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Abstract Three-dimensional quantitative structure-activity
relationship (3D-QSAR) analysis of large, flexible molecules,
such as the dopamine reuptake inhibitor GBR 12909 (1), is
complicated by the fact that they can take on a wide range of
closely-related conformations. The first step in the analysis is
to classify the conformers into groups. Over 600 conformers
each of a piperazine (2) and piperidine (3) analog of 1 were
generated by random search conformational analysis using
the Merck Molecular Force Field (MMFF94). Singular value
decomposition (SVD) was used to group the conformers of 2
and 3 by the similarity of their non-ring torsional angles.
SVD uncovered subtle differences in their conformer
populations due to that fact that the conformers separate
along different principal components, and ultimately to the
fact that different torsional angles are the chief contributors
to these components. The results were compared to our
previous SVD analysis (Fiorentino, et al., Journal of
Computational Chemistry, 2006, 27, 609-620) of conformer
populations of 2 and 3 generated by the Tripos force field
and Gasteiger-Hückel charges. Except for the dominant
contribution of angle B3 to principal component 8 seen with
both force fields, the angles which are chiefly responsible for
the grouping of the conformers of 2 and 3 are different with
both force fields. This illustrates that SVD is useful in

identifying unique groupings of conformers in large data sets
of flexible molecules—a first step in selecting representative
conformers for 3D-QSAR modeling studies.
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Introduction

The “dopamine hypothesis” [1] implicates the dopamine
transporter (DAT) in cocaine abuse and addiction. Structure-
activity relationship (SAR) studies for several classes of
dopamine reuptake inhibitor [2–14] provide a wealth of data
for three-dimensional quantitative structure-activity relation-
ship (3D-QSAR) modeling [15–26]. The GBR 12909 class
of DAT ligands has been extensively studied as a potential
treatment for cocaine dependence. To date, the DAT binding
affinity of hundreds of analogs of GBR 12909, 1-{2-[bis(4-
fluorophenyl)methoxy]ethyl}-4-(3-phenylpropyl)piperazine,
(1, Fig. 1), has been determined [3, 6, 10, 27–40].

In a typical 3D-QSAR modeling protocol used by a
technique such as Comparative Molecular Field Analysis
(CoMFA), [41] one would select a rigid analog with good
binding affinity to act as the molecular template for
superposition of the conformers of other analogs. However,
CoMFA studies on GBR 12909 analogs are complicated by
the fact that these molecules have several rotatable bonds
and, as a result, take on a wide range of closely-related
conformations. Since CoMFA results are sensitive to the
conformation used as the template structure, [41, 42] one
approach, used by us in a study of GBR 12909 analogs,
[43] is to carry out a series of CoMFA calculations, each
using a different representative structure as the template.
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For flexible molecules, however, the question arises as to how
to group the many conformations in order to select a
representative conformer from each group. Hierarchical
clustering (HC), [44] fuzzy clustering, [45, 46] or fuzzy
relational clustering (FRC) [47] and singular value decom-
position (SVD) [48] are possible approaches. We applied
HC, [49] FRC, [50, 51] and SVD [52] to the classification of
conformers of two GBR 12909 analogs (2 and 3, Fig. 1).
They each have eight rotatable bonds (A1, A2, B1...B6) and
are consequently very flexible. Both analogs were protonated
on their common nitrogen [28]. The A-side (containing
torsional angles A1 and A2 and the naphthyl group) is
slightly less flexible than 1, while the B-side (containing
torsional angles B1...B6 and the bisphenyl group) is exactly
the same as the B-side of 1. The analogs differ only by a
small change in the central heterocyclic ring, yet have
different binding and selectivity characteristics at the DAT
(Table 1). We showed that all three techniques were able to
uncover natural groups in the data resulting from rotational
minima around specific torsional angles. The SVD technique
grouped conformations based on the similarity of their non-
ring torsional angles [52]. The advantage of using torsional
angles, which determine the overall shape of the molecule,
over using features such as atomic coordinates is that the
analysis is independent of molecular alignment. SVD was
able to uncover subtle differences in the conformer popula-
tions of the two analogs due to nitrogen inversion at the
unprotonated piperazinyl nitrogen in 2.

