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The structures of the phenanthrene derivatives confusarin (2,7-dihydroxy-3,4,8-trimethoxyphenanthrene) and confusaridin (2,6-
dihydroxy-3,4,7,8-tetramethoxyphenanthrene), bulbophyllanthrin (3,5-dihydroxy-2,4-dimetho-xyphenanthrene), gymnopusin
(2,7-dihydroxy-3,4,9-trimethoxyphenanthrene) and cirrhopetalanthrin (2,2°,7,7’-tetrahydroxy-4,4’-dimethoxy-1,1’-
biphenanthryl) [isolated from the Indian Orchidaceae plants Eria confusa, Bulbophyllum leopardium, Bulbophyllum gymnopus
and Cirrhopetalum maculosum respectively] deduced mainly from 'H and 3C nmr spectral evidence have been establlshed
unequivocally from both homonuclear ('H-1H) and heteronuclear ({H-13C) 2D nmr correlation studies.

Two-dimensional nmr spectroscopy!-2 has turned up to be

one of the most powerful physical tools since 1980s for the

structural elucidation of organic molecules. During the last
one decade the structures of a large number of complex
natural products were established unambiguously by their
2D nmr spectral data, which were, otherwise, extremely
difficult to be settled by the more conventional spectral evi-
dence. As part of our general programme of research on
the chemical constituents of Indian Orchidaceae plants we
have chemically investigated more than six dozens of Hi-
malayan orchids which afforded a large number of com-
pounds comprising mostly a wide range of stilbenoids3-3,
besides several triterpenoids® and steroids’ of biogenetic

importance. In this communication we present the results

of the 2D nmr spectral analysis of five representative
phenanthrene derivatives, viz. confusarin® (1a) and
confusaridin® (1c), bulbophyllanthrin® (2a), gymno-
pusin!®11 (1e), and cirrhopetalanthrin!? (3a) [isolated from
the orchids Eria confusa, Bulbophyllum leopardium,
Bulbophyllum gymnopus and Cirrhopetalum maculosum

RS

1a : Ri=R2=R3eRS=H, R4=OMc

1b : Ri=R3=Ac, R2=R5=H, Ré=OMe

1c : RI=RS=H, R2=0H, R3=Me, R¥=OMe
14 : Rl=Ac, R2=0Ac, R3=Me, R4=0Me, RS=H
1e : R1=R2=R3=Ré=H, R5=OMe

1f : Rl=R3=Ac, R2=R=H, RS=OMe
1g : RisR3=Me, R2=R¥=H, R3=OMe

2a : Rl=R2=H
2b : Rl=RR2=pc
2¢ : Ri=Mg, R2=H

'H-1H HOMCOR OF CONFUSARIDIN (19
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respectively] to illustrate the power and utility of this physi-
cal method for the structural elucidation of these compounds.
The structures of these compounds deduced mainly from
conventional spectral evidence, viz. 'H nmr (Table 1) and
13C nmr (Table 2) have since been established unequivo-
cally by extensive homonuclear (HOMCOR or COSY) ['H-
TH] and heteronuclear (HETCOR or XHCORR) ['H-13C]
2D nmr correlation analysis as discussed below.

The structures of confusarin (1a) and confusaridin (1¢)
are in good agreement with the 'H nmr spectral data of the
compounds and their diacetyl derivatives 1b and 1d and
are further supported by the !3C nmr spectral data of 1a,
1b, and 1c. Yet these data seemed inadequate for establish-
ing the relative positions of the oxygen functions and the
assignments of some of the 'H and '3C chemical shifts un-
ambiguously, which were finally confirmed by 2D nmr spec-
tral analysis of the compounds. The homonuclear (‘H-'H)
correlation experiment (COSY) with confusarin confirmed
the couplings between H-5 (6 9.12) and H-6 (& 7.22) and
H-9 (8 7.79) and H-10 (8 7.51), but showed no 5-bond
'H-1H coupling between any of the methoxyl groups with
an o-proton. This confirmed that none of the methoxyl
groups in confusarin had an o-hydrogen atom — a conclu-
sion which was also in agreement with the relatively
downfield shifts of all the methoxyl carbon resonances of
confusarin. The COSY spectrum of confusaridin (1¢), (Fig.
1), on the other hand, showed, besides the expected cou-
pling between H-9 (6 7.89) and H-10 (5 7.42), a number of
weak peaks representing long range 'H-'H couplings which
are normally not observed in simple aromatic compounds.
These weak peaks corres-ponded to a 5-bond Coupling be-
tween H-5 (6 8.83) and H-9 (6 7.89), a 4-bond coupling
between H-1 (8 7.14) and H-10 (6 7.42), a 5-bond cou-
pling between H-1 and H-9 and a 6-bond coupling between
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TABLE 1-'H NMR SPECTRAL DATA (&; J IN Hz) OF COMPOUNDS 1-3

