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Abstract

Motivation. Sesquiterpenes are a class of naturally occurring substances that show various biological and
pharmacological properties such as inhibitors of cell growth, antifungal, antibacterial, antimalarial, antiviral, etc
activities. However, jointly with many biological properties, this class exhibits a greater diversity and
complexity of structures, becoming a great challenge in the structural elucidation of its compounds for
spectroscopists. Thus, the development of an expert system containing a set of rules for structural pattern
recognition, based on *C NMR spectral data, for new compounds is of utmost importance for the natural product
researchers.

Method. SISTEMAT is an expert system developed to aid in the structural determination of natural products. In
this study we have investigated the application of system for the C NMR pattern recognition of guaiane
sesquiterpenes. By using a database containing 200 substances, and the programs of the system SISTEMAT,
various °C NMR heuristic rules for structural elucidation were obtained. These rules were evaluated with a set
of 25 new guaianes recently published in literature.

Results. The prediction performance of the system from the tests executed with the compounds shows that the
system was able to propose substructures in 96.0% of the studied cases, where in 98.1% of these are overlapping
substructures.

Conclusions. SISTEMAT is a powerful tool for structural elucidation with many potential applications in
natural products’ field. In the present study we have demonstrated the predictive ability and applicability of a *C
NMR pattern recognition method for the guaiane sesquiterpenes.

Availability. The software used in this study can be consulted by contacting the corresponding author.
Keywords. °C NMR; guaiane sesquiterpenes; pattern recognition; substructure identification.

Abbreviations and notations

C NMR, Carbon—13 nuclear magnetic resonance EP, epoxide
CASE, computer—assisted structure elucidation OXY, ether ciclic
EN, double bond 0XO, carbonyl group

* Presented in part at the Internet Electronic Conference of Molecular Design, IECMD 2003.
* Correspondence author; phone: 55-11-3091-2056; fax: 55-11-3815-5579; E-mail: vdpemere@jiq.usp.br.
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1 INTRODUCTION

It is well-established that 'H and >C NMR are the most powerful analytical methods for solving
structure—elucidation problems. These techniques are relevant when one treats structure elucidation
of new natural products, due to the great diversity and the structural complexity found within these
classes of substances [1-2].

Structure determination of terpenoids attracts widespread interest because they represent an
important group of naturally occurring substances, and many of them exhibit pharmacological
properties [3—5]. Among the terpenoids, sesquiterpenes are a class providing constant challenges for
structure elucidation, due to the countless biogenetic pathways that can produce several types of
carbon skeletons [6]. Concerning this point, we decide to create, through the expert system
SISTEMAT [7,8], a specialist module for sesquiterpenoids, aimed at facilitating the process of

structure elucidation.

As there are hundreds of substances of this class with reported °C NMR data, we began building
this specialist module using one of the most representative skeletons of the sesquiterpenes, the
guaiane type (Figure 1).

12

Figure 1. Guaiane skeleton.

The aim of this paper is to show how SISTEMAT can be used to obtain useful rules for *C
spectral analysis (""C NMR pattern recognition) and can be used as an auxiliary tool in the process

of structure elucidation for guaianes.

2 MATERIALS AND METHODS

2.1 The Expert System SISTEMAT
The expert system denominated SISTEMAT has been developed by our group since the 90s

[7,8]. The major goal of this system is to become an auxiliary tool for chemists of natural products,
thus enabling these researchers to achieve the most likely carbon skeletons of the compounds more
quickly and effectively. In our approach was used the division of compounds into skeletal types

because it is one of the fundamental points in the process of structural determination of occurring
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naturally substances. Knowledge about carbon skeletons helps to reduce the search time and avoids
a combinatorial explosion in the generator of structures [9]. Thus, several chemical classes of
natural products have already been studied using SISTEMAT, for example, monoterpenes,

eudesmane sesquiterpenes, diterpenes, triterpenes and flavonoids [10—-15].