The HC, FRC, SVD and CoMFA analyses described above
were applied to a data set of conformers of 2 and 3 generated

by conformational searching (random search) [53] using the
Tripos force field [54] and Gasteiger-Hückel atomic charges
[55]. In order to investigate the sensitivity of the conformer
populations to the force field used to generate them, [55] the
random search procedure was also carried out using the
Merck Molecular Force Field (MMFF94) and associated
charges [56–59]. Plots of the conformational ensembles of 2
and 3 in torsional angle space showed that subtle differences
in the treatment of the lone pairs on N and O by the two
force fields led to different physical characteristics of the
conformer populations [55]. In particular, the MMFF94 force
field did not allow the nitrogen inversion seen with the
Tripos force field. The two force fields also predicted slightly
different minima for rotation around the C(sp3) – O(sp3)
bond involved in angles B3 and B4 (see Fig. 1). Because the
two force fields had different effects on the planarity of the
unprotonated nitrogen in 2 (involving B1) and the rotational
minima around B3 and B4 in 2 and 3, this resulted
in different orientations of the B-side side chain. The two
different force fields were shown to generate somewhat
different conformer populations for 2 and 3. [55]

In the present work, the two sets of conformer populations
of 2 and 3 generated by the two different force fields were
used to investigate the sensitivity of SVD to variations in the
data set of molecular conformations. As will be seen below,
plots of the conformational ensembles of 2 and 3 in principal
component space showed that SVD could identify differ-
ences in the conformer populations of 2 and 3 generated by
the two force fields.

In this study, we use a novel scaling technique for
treating circular (torsional angle) data first described in our
previous work [52]. To the best of our knowledge, this and
our previous study [52] are the only applications of SVD to
the analysis of conformations of very flexible molecules.
SVD has been applied to phosphate backbone angles in
DNA, but that is a system in which the differences in
molecular shapes (A, BI, BII, and crankshaft) are well-
defined [60]. The GBR 12909 analogs, however, are far
more flexible than DNA, having a continuum of conforma-
tions rather than a discrete set of distinct forms.

Table 1 Binding affinitya of selected GBR 12909 analogs at the DAT
and SERT labeled with [125I] RTI-55

Analog DAT SERT SERT/DAT

GBR 12909 (1) [31] 3.7 (±0.4) 126 (±27) 34

2 [29] 8.0 (±0.3) 312 (±15) 39

3 [31] 0.71 (±0.06) 229 (±21) 323

a Ki given in nanomolar(nM), standard deviation in parentheses

Fig. 1 Structure of GBR 12909,
1, and analogs 2 and 3.
Torsional angles used
in the study are labeled A1,
A2, B1...B6
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Methods

The SVDmethodology is the same as in our previous work [52].
It is summarized below for the convenience of the reader.

Random search conformational analysis

The random search procedure locates minima on the confor-
mational potential energy surface of the molecule. The random
search procedure was carried out for the eight torsional angles
(A1, A2, B1, . . . B6) of the protonated forms of 2 and 3 using
the MMFF94 force field and charges with SYBYL Versions
6.9-7.1(available from Tripos, Inc., St. Louis, MO). Details of
the procedure have been published elsewhere [55]. All
calculations were performed on a SGI Origin 2000 with
twenty 300 MHz processors, 20 GB of memory, using the
IRIX “6.5.18 m UNIX”-based operating system.

Data pretreatment

The input data consisted of the eight torsional angles (A1, A2,
B1 . . . B6) for each of the conformations of 2 and 3. The
conformer population of each of the analogs was analyzed
separately. The torsional angles of the conformers in the
original (raw) data ranged in value from -180° to 180° and
were converted to values ranging from 0° to 360° following
Reijmers et al. [61]. For each analog, the torsional angles of
each conformer were defined relative to those of the global

energy minimum (GEM) conformer identified by the random
search. This GEM-scaling procedure [52] ensures that the
difference between each of the (A1, A2, B1 . . . B6) torsional
angles in a particular conformer and its counterpart in the
GEM conformer falls between -180° and 180°.

