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Abstract 
Motivation. The identification of natural products is a task that demands skilled spectroscopists in this area. The 
number of isolated substances has been enhanced significatively in the last years. So, trying to reduce the time 
spent during the identification this process, we developed a program able to predict the carbon skeleton for a 
compound from 1H NMR data. For that, the natural product class selected in this study was the lignans, products 
showing some complex structures. 
Method. The H1MACH program was developed to assist the process of skeleton prediction of organic 
compounds from the 1H NMR chemical shift data. Thus, a database containing 760 1H NMR spectra data was 
elaborated. From the data, the program can predict the most probable skeleton type for a new compound under 
analysis and show several structures that have a high similarity index with the supplied data. 
Results. The program was evaluated with 30 lignan structures not stored yet in the database. The results show 
that the program was able to predict, in 70% of the studied cases, the correct skeleton of the compound. 
Analyzing more detailedly the results, one can verify that in 90% of the tests, the correct skeleton was predicted 
among the three first skeletons by the program. 
Conclusions. Regarding the obtained results, it can be concluded that the tests carried out with the program 
H1MACH showed good results, once that the signal multiplicity was not included in the database. The procedure 
here described can be applied for other classes of compounds. This new tool will increase the power of spectral 
data interpretation of the expert system SISTEMAT. 
Availability. The software used in this study can be consulted by getting in touch with with the corresponding 
author. 
Keywords. Lignan; expert system; 1H NMR; structure elucidation; skeleton prediction, computer-aided analysis. 

Abbreviations and notations 
13C NMR, Carbon-13 nuclear magnetic resonance 1H NMR, Proton nuclear magnetic resonance 
SI, similarity index  

1 INTRODUCTION 

In the last decades, the discovery of a large number of compounds originated from plants has 
been intensified due to the development of new techniques of separation and isolation as well as to 
the modern apparatus related to their identification. However, the structure elucidation of 
compounds from NMR data by the natural products’ researchers may be still slow as a consequence 
of the increasing diversity of classes and complexity of skeletons of such compounds. Our group 
has developed an expert system – SISTEMAT – [1,2], especially turned to for chemistry of natural 
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products with the aim of helping the researchers during the structure elucidation process, enabling 
them to promptly and successfully obtain the most likely skeletons of these compounds promptly 
and successfully. SISTEMAT is composed of various applicative programs, which are the 
intelligent part of the expert system since they permit the analyses of the data contained in the 
system and present useful information during the structural elucidation of an unknown compound 
[2] and currently has a database storing a huge number of spectral data of several chemical classes 
of plant secondary metabolites. Currently, the SISTEMAT database stores a huge number of 
spectral data obtained from several plant chemical classes, such as, monoterpenes, iridoids, lactonic 
and non-lactonic sesquiterpenes, diterpenes and triterpenes [3-8]. 

The present work introduces the first class of aromatic compounds, lignans, in the SISTEMAT. 
Lignans are derived from two phenylpropanoids units linked by a bond between C8 and C8’ and 
consist of an important class of natural products mainly due to their physiological activity [9]. We 
also describe the employ of H1MACH, an applicative program included in the SISTEMAT, which 
is responsible, in our case, for lignan skeleton prediction using 1H NMR data collected from 
literature. In the case of lignans, 1H NMR spectra were selected rather than 13C NMR due to the 
facility in elucidating 1H NMR spectra of aromatic compounds and also to the small sample 
quantity and little time required for analyses in relation to 13C NMR. Consequently, the amount of 
1H NMR spectra contained in literature becomes superior to the amount of 13C NMR one. The 
analyses of 30 lignans carried out in this study show a very good performance of the H1MACH 
with 70% accuracy. 

2 MATERIALS AND METHODS 

For the compilation of the database information, the lignans showing 1H NMR or systematic data 
were collected from the literature (1970-2002). The database of this study contains 800 lignans 
distributed in 40 different skeletons, 760 1H NMR spectra data and 113 occurrences in 30 families 
of plants. 

2.1 The Applicative Programs 

2.1.1 The DATASIS program 

The 1H NMR spectra of lignans were inserted in DATASIS program [10], which encodes 
automatically the molecular structural draw done by the user since the compound should be 
recognized by the microcomputer in a mathematical language, in a process called molecular 
codification [1]. This codification method also allows the system to find out chemical information 
of the compound from the encoded structure. 

DATASIS also includes a database with the chemical structural of the compounds in addition 
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with their data collected from the literature, i.e., class and skeleton of the molecule, family, genus 
and species of the plant, physico-chemical data and bibliography. After the drawing and 
codification of each structure, the 1H NMR data of the compounds were stored into database. 

