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1. Introduction in view of the high structure variety and diversity
provided by structures in natural products chemistry
In general, a phytochemical process involves five as found for terpenoids [1] and alkaloids [2]. Among
different phases of work: 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 [3]. Concerning this
point, we decided to create, through the Expert
System sISTEMAT [4—6], a specialist module for
sesquiterpenoids, aimed at facilitating the process of

Each one of these phases has its relevance regargStructure elucidation. _
ing the discovery of new substances of natural origin, ~AS there are hundreds of substances of this class
but the structure elucidation is of particular impor- With reported™C NMR data, we began building this

tance being the main phase of the process. This specialist module using one of the most representative

phase demands vast experience in spectrum analysis(sé}e'etl‘;”s of the sesquiterpenes, the eudesmane type
ig. 1).
* Corresponding author. For building the database system ‘&€ NMR data
E-mail addressvdpemere@quim.iq.usp.br (V.P. Emerenciano). Of sesquiterpenes with eudesmane skeleton were

1. choice of the plant to be studied;

2. botanical identification of the chosen plant;

3. preliminary analysis of the chemical composition;
4. isolation of the major components;

5. structure elucidation of the isolated compounds.
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15 rules is done through the program®cars [7,8] and
PICKUP [7,8,10]. TheripcarB program can determine
which carbon atoms are present in each position of a
skeleton. This information helps in the search for
heuristic rules because they define whether or not
1" the skeleton is substituted and the kind of substituents.
This could also be done manually by a careful analysis
of the literature, but the huge data volume makes this
Fig. 1. Eudesmane skeleton. task unfeasible for obtaining heuristic rules.
After the position of each carbon atom and the
types of substituents have been defined these frag-
collected from the literature. This procedure resulted ments, denominated substructures, are coded in the
in 350 substances that were then introduced in pickup program [7] that performs the search of the
SISTEMAT. database for the chemical shift range 1€ data of
The aim of this article is to indicate hoSWTEMAT the carbons in the substructure. After the chemical
can be used to obtain useful rules f&iC spectral shift estimation, this information is evaluated in
analysis and can be used as an auxiliary tool in the relation to its degree of recognition using the
process of structure elucidation for eudesmanes, complete database, allowing one to affirm that a
and, also, to present a review dfC NMR data of certain group of chemical shifts characterises a certain
eudesmanes. probability of the occurrence of a substructure in the
compound. In summary, theripcarRB program
indicates which substructure should be selected, and
obtains the chemical shift ranges of its carbon atoms
and the degree of recognition of these shifts within the
database.
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2. The expert SystensISTEMAT

SISTEMAT [4—6] was developed to help natural
products researchers with the structure elucidation
process. Several chemical classes of natural products
have already been studied usingsTemar, for _
example, moynoterpenes, diterpenr;g, triterpenes and4' Structural data and tables of *C NMR shifts
flavonoids [7-10].

The specialist module in sesquiterpenes with an
eudesmane skeleton was built by coditig data
obtained from the literature and introducing it in
SISTEMAT [4]. These codes contained information on
chemical formula, molecular mass and types of
carbon atoms in a specific position that can be later
accessed through the applicationssfrEmat [5—10].

A brief overview of sisTEMAaT has been provided in
Ref. [7]. sisTEMAT is available at the ftp site address
ftp://143.107.53.186/PUB.

For identification purposes and for structure eluci-
dation of new compounds, it is useful to have access
to an extensive list of eudesmanes and their structural
data. Table 1 shows a collection of structural data of
eudesmanes collected from the literature. The present
compilation includes data from most of the relevant
papers published up to 1996 [11-159]. The
eudesmanes published from 1997 were used as test
substances and are presented in Section 5. Table 1
presents data classified by the type and order of the
substituents, and also contains information on the
usual names and references. The structures can be
3. The search for heuristic rules determined from the data presented in Table 1, but

in view of the structural complexity of some

Heuristic rules are practical rules obtained from the compounds a graphic representation in shown in
experience from the experience of specialists, or origi- Fig. 2.
nated from programs which perform “learning from The C chemical shift data for all the 350
machine” routines, and are aimed at solving a specific compounds are listed in Table 2, including informa-
problem. In thesisTEMAT System, the search of these tion about the solvent used for the recorded sample.
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Table 1

Structural information for eudesmanes

Subst.  Trivial names Substituents Stereochemistry  References
1 Balanitol 1,11-OH 1/,148,153 [11]
2 18,4B,7a-OH 118,140,153 [12]
3 Boarioside aglycone ol48,11-OH 11,140,150 [13]
4 18,4a-OH, 6-OCin 11,143,158 [14]
5 18,4a-OH, 63-OCin 118,148,158 [15]
6 18,43-0OH, 6-OCin 18,140,158 [14]
7 18,4a-OH, 63-OAc 118,148,153 [16]
8 18,4B-0OH, 63-OAc 118,140,153 [16]
9 18,43-OH, 6,14-Oxy 18,140,153 [17]
10 1B3-OAc, 48,7a-OH 118,140,153 [12]
11 Boarioside 4-OGily, 438,11-OH 1y, 140,15x [13]
12 Boarioside tetraacetyl o1OGly-(OAc), 48,11-OH 11k,14a,15x [13]
13 18,4B3-Oxy, 63-OCin 118,14a,15 [18]
14 18,4B-Oxy, 63-OCin 118,14«,153 [15]
15 lo,4a-Oxy, 63-Cin 118,143,153 [14]
16 I, 4a-Oxy, 63-OAC 118,143,153 [19]
17 Austradiol acetate 1-Br,o4OH, 6x-OAc 110,148,153 [20]
18 1-Br, 4-OAc, 6ua-O-trans-(3'-OAc-2-butenoate) 1,148,153 [20]
19 1-Br, 4-OAc, 6a-O-cis-(3'-OAc-2-butenoate) 1,148,153 [20]
20 1-Oxo, 11-OH 1/,148,153 [11]
21 Dihydroe-agarofuran B,11-Oxy 18,140,150 [21]
22 Dihydrof-agarofuran B,11-Oxy 113,143,15x [21]
23 1,6x,8x,9-OH, 5x,11-Oxy 13,143,153 [22]
24 Angulatueoid-G 1,2-OH,d311-Oxy, Gx-OAc, 8,9-OBzt 14,148,158 [23]
25 Celahin-C #&-OH, 20,68,15-OAc, 33,11-Oxy, B-OBzt 113,14a,15x [24]
26 Emarginatine-D See Fig. 2 B14x,15x [25]
27 Emarginatine-E See Fig. 2 A40, 150 [25]
28 Triptogelin B-1 B-OH, 5x,11-Oxy, Gx-OAc, 83,93-OBzt 110,148,153 [26]
29 Triptogelin A-8 B,2B,83-0OH, 5x,11-Oxy, Gx-OAc, 9B-OBzt 110,148,158 [27]
30 Triptogelin A-3 B,2B-OH, 5x,11-Oxy, Gx-OAc, 83,98-OBzt 110,148,153 [26]
31 Triptogelin A-7 B.2B-OH, 5x,11-Oxy, Gx-OAc, 83-ONic, 9B-OBzt 11,148,153 [27]
32 Triptogelin A-4 B-OH, 2-Oxo, &,11-Oxy, Gx-OAc, 83,93-OBzt 110,148,153 [26]
33 See Fig. 2 14,148,153 [28]
34 See Fig. 2 14,148,153 [28]
35 1-OAc, ,11-Oxy, &-OCin 110,148,153 [22]
36 1-OAc, &,11-Oxy,OEpcin 1,143,153 [29]
37 Angulatueoid-H 1,6-OAc, 5x, 11-Oxy, 8,9-OBzt 14,148,153 [23]
38 1,6x,8x-OAc, 5x,11-Oxy, B-OBzt 110,148,153 [22]
39 1,61,8-OAc, 5x,11-Oxy, 9-OBzt 1&,143,153 [3]
40 Angulatueoid-C 18, 15-OAc, &x,11-Oxy, 9-OBzt 1,148 [31,32]
41 1,8, 15-OAc, 5,11-Oxy, 9-OBzt 1d,148 [32]
42 1,6x,8x, 15-OAc, av,11-Oxy, B-OBzt 110,148 [33]
43 1,8v, 15-OAc, 5x,11-Oxy, &-OFur 1.,148 [33]
44 1,6v, 15-OAc, 4-OH, 5x,11-Oxy, 8,9«-OFur 1k,148 [30]
45 Angulatueoid-D 1,8-OAc, 5,11-Oxy, 9-OBzt, 15-OPic 1,148 [31,34]
46 Angulatueoid-A 1,28 OAc, 5x,11-Oxy, 9-OBzt, 15-OPic 14,148 [31,34]
47 Angulatueoid-B 1,2@8,15-0OAc, 5,11-Oxy, 9-OBzt 14,148 [31]
48 1,2-OAc, &,11-Oxy, &x-Oepcin 1k,148,153 [29]
49 1-OAc, 2-OBut, &,11-Oxy, -OEpcin 15,148,153 [29]
50 1-OAc, 2-OBzt, &,11-Oxy, %-OEpcin 11,143,153 [29]
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Table 1 ¢€ontinued

Subst.  Trivial names Substituents Stereochemistry  References
51 1-OAc, 2,8,8-OBzt, 4x,6a-OH, 50,11-Oxy 11,143,153 [35]
52 1-OAc, 2,8,9-OBzt, 4x,6a-OH, 5x,11-Oxy 11,143,153 [36]
53 1-OAc, B,60,83,9-0OBzt, 5x,11-Oxy 11,143,153 [37]
54 1-OAc, 2-OFur, 4,6a-OH, 5x,11-Oxy, 8,%-OBzt 110,143,158 [35]
55 1,8x-OAc, 2,15-OiBu, 4,6a-OH, 5x,11-Oxy, 9-OBzt 1&,148 [38]
56 1,6x,8-OAc, 2,15-OiBu, &-OH, 5x,11-Oxy, &x-Ofur 110,148 [38]
57 Triptogelin G-2 B-OAc, 5x,11-Oxy,%-Obzt 11,148,153 [39]
58 Triptogelin F-2 B,6a-OAC, 5x,11-Oxy, %-Ocin 110,143,153 [39]
59 Triptogelin F-1 B-OAc, 5x,11-Oxy, Gx-Onic, x-OBzt 110,148,153 [39]
60 Eumaitenin &,683,8x-OAc, 53,11-Oxy, B-OFur 1B,140,15x [40]
61 Triptofordin C-2 B,6a-OAc, 2B, 4a-OH, 5x,11-Oxy, 8,9a-Obzt 11,143,158 [41]
62 Triptofordin C-1 B,6a-OAcC, 2-Ox0, 4-OH, 5x,11-Oxy, 8,9%-OBzt 110,148,153 [41]
63 Triptogelin C-1 B,28,6a-OAc, 5x,11-Oxy, &x-OBzt 11,148,153 [42]
64 Triptogelin C-2 B,2B-0OAc, 5x,11-Oxy, 6x-ONic, 9x-OBzt 110,148,153 [42]
65 1B,2B,60,15-OAcC, 4x-OH, 5x,11-Oxy, $x-OBzt 130,148,153 [43]
66 1B,28,6c,15-OAc, 4x-OH, 5x,11-Oxy, 8-Oxo, 8-OBzt 110,148,153 [44,45]
67 Euonine See Fig. 2 ©1143,153 [46]
68 Euonymine See Fig. 2 &1143,158 [46]
69 Triptogelin E-5 B-OAc, 23-OBut, 5x,11-Oxy, %-OBzt 110,148,153 [39]
70 Triptogelin E-6 B-OAc, 23-0OiBu, 5x,11-Oxy, $x-OBzt 110,148,153 [39]
71 Triptogelin E-8 B-OAc, 28-OiBu, 5x,11-Oxy, %-OCin 110,148,153 [39]
72 Triptogelin E-7 B-OAc, 23-OBut, 5x,11-Oxy, %-OCin 110,148,153 [39]
73 Triptogelin C-3 B,6a-OAc, 28-OBut-(2-Me), 5x,11-Oxy, Q-OBzt 110,143,158 [42]
74 1B-OAc, 28,883,90-OBzt, 4x,60-OH, 5x,11-Oxy 11,143,153 [47]
75 Wilfordine See Fig. 2 1d,14B3,158 [28]
76 See Fig. 2 14,148,153 [28]
77 1B-OAc, 28-OFur, 4x,6a-OH, 5x,11-Oxy, §,9-OBzt 110,148,153 [47]
78 10,68, 15-OAc, 8-OH, 53,11-Oxy, &-OMeBu, 2-OBzt 118,140,150 [48]
79 1B-OAc, 283-OMeBu, 4x,6a-OH, 50,11-Oxy, $,9%-OBzt 110,148,153 [48]
80 Celahin-B #,20,63,15-OAc, 3,11-Oxy, B-OBzt 118,140,150 [49]
81 I, 20-OAc, 43,680H, 53,11-Oxy, §,15-OiBu, &-OBzt 118,140,150 [50]
82 Emarginatine-C See Fig. 2 A1 40,15« [25]
83 Emarginatine-A See Fig. 2 B114x, 15« [25]
84 Emarginatinine See Fig. 2 B4, 15« [25]
85 Angulatueoid-F 1-OPro,c11-Oxy, 8-0OAc, 9-OBzt, 15-ONic 14,148 [34]
86 Angulatueoid-E 1-OiBu, & 11-Oxy, &-OAc, 9-OBzt, 15-ONic 14,148 [34]
87 1B-OiBu, 23,6a,,15-OAc, 4x-OH, 5x,11-Oxy, &x-OBzt 130,148,153 [43]
88 Euonydin A-1 B,23-OBut, 4x,6a-OH, 50,11-Oxy, %-OFur,15-OAc 1d,143,153 [51]
89 Euonydin A-2 B.23-OBut, 4x-OH, 5a,11-Oxy, @x,15-OAc, &x-OFur 11,148,153 [51]
90 Euonydin A-3 B,2B3-OBut, 4x-OH, 5x,11-Oxy, Gx,15-OAc, 2-OBzt 110,148,153 [51]
91 13-O2MeBu, B,6a,15-OAc, 4-OH, 5¢,11-Oxy, &x-OBzt 110,148,153 [43]
92 1,9-OBzt, &,11-Oxy, Gx-OH, 8-OAc 11,143,153 [22]
93 1,8,9-OBzt, &,11-Oxy, Gx-OAc 110,143,153 [32]
94 1,6x-OBzt, 5x,11-Oxy, %-OAC 110,148,153 [22]
95 1,9-OBzt, &,11-Oxy, 8,15-OAc 11,148 [32]
96 1,8-OBzt, 2-OHex, &,11-Oxy, 6x,9,15-OAc 10,143 [38]
97 Triptofordin-A 18-OBzt, 4x-OH, 5x,11-Oxy, %-OCin 110,148,153 [41]
98 Triptofordin-B B,9%-0Bzt, 4x,60-OH, 5x,11-Oxy 11,143,153 [41]
99 Triptogelin A-2 B.,8B,93-0OBzt, 3-OH, 5x,11-Oxy, Gx-OAc 110,148,153 [26]
100 Ebenifoline E-I See Fig. 2 ©1143,153 [46]
101 Euojaponine-C See Fig. 2 d14B,153 [46]
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Subst.  Trivial names Substituents Stereochemistry  References
102 Triptofordin-E B,9B8-0OBzt, 28,6a,15-OAc, 4x-OH, 5x,11-Oxy, 8-Oxo 14,148,153 [45]
103 Euosachalidin-A A-OBzt, 23,6c,98,15-OAc, m,11-Oxy, 8-Oxo 14,148,153 [52]
104 Euojaponine-F See Fig. 2 d,143,153 [46]
105 Ebenifoline E-II See Fig. 2 81148,153 [46]
106 Ebenifoline E-III See Fig. 2 11143,153 [46]
107 Ebenifoline E-IV See Fig. 2 148,153 [46]
108 Ebenifoline E-V See Fig. 2 ©1143,153 [46]
109 Mayteine See Fig. 2 ©1143,153 [46]
110 Triptogelin A-9 B,9B3-0OBzt, 3-OMeBu, Gx-OAc, 5x,11-Oxy, §-ONic 110,143,153 [27]
111 18,28,8B,93-OBzt, 5x,11-Oxy, Gx-OH 110,143,153 [26]
112 Triptogelin A-1 B,2B,8B,93-0OBzt, 5x,11-Oxy, Gx-OAc 110,148,153 [26]
113 Triptogelin A-11 B,2B,93-OBzt, 5¢,11-Oxy, 6x,83-OAc 110,143,153 [42]
114 Triptogelin A-6 B.28,98-0OBzt, 5x,11-Oxy, Gx-OAc, 83-ONic 110,148,153 [27]
115 Ebenifoline W-II See Fig. 2 1114B,153 [46]
116 Ebenifoline W-I See Fig. 2 114,153 [46]
117 Mortonol A 1, 9B-0OBzt, 43-OH, 6-Oxo, $B,11-Oxy 14x,15x [53]
118 In-OBzt, 43,6B8-OH, 9B-OAc, 53,11-Oxy 1B,140,15x [54]
119 In-OBzt, 43-OH, 53,11-Oxy, 6,9B-OAc 113,140,15x [54]
120 In-OBzt, 43,83-0OH, 53,11-Oxy, 8,9%-OAc 113,140,150 [54]
121 In-OBzt, 43-OH, 53,11-Oxy, 6,88,9a-OAc 113,140,15x [54]
122 ln-OBzt, 43-OH, 53,11-Oxy, ,98,15-OAc 118,140,150 [54]
123 I, 9¢-OBzt, 43-OH, 53,11-Oxy, ,8x,15-0OAc 1B,140,15x [55]
124 Mortonol B T, 93-OBzt, -OAc, 43-OH, 53,11-Oxy, 6-Ox0 18,14a,15x [56-58]
125 1o, 98-0OBzt, 43-OH, 6-Ox0, B-OGly-(2,6'-OAc), 53,11-Oxy  14v,15x [58]
126 1n,9B8-0OBzt, 43-OH, 6-0Ox0, B-OGly-(OAc), 58,11-Oxy 14x,15x [58]
127 1n,9B-OBzt, 28,3B-OAc, 43-OH, 53,11-Oxy 14x,150 [59]
128 In-OBzt, 23,6B8-OAc, 33, 43-OH, 53,11-Oxy, B-OCin 118,140,150 [60]
129 In-OBzt, 23,3B,6B8-OAc, 43-OH, 53,11-Oxy, B-OCin 118,14x,15 [60]
130 Ix-OCin, 43-OH, 53,11-Oxy, 6,8x,15-OAc, %-OBzt 118,140,150 [48]
131 Triptofordin D-2 B-0OCin, 4x-OH, 5x,11-Oxy, Gx,83,15-OAc, B-OBzt 11,148,153 [45]
132 Triptofordin D-1 B-OCin, 40-OH, 5x,11-Oxy, 6x,15-OAc, 8-Oxo, 8-OBzt 110,148,153 [45]
133 13-OCin, 28,6a,15-OAc, 4t-OH, 5x,11-Oxy, 8-Oxo, B-OBzt 110,143,153 [45]
134 1x-OCin, 28,43-OH, 53,11-Oxy, 6,93-OAc 113,140,150 [54,56]
135 Rzedowskin C d-OEpcin, 2B,43-0OH, 53,11-Oxy, 6,93-0OAc 118,140,15x [56]
136 Euonydin A-5 B,9«-OFur, 3-OBut, 4x,6a-OH, 5x,11-Oxy, 15-OAc 1d,148,153 [51]
137 Euonydin A-4 B.2B,9x-OFur, 4x,6a-OH, 5x,11-Oxy, 15-OAc 14,143,153 [51]
138 Triptogelin B-2 B-ONic, 5x,11-Oxy, Gx-OAc, 83,93-OBzt 110,148,153 [42]
139 Triptogelin A-5 B-ONic, 28,93-OBzt, 5r,11-Oxy, Gx-OAc, 83-OMeBu 11,148,153 [27]
140 Triptogelin A-10 B-ONic, 23,883,93-OBzt, 5x,11-Oxy, Gx-OAc 110,143,153 [42]
141 Ix-ONic, 20,6-OAc, 43-OH, 5,11-Oxy, 9-OFur, 15-OiBu 14150 [61]
142 Jx-ONic, 2,6-OAc, 43-OH, 5,11-Oxy, 9-OFur, 15-OMeBu 04150 [61]
143 Jx-ONic, 20,6,15-OAc, $-OH, 5,11-Oxy, 9-OFur 14,15« [61]
144 Ix-ONic, 2«,6,15-OAc, $-OH, 5,11-Oxy, 9-OBzt 14,15« [61]
145 11,12,13-Trinor-3,4- 38,43-0OH, 8-Oxo, 11,12,13-Trinor 4153 [62]