The specialist module in sesquiterpenes with a guaiane skeleton was built by coding °C NMR
data collected from the literature. This procedure resulted in 200 substances that were inserted into
the SISTEMAT. The utilized codes contain information on chemical formula, molecular mass, and
types of carbon atoms at a specific position that can be later accessed through a special command of
the system.

2.2 The C NMR Pattern Recognition

Heuristic rules are practical rules obtained from specialist’s experience, or originated from
programs which perform “learning from machine” routine, and are aimed at solving a specific
problem. In the system SISTEMAT, the search for heuristic rules for pattern recognition is done
through the programs TIPCARB [13,16] and PICKUP [16]. The TIPCARB program can determine
the carbon atoms which are present in each position of a skeleton. This information helps in the
search for heuristic rules, once these define whether or not the skeleton is substituted, and the kind
of its substituents. This could also be done manually by a careful analysis of the literature, but the
huge data volume makes this task unfeasible for obtaining heuristic rules. An example of the choice
of the fragments, denominated substructures, may be done by analyzing the five substances showed

in the series below (Figure 2).

OH

1 2 3 4 5
Figure 2. Substances selected for exemplifying the method employed.

From this series one can selected two different substructures: (a) 4f3,6p—dihydroxy—14o—methyl
(present in substances 1-4); (b) positions 1,5 without substituents, 10(15)EN (encountered in

substances 3-5).

After the position of each carbon atom and the types of substituents having been defined, the
substructures, are coded in the PICKUP program. PICKUP acts as a heuristic function and searches
in the database for the spectral patterns of each skeletal type. The approach used in producing the
set of structural building units is a three—step process. The first step consists of identifying certain

structural features to allow the characterization of a given skeleton or substructure, as demonstrated
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above. The second step consists of choosing the substructures and atomic groupings from the menu
in order to estimate the >C NMR shift ranges for a particular group of substances. The PICKUP
module then performs the search of the database for the chemical shift range from *C NMR data of

the carbons in the substructure.

After chemical shift estimation, the obtained data is evaluated in relation to its degree of
recognition with the complete database allowing one to affirm that a certain group of chemical
shifts characterizes a certain probability of the occurrence of a substructure in the compound. For
the two substructures selected previously in the example, the chemical shift range and their degree

of recognition are shown in Table 1.

Table 1. °C NMR shifts ranges and its degree of recognition for the two substructures selected

Substructure N°C "C NMR shift ranges % Recognition
A —[4B,63—-OH, 140-Me] 4 81.2 — 80.2 s 100.0

5 59.6 — 53.8 d

6 726 — 71.2 d

7 50.0 — 455 d

14 243 — 23.0 q
B - [10(15)EN] 1 540 - 427 d 100.0

5 59.5 — 472 d

10 152.5 — 149.1 s

15 111.0 — 108.0 t

In summary, the TIPCARB program indicates the substructure that should be selected, and the
PICKUP program obtains the chemical shift ranges of the carbon atoms of that substructure, besides
exhibiting the degree of recognition of the chemical shifts within the database. This procedure had
already been utilized successfully to obtain the chemical shift ranges of monoterpenes [16],
eudesmane sesquiterpene [12] and of diterpenes [13], and through this work we tested its efficiency

on characterization of guaiane sesquiterpene skeletons.

3 RESULTS AND DISCUSSION

The PICKUP program afforded various chemical shift ranges that characterize several
substructures present in guaianes. These results and the percent of recognition are presented in
Table 2. Usually, the degree of recognition superior to 80% may be considered good results once
this method is never used isolated in the structural elucidation process. The use of these groups of
chemical shifts can be applied in the processes of structure elucidation for new guaianes. Thus, in
order to check if the chemical shift ranges obtained were useful for structure determination of new
substances (method precision), 25 guaianes (Fig. 3) were randomly selected from the literature.
These compounds were deliberately inserted in the database for calculating the ranges shown in

Table 2 and were also used to test the efficiency of obtaining substructures from the chemical shifts
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of new substances. The substances had their °C NMR data submitted to the program that proposed
corresponding substructures by means of research through characteristic chemical shift ranges. The
results of these tests are shown in Table 3, where only the first fifteen chemical shifts of each
compound are given, once the chemical shifts of the substituents having been previously identified
and removed by the program MACRONO [17].

