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The application of the new computer program COCON possible constitutions and the computational speed of COCON

are of interest. Our investigation is focused on how methods(Constitutions from Connectivities) to the 2D-NMR data sets
of three different complex natural products is described. The of 13C-NMR chemical shift prediction can assist chemists

with regard to refining the selection among the constitutionsinvestigated compounds are proton-poor and therefore
underdetermined systems. For such molecules the number of proposed by COCON.

alkaloids may be subjected to 15N-NMR correlation spec-Introduction
troscopy (1H,15N HMBC[9]), NMR experiments sensitive to

The constitution of a new non-crystalline natural product oxygen (17O)[10] can usually not be applied to natural prod-
is frequently considered elucidated as soon as an assigned ucts. [11] Unlike 1, [12] the structures of 2 and 3 have not been
structure is in accordance with the molecular formula confirmed by X-ray analysis and have been determined so-
and the connectivity information derived from 2D-NMR lely using MS, NMR spectroscopy and chemical derivatiz-
experiments like COSY,[1] HSQC,[2] HMBC[3] and ation.
ADEQUATE.[4] Other methods such as IR and UV spec- For each example, two different C calculations were
troscopy at most allow the distinction among alternatives performed. Analysis A (results see Table 2) considers the
in the process of the structure elucidation. John Faulkner hybridization states of every atom as they are given by the
characterized the most desirable approach to structure constitutions 1, 2, and 3 (Figure 1). In practice, however,
elucidations as follows: “Rather than defining a structure the hybridization states especially of heteroatoms are usu-
that can be shown to fit the data, it is best to examine many ally unknown. In the more in-depth analysis B (results see
possible structures (we would say every possible structure) Table 5), the program starts with only the true molecular
and to treat each proposed structure as a hypothesis that formula and the degree of protonation of each atom (avail-
cannot be proved but can only be disproved by incompat- able e. g. from DEPT-edited spectra for carbon atoms). Re-
ible data.”[5] We have developed the computer program stricted by only a very limited number of 13C-NMR chemi-
C (Constitutions from Connectivities) as a comprehen- cal shift rules, [13] every possible combination of hybridi-
sive method for generating the entirety of constitutions that zation states is generated and afterwards analyzed inde-
are compatible with available 2D-NMR data and the mo- pendantly. Of course, the solutions generated in analysis A
lecular formula of an unknown compound.[6] In this article are a subgroup of those of analysis B. In both calculation
the use of 13C-NMR chemical shift prediction with the modes, identical 2D-NMR-derived connectivity infor-
computer program SpecEdit [7] is examined in assisting mation was regarded. Computer-based 13C-NMR chemical
chemists with regard to the selection among several pro- shift calculations for the entirety of proposed constitutions
posed constitutions. were performed as the final step of the analysis. In all analy-

The data sets of three well-known natural products, afla- ses, the resulting structures have to be viewed with a “chem-
toxin B1 (1) from the microfungus Aspergillus flavus, 11- ist9s eye” to select the best candidates based e. g. on their
hydroxyrotenone (2) from the root Derris elliptica, [8] and chemical stability or reactivity. Furthermore, molecular
haemoventosin (3) from the lichen Ophioparma ventosa mechanics calculations, biosynthetic arguments, the syn-
were chosen as demonstrative examples to show the diffi- thesis of derivatives, or chemical degradations may also be
culties of systematic constitutional analyses (Figure 1). The helpful.
structure elucidation of compounds 123 is a challenge be-
cause they are proton-poor and highly oxygenated. While
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Table 1. Quality of the input data of aflatoxin B1 (1), 11-hydroxyrotenone (2) and haemoventosin (3)

Sum formula Degrees of No. of COSY No. of HMBC No. of ADEQUATE No. of fixed
unsaturation correlations[a][b] correlations[a] correlations[c] bonds

Aflatoxin B1 (1) C17H12O6 12 8 32 13 -
Rotenone (2) C23H22O7 13 6 (100%) 34 (72%) 15 6[d]

