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Figure 4-4. Models calculated for antagonism of 5-HT; including an arylpiperazine ligand. Model A was calculated from the
current set of compounds. Models B [4] and C [77] were calculated in previous studies which considered a diverse set of
compounds containing many classes of 5-HT; ligands. Regions of favorable interactions are characterized as being hydrogen
bond acceptors (HBA), hydrophobic/aromatic (HYD/AR), or protonated amines (PA).

Table 4-8. A list of calculated distances between proposed binding interactions.

Regions Model A Model B Model C
PA-HYD1 46-6.2 54-6.4 43-7.8
PA—-HYD 2 43-59 52-6.2 3.7-6.1
PA — HBA1 N/A 56-6.6 3.7-5.1

HYD 1 —-HYD 2 3.5-4.7 9.3-10.3 4.1-438
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4.2.2 The model for affinity to the 5-HT; receptor

A total of 60 compounds had experimental data available to calculate a CoMSIA model for affinity to
the 5-HT; receptor. These compounds were aligned and loaded into a molecular spreadsheet in SYBYL,
as detailed earlier. CoMSIA columns for steric, electrostatic, hydrogen bond acceptor, and hydrophobic
characteristics were calculated from within SYBYL’s QSAR module. No hydrogen bond donor fields were
calculated as no structures in the database exhibited this characteristic and previous research has not
described the presence of any hydrogen bond donor regions in previous pharmacophores or QSAR
studies. A leave-one-out (LOO) cross-validated PLS was performed and the residuals of the graph of
experimental vs. predicted pK; were graphed. The graph revealed four outliers far away from the
prediction of the PLS regression. These compounds (JS06, GD02, AB-B51, and NB45) were omitted from
the calculated model in order to increase the predictivity of the model. These outliers all have similar
structural features which make them difficult to be described by the calculated function. JS06 contains
a furyl substituent which cannot adopt a planar arrangement with the central aromatic ring due to a
bulky methyl group. This interaction likely disrupts any interaction in the same way as SB14, which was
also excluded from the analysis. GD02 showed a high residual despite following general trends seen in
the resulting model. This is assumed to be due to the larger than optimal substituents at each position
around the central ring. Similarly, compounds AB-B51 and NB45 follow the general trends of the

calculated model, but are omitted due to high residuals.

In order to externally validate any model, it is common to divide the data set into training and test
sets. This helps to ensure a predictive model outside of cross-validated r” stats which have been shown
to be inconclusive when considered alone. Hierarchial clustering has been shown to produce a more
predictive test set. By grouping the structures together according to their structural features, more
diverse training and test sets can be constructed. Using the hierarchial clustering feature available in

SYBYL, the remaining 56 structures were split into four main groups according to the calculated
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dendogram shown in Fig 4-4. A test set was selected by choosing approximately 25% of the compounds

from each group. The training set and test set used to calculate this model is shown in Table 4-9.

Figure 4-5 Dendrogram of the hierarchial clustering of all 56 structures used to calculate the model for affinity to the 5-HT,
receptor. The compounds were split into four groups (shown as different colors) based on the similarity of their structural
features.

A PLS crossvalidated (LOO) run was performed on the trainging set of 43 compounds in order to
determine the optimal number of principal components (N). It was found that at 3 components, g2 was
at a maximum of 0.530 corresponding to a minimum predicted residual sum of squares (PRESS) of 0.690.
The number of principal components was set at three for the following nonvalidated PLS calculation.

The resulting calculated model is deemed significantly predictive and is summarized in Table 4-10 below.
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Figure 4-6. These graphs show the correlation between predicted pK; and experimental pK; of the training set (top) and test
set (bottom). The pKi of these compounds was predicted by the model calculated for affinity to the 5-HT; receptor.



Table 4-9. The tables above list the predicted pK;and the experimental pK; to the 5-HT, receptor, along with the residual.

Training pKi pKi . Training pKi pKi )
Residual Residual

Set (Exp.) (pred.) Set (Exp.) (pred.)

AB-B47 7.13 6.89 0.24 E1583 6.93 7.47 -0.54
AB-B48 7.10 6.77 0.33 E1668 6.86 6.83 0.03
AB-B67 6.40 6.17 0.23 E1712 6.47 6.78 -0.31
AB-B73 5.95 5.74 0.21 E1756 5.66 5.78 -0.12
ARO1 6.89 7.10 -0.22 GDO1 7.08 6.72 0.36
ARO2 8.14 7.48 0.66 Jo21 6.69 6.11 0.58
ARO3 8.41 8.16 0.25 J0222 5.44 5.68 -0.24
ARO5 8.54 8.27 0.27 J027 5.64 5.89 -0.25
AR10 7.66 8.10 -0.44 JKO5 7.60 7.50 0.11
AR13 8.80 8.36 0.43 JKO6 7.89 7.51 0.38
AR30 8.15 8.27 -0.11 JK115 7.03 7.54 -0.51
AR43 6.00 6.17 -0.16 JK118 7.13 7.43 -0.30
AR45 8.05 7.37 0.67 JK120 7.01 7.43 -0.42
E1032 6.53 6.31 0.21 10j 7.31 7.47 -0.16
E1052 6.04 5.48 0.56 JS07 5.03 5.51 -0.48
E1262 6.58 7.10 -0.52 JS10 6.34 7.03 -0.69
E129 6.97 7.10 -0.13 JS11 5.56 5.32 0.24
E1352 6.51 5.95 0.56 Js17 7.92 7.85 0.08
E1362 6.13 6.52 -0.39 JS18 6.71 6.09 0.61
E1405 6.65 5.99 0.66 SB12 5.71 6.12 -0.42
E149 4.76 6.04 -1.27 $S06 5.99 6.39 -0.40
E1572 8.10 8.00 0.10

Test Set PKi P Residual | Test Set P PKi Residual

(Exp.) (pred.) (Exp.) (pred.)

AB-B68 7.96 6.80 1.16 JKO4 8.10 7.55 0.55
AB-B72 6.51 5.67 0.84 JK119 7.08 7.49 -0.41
ARO09 8.08 8.40 -0.32 JS02 5.37 5.90 -0.53
AR39 6.83 5.77 1.06 Js41 8.48 8.29 0.20
E134 6.13 6.02 0.11 JS49 7.74 7.93 -0.19
E178 6.68 6.65 0.03 LS104 6.20 6.90 -0.70
J0212 5.33 5.77 -0.44
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Table 4-10. The statistics relating to the validity and predicitivity of the model for affinity to the 5-HT, receptor are shown.

5-HT; Model
q 0.530
Size of dataset 43
#/N 19
r’ 0.800
F-value 52.0
Standard Error 0.45

Further validation of the model comes from evaluating the test set predicted pkK;. All compounds fall
within a reasonable range of error based on the error in the measurement. Prediction for compounds
AB-B68 and AR39 are the only compounds that are off by more than a factor of magnitude. In the
calculated residuals show that for all structures except AB-B68 and AR39, the predicted pK; is within 1 of
the experimental value. This suggests that most error in the model comes from the artificial tilt of the
piperazine ring present in the minimized structures of benzenes and pyridines, as well as

homopiperazines such as AR39.

4.2.3 Calculation of a model for affinity to the 5-HT,, receptor

The model for affinity to the 5-HT,, receptor was calculated by the same procedures as for the 5-HT;
receptor. Less experimental data was available for the 5-HT,, receptor, so only 50 compounds were able
to be analyzed initially. After a PLS analysis which showed reasonable predictivity, the residuals of this
group were plotted and the compounds that deviated the most were excluded from the subsequent
model calculation. These 5 compounds were JS41, E178, E149, 10j, and JS17. Compounds 10j and E149

did not align well to the common template with respect to large substituents. While these compounds
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provided increased diversity to the calculated model, the inconsistencies with alignment of the side

chains led to large residuals in the non-crossvalidated analysis.

The remaining 45 compounds were analyzed by hierarchical clustering as outlined in the previous
section and split into four groups according to their structural features. The dendrogram is shown

below. These structures were split into a training set and a test set as before.