Table 2. °C NMR shifts ranges for several substructures

Substructure N°C "C NMR shift ranges % Recognition
[6,100XY] 1 540 — 533 d 100.0
5 679 — 673 d
6 759 — 752 d
10 764 — 734 s
[6BOH; 70,,100—O0XY] 6 743 - 72.0 d 100.0
7 872 — 86.0 s
8 29.1 — 283 t
9 32.1 - 314 t
10 849 — 828 s
[6[,7BEP] 6 65.0 — 59.5 d 100.0
7 704 — 65.8 s
8 21.7 — 20.0 t
9 29.3 — 28.6 t
10 344 — 325 d
[10,110XY] 7 440 - 31.0 d 100.0
10 764 — 733 s
11 76.8 — 745 s
12 31.1 — 23.0 q
[2,80R; 10,110XY] 2 77.0 — 73.6 d 100.0
7 44.0 — 399 d
8 71.8 — 643 d
10 764 — 734 s
11 76.8 — 745 s
[5,110XY] 5 925 — 904 s 100.0
7 46.0 — 454 d
11 81.8 — 80.5 s
[4BOH; 14a] 1 51.0 — 454 d 93.7
2 26,5 — 21.0 t
3 41.1 — 33.0 t
4 80.5 — 693 s
14 253 — 125 q
[110H] 7 53.6 — 455 d 100.0
8 280 — 21.6 t
9 372 — 274 t
10 448 — 34.0 d
11 743 — 729 s
741
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Table 2. (Continued)

Substructure N°C "C NMR shift ranges % Recognition
[60H; 7,10Peroxy] 6 757 — 735 d 100.0
7 84.0 — 82.6 s
8 21.7 — 20.0 t
9 340 - 308 t
10 775 — 77.0 s
[6,80H; 7,10Peroxy] 6 71.0 — 675 d 100.0
7 88.0 — 86.6 s
8 669 — 66.0 d
9 40.7 — 39.6 t
10 79.1 — 785 S
[1,3,5,9EN] 1 1453 — 144.1 s 100.0
4 135.1 — 1345 s
5 136.0 — 132.8 s
10 1346 — 133.1 s
[1(5)EN] 1 146.8 — 138.8 s 100.0
2 362 — 342 t
4 46.5 — 434 d
5 141.1 — 136.0 s
10 36.7 — 334 d
[1(5)EN; 20XO] 1 1453 — 1402 s 100.0
2 210.8 — 204.0 s
3 46.0 — 425 t
4 379 — 320 d
5 181.7 — 167.0 s
[1(5)EN;60H; 7,10Peroxy] 1 143.8 — 140.7 s 100.0
5 181.7 — 176.8 s
6 755 — 675 d
7 88.1 — 826 s
10 79.0 — 77.0 s
[1(5),6EN] 1 1424 — 1420 s 100.0
5 136.0 — 1354 s
6 117.5 — 117.1 d
10 150.8 — 150.2 s
[5,80XY; 8OH] 1 527 — 51.7 d 100.0
5 869 — 84.6 s
8 103.8 — 97.8 s
[1(5),6EN; 20XO] 1 142.5 140.2 s 100.0
2 210.7 209.6 s
5 170.1 167.0 s
6 118.0 113.1 d
7 168.3 164.2 S
[1(10)EN] 1 173.6 — 139.8 s 100.0
4 39.5 — 369 d
5 49.0 — 450 d
6 349 — 280 t
10 1358 — 121.6 s
742
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Table 2. (Continued)