Principal component analysis and SVD

Principal component analysis (PCA) is based on finding the di-
rections in the data with the most variation, i.e., the
eigenvectors corresponding to the largest eigenvalues of the
covariance matrix, and projects the data onto these directions.
SVD is a general form of PCA in which the data matrix is
decomposed into a score (left singular) matrix and a loading
(right singular) matrix. The SVD analysis was performed using
MATLAB versions 7.0-7.1 for Windows (available from the
Mathworks Inc., Natick,MA). The “svd” commandwas used to
decompose the original data matrix X of dimensions r × c into
three matrices, U, S, and V, where X=USVT [62]. Each row
(r) of the matrix represents a separate conformer of an analog
and each of the eight columns (c) contains the GEM-scaled
torsional angle (A1 . . . B6). The columns ofU are left singular
vectors of XXT, whereas the rows of V are right singular
vectors of XTX. S contains the ordered square roots of the
eigenvalues from highest to lowest. The variance explained by
each principal component is the sum of all the eigenvalues
divided by the eigenvalue of the corresponding principal
component. Consequently, the first principal component has

Principal component 1 2 3 4 5 6 7 8
Variance 20.21 16.08 15.38 14.44 11.30 9.65 7.78 5.17
Cumulative variance 20 36 52 66 77 87 95 100

PC1a PC2 PC3 PC4 PC5 PC6 PC7 PC8

A1 −0.19 −0.20 0.09 0.32 0.15 0.77 0.46 0.12

A2 −0.01 −0.48 −0.89 0.05 −0.01 −0.03 −0.01 0.02

B1 −0.36 0.80 −0.42 −0.06 0.23 0.19 −0.10 −0.06
B2 0.04 0.12 −0.05 0.90 −0.37 −0.05 −0.11 −0.05
B3 0.06 −0.16 0.11 0.06 −0.03 0.35 −0.25 −0.85
B4 0.53 0.09 0.02 −0.04 −0.13 0.45 −0.67 0.30

B5 0.68 −0.11 0.01 0.25 0.67 −0.05 −0.05 −0.05
B6 0.76 0.16 −0.18 −0.33 −0.38 0.18 0.22 −0.10

Table 3 Variance and angle/
principal component correlation
coefficients, analog 2

a PC1...PC8: Principal components
1 through 8. Largest correlation
coefficients are highlighted in
boldface type

Table 2 Torsional anglesa of global energy minimum conformers

Analog, force fieldb A1 A2 B1 B2 B3 B4 B5 B6

2, MMFF94 202.2 80.5 54.3 62.4 197.3 339.7 356.7 252.0

3, MMFF94 202.2 80.2 50.2 59.5 192.6 346.3 177.8 252.4

2, Tripos 63.8 88.6 262.7 310.1 183.4 64.4 115.1 339.8

3, Tripos 298.7 291.8 51.5 58.5 189.6 306.7 67.9 6.5

a Angles in degrees
bMMFF94 force field and charges; Tripos force field and Gasteiger-Hückel charges
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the highest eigenvalue, and the largest associated variance.
These eigenvalues are the singular values.

The function corrcoef(x,y) was used to calculate corre-
lation coefficients between the variables and the principal
components where x is the column of the corresponding
U matrix and y is the column of the variable from the data
matrix X. The contribution of each variable to each
principal component is given by correlation coefficients
between the variables and the principal components. Large
values of the correlation coefficient, with either negative
or positive signs, indicate major contributors. The corre-
lation coefficient matrix of the entire data set is used to
obtain the correlation coefficients between the variables
themselves.

Score plots are used to visualize data separation and
loading plots to visualize relations between variables. Score

plots were constructed for every possible combination of two
principal components. Only those score plots which demon-
strate data separation are discussed below. Since loading plots
do not provide any additional information beyond that given
in the tables of torsional angle/principal component correla-
tion coefficients, no loading plots are given here.

Results

Analog 2

Conformational analysis

The conformer populations resulting from the random
search conformational analysis of 2 and 3 using the
MMFF94 force field are discussed in detail and compared
extensively to the Tripos force field results in a separate
publication [55]. Relevant points are summarized here. The
random search produced 643 conformers for 2 with relative
energy ranging from 0 to 19 kcal mol−1. The torsional
angles A1, A2, B1, . . . B6 of the GEM conformer of 2 are
given in Table 2. These values were used to carry out the
GEM scaling described in the Methods section.