2.1.2 The H1MACH Program 

After the total insertion of 1H NMR data of the lignans in DATASIS, the structural determination 
of a lignan compound is processed by H1MACH. This program predicts the type of skeleton of the 
lignan, basing on the 1H NMR chemical shifts from the experimental data, displaying x-lignans (x 
may vary from 1 to 25) from the database that possesses the greatest similarity index (SI) matched 
with the experimental data of the lignan, according to Bremser’s system [11], with a previously 
admitted error range. 

The lignan isolated from Manglietiastrum sinicum (Magnoliaceae) [12], Figure 1, was tested 
with the purpose of exemplifying the applying of the H1MACH program. Figure 1 shows the lignan 
and the respective 1H NMR literature data. Table 1 exhibits the skeleton probability furnished by 
the H1MACH and Figure 2 shows the 10 structures predicted by the program acccording to the best 
SI, at a chemical shift range of 0.5δ. 
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Manglietiastrum sinicum - Magnoliaceae 

Data from 1H NMR spectra: (CDCl3) H2 6.63, H5 6.77, H6 6.67, H7 2.73 / 2.25, H8 1.71, H9 0.81, H11 
6.64, H14 6.70, H15 6.59, H16 2.69 / 2.28, H17 1.73, H18 0.83, OCH2O 5.89 

Figure 1.  Lignan used to exemplify the program H1MACH 

 
Table 1.  Skeleton probability shows by the program H1MACH 

Skeleton Probability 

06 74.90 

09 24.67 

19   0.43 
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Figure 2.  Substances with higher SI exhibited by the H1MACH program 

3 RESULTS AND DISCUSSION 

To test the performance and efficiency of the program H1MACH, our option was to randomly 
collect the 1H NMR spectra data of 30 lignans (Figure 3) from the literature published recently [13-
33], which were not inserted into our database. The results obtained with the program H1MACH 
are shown in Table 2. This table also exhibits the first three lignan skeletons suggested by the 
program, their 1H NMR data and respective references. The skeletons proposed by the program are 
presented in Figure 4. 
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Figure 2.  Lignans used to test the H1MACH program 
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Figure 2.  Continued 
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Table 2.  Results obtained by the H1MACH program 

Compound, skeleton 
and botanical data 

1H NMR literature data Skeleton 
Probability* 

Refs. 

L-1, Ske 01 
(Malvaceae) 

Hibiscus syriacus 

DMSO-d6: H2- 6.92, H5- 7.02, H6- 6.85, H7- 4.68, H8- 3.04, H9- 
3.75 and 4.13, H11- 6.87, H14- 6.71, H15- 6.74, H16- 4.62, H17- 
3.04, H18- 3.75 and 4.13;  Glucose H1- 4.99, H2- 3.54, H3- 3.44, 
H4- 3.18, H5- 3.29, H6- 3.63 and 3.43;  Rhamnose H1- 5.22, H2- 
3.68, H3- 3.37, H4- 3.19, H5- 3.92, H6- 1.11 

Ske 01 – 100% [13] 

L-2, Ske 03 
(Scrophulariaceae) 

Lancea tibetica 

DMSO-d6: H2- 6.80, H5- 6.80, H6- 6.80, H7- 4.81, H8- 2.31, H9- 
3.99 and 3.59, H11- 6.80, H14- 6.80, H15- 6.80, H16- 5.58, H17- 
2.85, H18- 3.44 and 3.58; OCH2O: 5.96, 5.97; Glucose H1- 4.24, 
H2- 3.02, H3- 3.18, H4- 3.09, H5- 3.12, H6- 3.51 and 3.69 

Ske 02 – 63.43% 
Ske 01 – 31.06% 
Ske 03 – 5.20% 

[14] 

L-3, Ske 05 
(Hernandiaceae) 

Hernandia sonora 

CDCl3: H2- 6.83, H7- 4.74, H8- 2.68, H9- 4.05 and 4.51, H11- 
6.35, H15- 6.35, H16- 4.61, H17- 2.68;  OCH2O: 5.88, 5.90 

Ske 04 – 62.98% 
Ske 15 – 0.63% 
Ske 05 – 35.76% 

[15] 

L-4, Ske 05 
(Hernandiaceae) 

Hernandia sonora 

CDCl3: H2- 6.53, H7- 5.87, H8- 2.81, H9- 4.19 and 4.87, H11- 
6.38, H15- 6.38, H16- 4.36, H17- 2.80;  OCH2O: 5.86, 5.91 

Ske 05 – 98.78% 
Ske 04 – 1.22% 

[15] 

L-5, Ske 04 
(Hernandiaceae) 