Substructure N°C "C NMR shift ranges % Recognition
[1(10)EN; 110H] 1 148.3 — 139.8 s 100.0
10 128.8 — 121.6 s
11 755 — 73.1 s
[1(10),11EN] 1 173.6 — 1420 s 100.0
4 392 — 362 d
5 49.0 — 462 d
7 512 — 427 d
10 135.8 — 1255 s
11 152.1 — 1488 s
[1(10),2,4,5,8EN] 2 135.8 — 1255 d 100.0
5 147.1 — 1385 s
7 149.3 — 1356 s
9 1151 — 114.1 d
10 139.1 — 1355 s
[1(10)EN; 150XO0; 150R] 1 170.1 — 166.3 s 100.0
5 49.0 — 485 d
10 126.0 — 1255 s
15 173.8 — 169.1 s
[1(10),3EN; 20XO] 1 136.0 — 132.8 s 100.0
2 197.0 — 196.1 s
3 133.6 — 1326 d
4 175.5 — 1720 S
10 171.0 — 146.1 s
[5,6EP] 5 71.8 — 70.8 s 100.0
6 60.5 — 59.7 d
[20XO; 3,5EN] 2 205.5 — 205.1 s 100.0
3 130.8 — 130.0 d
4 174.8 — 169.0 s
5 1433 — 1433 s
6 126.6 — 126.3 d
[30XO0; 4EN] 1 46.0 — 42.7 d 100.0
2 43.0 — 40.0 t
3 208.0 — 2109 s
4 1414 — 1375 S
5 176.7 — 167.5 s
[1BOH; 30XO0; 4EN] 1 80.0 — 783 s 97.0
2 512 — 499 t
3 207.0 — 204.8 s
4 137.0 — 136.1 s
5 1753 — 1740 s
[30XO0; 4,11EN] 3 209.6 — 200.5 s 100.0
4 147.0 — 137.6 S
5 176.6 — 171.1 s
11 150.3 — 134.8 S
12 125.0 — 109.0 t
743
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Table 2. (Continued)

Substructure N°C "C NMR shift ranges % Recognition
[6EN; 10aOH] 6 1217 — 116.0 d 100.0
7 166.3 — 149.5 s
8 28.0 — 25.0 t
9 428 — 370 t
10 775 — 71.6 s
[6EN; 8,100H] 6 117.5 — 113.0 d 100.0
7 168.0 — 166.0 s
8 69.3 — 68.7 d
9 545 — 456 t
10 719 — 70.7 s
[7(11)EN; 80XO] 7 136.6 — 133.5 s 100.0
8 209.0 — 194.6 s
11 1553 — 1338 s
12 22.6 — 20.6 q
13 23.0 — 220 q
[40R; 10(15)EN] 1 540 — 42.7 d 100.0
4 815 — 803 S
5 595 — 472 d
10 152.5 — 149.1 s
15 111.0 — 108.0 t
[4,60H; 10(15)EN] 4 80.8 — 80.3 s 100.0
6 72.5 — 71.6 d
10 1525 — 149.1 s
15 111.0 — 108.0 t
[10(15)EN; 110H] 7 493 — 455 d 100.0
8 305 — 260 t
9 413 — 346 t
10 153.7 — 1525 s
11 745 — 723 s
15 109.9 — 106.2 t
[6,8CYCLO] 6 150 — 12.0 d 100.0
7 25.0 — 21.0 d
8 13.0 — 10.0 d
[5,6; 11,12EP] 11 60.7 — 60.4 s 100.0
12 549 — 54.7 T

The ?C NMR data shown in Table 3 were recorded in CDCls, except tests XXII and XXIII

which were recorded in CgDg.

The system used here was able to propose substructures in 96.0% of the studied cases. The
unique negative result (guaiane XX) was due to the inexistence of precise and characteristic rules
for the compound. A more detailed analysis of the cases, where the program was able to propose by
overlapping substructures, gave a 98.1% success rate, and, in 52.0% of the cases, it was possible to

build up a complex molecular structure.
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OH

Figure 3. Substances used to test the system.