L5104

AROS

1510
GhOol

AR3O

AB-BG ;' "

AB-BAR ,
AB-BS

1506

K115

NEAS

Figure 4-7. Dendrogram of the hierarchical clustering of all 45 structures used to calculate the model for affinity to the 5-HT,,
receptor. The compounds were split into four groups (shown as different colors) based on the similarity of their structural
features.

A PLS crossvalidated (LOO) run was performed on the training set of 35 compounds and the optimum
number of components was determined to be 4 which corresponds to a minimum PRESS and a q° of

0.683. The subsequent PLS analysis yielded a statistically significant model and is summarized in Table



4-. The model is further supported by a strong correlation between the test set experimental and

predicted pK..
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Figure 4-8. These graphs show the correlation between predicted pK; and experimental pK; of the training set (top) and test
set (bottom). The pKi of these compounds was predicted by the model calculated for affinity to the 5-HT,, receptor.
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Table 4-11. The tables above list the predicted pK;and the experimental pK; to the 5-HT,, receptor, along with the residual.

Training pKi pKi . Training pKi pKi ]
Residual Residual
Set (Exp.) (pred.) Set (Exp.) (pred.)
AR13 8.72 8.16 0.57 E1362 6.71 6.88 -0.18
AR30 7.92 7.73 0.19 LS104 6.68 6.45 0.23
ARO2 7.70 7.22 0.48 AR39 6.50 6.46 0.04
ARO3 7.66 7.51 0.14 E1032 6.48 6.29 0.19
E1712 7.48 7.27 0.22 E1668 6.35 6.53 -0.18
E1572 7.21 7.43 -0.22 SS06 6.25 6.11 0.14
E1405 7.17 7.43 -0.26 JS10 6.21 6.76 -0.55
E129 7.17 7.60 -0.43 AB-B47 6.17 6.36 -0.19
J0212 7.08 7.05 0.03 JK118 6.11 6.13 -0.02
AB-B48 7.05 7.04 0.01 E1756 6.07 5.92 0.15
E134 6.97 6.57 0.40 E1352 6.04 6.20 -0.16
E1583 6.94 6.92 0.02 JK120 5.99 5.98 0.01
GDO1 6.87 6.74 0.13 JS11 5.95 6.01 -0.06
Jo21 6.84 6.94 -0.10
AB-B67 6.82 6.61 0.21 1S02 5.72 5.72 -0.01
ARO5 6.80 7.22 -0.42 AB-B73 5.71 5.51 0.20
AB-B68 6.79 6.60 0.19 JK122 5.16 5.23 -0.07
NB45 6.72 6.97 -0.25
Test Set PKi PKI Residual | Test Set PKI PKi Residual
(Exp.) (pred.) (Exp.) (pred.)
AB-B51 7.39 7.33 0.06 E1262 7.34 7.32 0.02
AB-B72 6.48 6.30 0.19 J027 7.46 6.67 0.79
ARO9 8.11 7.71 0.40 JKO3 5.94 6.47 -0.53
AR45 7.85 7.20 0.65 JK115 6.82 6.42 0.41
E1052 6.19 5.80 0.38 JK119 5.58 6.12 -0.54
Table 4-12. The statistics relating to the validity and predictivity of the model for affinity to the 5-HT,, receptor are shown.
5-HT,, Model
q 0.683
Size of dataset 35
#/N 4
0.864
F-value 47.8
Standard Error 0.28
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4.3 Analysis of each set of compounds according to the calculated models

As was outlined in the introduction, it is the goal of this research to synthesize novel, selective 5-HT;
receptor ligands. A large library of compounds which show high affinity to the receptor has been
synthesized and QSAR models have been calculated which detail the requirements for binding to the 5-
HT; receptor and to the receptor which has the most similar binding profile, the 5-HT,, receptor. By
examining the differences between these two models, information pertaining to increasing the
selectivity of ligands over the 5-HT,, receptor can be gained. Each subset of synthesized ligands has
been analyzed using the QSAR models to provide ways of increasing affinity and selectivity. These

models are shown below in Figure 4-9 through 4-13.



Figure 4-9. The calculated COMSIA models for binding affinity to 5-HT; (top) and 5-HT,, (bottom). Favored and disfavored
regions of steric bulk (green/yellow), electrostatic charge (red/blue), hydrophobicity (orange/grey), and hydrogen bond
acceptors (magenta/cyan) describe the binding site interactions with these ligands.
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4.3.1 Steric interactions

Steric Interactions

B favored W disfavored 5-HT7

m favored | disfavored 5-HT2a

Figure 4-10. Contours of favored and disfavored steric interactions to both the 5-HT; and 5-HT,, receptors.

The steric interactions as calculated are shown in Figure 4-10 above. The major region of
interest surrounds the alkyl substituents to the pyrimidine ring. This region of favorable interaction is
larger in the model for affinity to the 5-HT,, receptor. This difference is likely due to the drastic increase
in affinity exhibited by compounds with an n-hexyl substituent at this position, such as JS41. This region
of the ligands likely binds with the alkyl group near the hydrogen bond acceptor Ser 5.42. Due to the
diversity of the synthesized compounds with respect to steric properties of substituents in this region,
this interaction does not appear to offer any selectivity advantages by further optimization. Also seen

are disfavored regions surrounding furyl substituents in both models. This leads to the conclusion that



77

this region will also not allow for any further optimizations, as the furyl substituent is a relatively small

aromatic substituent and increases in size are not advantageous.

4.3.2 Electrostatic Interactions

The electrostatic interactions, displayed in Figure 4-11 show two areas of interest, corresponding with
the furyl substituents and the protonated amine of piperazine substituents. The fields surrounding furyl
substituents are likely a result of the large difference in affinity observed between 4-(2-furyl)pyrimidines
and 4-(3-furyl)-pyrimidines, as discussed earlier. This difference (two orders of magnitude) results in
sharply defined fields in both models which result in favored electrostatic interactions corresponding
with the 2-furyl analogs and regions of disfavored interactions corresponding with 3-furyl analogs. In
the model for affinity to the 5-HT7 receptor, there is an additional region near the protonated amine.
This disfavored interaction results from the decreased affinity of homopiperazine compounds which
were aligned with the protonated amine centered over this disfavored region. The decrease in affinity

also results in disfavored hydrophobic interactions as is discussed later.

The calculated models show limited opportunities for further optimizations with regard to electrostatic
modifications. The calculated regions in each model are largely identical, although the homopiperazine
moiety seems to be tolerated better by the 5-HT; receptor. Shortening the distance between the
central aromatic ring and the protonated amine, or constraining the amine to one side of the central

ring are possible ways to increase the selectivity of future ligands.



Electrostatic Interactions

%

W favored W disfavored 5-HT7

®

W favored W disfavored 5-HT2a

Figure 4-1. Contours of favored and disfavored electrostatic interactions to both the 5-HT; and 5-HT,, receptors.
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4.3.3 Hydrophobic interactions

Hydrophobic Interactions

ﬂ%”\' -’-#'—H-
B disfavored 5-HT7

W favored

W favored B disfavored 5-HT2a

Figure 4-2. Contours of favored and disfavored hydrophobic interactions to both the 5-HT; and 5-HT,, receptors.

Hydrophobic interactions were the most prevalent CoMSIA field calculated in both models. The most
interesting of these hydrophobic regions is the large disfavored region surrounding N-substituents of
piperazine compounds. This large grey region is seen only in the model for affinity to 5-HT,..
Compounds such as JK118 which exploit this region by including a benzyl moiety show higher affinity to
the 5-HT; receptor, although within the experimental error. This disfavored region provides an excellent

lead for further modifications in this region.

Also shown is the disfavored region corresponding to the homopiperazine moiety mentioned earlier, in
the model for affinity to the 5-HT; receptor. This region supports the presence of the disfavored

electrostatic region observed previously. Regions of favored hydrophobic interactions correspond with
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the furyl ring which supports the qualitative assumptions made previously about the interaction with
this group and phenylalanine residues of the binding site. Other small favored regions exist around the
alkyl substituents, but no differences are observed that can be exploited for increasing affinity or

selectivity of ligands to either receptor.