SVD

Table 3 shows the percentage of the variance explained
by each PC, along with the correlation coefficients
between the PCs and each variable for 2. As can be seen
from the table, the first three PCs explain only 52% of

Fig. 2 Scores on PC2 vs. Scores on PC3 for 2. The ‘o’, ‘+’, and ‘x’
symbols were assigned by inspection to assist in visualization of the
data separation

Fig. 3 Local minima of 2 in (A2, B1) space. Torsional angles are
GEM-scaled and are given in degrees

Fig. 4 Scores on PC1 vs. Scores on PC5 for 2. The ‘o’, ‘+’, and ‘x’
symbols were assigned by inspection to assist in visualization of the
data separation
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variance and no single principal component is able to explain a
large percentage of variance. The first principal component, PC1,
explains 20% of variance and is correlated with the B1 (−0.36),
B4 (0.53), B5 (0.68) and B6 (0.76) torsion angles. Principal
components PC2 and PC3 are highly correlated to B1 (0.80) and
A2 (−0.89), respectively, with somewhat lower correlation
between A2 and PC2 (−0.48) and B1 and PC3 (−0.42). Table 3
shows that the chief contributor to PC4 is B2 (0.90), whereas
B5 (0.67) and to a lesser extent B2 (−0.37) and B6 (−0.38) are
the chief contributors to PC5. For PC6, A1 (0.77) is the chief
contributor, followed by B4 (0.45) and B3 (0.35). For PC7, B4
(−0.67) and A1 (0.46) are the chief contributors, whereas B3
(−0.85) is the chief contributor to PC8.

Of all the score plots, only two show separation of the
conformers into groups: PC2 vs. PC3 and PC1 vs. PC5. As
can be seen from Fig. 2, the PC2 vs. PC3 score plot divides
conformers roughly into three groups along the diagonal.
This type of separation suggests that both PCs contribute to
the separation. Since B1 is the chief contributor to PC2 and
A2 to PC3, these two angles are responsible for the data
separation. Also note that, while B1 is highly correlated to
PC2 (0.80), A2 also has a large correlation coefficient (0.48),
whereas for PC3 the trend is reversed: B1 (−0.42) and A2
(−0.89). Therefore, both angles contribute significantly to the
data separation along both PCs. Since B1 influences the
position of the B-side side chain and A2 influences that of

the A-side side chain, it is reasonable that these two angles
would contribute to separation of the conformers into groups.

Figure 3 plots the conformers in the space of the angles
which are the chief contributors to PC2 (B1) and PC3 (A2). The
data show very distinct separation into three groups along B1
due to rotational minima around the C(sp3) – N(sp3) bond and
little separation along A2 due to rotational minima around the
C(sp3) – C (sp2) bond. On the basis of viewing this type of
conformer plot in torsional angle space, one might be tempted
to group the conformers based on B1 alone. Yet principal
component analysis uncovers more subtle trends. This
illustrates the utility of SVD in uncovering subtle influences
on conformer groups not seen by direct analysis of conformer
plots in two-dimensional torsional angle space as in Fig. 3.

Figure 4 gives the PC5 vs. PC1 score plot and shows
that the conformers divide roughly into three groups along
the diagonal. As with the diagonal separation seen in Fig. 2,
the same two angles (here, B5 and B6) are major
contributors to both PCs: B5 (0.68) and B6 (0.76) for
PC1, B5 (0.67) and B6 (−0.38) for PC5. B1 (−0.36) and B4
(0.53) are also contributors to PC1, and B2 (−0.37) to PC5.
The data separation noted in the figure is due to these
angles, with the largest influence stemming from those
angles with the largest correlation coefficients to the PCs.

Table 4 gives the correlation coefficients between all eight
angles for the analog 2 data. These coefficients represent full,

A1 A2 B1 B2 B3 B4 B5 B6

A1 1 0.01 −0.02 0.09 0.12 −0.04 −0.01 −0.14
A2 0.01 1 0.01 0.02 −0.03 −0.05 0.02 0.04

B1 −0.02 0.01 1 −0.01 −0.09 −0.04 −0.14 −0.08
B2 0.09 0.02 −0.01 1 0.04 0.05 0.03 −0.08
B3 0.12 −0.03 −0.09 0.04 1 0.11 0.04 0.02

B4 −0.04 −0.05 −0.04 0.05 0.11 1 0.20 0.33

B5 −0.01 0.02 −0.14 0.03 0.04 0.20 1 0.16

B6 −0.14 0.04 −0.08 −0.08 0.02 0.33 0.16 1

Table 4 Angle/angle
correlation coefficients,
analog 2a

a Largest correlation coefficients
are highlighted in boldface type

Principal component 1 2 3 4 5 6 7 8
Variance 21.80 16.97 16.47 14.00 11.03 9.70 6.34 2.99
Cumulative variance 22 39 55 70 81 91 97 100