An imprecise assignment occurred in test IX, where three substructures were proposed with
incorrect positioning of the hydroxyl group, but, jointly with the correct substructures, the result
always displayed one among the three as the correct one. In many cases the overlapping of two or
more proposed substructures resulted in the correct assignment of the substance structure, for
example, in tests I, III, IV, VI and XVIII.
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Table 3. Substructures proposed by the system for guaianes in Figure 2

Guaiane 3C NMR data (C,—Cy5) Proposed substructures References
50.4d, 23,5, 40.1, 79.1s, 54.5d, 72.1d
» 2358, 40.1t, 79.1s, ’ > [4BOH; 14a] —93.7%
I 86.4s, 29.0t, 31.8t, 83.0s, 32.4d, 17.4q, : [18]
18,36, 25,10, 23,60 [6BOH: 70, 1000XY] — 100.0%
57.7d, 24.0t, 39.1t, 133.6s, 133.0s, 74.0d,
1 86.7s, 28.6t, 31.7t, 84.55, 31.8d, 17.3q,  [6BOH: 7o, 100OXY] — 100.0% [18]
18.2q, 14.7q, 24.1q
50.9d, 21.6t, 40.6t, 80.3s, 50.0d, 121.4d, , \
1 149.7s, 25.2t, 42.5t, 76.85, 37.3d, 21.2q, [‘6‘21(35{{ 0148]H‘ 931‘(7)6"W [18]
21.5q, 22.7q, 21.5q [6EN; 10aOH] - 100.0%
433d, 40.5t, 208.5s, 141.1s, 167.9s, Nt o o
v 59.7d, 70.1s, 20.9t, 29.0t, 32.8d, 36.9d. [20)7(OE,SLEN1]0010(33.0A) [19]
18.1q, 18.1g, 10.2q, 7.9q [6B,7BEP] — 100.0%
45.7d, 26.4t, 3321, 69.5s, 69.1s, 64.3d, .
v 66.2s, 21.1t, 29.0t, 33.9d. 36.9d, 18.2q, [gﬁglﬁfﬂ’mggﬁ, ’ [19]
18.1q, 12.6q, 15.2q [4BOH; 14a] - 93.7%
141.0s, 21025, 433t, 36.8d, 167.55.  [1(5EN;20X0] - 100.0%
VI 117.4d, 166.1s, 27.3t, 38.9t, 72.3s, 38.6d.  [1(5),6EN; 20X0] ~100.0% 120]
21.3q, 21.0q, 20.4q, 28.8q [6EN; 10¢OH] — 100.0%
14125, 210.0s, 433t, 368d, 167.5s.  [I1(5)EN:20X0]— 100.0%
VI 117.6d, 166.0s, 27.8t, 38.7t, 71.9s, 38.5d.  [1(5),6EN; 20X0] —100.0% 120]
21.6q,21.1q, 20.2q, 27.9q [6EN: 100H] — 100.0%
45.7d, 41.3t, 208.8s, 137.7s, 176.4s, 33.71, et o
VI 47.9d, 27.0t, 36.7t, 35.3d, 73.1s, 27.2q E’?gg]’flfyg O(;OO'M [21]
25.9q, 12.1q, 7.9q e
79.4s, 50.4t, 205.95, 136.5s, 174.55, 2431,  [30XO; 4EN] — 100.0%
IX 45.7d, 27.3t, 27.7t, 44.4d, 73.8s, 27.5q,  [IBOH: 30XO: 4EN] — 97.0% 21]
26.2q. 17.7q, 7.6q [110H] — 100.0%
42.9d, 404, 2105s, 1392s, 173.9s, . ;
X 70.0d, 53.1d, 21.9t, 34.2t, 33.6d, 74.0s. E?C))(I—%f%\]o] 80/100'0“ 21]
28.7q,23.3q, 13.7q, 7.2q e
1419s, 205.2s, 44.7t, 32.6d, 1814s,  [I(5)EN: 20XO]— 100.0%
XI 73.7d, 82.9s, 21.3t, 31.1t, 77.4s, 35.2d,  [1(5)EN:60H:; 7,10Peroxy]-100.0% [22]
16.9q. 16.7q, 19.2q, 22.7q [60H; 7.10Peroxy] — 100.0%
140.9s, 205.5s, 459t 362d, 178.9s,  [I(5)EN;20XO] - 100.0%
XII 75.4d, 83.8s, 20.1t, 33.9t, 77.1s, 36.3d,  [1(5)EN:60H; 7,10Peroxy]-100.0% [22]