4.3.4 Hydrogen bond donor interactions

Hydrogen Bond Acceptor Interactions

M favored M disfavored 5-HT7
% B favored M disfavored 5-HT2a

Figure 4-3. Contours of favored and disfavored hydrogen bond acceptor interactions to both the 5-HT; and 5-HT,, receptors.
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There are typically regions in each compound which contain a hydrogen bond acceptor. These
correspond to the oxygen in furyl substituents, each nitrogen in pyrimidine (or pyridine), and each
nitrogen in piperazine. The most crucial of these hydrogen bond acceptors is the protonated amine,
which has been shown to form a salt bridge with Asp 3.32 in the central binding site region. The models
do not represent this well, although the database of structures were not protonated. A large disfavored
region is observed in the model for affinity to the 5-HT7 receptor, which again may be representative of
the disfavored interaction of the homopiperazine moiety. Regions also exist around the the furyl
substituent of the compound shown, also likely due to disfavored interactions of 4-(2-furyl)pyrimidines.
These interactions have already been attributed to the enhanced ability of 4-(3-furyl)pyrimidines to

rotate with respect to the torsion angle between the aromatic rings.

The most interesting regions described by hydrogen bond acceptor interactions are those surrounding
the central aromatic ring. A series of pyridines and benzenes allows for the comparison of the necessity
of each nitrogen in pyrimidine ligands. It is observed that a favored hydrogen bond acceptor interaction
is calculated at the nitrogen near alkyl substituents, or away from aromatic substituents. This
observation provides additional support for the interaction between substituents to the opposite side of
the pyrimidine ring and phenylalanine residues in the binding site. This favored interaction may
therefore correspond to Ser 5.42 in the binding site. This would allow for further optimization of this

region of the 5-HT,; pharmacophore with respect to affinity and selectivity over 5-HT,,.
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5 CONCLUSIONS

Several potential therapeutic applications exist for selective 5-HT ligands. This potential has not been
completely defined or exploited. This is partially due to the unavailability of potent and selective 5-HT
ligands. This is particularly true with the 5-HT; receptor, as it is the most recently characterized of the 5-
HT receptor subtypes. Hundreds of novel 5-HT; ligands have been synthesized at Georgia State
University in order to address this need. These compounds were optimized based on previous research
and have yielded ligands with greater potency and selectivity to the 5-HT; receptor, with respect to 5-
HT,.. The 5-HT; binding site has been explored with analogs by both qualitative and quantitative means,

resulting in a better understanding of the receptor structure.

In synthesizing new 5-HT; receptor ligands, systematic substitutions of pyrimidines were examined. The
substituents of pyrimidine ligands were optimized by adding diverse substituents to the aromatic ring.
Several different synthetic pathways were described to yield novel substituted pyrimidines. These
include the nucleophilic addition to pyrimidine as previously described. These additions included highly
functionalizable groups which underwent subsequent modifications allowing more many diverse
substitutions. This was the case for 1,4 addition to 4-vinylpyrimidines as well as hydrolysis of 1-ethoxy-
1-ethenyl substituents. These compounds were used as starting material for the synthesis of several
diverse 5-HT; receptor ligands. Evaluation of these ligands revealed a ligand with high potency and
selectivity to the 5-HT;receptor, AR13. This ligand was used as a scaffold to investigate other proposed

binding site interactions.

The region corresponding to the linker between the two binding pockets of the receptor was explored
by altering the piperazino substituents. The presence of a steric group extending past the piperazino

protonated amine was shown to be well tolerated by the 5-HT; receptor. Bulky groups, such as the
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benzyl analogs synthesized, were not well tolerated by the 5-HT,, receptor which led to a significant

selectivity advantages.

The synthesized pyrimidines and benzofurans, along with other pyridines and benzenes were analyzed
by 3D-QSAR methods to yield models for affinity to 5-HT; and 5-HT,,. These models clearly describe the
observations noted above and detail pharmacohphore regions of these receptors. These two models
have been compared to find that two significant regions of steric interactions differ significantly
between the two models. These relationships have not been previously described and will lead to more
potent and selective ligands. These ligands will allow for further physiological studies and possibly lead

to therapeutics.
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6 EXPERIMENTAL

Equipment:

All reagents were purchased from Aldrich Chemical Company or prepared according to the literature.
Compounds prepared by others under the direction of Dr. Strekowski include 3b, 6d-k, 6m-n, 10a, and
10l. Reactions were monitored by TLC (EMD Chemicals, TLC Silica Gel 60 F,s4) or GCMS (Shimadzu GC-
17A, QP-5000 MS). All purifications were performed on a Chromatotron (Harrison Research, Model
7924T). Solid samples were subjected to melting point analysis (Barnestead International, Mel-Temp
1201D). All samples sent for biological testing were converted to salts by the procedure outlined below
and analyzed for elemental composition (Perkin Elmer, 2400 Series Il) to ensure purity. NMR data was
acquired using the Bruker Avance 400 MHz NMR spectrometer. NMR data was processed using
TOPSPIN v.3.0.b.8 software (Bruker). All NMR spectra were obtained in deuterated chloroform at room
temperature. Experimental affinity to 5-HT receptors was determined in a separate lab by the
procedure outlined by below. All samples sent for biological testing were converted to salts and

analyzed for elemental composition (Perkin Elmer, 2400 Series Il) to ensure purity.

Biological evaluation:

All biological evaluation was determined through collaboration with Dr. Andrzej Bojarski in The Institute
of Pharmacology at the Polish Academy of Sciences. Below are details of the analyses as described by

Dr. Bojarski.

In vitro radioligand binding assays: Inhibition constants (K;) were determined from at least three
separate experiments in which 7-9 drug concentrations, run in triplicate, were used (SEM + 20%). The
binding reaction was terminated by rapid filtration through Whatman GF/B filters followed by three 4-

ml washes with ice-cold incubation buffer.
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The radioactivity retained on the filters was measured by liquid scintillation counting (Beckman LS 6500
apparatus) in 4 ml scintillation fluid (Akwascynt, BioCare). Binding isotherms of the tested compounds
were analyzed by non-linear regression (Prism, GrafPad Software Inc., San Diego), using the Cheng-

Prusoff equation [132] to calculate K; values.

5-HT34, 5-HT;,, dopamine D, and a;-adrenergic receptor binding assay: Radioligand studies with native
5-HT1a, 5-HT,4, D, and a;-adrenergic receptors were conducted according to the methods previously
described [116,133,134]. Briefly: 5-HT,, assays used rat hippocampal membranes, [*H]-8-OH-DPAT (106
Ci/mmol, Perkin-Elmer) and 5-HT for nonspecific binding; 5-HT,, assays used rat cortical membranes,
[*H]-ketanserin (67 Ci/mmol, Perkin-Elmer) and methysergide for nonspecific binding; dopamine D,
assays used rat striatal membranes, [*H]-spiperone (15.0 Ci/mmol, Perkin-Elmer) and butaclamol for
nonspecific binding; o, assays used rat cortical membranes, [°H]-Prazosine (25.0 Ci/mmol, Amersham)

and phentolamine for non-specific binding.

Expression of the gene for the human 5-HT;, receptor: The full length human 5-HTR;,) cDNA cloned
into mammalian expression vector pcDNA3.1(+) was purchased from UMR cDNA Resource Center
(www.cdna.org). The receptor cDNA was stably transfected into human embryonic kidney cells
(HEK293, ATCC) with use of Lipofectamine 2000 (Invitrogen). A clone yielding high expression level of 5-
HTR ) was selected during preliminary experiments including Western Blot analysis, [*H]-CT saturation

binding studies as well as cAMP accumulation assays.

