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Abstract

Careful 2D-NMR analyses of phenylphenalenes and dimeric phenylphenalenes isolated from Eichhornia crassipes allowed to revise

the structure of five of them.
© 2008 Elsevier Ltd. All rights reserved.
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Eichhornia crassipes, commonly known as water hya-
cinth, is invasive in much of the world where it often jams
rivers and lakes with uncounted thousands of tons of float-
ing plant matter.! In our search for compounds from aqua-
tic plants, phenylphenalene metabolite derivatives were
isolated from the ethyl acetate extract of E. crassipes and
characterized as methyl ether derivatives obtained by
treatment with methanolic CH,N,.> The structures were
determined, in previous papers,” to be 4,9-dimethoxy-
7-phenyl-2,3-dihydro-phenalen-1-olo-O-methyl ether, 4,9-
dimethoxy-7-(4'-methoxy-phenyl)-2,3-dihydro-phenalen-1-
olo-O-methyl ether, dimer 4, dimer 5, and dimer 7. How-
ever, based on the present detailed spectroscopic analysis,
their structures may have to be revised.

Phenylphenalenones represent a class of phenylpropa-
noid derived natural products that occur in the Musaceae
(genera Musa and Ensete)*™ as well as in other plant fam-
ilies such as the Haemodoraceae,”!? Pontederiaceae,>'"!?
and Strelitziaceae.'> Phenylphenalenones from Musaceae
and Haemodoraceae are of special interest because of their
potential role as phytoalexins and phytoanticipins.® ¢4
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The structure of compound 1 was revised using two-
dimensional NMR (COSY, NOESY, HSQC, and HMBC)
techniques. A molecular formula of C,,H»,03 (m/z obsd
334.1569, calcd 334.1566) was assigned using HR-EIMS.
The '"H NMR spectrum (Table 1) of 1 displayed signals
corresponding to two ortho-coupled aromatic protons (J
7.20 and 7.63), five aromatic protons of a monosubstituted
phenyl ring (6 6.96, 7.11, and 7.17), and one aromatic pro-
ton of a pentasubstituted phenyl ring (6 7.10, s). The COSY
spectrum indicated that the signals located at 6 2.09, 2.19,
2.48, and 3.12 corresponded to two vicinal methylenes and
the first was coupled directly bound to a benzylic methine,
whose signal was located at & 4.88. Furthermore, the 'H
NMR spectrum showed the presence of three methoxyl
groups (& 3.95, 3.91, and 3.48). The '*C NMR spectrum
(Table 1) showed 19 signals, that were identified by a
DEPT experiment, as three methyls, two methylenes, six
methines, and eight quaternary carbons. All the carbons
were correlated to the respective protons using an HSQC
experiment. The connectivity of these fragments was made
by the analysis of the HMBC data that was essential to
revise the structure of phenalene 1. The benzyl proton
and the methylene (6 2.09 and 2.19) attributed to the H-2
gave cross-peaks with the carbons at 6 145.6 and 127.8
(C-1" and C-9a), both the methylenes were correlated to
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Table 1
NMR spectral data of compound 1 in CDCly
Position ou J (Hz) NOESY dc HMBC®
1 4.88 dd 4.6,2.5 2'/6 38.4 ()¢ 2,3,9,9a, 9, 1", 2'/6
2ax 2.09 dddd 13.1, 13.1, 4.6, 4.6 29.2 (s) 1,3,3a,9,1
2eq 2.19 dddd 13.1, 4.6, 2.5, 2.5 2'/6'
3ax 2.48 ddd 17.0, 13.1, 4.6 2'/6 18.1 (s) 1,2, 3a, 4,9
3eq 3.12 ddd 17.0, 4.6, 2.5
3a 121.0 (q)
4 151.8 (q)
5 7.20d 9.0 4-OMe 112.3 (1) 3a, 4, 6a
6 7.63 d 9.0 125.1 (v) 4, 6a, 7
6a 126.2" (q)
7 7.10 s 8-OMe 105.7 (t) 6, 6a, 9, 9b
8 150.7 (q)
9 146.1% (q)
9a 127.8 (q)
9b 126.9" (q)
iy 145.6% (q)
2'/6 6.96 d 7.5 1, 2eq, 3ax, 9-OMe 128.0 (t) L4
3'/5 717t 7.5 128.0 (t) U, 4
4 711t 7.5 125.7 (t) 2'/6', 3'/5
4-OMe 391s 5 56.3 (p) 4
8-OMe 3.95s 7 55.4 (p) 8
9-OMe 348 s 2'/6 60.7 (p) 9

2 TH chemical shift values (9 ppm from SiMe,) followed by multiplicity and then the coupling constants (J in Hz).

® HMBC correlations from H to C.