Compd. H-1 H-3 H-5 H-6 H-7 H-8 H-9,H-10 OH/OAc/OMe
la 7.11(s) - 9.12 7.22 - - 779,751 5.90 (2H, s, 2 x OH), 3.89 (6H,
@, @, (eachd, J 10) s, 2 x OMe), 4.03 (3H, s, OMe)
J10) J10)
1b 7.40(s) - 9.37 7.36 - - 8.05,7.65 4.01,3.99,3.98 (each 3H.s,
d, d, (eachd, J9.1) 3 x OMe), 2.43,2.41
J9.2) J9.2) (each 3H, s, 2 x OAc)
le 7.14 - 8.83(s) - - - 789,7.42 5.97,6.00 (cach 1H, s,
(eachd,J9) 2 x OH), 3.97, 400 (each 3H,
s, 2 x OMe), 4.08 (6H, s,
2 x OMe)
1d 7.40 - 9.10(s) - - - 8.04,7.62 4.04,4.02,401,397
(eachd, J10) (each 3H, s, 4 x OMe), 2.43,
2.41 (each 3H, s, 2 x OAc)
le 7.08(s) - 9.33 7.21 - 7.69 - 6.94(s) 3.96 (6H, s, 2 x OMe),
@, (dd, @, 4.02 (3H, s, OMe)
J93 J,93, J2.8)
Jy28)
i 7.26(s) - 9.58 741 - 8.07 - 6 86(s) 40 (6H,s, 2 x OMe),
@, (dd, @, 4.02 (3H, s, OMe),
J9.3) J,93, J2.8) 2 33,2.40 (each
J,2.8) 3H, 5,2 x OAc)
1g 6.89(s) - 9.39 725 - 7.72 - 6.99(s) 398(6H,s, 2xOMe),
@ (dd, @, 4.06,3.99,3.96
J9.4) J 94, J29) (each 3H, s, 3 x OMe)
J,29)
2a 7.15(s) - - 7.26 7.51 7.42 7.50,7 57 5.99,10.30
(dd, (app-t (dd, (eachd,J8) (each 1H, 5,2 x OH),
Ji 8, J8) Ji 8, 3 85,4.07
52) -52) (each 3H, s, 2 x OMe)
2b 7.13(s) - - 7.72 7.65 7.42 7.56,1.67 4.01,339
(dd, (app-t (dd, (eachd, /8) (each 3H, s, 2 x OMe),
5 8, J8) J, 8, 2.45,2.37
J,2) 52) (each 3H, s, 2 x OAc)
2c 7.19(s) - - 7.28 7.53(t) 746 7.64,7.52 387,405,412
(dd, (dd, (eachd, J8) (each 3H, s, 3 x OMe),
J, 88, J, 838, 10.50 (1H, s, OH)
Jp 1.7) J,1.7)
2d 7.03(s) - - 7.08 7.48(t) 7.42 7.51,7.53 3.76,4.03
(dd, (dd, (eachd, J8) (each 3H, s, 2 x OMe),
J, 88, J; 8.8, 4.02 (6H, s, 2 x OMe)
J, 1.7) J,17)
3b - 7.14(s) 9.77 7.42 - 756 7.49,7.16 4.25 (6H, s, 2 x OMe)
@, (dd, @, (eachd,/91) 2.40,1.83
J9.4) J, 9.4, J2.4) (each 6H, s, 4 x OAc)
J,2.4)

