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ABSTRACT

A procedure is presented that utilizes 1H NMR for prediction of the skeleton

of iridoids. A new program was developed, named H1MACH, that presents

a database with 800 data points from the 1H NMR spectra of iridoids.

This program was widely tested for the prediction of the skeleton of 40

compounds and compared with other programs in the expert system

SISTEMAT. The results obtained show that H1MACH is very useful for the

prediction of the skeleton of iridoids, especially for the iridane skeleton.
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INTRODUCTION

The use of multispectral data, in expert systems whose objective is the

structural determination of organic substances, is a well-known procedure.

The DENDRAL system[1] was the pioneer in this area, and through data

which originated from diverse spectroscopic sources, especially mass spec-

trometry, the system elucidated the structures of various organic substances.

However, when the DENDRAL researchers tried to use the structure

generator to identify chemical structures of natural products, whose structural

diversity and complexity are higher, numerous problems were detected. The

principal one among them was the combinatorial explosion in the structure

generator. The solution to this problem was the use of information restric-

tions in the structural determination process, so that this process was not

random. From this system, various others have been developed such as the

ACCESS, DARC/EPIOS, SpecInfo, and, more recently, the Assemble 2.0

systems.[2 – 9]

In the last two decades, our research group has developed the expert

system SISTEMAT,[10,11] main objective of which was the structural deter-

mination of natural products, particularly their carbonic skeletons. Various

programs were developed that analyze spectral data with the objective to

elucidate the carbonic skeleton of such compounds. The programs execute

the analyses, for example, through disfunctionalization of 13C NMR

data;[12] identification of the skeletons and substructures by characteristic

chemical shift ranges;[13 – 15] identification of the substituent groups bonded

to natural product skeletons, through 13C NMR data;[16] to analyze the

botanical data, such as family and genera;[17,18] identification of the chemical

constituents present in mixtures.[19]

The SISTEMAT system has been developed with the construction

of specific databases of each natural product class, such as monoter-

penes,[20] sesquiterpenes,[14] diterpenes,[15] triterpenes[21] and flavonoids.[22]

Other classes such as steroids, lignoids, alkaloids, etc. are being inserted into

the system.

The aim of this paper is to show and test a new program developed for

the SISTEMAT expert system, the HIMACH program which predicts the

skeleton of the compound from the 1H NMR data analyses.

METHODOLOGY

For the development and testing of the H1MACH program, a database

was created that contains the 1H NMR data of a natural product class. The

SISTEMAT, so far, had not been tested with 1H NMR data from any
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studied chemical class. Thus, the 1H chemical shifts of the compounds were

collected from the literature. The natural product class chosen for this study

was the iridoids, and from this review was obtained 800 spectral data points

from the 1H NMR of these compounds.

The H1MACH Program

In the first attempt for building the database, we tried to link each chemi-

cal shift to the respective multiplicity as done in the 13C NMR database.

However, the signal multiplicity is strongly affected by the spectrometer

type, 200, 300, 400, or 500 MHz, and the data encountered in the literature

show the most varied types of chemical shifts. The multiplicity standard has

not been established and included in the database. Thus, only the 1H NMR

chemical shifts were used.

The H1MACH program matches the 1H NMR spectral data of a com-

pound with all data stored in the database and attributes for each compound

a similarity percentual with the test sample. This percentual is computed

like a Bremser’s system.[2] After this attribution, the program selects the

x-substances that exhibit the higher similarity percentual with the tested

sample and shows them to the user. The x-value is selected by the user in

the initial analysis and can be varied from 1 to 50. To exemplify the use of

the program, the iridoid shown in Fig. 1 was selected. After the input

data, the program does the data match and shows the five compounds with

the highest similarity index, Fig. 2. At the final step of the analysis, the

program exhibits the skeleton probability for the compound tested. This prob-

ability (P) is calculated by: P ¼ (NS/TNS) � 100, where NS is the number

of times that a determined skeleton was found, and TNS is the total number

of selected substances. Thus, the skeleton probability of the substance in

Figure 1. Iridoid employed to exemplify the H1MACH program.
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question is computed. For the iridoid in Fig. 1, the skeleton probability is

shown in Table 1.