diepicuauhtemone
146 3B,40-0OH, 63-0OCin 118,148,153 [15]
147 3-OEpang, 4-OAc, 8-Oxo 18 [63]
148 3-OEpang, 4-OAc, 8-Oxo, B,113-Epoxy 14,153 [64]
149 trans-Dihydrocarisone 3-0Oxo, 11-OH Bllda, 158 [65,66]
150 4-O(CH),0-4; 8x,11-OH, 14-Nor 18,153 [67]
151 4-O(CH),0-4; 8-Oxo0, 11-OH, 14-Nor 13153 [67]
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Subst.  Trivial names Substituents Stereochemistry  References
152 4-Oxo0, &,11-OH, 14-Nor 18,158 [67]
153 4,12,13-Ox0, 12,13-OMe, 14-Nor A1 [67]
154 Verbesindiol 4,6B3-OH 118,148,153 [68]
155 4-OH, 63-O-transCou 113,143,153 [68]
156 4-OH, 60-OAC 110,148 [20]
157 5B-Acetoxyvitranoxide 4,7a-Oxy, 63-OAC 118,148,153 [69]
158 4y-OH, 6-Ox0 18,148,156 [68]
159 8x-Acetoxycryptomeridiol 4,11-OH, &-OAc 143,158 [70]
160 4y-OH, 11-OAc 18,148,156 [71]
161 1-Oxoisocryptomeridiol 1-Ox00411-OH 18,148,153 [72]
162 43-OH, 6-OCin 18,140,158 [14]
163 43,98-OH, 63-OCin 118,140,153 [73]
164 ,53-OH 118,140,150 [74]
165 #,11-OH 1B,140,15x [74]
166 Geosmin &-OH, 11,12,13-Trinor 14,153 [75]
167 Eudesmanee511-diol 5v,11-OH 18,143,153 [71]
168 ,11-0H 1B,148,15« [76]
169 5,11-OH 18,140,155 [76]
170 a-Dihydroeudesmol 11-OH B14x,153 [75]
171 B-Dihydroeudesmol 11-OH RB148,153 [11,75]
172 4-Epi-Aubergenone 3-Oxo0, 11-OM!? 118,140,153 [65,77,78]
173 3-Ox0, 11-OHA? 118,148,15« [77]
174 Gx-OAC, 7a-OH, A3 118,153 [79]
175 Eudesm-3-enesol 7a-OH, A® 118,153 [79]
176 7-epie-Eudesmol 11-OHA® 110,153 [80]
177 5,7-Diepie-eudesmol B-H, 11-OH,A® 110,153 [81]
178 11-OGly[(OAc),6-OTig], A® 118,158 [82]
179 3-Eudesmeneg]11-diol 18,11-OH,A® 118,153 [71]
180 1B-OAc, 11-OH,A°® 118,158 [71]
181 1B-OH, 63-0OCin, A® 118,153 [73]
182 5x-OH-Isopterocarpolone 2-Ox0p511-OH,A® 118,153 [72]
183 1n-OCin, 2-0Ox0, B,11-Oxy, 8, 9B-OAc, A® 118,15« [54]
184 11-OHA* 118,158 [83]
185 7-epiy-Eudesmol 11-OHA* 110,153 [71]
186 11-OXyl-(OAc), 14-OAc,A* 118,153 [84]
187 4-Eudesmeneg]11-diol 18,11-OH,A* 118,158 [71]
188 18,11-OH,A* 110,153 [71]
189 1B-OAc, 11-OH,A* 118,153 [71]
190 Acorusnol B-OH, 6-Ox0,A* 118,153 [85]
191 Acorusdiol B,3¢-OH, 6-Ox0,A* 118,153 [85]
192 1B-OH, 3x-OOH, §3-OCin, A* 118,158 [73]
193 18-OH, 3-Oxo, B-OCin, A* 118,153 [15]
194 a-Carissanol @,11-OH, 3-OxoA* 118,153 [86]
195 Carissone 3-Oxo, 11-0} 118,153 [86]
196 @3-Carissanol 3-Oxo, 6, 11-OH,A* 113,153 [86]
197 3,12-Oxo, 8-OH, 12-OMe,A* 118,130,158 [87]
198 3,12-Ox0, B-OH, 12-OMe,A* 118,130,153 [87]
199 3,8,12-Ox0, 12-OMe\* 118,130,158 [87]
200 10-Epijunenol &-H, 6a-OH, A*4 118,150 [88]
201 Junenol 6-OH, A*9 118,158 [88]
202 B-Eudesmol 11-OHA*Y 118,158 [89,90]
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Table 1 ¢€ontinued

Subst.  Trivial names Substituents Stereochemistry  References
203 11-OAraA*4 118,158 [90]
204 Arctiol 8x,11-OH, A% 118,158 [67]
205 8-Ox0, 11-OHA%¥ 118,158 [67]
206 12,13-Oxo0, 12,13-OMg**¥ 118,153 [67]
207 1B,60-OH, A*14 158 [91]
208 1B,60-OH, A*¥ 118,153 [72,92]
209 1B-OH, 63-OCin, A4 118,158 [73]
210 Selin-4(14)en-1,11diol Bl11-OH,A% 118,158 [93]
211 1-Ox0, 11-OHA*M¥ 118,153 [93]
212 1B-OAc, 11-OH,A%9 118,158 [71]
213 1n-OBzt, 53,11-Oxy, 6,98-OAc, A4 118,15« [54]
214 ln-OBzt, 53,11-Oxy, 8,88,90-OAc, A4 118,15 [54]
215 Jn-OBzt, 53,11-Oxy, 6,9x-OAc, 8-Oxo,A*¥ 118,15« [54]
216 Pterocarpol @11-OH,A%® 118,153 [94]
217 Pterocarpol-acetate afDAC, 11-OH,A%9 118,158 [94]
218 3,11-0OH,A%H 118,153 [66]
219 11-OH,A® 118,140,15« [95]
220 11-NCA® 110,148,153 [96]
221 Stylotelline &-NC, A® 140,153 [97]
222 1B-OH, 4B-OCin, A® 140,153 [73]
223 1B,20-OH, 48-OCin, A® 140,153 [73]
224 1B-OAc, 43-OH, A® 140,153 [98]
225 Erigeside A 3-0Gly, & 9-OH, A® 140,153 [99]
226 4-Epiplucheinol 3,48,11-OH, 8-Ox0A® 140,153 [100]
227 Plucheinol a@,40,11-OH, 8-Ox0A® 148,153 [100]
228 3v,48,50,11-OH, 8-Ox0A® 140,153 [101]
229 3x-OANng, 4y, 11-OH, 8-Ox0A° 148,158 [102]
230 Arguticinin 3-OEpang, 8-OAc, 8-Oxo, 11-OHA® 140,153 [103]
231 Odontinin 3-02MeBu-(2'0Ac, 3'OH), 4-OAc, 8-Ox0, 11-OHA® 148,153 [101]
232 P-0AnNg, 4, 11-OH, 8-Ox0A® 148,153 [104]
233 PB-OAng, 4x-OH, 8-0x0, 11-O0HA® 148,153 [104]
234 PB-0Ang, 43-0Ac, 8-Ox0, 11-OHA® 140,153 [104]
235 6-Eudesmeneedol 4q-OH, A° 118,148,158 [17]
236 Oplodiol B.48-OH, A7 140,153 [98]
237 1B-OH, 48-OCin, A” 140,153 [73]
238 Oplodiol-monoacetate BiOAcC, 43-OH, A7 140,153 [98]
239 1B,20-OH, 48-OCin, A’ 140,153 [73,105]
240 1B,30-OH, 48-OCin, A’ 140,153 [105]
241 13,4-OH, 8-Ox0,A™™Y 158 [106]
242 Jot,40-OH, 8-Ox0,A7*Y 148,15« [106]
243 1o,48-OH, 8-Ox0,A™™V 140,150 [107]
244 Cuathemone 0B4a-OH, 8-Oxo,A"™V 148,153 [108]
245 3-OEpang, 4-OAc, 8-Oxo0,A™® 148,153 [108]
246 Argutin 3:-02MeBu-(2'0Ac,3'-OH), 4-OAc, 8-Ox0,A7*Y 148,153 [109]
247 3x-OAnNg, 4x-OAc, 8-Oxo,A7™Y 148 [110]
248 P-0Ang, 4x-OAc, 8-Oxo0,A™™Y 148,158 [110]
249 P-0Ang, 4x-OH, 8-Ox0,A”Y 148,153 [104]
250 P-0Ang, 43-OAc, 8-Oxo0,A™™Y 140,153 [104]
251 P-0Ang, 43-OAc, 83-OH, 8x,12-Oxy, A" 140,153 [104]
252 1B-OH, 48-OCin, 7a-O0H, A® 118,140,158 [73]
253 a-Corymbolol T, 50-OH, A 118,148,153 [111]
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Table 1 ¢€ontinued