Cell culture and preparation of cell membranes: HEK293 cells with stable expression of 5-HTR;,) were
maintained at 37 °C in a humidified atmosphere with 5% CO, and were grown in Dulbeco’s Modifier
Eagle Medium (Gibco BRL) containing 5% dialysed foetal bovine serum (Gibco BRL) and 500 pg/ml G418
sulphate (Sigma-Aldrich). For membranes preparations, cells were subcultured in 10 cm diameter dishes,

grown to 90% confluence, washed twice with prewarmed to 37 °C phosphate buffered saline and
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pelleted by centrifugation (1000 g) in phosphate buffered saline containing 0.1 mM EDTA and 1 mM

dithiothreitol. Prior to membrane preparations pellets were stored at —80 °C.

Membranes were prepared form frozen cell pellets by homogenization (Polytron, setting 5 for 15 s) and
centrifugation (50,000 g, 15 min., 42C) in 20 volumes of Tris HCl buffer (50 mM, pH 7.4) containing EDTA
(0.1 mM). The pellets were then re-suspended in buffer, incubated 20 min. in 37 °C and once again
centrifuged as described above. The membranes were stored in aliquots at —80 °C until use for binding

assays.

The protein concentration was determined with bicinchoninic acid protein assay kit (Pierce, USA).

5-HT, receptor binding assay: Binding assays on membranes from HEK 293 cells stably expressing
human 5-HT;, receptor were performed according to procedure described by Thomas et al. [135].
Briefly, the membranes (10 ug protein per tube) were incubated in 50 mM Tris HCI buffer (pH 7.4)
containing 4 mM MgCl,, 0.1 mM pargyline and 0.1% ascorbic acid, in the presence of 7-9 concentrations
of test drug and 0.5 nM [*H]-5-CT (93.0 Ci/mmol, Amersham). Nonspecific binding was defined in the
presence of 10 uM of 5-HT. After a 1-h incubation at 37 °C, the assay samples were rapidly filtered
through Whatman GF/B filters and subsequently washed with ice-cold 50 mM Tris buffer (pH 7.4) using

a Brandel harvester.

Computer methods:

Conformational analysis: Structures were drawn in their s-cis conformation using HyperChem 8.0
(Hypercube, Inc.). Each structure was imported into Spartan ‘04 (Wavefunction, Inc.) and minimized
using the MMFF force field. The torsion angle consisting of N3-C4-C7-C8 was set to 0 degrees. A
dynamic constraint was applied to this torsion angle ranging from 0 to 350 degrees in 36 steps, resulting

in a stepwise rotation of 10 degrees. An ab initio Hartree-Fock calculation was performed using the 6-
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31G* basis set. The calculated energy of the structure corresponding to a global minimum was set to 0

kcal/mol and energies for all other torsions were reported relative to the global minimum.

Calculation of pharmacophore model: Structures exhibiting high affinity (top 20%, by pK;) to the
receptor in question were chosen from the database of aligned structures to each receptor. The highest
affinity compound was conformed analogous to the total set of structures. All structures were then
aligned by features to the template using the GALAHAD module in Sybyl (Tripos, Inc.), using the
parameters suggested. The best calculated model was chosen as the model which fit the highest

percentage of compounds from the original dataset.

Calculation of 3D-QSAR models: A database of aligned structures with corresponding experimental
data was loaded into a Sybyl molecular spreadsheet. The structures were represented in the moleculsr
spreadsheet by calculating CoMSIA fields for steric, electrostatic, hydrophobic, and hydrogen bond
acceptor interactions. Internal validation was conducted by leave-one-out crossvalidation. The SAMPLS
method (Merck & Co., Inc.) was used in order to minimize computational time. A non-crossvalidated
partial least squares analysis was calculated using the optimal number of components (least number of
components which did not observe > 5% decrease in predicted error). The QSAR model was presented
with favorable contours at 80% of the total contribution and disfavorable contours at 10% of the

contribution.

Synthesis:

Conversion to salts: The appropriate compound was dissolved in diethyl ether:methanol (3 mL, 10:1)
before the addition of HBr (0.2 mL, 48%) or HCI (0.2 mL, 38%). The solution showed evidence of
precipitant before the addition of more diethyl ether (20 mL). The additional ether precipitated the

compound as the corresponding salt.
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Preparation of organolithium reagents. Alkyllithium reagents n-butyllithium (2.5 M in hexanes), tert-
butyllithium (1.7 M in pentane), and sec-butyllithium (1.4 M in cyclohexane) were commercial reagents.

All other organolithium reagents were generated in situ and used without characterization.

3-lithio furan was generated as described in the literature [136]. In summary, a solution of 3-
bromofuran (0.33 mL, 3.7 mmol) in tetrahydrofuran (3 mL) was treated dropwise at -78°C with n-
butyllithium (1.5 mL, 3.7 mmol). The solution was stirred for an additional 10 min at -78°C before use.
2-lithiofuran was prepared in a similar manner by treatment of a solution of furan (2.18 mL, 24.7 mmol)
with n-butyllithium (4.0 mL, 10.0 mmol). 2-lithio-4,5-dihydrofuran was also generated in this manner by
treating a solution of 2,3-dihydrofuran (0.23 mL, 3.0 mmol) in tetrahydrofuran (3 mL) with tert-
butyllithium (1.8 mL, 3.0 mmol). .Ethoxyvinyl lithium was prepared according to the literature [137], by
treating a solution of ethyl vinyl ether (0.49 g, 6.8 mmol) in tetrahydrofuran (3 mL) with tert-butyllithium
(2.0 mL, 3.4 mmol) at -78°C. The bright yellow solution was stirred at 0°C for 10 min. The reagent was
cooled to -78°C after the solution had become colorless for immediate use. Vinyllithium was generated
as described [94,138], by treatment of a solution of tetravinyltin (0.98 mL, 5.1 mmol) in tetrahydrofuran
(3 mL) with tert-butyllithium (2.4 mL, 4.1 mmol) at -78°C. The solution was stirred for 10 min until the
formation of a white precipitant was evident. a-lithiostyrene was generated by dropwise addition of n-
butyllithium (1.2 mL, 3.0 mmol) to a solution of a-bromostyrene (0.43 mL, 3.0 mmol) in tetrahydrofuran

(3 mL) at -78°C. The resulting deep red mixture was used immediately.

General procedures for 3a-f, and 4a-g [13]. 2-chloropyrimidine (1a), 2-chloro-5-fluoropyrimidine (1b)
and 2,4-dichloropyrimidine (1c) were purchased from Aldrich Chemical Company. A solution of the
appropriate organolithium reagent (3.0 mmol) was generated as described above. Dropwise addition of
2-chloropyrimidine 1 (3.0 mmol) dissolved in a minimum amount of anhydrous THF caused the solution

to darken to black with a green tint over the course of the addition. The flask was slowly warmed to -
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40°C over a period of 1 hour, and then stirred at -40°C for an additional three hours. The reaction was
then quenched by the dropwise addition of deionized water (0.1 ml, 6 mmol) dissolved in THF (5 ml).
The mixture was stirred at 20°C for 10 min, resulting in a pale orange solution with white precipitate
(LiOH). To this mixture was added 2,3-dichloro-2,3-dicyanoquinone (DDQ, 0.68 g, 3.0 mmol) dissolved in
THF (5 ml). The solution was stirred for 2 min before the addition of 3M NaOH (20 ml). The solution
was extracted with hexanes (20 ml) and hexanes:THF (20 ml, 1:1) and the extract was dried over
magnesium sulfate, filtered and concentrated under reduced pressure. The resulting residue was
purified qualitatively to yield the 4-substituted 2-chloropyrimidines 4, which were subsequently used in
the reaction with N-methylpiperazine. A flask dried as before was charged with 3 (1.0 mmol) and dry
toluene (3 ml). To the solution was added an excess of an appropriate piperazine (3.0 mmol) and the
solution was heated at 110°C for 1 day. The reaction was monitored by TLC, and after the reaction had
gone to completion (by absence of starting material), the solution was made basic with 2M sodium
carbonate (10 ml). The resulting solution was extracted with diethyl ether (3 X 20 ml). The organic
layers were combined, dried over magnesium sulfate, filtered and concentrated under reduced pressure
before purification by chromatography (dichloromethane:methanol, 10:1) yielded the piperazine

derivatives 4 as yellow oil.

