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Abstract

Three new prenylated ¯avones were isolated from the aerial parts of Neoraputia paraensis. On the basis of spectral data

these ¯avones were identi®ed as 5,7,5 '-trimethoxy-6-(30-hydroxy,30-methyl-trans-but-10-enyl)-3 ',4 '-methylenedioxy-¯avone;
5,4 '-dihydroxy-3 ',5 '-dimethoxy-6,7-(20,20-dimethylpyran)¯avone and 5,4 '-dihydroxy-8,3 ',5 '-trimethoxy-6,7-(20,20-dimethylpyran)-
¯avone. # 1999 Elsevier Science Ltd. All rights reserved.
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1. Introduction

The genus Neoraputia (Rutaceae), containing six
species, was described in 1978 by Emmerich during the
study of the tribe Cusparieae (Emmerich, 1978). Some
species previously described in Raputia, like R. paraen-
sis and R. alba, were moved to the new created genus
Neoraputia. The species Neoraputia alba was chemi-
cally investigated and ten ¯avones and one ¯avanone
were reported (Arruda, Vieira, Fernandes & Silva,
1993; Arruda et al., 1991). The main structural fea-
tures of these ¯avonoids were the highly methoxylated
substitution pattern and the presence in some struc-
tures of a 2,2-dimethylpyran moiety attached to the A-
ring of the ¯avone skeleton. In a previous paper
(Souza, Arruda & Arruda, 1995), we reported the iso-
lation of seven ¯avones from Neoraputia paraensis, six
highly methoxylated ¯avones and one pyrano¯avone.
In a continuation of our chemical investigation on this
species, we now report the isolation and structural de-
termination of three new prenylated ¯avones (1±3).

2. Results and discussion

Stems and leaves of N. paraensis were percolated
separately with hexane and dichloromethane, succes-
sively. The dichloromethane extract of leaves, when
submitted to chromatography on silica gel columns,
a�orded compounds 1 and 2. The dichloromethane
extract of stems, using similar techniques, furnished
compound 3. These compounds (1±3) were identi®ed
as ¯avones mainly via the characteristic 13C NMR sig-
nals of C-2, C-3 and C-4 (Table 1) (Markham &
Chari, 1982), together with their UV spectra (see
Experimental) (Markham & Mabry, 1982). Unlike 1,
compounds 2 and 3 have hydroxyl groups at C-5 pos-
itions (dH 13.05 and 12.75, respectively) supported by
the lower ®eld signals of carbon C-4 (dC 182.4 and
183.8, respectively).

Compound 1 was isolated as a colorless solid with a
molecular ion peak at m/z 440 (EIMS) corresponding
to the formula C24H24O8. The 1H NMR spectrum
showed two doublets at dH 6.74 and 6.84 (1H each,
J = 16.4 Hz) and a singlet at dH 1.41 (6H, a pair of
magnetically equivalent methyl groups) which is con-
sistent with a 3-hydroxy-3-methyl-trans-but-1-enyl moi-
ety (Khalid & Waterman, 1981). The mass spectral
fragments at m/z 381 [M-C3H7O]+ and 59 [C3H7O]+
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con®rmed this group. Further examination of the 1H

NMR spectrum revealed the presence of one methyle-
nedioxy group [dH 6.07 (s, 2H)], three methoxyls [dH
3.83, 3.97 and 4.00 (s, 3H each)] and an AB coupling

system [dH 7.07 and 7.11 (J=1.3 Hz)]. The AB coup-
ling system and fragment ion at m/z 176 (4), produced
by C-ring RDA ®ssion, indicated that the B-ring was

substituted at 3 ', 4 ' and 5 ' positions with a methylene-
dioxy and methoxyl group. The absence of a [M-15]+

peak in the mass spectrum suggested that there was no

methoxyl group attached to C-6 or C-8 on the A-ring

(Mabry & Markham, 1975). Moreover, the signals
observed at dC 96.8 and dH 6.80 are typical of a non-
substituted C-8 A-ring (Markham & Chari, 1982;

Markham & Mabry, 1982), therefore the 3-hydroxy-3-
methyl-trans-but-1-enyl substituent was assigned to C-
6 and the remaining methoxyls at C-5 and C-7. This

was con®rmed by the presence of a methoxyl signal at
dC 61.1 (OMe-5), which is characteristic of an ortho-
disubstituted methoxyl group (Panichpol & Waterman,
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1978). Finally, the 13C NMR spectral data supported
the proposed structure by comparison with values for
related compounds 6 and 7 (Khalid & Waterman,
1981; Arruda et al., 1993). From these spectral data, 1
was identi®ed as 5,7,5 '-trimethoxy-6-(30-hydroxy,30-
methyl-trans-but-10-enyl)-3 ',4 '-methylenedioxy-¯avone.