Subst.  Trivial names Substituents Stereochemistry  References
254 B-Corymbolol B,5¢-OH, A1 118,148,153 [111]
255 13-O(aOH-dihydroCou), &-OH, 13-Oxo, 13-OMe, 118,140,158 [112]
14-OGly,A™
256 see Fig. 2 13,140,153 [112]
257 18,4B,60,80, 14-OH, 13-Oxo, 13-OMeA™ 118,140,153 [113]
258 18,48,60,14-OH, 13-Ox0, 8-OMeAcr-(4'0OH), 13-OMe A™ 118,140,153 [113]
259 18,4B,6a-OH, 13-Oxo, 13-OMe, 14-OGh™ 118,140,153 [112]
260 Ixerisoide-J B-O(a-OH-iVa), 48,6a-OH, 13-Ox0, 13-OMe, 14-0GhA™ 118,140,153 [112]
261 Ixerisoside-K B-O(a-OH-dihydroCou), #,6a-OH, 13-Oxo0, 13-OMe, 118,140,153 [112]
14-OGly,A™
262 Ixerisoside-L see Fig. 2 B114x,153 [112]
263 18,6a-OH, 4, 14-Epoxy, &-OMeAcr-(4-OH), 13-0xo, 148,158 [114]
13-OMe, A™
264 Corymbolone 1-Ox0,660H, A™ 118,148,153 [111]
265 Isocorymbolone acetate 1-Oxae-@Ac, A 118,140,153 [115]
266 Pluchecinin B-OEpang, 4-OH, 8,13-Oxo, 13-OMeA!! 148,153 [62]
267 3-OAc, 4a-OH, 13-Ox0, 13-OMeA™ 118,143,158 [116]
268 3,13-0xo0, &,5a-Epoxy, 13-OMe A 118,148,153 [117]
269 4-OH, A™ 118,148,153 [118]
270 llicic acid 4-OH, 13-Ox0, 13-OMeA™! 118,148,153 [119]
271 Arbusculin-E-methylester  o46a-OH, 13-Oxo, 13-OMeA™! 148,153 [120]
272 Isointermedeol oOH, AT 110,148,153 [121]
273 4-OAc, AY 118,148,15« [122]
274 -OFuc,A™ 118,140,15x [122]
275 3-OFuc-(2'-OMeBu) A 118,140,150 [122]
276 #3-OFuc-(OAc), A 118,140,15 [122]
277 -OFuc-(2’OMeBu, 3',4'0Ac) A 118,140,150 [122]
278 #3-OFuc(3',4'Oisopropylidene)A ™ 118,140,150 [122]
279 #3-OFuc-(2'-OMeBu, 3',4'Oisopropylidencepy™* 118,140,15x [122]
280 ZyH-Eudesm-&-ol 5a-OH, A 118,148,153 [123,124]
281 Occidentalol 11-OH,&H, A® 118,15« [125]
282 Dehydrocarissone 3-Oxo, 11-OAt* 118,153 [65]
283 3-Ox0, &-OH, 12-Ox0, 12-OMeA ™ 118,130,153 [87]
284 3,12-Oxo, B-OH, 12-OMe A** 118,13x,158 [87]
285 3,8,12-Ox0, 12-OMe\** 118,13x,153 [87]
286 Benghalesin-A 3-Ox0,30H, 6a,14-Peroxy A 118,153 [126]
287 Benghalesin-B 3-Ox0,%67a-OH, 6x,14-Oxy, A 118,153 [126]
288 Gx-OAc, A9 110,158 [20]
289 43-OH, 13-Ox0, 13-OMeA?!? 118,140,153 [127]
290 A3® 118,15« [74]
201 11-OXyl-(OAc), A®® 118,158 [84]
292 11-0OCin,A3® 118,153 [15]
293 a-Selinene AR 118,153 [128]
294 Hypochoeroside-L @-OGly, 14-Oxo, 14-OHA%!! 158 [129]
295 1B-OH, 13-OGly,A%! — [130]
296 18-O(a-OH-dihydroCou), &-OH, 13-Oxo, 13-OMe, 118,158 [112]
14-OGly, A%
297 lo-Tigloyloxypolyachyrol h-OTig, 20, 9/3-OAc, 15-OHA®M! 118,15« [131]
298 1-Oxo, 2,5a-Peroxy,A%* 118,153 [132]
299 4-OMe, 13-Oxo, 13-OHA®! 118,153 [127]

300 7-epi-Teucrenone 2-Oxop7OH, A3 118,150 [133]
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Subst.  Trivial names Substituents Stereochemistry  References
301 5-OH,A%1 118,153 [124]
302 Selina-3,11-dien-9-ol MOH, A3 118,153 [134]
303 Selina-3,11-dien-9-one 9-Oxty>!! 118,153 [134]
304 B-Costol 13-OHA3M 118,153 [66]
305 13-OH, 13-OxoA>! 118,153 [135]
306 Selina-3,11-dien-14-al 14-Oxa3! 118,153 [136]
307 14-Oxo, 14-OMep®*! 118,153 [136]
308 Selina-4,11-dien-14-al 14-Oxa*t 118,158 [136]
309 14-Oxo, 14-OMeA**! 118,153 [136]
310 1B-OH-a-Ciperone B-OH, 3-Oxo0,A*™ 118,153 [132]
311 &,13-OH, 13-OxoA*! 158 [137]
312 B-0OH, 14-Ox0, 14-OMeA*™! 118,153 [136]
313 9,13-0OH, 13-OxoA**! — [63]
314 $B-0Ac, 13-OH, 13-OxoA*! 158 [138]
315 $B-0Ac, 13-OH, 13-OxoA** — [63]
316 9,13-Ox0, 13-OHA* - [63]
317 ~v-Costol 13-OHA*M 118,153 [66]
318 1B-OAc, A*97 158 [91]
319 Ventricosin-A 8-OxoA 414741 150 [139]
320 Q-OH, A4 7Y 158 [75]
321 12-0Ox0, 12-OMe, 13-OH\*(497(Y) 158 [140]
322 B-Selinene AL 118,158 [128]
323 18,3B-OH, A4 158 [129]
324 Hypochoeroside-K @-OH, 33-OGly, A%411 158 [129]
325 1B-OH, 3-Ox0,A%14:11 118,153 [141]
326 1B-O(Val-2'OH), 6x-OH, 13-Ox0, 13-OMe, 14-0GhA*1 118,153 [112]
327 6x-OH, 13-Ox0, 13-OMeA*@4:11 158 [120]
328 7x-OH, 13-Ox0, 13-OMeA*4:11 158 [140]
329 9,13-OH, 13-OxoA*41L 158 [142]
330 a-Costol 13-OH A1 118,158 [66,67]
331 13-Oxo A414:11 118,158 [67]
332 Coralloidin-D 12,13-OAcA*™@D 158 [143]
333 Coralloidin-E 11-OHAS 140,153 [143]
334 Deacetylcoralloidin-A B-OH, A>71Y 140,153 [144]
335 Coralloidin-A B-OAc, A>71Y 140,153 [144]
336 Deacetylcoralloidin-C 160H, AS7@D 140,158 [143]
337 Coralloidin-C 1&-OAc, AS7@D 140,153 [143]
338 Rishitin 2-OH, 38-OGly, A5 15.Nor 18,14 [145-148]
339 Rishitin-aglycone @3B3-OH, A5t 15.Nor 118,14 [147]
340 2-OAc, 33-OGly(2'-OGly), A% 15-Nor 118,14« [147]
341 2-OH, 3B-[OGly(OAC)s-(2'OGly(OACc)))], A% 15 Nor 1,14« [147]
342 Argentone 2-OMe, 3-Oxay**® 158 [149]
343 8-Oxo-argentone 2-OMe, 3,8-Oxb-*® 158 [149]
344 14-hydroxy-argentone 2-OMe, 3-Oxo, 14-Qtt*® 158 [149]
345 14-Nor-argentone 2-OMe, 3-Oxd**® 14-Nor 18 [149]
346 80xo0-14Norargentone 2-OMe, 3,8-0xd;*% 14Nor 18 [149]
347 3,13-Ox0, 13-OHA 1 118,153 [150]
348 1o,13-OH, 13-Oxo A 41411 118,158 [150]
349 8,12-OxyAL371 [151]
350 6-Ox0, 8,12-OxyA™*"1 [151]
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(o)
/
e
o
R, R, R3 R4 Name
26 OH OAc OAc H Emarginatine D
27 OH OH H OAc Emarginatine E
82 OAc OH OAc H Emarginatine C
83 OAc OAc OAc H Emarginatine A
OAc

R, R: R, R4 Name
33 OH OBz OAc OH 1-Desacetylwilfordine
34 OH OFur OAc OH 1-Desacetylwilfortrine
67 OAc OAc OAc Euonine
75 OAc OBz OAc Wilfordine

104 OBz OAc OAc Euojaponine F
115 OBz OBz OH Ebenifoline W-1I

H
OH
76 OAc ONic OAc H -
H
H
116 OBz OBz OAc H Ebenifoline W-I

Fig. 2. Compounds not described in Table 1.

5. Results new eudesmanes, for example, if tHe NMR data of
an unpublished eudesmanes showed chemical shifts in
The pickup program afforded countless chemical the range of the first group presented in Table 3, it is
shift ranges that characterise several substructurespossible to affirm with 100% recognition, that the
present in eudesmanes. These results and the percenstructure of the new substance presents a carbonyl
tage success of recognition are presented in Table 3.group at carbon 8, and that carbons 5, 9 and 10 do
The use of these groups of chemical shifts can be not bear substituents, for example, the eudesmanes
applied in the processes of structure elucidation for XXVI, XXVII and XXVIII shown in Table 4. In
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OAc
R

OAc

o
R, R, Ry Name

68 OAc OAc OAc OH OH 1-Desacetylwilfordine
100 OBz OH OAc OH OH 1-Desacetylwilfortrine
101 OBz OH OAc H H Euonine
105 OBz OBz OAc OH OH Wilfordine
106 OBz ONic OAc H H -
107 OBz OAc OAc H H Euojaponine F
108 OBz OBz OH H H Ebenifoline W-II
109 OBz OBz OAc H H Ebenifoline W-I

84 - Emarginatinine

o

Fig. 2. continued
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Table 2

Chemical shifts and multiplicity data of the eudesmanes presented in Table 1 (solvents; £BQICD3),CO; B= C¢Ds; D = (CD5),SO; P= CsDsN)

ct

Site 1

2

3 4 5 6 7 8 9 10 11 12 13 84 15
1 80.3 80.5 80.0 78.9 80.5 80.4 80.3 80.3 80.5 81.0 91.3 909 845 84.5 84?.35
2 27.3 40.1 28.6 26.7 26.8 28.7 28.5 28.8 28.0 34.4 28.6 273 237 234  23&
3 318 40.6 37.7 45.2 39.6 41% 41.3 40.8 39.7 39.4 38.8 375 419 430  427%
4 33.P 72.1 72.0 75.4 71.8 71.2 71.1 71.7 80.4 71.4 725 728 825 825 8%
5 459 46.1 47.3 55.3 53.1 55.3 55.1 53.0 57.6 44.9 48.6 473  53.2 57.4  57®
6 26.4 29.3 20.9 69.7 70.9 69.8 69.7 70.4 75.6 29.0 21.6 208 720 69.4  69%
7 49.7 74.8 41.3 49.9 49.9 49.9 49.6 49.6 51.2 73.6 43.0 410 433 49.8 499
8 22.6 30.1 20.6 21.2 20.9 20.8 20.6 21.2 22.2 29.0 21.6 207 212 238 232
9 40.3 27.7 41.2 41.0 40.5 4f4 415 38.6 39.1 234 41.9 410 289 331  33.0%
10 39.2 35.8 38.7 34.8 394 39.1 39.1 394 33.2 37.9 40.2 388 484 485 483
11 725 40.5 74.8 28.9 28.7 28.8 28.8 29.7 29.6 39.1 75.2 746 274 296 2%3
12 27.3 17.4 29.7 21.2 214 21.3 21.2 21.6 18.5 17.0 29.6 296 236 218 286
13 26.9 17.5 29.7 20.8 20.5 20.7 20.6 20.9 20.7 16.9 29.0 295 19.9 210 2@6
14 14.9 29.9 22.2 21.6 29.8 24.7 24.6 20.5 76.5 29.8 22.1 221 236 178 225
15 14.0 12.2 13.2 15.3 13.9 14.9 14.7 13.5 12.8 12.6 14.5 136  17.1 228 1EB
Site 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 %
[¢]
1 84.9 65.9 65.1 65.2 216.0 37.6 36.1 74.8 72.1 $9.6 725 745 764 764  76.1 §
2 235 31.1 31.3 31.2 34.0 17.0 21.4 28.1 71.4 ¥3.3 721 705  26.9 714 713 §
3 428 41.9 379 38.0° 32.6 29.5 32.2 26.3 325 29.7 75.6 752 256 325 3240
4 82.6 71.0 84.3 83.9 323 40.5 32.2 34.8 33.7 33.1 69.9 702 340 335 3359
5 57.1 51.0 4513 46.4 47.0 87.8 87.3 93.3 91.6 89.3 93.8 938 913 916  91.48
6 69.6 77.3 73.9 73.8 26.8 38.4 38.1 75.9 75.2 78.3 73.7 745 720 749 791
7 49.9 438 445 443 49.7 44.6 43.8 57.7 53.1 48.8 50.5 493 531 543  53.08
8 23.2 22.9 22.6 22.4 22.3 25.1 25.1 78.1 76.3 34.3 69.3 745 275305 720 <2
9 33.1 37.1 37% 37.7° 35.1 38.1 38.1 80.9 75.9 69.3 71.2 763 7585 780 757 94
10 48.4 41.9 425 42.3 48.2 38.4 38.6 46.8 49.2 54.6 52.2 51.2  49.7 490 49D
11 29.4 239 235 23.6 724 81.2 81.0 82.7 81.4 82.6 84.0 855 814 811  8L3
12 215 22.1 22.1 22.1 275 23.6 235 26.7 24.2 31.9 18.5 193 242 241 2m
13 20.8 25.1 25.3 25.4 26.8 30.6 30.2 324 18.2 26.0 70.2 702 307 30.8 307
14 22.3 23.1 21.9 215 14.8 17.7 15.7 18.0 13.3 17.9 23.3 243 16.8 18.7 187
15 17.5 15.5 16.6 16.7 19.2 22.9 23.0 11.5 30.8 65.2 60.7 605 11.0 134 133



Table 2 ¢ontinued

Site 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45
1 76.9 80.6 72.9 72.7 73.6 73.1 718 734 788 75.7 790 780 729 717 755 §
2 71.0 210.0 735 72.7 27.0 221 26.7 26.5 221 26.5 234 228 222 238 2
3 325 428 76.5 76.5 22.0 26.7 222 220 265 22.8 26.7 260 266 382 2ZB
4 33.0 38.8 69.7 69.7 40.0 39.9 33.9 33.9 33.8 39.8 39.9 332 397 702 348
5 91.0 89.8 93.6 93.8 87.7 87.3 91.2 91.2 90.0 88.2 88.5 908 864 912 8l
6 75.0 736 73.8 73.7 36.6 36.4 74.6 76.2 75.1 36.3 32.0 752 366 758  3&5
7 52.5 53.0 50.8 50.9 43.9 436 53.0 52.1 52.4 47.2 48.0 520 482 537 4%
8 725 72.0 69.4 69.3 316 315 78.9 76.8 713 76.7 700 740 717 701 768 J
9 76.0 75.3 724 72.0 74.0 74.6 75.0 790 743 76.1 %43 754 684 680 761 @
10 49.0 55.3 51.4 51.7 47.9 47.9 489 467 488 50.1 49.0 49.4 512 529 5@
11 815 82.7 84.8 84.7 82.0 81.9 81.7 82.5 81.6 81.7 80.5 823 820 844 8L6
12 24.0 24.2 17.9 17.9 24.3 24.1 24.2 25.7 24.1 24.4 22.9 306 249 262 24z
13 31.0 30.7 69.7 69.7 30.3 30.2 16.8 30.8 30.6 30.8 29.9 259 310 300 3
14 18.0 17.9 23.6 23.2 17.8 17.5 12.3 16.9 16.8 16.9 16.1 159 173 237 181
15 13.0 12.7 62.6 61.9 18.3 18.0 30.6 12.5 12.0 61.6 61.2 609 638 641 6GD
3
Site 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 2
[¢]
1 75.4 755 70.4 70.1 70.7 70.1 70.1 716 70.0 76.5 68.1 739 731 736 733
2 69.2 69.1 70.7 70.8 713 69.0 69.0 70.9 68.5 73.9 70.8 218 213 215 218
3 31.0 31.0 30.9 30.9 30.9 40.9 40.9 314 408 41.3 422 270 268 268 266
4 39.1 39.2 39.4 39.4 39.2 722 722 334 722 722 70.0 400 340 344 3
5 87.7 87.8 87.1 87.1 87.0 91.8 91.8 90.7 91.9 91.6 915 877 898 900 9®3
6 36.4 36.1 35.9 35.9 35.9 75.0 75.0 735 750 75.2 716 366 796 809 T&4A
7 47.2 47.2 43.6 436 437 54.5 54.5 55.4  54.2 53.7 53.1 438 489 490 589
8 76.8 76.3 31.0 311 311 76.0 76.0 77.0 76.1 75.5 75.6 316 320 322 76®
9 76.3 76.2 74.3 74.4 743 76.4 76.4 77.3 76.4 77.0 76.2 742 734 734  75%
10 50.6 50.6 472 472 47.0 495 495 490 495 50.7 54.1 480 504 507 4%y
11 82.0 81.9 82.2 82.3 82.3 84.2 84.2 82.5 84.2 84.6 83.5 821 825 826 8&
12 24.4 24.4 24.0 24.0 24.0 26.2 26.2 26.1 26.2 26.4 25.5 17.9 174 176 254
13 30.6 30.7 30.2 30.2 30.2 30.5 305 314 305 30.1 30.0 18.4 187 189 308
14 18.6 18.4 19.1 19.1 19.4 25.2 25.2 19.5 25.2 24.3 24.6 243 260 260 178
15 63.3 61.8 19.6 20.0 20.0 21.7 21.7 20.7 215 61.8 65.5 302 307 321 186