4-tert-Butyl-2-chloropyrimidine (3a). This compound was prepared using minor variations to the
general procedure. The addition of tert-butyllithium occurred at -40°C, and was then allowed to reach
0°C over 1 hour. Purification using a mobile phase of hexanes:dichloromethane (2:1) yielded 3a (0.223
g, 1.3 mmol, 44%) as a white solid. Characterization matches that previously reported. *H NMR (400
MHz, CDCl5) § 8.51 (d, J = 5.1 Hz, 1H), 7.26 (d, J = 5.1 Hz, 1H), 1.35 (s, 9H). *C NMR (100 MHz, CDCl;) &

181.8,161.1, 159.4, 115.3, 37.9, 29.2.
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2-Chloro-4-(3-furyl)pyrimidine (3b). This compound was obtained in 57% yield as a white solid: mp 88-
89°C. Characterization correlated with that previously recorded (publication in writing). ‘H NMR (400

MHz, CDCl3) & 8.55 (d, J = 5.1 Hz, 1H), 8.22 (m, 1H), 7.54 (m, 1H), 7.31 (d, /= 5.1 Hz, 1H), 6.91 (m, 1H).

2-Chloro-4-(1-ethoxy-1-ethenyl)pyrimidine (3c). This compound was obtained in 40% vyield as a white
solid. Characterization correlated with that previously recorded (publication in writing). *H NMR (400
MHz, CDCl3) § 8.61 (d, J = 5.1 Hz, 1H), 7.57 (d, J = 5.1 Hz, 1H), 5.73 (d, J = 2.4 Hz, 1H), 4.57 (d, J = 2.4 Hz,

1H), 3.97 (q,J=7.0 Hz, 2H), 1.44 (t, J = 7.0 Hz, 3H).

2-Chloro-4-vinylpyrimidine (3d). This compound was synthesized using a modification of the general
procedure. Addition of 2-chloropyrimidine to a mixture of vinyllithium at -78 °C caused the solution to
darken, eventually turning black. The reaction was allowed to reach -60 °C over 1 hour before
guenching. Workup and purification using a mobile phase of hexanes:dichloromethane (1:1) yielded 3d
in 59% vield as a faintly yellow oil. Characterization correlated with that previously reported [138]. ‘H
NMR (400 MHz, CDCl5) 6 5.79 (d, 1H, -CH,, J=10.8 Hz), 6.54 (d, 1H, -CH,, J=17.4 Hz), 6.71 (dd, 1H, -CH,

J=10.8, 17.4 Hz), 7.24 (d, 1H, -CH, J=5.0 Hz), 8.57 (d, 1H, -CH, J=5.0 Hz).

2-Chloro-4-(1-phenylethenyl)pyrimidine (3e). This compound was obtained in 58% yield as a colorless
oil. *H NMR (400 MHz, CDCl;) 6 8.53 (d, J = 5.1 Hz, 1H), 7.40 (m, 3H), 7.31 (m, 2H), 7.09 (d, J = 5.1 Hz,
1H), 6.48 (m, 1H), 5.77 (m, 1H) *C NMR (CDCl,): § 167.7, 161.5, 159.8, 145.9, 138.1, 128.6, 128.5, 128.4,
123.1, 117.5. High-resolution ms (ESI, positive ion mode): calcd. for C1,Hs>>CIN, (M*+1), m/z 217.0533;

found m/z 217.0526.

2-Chloro-4-(3-furyl)-5-propylpyrimidine (3f).  This compound was obtained in 17% as a crude,
colorless oil. The oil was used without further purification. *H NMR (400 MHz, CDCl5) § 8.41 (s, 1H, -CH),
8.03 (s, 1H), 7.54 (m, 1H), 7.00 (m, 1H), 2.74 (t, J = 7.4 Hz, 2H), 1.70 (sxt, J = 7.4 Hz, 2H), 1.05 (t, J = 7.4

Hz, 3H).
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4-sec-Butyl-2-(4-methylpiperazino)pyrimidine hydrobromide (4a). The free base was obtained in 32%
yield. *H NMR for the free base (400 MHz, CDCl;) & 8.18 (d, J = 5.1 Hz, 1H), 6.34 (d, J = 5.1 Hz, 1H), 3.85
(m, 4H), 2.53 (m, 2H), 2.46 (m, 4H), 2.33 (s, 3H), 1.62 (m, 1H), 1.20 (d, J = 6.8 Hz, 3H), 0.85 (t, J = 7.4 Hz,
3H). A hydrobromide salt: mp 177 - 179 °C. Anal. Calcd for Cy3H,,N4eHBr: C, 49.53; H, 7.35; N, 17.77.

Found: C, 49.41; H,7.47; N, 17.47.

4-tert-Butyl-2-(4-methylpiperazino)pyrimidine hydrobromide(4b). The free base was obtained in 52%
yield. *H NMR for the free base (400 MHz, CDCls) 6 8.22 (d, J = 5.1 Hz, 1H), 6.51 (d, J = 5.1 Hz, 1H), 3.86
(m, 4H), 2.47 (m, 4H), 2.34 (s, 3H), 1.27 (s, 9H). *C NMR for the free base (100 MHz, CDCl;) § 178.2,

161.5, 157.5, 105.5, 55.1 (2 signals), 46.3, 43.7 (2 signals), 37.5, 29.3. A hydrobromide salt: mp 221 °C.

Anal. Calcd for C3H,,N4oHBr, % H,0: C, 48.15; H, 7.46; N, 17.28. Found: C, 47.82; H, 6.92; N, 16.93.

4-(4,5-Dihydro-2-furyl)-2-(4-methylpiperazino)pyrimidine (4c). This compound was obtained in 53%
yield. *H NMR (400 MHz, CDCl5) & 8.32 (d, J=5.1 Hz, 1H), 6.66 (d, J=5.1 Hz, 1H), 5.97 (t, J = 3.0 Hz, 1H),
4.53 (t,J = 9.7 Hz, 2H), 3.86 (m, 4H), 2.83 (dt, J = 3.0, 9.7 Hz, 2H), 2.47 (m, 4H), 2.34 (s, 3H). *C NMR
(100 MHz, CDCl;) 6 164.7, 158.6, 156.7, 155.5, 105.4, 103.0, 70.5, 55.0, 46.2, 43.6, 30.6. High-resolution

ms (ESI, positive ion mode): calcd for C13H:5N,O, (M*+ 1), m/z 247.1559; found m/z 247.1562.

2-(4-Methylpiperazino)-5-propylpyrimidine dihydrobromide (4d). The free base was obtained in 82%
yield as an oil. *H NMR for the free base (400 MHz, CDCl;) & 8.16 (s, 2H), 3.81 (t, J = 4.8 Hz, 4H), 2.47 (t, J
= 4.8 Hz, 4H), 2.40 (t, J = 7.6 Hz, 2H), 2.34 (s, 3H), 1.56 (sxt, J = 7.6 Hz, 2H), 0.93 (t, J = 7.6 Hz, 3H). A
hydrobromide salt: mp 251 °C (dec.). Anal. Calcd. for C;,H,0N4*2 HBr: C, 37.72; H, 5.80; N, 14.66.

Found: C, 37.87; H, 5.75; N, 14.52.

4-(3-Furyl)-2-(4-methylpiperazino)-5-propylpyrimidine hydrobromide (4e). The free base was obtained
in 44% yield as an oil. 'H NMR for the free base (400 MHz, CDCl;) & 8.17 (s, 1H), 7.91 (s, 1H), 7.48 (s,

1H), 6.95 (s, 1H), 3.85 (m, 4H), 2.59 (t, J = 7.6 Hz, 2H), 2.49 (m, 4H), 2.35 (s, 3H), 1.59 (sxt, J = 7.6 Hz, 2H),
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0.99 (t, /= 7.6 Hz, 3H). A hydrobromide salt: mp 206 - 208 °C. Anal. Calcd. for C;¢H,,N,O¢HBr: C, 52.32;

H, 6.31; N, 15.25. Found: C, 52.34; H, 6.11; N, 15.12.