NMR, UV and EIMS data of compounds 2 and 3,
obtained as yellow prisms and yellow pellets respect-
ively, suggested very similar structures, with compound
3 having an additional methoxyl group {[M]+ m/z 396
(2) and 426 (3)}. UV showed bands at lmax 359 nm (2)
and 357 nm (3), typical of ¯avones, the bathochromic
shifts (54 and 55 nm, respectively) induced by 2 M
NaOH solution, indicating a 4 '-OH (Mabry, Markham
& Thomas, 1970). The symmetrical B-ring system for
both compounds, with methoxyl groups at C-3 ' and
C-5 ' [dH 4.00 (s, 6H) for 2 and 3.99 (s, 6H) for 3], was
con®rmed by the 1H NMR spectra showing a 2H sing-
let peak at dH 7.09 (2) and 7.19 (3) which corre-
sponded to the H-2 '/6 '. This was supported by the C-
ring RDA fragment ion at m/z 178 (5) in its mass spec-
trum. The presence of a 2,2-dimethylpyran ring was
deduced from the 6H singlet at dH 1.47 (2) and 1.60
(3) due to the gem-dimethyl group and two doublets
(J = 10.0 Hz) at dH 5.62 and 6.71 for (2) and 5.64 and

6.74 for (3), corresponding to the two cis-coupled ole®-
nic protons. The 2,2-dimethylpyran ring at 6- and 7-
positions on A-ring was deduced on the basis of 1H
NMR spectra of the diacetylated derivatives 2a and 3a
which exhibited up®eld shift for H-40 (0.21 and 0.23
ppm, respectively) and down®eld shift for H-30 (0.15
and 0.16 ppm, respectively). The acetylation of the 5-
OH group is observed to cause a marked diamagnetic
shift (Ddacetyl=+0.25 to +0.4) of the peri-H (H-40)
and a small paramagnetic shift (Ddacetyl=ÿ0.1 to
ÿ0.15) of H-30, attributed to steric e�ects, while the
acetylation of an angular system (2,2-dimethylpyran
ring at 7- and 8-positions) does not show any appreci-
able e�ect on H-40 (Arnone, Cardillo, Merlini &
Mondelli, 1967). Therefore, the remaining signals in
the 1H NMR spectrum of 2 dH 6.54 and 6.44 (s, 1H
each) were attributed to H-3 and H-8, respectively.
The absence of a singlet around dH 6.4 in the 1H
NMR spectrum of 3 was indicative of the presence of
a methoxyl group [dH 3.95 (s, 3H) and dC 62.1] at C-8.
The 13C NMR spectral data for 2 and 3 were assigned
by comparison with data from literature (8±10)
(Agrawal & Rastogi, 1981; Arruda et al., 1993). From
the above data, the structures 2 and 3 were character-
ized as 5,4 '-dihydroxy-3 ',5 '-dimethoxy-6,7-(20,20-
dimethylpyran)¯avone and 5,4 '-dihydroxy-8,3 ',5 '-tri-
methoxy-6,7-(20,20-dimethylpyran)¯avone, respectively.

3. Experimental

3.1. General

Mps uncorr. UV: MeOH; IR: KBr discs; EIMS: 70
eV, Finnigan-INCOS-X; 1H NMR (400 MHz) and 13C
NMR (100 MHz): Bruker-ARX 400, CDCl3 with
TMS as int. standard; 1H NMR (300 MHz) and 13C
NMR (75 MHz): Varian-GEMINI-300, CDCl3 and
CD3OD, d 7.26 for 1H and d 48.7 for 13C as int. refer-
ences; TLC: Silica gel 60H (Merck 7736); CC: Silica
gel (Merck 7734).