€T
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Site 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75
1 726 76.6 71.2 711 70.5 741 736 734 713 712 716 711 712 701 7327
2 67.7 200.5 70.0 69.7 68.9 68.3 69.5 689 703 70.2 70.4 705 694  69.0 693
3 44.1 54.7 31.0 31.0 41.9 42.0 76.0 759 311 31.2 315 311 312 409 76D
4 70.2 74.1 33.8 34.2 69.7 69.8 69.9 707 394 39.4 39.8 395 337 722  6%B
5 91.7 91.3 89.6 89.7 91.1 93.3 93.9 942 873 87.3 87.6 873 896 918 94D
6 69.2 69.4 79.2 80.4 68.1 744 739 739 361 36.1 36.1 360 792 750 73.6%
7 54.1 53.9 48.9 49.0 49.1 64.9 51.3 50.7 438 437 44.0 437 488 545 589
8 77.3 77.1 316 316 34.7 197.0 - 69.1 311 31.2 31.3 312 316 760 689
9 723 721 73.1 72.8 78.1 79.7 711 708 738 73.8 73.8 735 730 764 708
10 50.1 51.9 50.0 50.1 55.0 52.6 52.3 523 472 47.1 47.4 470 498 495 589
11 84.8 85.8 82.9 82.8 84.6 85.1 84.5 843 823 82.3 82.6 822 829 842 8#8
12 26.7 26.5 26.9 26.1 29.4 25.2 18.0 18.6 19.3 19.3 19.3 193 260 262 179
13 30.3 30.3 30.7 30.9 25.7 29.2 704 700 201 20.2 20.1 201 306 305 6&8
14 255 25.0 18.6 18.5 25.1 24.5 22.8 230 243 24.3 245 242 189 252  2&0
15 20.7 19.9 20.4 20.4 65.5 61.0 60.3 60.1 302 30.2 30.4 302 206 217 636
g
%
Site 76 77 78 79 80 81 82 83 84 85 86 87 88 89 0 =
py)
1 733 70.0 75.3 79.0 715 75.0 70.8 731 735 ¥54 734 701 697 698 700 &
2 70.7 68.5 25.2 67.7 69.5 67.3 69.6 69.4  68.7 26.7 26.7 695 676 679 659
3 75.8 408 37.9 411 29.7 411 754 757  76.6 23.0 22.9 419 412 422 422
4 69.7 722 70.7 723 33.1 721 70.5 705  69.2 40.0 40.0 697 722 696 696
5 93.8 91.9 92.2 91.9 89.2 915 93.7 941 942 88.2 88.2 911 911 912 92
6 73.6 75.0 73.3 75.0 78.1 76.9 73.6 738 704 36.7 36.7 679 787 781 781
7 51.2 54.2 53.4 54.6 48.8 53.6 50.2 507 512 473 47.8 491 502 492 4R
8 68.9 76.1 78.3 76.1 34.8 738 713 69.0 704 784 78.4 346 344 345 345 8
9 70.3 76.4 69.7 76.5 69.5 75.3 718 706  69.9 764 76.3 781 688 693 698 <
10 52.1 49.5 52.2 49.6 53.3 50.6 54.0 522 521 50.3 50.5 551 536 549 551
11 84.5 84.2 82.9 84.2 82.7 84.4 84.8 844 848 81.9 81.9 846 848 845 8%%
12 18.0 26.2 24.4 25.0 30.3 30.0 18.3 18.7 17.9 24.6 24.6 294 264 265 257
13 70.6 30.5 29.5 21.8 25.9 26.7 70.1 700 707 30.8 30.8 257 300 294 234
14 23.0 25.2 226 26.2 17.7 24.2 23.7 234 228 17.1 17.1 250 246 250 281

15 60.3 215 60.9 30.5 65.4 61.7 60.4 60.5 60.2 63.1 63.1 65.5 65.8 65.9 659



Table 2 €ontinued

Site 91 92 93 94 95 96 97 08 99 100 101 102 103 104 105
1 70.1 715 716 735 75.6 69.3 731 735 792 75.5 75.5 743 762 736 7354
2 69.5 26.8 222 26.9 22.7 70.8 24.0 234 69.3 70.1 70.2 68.8 707  69.9 692
3 418 226 26.5 216 26.4 31.4 37.1 373 327 78.4 78.4 421 317 760 754
4 69.7 33.7 338 345 39.8 328 70.3 731 337 70.6 70.8 69.8 342 700 7&7
5 91.1 92.6 91.1 90.2 88.2 90.4 90.7 915 910 94.6 94.3 934 924 939 938
6 68.1 72.8 74.3 73.8 36.2 726 31.2 797 P49 741 75.1 746 755 739 749 g
7 49.1 54.5 52.8 49.1 47.3 53.6 43.7 502  53.0 50.5 50.4 650 658 512 5064
8 34.4 74.7 74.9 322 76.0 74.9 316 320 P48 69.1 69.2 1971 1987 691  69.1 3
9 78.1 79.6 79.0 80.3 78.2 77.6 738 73.2 74.9 718 72.0 797 804 717 7169
10 55.1 487 49.0 50.7 50.1 51.1 48.2 506  49.0 53.0 53.1 531 527 526 547
11 84.6 81.8 81.7 82.6 81.6 81.2 83.5 845 817 84.2 84.3 852 841 847 844
12 29.4 245 24.1 26.1 24.3 24.6 24.0 266 242 185 18.4 252 256 @ 17.9 184
13 25.7 31.1 30.5 30.8 30.7 30.4 30.1 301 307 70.2 70.2 293 312 704 7@
14 25.0 17.4 16.7 17.6 16.6 16.4 244 238 18.6 23.1 23.2 246 186 228 289
15 65.4 12.3 12.4 18.9 615 60.9 19.3 20.3 15.5 60.5 60.5 611 610 604 6%
3
Site 106 107 108 109 110 111 112 113 114 115 116 117 118 19 120
[¢]
1 736 74.4 735 736 76.4 79.0 76.5 765 764 735 735 726 726 726 787
2 69.3 70.0 69.1 69.3 69.8 71.4 70.8 710 708 70.7 70.5 239 234 233 242
3 75.9 75.8 75.2 75.8 31.2 34.6 31.3 314 313 75.2 75.9 385 372 385 3H3
4 70.7 36.0 72.7 70.7 33.5 34.8 335 335 335 72.0 69.9 706 730 703 735
5 94.2 90.8 93.2 94.2 90.7 93.7 90.9 90.9 908 93.0 93.9 861 915 915 985
6 74.0 74.4 745 74.0 74.8 721 787 745 747 74.3 739 2120 797 797 7823
7 50.5 50.4 51.9 50.6 52.8 57.6 53.1 527 530 52.6 51.2 552 502 490 542
8 69.3 69.2 69.4 69.1 724 721 717 714 724 69.3 69.0 335 320 318 @ 738
9 716 718 718 715 745 771 788 750 @ 747 72.0 717 723 733 729 8029
10 53.2 51.3 52.1 52.7 49.0 48.5 489 491 490 51.2 52.5 56.0 503 514 48l
11 84.5 82.6 85.0 84.5 81.9 81.2 82.1 820 821 85.4 84.7 781 846 843 853
12 18.6 18.2 18.8 18.5 24.2 24.5 24.2 241 242 18.2 180  221.302 296 300 =
13 70.0 69.9 70.9 70.1 30.6 31.9 30.7 307 307 71.4 704  %23867 257 257 T
14 23.1 14.2 235 23.0 18.3 20.1 185 185 185 23.9 23.2 206 239 240 230
15 60.2 60.1 61.0 60.2 14.2 13.8 14.1 14.2 14.6 61.6 60.8 171 199 196 136

ST



Table 2 ¢ontinued

9T

Site 121 122 123 124 185 126 127 128 129 130 131 132 133 134 135
1 734 937 727 721 722 72.0 734 682  67.8 75.4 75.3 760 743 727 723
2 24.0 237 25.2 69.0 733 73.0 69.0 708 683 25.2 25.1 253 688 676 67
3 38.1 38.2 37.9 44.4 42.8 45.0 70.0 781 772 38.0 37.9 383 421 491 4L
4 70.4 70.2 70.6 71.0 69.9 70.7 68.1 716 701 70.7 70.5 705 698 846 8bs
5 92.6 91.4 92.2 85.8 84.9 85.5 89.9 930 911 92.2 92.1 93.6 934 912 9%
6 78.1 78.2 78.6 211.0 212.7 211.3 30.3 80.4 788 72.8 726 745 746 762 T2
7 52.1 49.1 53.2 55.3 55.5 55.4 430 484 483 53.3 53.2 651 650 579 549
8 77.2 345 75.5 33.1 326 33.1 32.8 320 312 78.3 781  197.6 1971 486  48%
9 76.5 72.4 70.2 722 722 72.0 76.0 73.1 724 70.4 70.3 795 797 796 79
10 47.9 54.1 52.6 55.8 55.5 55.8 48.0 521 511 525 52.4 522 531 516 5§36
11 84.1 84.3 82.7 78.6 775 78.7 84.1 826 850 82.8 82.7 848 852 710 71O
12 29.7 29.4 24.3 222 23.1 22.4 19.9 299 298 24.4 24.3 246 253 215 25
13 255 25.7 29.5 236 23.3 236 20.5 261 260 29.6 29.5 203 293 249 24869
14 23.7 23.8 22.8 17.9 28.6 29.6 30.0 244 240 22.8 22.7 238 246 202 282
15 13.3 65.1 60.6 29.6 17.1 17.9 20.9 220 215 60.7 60.5 606 6L1 207 2%
3
Site 136 137 138 139 140 141 142 143 144 145 146 147 148 149 1507
[¢]
1 70.6 70.5 79.6 76.9 771 68.2 68.3 68.4  69.2 345 40.7 329 334 412 4@s
2 67.8 68.7 26.5 70.6 70.6 68.1 68.2 682 684 26.9 26.5 231 268 407 12
3 41.3 41.0 22.4 31.2 313 41.9 421 419 420 75.2 78.8 735 716 2131 3%5
4 722 721 33.8 33.3 334 69.7 69.9 69.6  69.8 73.9 75.1 828 827 456 109®
5 91.0 91.0 91.2 90.8 90.8 91.1 91.1 911 911 475 55.1 465 468 510 5@8
6 78.8 78.8 716 747 74.8 716 717 717 720 23.0 69.5 230 231 263 283
7 50.1 50.1 52.9 52.7 53.0 48.9 49.0 490 492 426 49.7 555 702 487 541
8 34.6 34.6 74.6 70.7 716 34.2 345 346 347 214.3 211 209.8 2048 220 689
9 68.0 68.0 74.9 75.0 747 785 78.6 781 782 59.6 45.0 590 60.1 380 5%l
10 53.9 53.7 49.1 48.7 48.8 55.1 55.2 552 555 39.5 34.6 384 383 334 3G
11 84.8 84.9 81.9 82.2 82.2 84.6 84.6 845 847 - 28.7 258 631 727 782
12 26.4 26.4 24.2 24.1 24.2 286 256 255 258 - 211 192 197 268 239 2
13 30.0 30.0 30.6 30.7 30.7 282 252 251 2527 - 20.8 206 190 275 302 T
14 24.6 24.8 12.5 18.5 18.5 29.3 294 292 293 216 216 182 177 112 &
15 65.7 66.0 16.7 14.1 14.4 65.3 65.2 652 654 19.0 18.0 172 191 163 189



Table 2 €ontinued

Site 151 152 153 154 155 156 157 158 159 160 161 162 163 164 165
1 40.4 41.1 - 453 45.2 41.6 38.6 431 400 41.0 215.6 44%2 405 337 414
2 19.5 22.2 225 20.3 19.9 19.2 18.0 19.7 22.2 20.2 411 200 208 192 2¢y
3 - 40.0 40.2 433 43.7 41.6 43.6 408 296 43.6 359 454 395 370 445 =
4 109.8 221.5 211.7 73.0 72.8 71.9 72.6 71.0 %0.3 72.2 73.7 717 718 746 770 &
5 50.4 56.9 56.8 57.7 56.8 51.0 47.9 66.7 52.9 54.8 47.8 572 530 788  4&5
6 35.6 22.2 - 66.3 69.3 77.9 720 2133 35.1 21.2 22.1 69.4 709 260 2Gb
7 59.1 53.2 375 50.9 50.0 a4.4 74.5 56.0 51.6 47.2 42,5 50.2 49.8 405  4%L7
8 214.7 68.5 - 21.1 21.4 23.2 28.0 22.3 70.6 22.1 21.6 213 267 224 213
9 58.8 495 41.1 453 43.7 39.1 44.3 410 430 44.4 338 435 805 347 415 @
10 237 40.5 39.2 34.9 34.9 37.3 33.8 39.8 50.1 34.6 46.6 345 304 376 342
11 71.8 75.5 57.7 28.8 28.7 24.0 32.7 25.6 70.1 85.1 70.7 28.8 287 293 746 =
12 255 23.8 168.7 20.8 21.2 22.3 15.9 20.7 215 235 23.4 213 213 219 2%9
13 28.6 30.4 168.7 20.8 21.2 25.3 16.2 20.7 27.9 23.7 29.9 207 204 229 2&5
14 - - - 25.7 20.7 23.4 30.0 24.1 21.0 18.6 29.7 246 207 240 218
15 18.6 17.9 16.8 21.7 24.5 19.5 20.7 20.4 18.6 22.5 29.0 213 137 227 1g4
3
Site 166 167 168 169 170 171 172 173 174 175 176 177 178 179 180 9
[¢]
1 34.9 33.0 36.6 34.2 419 44.6 1604  156.7 37.9 375 38.7 207 401 763 7828
2 20.6 22.2 17.0 20.8 216 17.4 126.3 1285 22.9 22.9 20.8 230 237 323 20
3 30.3 30.5 28.1 29.7 36.7 36 2023 2019 1246 121.2 121.0 1190 1207 1195 119.8
4 34.1 32.4 41.2 34.7 31.5 337 427 486 1332 134.9 1354 1370 1353 1354 13539
5 74.3 75.2 75.1 74.3 51.3 47.0 483 485 450 40.9 42.6 47.4 465 465 464 O
6 29.7 32.1 31.8 29.7 24.9 28.0 25.2 24.5 76.9 32.3 24.0 260 223 239 233
7 212 45.2 40.2 40.8 49.6 50.1 485 4217 738 74.2 41.0 494 487 492 4918
8 20.6 21.3 20.3 20.5 223 22.7 21.9 23.9 22.8 29.2 23.1 227 229 219 21.82
9 35.58' 36.3 34.8 34.2 4197 41.6 37.9 41.0 34.2 35.6 37.6 408 378 350 3499
10 37.1 37.6 36.6 36.8 33.4 33.6 36.2 38.2 34.3 32.1 31.3 303 322 374 363
11 - 725 72.8 73.1 73.0 72.8 72.6 72.7 34.0 39.1 74.2 728 809 729 1B
12 - 26.9 29.6 29.5 21°8 26.9 269 271 15.8 14.4 28.1 268 250 267 267 =
13 - 27.0 30.0 30.6 27°2 27.1° 278 271 16.2 16.8 28.8 272 224 276 2711 T
14 14.7 22.7 17.2 14.8 20.1 195 11.8 12.0 21.8 21.0 20.9 203 211 209 2iw
15 20.1 14.9 21.8 20.1 16.7 14.8 17.2 27.1 17.8 16.9 18.4 228  14.4 95 102