H-1 and the protons of the methoxyl group at C-3 (5 4.08).
Such 6-bond coupling between H-1 and OMe at C-3 is per-
haps strong enough to be observed due to OH at C-2. An-
other extremely weak 6-bond coupling between H-9 and
protons of the methoxyl group at C-8 (& 4.00) was also
discernible. But a more significant observation was the
absence of a coupling between H-5 with the protons of any
of the OMe groups. This may be attributed to the presence
of an OH at C-6 and OMe at C-7 and C-8. These 'H-'H
correlations in 1c are shown in its structural diagram.
The 1-bond heteronuclear (!H-'3C) correlation experi-

ments with both confusarin (1a) and confusaridin (1c) us-
ing Joy parameter set to 160 Hz confirmed the chemical
shifts of the protonated carbon atoms from the readily identi-
fiable protons and vice versa in both the compounds. But
these experiments failed to assign specifically the C-9 and
C-10 carbon resonances of the compounds, since the as-
signments of the H-9 and H-10 resonances of the compounds
were still arbitrary. The long-range heteronuclear ({H-13C)
correlation plots of both 1a (Fig. 2) and ¢ (Fig. 3) using
Jey parameter set to 7 Hz not only enabled to identify the
C-9, C-10 and H-9 and H-10 resonances but also provided
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Carbon

1a*

TABLE 2-3C NMR SPECTRAL DATA (J,) OF 1a, 1b, 1¢, 1e, 1f, 1g, 2a, 2¢ AND 3b

1b* 1c*

let*

1f* 1g* 2a* 2c* 3b*
atom
C-1(C-1) 107 61 11723 10728 108 41 11575 10418 106 00 107 87 11918
C-2(C-2") 147 12 14509 14773 149 68 143 43 151 807 146 90 152 35¢ 147 84
C-3(C-3) 140 40 143 49 13986 140 52 142 86 140 99 13890 142 26 104 07
C4(C4) 15016 152 69 150 56 15544 152 48 151977 14071 15420 159 18
C-4a(C-4a’) 118 45 12321 117 54 11475 118 85 114 92 1711 11727 11753
C-4b(C4b") © 12427 129 56 126 65 125 04 128 49 12521 117 69 12052 128 19
C-5(C-5") 12338 12395 106 25 12848 128 66 128 22 154 24 152 16¢ 13018
C-6(C-6") 11556 122 06 147 56 11742 12136 117 34 11574 11627 120 82
C-1(C-7) 14492 140 74 137 50 15178 148 85 15725 12743 13051 14848
C-8(C-8") 140 40 146 84 146 66 106 29 114 03 102 47% 12032 119 51 11946
C-8a(C-8a") 12573 128 41 12092 128 30 128 12 12742 134 53 13436 13350
C-9(C9") 118 83 12053 11936 153 07 152 87 152 824 126 85 127 49 128 50
C-10(C-10%) 126 83 12736 12378 10278 102 52 102 515 126 14 128 254 125 65
C-10a(C-10a") 128 74 128 97 13014 130 56 13021 129 59 127 34 126 65 13439
OMe 6020 6020 5931 59 64 6001, 6019, 6228 62 94, 56 09
6208 6120 60 55 60 84 6113 6126 (OMe at 6198
6120 62 08 6071 (OMeat (OMeat (OMeat C4), (OMe at
6072 C-3, C3, C3, 5627 C-3,
C-4), C-4), C-4), (OMe at C4),
5539 5546 5529, C-2) 560
(OMeat (OMe at 55 40, (OMe at
C-9) C-9) 55178 C-2)
(OMe at
C-2,C-1,
C-9)
OAc - 16929 - 169 19 - - - - 169 31
20 88 169 57 169 68
2107 2075 2079
2119 2136