Haemoventosin (3) C15H12O7 10 4 (100%) 12 (55%) 7 5[e]

[a] The number in parenthesis gives the percentage of the obtained correlations to those correlations (COSY or HMBC) that could
theoretically be expected for the finally proposed constitution. 2 [b] The COSY correlations were counted on both sides of the diagonal.
Therefore only half of the correlations contain the connectivity information. 2 [c] The ADEQUATE correlations are theoretical 1,1-
ADEQUATE correlations which would be expected for the finally proposed constitution. 2 [d] Six bonds were set fixed: 4226 (C2O),
5227 (C2O), 6228 (C2O), 7229 (C2O), 8230 (C2O), 23225 (C5O) (see also text). 2 [e] In conclusion from additional considerations
and experiments Huneck et al. [36] assumed the bonds a) 123, b) 5217, c) 6212, d) 728, and e) 10218 which are considered by
us accordingly.

Figure 1. Constitutions of aflatoxin B1 (1), 11-hydroxyrotenone (2) and haemoventosin (3); the structures are numbered as used for the
C calculations

COSY correlations this rule can be extended from proton bond distances. C optionally obeys rules on 13C-NMR
chemical shifts [20] which are intentionally defined very coar-bearing carbon atoms to all proton bearing atoms. Of co-

urse, the application of this rule can be problematical be- sely. With one exception, [21] rules refering to more than two
nuclei have not been implemented.cause a COSY correlation between two protons might not

be observed if the dihedral angle f is close to 90 degrees. [15] The 13C-NMR chemical shift calculation by SpecEdit [7]

is based on a matching of the spherical environment of ev-Further difficulties can result from long range correlations
(4JHH or 5JHH) or from relaxation allowed coherence trans- ery carbon atom (HOSE code)[22] of all query constitutions

with the most similar spherical substructures of referencefer [16] due to cross correlations. [17] The latter effect leads to
cross peaks in the COSY spectrum in spite of the fact that library compounds. The used SpecEdit library consists of

3.2 3 106 six sphere HOSE codes. The chemical-shift devi-the two spins are not scalar coupled. The 1,1-ADEQUATE
experiment allows the observation of every H2C2C two- ations of all carbon atoms allow to rank constitutions gen-

erated by C in a hitlist. The smallest deviations arebond correlation present in a molecule. [18] The application
of the non-1,1-ADEQUATE option implies that every expected to correspond to the most likely constitutions.
carbon2carbon bond involving at least one
proton bearing carbon atom will be forbidden if no 1,1-
ADEQUATE correlation is observed. [19] Whenever there are Calculation Results
doubts that the additional restrictions on the COSY or the
1,1-ADEQUATE data influence the results of a C cal- For the C evaluation of the data sets of 1, 2, and 3,

any direct connection between proton-bearing carbonculation, it should be repeated under conditions as unrestric-
ted as possible. The HMBC correlations are interpreted by atoms not showing a COSY correlation as well as every

carbon2carbon bond involving at least one protonated car-C as two- or three-bond distances. A detailed descrip-
tion of the implementation of the use of HMBC corre- bon (non-1,1-ADEQUATE option) were forbidden. [23] The

13C-chemical shift rules of C [20] were used. To refer-lations in the C algorithm is given in the preceding
paper. [14] Besides two- and three-bond correlation also four- ence the structures generated by C the following no-

menclature is used: (a) the bold number indicates the databond correlations may be observed in a HMBC spectrum.
To avoid the problem of interpreting 4J HMBC correlations set (1, 2 or 3) and (b) the number after the hyphen is the

numbering of the constitution as generated by C, e. g.as two- or three-bond interactions, it is recommended to
run a C calculation in an iterative way and omit the 2-212 would be data set 2 and structural proposal 212.