LT



Table 2 ¢ontinued

8T

Site 181 182 183 184 185 186 187 188 189 190 191 192 193 194 195
1 76.7 42.3 705 423 39.4 417 78.3 754 803 76.8 72.9 738 751 457 374
2 321 199.0 192.9 19.2 18.9 26.0 27.1 269 239 26.7 35.9 307 424 689 3
3 121.2 125.4 129.2 33.2 32.7 29.3 319 313 315 32.1 69.9 85.1 198.2 200.4 1950
4 1335 167.0 153.6 1245 126.0 124.2 1238 1251 1240 139.2 1425 1383 1338 1259 1289
5 50.8 76.0 87.9 134.9 135.0 142.5 1334 1336 1334 136.4 1337 1403 1547 1642 1626
6 714 34.3 81.7 26.4 25.4 22.6 26.3 252 263 206.8 207.8 707 705 289 288
7 49.3 47.0 49.3 50.6 44.1 49.3 497 441 497 57.5 58.2 486 485 498 497
8 20.3 22.7 32.0 233 226 18.7 22.8 218 227 21.7 226 203 200 225 23
9 35.4 35.6 74.9 40.3 38.1 39.7 38.8 335 386 37.0 37.0 382 378 427 4@
10 37.7 40.1 515 345 34.4 34.9 39.4 395 384 43.0 44.0 39.6 410 370 3%9
11 28.6 726 85.0 72.9 74.6 79.9 72.7 741 726 25.8 25.8 200 289 724 74
12 222 255 29.9 27.2 27.8 23.3 26.7 274 267 18.2 17.8 208 209 2268 z
13 20.1 28.6 25.7 26.9 29.8 24.7 27.1 294 272 21.0 21.1 20.8 207 *27M5 &
14 20.7 22.7 22.0 19.3 25.9 64.6 17.3 19.2 18.4 20.7 16.3 176 111 110 189
15 12.2 18.8 20.2 24.7 19.6 24.3 18.9 19.3 18.9 18.3 18.4 169 167 229 2Z6
3
Site 196 197 198 199 200 201 202 203 204 205 206 207 208 209 2103
[¢]
1 39.1 37.2 37.8 36.6 308 39.8 411 410 414 41.3 405 792 772 801 7918
2 34.1 33.4 33.3 33.7 227 227 235 22 229 23.0 23.4 325 319 345 385
3 200.3 198.7 198.9 198.0 362 308 36.9 368 366 36.6 36.7 352 351 308 3428
4 131.3 129.4 128.9 130.4 146.8 146.8 1511 1511 1500 148.4 1502 1464 1462 1478 1486
5 158.9 159.4 161.6 156.7 60.3 60.3 494 498 494 48.4 49.3 562 559 518 489
6 68.6 29.2 26.5 30.5 67.4 67.4 25.0 247 260 28.2 28.3 672 670 712 248
7 49.7 47.9 45.2 51.4 48.9 48.9 498 481 543 59.0 38.4 496 493 504 485
8 16.1 67.0 66.7 207.8 185 185 224 234 692 214.4 25.7 185 162 204 2322
9 41.6 50.2 49.0 54.6 39.8 30.2 418 418 502 57.1 417 365 363 374 3P
10 35.0 37.0 35.7 40.0 355 355 35.9 359 377 40.9 35.8 418 417 404  4eql
11 734 39.9 42.1 38.6 26.3 26.3 72.9 807 752 715 58.0 263 260 281 785
12 28.8 1764  176.8 175.1 16.1 16.1 27.2 23.7 24.0 25.6 169.0 211 162 220 @ 28D
13 28.9 12.9 15.3 14.6 20.8 20.8 27.2 240 303 28.6 169.0 16.4 211 203 2272
14 10.4 11.1 10.7 11.3 112.3 112.3 1053 1054 1055 107.3 1056 1079 107.8 1089 168.0
15 24.6 23.3 25.0 24.4 28.2 28.2 16.3 16.3 17.3 17.1 16.2 117 116 132 102



Table 2 €ontinued

1]
@

211 212 213 214 215 216 217 218 219 B0 221 222 223 224 225
1 214.5 80.7 71.3 74.0 75.1 51.0 46.8 35.8 39.6 41.3 30.8 782 830 803  43p
2 38.1 28.0 27.7 28.0 28.7 67.9 70.7 29.8 17.7 18.1 22.0 270 682 394 3
3 345 33.8 327 315 31.8 46.6 42.3 73.6 33.6 33.8 28.7 336 415 387 74&B
4 146.8 148.2 143.1 142.1 141.8 148.2 1471 152.1 38.8 39.3 39.7 819 825 710 3B7
5 48.7 48.7 88.8 90.3 91.2 49.4 49.4 436 1332 151.6 68.7 520 521 503 735
6 24.6 24.2 79.4 78.1 774 409 40.8 246 1210 129.2 1224 1162 1157 1153 1288
7 48.0} 47.6 48.5 52.2 65.6 49.2 49.3 49.4 45.4 44.1 143.9 1437 1423 1462 1451
8 22.1 21.9 31.8 72%2  199.3 24.7 24.6 225 20.3 20.6 23.0 227 226 237 428
9 32.3 36.6 73.0 75% 81.2 22.0 21.8 40.8 41.3 39.5 36.1 355 357 229 6532
10 48.4 39.1 51.6 48.8 50.3 35.3 35.5 35.8 34.4 34.8 35.8 383 385 374 38%
11 725 72.7 82.7 82.4 82.7 72.8 72.9 73.0 735 60.5 34.7 351 351 353 366
12 27.P 27.0 31.2 31.3 31.0 27.4 27.4 27.3 27.2 %.9 215 217 217 218 217 Z
13 27.8 27.2 26.2 26.3 25.7 27.1 27.2 27.0 27.4 370 212 216 216 213 235 &
14 1089 107.2 112.3 112.8 113.6 108.0 109.1  109.0 27.8 2273 16.4 244 246 295 254 9
15 16.6 11.2 19.3 13.3 13.1 17.3 16.7 15.6 22.4 22.4 24.1 122 134 128 1%7
3
Site 226 227 228 229 230 231 232 233 234 235 236 237 238 239 2402
[¢]
1 32.0 31.9 321 33.2 32.0 317 37.0 37.0 36.5 40.7 80.0 795 815 838 7&6
2 25.9 25.1 26.8 24.1 25.9 23.1 25.4 255 25.6 20.4 40.7 267 406 674 4Bl
3 73.4 73.4 70.7 75.7 73.7 73.9 81.0 81.0 72.9 43.2 39.7 334 394 412 698
4 72.1 75.4 68.7 71.9 80.1 81.8 73.3 73.6 85.7 72.3 71.0 824 709 835 849
5 49.0 48.9 70.2 50.6 49.9 48.6 54.1 54.2 48.6 54.4 465 520 46.8 489 429
6 143.6 143.2 143.4 142.6 140.2 140.9 141.7 1434  140.1 117.2 26.9 232 235 231 B9
7 144.9 145.4 147.9 145.1 142.3 145.4 144.6 1423 1451 143.8 1421 1418 1421 1417 1820
8 201.5 201.3 201.7 200.8 201.0 200.0 200.8 197.8  200.3 23.4 1162 1158 1161 1158 136.2
9 57.8 57.7 53.6 58.6 575 57.7 57.5 57.8 57.6 39.5 23.2 410 231 412 339
10 39.3 39.2 36.9 39.2 39.0 39.1 39.0 39.0 40.0 33.8 37.9 379 369 380 2%7
11 72.0 72.0 721 71.2 72.4 75.9 71.9 83.4 717 35.0 35.1 348 351 348 35D
12 29.4 29.3 29.5 29.4 29.4 29.2 29.2 25.0 28.9 21.6 21.9 217 219 217 288
13 28.9 28.8 28.7 28.8 28.9 28.8 28.9 24.4 29.1 21.8 21.3 212 213 213 243
14 22.4 22.4 22.8 22.7 18.6 18.9 19.5 19.4 18.7 22.3 29.9 247 299 248 23%0
15 17.8 17.7 16.8 17.9 17.8 18.2 18.1 18.1 185 17.6 11.8 123 129 134 123

6T



Table 2 ¢ontinued

0c

Site 241 242 243 244 245 246 247 248 249 250 251 252 253 254 255
1 78.5 78.7 78.0 32.9 32.9 32.6 38.0 334 383 37.7 385 753 762 742 828
2 28.9 30.0 28.3 25.7 23.0 25.1 26.0 231 255 25.8 25.4 272 248 2 26BF |
3 412 39.7 40.3 74.3 73.7 73.3 74.2 723 813 74.0 73.8 337 224 C26mAE T
4 719 71.0 715 73.1 82.9 82.6 87.7 834 744 87.4 87.6 824 414 413 3%y
5 50.7 476 50.4 456 45.1 44.8 451 456 511 44.9 475 466 777 773 53l
6 26.0 26.8 26.0 25.7 25.8 25.4 25.8 261 255 25.6 20.9 230 382 382 7@l
7 130.0 129.9 130.5 131.2 130.1 129.7 1302 1305 1303 129.9 129.5 858 398 398 50.1
8 202.1 2020  204.0 202.0 201.4 200.9 202.1 2107 2021 201.8 971 1419 260 261 2B6
9 56.8 55.4 56.7 60.2 60.1 59.7 60.2 60.4  59.8 59.9 497 1240 327 334 3@5
10 412 40.3 41.2 36.3 35.9 35.4 37.1 360 364 36.9 35.6 411 397 419 4@9
11 1450 1464  146.0 144.1 1455 146.0 1447 1461 1448 1445 125.1 324 1500 150.2 1445
12 22.8 23.1 22.3 234 23.6 23.1 235 237 234 23.3 72.9 17.7 1084 108.6 12&7
13 22.8 23.8 228 22.7 22.8 226 22.9 231 227 225 13.3 168 211 210 16&1
14 235 25.9 23.6 21.4 19.1 18.9 19.6 19.3 17.5 16.7 17.0 249 170 ° 15891 ©
15 12.7 12.7 12.7 18.6 18.0 17.6 16.9 18.3 18.9 19.4 19.7 135 218 ° 1688 I
3
Site 256 257 258 259 260 261 262 263 264 265 266 267 268 269 2703
[¢]
1 83.1 76.1 75.9 753 76.0 75.5 75.5 772 2155 215.3 32.1 341 817411 445 8
2 26.6 29.6 29.6 29.3 27.7 27.8 27.8 29.1 34.1 33.0 23.3 273 379 202 208
3 27.4 39.1 39.1 36.5 355 35.6 355 330 301 30.5 79.3 776 2077 434 2433
4 336 65.9 66.8 78.8 81.3 81.3 82.1 60.8 405 317 715 717 717 723 7HD
5 53.1 60.6 60.5 57.0 56.6 56.7 565 494 785 53.7 46.9 496 654 549 549
6 70.1 66.3 66.8 723 716 717 716 682 280 25.6 29.4 237 269 261 " 283
7 50.2 56.3 52.6 50.6 50.6 50.7 50.6 549 393 39.5 36.2 404 380 464 44
8 23.5 67.5 70.8 28.3 25.3 25.2 25.1 704 254 26.7 205.8 260 231369 264 I
9 39.4 44.5 412 408 39.9° 39.9° 397 422 372 79.0 58.9 442 333 447 409 @
10 40.4 42.4 42.6 417 402 40.8° 404 412 512 51.2 32.8 343 338 347 3465
11 144.4 137.7 137.5 144.2 143.6 143.7 1436 1375 1494 150.6 1443 1455 1443 1507 185.7
12 1681 128.8 128.4 124.7 125.2 125.2 1251 1282  108.8 108.5 1241 1225 1237 1082 125
13 1247 167.4  167.0 168.1 167.8 167.9 167.8 1668  21.0 21.0 1740 1678 1671 211 178
14 69.0 63.7 63.6 760 747 74.8 74.6 514 203 19.6 22.4 21.0 207 228 22.5%
15 15.7 12.9 12.7 15.0 15.3 15.3 15.3 12.8 17.7 17.4 18.2 184 114 187 187



Table 2 €ontinued

Site 271 272 273 274 275 276 277 278 279 280 281 282 283 284 285
1 2.9 41.4 41.8 41.0 41.0 40.9 40.7 41.0 41.0 26.1 1332 1566 1552 1562 15301
2 19.5 20.2 23.0 225 23.4 227 235 23.2 23.0 17.0 1235 1261 1261 1254 12B9
3 43.6 43.6 35.6 40.0 40.1 39.7 40.9 40.1 39.8 28.1 116.8 1865 1862 1864 1857
4 735 721 83.4 77.2 79.4 79.7 79.8 79.4 79.2 41.2 139.8 1292 1298 1202 13%2
5 57.9 49.2 48.6 47.6 475 473 47.4 47.3 47.4 75.7 477 1605 1573 159.8 1538
6 733 22.8 18.2 19.2 19.8 19.6 19.7 19.6 19.7 37.6 27.3 287 285 269 234
7 50.3 39.4 39.4 39.0 39.5 39.4 395 39.2 395 40.0 473 505 484 466 50.8
8 26.8 23.6 23.4 23.1 23.0 23.3 23.0 23.2 22.9 34.9 24.8 220 667 662 2060
9 42.6 40.4 40.1 40.4 40.7 40.6 39.9 40.4 40.6 38.0 39.1 380 453 446 51
10 36.3 35.3 34.6 34.6 35.1 35.0 35.2 35.0 35.1 36.7 35.7 403 408 403  4f4
11 142.3 147.0 147.1 146.5 146.7 146.6 146.7  146.6  146.7 150.5 72.8 723 396 419 380
12 125.8 110.9 110.7 110.7 110.9 110.8 110.9 1108  110.8 108.2 ° 269269 1761 1768 1751 Z
13 168.3 22.8 22.8 22.7 22.9 22.7 22.9 22.6 22.6 21.0 7.1 277 133 154 144 &
14 238 223 25.0 17.9 18.2 18.1 18.4 18.1 18.4 16.7 26.0 104 106 102 1&9
15 19.7 185 18.8 18.6 19.0 18.8 19.0 18.8 19.0 21.6 22.2 234 246 263 2%l
3
Site 286 287 288° 289 290 291 292 203 264 295 296 297 298 299 300 O
[¢]
1 157.5 157.5 139.4 425 37.1 38.0 37.9 37.9 80.2 81.8 74.4 66.8 2063 443 580
2 125.2 127.3 1237 126.2 22.9 20.2 22.9 22.9 27.9 29.0 29.7 725 784 753 1981
3 184.9 183.7 333 134.0 124.1 124.3 1247 1209 'NO 1189 1250 1184 1197 1216 12683
4 129.9 133.2 143.4 69.4 131.2 131.5 131.2 1351 fNO 153.8 1362 1418 151% 1390 1625 &
5 154.7 159.8 47.9 49.9 132.0 142.9 143.4 26.8 46.1 47.2 523 361 853 472 449 @
6 98.7 112.6 72.3 27.8 123.7 120.4 120.2 28.9 29.8 28.6 78.1 241 °297289 330 &
7 49.5 75.7 437 39.8 40.7 47.2 45.6 £6.7 45.1 415 502 362 385 401 747 &
8 18.6 28.1 22.9 27.0 20.8 20.6 20.1 26.8 26.9 26.9 27.5 259 248 267 3E5
9 36.5 32.0 375 41.6 35.7 37.1 37.1 40.2 37.4 35.5 34.7 68.2 °20898 376 9
10 39.5 39.6 395 31.9 323 32.2 32.3 323 35.4 36.6 40.9 439 447 352 3%A
11 26.3 32.1 24.3 145.7 33.2 81.0 854  151.0 1507 135.2 1444 1473 2148251 1459 S
12 23.4 217 22.3 122.7 20.8 22.8 232 1082 1087 108.0 1252 1087 1095 1251 1181
13 24.8 18.0° 25.6 167.9 20.7 23.2 23.2 20.9 21.0 64.8 168.1 206 200723 186 T
14 68.9 71.8 107.5 29.0 23.0 22.0 20.2 212  NO 10.4 69.8 224 20210 169 &
15 19.3 17.8 20.8 18.9 20.1 24.4 237 15.6 10.9 20.6 12.1 60.8 177164  22.0