17.4q, 16.7q, 20.4q, 23.0q

[60H; 7,10Peroxy] — 100.0%

It is also necessary to comment that in tests XI-XVII and XIX, the program was able to correctly

supply the complete structure of the compound, however it competes with the analyst in considering

the correct stereochemistry of the hydroxyl groups. This problem is due to the absence of the °C

NMR pattern recognition that characterizes the correct configuration of these groups. However, this

method can be used to distinguish the guaiane sesquiterpene stereoisomers. In test XXV the
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substituent group acetate was indicated correctly by the program MACRONO. In the previous paper
[17], this program was widely evaluated in the identification of substituent groups bonded in

diverse natural products.

Table 3. (Continued)

Guaiane 3C NMR data (C1—Cy5) Proposed substructures References

141.8s, 206.0s, 45.8t, 36.3d, 177.0s, [L(5)EN; 20XO] - 100.0%
X1 70.7d, 86.9s, 66.6d, 39.8t, 78.9s, 30.0d, [L(5)EN;60H; 7,10Peroxy]—-100.0% [22]
19.4q, 18.2q, 19.0q, 22.3q [6,80H; 7,10Peroxy] — 100.0%

143.5s, 204.3s, 454t 32.4d, 178.3s,
XIV 67.6d, 87.9s, 66.3d, 40.0t, 78.7s, 30.2d,
18.9q, 18.2q, 18.6q, 22.5q

[1(5)EN; 20XO0] — 100.0%
[1(5)EN;60H; 7,10Peroxy]-100.0% [22]
[6,80H; 7,10Peroxy] — 100.0%

141.6s, 210.5s, 43.0t, 36.7d, 169.9s,

[1(5)EN; 20XO0] — 100.0%

XV 113.1d, 167.9s, 69.0d, 54.2t, 71.2s, 30.3d, [1(5),6EN; 20X0O] -100.0% [23]
22.2q, 22.3q, 20.4q, 28.2q [6EN; 8,100H] — 100.0%
141.8s, 210.6s, 43.3t, 36.8d, 169.3s, [1(5)EN; 20X0O] - 100.0%

XVI 114.0d, 167.9s, 69.0d, 53.9t, 70.9s, 30.1d, [1(5),6EN; 20X0] -100.0% [23]
22.3q, 22.5q, 20.0q, 28.0q [6EN; 8,100H] — 100.0%
140.3s, 209.9s, 43.3t, 36.8d, 167.1s, [1(5)EN; 20X0O] - 100.0%

XVII 117.4d, 166.4s, 68.8d, 45.8t, 71.5s, 35.7d, [1(5),6EN; 20X0] -100.0% [23]
21.4q,21.1q, 19.9q, 28.2q [6EN; 8,100H] — 100.0%
142.0s, 210.4s, 43.3t, 37.1d, 167.3s, [L(5)EN; 20XO] - 100.0%

XVIII 116.2d, 164.6s, 259t, 37.1t, —s, 77.3s, [1(5),6EN; 20X0] -100.0% [23]
28.9q, 28.8q, 20.6q, 28.7q [6EN; 10aOH] — 100.0%
142.1s, 210.4s, 43.4t, 37.0d, 167.1s, [L(5)EN; 20XO] - 100.0%