Aflatoxin B1 (1): For aflatoxin B1 (1) theoretical COSYHMBC cross peaks with low intensity in the first calcu-
lation. If C does not generate any solution in the next and HMBC data sets from the proposed constitution (see

Figure 1) were generated. [24] The 13C-chemical shiftscalculations, the new correlations are not two- or three-
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[δ(13C)] were taken from ref.[25] C generated 1004 con-
stitutions, if exactly the hybridization states present in afla-
toxin B1 (1) were used as input (analysis A). The number
of possible structures was dramatically reduced by more
than 98% (17 constitutions, see Table 2) when additionally
using the 1,1-ADEQUATE correlations.

Table 2. Results of the C calculation assuming the fixed hybri-
dization states of aflatoxin B1 (1), 11-hydroxyrotenone (2), and hae-
moventosin (3)

COSY, HMBC[b] COSY, HMBC,
1,1-ADEQ.[b]

1 No. of structures 1004 134 17 5
Calculation time[a] 17 min 54 s 3 min 14 s 0.4 s 0.4 s

2 No. of structures 492 4
Calculation time[a] 28.9 s < 0.1 s

3 No. of structures 49 12
Figure 2. Selected constitutions generated by C (with COSY,Calculation time[a] 1.3 s 0.2 s
HMBC and 1,1-ADEQUATE data) on the basis of the data set of
aflatoxin B1 (1); these three structures are discussed in the text[a] The calculations were carried on a SGI R10000, 195 MHz pro-

cessor, the source code of C was compiled for a 64 Bit compu-
ter. 2 [b] For 1 two columns are shown, the left refers to the normal
calculation, while for the right the 13C chemical shift rule from violates Bredt9s rule (the total energy is about twice as large
ref.[21] was applied. For the data sets of 2 and 3, some bonds were as for 1-15). Structure 1-13 consists of an α,β-unsaturatedset fixed (for details see Table 1).

β-lactone moiety. Beside the chemical shifts for the carbonyl
carbons there is one very deshielded carbon atom (C-5) atWhen the hybridization states of the atoms were left un-

defined and only the molecular formula was used (analysis 177 ppm which is not in accordance with 1-13. The β-posi-
tion of the α,β-unsaturated cyclopentenone is expected withB), 1932 atom type combinations (ATCs) were proposed by

C. Only 35 of 1932 ATCs yielded in total 1341 consti- a 13C-chemical shift of about 165 ppm. The chemical shift
of 177 ppm is only fulfilled in structural proposal 1-15 be-tutions when using COSY, HMBC and 1,1-ADEQUATE

data (see Table 5). A closer inspection of the structures re- cause there is another carbonyl group bound to this double
bond (the 2CO2OR substituent in α-position leads to avealed that most of them contained an sp3-carbon atom

with δ(13C) of 114 ppm (C-13) that was connected to one downfield shift of about 7 ppm[28]). Constitution 1-15 is the
correct structure of aflatoxin B1 (1) and also prefered byoxygen atom. By applying the rule that carbons connected

to only one oxygen atom are not allowed with δ(13C) over SpecEdit with an averaged chemical shift deviation over all
carbon atoms of 1.18 ppm.90 ppm,[21] the number of constitutions was reduced from

1341 to 15 (see Table 5). [26] Only three of the 1932 atom 11-Hydroxyrotenone (2): [29] The COSY- and HMBC-cor-
relation data for 11-hydroxyrotenone (2) [30] were obtainedtype combinations (ATCs) generated for 1 yielded valid

constitutions (#201: 6 constitutions, #1041: 4 constitutions, experimentally. [31] C generated 24994 possible consti-
tutions when using the COSY and HMBC data and theand #1167: 5 constitutions, see Table 5). It becomes clear

from this data how strongly the connectivity information hybridization states shown in Figure 1. [32] To reduce the
number of solutions, fixed bonds for 2 were introduced.restricts the selection of hybridization states. For further

analysis, the well-developed methodology of 13C-NMR First, the C5O bond was set fixed (23225) according to
the IR data[33] and the carbon chemical shifts (see Table 1).chemical shift prediction was applied. The program