T¢
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Site 301 302 303 304 305 306 307 308 309 310 311 312 313 314 315
1 31.1 33.0 28.8 37.9 37.8 36.5 36.6 39.4 394 74.4 39.7 354 275 307 312
2 22.7 224 22.3 23.0 23.0 245 23.3 17.8 18.4 42.4 18.7 181 27.0 185 237
3 121.9 121.1 121.8 121.1 121.1 152.7 137.1 238 280 197.5 2328279 318 322 313 =
4 138.8 133.8 132.6 134.9 134.8 1425 1340 1327 1243 129.5 1261 1268 1447 1434 D46
5 75.5 45.1 46.1 46.9 46.9 435 437 1642 1494 161.9 1420 1467 1245 1290 1847
6 39.4 28.1 28.2 29.4 29.4 26.8 28.0 293 329 32.8 805 321 314 329 312 o
7 40.2 436 45.7 42.4 40.1 46.0 461 474 469 45.1 48.3 428 395 371 384
8 26.6 35.0 41.9 275 27.4 26.5 26.7 270 272 26.5 70.6 354 386 357 3®3
9 36.6 781 2153 40.3 40.1 39.7 39.8 414 417 37.7 50.3 781 782 799 881
10 35.7 37.6 46.7 323 32.3 322 324 367 353 413 35.8 409 393 391 384
11 150.2 149.3 147.7 154.5 145.3 150.3 150.4 1489  149.7 148.9 1324 1482 1329 1316 1326
12 1085 109.0 109.9 107.3 172.4 108.5 108.4 1093  108.6 109.4 1265  109.2 1246 1255 12458
13 20.9 20.8 20.3 65.1 125.0 21.0 20.9 207 208 20.6 171.9 207 1719 1708 188
14 17.4 21.7 21.6 21.2 21.1 194.8 168.7 1907  170.9 16.3 19.4 1707 189 198 B9
15 21.8 10.0 16.2 15.7 15.7 15.7 15.7 251 249 11.0 25.4 181 172 190  1g3

8

o]
Site 316 317 318 319 320 321 322 323 324 325 326 327 328 320 330

[¢]
1 34.7 42.3 81.0 37.0 368  41.0 41.9 768 764 76.2 81.5 419 413 389 417 &
2 27.1 19.1 28.2 23.4 23.3 29.4 235 427 410 46.4 271 267 234 245 235 B
3 32.0 33.2 34.1 41.4 373 418 36.9 705  76.7 198.8 27.7 378 368 378 368 3
4 1443 125.0 147.9 149.1 149.5 149.8 150.9 1540 1494 148.6 1141 1430 1503 1510 1BO7
5 125.2 134.6 43.4 47.1 48.3 50.6 499 459 459 44.6 53.9 579 437 498 5008
6 315 31.2 255 29.3 27.9 27.4 29.5 2.4 29.4 29.2 68.3 69.3 343 308 3005
7 39.5 427 1416 1315 126.9 154.0 458 455 453 465 50.0 481 729 385 4128
8 36.0 28.3 115.8 201.8 34.6 23.1 26.8 270 271 26.7 24.7 239 313 365 27.3%
9 216.1 40.3 38.1 57.6 79.6 36.4 412 379 379 36.8 3.1  °40.859 800 419
10 47.0 34.6 38.1 38.0 412 36.1 359 409 407 38.9 41.4 374 354 423 380
11 1335 154.2 35.0 144.1 123.1 125.1 151.0 1507  150.7 150.1 1444 1473 1467 1469 1341
12 1252 107.6 21.2 222 20.2 169.7 108.1 210  109.0 109.5 1249 1246 1678 1234 1878
13 1724 65.3 21.2 232 20.2 59.0 21.0 1087 21.1 21.3 168.1 1681 1233 1704  &5.3
14 221 19.4 108.0 107.0 106.9 105.8 1053  103.6 1055 118.5 1416 1069 1051 1069 1854

15 18.9 24.7 115 17.3 10.1 15.9 16.3 10.9 10.9 10.0 13.0 17.6 15.4 11.2 16.4



Table 2 ¢ontinued

Site 331 333 333 3348 335" 336 33F 338 339 340 341 342 343 344 345
1 41.0 42.0 42.8 436 43.0 35.7 36.3 38.4 26.6 27.7 26.6 121.7 1217 1228 1218
2 235 19.3 22.7 22.1 22.1 22.1 22.3 715 715 715 69.0 149.7 150.1  149.7 150.8
3 36.5 33.1 35.7 37.7 375 36.9 37.1 79.2 79.3 81.9 93.4 181.4 180.8 1824 1818
4 150.8 1335 33.2 33.6 33.6 33.8 34.0 41.7 40.5 39.2 40.5 1265 1331 1288 1220
5 49.8 147.9 149.6 147.7 147.3 143.3 1425 1291  129.1 129.3 128.6 1546 150.1 1575 161
6 29.5 30.6 115.5 114.6 115.4 120.2 120.6 31.2 31.1 32.7 311 117.7 1335 1166 1.1
7 36.9 125.7 142.8 131.8 131.4 127.7 128.2 40.5 41.7 41.9 40.5 153.7 1479 1564 1554
8 27.0 26.8 114.1 65.5 67.9 23.0 23.0 26.6 38.4 33.1 37.7 236 196.2 237 281
9 41.9 395 41.0 46.7 44.2 345 34.4 29.7 29.7 30.3 29.6 336 4938 333 3%6
10 35.9 34.9 34.9 345 34.3 40.3 39.0 1249 1248 123.2 124.7 365  40.6 371 3®7
11 155.5 120.6 71.4 128.8 127.4 126.2 1255 1489  148.9 - 148.8 354  29.0 355 382
12 133.0 62.3 2938 25.8 25.2 20.7 20.7 109.0  109.0 109.4 108.9 209 214 209 20§
13 194.9 62.1 29% 19.0 18.9 19.8 19.7 21.1 21.1 20.9 20.5 212 217 211 212
14 105.6 19.3 18.7 19.8 19.9 18.9 19.1 16.5 16.4 17.9 16.4 99 110 55.9 —2
15 16.4 245 22.4 20.2 20.6 65.2 64.8 - - - - 254 268 265 26§
2
Site 346 347 348 349 350 S
«Q
1 126.0 156.6 72.8 135.6 133.8 2
2 153.2 126.3 133.0 122.1 120.5 3
3 185.4 186.6 127.0 120.1 38.6 §
4 112.8 129.8 145.0 136.9 133.8 S
5 156.2 158.8 38.7 42.9 163.1 2
6 145.7 26.6 27.2 36.7 188.2 3
7 144.3 40.6 38.1 116.7 150.7 o
8 191.1 33.2 29.6 149.9 140.1 o
9 48.3 37.8 33.4 19.8 35.1 g
10 40.4 40.2 37.4 35.3 395 8
11 28.8 143.4 145.0 119.4 119.6 2
12 21.6 125.8 125.0 137.5 139.4 ®
13 21.6 170.7 171.8 8.2 9.1 S
14 - 10.6 113.1 20.4 28.0 8
15 26.0 23.6 17.0 15.4 20.9 f
Ia

abe|dentically marked assignments within a column are interchangeable.
4 Incorrect data from literature.

¢ Data not attributed by the authors from the original papers.

f NO = Not observed.

€c



24 F.C. Oliveira et al. / Progress in Nuclear Magnetic Resonance Spectroscopy 37 (2000) 1-45

Table 3
13C NMR shift ranges for several substructures

Substructure No. of C %C NMR shifts range % Recognition

[8OXQ] 50.5-44.7 d 100.0
214.3-200.0 s
60.4-56.7 t

41.2-32.7 s

80.5-66.8 d 100.0
945-574s
65.8—43.0 d
80.9-66.0 d
56.0-43.9 s
85.8-69.8 s

80.5-67.8 d 100.0
94.5-88.0 s
80.9-67.9d
57.5-48.2 d
80.9-68.0 d
55.5-45.7 s
85.8-69.8 s

86.0-84.9s 100.0
212.6-211.0s

55.5-55.2 d

78.6-775s

72.5-72.0d 100.0
71.0-69.9 s
86.0-84.9 s
212.6-211.0s
55.5-55.2 d
72.3-72.0d
56.0-55.0 s
78.6-775s

76.5-67.8 d 100.0
85.1-69.5s
94.5-91.0s
80.4-67.9d
65.0-48.2 d
79.6-68.0 d
85.8-69.8 s

83.0-80.3d 100.0
27.2-26.6t
31.5-27.3t
33.7-33.0d
53.0-45.9d
40.9-39.2 s

[1,2,3,4,8,9,150R; 5,110XY] 1 75.5-70.8 d 100.0
73.5-69.0 d
78.4-75.1d
72.6-69.6 s
94.5-93.0s
52.5-49.2 d
74.5-68.9 d
76.3-70.5d
85.5-84.0s
62.5-60.2 t

[y

[1,90R; 5,110XY]

N
BPOoOWONU L O©O®W

[N

[1,6,90R; 5,110XY]

e

[5,110XY; 60X0]

P ~NO U» HO@\IO’(_H'_‘

=
=

[1,4,90R; 5,110XY; 60X0]

PO O~NO O M

e

[1,4,6,90R; 5,110XY]

=

[N

[10R]

OV, WNRER P ONOU A

[y

Pk ©O~NODWN

[
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Substructure No. of C %C NMR shifts range % Recognition

[4OR] 45.2-40.5 t 55.8
23.3-19.2 t
45.4-3551t
83.4-716s
57.2-46.2 d

39.4-33.7s

60.2-45.7 d 72.3
78.0-66.3 d
51.2-43.2d
28.2-16.2t
45.2-28.8t
48.5-33.2 s

54.9-42.5 d 90.6
40.9-20.5 t
50.7-41.0 d
24.7-20.6 1
44.7-21.7t
48.2-30.2 s
85.0-72.4 s
29.8-23.5q

91.3-75.3d 52.8
40.7-23.3 t
45.2-33.0t
82.5-65.9s
60.5-44.9 d
48.5-33.2 s

40.7-31.7t 71.4
27.2-23.0t
79.3-715d
87.6-715s
55.0-44.7 d
39.2-32.7 s

40.7-31.7t 73.9
27.2-23.0t
79.3-70.6 d
87.6-68.6 s
39.2-32.7s

84.3-71.0s 78.9
57.7-45.7 d
77.9-66.3 d
51.2-43.2d
29.7-23.5d

77.0-72.0s 100.0
54.9-47.2d
21.6-20.5t
50.7-41.0d
85.0-73.0s

91.3-76.3d 100.0
48.9-45.4d
40.2-36.2 s
75.1-725s

O Ul WN P

=

[6OR]

O ©Wo~NO O

=

[110H]

el
NFP,OWOWONO O

[1,40R]

=

[3,40R]

[N

[3,40R]

=

[4,60R]

=

[4,110R]

H
Op PNOUO N PNOU AN ORWNREp OUBRWNRE OURWN R

[1,110H]

=
= O
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Substructure

No. of C

%C NMR shifts range

% Recognition

[1OR; 4,110H]

[1EN; 30XO]

[3EN]

[1OR; 3EN]

[1OR; 4EN]

[30XO; 4EN]

[30XO; 4EN; 110R]

[4EN; 110R]

[4(14)EN]

=

=
GO WONERE AR NOOO A }—\\l(ﬂbw CUPrw URPWNRE OUOPRPWNRE OUORrWNRE OWNERE RPOOM,,

=

iy

=

[EnY

=

91.3-80.0d
72.8-72.0s
48.5-47.2d
40.2-38.7 s
75.1-745s

160.8—153.1 d
127.3-125.1d
204.0-183.6 s
42.4-36.0 s

40.0-28.7 t
23.7-20.2t
124.6-119.0d
138.8-131.1s
47.4-425d
46.7-30.2 s

81.0-74.4d
32.2-29.0t
125.0-118.9d
153.8-133.5s
52.2-46.4 d
40.9-36.2 s

80.3-75.4d
27.7-23.8t
32.7-31.2t
133.3-123.8 s
133.6-125.4 s

200.3-180.8 s
133.8-1259s
164.1-150.1 s
42.4-35.0s

200.3-186.5s
131.3-1259s
164.1-158.8 s
50.5-49.5d
73.4-720s

215.0-1238s
208.1-133.3 s
39.2-25.2t
50.5-44.0 d
78.6-72.0s
29.5-10.3 q

41.9-30.7 t
29.3-22.2t
41.7-30.2 t
154.1-146.8 s
60.2-43.7 d
42.2-354's
112.3-104.9 t
28.2-10.1q

100.0

100.0

81.8

100.0

50.0

100.0

100.0

56.2

61.5
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Substructure No. of C %C NMR shifts range % Recognition

[4(14)EN]

[4(14)EN; 110H]

[5EN]

[5EN; 110R]

[40R; 6EN]

[6EN; 80XO]

[4OR; 7EN]

[7(11)EN]

[7(11)EN; 80XO]

=

[N
AR NOU L, bhOUP®

[ =
OO OOUILEA WNPE

I [

=
ONOUN OOO~N® ONOU A B NO

46.5-30.2t
154.1-143.3 s
60.2-43.4 d
42.2-35.2s
112.3-104.9t

151.1-1471s
49.7-43.5d
40.9-24.2 t
59.0-47.5d
80.6-71.5s
109.0-105.3 t

43.5-39.5t
22.7-17.7t
37.7-33.2t
39.2-33.2d
152.6-133.1 s
129.1-114.5d
34.9-34.2's
27.7-18.7q
22.3-20.2 q

