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Abstract:- The highly functionalized on rings A and C with relative configuration (2,3-trans-3,4-
trans)-3,4,5,8-tetramethoxy-(2’’,3’’:7,6)-furanoflavan has been isolated from Diplotropis ferruginea Benth 
and its structure established by spectroscopic techniques as well as x-ray crystallographic analysis. 
1D and 2D NMR spectra were also used to complete 1H and 13C chemical shift assignments 

 

 

 

Introduction 

 

The Diplotropis genus, of the Fabaceae 

family, comprises about 16 species, including 

Diplotropis ferruginea Benth, and very little is known 

about its chemistry. There are only two papers in 

the literature describing the isolation of quinolizidine 

alkaloids from Diplotropis martiusii1 and flavonoids, 

steroids and triterpenes from Diplotropis purpurea.2 

Diplotropis ferruginea is a tree found in Northeastern 

Brazil commonly know as “sucupira-preta”, and it is 

used as folk medicine to treat the symptoms of 

rheumatism, arthritis and diabetes.3  

 

 

The tree is widely distributed in the States 

of Bahia and Rio Grande do Norte, Brazil.  

In the present paper, we report results of the 

first phytochemical study of the species Diplotropis 

ferruginea. From a 95 % EtOH extract the 

furanoflavan 1 was isolated. The structure (2,3-trans-

3,4-trans)-3,4,5,8-tetramethoxy-(2’’,3’’:7,6)-furano-

flavan (1) was determined by means of spectroscopic 

techniques, especially EIMS and 1D and 2D NMR, 

and X ray crystallography. The 1D and 2D NMR 

spectra were also used to assign unambiguously the 
1H and 13C chemical shifts (Table 1). 
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Experimental 

 

 

Material and Isolation of 1 

The plant material (stem barks) was 

collected in September 2002 near the city of 

Caraubas in the State of Rio Grande do Norte. A 

voucher specimen (Agra 9999) is deposited in the 

Herbarium Prof Lauro Pires Xavier, Laboratório de 

Tecnologia Farmacêutica, Universidade Federal da 

Paraíba, João Pessoa, Paraiba, Brazil. 

The dried and powdered stem barks (10 

kg) of D. ferruginea were extracted with 95% EtOH, 

yielding after removal of the solvent, 413 g of the 

Crude Ethanol Extract (CEE). The CEE was 

suspended in H2O and partitioned with hexane and 

CHCl3. The hexane extract (55.6 g) was dissolved in 

hot MeOH and left in a freezer for 24 h, yielding a 

yellow precipitate, which after recrystallization from 

hexane furnished 1 (2.35 g). 

 

 

NMR Spectra 
1H and 13C NMR spectra were run on a Jeol 

Eclipse+ 400 spectrometer operating at 400 MHz for 1H 

and 100 MHz for 13C, using CDCl3 as solvent 

(approximately 10 mg of sample were dissolved in 0.5 

mL of solvent and transferred into a 5 mm NMR tube) 

and solvent signals were used as internal reference for 

the chemical shifts δH 7.26 (CHCl3) and δC 77.00 

(CDCl3). The one-dimensional (1D) 1H and 13C NMR 

spectra were acquired under standard conditions (5 mm 

multinuclear probe). The two-dimensional (2D) 

experiments were acquired and processed with the 

Delta software provided by Jeol. Standard pulse 

sequences were used for all experiments. 1H-1H-COSY 

spectra were obtained with X-points 512/Y-points 256, 

X-resolution 11.7 Hz/Y-resolution 23.4 Hz, X-acquisition 

time 85.4 ms/Y-acquisition time 42.7 ms, pulse 90o, 

relaxation delay 1.5 s, zerofill: 4. For homonuclear 2D 
1H-1H-NOESY experiments were used mixing time 0.5 

s, X-points 512/Y-points 256, X-resolution 11. 
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7Hz/Y-resolution 23.4 Hz, X-acquisition time 85.4 

ms/Y-acquisition time 42.7 ms, pulse 90o relaxation 

delay 1.5 s, zerofill: 4. Two-dimensional inverse 

hydrogen detected heteronuclear shift correlation 
1H-13C-HMQC-1JCH spectra were obtained with 1JCH 