SpecEdit [7] was used to calculate all 13C-NMR chemical With this restriction the number of possible constitutions
was still 5148. [34] Therefore further fixed bonds were intro-shifts to be expected for every constitution generated by

C. The structures of ATC #201 show an averaged duced. Since the proton at δ(1H) 5 12.4 ppm is the only
exchangable proton and the IR does not give any hint forchemical shift deviation (average over the deviations of all

atoms) calculated by SpecEdit of 10.05 ppm (rmsd 3.3 further carbonyl groups, the other oxygen atoms were as-
sumed as 2O2. The following bonds were set fixed becauseppm), ATC #1041 of 9.78 ppm (3.4) and ATC #1167 of

5.26 ppm (3.1). The SpecEdit results clearly prefer ATC of the carbon chemical shifts which indicate a neighbouring
oxygen atom: C42O26 (57 ppm, 2OCH3), C52O27 (58#1167 which represents the atom types used in analysis A.

The five structures corresponding to ATC #1167 are dis- ppm, 2OCH3), C62O28 (67 ppm, 2OCH22), C72O29
(72 ppm, 2OCH<) and C82O30 (89 ppm, 2OCH<). Withcussed in detail (see Figure 2). The constitutions 1-11, 1-12

and 1-14 can be disregarded because they violate Bredt9s this input data C generated 492 possible constitutions.
For all generated constitutions 13C-chemical shifts were cal-rule. Bredt9s rule is not automatically checked in the

C program.[27] culated using the software SpecEdit. 24 of the 492 solutions
showed an averaged deviation of 13C-chemical shifts fromConstitution 1-12, a cyclophane with a brigded cyclooc-

tatetraene, is shown as an example for a structure which 1.48 to 2.91 ppm, while the constitution ranked 25th in
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SpecEdit calculation already showed an averaged deviation proposals would be dramatically reduced to four which

demonstrates the usefulness of this experiment (see Table 2).of 4.78 ppm. Out of the 24 structures, 18 are assignment
isomers[35] which ultimately represent six different consti- If the atom types are not defined (analysis B), 226304
tutions (2-191, 2-195, 2-199, 2-301, 2-305 and 2-309, see atom type combinations (ATCs) were generated when disre-
Figure 3). Besides proposal 2-309 all constitutions are garding all connectivity information. Only six ATCs finally
strained cyclophanes and violate Bredt9s rule. The total en- yielded at least one constitution when the connectivity in-
ergies are 2.5 to 5 times higher than 2-309 (see Table 3). formation was regarded (see Table 5). If theoretical 1,1-
Structure 2-309 is the correct constitution of 11-hydroxyro- ADEQUATE correlations were included, only two ATCs
tenone (2), it also showed the smallest averaged deviation remained which yielded in 20 constitutions (ATC #17473
(1.48 ppm) for all δ(13C) (see Table 3). By applying theoreti- resulted in 16 structures, ATC #22225 in 4). These two
cal 1,1-ADEQUATE correlation data, the 492 structural groups of constitutions can easily be distinguished by their

averaged chemical shift deviations calculated by
SpecEdit which are 9.70 ppm (0.53 ppm) for ATC #17473
and 2.68 ppm (0.11 ppm) for ATC #22225. The results for
11-hydroxyrotenone (2) show how dramatically the corre-
lation data reduce the number of atom type combinations
which finally result in constitutions.

Haemoventosin (3): Haemoventosin (3), a pigment from
the lichen Ophioparma ventosa, has been subjected to sev-
eral constitutional assignments. Huneck et al. forwarded
their proposal in 1995 on the basis of 2D-NMR-spectral
data including HMBC and of chemical derivatizations. [36]

Using the reported COSY and HMBC correlations as well
as fixed bonds[37] we have carried out a C calculation.
C generated 320 ATCs for the data set of 3. Only 15
of them yielded in total 938 possible constitutions. The cor-
rect ATC #24 (atom types present in the constitution pro-
posed by Huneck et al. [36]) can be distinguished by their
averaged 13C-chemical shift deviation of 8.50 ppm (see
Table 6) in the SpecEdit calculations (see Figure 4). After
introducing 1,1-ADEQUATE correlations, only eight of the
320 ATCs yielded C solutions, resulting in total in 206
possible constitutions. The SpecEdit results are given in
Table 6.