3.2. Plant material

Leaves and stems of Neoraputia paraensis (Ducke)
Emmerich were collected in Paragominas, State of
ParaÂ , Brazil in December 1991 and identi®ed by Dr.
Elisabeth van den Berg. A voucher specimen (code
number 8822) is deposited in the herbarium of the
Museu Paraense EmõÂ lio Goeldi, BeleÂ m, ParaÂ , Brazil.

3.3. Extraction and isolation

The dried and powdered leaves (1.53 kg) of N. para-
ensis were successively extracted with hexane, CH2Cl2
and MeOH at room temp. A part of the residue (10

Table 1
13C NMR spectral data for 1 and 2 (100 MHz, in CDCl3), 3 (75

MHz, in CD3OD) and model compounds 6, 7, 8 and 9

C 1 2 3 6a 7b 8b 9c 10c

2 161.8 163.8 166.0

3 107.6 104.5 108.9

4 175.8 182.4 183.8 182.3 181.8

5 157.2 156.4 150.7 151.5 155.3

6 117.6 105.4 105.6 105.7 104.7

7 159.8 159.5 152.4 152.1 158.1

8 96.8 95.1 129.8 128.3 94.8

9 159.8 157.0 150.3 149.1 156.3

10 111.9 105.7 105.3 104.7 104.7

1 ' 125.4 122.4 120.0 125.8 120.4

2 ' 107.0 103.5 103.3 106.5 104.2

3 ' 143.7 147.4 153.4 143.7 148.1

4 ' 149.4 138.5 145.0 149.4 139.7

5 ' 138.0 147.4 153.4 140.3 148.1

6 ' 102.4 103.5 103.3 102.2 104.2

10 144.5 143.7

20 114.3 78.0 79.4 114.7 78.0 77.8

30 69.9 128.1 129.5 70.4 128.0 128.8

40 30.3 115.5 116.3 30.2 115.5 114.2

50 30.3 28.3 28.4 30.2 28.0 27.7

60 28.3 28.4 28.0 27.7

OMe 56.7 56.5 62.1 56.8 61.4

OMe 56.9 56.5 58.8 56.2

OMe 61.1 58.8

OCH2O 100.4 100.3

a Data from Khalid and Waterman (1981) (DMSO-d6 as solvent).
b Data from Arruda et al. (1993) (CDCl3 as solvent).
c Data from Agrawal and Rastogi (1981) (CDCl3 as solvent).
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g), obtained after evaporation of the CH2Cl2 extract
(38 g), was subjected to silica gel CC and mixts of hex-
ane±CH2Cl2, CH2Cl2 and CH2Cl2±MeOH of increas-
ing polarity were used as eluents a�ording 40 frs. Fr.
14 eluted with CH2Cl2 was obtained as amorphous yel-
low solid. This was puri®ed by prep. TLC (CH2Cl2±
MeOH, 99:1) and after recrystallization (MeOH±
CH2Cl2) yielded 2 (45 mg). Frs 26±28 eluted with a
mixt. of CH2Cl2±MeOH were washed with MeOH to
a�ord 1 (29 mg) after recrystallization (CH2Cl2±
MeOH).

The dried and pulverized stems (2 kg) were treated
in the same manner as described above for the leaves.
A part of the residue (10 g), obtained after evapor-
ation. of the CH2Cl2 extract (18 g), was chromato-
graphed over silica gel, eluted ®rst with hexane
followed by hexane±CH2Cl2, CH2Cl2, CH2Cl2±EtOH
mixts. Frs 32±33 eluted with a mixt. of CH2Cl2±EtOH
were submitted to a selective dissolution with hexane±
CH2Cl2 7:3 and the remaining solid was puri®ed by
recrystallization (CH2Cl2±MeOH) yielding 3 (15 mg).