Hernandia sonora 

CDCl3: H2- 6.04, H6- 5.97, H7- 2.29 and 2.46, H8- 2.78, H9- 
3.96 and 4.31, H11- 6.39, H15- 6.39, H16- 6.14, H17- 2.75;  
OCH2O: 5.91, 5.94 

Ske 04 – 63.90% 
Ske 06 – 36.10% 

[15] 

L-6, Ske 04 
(Selaginellaceae) 

Selaginella 
doederleinii 

CDCl3: H2- 6.41, H5- 6.51, H6- 6.80, H7- 2.52, H8- 2.52, H11- 
6.59, H14- 6.59, H15- 6.82, H16- 2.91, H17- 2.52, H18- 3.87, 
4.14;  OH: 2 X 5.48 

Ske 04 – 99.67% 
Ske 08 – 0.17% 
Ske 09 – 0.17% 

[16] 

L-7, Ske 06 
(Euphorbiaceae) 

Phyllanthus niruri 

CDCl3: H2- 6.18, H5- 6.56, H7- 2.79, H8- 1.78, H9- 3.25, H11- 
6.59, H14- 6.79, H15- 6.67, H16- 3.91, H17- 2.14, H18- 3.25;  
OCH2O: 5.80, 5.81 

Ske 06 - 70.50% 
Ske 02 – 29.50% 

[17] 

L-8, Ske 07 
(Schisandraceae) 

Kadsura 
longipedunculata 

CDCl3: H2- 6.58, H7- 2.72, H9- 1.20, H11- 6.44, H16- 5.82, H18- 
1.08;  OCH2O: 5.90, 5.94 

Ske 07 – 99.0% 
Ske 04 – 1.0% 

[18] 

L-9, Ske 07 
(Schisandraceae) 

Kadsura 
longipedunculata 

CDCl3: H2- 6.40, H7- 2.66, H9- 0.82, H11- 6.52, H16- 5.61, H18-
1.08;  OCH2O: 5.94, 5.98 

Ske 07 – 99.0% 
Ske 04 – 1.0% 

[18] 

L-10, Ske 10 
(Schisandraceae) 
Schisandra henryi 

CDCl3: H2- 6.61, H6- 6.61, H7- 4.63, H8- 2.45, H9- 1.03, H11-
6.85, H14- 6.85, H15- 6.85, H16- 5.43, H17- 2.45, H18- 0.63;
OCH2O: 5.95 

Ske 02 – 74.99% 
Ske 06 – 23.44% 
Ske 04 – 0.84% 

[19] 

L-11, Ske 06 
(Schisandraceae) 

Schisandra 
sphenanthera 

CDCl3: H2- 7.64, H5- 6.44, H8- 2.76, H9- 1.10, H11- 6.60, H14-
6.80, H15- 6.53, H16- 3.97, H17- 2.76, H18- 0.98; OH: 5.60 

Ske 06 – 62.36% 
Ske 02 – 35.09% 
Ske 11 – 1.60% 

[20] 

L-12, Ske 05 
(Burseraceae) 

Commiphora incisa 

CDCl3: H2- 6.64, H5- 6.58, H7- 2.46 and 2.81, H8- 3.04, H9- 3.96
and 4.44, H11- 6.60, H14- 6.60, H15- 6.73, H16- 4.36, H17- 3.31;
OCH2O: 5.92, OCH2O: 5.93 

Ske 04 – 88.99% 
Ske 05 – 11.01% 

[21] 

L-13, Ske 07 
(Schisandraceae) 

Kadsura 
longipedunculata 

CDCl3: H2- 6.52, H9- 0.75, H11- 6.52, H16- 2.10, H18- 0.98;
OCH2O: 5.97, OCH2O: 5.98 

Ske 07 – 69.23% 
Ske 12 – 15.38% 
Ske 08 – 7.70% 

[22] 
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Table 2.  Continued 

Compound, skeleton 
and botanical data 

1H NMR literature data Skeleton 
Probability* 

Refs. 