The ATC #24 includes 49 constitutions, [38] among which
36 can be disregarded due to a violation of Bredt9s rule.Figure 3. Selected structures for 11-hydroxyrotenone (2) which were

obtained by C with COSY, HMBC and fixed bonds; out of The dihydrofuran substructure proposed in earlier studies
the generated 492 structures only six have to be discussed (for de- of 1971 and 1990 can be excluded on the basis of the corre-tails, see text); the structures are shown in this figure as generated
by C lation data obtained by Huneck et al. [36] In their paper the

Table 3. Calculation of the 13C-chemical shift deviations of selected structures for 1, 2 and 3; for the structures of 2 also an energy
minimization[a] was carried out

1 <∆[δ(13C)]>[b] [ppm] 2 <∆[δ(13C)]>[b] [ppm] E [kcal/mol] 3 <∆[δ(13C)]>[b] [ppm]

1-11 6.65 2-191 2.65 189.18 3-3 5.00
1-12 3.18 2-195 2.57 163.37 3-4 5.67
1-13 6.18 2-199 2.48 105.75 3-6 9.60
1-14 9.12 2-301 1.83 97.89 3-10 9.87
1-15 1.18 2-305 1.74 87.21 3-14 6.71
- - 2-309 1.48 36.49 3-15 7.27
- - - - - 3-18 8.33
- - - - - 3-19 10.20
- - - - - 3-20 11.40
- - - - - 3-22 10.20
- - - - - 3-24 10.87
- - - - - 3-40 11.27
- - - - - 3-43 10.33

[a] The energy minmization was carried out with the HyperChem program package using a modified MM2 force field (MM1). 2
[b] Averaged 13C chemical shift deviation calculated by SpecEdit.
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Table 4. Possible atom types proposed by C for 1, 2 and 3

Aflatoxin (1) 11-Hydroxyrotenone (2) Haemoventosin (3)

Atom no.[a] δ(13C) [ppm] Possible atom types δ(13C) [ppm] Possible atom types δ(13C) [ppm] Possible atom types
1 117 >C<, 5C< 18 2CH3 - >O, 5O
2 201 5C<, 5C5 31 >CH2 - >O, 5O
3 35 >CH2 44 >CH2, ;CH 75 >CH2, 5CH2, ;CH
4 29 >CH2 57 2CH3 29 >CH2
5 177 5C< 58 2CH3 156 5C<
6 104 >C<, 5C<, ;C2 67 >CH2 185 5C<, 5C5
7 161 5C< 72 >CH2, ;CH 158 5C<
8 91 >CH2, 5CH2, ;CH 89 >CH2, 5CH2, ;CH 113 >CH2, 5CH2, ;CH
9 166 5C< 93 >CH2, 5CH2, ;CH 181 5C<, 5C5
10 108 >C<, 5C<, ;C2 101 >C<, 5C<, ;C2 142 5C<
11 153 5C< 102 >CH2, 5CH2, ;CH 138 5C<
12 48 >CH2, 5CH 105 >C<, 5C<, ;C2 116 >C<, 5C<
13 114 >CH2, 5CH2, ;CH 105 >C<, 5C<, ;C2 122 >C<, 5C<
14 103 >CH2, 5CH2, ;CH 111 >CH2, 5CH2, ;CH 26 5C<
15 145 5CH2 114 >CH2, 5CH2 51 2CH3
16 57 2CH3 143 5C< 57 2CH3
17 - >O, 5O 144 5C< - 2OH
18 - >O, 5O 149 5C< - 2OH
19 - >O, 5O 150 5C< - >O, 5O
20 - >O, 5O 157 5C< - >O, 5O
21 - >O, 5O 166 5C< - >O, 5O
22 - >O, 5O 170 5C< - >O, 5O
23 155 5C< 194 5C<, 5C5 - -
24 - - - 2OH - -
25 - - - >O, 5O - -
26 - - - >O, 5O - -
27 - - - >O, 5O - -
28 - - - >O, 5O - -
29 - - - >O, 5O - -
30 - - - >O, 5O - -