3.4. 5,7,5 '-Trimethoxy-6-(30-hydroxy,30-methyl-trans-
but-10-enyl)-3 ',4 '-methylenedioxy-¯avone (1)

Colorless solid, mp 200±2028C (MeOH±CH2Cl2);
UV lMeOH

max nm (log E ): 342 (4.50), 253 sh (4.49), 235
(4.59); IR nKBr

max cmÿ1: 3400, 1640, 1590, 1510, 1460,
1200, 1080; 1H NMR (400 MHz, CDCl3): d 6.54 (1H,
s, H-3), 6.80 (1H, s, H-8), 7.07 (1H, d, J=1.3, H-2 '),
7.11 (1H, d, J=1.3, H-6 '), 6.74 (1H, d, J=16.4, H-10),
6.84 (1H, d, J=16.4, H-20), 6.07 (2H, s, OCH2O),
3.83, 3.97 and 4.00 (3H each, s, 5-OMe, 7-OMe and
5 '-OMe), 1.41 (6H, s, 30-Me2);

13C NMR: Table 1;
EIMS m/z (rel. int.): 440 [M+] (2), 381 [M-59]+ (23),
351 (15), 264 (9), 217 (10), 176 (8), 59 (3), 57 (100).

3.5. 5,4 '-dihydroxy-3 ',5 '-dimethoxy-6,7-(20,20-
dimethylpyran)¯avone (2)

Yellow prisms, mp 228±2298C (MeOH±CH2Cl2);
UV lMeOH

max nm (log E ): 359 (4.45), 310 sh (4.27), 297
(4.33), 242 (4.48); IR nKBr

max cmÿ1: 3430, 1640, 1580,
1500, 1460, 1200, 1080; 1H NMR (400 MHz, CDCl3):
d 6.54 (1H, s, H-3), 6.44 (1H, s, H-8), 7.09 (2H, s, H-
2 '/6 '), 5.62 (1H, d, J=10.0, H-30), 6.71 (1H, d,
J=10.0, H-40), 4.00 (6H, s, 3 '/5 '-OMe), 1.47 (6H, s,
20-Me2), 6.00 (1H, s, 4 '-OH), 13.05 (1H, s, 5-OH); 13C
NMR: Table 1; EIMS m/z (rel. int.): 396 [M+] (30),
381 [M-15]+ (100), 365 (15), 203 (24), 181 (3), 178 (3),
69 (29).

3.6. Diacetylated derivative 2a

Acetylation (Ac2O-pyridine 1:1, room temp.) of 2 (7
mg) furnished, after work-up, 2a (6 mg). 1H NMR

(400 MHz, CDCl3): d 6.65 (1 H, s, H-3), 6.84 (1H, s,
H-8), 7.05 (2H, s, H-2 '/6 '), 5.77 (1H, d, J=10.0, H-
30), 6.50 (1H, d, J=10.0, H-40), 3.90 (6H, s, 3 '/5 '-
OMe), 1.49 (6H, s, 20-Me2), 2.37 and 2.48 (3H each, s,
2 � CH3CO).

3.7. 5,4 '-dihydroxy-8,3 ',5 '-trimethoxy-6,7-(20,20-
dimethylpyran)¯avone (3)

Yellow pellets, mp 191±1928C (MeOH±CH2Cl2);
UV lMeOH

max nm (log E ): 357 (4.34), 324 sh (4.29), 304
(4.33), 239 (4.38); IR nKBr

max cmÿ1: 3400, 1650, 1580,
1510, 1460, 1210, 1040; 1H NMR (300 MHz, CDCl3):
d 6.57 (1H, s, H-3), 7.19 (2H, s, H-2 '/6 '), 5.64 (1H, d,
J=10.0, H-30), 6.74 (1H, d, J=10.0, H-40), 3.99 (6H,
s, 3 '/5 '-OMe), 3.94 (3H, s, 8-OMe), 1.53 (6H, s, 20-
Me2), 12.72 (1H, s, 5-OH); 13C NMR: Table 1; EIMS
m/z (rel. int.): 426 [M+] (79), 411 [M-15]+ (100), 396
(17), 381 (13), 365 (24), 181 (19), 178 (5), 69 (50).

3.8. Diacetylated derivative 3a

Acetylation (Ac2O-pyridine 1:1, room temp.) of 3 (6
mg) furnished, after work-up, 3a (6 mg). 1H NMR
(300 MHz, CDCl3): d 6.56 (1H, s, H-3), 7.15 (2H, s,
H-2 '/6 '), 5.80 (1H, d, J=10.0, H-30), 6.51 (1H, d,
J=10.0, H-40), 3.98 (3H, s, 8-OMe), 3.90 (6H, s, 3 '/5 '-
OMe), 1.55 (6H, s, 20-Me2), 2.37 and 2.46 (3H each, s,
2 � CH3CO).
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