= 140 Hz, X-points 1024/Y-points 128, X-resolution 

5.86 Hz/Y-resolution 196 Hz, X-pulse 90o/Y-pulse 

90o, X-acquisition time 0.17 s/Y-acquisition time 

5.09 ms, pulse 90o, relaxation delay 2.0 s, gradient 

1/3 1 ms square, zerofill: 4). Two-dimensional 

inverse hydrogen detected heteronuclear long-

range correlation 1H-13C-HMBC-nJCH (n=2 and 3) 

experiments were carried out by using nJCH = J 

constant 140 Hz/J long range 8 Hz, X-points 

1024/Y-points 128, X-resolution 5.86 Hz/Y-

resolution 196 Hz, X-pulse 90o/Y-pulse 90o, X-

acquisition time 0.17 s/Y-acquisition time 5.09 ms, 

pulse 90o, relaxation delay 2.0 s, gradient 1/3 1 ms 

square, zerofill: 4). 

            

 

Results and Discussion 

 

Furanoflavan 1 was isolated as yellow 

crystals, [α]23
D + 47o (CHCl3, c 0.425), melting point 

114-115o C. The UV spectrum showed absorptions 

at λmax (MeOH) 263 and 250 nm, which is typical of 

a flavan chromophore. The EIMS revealed a 

molecular ion peak at m/z 370 daltons ([M].+), which 

together with the 1H (1D and 2D 1H-1H-COSY), 13C 

(HBBD and APT) and 1H-13C-COSY-nJCH (n=1, 

HMQC; n=2 and 3, HMBC) NMR spectral data 

(Table 1) led to the deduction of the molecular 

formula C21H22O6 (11 degrees of insaturation) 

compatible with a flavan skeleton. 

 

 

 

(1)                                      (1a) 
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Table 1. 1H (400 MHz) and 13C (100 MHz) NMR for 1 in CDCl3 as solvents and residual CDCl3 used as internal 

references (δH 7.24 and δC 70.00), compared with data described in the literature for linear (1) and its angular 

isomer.4,5 Chemical shifts (δ, ppm) and coupling constants (J, Hz, in parenthesis).* 

 

a Number of hydrogens bound to carbon atoms deduced by comparative analisys of {1H}- and APT-13C 

NMR spectra. Homonuclear 2D 1H-1H-COSY spectrum was also used in these assignments. Chemical 

shifts and coupling constants (J) obtained from 1D 1H NMR spectrum. a Chemical shift in disaccord with 

the prediction based on the comparative analysis of this furanoflavan.  

 

 

 

The 1D 1H and 13C ({1H} and ATP) together 

with the 2D 1H-13C-COSY-nJCH (n=1, HMQC; n=2 

and 3, HMBC) NMR spectra led to the elucidation of 

a highly methoxylated flavan with a furan ring 

bonded to the ring A and ring B unsubstituted. The 
1H NMR spectrum revealedthe presence of a phenyl 

group by signals at δH 7.46 (dd, J=8.0 and 1.4 Hz, 

H-2’/H-6’), 7.36,  (t, J=8.0 Hz, H-3’/H-5’) and 7.30, 

dd, J=8.0 and 1.4 Hz, H-4’), which showed 

correlations in the HMQC with 13C signals at δC 

126.56 (CH-2’/CH-6’), 128.19 (CH-3’/CH-5’) and 

127.78 (CH-4’). The location of this phenyl group at 

carbinolic carbon atom CH-2 [δH/δC: 5.02 (d, 6.6 

Hz)/80.45] was deduced by heteronuclear long-range 

spin-spin interactions between C-1’ (δC 138.79), H-3’/H5’  

 

 

(δH 7.36, 3JCH), H-2 (δH 5.02, 2JCH) and H-3 (δH 3.90, 
3JCH) as well as by correlations of the 13C signal of 

the CH-2 (δC 80.45) with both the 1H signals at δH 

7.46 (H-2’/H-6’, 3JCH) and 4.79 (H-4, 3JCH) observed 

in the HMBC spectrum (Table 1). The homonuclear 

spin-spin couplings of H-3 (δH 3.90) with both H-2 

(δH 5.02) and H-4 (δH 4.79) 2D were revealed by the 

2D 1H-1H-COSY spectrum, which also showed the 

interaction of H-2’’ (δH 7.50, d, J=2.6 Hz) and H-3’’ 