XIX 116.5d, 164.4s, 26.1t, 39.7t, 72.0s, 74.2s, [1(5),6EN; 20X0] -100.0% [23]
29.1q, 28.7q, 20.2q, 28.2q [6EN; 100H] — 100.0%
91.4s, 36.4t, 31.7t, 36.8d, 150.3s, 122.8d,

XX 83.3s, 31.0t, 30.3t, 39.1d, 35.4d, 16.8q, - [24]
17.0qg, 19.1q, 18.0q
54.1d, 133.6d, 136.6d, 96.5s, 48.8d, 27.4t,

XXI 48.7d, 27.3t, 39.4t, 153.4s, 73.9s, 26.4q, [10(14)EN; 110H] - 100.0% [25]
27.8q, 106.9t, 19.2q
51.3d, 35.8t, 92.6d, 130.1s, 143.4s, 29.0t,

XXII 45.8d, 30.4t, 34.9t, 153.1s, 72.5s, 26.4q, [10(14)EN; 110H] - 100.0% [25]
27.3q, 109.6t, 19.1q
49.2d, 34.0t, 123.1d, 142.0s, 51.0d, 32.3t,

XXIII 48.9d, 26.2t, 41.1t, 152.7s, 74.1s, 25.7q, [10(14)EN; 110H] - 100.0% [25]
28.0q, 106.4t, 14.8q
145.5s, 204.4s, 51.4t, 75.8s, 174.4s, 28.3t,

XXIV 44.5d, 28.9t, 28.9t, 28.3d, 149.6s, 109.6t, [1(5)EN; 20XO] - 100.0% [26]
20.1q, 17.7q, 26.5q
50.3d, 28.2t, 32.0t, 32.8d, 41.6d, 33.0t,

XXV 31.4d, 23.7t, 35.0t, 74.5s, 75.5s, 70.6t, [10,110XY] - 100.0% [27]

23.4q, 18.4q, 27.4q
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4 CONCLUSIONS

The overall goal of this study has been to develop an ability to predict the molecular structure of
guaiane sesquiterpenes. In this case, the interplay between experimental measurements and
computer—assisted determinations have led to a good understanding of the processes of carbon atom
type determination and chemical shifts evaluation as previously described in the studied chemical
structures. Accurate experimental determinations of chemical shifts have been used to test our
computer—assisted elucidation process. Computational methods, validated by experiments, have
then been used to examine the structural determination of terpenoids. The ?C NMR rules obtained
and exhibited in this work can be used by other research groups in the process of structure
elucidation of new compounds. It is noteworthy to point out here that the substructures exhibited by
the PICKUP program will be used as constraints for the structure generator which is being built,
once this structure generator can start the process of structure generation from the substructures
previously selected. The method here described is different of some others used in CASE systems

[28,29] for it may avoid combinatorial explosions.

In summary, we have shown here that substructures for guaiane sesquiterpenes can be predicted
with 98.1% of accuracy by using the expert system SISTEMAT. The prediction requires as input
data only the knowledge of experimental chemical shifts and the multiplicity of each carbon atom
of the isolated substance structure. The use of the SISTEMAT might thus prove to be a convenient
approach for predicting structures in the natural products’ field. This paper shows that the predictive
ability and applicability of a procedure based on °C NMR heuristic rules is strongly affected by the
size of the learning database. In this sense our literature compilation has come closest to being
complete in relation to the accurate experimental data available, although these are not very
abundant. The results reported here for this new class of compounds, not previously presented in the
SISTEMAT system, indicate and confirm the power of this expert system in the field of structural
elucidation and suggest an efficient guide and a new tool for use in the substructure identification of

sesquiterpenoids and in the search for ?C NMR heuristic rules as well.
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