L-14, Ske 07 
(Schisandraceae) 

Kadsura 
longipedunculata 

CDCl3: H2- 6.41, H9- 0.94, H11- 6.70, H16- 5.70, H18- 0.83; 
OCH2O: 5.96, OCH2O: 6.00, 6.02 

Ske 02 – 81.30% 
Ske 07 – 13.01% 
Ske 12 – 3.25% 

[22] 

L-15, Ske 02 
(Burseraceae) 

Bursera ariensis 

CDCl3: H2- 6.55, H5- 6.68, H6- 6.51, H7- 2.60, H8- 2.10, H9- 
4.06, H11- 6.55, H14- 6.68, H15- 6.51, H16- 2.60, H17- 2.10, 
H18- 4.06; OCH2O: 5.88, OCH2O: 5.88 

Ske 02 – 71.28% 
Ske 04 – 28.72% 

[23] 

L-16, Ske 04 
(Apiaceae) 

Chaerophyllum 
maculatum 

CDCl3: 2.80 (2H), 3.84 (1H), 4.24 (2H), 6.66 (2H), 6.70 (1H), 
6.94 (1H), 7.06 (1H), 7.22 (1H), 7.52 (1H); OCH2O: 5.88 

Ske 04 – 100.0% [24] 

L-17, Ske 13 
(Acanthaceae) 
Justicia flava 

CDCl3/CD3OD: H2- 7.95, H3- 7.37, H9- 5.53, H11- 7.01, H14- 
7.01, H15- 7.01;  OCH2O: 5.86 

Ske 13 – 90.74% 
Ske 06 – 7.41% 
Ske 14 – 1.85% 

[25] 

L-18, Ske 13 
(Acanthaceae) 
Justicia flava 

CDCl3/CD3OD: H2- 7.98, H3- 7.40, H9- 5.52, H11- 6.80, H14- 
6.80, H15- 6.80;  OCH2O: 5.80 

Ske 13 – 96.97% 
Ske 06 – 1.52% 
Ske 14 – 1.52% 

[25] 

L-19, Ske 02 
(Magnoliaceae) 
Talauma ovata 

CDCl3: H2- 6.54, H5- 6.54, H6- 6.54, H7- 5.52, H8- 1.57, H9- 
0.91, H11- 6.54, H14- 6.54, H15- 6.54, H16- 2.40, H17- 1.57, 
H18- 0.78;  OCH2O: 5.94, 5.90 

Ske 02 – 83.58% 
Ske 07 – 16.42% 

[26] 

L-20, Ske 02 
(Magnoliaceae) 
Talauma ovata 

CDCl3: H2- 6.61, H5- 6.61, H6- 6.61, H7- 5.53, H8- 1.71, H9- 
0.94, H11- 6.61, H14- 6.61, H15- 6.61, H16- 2.40, H17- 1.71, 
H18- 0.83;  OH: 5.47 

Ske 02 – 81.97% 
Ske 04 – 14.26% 
Ske 07 – 3.78% 

[26] 

L-21, Ske 15 
(Schisandraceae) 
Kadsura interior 

CDCl3: H2- 6.50, H9- 5.82, H8- 1.88, H9- 1.04, H11- 6.67, H16- 
5.83, H17- 3.03, H18- 1.02, H19- 4.40 and 4.84; OCH2O: 6.02 

Ske 15 – 59.58% 
Ske 07 – 40.42% 

[27] 

L-22, Ske 07 
(Schisandraceae) 
Kadsura interior 

CDCl3: H2- 6.44, H7- 5.73, H8- 2.22, H9- 1.03, H11- 6.71, H16- 
5.84, H17- 2.12, H18- 0.94; OCH2O: 5.95 

Ske 07 – 79.71% 
Ske 12 – 11.59% 

Ske 4, 8, 16-2.90%

[27] 

L-23, Ske 05 
(Burseraceae) 
Commiphora 
erlangeriana 

CDCl3: H2- 6.98, H7- 5.76, H9- 4.35 and 3.57, H11- 6.53, H14- 
6.68, H15- 6.49, H16- 4.95;  OCH2O: 5.91 

Ske 04 – 52.49% 
Ske 01 – 45.25% 
Ske 05 – 1.81% 

[28] 

L-24, Ske 05 
(Burseraceae) 
Commiphora 
erlangeriana 

CDCl3: H2- 6.55, H7- 2.45 and 3.33, H8- 3.05, H9- 3.79 and 
4.76, H11- 6.81, H14- 6.70, H15- 6.69, H16- 5.12;  OCH2O: 5.91 

Ske 06 – 49.84% 
Ske 01 – 49.84% 
Ske 03 – 0.16% 

[28] 

L-25, Ske 05 
(Burseraceae) 
Commiphora 
erlangeriana 

CDCl3: H2- 6.72, H5- 6.61, H7- 2.50 and 3.26, H8- 2.99, H9- 
3.87 and 4.74, H11- 6.49, H15- 6.49, H16- 4.35;  OCH2O: 5.90, 
5.92 

Ske 06 – 60.61% 
Ske 05 – 38.79% 
Ske 04 – 0.61% 

[28] 

L-26, Ske 03 
(Apiaceae) 