RESULTS

In order to test the action of the H1MACH program and to evaluate its

efficiency, the 1H NMR spectra data of 40 iridoids were randomly selected

from the literature.[23 – 39] Also, the same compounds were tested with

the C13MACH program[20,21] that did the same type of analysis but for
13C NMR spectra data. The structures of the compounds used to test both

programs are shown in Fig. 3.

The results obtained by use of the programs H1MACH and C13MACH

are shown in Table 2. This contains the 1H NMR and 13C NMR data of

the respective substance, the three most probable skeletons proposed by the

programs H1MACH and C13MACH and the respective references. Figure 4

shows the structures of the skeletons proposed by the program.

Figure 2. Iridoids with higher similarity index selected by the H1MACH program.

Table 1. Results presented by the H1MACH program.

Skeletal type Probability

Iridane 90.48

11-Nor-iridane 9.52

Ferreira et al.590
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Figure 3. Substances used to test the programs.

(continued)
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Figure 3. Continued.
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Figure 4. Skeletons proposed by the H1MACH program.
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DISCUSSION OF THE RESULTS

The analysis of 40 iridoids was done through the programs H1MACH and

C13MACH. The program H1MACH showed 72.50% accuracy. In the 11

incorrect proposals of skeleton, one can verify the following.

(1) In tests 4, 7, 8, 9, 13, 15, 34, and 35, the program supplies the correct

skeleton as the second more probable skeleton.

(2) In tests 5, 19, and 20, the correct skeleton was not proposed by the

program.

Analyzing the incorrect proposals in a more detailed way, one can verify

for the tests 4, 5, 7, 13, 15, 34, and 35 that the program furnished the

corresponding nor-derivatives for the correct skeleton. This error was due to

the higher structure similarity between the tested substance and the database

substances pertaining to a nor-skeleton. The only existing difference

between the tested substances and the selected substances is the chemical

shift referring to the methyl group, which was insufficient to differentiate

between the skeletons. It is also necessary to comment that in tests 19 and

20 it is impossible for the program to predict the correct skeleton of the

substances because the database does not contain the 1H NMR spectral data

of the respective skeletons.

The program C13MACH, that executes 13C NMR analysis, displayed the

correct skeleton of the substance in 82.50% of the cases. In the seven incorrect

proposals for the carbon skeletons, it was verified that the correct skeletons

were the second in three cases (tests 14, 18, and 35) and the third in two

cases (tests 3 and 4). In the two last cases (tests 19 and 20), the correct skeleton

was not exhibited; this error was due to presence of few 13C NMR spectra, and

only one of the correct skeletons in the database.

CONCLUSIONS

Regarding the results obtained, it can be concluded that the tests done

with the program H1MACH showed good results, once the signal multiplicity

was not included in the database. For the cases where the program mistakes

the skeleton prediction it can be observed that the correct skeleton of the

substance is found among the three first skeletons proposed by the program

in 92.50% of the cases. In the future, the program H1MACH might be utilized

as a restriction module for the structure generator that is already being

developed for the expert system SISTEMAT. This program will be integrated

into a program set of the latter system, which should display only one skeleton
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proposal based on the sum of the weight probabilities of each program. Thus,

this final probability will be used to select skeletons as the starting point

for the structure generator. Therefore, instead of the generator working ran-

domly to start the process of generation of likely structures, it will have to

initiate the process by using only the three first skeletons proposed by the pro-

grams. The immediate consequence of the use of this novel program in the

structure generator will be the reduction of the computational time spent,

and the number of displayed candidate structures, which avoids the combina-

torial explosion problem observed in other expert systems developed up to

now.

The results obtained with the C13MACH program were a little higher

than the H1MACH results, because for 13C NMR data the signal multiplicity

was inserted in the system. The C13MACH program executes simple data

matching. However, when the SISCONST program[40] was used, the results

were higher than the ones of the latter program. The SISCONST program

matches each signal of the spectral data with the ones stored in the database,

and if a signal and its multiplicity are present in a determined carbon atom, the

signals of the interlinked carbons are matched with the data in question.

This searching process is repeated so that the largest fragments of the

substructure bearing compatible chemical shifts with the 13C NMR data

from the spectrum are obtained, thus the SISCONST results are better.
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