4-Butyl-6-(3-furyl)-2-(4-methylpiperazino)-5-propylpyrimidine dihydrobromide (4f). The free base was
obtained in 73% yield as an oil. 'H NMR for the free base (400 MHz, CDCl;) 6 7.80 (m, 1H), 7.47 (m, 1H),
6.86 (m, 1H), 3.84 (m, 4H), 2.66 (m, 2H), 2.59 (m, 2H), 2.47 (m, 4H), 2.34 (s, 3H), 1.69 (m, 2H), 1.47 (m,
4H), 1.01 (t,J=7.6 Hz, 3H), 0.96 (t, /= 7.6 Hz, 3H). A hydrobromide salt: mp 203 °C (dec.). Anal. Calcd.

for CyoH3oN40 2 HBr: C, 47.63; H, 6.40; N, 11.11. Found: C, 47.34; H, 6.65; N, 11.08.

4-(2-Furyl)-2,4-bis-(4-methylpiperazino)pyrimidine trihydrobromide (4g). The free base was obtained
in 37% yield as a colorless oil. 'H NMR for the free base (400 MHz, CDCls) § 7.47 (m, 1H), 7.05 (m, 1H),
6.48 (m, 1H), 6.31 (s, 1H), 3.86 (m, 4H), 3.67 (m, 4H), 2.47 (m, 8H), 2.34 (s, 6H). 13C NMR for the free
base (100 MHz, CDCl;) 6 163.4, 161.7, 155.4, 153.8, 143.2, 111.8, 109.7, 86.9, 55.2, 54.8, 46.3, 46.2,
43.9, 43.8. A hydrobromide salt: mp 222 °C (dec.). Anal. Calcd. for C;5H,6NgO*3 HBr: C, 36.95; H, 5.00; N,

14.36. Found: C, 37.14; H,5.29; N, 14.62.

General procedure for 5a-b and 6a-c, and 6l. A procedure and characterization for compounds 5 and 6
has been submitted for publication. In summary, a solution of 3d or 3e (0.4 mmol) is treated with a
prepared nucleophile (0.4 mmol). Unless using a Grignard reagent as a nucleophile, the reaction was
heated for 2 hours near reflux. Grignard reagents were prepared as reported [139]. Briefly, a
suspension of copper (I) iodide was treated with two equivalents of a carbon nucleophile at -78 °C and
stirred for 10 min. The Grignard reagents were then treated with 3d or 3e (0.4 mmol) at -40 °C. After
the addition of the pyrimidine to the nucleophile, the solution was stirred for 2 hours at -40 °C and
quenched. Workup and purification on a chromatotron (hexanes:dichloromethane, 4:1) yielded the 1,4-
addition products 5. A solution of 5 (1.0 mmol) in toluene (5 mL) was then treated with N-

methylpiperazine (1.2 mmol) and stirred at reflux until the presence of 5 was no longer detectable by
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TLC. Purification by chromatography (dichloromethane:methanol, 10:1) yielded the substituted
arylpiperazines 6. Examples of 5 synthesized from nucleophiles and by Grignard reagents were

characterized and are shown below.

2-Chloro-4-(2-methoxy-1-phenylethyl)pyrimidine (5a). This compound was obtained as an oil in 25%
yield. "H NMR (CDCl;): 6 8.47 (d, J = 5.2 Hz, 1H), 7.29 (m, 4H), 7.26 (m, 1H), 7.12 (d, J = 5.2 Hz, 1H), 4.31
(dd, J = 8.8, 5.6 Hz, 1H), 4.20 (t, J = 8.8 Hz, 1H), 3.88 (dd, J = 8.8, 5.6 Hz, 1H), 3.35 (s, 3H); *C NMR
(CDCl5): 6 173.6, 161.3, 159.3, 138.4, 128.9, 128.3, 127.6, 119.5, 74.5, 59.1, 53.2. High-resolution MS

(ESI, positive ion mode): calcd. for C;3H13*°CIN,O (M* + 1), m/z 249.0795; found m/z 249.0784.

2-Chloro-4-(1,2-diphenylethyl)pyrimidine (5b). This compound was obtained in 61% yield. ‘*H NMR
(CDCls) 6 8.38 (d, J = 5.2 Hz, 1H), 7.22 (m, 9H), 7.05 (m, 2H), 7.00 (d, J = 5.2 Hz, 1H), 4.28 (dd, J=7.4,7.8
Hz, 1H), 3.64 (dd, J = 7.8, 13.6 Hz, 1H), 3.30 (dd, J = 7.4, 13.6 Hz, 1H). >C NMR (CDCl;) 6 175.0, 161.3,
159.2, 140.7, 139.1, 129.0, 128.8, 128.3, 128.2, 127.4, 126.3, 119.1, 55.1, 40.5. High-resolution ms (ESI,

positive ion mode): calcd. for CigH15> CIN,, (M*+ 1), m/z 295.1002; found m/z 295.1013.

2-(4-Methylpiperazino)-4-(2-(4-methylpiperazino)ethyl)pyrimidine tetrahydrochloride (6a). The free
base was obtained as an oil in 22% yield; "H NMR for the free base (CDCl;): 6 8.17 (d, J = 5.1 Hz, 1H),
6.38 (d, J=5.1 Hz, 1H), 3.83 (m, 4H), 2.75 (s, 4H), 2.46 (m, 10H), 2.33 (s, 3H), 2.28 (s, 3H), 1.92 (m, 2H). A
hydrochloride salt. Anal. Calcd for C;¢H,sNg®4HCle % H,0: C, 41.84; H, 7.24; N, 18.30. Found: C, 41.76;

H, 7.10; N, 18.06.

N-benzyl-2-(2-(4-methylpiperazino)-4-pyrimidinyl)-2-phenylethanamine (6b). This compound was
obtained as an oil in 57% vyield; 'H NMR (400 MHz, CDCl;) 6 8.13 (d, /= 5.1 Hz, 1H), 7.25 (m, 10H), 6.29
(d, J = 5.1 Hz, 1H), 4.11 (dd, J = 6.4, 8.4Hz, 1H), 3.82 (m, 6H), 3.49 (dd, J = 8.4, 11.8Hz, 1H), 3.07 (dd, J =

6.4, 11.8Hz, 1H), 2.45 (m, 4H), 2.34 (s, 3H); *C NMR (100 MHz, CDCl5) 6 170.8, 161.6, 157.7, 141.1,
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140.3, 128.6, 128.4,128.3,128.1, 127.0, 126.9, 109.7, 55.0, 53.9, 53.1, 53.0, 46.3, 43.7. High resolution

ms (ESI, positive ion mode): calc’d for C,sH,oNs, (M+1), m/z 388.2501, found m/z 388.2491.

4-(2-Ethylthio)-1-phenylethyl)-2-(4-methylpiperazino)pyrimidine (6c). This compound was obtained as
an oil in 37% yield; "H NMR (CDCls) § 8.15 (d, J = 5.2 Hz, 1H), 7.29 (m, 5H), 6.34 (d, J = 5.2 Hz, 1H), 4.01
(m, 1H), 3.88 (m, 4H), 3.48 (m, 1H), 3.06 (m, 1H), 2.48 (m, 6H), 2.35 (s, 3H), 1.22 (t, J = 7.2 Hz, 3H); °C
NMR (CDCl5): § 170.7, 161.6, 157.7, 141.7, 128.5, 128.1, 127.1, 109.4, 55.0, 53.8, 46.3, 43.7, 36.1, 26.7,
14.8. High-resolution ms (ESI, positive ion mode): calcd. for C1oH,6N4S (M* + 1), m/z 343.1956; found m/z

343.1947.