(δH 6.86, d, J=2.6 Hz) of the furan ring. The direct 

heteronucler correlations of these 1H signals of the 

heterocyclic (ring C) and furan rings with the 

corresponding 13C signals was deduced through of 

cross-peaks observed in the HMQC spectrum: δH/δC: 

5.02/80.45 (CH-2), 3.90/82.84 (CH-3), 4.79/74.47 

 1 (this paper) Literature data4,5 Angular isomer5 
 δC δH 

2JCH 
3JCH δH 4 δC 5 δH δC 

C         
5 147.29 -  H-4; MeO-5 - 147.6 - 148.6 
6 113.74 - H-3’’ H-2’’ - 114.1 - 133.9 
7 148.53 -  H-2’’; H-3’’ - 148.7 - 148.3 
8 129.62 -  MeO-8 - 130.0 - 114.2 
9 144.99 -  H-2; H-4 - 145.4 - 143.0 

10 111.02 - H-4 H-3 - 111.4 - 110.6 
1’ 138.79 - H-2 H-3; H-3’/H- - 139.1 - 138.4 

CH         
2 80.45 5.02 (d, 6.6)  H-2’/H-6’; H- 5.02 (d) 80.5 5.15 (d, 6.5) 70.7a 
3 82.84 3.90 (dd, 6.6, H-2; H- MeO-3 4.10-3.90 82.9 3.91 (dd, 6.5, 82.0 
4 74.47 4.79 (d, 4.4) H-3 H-2; MeO-4 4.80-4.78 74.5 4.66 (d, 4.7) 74.7 

2’, 6’ 126.56 7.46 (dd, 8.0,  H-2; H-4’ 7.50-7.28 126.6 7.39 (m) 126.5 
3’, 5’ 128.19 7.36 (t, 8.0)   7.50-7.28 128.2 7.39 (m) 128.2 

4’ 127.78 7.30 (dd, 8.0,  H-2’/H-6’ 7.50-7.28 127.7 7.39 (m) 127.7 
2” 143.51 7.50 (d, 2.6) H-3’’  7.52 (d, 2.0) 143.5 7.51 (d, 2.2) 143.7 
3” 104.80 6.86 (d, 2.6) H-2’’  6.84 (d, 2.0) 104.8 6.82 (d, 2.2) 104.4 

CH3         
MeO-3 58.04 3.29 (s)  H-3 3.38 (s) 58.3 3.28 (s) 58.6 
MeO-4 56.67 3.35 (s)  H-4 3.44 (s) 56.7 3.38 (s) 57.0 
MeO-5 60.49 4.06 (s)   4.08 (s) 60.6 4.07 (s) 60.9 
MeO-6 - - - - - - 3.98 (s) 61.6 
MeO-8 61.27 4.04 (s)   4.04 (s) 61.3 - - 
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(CH-4), 7.50/ 143.51 (CH-2’’) and 6.86/104.80 (CH-

3’’). The identification of the 1H signals of the MeO-3 

and MeO-4 was based in the HMBC spectrum, 

which showed spin-spin interaction (3JCH) of the CH-

3 (δC 82.84 ) with MeO-3 (δH 3.29) and CH-4 (δC 

74.47) and MeO-4 (δH 3.35), as shown in Table 1.  