*Spectra were run in CDCl, and the chemical shifts were measured with 8y = 5CDC1, +76 9 ppm
**Spectrum was run in acetone-dg and the chenmcal shifts were measured with gy = Gm‘,_ds +29 6ppm

@ dyalues are interchangeable m each column

convincing evidence for the placement of the oxygen func-
tions in the compounds. Thus, H-1 (6 7.11) of 1a showed
3-bond correlations with the protonated carbon at §, 126.83
and the two nonprotonated carbons at §; 118.45 and 140.4.
So, while &, 118.45 and 140.40 should be assigned to its
C-4a and C-3 respectively, the signal at §, 126.83 corres-
ponded to its C-10. Since the carbon at §, 126.83 showed
1-bond correlation with the proton at 7.51, the latter must
correspond to H-10 This was further supported by the fact
that the above proton (8 7.51) exhibited 3-bond correla-
tions with C-1 (8, 107.61), C-4a (118.45) and also with the
carbon atom at §; 125.73 which should then be assigned to
C-8a. The signal at § 7.79 of 1a may then be assigned to its
H-9 which exhibited 3-bond correlations with the carbons
resonating at §; 124.27 (C-4b) and 128.74 (C-10a). H-9 of

910

1a, however, did not show any 3-bond correlation with 1ts
C-8 (6, 140.40). As in the case of 1a, H-1 (8 7.14) of 1¢
also showed 3-bond correlations with the protonated car-
bon at &, 123.78 and two nonprotonated carbons at &, 117 54
and 139.86, which should therefore be assigned to C-10,
C-4a and C-3 respectively. 1-Bond correlation of the car-
bon at §; 123.78 with the proton at & 7.42 confirmed that
the signal at & 7.42 should be assigned to H-10 of 1c¢. This
was further corroborated by the fact that the signal at
8 7.42 (H-10) also showed weak 3-bond correlations with
C-1(8, 107.28) and C-8a (§; 120.92). H-10 of 1¢, however,
did not exhibit the expected 3-bond correlation with its
C-4a as in 1a. The remaining doublet proton signal at ¢
7.89 of 1¢ must then be assigned to its H-9 which, in turn,
exhibited 3-bond correlation with the carbon at §; 130 14
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Fig. 1. HOMCOR contour plot of confusaridin (1c).

which could be conceived to correspond to its C-10a. H-9
of 1¢, however, showed no 3-bond correlations with its C-8
and C-4b. 3-Bond correlations of H-5 (8 9.12) of 1a were
also observed with the carbon at §, 125.73 (C-8a) and also
with that at §; 144.92 which should then correspond to its
C-7 bearing one of the hydroxyl groups. Similar 3-bond
correlations of H-5 (& 8.83) of lc with the carbons at &,
120.92 (C-8a) and 137.50 were discernible. The latter sig-
nal (§,137.50) of 1c¢ must then be assigned to its C-7 bear-
ing one of its methoxyl groups. The doublet ®oton at
87.22 of 1a already assigned to its H-6 from COSY spec-
trum showed 3-bond correlations with the carbons at §,
124.27 (already assigned to C-4b) and 140.40. The latter
signal should then correspond to C-8 of 1a. 3-Bond corre-
lations of the methoxyl protons of 1a at §4.03 with corbon
at &, 140.40 and those at & 3.89 with ; 140.40 and 150.16
confirmed the chemical shifts of its methoxyl protons. Simi-
lar 3-bond correlations of the methoxyl protons of 1c at

6 3.97 (3H), 4.00 (3H), and 4.08 (6H) with the carbons at
6, 150.56, 146.66 and 137.50 and 139.86 respectively, estab-
lished the assignments of the above proton signals to its
methoxyls at C-4, C-8, C-7 and C-3 respectively. The long-
range XHCORR correlations of 1a and 1c are shown on
their respective structural diagrams in Figs. 2 and 3. The
above 2D nmr spectral data of la and 1¢, thus unambigu-
ously established their structures proposed from other spec-
tral evidence.