PC1a PC2 PC3 PC4 PC5 PC6 PC7 PC8

A1 0 −0.34 −0.09 −0.28 0.79 −0.39 −0.21 0.02

A2 0.28 0.09 −0.95 −0.02 −0.05 0.01 −0.04 0.01

B1 −0.41 −0.81 −0.18 0.31 0.01 0.29 0.04 −0.02
B2 −0.55 0.19 −0.05 −0.69 0.13 0.50 −0.02 0.02

B3 −0.16 −0.02 0.02 −0.12 0.10 −0.06 0.11 −0.97
B4 −0.23 0.06 −0.11 −0.02 0.33 −0.15 0.91 0.08

B5 −0.76 0.01 −0.22 −0.25 −0.33 −0.42 0.03 −0.06
B6 −0.36 0.57 −0.13 0.57 0.35 0.18 −0.04 −0.07

Table 5 Variance and angle/
principal component correlation
coefficients, analog 3

a PC1...PC8: Principal components
1 through 8. Largest correlation
coefficients are highlighted in
boldface type
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not partial, coefficients. The table shows that the highest
correlation is between B4/B6 (0.33), followed by B4/B5
(0.20) and B5/B6 (0.16). Note that B4, B5 and B6 are the
chief contributors of PC1, having correlation coefficients
with PC1 of 0.53, 0.68, and 0.76, respectively. In other
words, the angles which have the largest correlation
coefficients with PC1 also have the largest angle-angle
correlation coefficients. There is less correlation between A1/
B3 (0.12), A1/B6 (−0.14), B1/B5 (−0.14), and B3/B4 (0.11).

Analog 3

Conformational analysis

The random search produced 632 conformers for 3 with
relative energy ranging from 0 to 18 kcal mol−1. The
torsional angles A1, A2, B1, . . . B6 of the GEM conformer
of 3 are given in Table 2. They are almost identical to those

for 2. These values were used to carry out the GEM scaling
described in the Methods section.

SVD

As with 2, Table 5 shows that for 3 no single principal
component explains a large percentage of the variance; the
first three PCs explain only 55% of the variance. PC1,
which explains 22% of variance, is correlated to B2 (−0.55)
and B5 (−0.76), with lesser correlations to B1 (−0.41) and
B6 (−0.36). The chief contributors to PC2 are B1 (−0.81)
and B6 (0.57), while A2 (−0.95) is the chief contributor to
PC3. For the remaining principal components, the highest
correlated angles are: B2 (−0.69) and B6 (0.57) for PC4,
A1 (0.79) for PC5, B2 (0.50), A1 (−0.39) and B5 (−0.42)
for PC6, B4 (0.91) for PC7, and B3 (−0.97) for PC8.

Score plots (not shown) constructed for all possible
combinations of two PCs, from PC1 to PC7 do not show any
data separation. This means that the variables responsible for
those PCs do not separate the data into groups. However, the
score plot of each PC vs. PC8 shows that the data separate into
three groups along the PC8 axis. Fig. 5 shows the score plot of
PC1 vs. PC8 and is typical of the other plots. Since the chief
contributor to PC8 is B3 (−0.97), only that angle is responsible
for the distinctive non-diagonal separation of conformers into
three groups along PC8. The three groups are due to the
staggered conformations that are the local minima for rotation
around the C(sp3)-O(sp3) bond of B3. The pattern of data
separation in Fig. 5 for 3 is different than the diagonal
separation seen in Figs. 2 and 4 for 2. In those cases each PC
has significant correlation coefficients with two or more angles
and this group of angles is responsible for the data separation.
In contrast, B3 makes by far the dominant contribution to PC8,
leading to clean separation along the PC8 axis.

The correlation coefficients between all the eight angles for
the analog 3 data are given in Table 6. The largest coefficient is
0.27 between B2 and B5, with lesser correlations between A1/
B4 (0.12), A1/B6 (−0.12), B1/B5 (0.13), B2/B3 (0.11), B3/B4
(0.10), B4/B5 (0.13) and B4/B5 (0.14). As with 2 (Table 4),
the angles which have the largest correlation coefficients with

Fig. 5 Scores on PC1 vs. Scores on PC8 for 3. The ‘o’, ‘+’, and ‘x’
symbols were assigned by inspection to assist in visualization of the
data separation