¢ Letters, p, s, t and q, in parentheses indicate, respectively, the primary, secondary, tertiary, and quaternary carbons, assigned by DEPT.

9 Values with same superscript were exchangeable.

the carbon at 6 121.0 (C-3a). The H-3 protons were also
correlated to the carbons at ¢ 151.8 and 126.9 (C-4 and
C-9b). Besides the already-reported correlations, the H-5
and H-6 protons were correlated to the C-4 and C-6a (6
126.2) carbons. Finally, the H-7 proton was correlated to
the carbons at 6 125.1 and 146.1, (C-6 and C-9) and to
C-6a, C-9b.

The conformation of 1 was determined by the coupling
constants of the aliphatic part and from the observed
NOESY cross-peak. The pseudo equatorial orientation of
H-1 was established by the coupling constants (4.6,
2.5 Hz), and the trans-axial coupling constant of H-2ax
with H-3ax (13.1 Hz) indicated a pseudo-chair conforma-
tion of this ring. Consistently with these observations,
H-2'/6' showed NOE interactions with the H-2eq and
H-3ax indicating that these protons are oriented to the
same side of the monosubstituted phenyl ring. Further-
more, the pseudo equatorial orientation of H-1 was
confirmed by a NOE cross-peaks of this proton and
9-OMe. Additional NOE cross-peaks were observed for
H-5 and H-7 with the methoxyl groups at C-4 and C-8§,
respectively. Therefore, the revised structure of compound
1 was determined as 4,8,9-trimethoxy-1-phenyl-2,3-dihy-
dro-1H-phenalene. Phenylphenalene 1 had an [oc]lz)o +52
and the CD spectrum showed [0]z460 —24700, [0]3110
6100, [0]97.0 —3800, [0]>74.0 +21900. These data compared
with that of a similar known compound'? reasonably
indicated a S configuration at C-1.

Compound 2 had in the HR-EIMS spectrum a molecu-
lar ion peak at m/z 364.1672 and showed 21 carbon signals

in the >*C NMR spectrum'” consistent with a molecular
formula C>3H,40,. The "H NMR spectrum'> showed seven
aromatic protons, four methoxyls, two methylenes, and a
benzylic methine. These data resembled those of phenalene
1 except for the presence of an additional methoxyl group.
Accordingly to the structure, in a NOESY experiment the
methoxyl (¢ 3.73) had relation with the broad doublet at
4 6.72 assigned to the H-3'/H-5 protons. Therefore, the
revised structure of compound 2 was determined as 4,8,
9-trimethoxy-1-(4'-methoxyphenyl)-2,3-dihydro-1 H-phena-
lene. Phenylphenalene 2 had an [oc]%f +49 and the CD spec-
trum showed [9]350'0 —22000, [0]30&0 5000, [0]30()'0 —4000,
[0hs20 +19000, indicating the same configuration of
phenylphenalene 1 at C-1.

The structure of compound 3 was revised using two-
dimensional NMR (COSY, NOESY, HSQC, and HMBC)
techniques. A molecular formula of C44H4,0¢ (m/z obsd
667.2979 [M+H]", caled 667.2981) was assigned using
HR-MALDI-MS. The '"H NMR spectrum (Table 2) of 3
displayed signals corresponding to two ortho-coupled aro-
matic protons (6 7.04 and 7.07) and five aromatic protons
of a monosubstituted phenyl ring (6 7.10, 7.20, and 7.29).
Furthermore, the spectrum showed the H-1 benzyl proton
(0 4.98), the H-2 methylene (§ 2.30, m), and the H-3 meth-
ylene as two double-double doublets at 6 3.16 and 2.57.
Finally, the "H NMR spectrum showed the presence of
three methoxyl groups (& 3.86, 3.65, and 3.62). The *C
NMR spectrum (Table 2) showed only 18 signals that were
identified by a DEPT experiment, as three methyls, two
methylenes, five methines, and eight quaternary carbons.
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Table 2