2-(4-Methylpiperazino)-4-(1-phenylpropyl)pyrimidine (6l). This compound was obtained as an oil in
39% yield. "H NMR (CDCl;) 6 8.13 (d, J = 5.2 Hz, 1H), 7.30 (m, 4H), 7.20 (m, 1H), 6.32 (d, J = 5.2 Hz, 1H),
3.86 (t,/=5.2 Hz, 4H), 3.66 (t, /= 7.6 Hz, 1H), 2.46 (t, /= 5.2 Hz, 4H), 2.34 (s, 3H), 2.23 (m, 1H), 1.99 (m,
1H), 0.88 (t, J = 7.6 Hz, 3H); BCNMR (CDCl;) 6 172.5, 161.7, 157.4, 142.8, 128.3, 128.2, 126.5, 109.0,
55.4,55.0, 46.3, 43.7, 27.5, 12.5. High-resolution ms (ESI, positive ion mode): calcd. for CigH,4N4 (M + 1),

m/z 297.2079; found m/z 297.2089.

4-Acetyl-2-chloropyrimidine (7). To 3¢ (0.230 g, 0.125 mmol) was added ethanol (6 mL), methanol (6
mL), water (6 mL), and conc. HCI (2 mL). The solution was stirred for 12 hours at 20 °C until starting
material was no longer detected by TLC. The solution was made basic with sodium carbonate (2M, 5 mL)
and separated with diethyl ether:hexanes (1:1, 3 X 20 mL), dried over magnesium sulfate, filtered and
concentrated under reduced pressure. Purification by chromatography using an eluent of
hexanes:dichloromethane (1:1) yielded 7 (0.116 g, 0.740 mmol, 59%) as a yellow crystalline solid.
Characterization agrees with that reported elsewhere (publication in writing). *H NMR (400 MHz, CDCl5)

58.86 (d,J=5.1Hz, 1H), 7.84 (d, J = 5.1 Hz, 1H), 2.72 (s, 3H).
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Di-(4-acetyl-2-(4-methylpiperazino)pyrimidine) trihydrobromide (8). A solution of 7 (0.18 g, 1.0
mmol) in toluene (3 ml) was treated with N-methylpiperazine (0.55 mL, 5.0 mmol). The solution was
heated to 70°C and stirred for 1 day until starting material was no longer detected by TLC. The solution
was then evaporated to dryness under redeuced pressure and purified by chromatography
(dichloromethane:methanol, 10:1) yielded the free base (0.170 g, 0.69 mmol, 70%) as a yellow oil. *H
NMR for the free base (400 MHz, CDCl;) § 8.50 (d, / = 5.1 Hz, 1H) 7.03 (d, J = 5.1Hz, 1H), 3.91 (m, 4H),
2.62 (s, 3H), 2.50 (m, 4H), 2.36 (s, 3H). A hydrobromide salt. Anal. Calcd. for (C;;H1sN40),°3 HBr: C,

38.67; H,5.16; N, 16.40. Found: C, 38.82; H, 5.05; N, 16.41.

General procedure for compounds 9a-c[14]. A solution of 8 (0.12 g, 0.5 mmol) and sodium hydroxide
(0.12 g, 3.0 mmol) dissolved in ethanol (10 mL) was treated with the appropriate hydroxylamine or
hydrazine (5 mmol). The solution was stirred for two hours then extracted into diethyl ether (3 X 20
mL). Purification by chromatography (dichloromethane:methanol, 6:1) yielded pyrimidine derivatives

9a-c as yellow oils.

Di-(1-(2-(4-methylpiperazino)-4-pyrimidinyl)ethanone oxime) trihydrobromide (9a). The free base was
obtained in 76% yield. ‘H NMR of the free base (400 MHz, CDCl;) § 8.50 (d, J = 5.1 Hz, 1H) 7.03 (d, J= 5.1
Hz, 1H), 3.91 (m, 4H), 2.62 (s, 3H), 2.50 (m, 4H), 2.36 (s, 3H); NOESY correlations observed between
hydrogens bonded to adjacent piperazine carbons. A hydrobromide salt: mp 249 °C (dec.). Anal. Calcd.

for C1;H17NsO 2 HBr, % H,0: C, 32.53; H, 4.96; N, 17.24. Found: C, 32.55; H, 4.77; N, 17.07.

4-(1-Hydrazonoethyl)-2-(4-methylpiperazino)pyrimidine dihydrobromide (9b). The free base was
obtained in 76% yield. ‘H NMR of the free base (400 MHz, CDCl5) 6 8.23 (d, J = 5.1 Hz, 1H) 7.07 (d, J= 5.1
Hz, 1H), 5.71 (s, 2H, -NH2), 3.88 (m, 4H), 2.49 (m, 4H), 2.35 (s, 3H), 2.15 (s, 3H). A hydrobromide salt: mp
207 °C (dec.). Anal. Calcd. for C;3H1gNgO 1.5 HBr, 1.5 H,0: C, 34.52; H, 5.93; N, 21.96. Found: C, 34.64;

H, 5.48; N, 21.51.
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1-(2-(4-Methylpiperazino)-4-pyrimidinyl)ethanone O-ethyl oxime dihydrobromide (9c). The free base
was obtained in 29% yield. "H NMR of the free base (400 MHz, CDCl;) § 8.26 (d, J = 5.1 Hz, 1H), 7.04 (d, J
= 5.1 Hz, 1H), 4.27 (q, J = 7.0 Hz, 2H), 3.87 (m, 4H), 2.48 (m, 4H), 2.34 (s, 3H), 2.21 (s, 3H), 1.33 (t, /= 7.0
Hz, 3H). A hydrobromide salt. Anal. Calcd for C;3H,:NsO 2 HBr, H,0: C, 35.23; H, 5.69; N, 15.80. Found:

C, 35.50; H, 5.52; N, 15.39.

General procedure for compounds 10b-I. A solution of 3b (0.18 g, 1.0 mmol) and potassium carbonate
(0.27 g, 2.0 mmol) in acetonitrile (5 mL) was treated with the appropriate 4-substituted piperazine (1.1
mmol). The solution was heated to 100 °C until starting material was no longer detected by TLC (5-24
hours). The solution was diluted with water (10 mL) and the product was extracted into diethyl ether (3
X 20 mL). The organic phase was dried over magnesium sulfate and concentrated before purification by

chromatography (dichloromethane:methanol, 10:1).

2-(4-Ethylpiperazino)-4-(3-furyl)pyrimidine dihydrobromide (10b). The free base was obtained in 61%
yield as an oil. *H NMR of the free base (400 MHz, CDCl5) 6 8.29 (d, J = 5.1 Hz, 1H), 8.07 (m, 1H), 7.48 (m,
1H), 6.86 (m, 1H), 6.63 (d, J = 5.1 Hz, 1H), 3.91 (m, 4H), 2.53 (m, 4H), 2.49 (q, J = 7.2 Hz, 2H), 1.14 (t, J =
7.2 Hz, 3H). A hydrobromide salt. Anal. Calcd for Cy4H.gN,O®2 HBr, % H,0: C, 39.18; H, 4.93; N, 13.06.

Found: C, 39.29; H, 4.36; N, 12.81.

4-(3-Furyl)-2-(4-propylpiperazino)pyrimidine dihydrobromide (10c). The free base was obtained in 39%
yield as an oil. *H NMR of the free base (400 MHz, CDCl5) § 8.29 (d, J = 5.1 Hz, 1H), 8.06 (s, 1H), 7.48 (s,
1H), 6.86 (s, 1H), 6.63 (d, J = 5.1 Hz, 1H), 3.90 (t, 4H), 2.52 (m, 4H), 2.36 (t, J = 7.4 Hz, 2H), 1.57 (m, 2H),
0.94 (t, J = 7.4 Hz, 3H). A hydrobromide salt: mp 274 - 277 °C. Anal. Calcd for C;5H,0N,Oe2 HBr, H,0: C,

39.84; H, 5.35; N, 12.39. Found: C, 40.39; H, 4.84; N, 12.45.