[a] The atom numbering is given in Figure 1 for all three compounds.

Table 5. Results of the COCON calculation with permutation of hy- the final constitution of haemoventosin. [39] Structural pro-
bridization states according to the molecular formula and the de- posal 3-3 was not considered best in the SpecEdit calcu-
grees of protonation of 1, 2, and 3

lations, while three constitutions violating Bredt9s rule are
ranked first to third (3-29 with 3.27 ppm, 3-5 with 3.40 ppmCOSY, COSY, HMBC,

HMBC[b] 1,1-ADEQ.[b] and 3-26 with 3.80 ppm).

1 No. of ATCs[a] 1932 (34) 1932 (35) 1932 (3)
No. of structures 2636 1341 15
Calculation time[b] 23 h 31 min 1 h 45 min 2 min 38 s Summary and Conclusion

2 No. of ATCs[a] 226304 (6) 226304 (2)
No. of structures 2996 20 The constitutional analysis of natural products will con-
Calculation time[b] 9 h 55 min 8 min 42 s tinue to play an important role in chemistry. With the intro-

3 No. of ATCs[a] 320 (15) 320 (8) duction of high field NMR spectrometers into many
No. of structures 938 206 laboratories, the compounds to be analyzed will show in-Calculation time[b] 10 min 13 s 1 min 32 s

creasing complexity and size. Therefore, NMR-data analy-
[a] The number in parenthesis represents the number of atom type sis has to be accelerated and to become more accurate. To
combinations (ATCs) with C solutions. 2 [b] The calculations achieve this goal, the new computer program C waswere carried out on a SGI R10000, 195 MHz processor, the source

developed as a method to generate constitutions on thecode of C was compiled for a 64-Bit computer. 2 [c] For 1
two columns are shown, the left refers to the normal calculation, basis of connectivity information. The chemist is forced to
while the right includes the 13C chemical shift rule from ref.[21] For first accept all constitutions which are in accordance withthe data sets of 2 and 3, some bonds were set fixed (for details see
Table 1). the NMR-correlation data and to find further arguments

why certain structures cannot be the correct constitution.
In contrast to pure structure generators which disregardauthors already excluded the former constitutional pro-

posals because of the IR band at 1750 cm21. [36] The re- connectivity information, the approach followed by C
makes both the constitutional space and the calculationmaining 13 proposals correspond to only nine different con-

stitutions (see Figure 5) because of assignment isomers. [35] times managable for chemists.
Proton-poor heterocycles are expected to be among theThe structural proposals 3-3, 3-4, 3-14, and 3-15 (see Figure

5) are clearly favored by their δ(13C) deviation (see Table 3). most challenging subjects of NMR-based structure eluci-
dations. The C analysis of the investigated compoundsThese are exactly the four constitutions which have been

thoroughly analyzed by Huneck et al. [36] leading to 3-3 as confirmed that assumption by generating a large number of
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ated structures as well as on the calculation time as it was
demonstrated for all three examples.