NMR spectral data of compound 3 in CDCly

Position o J (Hz) NOESY® Sc HMBC"
1/1” 4.98 dd 4.6,2.5 9-OMe, 2'/6' 38.9 (t)de 2,3,9a,9b, ', 2'/6
2/2" 2.30 2'/6 29.3 (s) 1,3, 3a,9a, I
3ax/3"ax 2.57 ddd 16.8, 12.8, 4.8 2'/6' 18.4 (s) 1, 2, 3a, 4, 9b
3eq/3"eq 3.16 ddd 16.8,4.8,2.4

3a/3a” 120.7 (q)

4/4" 152.5 (q)

5/5" 7.04 d 9.0 4-OMe 112.1 (1) 3a, 4, 6a

6/6" 7.07d 9.0 124.7 (t) 4, 6a, 7
6a/6a” 125.0 (q)

77" 120.7 (q)

8/8" 149.3 (q)

9/9" 148.8 (q)

9a/9a” 126.2 (q)

9b/9b” 129.1 (q)

/1" 1459 (q)

212" 16 /6" 7.10d 8.0 1,9-OMe 128.2 (t) 1.4

3//3M" (5! 5" 7.29 t 8.0 128.2 (t) g

4 /4" 7.20 t 8.0 125.9 (1) 2'/6, 3'/5
4/4-OMe 3.86's 5 56.2 (p) 4

8/8'-OMe 3.62s 60.7" (p) 8

9/9'-OMe 3.65s 1,2'/6 60.6" (p) 9

2 'H chemical shift values (§ ppm from SiMey) followed by multiplicity and then the coupling constants (J in Hz).

® Data are given for half molecule.
¢ HMBC correlations from H to C.

9 Letters, p, s, t and q, in parentheses indicate, respectively, the primary, secondary, tertiary, and quaternary carbons, assigned by DEPT.

¢ Values with same superscript were exchangeable.

These data indicate a highly symmetric molecule. The car-
bons were correlated to the respective protons by an HSQC
experiment. The analysis of the HMBC data was decisive
to revise the structure of the dimeric phenalene 3. Accord-
ing to the structure in the HMBC spectrum (Table 2) both
the H-1/H-1" and the H-2/H-2" protons were correlated to
the C-3/C-3" at 6 18.4 and the C-9a/C-9a” at 6 126.2 and
C-1'/C-1" at ¢ 145.9; furthermore, the H-2/H-2” and
H-3/H-3" protons were correlated to the C-3a/C-3a” and
C-9b/C-9b” carbons at & 120.7 and 129.1, respectively.
The H-5/H-5" and H-6/6" protons were correlated to the
C-4/C-4" and C-6a/C-6a" carbons at é 152.5 and 125.0,
respectively.

The analysis of the NOESY spectrum (Table 2) evi-
denced NOEs between the H-2'/H-2""/H-6'/H-6" protons

with H-1/H-1”, H-2/H-2" and H-3ax/H-3"ax, the H-5/H-
5" proton with 4/4”-OMe, the H-1/H-1” and the H-2'/2"/
6'/6" protons with 9/9”-OMe. These data confirmed the
revised structure of 4,4”,8,8”,9,9”-hexamethoxy-1,1"-di-
phenyl-2,2" 3 3"-tetrahydro-7,7"-bi(1 H-phenalene) for com-
pound 3.

Compound 4 had in the HR-MALDI-MS spectrum a
pseudo molecular ion peak at m/z 727.3189 [M+H]" and
showed 21 carbon signals in the '*C NMR spectrum'® con-
sistent with a molecular formula CssH4cOs. The 'H NMR
spectrum'® showed six aromatic protons, four methoxyls,
two methylenes and a benzylic methine. These data resem-
bled those of phenalene 3 except for the presence of an
additional methoxyl group. Accordingly to the structure,
in a NOESY experiment the methoxyl (6 3.79) had relation
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with the broad doublet at § 6.83 assigned to the H-3'/H-3"/
H-5'/H-5" protons. Therefore, the revised structure of
compound 4 was determined as 4,4”,8,8”7,9,9" 44" -
octamethoxy-1,1"-diphenyl-2,2" 3,3"-tetrahydro-7,7"-bi( 1 H-
phenalene).