152.6-133.1 s
129.1-119.6 d
47.2-44.0d
85.4-60.5s

825-71.0s
54.4—-48.5 d
140.8-115.3d
146.1-142.3 s
39.0-33.7 s

145.6-133.5d
147.8-142.3 s
201.6-191.1s
58.5-48.2t
40.5-36.9 s

84.5-709 s
52.0-42.9d
33.9-23.1t
142.1-141.6 s
116.1-115.8d

131.8-126.9 s
41.2-34.2 s
146.1-123.0 s
25.7-20.2 q
23.2-18.8

131.5-129.6 s
210.6-200.8 s
60.0-56.7 t
41.2-354 s
146.1-144.1s

69.2

81.8

100.0

62.5

100.0

100.0

100.0

76.9

100.0
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Substructure No. of C %C NMR shifts range % Recognition
[11EN] 5 55.0-44.5d 73.7
6 29.5-18.2 t
7 46.7-39.0 d
8 27.3-23.0t
9 44.7-36.7 t
10 40.9-32.2 s
11 151.0-146.5s
12 110.9-108.0 t
13 22.8-20.8 q
[50R; 11EN] 4 41.4-405d 100.0
5 85.3-755s
11 150.5-145.6 s
12 109.5-108.1t
13 21.1-20.0q
14 20.2-155¢q
[11EN; 130H] 7 42.7-415d 100.0
11 154.5-135.1 s
12 108.0-107.1t
13 65.3-64.8 t
[11EN; 130XO0; 13 OR] 6 31.5-23.7t 94.0
7 40.4-35.9d
8 38.5-25.1t
11 149.5-132.8 s
12 125.1-121.9t
13 172.3-167.1s
[1,4EN; 30X0Q] 1 158.1-153.1d 100.0
2 127.3-125.1d
3 187.6-183.6 s
4 133.1-129.1 s
5 160.5-153.8 s
[1,4(14)EN] 1 139.3-124.8 d 100.0
2 133.1-123.6d
3 35.0-33.2t
4 143.6-143.3 s
14 114.5-107.5t
[3,5EN] 3 124.6-124.0d 100.0
4 131.5-131.1s
5 143.3-132.0 s
6 123.6-120.1d
14 23.0-20.2 q
[5,7(11)EN] 5 147.6-1425s 100.0
6 120.5-114.5d
7 131.8-127.6s
10 40.2-34.2's
11 128.8-125.5 s
[7,11EN; 8,120XY] 7 117.3-115.6s 100.0
8 150.1-149.2 s
11 119.9-118.8s
12 138.2-136.9d
13 8.7-8.1q
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Substructures proposed by the system for eudesmanes in Fig. 3

Eudesmane 3C NMR data (G-C) Proposed substructures References
I 73.4d, 38.6t, 23.5t, 70.5s [1,90R; 5,110xy]—100.0% [153]
91.6s, 73.4d, 49.1d, 31.9t [1,6,90R; 5,110xy]—100.0%
79.8d, 51.8s, 84.4s, 25.8q [1,4,6,90R; 5,110xy]—100.0%
29.6q, 24.1q, 20.0q
Il 73.4d, 39.0t, 23.5t, 70.8s [1,90R; 5,110xy]—100.0% [153]
91.6s, 73.4d, 49.1d, 31.9t [1,6,90R; 5,110xy]—100.0%
80.6d, 51.8s, 84.5s, 25.9q [1,4,6,90R; 5,110xy]—100.0%
29.7q, 24.0q, 20.1q
n 72.5d, 23.6t, 37.1t, 73.0s [1,90R; 5,110xy]—100.0% [154]
91.2s, 79.2d, 49.9d, 34.2t [1,6,90R; 5,110xy]—100.0%
68.4d, 53.4s, 84.7s, 30.0q [1,4,6,90R; 5,110xy]—100.0%
26.6q, 23.3q, 65.0t
v 73.2d, 23.5t, 38.9t, 70.8s [1,90R; 5,110xy]—100.0% [154]
91.6s, 80.9d, 49.1d, 31.9t [1,6,90R; 5,110xy]—100.0%
73.3d, 51.8s, 84.5s, 29.7q [1,4,6,90R; 5,110xy]—100.0%
26.0q, 24.0q, 20.1q
\Y; 73.2d, 68.7d, 75.7d, 70.6s [1,90R; 5,110xy]—100.0% [155]
93.7s, 73.9d, 50.3d, 68.9d [1,6,90R; 5,110xy]—100.0%
70.6d, 52.1s, 84.1s, 18.5q [1,4,6,90R; 5,110xy]—100.0%
69.8t, 22.9q, 60.0t [1,2,3,4,8,9,150R; 5,110xy]—100.0%
VI 73.1d, 68.7d, 75.6d, 70.6s [1,90R; 5,110xy]—100.0% [155]
94.0s, 74.2d, 50.5d, 68.8d [1,6,90R; 5,110xy]—100.0%
70.2d, 52.7s, 84.3s, 18.6q [1,4,6,90R; 5,110xy]—100.0%
69.8t, 23.8q, 60.0t [1,2,3,4,8,9,150R; 5,110xy]—100.0%
Vil 73.2d, 69.0d, 75.6d, 70.7s, [1,90R; 5,110xy]—100.0% [155]
94.0s, 74.2d, 50.4d, 69.0d [1,6,90R; 5,110xy]—100.0%
70.6d, 52.6s, 84.4s, 18.6q [1,4,6,90R; 5,110xy]—100.0%
69.9t, 24.1q, 61.0t [1,2,3,4,8,9,150R; 5,110xy]—100.0%
Vi 73.2d, 68.7d, 75.8d, 70.6s [1,90R; 5,110xy]—100.0% [155]
93.7s, 74.8d, 50.4d, 69.1d [1,6,90R; 5,110xy]—100.0%
70.8d, 52.2s, 84.2s, 18.4q [1,4,6,90R; 5,110xy]—100.0%
69.9t, 22.9q, 60.0t [1,2,3,4,8,9,150R; 5,110xy]—100.0%
IX 72.4d, 68.5d, 75.2d, 70.6s [1,90R; 5,110xy]—100.0% [156]
94.5s, 74.6d, 49.3d, 74.5d [1,6,90R; 5,110xy]—100.0%
73.7d, 51.3s, 85.7s, 19.6q [1,4,6,90R; 5,110xy]—100.0%
69.8t, 23.8q, 60.7t [1,2,3,4,8,9,150R; 5,110xy]—100.0%
X 74.5d, 69.3d, 77.1d, 70.7s [1,90R; 5,110xy]—100.0% [156]
94.4s, 74.6d, 51.8d, 74.5d [1,6,90R; 5,110xy]—100.0%
77.2d, 52.0s, 85.5s, 19.5q [1,4,6,90R; 5,110xy]—100.0%
70.1t, 23.8q, 61.3t [1,2,3,4,8,9,150R; 5,110xy]—100.0%
Xl 72.2d, 68.3d, 75.1d, 70.6s [1,90R; 5,110xy]—100.0% [157]

94.2s, 74.8d, 51.1d, 74.1d
76.9d, 51.3s, 85.5s, 19.6q
70.2t, 23.5q, 60.7t

[1,6,90R; 5,110xy]—100.0%
[1,4,6,90R; 5,110xy]—100.0%
[1,2,3,4,8,9,150R; 5,110xy]—100.0%
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Eudesmane 3C NMR data (G-Cyp9) Proposed substructures References
Xl 72.4d, 68.5d, 75.2d, 70.6s [1,90R; 5,110xy]—100.0% [157]
94.5s, 74.9d, 49.4d, 74.6d [1,6,90R; 5,110xy]—100.0%
73.7d, 52.6s, 85.6s, 19.7q [1,4,6,90R; 5,110xy]—100.0%
69.8t, 23.8q, 60.7t [1,2,3,4,8,9,150R; 5,110xy]—100.0%
Xl 73.1d, 68.8d, 78.0d, 70.9s [1,90R; 5,110xy]—100.0% [158]
93.6s, 75.4d, 51.0d, 69.2d [1,6,90R; 5,110xy]—100.0%
71.1d, 53.4s, 83.8s, 18.7q [1,4,6,90R; 5,110xy]—100.0%
70.0t, 23.4q, 60.4t [1,2,3,4,8,9,150R; 5,110xy]—100.0%
A\ 73.0d, 68.3d, 77.9d, 71.7s [1,90R; 5,110xy]—100.0% [158]
93.6s, 74.7d, 51.1d, 69.3d [1,6,90R; 5,110xy]—100.0%
71.2d, 52.8s, 83.6s, 18.7q [1,4,6,90R; 5,110xy]—100.0%
69.9t, 22.8q, 60.6t [1,2,3,4,8,9,150R; 5,110xy]—100.0%
XV 72.8d, 68.4d, 77.5d, 70.3s [1,90R; 5,110xy]—100.0% [158]
93.2s, 74.1d, 50.6d, 68.8d [1,6,90R; 5,110xy]—100.0%
70.6d, 52.2s, 83.3s, 18.6q [1,4,6,90R; 5,110xy]—100.0%
69.7t, 22.6q, 60.3t [1,2,3,4,8,9,150R; 5,110xy]—100.0%
XVI 73.3d, 69.1d, 76.0d, 71.0s [1,90R; 5,110xy]—100.0% [158]
94.4s, 74.4d, 50.8d, 69.0d [1,6,90R; 5,110xy]—100.0%
70.4d, 53.0s, 84.6s, 18.7q [1,4,6,90R; 5,110xy]—100.0%
70.3t, 23.8q, 60.1t [1,2,3,4,8,9,150R; 5,110xy]—100.0%
XVII 73.3d, 69.0d, 76.6d, 70.4s [1,90R; 5,110xy]—100.0% [159]
93.1s, 74.6d, 50.7d, 68.3d [1,6,90R; 5,110xy]—100.0%
70.6d, 52.7s, 83.5s, 17.9q [1,4,6,90R; 5,110xy]—100.0%
70.1t, 23.4q, 60.0t [1,2,3,4,8,9,150R; 5,110xy]—100.0%
XVII 52.7t, 65.3d, 54.3t, 72.7s [4,110R]—100.0% [160]
48.1d, 21.8t, 42.5d, 21.6t
42.7t, 34.3s, 81.5s, 25.9q
27.1q, 20.5q, 23.99
XIX 79.4d, 29.4t, 39.1t, 79.3s [1,110H]—100.0% [160]
47.0d, 21.6t, 42.5d, 21.6t [1,40R]—52.8%
42.6t, 39.5s, 73.7s, 29.5q
30.3q, 14.6q, 19.6q
XX 52.7t, 65.7d, 54.4t, 72.4s [4,110R]—100.0% [160]
49.4d, 21.7t, 43.1d, 21.8t
42.8t, 34.4s, 73.8s, 29.7q
30.6q, 20.5q, 24.0q
XXI 215.8s, 33.6t, 36.0t, 70.3s [110H]—90.6% [161]
48.0d, 21.6t, 42.4d, 22.1t
41.2t, 46.5s, 73.4s, 29.5q
30.1q, 23.7q, 19.2q
XXII 43.5t, 21.0t, 44.3t, 71.6s [4,2110R]—100.0% [161]

52.0d, 21.5t, 48.4d, 68.6d
52.0t, 35.2s, 73.9s, 25.8(
30.1q, 23.8q, 23.3q

[40R]—55.8%
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Eudesmane 3C NMR data (G-Cypy) Proposed substructures References
XX 79.3d, 29.4t, 36.7t, 72.7s [1,40R]—52.8% [161]
47.9d, 73.1d, 51.2d, 23.4t [4,60R]—78.9%
41.4t, 41.5s, 25.9d, 24.5q [60OR]—72.3%
25.1q, 22.6q, 14.7q
XXIV 36.0t, 24.6t, 75.7d, 72.8s [4,60R]—78.9% [162]
49.0d, 70.4d, 50.2d, 21.2t [3,40R]—73.9%
44.9t, 34.2s, 28.9d, 20.3q [6OR]—72.3%
20.8q, 21.1q, 23.8q [1,40R]—52.8%
XXV 36.1t, 24.7t, 75.7d, 72.9s [4,60R]—78.9% [162]
49.0d, 70.0d, 50.0d, 21.3t [3,40R]—73.9%
45.0t, 34.3s, 28.8d, 20.7q [60OR]—72.3%
21.1q, 21.1q, 23.8q [1,40R]—52.8%
XXVI 38.2t, 25.5t, 81.0d, 73.8s [BOX0O]—100.0% [163]
52.0d, 26.2t, 70.1s, 205.5s [40OR]—55.8%
59.4t, 38.4s, 63.7s, 19.7q [3,40R]—73.9%
19.4q, 18.9q, 18.0q [3,40R]—71.4%
XXVII 38.1t, 25.6t, 74.0d, 85.5s [8OX0O]—100.0% [163]
44.4d, 26.4t, 67.2s, 206.0s [AOR]—55.8%
57.8t, 37.9s, 65.7s, 20.8q [3,40R]—73.9%
21.0q, 20.0q, 16.9q [3,40R]—71.4%
XXVIII 38.6t, 25.6t, 81.3d, 74.0s [BOXO]—100.0% [164]
57.6d, 23.9t, 47.4d, 213.6s [3,40R]—73.9%
56.0t, 39.2s, 28.1d, 20.7q [3,40R]—71.4%
20.9q, 18.9q, 17.9q
XXIX (not 83.3s, 74.9d, 72.0s, 71.7d [1,40R]—52.8% [165]
attributed) 70.1t, 56.2d, 49.9s, 43.9d [60OR]—72.3%
40.9t, 30.5q, 30.3t, 29.4q
22.8t, 22.6q, 17.6t
XXX 80.4d, 30.4t, 42.3t, 72.0s [1,40R]—52.8% [165]
59.9d, 80.5d, 46.1d, 18.1d [1,110H]—100.0%
28.5t, 44.1s, 71.4s, 30.4q [6OR]—72.3%
30.1q, 24.1q, 62.9t
XXXI 77.4d, 32.2t, 120.9d, [LOR; 3EN]—100.0% [166]
135.1s
50.3d, 69.5d, 45.1d, 19.6t
33.5t, 36.3s, 27.3d, 22.2q
22.0q, 21.4q, 15.4q
XXXII 76.6d, 32.3t, 121.9d, [1OR; 3EN]—100.0% [166]

133.7s

50.8d, 68.4d, 49.0t, 20.5t
35.3t, 37.0s, 29.1d, 20.7q
21.0q, 20.3q, 11.8q
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Eudesmane 3C NMR data (G-Cyp9) Proposed substructures References
XXXIII 47.7t, 198.4s, 125.5d, - [161]
168.2s
76.2s, 35.4t, 42.9d, 23.0t
76.2t, 41.5s, 71.8s, 23.2q
27.1q, 28.1q, 18.9q
XXXIV 78.7d, 35.2t, 121.5d, [1,210H]—100.0% [165]
134.9s
51.4d, 79.1d, 44.9d, 18.2t [1OR; 3EN]—100%
26.5t, 42.2s, 72.4s, 30.1q [6OR]—72.3%
30.6q, 22.9q, 61.9t
XXXV 38.2t, 19.0t, 32.8t, 126.0s [4EN; 110H]—56.2% [167]
135.1s, 27.0t, 44.2d, 22.7t
39.5t, 34.5s, 74.6s, 29.9q
28.0q, 19.7q, 26.0q
XXXVI 42.6t, 21.1t, 37.3t, 151.5s [110H]—90.6% [167]
44.5d, 24.1t, 42.4d, 23.8t [4(14)EN]—61.5%
38.3t, 35.4s, 74.7s, 29.7q [4(14)EN]—69.2%
29.3q, 105.4t, 17.2q
XXXVII 81.4d, 33.7t, 36.2t, 147.2s [1,110H]—100.0% [165]
51.3d, 77.4d, 46.1d, 20.1t [4(14)EN; 110H]—81.8%
28.4t, 42.9s, 72.6s, 31.1q [4(14)EN]—69.2%
28.8q, 106.6t, 63.8t [60OR]—72.3%
XXXVII 88.6d, 74.8d, 40.5t, 141.5s [4(14)EN]—69.2% [168]
47.6d, 72.5d, 43.0d, 22.2t [60OR]—72.3%
31.5t, 39.1s, 27.2d, 22.2q
24.1q, 113.2t, 12.6q
XXXIX 80.0d, 32.4t, 35.5t, 150.8s [4(14)EN; 110H]—81.8% [169]
48.9d, 24.7t, 45.2d, 23.4t [110H]—90.6%
38.4t, 41.4s, 75.5s, 20.8q [4(14)EN]—69.2%
69.1t, 107.0t, 10.7q
XL 80.1d, —, 34.8t, 144.5s, [4(14)EN]—69.2% [170]
55.4d
68.7d, 53.0d, 22.1t, 36.1t [60R]—72.3%
40.6s, 74.3s, 24.2q, 29.8q
108.9t, 12.7q
XLI 35.2t, 29.7t, 73.5d, 151.8s - [171]
38.3d, 28.9t, 75.4s, 26.5t
35.9t, 35.4s, 76.4s, 24.6q
24.7q, 108.8t, 14.5q
XLII 41.0t, 22.2t, 36.8t, 151.0s [110H]—90.6% [172]