From our point of view it appears much more efficient
to perform a thorough 13C-NMR chemical shift calculation
after constitutions have been generated by a C calcu-
lation and not during the generation process. If the genera-
tion of constitutions is unbiased by experience, methods of
13C-NMR shift prediction and assignment should be chal-
lenged. The computer program SpecEdit offers in most
cases a powerful filter to break even several thousands of
generated C constitutions down to only a few candi-
date structures. SpecEdit showed a reasonable performance
by ranking the correct constitutions of aflatoxin B1 (1), 11-
hydroxyrotenone (2), and haemoventosin (3) always among
the first choices. The limit of this data based filter is clearly
the quality of chemical shift assignment and similarity of
reference substructures of the 13C-chemical shift library.
But, the absolute value of the chemical shift deviation is
quite large in some cases. Therefore, a larger data base is
needed in order to cover the whole area of natural products.
The SpecEdit results allow the selection of the correct atom
type combination on the basis of their chemical shift devi-
ations.

Figure 4. Without fixed hybridization states for haemoventosin (3), The C calculations discussed in this paper demon-
C generated 320 ATCs from which 15 yield constitutions (al-

strate the usefulness of the program for problems of struc-together 936); for all of them the 13C chemical shifts were calcu-
lated using SpecEdit; the averaged 13C chemical shift deviation for ture elucidation. The calculations were fast and comprehen-
all 15 ATCs is shown on the left; the correct ATC (#24) shows the sive. There are two general applications: (a) analysis ofsmallest deviation; on the right side the number of structures per

structural proposals which have already been made and (b)ATC is given
de novo structure elucidation. A demo version and docu-
mentation of the C software can be ordered from theconstitutions, even if almost the entire theoretically avail-
authors. It is also possible to run a C calculation overable connectivity information was used.
the internet (http://cocon.org.chemie.uni-frankfurt.de).The C calculations show that the consideration of

connectivity information strongly reduces not only the
number of constitutions compatible with a given atom type

Experimental Sectioncombination (ATC), but also the number of ATCs yielding
constitutions at all. The inclusion of 1,1-ADEQUATE cor- Calculations Conditions. 2 Aflatoxin B1 (1): The C calcu-

lations used the following connectivity data: (a) direct connectionsrelations has a dramatic influence on the number of gener-

Table 6. C results for haemoventosin (3) with the averaged 13C-chemical shift deviation from SpecEdit[a]

COSY, HMBC[b] COSY, HMBC, 1,1-ADEQUATE[b]

ATC # No. of structures <∆[δ(13C)]> [ppm] rmsd [ppm] ATC # No. of structures <∆[δ(13C)]> [ppm] rmsd [ppm]

7 84 11.46 1.25 - - - -
13 54 15.32 1.80 - - - -
17 100 15.20 1.85 17 68 15.00 1.91
19 178 14.86 2.27 19 34 15.52 1.21
21 115 15.29 2.26 21 60 16.35 2.26
23 154 12.68 1.81 23 5 15.91 0.90
24 49 8.50 2.65 24 12 7.83 2.30
25 24 17.07 2.51 - - - -
27 46 16.16 3.51 27 4 15.08 1.58
29 7 17.84 3.72 - - - -
32 41 14.61 3.61 - - - -
37 36 14.32 1.72 - - - -
53 21 14.61 2.10 53 21 14.61 2.10
56 27 10.58 1.20 - - - -
57 2 22.97 1.08 57 2 22.97 1.08

[a] In the first column the number of the ATCs with solutions as generated by C is given. The second column contains the number
of C solutions for each ATC. The third column includes the average 13C chemical shift deviation over all constitutions of each ATC
(over all carbon atoms for each structure) calculated by SpecEdit. The fourth column gives the root mean square deviation of column
three. The bold printed numbers represent the correct atom type combination for haemoventosin which is for both correlation data sets
the preferred solution. 2 [b] Also fixed bonds were used (for details see Table 1).
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Figure 5. The nine C proposals for haemoventosin (3) are discussed in this investigation. Out of 49 structures generated by C
with COSY, HMBC and fixed bonds, 36 were disregarded because of a violation of Bredt9s rule. The number of 13 structures is reduced
to nine because of assignment isomers (e. g. 3-18, 3-20 and 3-40 have the same constitutions, but not the same assignment of 13C
chemical shifts)
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