The presence of a methoxyl group at 

carbon C-5 (δC 147.29) was established by long-

range interaction of the signal at δC 147.29 (C-5) 

with both H-4 (δH 4.79, 3JCH) and MeO-5 (δH 4.06, 
3JCH). The dipolar-dipolar interaction revealed by 

NOE effect (Figure 1) between the hydrogen atoms 

of the MeO-5 (δH 4.06) and H-3’’ (δH 6.86) was used 

to include the carbon atoms C-6 and C-7 of the 

flavan skeleton in the furan ring (1). Consequently, 

the remaining methoxyl group (δH/δC: 4.04/61.27) 

was located at C-8, which was confirmed by the 

long-range coupling of this C-8 (δC 129.62) with the 

hydrogens of the MeO-8 (δH 4.04, 3JCH). The 13C 

chemical shifts of the methoxyl groups MeO-5 (δC: 

60.49) and MeO-8 (δC: 61.27) are consistent with 

their hindered positions. A methoxyl group free of 

hindrance and linked to a sp2 carbon atom will give 
13C signals at about δC 56 ppm. 

The main peaks observed in the EIMS are in 

accordance with structure 1, as reveals the proposed 

fragmentation mechanisms summarized in Scheme 1. 

The relative stereochemistry of 1 was 

determined from the coupling constants revealed by 
1H signals corresponding to H-2, H-3 and H-4 

(Table 1) and by NOE effects observed 1H-1H-

NOESY spectrum (Figure 1). The values corresponding 

to the vicinal interaction (3JH,H) between the hydrogens 

H-2 and H-3 (J= 6.6 Hz) and H-3 (dd, J=6.6 and 4.4 

Hz) with both H-2 and H-4 (J=4.4 Hz) are consistent 

with the relative configuration showed in 1 and 1a. 

Consistently with these deductions, the NOESY 

spectrum showed cross peaks attributed to dipolar 

interaction (space proximity, Figure 1), which was 

also used to confirm the location of the methoxyl 

groups: MeO-8 (δH 4.04) with H-2’/H-6’ (δH 7.46); MeO-

5 (δH 4.06) with both H-3” (δH 6.86) and H-4 (δH 4.79); H-

3 (δH 3.90) with H-2’/H-6’ (δH 7.46) and H-2 (δH 5.02) with 

H-4 (δH 4.79). 
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Scheme 1. Proposed fragmentation mechanisms of 1 (only peaks classified as principals) 
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All the data discussed above led to the 

relative configuration (2,3-trans-3,4-trans)- 3,4,5,8-

tetramethoxy-(7,6:2’’,3’’)-furanofla-van (1). Despite 

the great distribution of flavonoids in nature, this 

type of structure has only been found in the genus 

Derris araripensis4 and Lonchocarpus subglaucescens5. 

The NOE effect between MeO-8 and H-2’/H-6’ 

(Figure 1) points to the possibility of an induced 

deshielding in the H-2 of the isomer (2,3-trans-3,4-

trans)- 3,4,5,6-tetramethoxy-(7,8:2’’,3’’)-furanofla-van 

(angular isomer)5 by an anisotropic effect, in 

accordance with the difference observed in the 

chemical shifts of the H-2 and H-4 of the linear (1) 

and angular isomers, without neglecting the possibility 

of small conformational change. Thus, this angular 

isomer revealing signals of H-2, H-3 and H-4 with 

coupling constants similar to those observed in the 

linear isomer (e. g. 1) may also be an indication of a 

(2,3-trans-3,4-trans) relative configuration.  

X-ray crystallographic analysis was used to 

confirm the relative configuration of 1 isolated from 

Diplotropis ferruginea. Several small crystals of it 

were indexed on a Bruker CCD diffractometer using 

40 frames with an exposure time of 40 seconds per 

frame.  All of them exhibited the same orthorhombic 

cell.  One crystal with good reflection quality was 

chosen for data collection. A total of 7854 reflections 

were collected in the hemisphere of the reciprocal 

lattice of the orthrombic cell. An empirical absorption 

correction using the program SADABS6 was applied 

to all observed reflections. The structure was solved 

with direct methods using the SIR97 program.7  Full 

matrix least-squares refinement on F2 was carried out 

using the SHELXTL program.6 The final agreement 

factor values are R1 = 0.0848, wR2 = 0.1469          

(I > 2σ). Figure 2 shows the ORTEP plot of the 

structure. The conformation is consistent with NMR 

assignment. The bond lengths and angles are reported 

in Tables 2 and 3. 

   
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Table 2. Bond lengths of 1. 
 