49.7d, 24.9t, 48.3d, 23.4t
41.7t, 35.5s, 80.8s, 23.6q
24.2q, 105.3t, 16.3q

[4(14)EN]—61.5%
[4(14)EN]—69.2%
[4(14)EN; 110H]—81.8%
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Eudesmane 3C NMR data (G-Cypy) Proposed substructures References
XL 41.0t, 22.2t, 36.8t, 151.1s [110H]—90.6% [172]
49.8d, 25.0t, 48.2d, 23.4t [4(14)EN]—61.5%
41.8t, 35.9s, 80.6s, 23.7q [4(14)EN]—69.2%
24.1q, 105.4t, 16.3q [4(14)EN;110H]—81.8%
XLIV 37.9t, 25.3t, 79.1d, 75.2s [3,40R]—73.9% [163]
156.2s, 121.3d, 66.9s,
203.2s
57.8t, 41.3s, 66.6s, 19.3q
20.6q, 26.7q, 24.7q
XLV 42.0t, 20.8t, 44.1t, 71.5s [AOR]—55.8% [161]
56.2d, 26.2t, 132.9s,25.3t [7(11)EN]—76.9%
56.2t, 35.3s, 120.5s, 20.1q
20.1q, 22.6q, 18.59
XLVI 41.4t, 20.2t, 43.5t, 72.1s [40OR]—55.8% [173]
49.1d, 22.7t, 39.4d, 23.5t [11EN]—73.7%
40.4t, 35.2s, 146.9s, 110.8t
22.6q, 22.3q, 18.59
XLVII 37.6t, 25.6t, 73.7d, 86.7s [BOX0O]—100.0% [164]
44.5d, 33.3t, 80.3s, 211.3s [3,40R]—73.9%
55.0t, 40.5s, 143.9s, 115.1t [3,40R]—71.4%
18.2q, 19.3q, 16.8q
XLVIII 41.1t, 20.2t, 43.5t, 72.0s [11EN; 130XO0; 130R]—100.0% [174]
55.0d, 26.6t, 40.6d, 27.4t [4OR]—55.8%
44.6t, 34.6s, 145.9s, 122.3t
167.9s, 22.5q, 18.7q
XLIX 33.5t, 14.7t, 31.9t, 68.1s [11EN; 130X0; 130R]—100.0% [166]
72.3s, 26.8t, 37.6d, 19.9t
37.4t, 33.6s, 143.5s, 126.0t
171.3s, 201.9d, 20.7q
L 32.0t, 15.5t, 34.4t, 68.5s [11EN; 130X0; 130R]—100.0% [166]
71.3s, 26.9t, 38.3d, 22.1t
34.6t, 34.1s, 143.3s, 125.4t
170.5s, 201.4d, 23.1q
LI (not 150.8s, 108.2t, 80.0s, 52.1d [40OR]—55.8% [175]
attributed) 46.3d, 45.0t, 40.8t, 39.2t [11EN]—73.7%
26.9t, 26.1t, 19.8t, 27.5q
21.0q, 20.4q, 34.8s
LIl (not 150.8s, 108.2t, 80.0s, 52.1d [AOR]—55.8% [175]
attributed) 46.3d, 45.0t, 40.8t, 39.2t [11EN]—73.7%
26.9t, 26.1t, 19.8t, 20.7q
20.7q, 19.8q, 34.8s
LI 39.5t, 27.4t, 79.7d, 75.8s [3,40R]—73.9% [176]

47.1d, 22.5t, 38.8d, 23.4t

[3,40R]—71.4%
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Eudesmane 3C NMR data (G-Cyp9) Proposed substructures References
40.1t, 35.2s, 146.7s, 111.0t [L1EN]—73.7%
22.8q, 16.2q, 18.7q

LIV 39.2t, 25.8t, 82.1d, 74.5s [3,40R]—73.9% [176]
48.3d, 22.1t, 38.8d, 23.1t [3,40R]—71.4%
40.2t, 35.2s, 146.8s, 111.5t [11EN]—73.7%

22.7q, 17.5q, 18.9q

LV 37.3t, 20.6t, 120.1d, 144.1s [3.5EN]—100.0% [170]
131.5s, 124.9d, 48.5d,
23.0t
38.2t, 32.3s, 73.3s, 25.9q
28.1q, 20.3q, 23.4q

LVI 40.3t, 71.5d, 124.3d, [11EN; 130X0; 130R]—100.0% [174]
143.3s
81.6s, 30.2t, 34.6d, 26.4t
36.2t, 33.2s, 144.2s, 125.9t
171.1s, 25.1q, 17.4q

LVII (not 199.1s, 171.5s, 161.0s, [30X0; 4EN]—100.0% [177]
attributed) 143.8s
129.1s, 35.7s, 39.6d, 125.6t [11EN; 130XO0; 130R]—100.0%

41.7t, 37.3t, 33.7t, 33.2t
27.1t, 22.4q, 10.8q

LVl 40.0t, 19.0t, 27.2t, 129.0s [11EN; 130XO; 130R]—100.0% [166]
140.5s, 32.0t, 41.2d, 29.9t
41.7t, 35.0s, 144.8s, 124.2t
171.3s, 62.9t, 24.8q

LIX 39.3t, 17.7t, 23.7t, 133.0s [11EN; 130X0; 130R]—100.0% [166]
163.6s, 29.9t, 40.9d, 26.9t
41.2t, 36.6s, 143.6s, 125.6t
171.6s, 191.7d, 25.1q

LX 35.0t, 22.2t, 31.7t, 151.9s [50R; 11EN]—100.0% [178]
75.8s, 35.4t, 40.0d, 26.0t
34.3t, 37.7s, 150.5s, 108.5t
21.1q, 107.6t, 19.9q

LXI 47.3t, 70.8d, 42.8t, 146.5s [11EN; 130XO; 130R]—100.0% [161]
49.8d, 26.6t, 40.4d, 30.0t [4(14)EN]—69.2%
41.2t, 35.9s, 146.6s, 123.7t
168.3s, 109.1t, 24.0q

LX1 30.2t, 28.2t, 74.9d, 146.9s [11EN; 130X0; 130R]—100.0% [179]
76.9s, 36.6t, 36.0d, 25.6t
33.0t, 38.6s, 144.4s, 124.2t
171.3s, 116.4t, 22.3q

LXIIl 79.3d, 31.5t, 34.2t, 148.7s [4(14)EN]—69.2% [180]
47.6d, 26.5t, 45.3d, 28.9t [11EN]—73.7%
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Eudesmane

%C NMR data (G—Cys)

Proposed substructures

References

LXIV

LXV

LXVI (not

attributed)

LXVII

LXVII

LXIX

LXX

37.0t, 40.2s, 150.3s, 108.3t
20.9q, 106.8t, 10.2q

A-41.9t, 23.5t, 36.9¢t,
150.6s

50.0d, 29.9t, 39.9d, 27.4t
41.2t, 36.0s, 145.3s, 123.7t
168.8s, 105.6t, 16.4q
B-126.7s, 195.6s, 82.9d
75.3s, 54.6d, 82.2d, 50.0d
24.9t, 38.5t, 158.2s, 137.8s
166.3s, 120.2t, 24.7q,
17.6q

47.2t, 67.8d, 39.0t, 39.4d
147.8s, 126.0d, 42.0d,
27.5t

42.0t, 39.4s, 146.7s, 123.1t
168.5s, 19.3q, 28.2q

19.4q, 21.4q, 26.8t, 29.0t
35.7t, 37.3s, 38.8t, 46.2d
48.4d, 106.4t, 108.7t,
123.3d

139.7d, 148.0s, 151.0s

40.9t, 126.9d, 130.1d,
145.3s

45.1d, 27.5t, 39.1d, 29.7t
42.8t, 33.6s, 146.0s, 125.1t
172.5s, 109.6t, 17.0q

77.1d, 29.0t, 119.7d,
134.6s

44.2d, 21.2t, 116.6s, 150.1s
35.0t, 37.5s, 119.4s, 137.8d
8.1q, 20.8q, 11.4q

80.1d, 28.3t, 34.0t, 147.4s
44.1d,20.7t, 115.7s, 149.1s
36.0t, 40.2s, 119.3s, 137.8d
8.1q, 109.0t, 12.0q

210.8s, 38.7t, 34.7t, 146.1s
44.9d,20.7t,114.9s,149.7s
32.0t,49.2s,119.1s,138.1d
8.1q, 109.9t, 17.3q

[11EN; 130X0;130R]—100.0%

[4(14)EN]—61.5%
[4(14)EN]—69.2%

[1,4(14)EN]—100.0%
[11EN]—73.7%

[11EN; 130XO0O; 130R]—100.0%

[10R; 3EN]—100.0%

[7,11EN; 8,120XY]—100.0%

[4(14)EN]—69.2%
[7,11EN; 8,120XY]—100.0%

[7,11EN; 8,120XY]—100.0%

[181]

[161]

[182]

[174]

[183]

[183]

[184]
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R1 Rz R3 R4 Name

I OBz Ac Bz H -

I OBz Bz Bz H -

III B-OAc H Bz OCin TWHR-1

IV B-OBz Nic Bz H Regelidine

R, R; R; R4 Name

v Ac Fur B-OAc Ac Hyponine-A
VI Ac Ac B-OAc Fur Hyponine-B
vl Ac Ac B-OAc Bz Hyponine-C
VIII Ac Bz B-OAc  Ac Cangorinine E-I
X Ac Ac o-0OBz Ac Aquifoliunine E-I
X H Ac a-OH Ac Aquifoliunine E-II
X1 Ac Ac o-OH Ac Aquifoliunine E-ITI
X1I Ac Ac o-ONic  Ac Aquifoliunine E-IV

Fig. 3. Eudesmanes used to test the program.

this way, through the overlap of two or more obtained were useful for structure determination of
presented substructures, we can achieve a completenew substances, eudesmanes published in the
structure for the new eudesmane.

In order to check if the chemical shift ranges ately notfed into the database for calculating the ranges

literature from 1997 (included in Fig. 3) were deliber-
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OR;

R, R, R3 Name
XTI  Ac Fur OH Hypoglaunine A
X1V  Fur Ac OH Hypoglaunine B
XV Bz Ac OH Hypoglaunine C
XVI  Ac Fur H Hypoglaunine D
XVII  Ac Fur OH Hypoglaunine

R1 R, R; R4 Rs R R, Name
XVIllT H H OH OH H H OGlu Pterodontoside A
XIX H OH H OGlu H H OH Pterodontoside B
XX H H OH OH H H OH Pterodontriol A
XXI 0X0 H OH H H OH -—
XX11 H H H OH H OH OH Pterodontriol C
XXIlI OH H H OH OH H H Pterodontriol D

Fig. 3. (continued

shown in Table 3, and these values were then used to6. Discussion of results and conclusions

test the efficiency of obtaining substructures from the

chemical shifts of a new substances. The results of The system used here was able to propose substruc-
these tests are presented in Table 4, where only thetures in 95.7% of the cases considered. The negative
first 15 chemical shifts of the compound are given, results for a few cases (eudesmanes XXXIII, XLl and
after the chemical shifts of the substituents had been LXV) were probably due to the non-existence of
previously removed by theacrono program [152]. precise rules for these compounds. A more detailed
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Ang

R Ry R,
XX1V Bz XXVI CH3 OH 7,11B-epoxy
XXV Cin XXVl OAc CHs;  7,11a-epoxy

XXVIII  OH CH,3

OH
R
R
XXXT o-OH
XXXII B-OH
OH  oH

-

OGlu

XXXIII

XXXIV - Dictamnoside C

ﬁOH

XXXV - A* - 7-epi-y-eudesmol
XXXVI - A"~ 7-epi-B-eudesmol

———

Fig. 3. continued



F.C. Oliveira et al. / Progress in Nuclear Magnetic Resonance Spectroscopy 37 (2000) 1-45 39

oo X0

1/R5

R, R, R3 R4 Rs Name
XXXVII OH H OGlu OH OH Dictamnoside B
XXXVII -OC(Me),0- OAc H H

R1 Rz R3 R4 Rs R6 Name
XXXIX OH H H H OH OH -
XL OAc H OH H OH H -
XLI H OH H OH OH H Clypeotriol
XL H H H H Ola]Ara H -
XLIIT H H H H O[BJAra H -

Ang

HO
XLIV XLV XLVI - Intermedeol

Fig. 3. continued

analysis of the cases where the program was able toand XXV). In both tests, four substructures were
propose overlapping substructures gave a 98.8% proposed with incorrect positioning of one of the
success rate, where it was possible to build up a groups “—OR” (position 1 or 6 of the skeleton), but
complex molecular structure. A few imprecise the correct structure was always displayed as one the
assignments occurred in some cases (tests XXIV three first options. It is worth noting that in many
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Ry R, Rs R¢ R Rs
XLVII OAng OAc OH 0X0 CH;
XLVIII H CH; H H H COMe
XLIX H OH CHO «-OH H H H CO.H
L H OH CHO B-OH H H H COH
LI H CH; A a-H H H H CH;
LI H CH; B o-H H H H CH;

A - 3’-senecioyloxy-6’-deoxyglucopyranoside
B - 3’-tigloyloxy-6’-deoxyglucopyranoside

LV
R
LIII OH
LIV OAc
SON
LVI
Ri R; Rj Name
LVII (0):(0; CH; -
LVIII H H CHOH -—
LIX H H CHO Isocostic Acid

Fig. 3. (continued

cases the overlapping of two or more proposed tion of the groups indicated by theacrono program
substructures resulted in the correct assignment of [152].

the compound structure. For example, in tests |- The results obtained with this new class of
XVII, the user selection could choose the correct posi- compounds, not previously presented in shs@EmMAT
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R, R, R; Ry Rs Name

LX H H H o-OH CHs -

LXI H OAc H o-H COH  2a-Acetoxycostoate

LXII H H OH B-OH COH -—-

LXIII OH H H o-H CH; B-Dictyopterol

(o]
LXIV
Ac
CO.H COzH

LXYV - 2f-Acetoxy pterodontic acid LXVI LXVII

Ry R,
LXVIII OAc H A®
LXIX OAc H AYY
LXX 0X0 AY

Fig. 3. (continued
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system, confirm the power of these expert systems in

the field of structural elucidation and as a new tool for
use in the search for heuristic rules.
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