A1 A2 B1 B2 B3 B4 B5 B6

A1 1 0.02 0.09 0.05 0.09 0.12 −0.02 −0.12
A2 0.02 1 −0.02 −0.05 −0.06 0.01 0.01 0.03

B1 0.09 −0.02 1 −0.02 0.02 0.03 0.13 −0.06
B2 0.05 −0.05 −0.02 1 0.11 0.08 0.27 0.04

B3 0.09 −0.06 0.02 0.11 1 0.10 0.13 0.01

B4 0.12 0.01 0.03 0.08 0.10 1 0.13 0.14

B5 −0.02 0.01 0.13 0.27 0.13 0.13 1 0.04

B6 −0.12 0.03 −0.06 0.04 0.01 0.14 0.04 1

Table 6 Angle/angle
correlation coefficients,
analog 3
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PC1 (here, B5 (−0.76) and B2 (−0.55)) also have the largest
angle-angle correlation coefficient.

Discussion

SVD of 2 and 3: MMFF94 force field

The random search conformational analysis produced conform-
er populations of about the same size for 2 and 3. As shown in
Fig. 6a, the GEM structures of each analog are almost
identical. Comparison of Tables 3 and 4 shows that each
principal component contributes almost the same percentage to
the total variance for both 2 and 3, and that no single principal
component makes a dominant contribution. For both analogs,
B5 is the chief contributor to PC1, B1 to PC2, A2 to PC3, B2
to PC4, B4 to PC7, and B3 to PC8. In both cases the angles
which have large correlation coefficients with PC1 also have
significant correlation coefficients with each other.

Data separation is seen along the diagonal for the score plots
of PC2 vs. PC3 and PC1 vs. PC5 for 2 because for those PCs,
no single angle is the overwhelmingly dominant contributor. In
contrast, date separation is seen along PC8 in the score plot of
any PC vs. PC8 for 3 because B3 is the overwhelmingly
dominant contribution to PC8. The score plots of the PCs for 2
and 3 show that the data separate differently for the two
analogs. Torsional angles A2, B1, B4, B5, B6 are responsible
for the data separation (or grouping of conformers) noted in
Figs. 2 and 4 for 2, whereas B3 is responsible for that seen in
Fig. 5 for 3. Therefore, SVD has identified those angles which
are most responsible for the differences in the conformer
populations of 2 and 3. This illustrates the utility of SVD in
uncovering subtle influences on conformer groups not seen by
direct analysis of conformer plots in two-dimensional torsional
angle space [55] as in Fig. 3.

SVD of 2 and 3: Tripos and MMFF94 force field
comparison

The random search conformational analysis using the Tripos
force field [55] produced conformer populations of about the

same size for 2 as for 3. The angles of the GEM structures are
given in Table 2 and Fig. 6b shows that the GEM structures of
2 and 3 are somewhat different from each other, in contrast to
the MMFF94 results. As in the MMFF94 case, each principal
component contributes almost the same percentage to the total
variance for both 2 and 3, and no single principal component
makes a dominant contribution [52]. For both analogs, A2 is
the chief contributor to PC1, B2 and either B5 or B6 to PC2,
A2 and B5 or B6 to PC3, and A1 to PC6 [52]. Both force
fields show B4 and B3 to be the dominant contributors to PC7
and PC8, respectively. For 2, the angles which have large
correlation coefficients with PC1 in the Tripos force field also
have significant correlation coefficients with each other.

As with the MMFF94 results, the score plots of the PCs for
the conformer populations of 2 and 3 generated by the Tripos
force field show that the data separate differently for the two
analogs. Data separation occurs along PC1 (due to A1 and A2)
for 2, and along PC7 (due B4) and PC8 (due to B3) for 3 [52].
Except for the dominant contribution of B3 to PC8 in both
force fields, the angles which are chiefly responsible for the
grouping of the conformers of 2 and 3 are different in both
force fields. This illustrates that SVD has uncovered subtle
differences in the conformer populations of the two analogs
generated by the two different force fields.

Summary

SVDuncoveredsubtledifferencesintheconformerpopulationsof
2 and 3 generated by the MMFF94 force field. These
differences are due to the fact that the conformers separate
along different principal components in the case of 2 vs. 3, and
ultimately to the fact that different torsional angles are the chief
contributors to these components. Separation of conformers
into groups is the first step in selecting representative con-
formers as templates for CoMFA-type 3D-QSAR modeling.
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Fig. 6 GEM conformers of
analog 2 (blue) and analog
3 (red); (a) MMFF94 force
field and charges and
(b) Tripos force field and
Gasteiger-Hückel charges
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