Bulbophyllanthrin (2a) represents a phenanthrene with
unusual distributions of the oxygen functions. It is devoid
of any oxygen function at C-7, which is usually present in
most naturally occurring phenanthrene derivatives, and is
characterized by the presence of a hydroxyl at C-5 and a
methoxyl at C-4 forming a strong intramolecular hydrogen
bond — a structural feature observed for the first time.
The structure of the compound proposed from its uv, ir, 'H
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Fig 3 HETCOR contour plot of confusanidin (1c) showing 3-bond 'H-13C correlations

and 13C nmr spectral data (Tables 1 and 2) was also con-
firmed by unequivocal evidence provided by 2D nmr spec-
tral studies.

The homonuclear ('H-!H) correlation experiment
(COSY) with 2a clearly showed a correlation due to 5-bond
proton-proton spin coupling between the methoxyl protons
at 8 4.07 and the singlet aromatic proton at § 7.15. This
required them to be on adjacent carbon atoms. The assign-

912

ment of the signal at § 7.15 to H-1 already made from 'H

and '3C nmr spectral data thus confirmed the placement of
the methoxyl group corresponding to the signal at §4.07 at

C-2 of 2a. The methoxyl group at & 3.85, on the other
hand, showed no correlation with any aromatic proton,
which should therefore be at C-4. The singlet aromatic
proton could, however, conceivably be located at C-2 or
C-3, instead at C-1, and in view of the polyxygenated
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Fig 4. HETCOR contour plot of bulbophyllanthrin (2a) showing 3-bond 'H-'3C correlations.

nature of ring-C of 2a, these alternative formulations can-
not be ruled out unequivocally on the basis of the chemi-
cal shift data alone.

The heteronuclear ('H-13C) correlation plots showing
1-bond correlations arising from direct Ig-B¢ spin-coup-
lings and long-range correlations arising from 2-bond and
3-bond 'H-13C spin-couplings provided unambiguous spec-
tral assignments and confirmed the proposed structure of
bulbophyllanthrin eliminating all other alternative possi-
bilities. The HETCOR contour plot of 2a showing 1-bond
correlations obtained by using Jcy parameter set to 160 Hz
established that the protons corresponding to the signals at
87.15 (s), 7.26 (dd), 7.42 (dd), 7.51 (app.t) 7.50 (d) and
7.57 (d) were directly linked to the carbon atoms resonat-
ing at §, 106.0, 115.74, 120.32, 127.43, 126.14 and 126.85
respectively. Thus, identification of the protons from their
characteristic resonances would enable the correct assign-
ments of carbon resonances and vice versa. The hydroxyl
group at C-5 in 2a is the only substituent on its ring-A, and
H-6, H-7, and H-8 showed a characteristic three-spin coup-
ling pattern for consecutive aromatic protons. Placement
of a hydroxyl group at C-5, in 2a permitted assignment of

the signal at § 7.26 to H-6. Since this proton showed a
1-bond correlation with the carbon at §, 115.74, the latter
must be assigned to C-6 of 2a. Unequivocal confirmation

of this assignment was provided by the 3-bond correlation
between C-6 and the 5-hydroxyl proton at § 10.3 (Fig. 4).
This left the proton at § 7.42 with no possible assignment
other than H-8, and the 1-bond correlation of this proton
with the carbon at §, 120.32 implied that the latter must be
assigned to C-8. In aromatic systems 3-bond correlations
are strong, while 2-bond correlations are not very common
and observed only in highly oxygenated aromatic com-
pounds. Consequently C-8 (8,120.32) showed 3-bond cor-
relations with both H-6 (8 7.26) and H-9. This confirmed
the assignment of the signal at § 7.57 to H-9. Since the
proton at 6 7.57 showed 1-bond correlation with the carbon
atom at §, 126.85, the latter should then be assigned to
C-9. This left the signal at § 7.50 to be assigned only to
H-10. Since H-10 exhibited 1-bond correlation with the car-
bon at §_ 126.14, this signal must be assigned to C-10. The
signal at 8 7.15 was assigned to H-1 which displayed 1-
bond correlation with the carbon at §, 106.0. The latter
should then correspond to C-1. The aromatic proton at &
7.15 (H-1) showed strong 3-bond correlations with C-10
(6, 126.14) and the nonprotonated carbons at §, 138.90
and 117.11. This ruled out the other possible structures of
2a with protons at C-2 or C-3, and also confirmed the