Compound 5 had the same molecular formula as 4 as
deduced from a molecular peak at m/z 727.3190 in the
HR-MALDI-MS spectrum. The '"H NMR spectrum (Table
3) showed the presence of one phenyl group with four
coupled protons in a AA’XX' system, two ortho-coupled
aromatic protons, a benzyl proton, two methylenes, and
four methoxyl groups. In the *C NMR spectrum (Table
3) 21 carbon signals were present, and the DEPT experi-
ment showed four methyls, two methylenes, five methines,
and 10 quaternary carbons. The 'H and '*C resonances of
dimeric phenalene 5 were assigned by a combination of
COSY, NOESY, DEPT, HMQC, and HMBC experiments.
The HMBC spectrum of compound 5 showed cross-peaks

Table 3
NMR spectral data of compound 5 in CDCly
Position dy® J (Hz) NOESY® ¢ HMBC®*¢
1/1” 4.94 dd 4.6,2.5 9-OMe, 38.7 (t)d’e 2, 3, 9b,
2'/6 1,2/6
2/2" 2.27 2'/6' 29.4 (s) 1, 3, 3a,
9a, I’
3ax/ 2.53ddd 16.8,12.8,48 2//¢ 18.2 (s) 1, 2, 3a,
3"ax 4, 9b
3eq/ 3.17ddd 16.8,4.8,24
3//eq
3a/3a" 120.5 (q)
4/4” 7.10d 9.0 124.8 (t) 3, 3a, 6,
9b
5/5" 6.99 d 9.0 6-OMe 111.8 (t) 3a, 4, 6,
6a
6/6" 152.4 (t)
6a/6a” 126.2 (q)
77" 113.0 (q)
8/8" 148.8 (q)
9/9" 149.2 (q)
9a/9a" 125.0 (q)
9b/9b” 128.8" (q)
/1" 137.7 (q)
22" 696brd 8.0 1,2,3ax, 1289"(t) 1,4
6'/6" 9-OMe
3/3"/ 6.78 brd 8.0 4-OMe 113.4 (t) I
5//5///
4' /4™ 157.7 (t)
6/6'- 3.84s 5 56.0(p) 6
OMe
8/8'- 3.56 s 60.4% (p) 8
OMe
9/9'- 3.63s 1,2'/¢ 60.8% (p) 9
OMe
4[4 3.76 s 3'/5 552 (p) 4
OMe

2 'H chemical shift values (3 ppm from SiMe,) followed by multiplicity
and then the coupling constants (J in Hz).

® Data are given for half molecule.

¢ HMBC correlations from H to C.

4 Letters, p, s, t and q, in parentheses indicate, respectively, the primary,
secondary, tertiary, and quaternary carbons, assigned by DEPT.

¢ Values with same superscript were exchangeable.

of H-1 with C-2, C-3, C-9, C-9b, C-1’, and C-2'/C-6/, both
the H-2 and the H-3 protons with the C-3a and the C-9b
carbons. The C-3a carbon was also correlated to the H-4
and H-5 protons that were both correlated to the C-6 car-
bon. The analysis of the NOESY spectrum (Table 3) evi-
denced NOEs between the methoxyl at ¢ 3.76 with broad
doublet at § 3.78 assigned to the H-3'/H-3"/H-5/H-5"
protons; the methoxyl at ¢ 3.84 with H-5, and the methoxyl
at 6 3.63 with H-2'/H-2""/H-6'/H-6"" and H-1/H-1’ protons.
Therefore, the revised structure of compound 5 was deter-
mined as 6,6",8,8”,9,9”,4' 4”-octamethoxy-1,1”-diphenyl-
2,2".3,3"-tetrahydro-7,7"-bi(1 H-phenalene).
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