 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

OO

OMe

OMe

OMe
OMe

H

HH

1

2

3
4

5
6

7
8

9

10

1'

3'
4'

5'

6'

1''

2''

3''

H 2'

NOE NOE

NOE

NOE

 
Figure 1.  Important 1H-1H NOESY correlations 

for diplotropin (1). 
 

 

Figure 2. ORTEP plot of diplotropin (1). 

Bond D (Å) Bond d (Å) 

O(1)-C(9) 1.366(4) C(6)-C(23) 1.429(5) 

O(1)-C(2) 1.445(3) C(7)-C(8) 1.354(4) 

C(2)-C(11) 1.485(4) C(7)-O(21) 1.390(4) 

C(2)-C(3) 1.528(4) C(8)-O(8) 1.387(4) 

C(3)-O(3) 1.423(3) C(8)-C(9) 1.387(4) 

C(3)-C(4) 1.524(4) O(8)-C(81) 1.406(4) 

O(3)-C(31) 1.416(4) C(9)-C(10) 1.393(4) 

C(4)-O(4) 1.435(3) C(11)-C(12) 1.370(5) 

C(4)-C(10) 1.504(4) C(11)-C(16) 1.383(4) 

O(4)-C(41) 1.408(4) C(12)-C(13) 1.369(5) 

C(5)-O(5) 1.367(4) C(13)-C(14) 1.385(5) 

C(5)-C(6) 1.394(4) C(14)-C(15) 1.378(5) 

C(5)-C(10) 1.412(4) C(15)-C(16) 1.383(5) 

O(5)-C(51) 1.402(4) O(21)-C(22) 1.375(5) 

C(6)-C(7) 1.402(4) C(22)-C(23) 1.306(5) 
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         Table 3.  Bond angles of 1. 
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Angle degree
s 

Angle degrees 

C(9)-O(1)-C(2) 114.9(2) C(7)-C(8)-O(8) 121.1(3) 

O(1)-C(2)-C(11) 107.8(2) C(7)-C(8)-C(9) 116.2(3) 

O(1)-C(2)-C(3) 108.7(2) O(8)-C(8)-C(9) 122.1(3) 

C(11)-C(2)-C(3) 114.2(3) C(8)-O(8)-C(81) 115.8(3) 

O(3)-C(3)-C(4) 108.7(2) O(1)-C(9)-C(8) 117.2(3) 

O(3)-C(3)-C(2) 110.6(2) O(1)-C(9)-C(10) 121.0(3) 

C(4)-C(3)-C(2) 111.0(3) C(8)-C(9)-C(10) 121.8(3) 

C(31)-O(3)-C(3) 115.2(3) C(9)-C(10)-C(5) 119.5(3) 

O(4)-C(4)-C(10) 108.7(2) C(9)-C(10)-C(4) 121.5(3) 

O(4)-C(4)-C(3) 109.6(3) C(5)-C(10)-C(4) 119.0(3) 

C(10)-C(4)-C(3) 113.0(2) C(12)-C(11)-C(16) 118.6(4) 

C(41)-O(4)-C(4) 114.7(3) C(12)-C(11)-C(2) 120.2(3) 

O(5)-C(5)-C(6) 124.4(3) C(16)-C(11)-C(2) 121.1(3) 

O(5)-C(5)-C(10) 115.8(3) C(13)-C(12)-C(11) 120.8(4) 

C(6)-C(5)-C(10) 119.8(3) C(12)-C(13)-C(14) 121.0(4) 

C(5)-O(5)-C(51) 118.9(3) C(15)-C(14)-C(13) 118.6(4) 

C(5)-C(6)-C(7) 116.4(3) C(14)-C(15)-C(16) 120.0(4) 

C(5)-C(6)-C(23) 137.5(3) C(11)-C(16)-C(15) 120.9(4) 

C(7)-C(6)-C(23) 106.0(3) C(22)-O(21)-C(7) 104.6(3) 

C(8)-C(7)-O(21) 124.8(3) C(23)-C(22)-O(21) 114.0(4) 

C(8)-C(7)-C(6) 125.9(3) O(21)-C(7)-C(6) 109.0(3) 
 