asssignments of the signals at §;138.90 and 117.11 to C-3
and C-4a, respectively. Other correlations (Fig. 4) allowed
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unequivocal assignments of all the carbon atoms of 2a. Thus,
H-10 (6 7.50) also showed strong 3-bond correlations with
C-1(8, 106.0), C-4a (8, 117.11) and C-8a (5, 134.53). Simi-
larly, 3-bond correlations of H-9 (8 7.57) with C-8 (J,
120.32), C-10a (8, 127.34), and C-4b (8, 117.69) confirmed
the C-8, C-10a, and C-4b resonances. Again, H-8 (6 7.42)
exhibited 3-bond correlations with C-6 (8, 115.74), C-4b
(8, 117.69), and C-9 (&, 126.85). H-7 (67.51), as expected,
also exhibited 3-bond correlations with both C-5 (5, 154.24
and 134.24) and C-8a (6, 134.53) confirming the carbon
resonances at §, 154.24 and 134.53 to be assigned to C-5
and C-8a respectively. The methoxyl protons at §4.07 (as-
signed to OMe at C-2) and 3.85 (OMe at C-4) also showed
strong 3-bond correlations with the carbons at §; 146.90
and 140.71, which must be assigned to C-2 and C-4 res-
pectively. The 3-bond correlations (HETCOR) observed with
2a are shown in its structural diagram (Fig. 4). The struc-
ture of bulbophyl-lanthrin is thus established as 2a
Gymnopusin (1e) is the first naturally occurring phenan-
threne derivative having an oxygen substituent at C-9 and
may have several alternative formulations with methoxyl
(or hydroxyl) at C-9, which can also be placed at C-10 on
the basis of 'H and 13C nmr spectral data alone. The pro-
posed structure le for gymnopusin was finally established
by unequivocal evidence provided by 1-bond and long-range
heteronuclear (!H-13C) correlation plots obtained from

