1 H, dd, J, = 9.3 Hz and J2 = 2.8 Hz; H-6), 

7.26(lH,s;H-10),6.86 (lH,s; H-1),4.00(6H,s;2 x Ar-OMe),4.02 

(3H, s; Ar-OMe), 2.40 (3H, s; -0COMe) and 2.37 (3H, s; 
- OCOMe). 

A soln of la (0.04 g) in MeOH (25 ml) was treated with an 

excess of ethereal soln of CH2N2 in the cold. The reaction 

mixture was kept overnight. Thereafter the solvent was removed 

under red. pres. and the residue was chromatographed. The 

petrol-EtOAc (15: 1) eluate gave lc (0.035 g), crystallized from 

the same solvent mixture, mp 122”. (Found: C, 69.40; H, 6.20; 

CL9HZ005 requires: C, 69.51; H, 6.10%). IRv~~~axcm-‘: 1615, 

1469,855,845 and 827 (aromatic nucleus); ‘H NMR: 69.39 (lH, 
d, J = 9.4 Hz; H-5), 7.72 (lH,d, J = 2.9 Hz; H-8), 7.25 (lH,dd, J, 
= 9.4 Hzand Jz = 2.9 Hz;H-6),6.99 (lH,s;H-10),6.89 (lH,s;H- 

l), 3.98 (6H, s; 2 x OMe), 4.06, 3.99 and 3.96 (each 3H, s; 3 

x OMe). 
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