Agastache rugosa 

CD3OD: H2- 6.94, H5- 6.74, H6- 6.82, H7- 5.14, H8- 3.80, H9- 
4.20 and 4.70, H11- 7.05, H14- 6.80, H15- 6.97, H16- 6.50, H18- 
4.63 

Ske 01 – 88.89% 
Ske 10 – 11.11% 

[29] 

L-27, Ske 03 
(Valerianaceae) 

Valeriana officinalis 

CD3OD: H2- 6.92, H5- 6.73, H6- 6.73, H7- 4.82, H8- 3.80, H9- 
3.60 and 3.79, H11- 6.90, H14- 7.09, H15- 6.77, H16- 2.54 and 
3.12, H17- 2.59, H18- 3.63 and 4.05 

Ske 03 – 100.0% [30] 
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Table 2.  Continued 

Compound, skeleton 
and botanical data 

1H NMR literature data Skeleton 
Probability* 

Refs. 

L-28, Ske 06 
(Myristicaceae) 
Virola sebífera 

CDCl3: H2- 7.62, H3- 6.73, H8- 2.36, H9- 1.17, H12- 6.34, H15- 
6.33, H16- 4.12, H17- 1.99, H18- 0.96;  OCH2O: 5.84, OCH2O: 
5.67, 5.77 

Ske 06 – 66.88% 
Ske 01 – 32.02% 
Ske 07 – 0.50% 

[31] 

L-29, Ske 01 
(Styracaceae) 

Styrax officinalis 

CDCl3: H2- 6.72, H5- 6.72, H6- 6.72, H7- 5.25, H8- 3.10, H9- 
4.10 and 4.50, H11- 6.85, H14- 6.85, H15- 6.85, H16- 5.25, H17- 
3.35;  OCH2O: 5.95 

Ske 04 – 39.30% 
Ske 01 – 59.16% 
Ske 03 – 0.79% 

[32] 

L-30, Ske 06 
Scaphopetalum 

thonneri 

CD3OD: H2- 6.28, H5- 6.71, H7- 2.80 and 2.81, H8- 2.01, H9- 
3.68, H11- 6.69, H14- 6.76, H15- 6.63, H16- 3.88, H17- 1.78, 
H18- 3.42 and 3.71 

Ske 02 – 22.86% 
Ske 06 – 48.57% 
Ske 04 – 28.57% 

[33] 

*  The skeletons that are in italics represent the correct skeleton of the lignan. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.  Skeletons proposed by the H1MACH program 
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Higher specialization of spectroscopists in the identification of determined natural product 
classes jointly with the great diversity and structural complexity of the skeletons stimulates the 
development of computational programs that assist in the skeleton prediction and structural 
elucidation of new compounds isolated from natural sources as well as in the identification of 
substances even reported in literature. 

The results shown in Table 2 demonstrate that the program H1MACH predicts the correct 
skeleton in 70% of the lignans tested, indicating a very good accuracy, considering the higher 
similarity exhibited among the lignan skeletons and the diversity of substituent groups found in the 
compounds. 

The negative results (compounds L-10, L-24 and L-26) presented by the H1MACH were due to 
the great existing similarity existent between the tested chemical shifts and the chemical shifts 
stored in the database, which pertain to the other skeletons. In these cases, the correct skeletons 
were not shown. For the compounds L-2, L-3, L-12, L-14, L-23 and L-25 the program displayed 
wrong results because the correct skeleton was not presented as the most probable, however the 
correct skeleton was always proposed as one the three first options. On the other hand, it is 
noteworthy to show here that for these compounds, except in test L-14, the first substance listed by 
the program was the compound that exhibited the higher similarity index with the tested 
experimental data and pertains to the correct skeleton of the substance. 

This study is one the first carried out by our research group that utilizes only 1H NMR chemical 
shifts data for skeleton prediction of a determined class of natural products. So, this program in next 
future will be integrated in a set of programs that performs structural elucidation from the 
multispectral data. 

4 CONCLUSIONS 

This study is one the first one carried out by our research group, that utilized only 1H NMR 
chemical shifts data for skeleton prediction of a determined class of natural products. Regarding the 
obtained results, it can be concluded that the tests performed by the program H1MACH showed 
good results, once that the signal multiplicity was not included in the database. For the cases where 
the program mistakes the skeleton prediction, it was observed that the correct skeleton of the 
substance is found among the three first skeletons proposed by the program in 90.0% of the cases. 
Thus, one can affirm that the program H1MACH successfully carried out the identification of 
lignan skeletons. The structural elucidation might be more efficient with the introduction of other 
data, such as, 13C NMR and natural sources. So, in future, this program will be integrated in a set of 
programs that perform structural elucidation from the multispectral data. 
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