XHCORR 2D nmr spectral analysis of its diacetyl deriva-
tive (1f) using Joy parameters set to 160 and 7 Hz respec-
tively (both recorded in a Bruker Supercon 300 MHz in-
strument). The results also confirmed the 'H and !3C reso-
nances of the compound. Thus, the XHCORR 1-bond cor-
relation ('H-13C) plot of 1f showed that the signals of the
readily identifiable protons H-5 (6 9.58), H-6 (6 7.41), and
H-8 (6 8.07) exhibited strong 1-bond correlations with the
carbons resonating at 6¢ 128.66, 121.36 and 114.03 respec-
tively. This permitted unambiguous assignments of the
above signals to C-5, C-6, and C-8 respectively, of 1f. Simi-
lar 1-bond correlations were also discernible between the
protons at 6 7.26 and 6.86 with the carbons at &, 115.75
and 102.52 respectively. The original assignmentsio of the
above proton signals to H-10 and H-1 respectively, of 1f
have now been reversed to H-1 and H-10 respectively. So
the carbon signals at §; 115.75 and 102.52 must be assigned
to C-1 and C-10 respectively. Unequivocal evidence for these
assignments was provided by the long-range heteronuclear
(*H-13C) correlation plot of 1f (Fig. S). Thus, the proton at
6 7.26 (H-1) showed strong 3-bond correlations with the
carbons at §, 142.86, 118.85 and 102.52, which must be
assigned to C-3, C-4a, and C-10 respectively, of 1f. The
proton at 8 7.26 (H-1) also exhibited a fairly strong 2-bond
correlation with the carbon at §, 143.43 which corresponded
to C-2. Such 2-bond correlation which is usually not ob-
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served in the aromatic systems is quite interesting and may
be assumed to occur due to the presence of oxygenated sys-
tems like acetoxy and methoxy attached to the aromatic
ring which alter the electron distribution in favour of such
coupling. The correlation of the proton at & 7.26 with two
oxygenated carbons at §, 142.86 (C-3) and 143.43 (C-2)
thus confirmed its assignment to H-1 of 1f. The earlier as-
signment!0 of the above signal to H-10 of 1f failed to ac-
count for the above correlations. The other singlet signal at
0, 6.86 earlier assigned to H-1 of 1f must then correspond
to H-10 which showed 3-bond correlations with the car-
bons at §; 115.75 (C-1), 118.85 (C-4a), and 128.12 (C-8a),
besides a 1-bond correlation with the carbon at §; 102.52
(C-10) and a fairly strong 2-bond correlation with the car-
bon at §_ 152.87 (C-9) which could be assigned to a methoxy
bearing carbon atom. This provided the strongest evidence
for the placement of a methoxyl group at C-9 of 1f and
hence gymnopusin (1e) itself. Another convincing evidence
for the placement of a methoxyl group at C-9 of 1f was
provided by a strong 3-bond correlation of the readily iden-
tifiable proton H-8 (& 8.07) of 1f with the methoxybearing
carbon at §; 152.87 (C-9). H-8 of 1f also exhibited strong
3-bond correlations with the carbons at 5, 128.49 (C-4b)
and 121.36 (C-6), besides a 2-bond correlation with C-7
(8, 148.85) bearing an acetoxy group, and 1-bond correla-
tion with C-8 (6 114.03). The long-range correlations of H-
6 (87.41) and H-5 (6 9.58) of 1f also provided further evi-
dence in favour of its proposed structure. Thus, H-6 (§7.41)
showed strong 3-bond correlations with C-4b (5, 128.49)
and C-8 (6, 114.03), besides 1-bond correlation with C-6
(8c 121.36) and a weak 2-bond correlation with C-7 (&,
148.85). H-5 (6 9.58), likewise, exhibited strong 3-bond
correlations with C-7 (8, 148.85), C-4a (8, 118.85) and
C-8a (&, 128.12), besides 1-bond correlation with C-5 (&,
128.66). The aromatic methoxy! protons at § 4.0 (6H) and
4.02 (3H) also showed 3-bond correlations with carbons at
8, 142.86, 152.48, and 152.87, assigned to the methoxy-
bearing carbon atoms C-3, C-4, and C-9 respectively. All
the 3- and 2-bond 'H-13C correlations are depicted in the
structural diagram of 1f (Fig. 5). The structure of
gymnopusin diacetate is thus established as 1f and that of
gymnopusin itself as le.

Cirrhopetalanthrin (3a) which is the first naturally oc-
curring dimeric phenanthrene derivative, is another inte-
resting compound of biogenetic importance. The structure
of the compound including the sites of dimerization (C-1
and C-1’) was also established unamibiguously by 1-bond
and long-range heteronuclear (\H-'3C) correlation plots of
its tetracetyl derivative 3b obtained from HETCOR 2D ex-
periments using Jcy parameters set to 160 and 7 Hz res-
pectively. Thus, the readily identifiable protons H-5 (H-5")
[89.77], H-6 (H-6") [8 7.42] and H-8 (H-8") [§ 7.56] cons-
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Fig. 6. HETCOR contour plot of cirthopetalanthrin tetraacetate (3b) show-
ing long range (3-bond and 2-bond) 'H-13C correlations.

tituting an ABX pattern, and H-9 (H-9") [ 7.49] and H-10
(H-10") [8 7.16] representing an isolated AB system of 3b
showed strong 1-bond correlations with the carbons appear-
ing at &, 130.18, 120.82, 119.46, 128.50 and 125.65 res-
pectively. This permitted unambiguous assignments of the
above carbon resonances of 3b to C-5 (C-5"), C-6 (C-6"),
C-8 (C-8"), C-9 (C-9’) and C-10 (C-10") respectively. The
singlet proton signal at & 7.14 assigned to H-3 (H-3’) of 3b
also exhibited a similar 1-bond correlation with the car-
bons resonating at §, 104.07 which should then correspond
to C-3 (C-3") of the compound. Most convincing evidence
for the structure of 3b and hence for cirrhopetalan-thrin
(3a) itself was provided by the long-range HETCOR analy-
sis of 3b utilizing the results obtained from the above 1-
bond correlation experiment. Thus, the aromatic protons
resonating at & 7.14 [already assigned to H-3 (H-3’) of 3b]
showed strong 3-bond correlations with both C-1 (C-1°) [6,
119.18] and C-4a (C-4a’) [8, 117.53] (Fig. 6) in addition to
the 1-bond correlation which sometimes is also observed in
long-range experiments. The above protons also showed a
fairly strong 2-bond correlation with C-2 (C-2") [8 147.84],
which is quite interesting as stated earlier in connection
with similar observation with gymnopusin diacetate (1f).
The protons at § 7.16 [H-10 (H-10")] of 3b likewise exhi-
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bited strong 3-bond correlations with both nonprotonated
carbons C-1(C-1) [&; 119.18] and C-8a (C-8a") [§, 133.50],
besides 1-bond correlation with C-10 (C-10") (Fig. 6) con-
firming the dimerization to take place through C-1 of two
identical phenanthrene units. Similar 3-bond correlations
between H-9 (H-9") [§7.49] and C-10a (C-10a") [, 134.39]
and H-5(H-5") [69.77] and C-7(C-7’) [ 8, 148.48]of 3b were
also observed. The carbon atoms C-4 (C-4") of 3b bearing
the methoxyl groups exhibited an intense 3-bond correla-
tion with the folded-in methoxyl protons (6 4.25), and this
confirmed the signal at §, 159.18 to be assigned to these
carbon atoms. The structure of cirrhopetalanthrin tetracetate
is thus established as 3b, which, in turn, confirmed the struc-
ture of cirrhopetalanthrin as 3a.

Acknowledgement

The authors thank Dr. J. N. Shoolery, formerly of Varian,
Palo Alto, U.S.A., for recording the correlation contour plots
of confusarin, confusaridin, bulbophyllanthrin and
cirrhopetalanthrin tetraacetate and for helpful suggestions.
Thanks are also accorded to Prof. A. Banerji, Department
of Chemistry, University of Calcutta, for the XHCORR con-
tour plot of gymnopusin diacetate and fruitful discussions.

References

1. J.N. SHOOLERY, J. Nat. Prod., 1984, 47,226.

916

2.

3

10

12.

S. L. PaTT and J. N. SHOOLERY, J Magn. Reson., 1982, 46, 535

P. L. MAJUMDER, S BANERIEE, D. C. MAITI, and S. SEN, Phy-
tochemistry, 1995, 39, 649, and references cited therein.

(a) P. L. MAJUMDER, S BANERJEE, and S. SEN, Phytochemistry,
1996, 42, 847; (b) P. L. MAJUMDER, S. LAHIRI, and N MUKHOTI,
Phytochemistry, 1996, 42, 115; (c) P. L. MAJUMDER, M
ROYCHOWDHURY, and S CHAKRABORTY, Phytochemistry, 1997,
44,167, and references cited therein.

P. L. MAJUMDER, S BANERJEE, S. LAHIRI, N. MUKHOTI, and S.
SEN, Phytochemstry, 1997, 45, 000, and references cited therein

P. L. MAJUMDER and S. GHOSAL, J. Indian Chem Soc , 1991, 68,
88, and references cited therein

P. L. MAJUMDER and S. PAL, Phytochemistry, 1990, 29,2717, and
references cited therein.

P. L. MAJUMDER and A. KAR, Phytochemistry, 1987, 26, 1127

P. L. MAJUMDER, A. KAR, and J N. SHOOLERY, Phyto-chemistry,
1985, 24, 2083.

P L MAJUMDER and S. BANERIEE, Phytochemistry, 1988, 27,245

. P.L MAJUMDER and S. BANERJEE, IndianJ. Chem., Sect. B, 1989,

28,1085

P. L. MAJUMDER, A. PAL, and M. JOARDAR, Phytochemistry, 1990,
29,271,