2-(4-Benzylpiperazino)-4-(3-furyl)pyrimidine dihydrobromide (10d). The free base was obtained in 73%

yield as an oil. *H NMR of the free base (400 MHz, CDCl;) § 8.28 (d, J = 5.1 Hz, 1H), 8.05 (m, 1H), 7.47 (m,
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1H), 7.31 (m, 5H), 6.85 (s, 1H), 6.62 (d, /= 5.1 Hz, 1H), 3.89 (m, 4H), 3.57 (s, 2H), 2.53 (m, 4H). A
hydrobromide salt. Anal. Calcd for Ci9H,oN,O*2 HBr, H,0: C, 45.62; H, 4.84; N, 11.20. Found: C, 45.93; H,

4.67; N, 11.11.

Di-(4-(3-furyl)-2-(4-(4-methoxybenzyl)piperazino)pyrimidine) trihydrobromide (10e). The free base was
obtained in 87% yield as a colorless oil. 'H NMR of the free base (400 MHz, CDCl3) § 8.27 (d, J = 5.1 Hz,
1H), 8.04 (m, 1H), 7.47 (m, 1H), 7.26 (m, 2H), 6.87 (m, 2H), 6.84 (m, 1H), 6.61 (d, J = 5.1 Hz, 1H), 3.87 (m,
4H), 3.81 (s, 3H), 3.50 (s, 2H), 2.50 (m, 4H). **C NMR of the free base (100 MHz, CDCl;) § 161.8, 159.0,
158.8, 158.0, 143.9, 143.0, 130.4, 130.0, 126.2, 113.7, 108.5, 105.6, 62.6, 55.3, 53.0, 43.7. A
hydrobromide salt: mp 195 °C (dec.). Anal. Calcd for C,oH,,N,0,°1% HBr: C, 50.92; H, 5.02; N, 11.88.

Found: C, 50.82; H, 4.56; N, 11.89.

4-(3-Furyl)-2-(4-(3-methoxybenzyl)piperazino)pyrimidine hydrobromide (10f). The free base was
obtained in 40% yield. *H NMR (400 MHz, CDCl5) & 8.27 (d, J = 5.1 Hz, 1H), 8.04 (m, 1H), 7.46 (t, J = 1.8
Hz, 1H), 7.25 (m, 1H), 6.93 (m, 2H), 6.84 (m, 1H), 6.81 (m, 1H), 6.60 (d, J = 5.1 Hz, 1H), 3.88 (m, 4H), 3.81
(s, 3H), 3.53 (s, 2H), 2.52 (m, 4H). A hydrobromide salt: mp 245 - 247 °C (dec.). Anal. Calcd for

Cy0H2,N40,2HBr, % H,0: C, 54.55; H, 5.49; N, 12.72. Found: C, 54.87; H, 5.04; N, 12.89.

2-(4-(4-Chlorobenzyl)piperazino)-4-(3-furyl)pyrimidine dihydrobromide (10g). The free base was
obtained in 36% yield as a colorless oil. *H NMR of the free base (400 MHz, CDCls) & 8.28 (d, J = 5.1 Hz,
1H), 8.05 (m, 1H), 7.47 (m, 1H), 7.28 (m, 4H), 6.84 (m, 1H), 6.62 (d, J = 5.1 Hz, 1H), 3.88 (m, 4H), 3.51 (s,
2H), 2.50 (m, 4H). °C NMR of the free base (100 MHz, CDCl3) § 161.8, 159.0, 158.0, 143.9, 143.0, 136.6,
132.8, 130.4, 128.4, 126.2, 108.5, 105.7, 62.4, 53.0, 43.7. Mass spectroscopy (El); calcd for

CioH1s> CIN,O: 354, found: 354. A hydrobromide salt: mp 231 °C (dec.). Anal. Calcd for CigH19CIN,O®2

HBr: C, 44.17; H, 4.10; N, 10.84. Found: C, 44.24; H, 3.80; N, 10.84.
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2-(4-(3-Chlorobenzyl)piperazino)-4-(3-furyl)pyrimidine dihydrobromide (10h). The free base was
obtained in 60% yield as a colorless oil. *H NMR of the free base (400 MHz, CDCl;) 6 8.28 (d, J = 5.1 Hz,
1H), 8.05 (m, 1H), 7.47 (t, J = 1.8Hz, 1H), 7.38 (s, 1H), 7.25 (m, 3H), 6.85 (m, 1H),6.62 (d, J = 5.1 Hz, 1H),
3.89 (m, 4H), 3.53 (s, 2H), 2.52 (m, 4H). *C NMR of the free base (100 MHz, CDCl;) § 161.8, 159.0, 158.0,
143.9, 143.0, 140.3, 134.2,129.5, 129.1, 127.3, 127.2, 126.2, 108.5, 105.7, 62.6, 53.1, 43.7. A
hydrobromide salt: mp 257-259 °C. Anal. Calcd for C;gH;5CIN,O2 HBr: C, 44.17; H, 4.10; N, 10.84.

Found: C, 44.39; H, 3.83; N, 10.77.

2-(4-Benzoylpiperazino)-4-(3-furyl)pyrimidine hydrobromide (10i). The free base was obtained in 33%
yield as a yellow oil. *H NMR of the free base (400 MHz, CDCl;) § 8.31 (d, J=5.1 Hz, 1H), 8.06 (m, 1H),
7.48 (m, 1H), 7.44 (m, 5H), 6.85 (m, 1H), 6.69 (d, J=5.1 Hz, 1H), 3.48-4.05 (broad m, 8H). *C NMR of the
free base (100 MHz, CDCls) § 170.6, 161.7, 159.2, 158.13, 144.0, 143.1, 135.8, 129.8, 128.6, 127.1, 126.0,
108.5, 106.3, 44.0, 42.3. A hydrobromide salt: mp 221 °C (dec.). Anal. Calcd for C,4H;3N,0,*HBr, % H,0:

C, 53.79; H, 4.75; N, 13.20. Found: C, 53.97; H, 4.32; N, 13.15.

2-(4-(4-tert-Butylbenzyl)piperazino)-4-(3-furyl)pyrimidine dihydrobromide (10j). The free base was
obtained in 45% yield as an oil. "H NMR of the free base (400 MHz, CDCl;) § 8.27 (d, J = 5.1 Hz, 1H), 8.04
(m, 1H), 7.46 (m, 1H), 7.38 (d, /= 8.0 Hz, 2H), 7.30 (d, J = 8.0 Hz, 2H), 6.84 (m, 1H), 6.61 (d, J = 5.1 Hz,
1H), 3.88 (m, 4H), 3.53 (s, 2H), 2.52 (m, 4H), 1.33 (s, 9H). *C NMR of the free base (100 MHz, CDCl;) &
161.8, 159.0, 158.0, 150.0, 143.9, 143.0, 134.9, 129.0, 126.3, 125.2, 108.5, 105.5, 62.9, 53.1, 43.8, 34.5,
31.4. A hydrobromide salt: mp 235 - 237 °C (dec.). Anal. Calcd for C,3H,5N,02 HBr, H,0: C, 49.66; H,

5.80; N, 10.07. Found: C, 49.48; H, 5.23; N, 10.01.

4-(3-Furyl)-2-(4-naphthylmethylpiperazino)pyrimidine dihydrobromide (10k). The free base was
obtained in 22% yield. "H NMR of the free base (400 MHz, CDCl;) & 8.35 (d, J = 7.6 Hz, 1H), 8.27 (d, /= 5.1

Hz, 1H), 8.04 (s, 1H), 7.86 (d, J = 7.6 Hz, 1H), 7.79 (d, J = 7.6 Hz, 1H), 7.40-7.55 (m, 5H), 6.84 (s, 1H), 6.61
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(d, J=5.1 Hz, 1H), 3.95 (s, 2H), 3.87 (m, 4H), 2.59 (m, 4H). *C NMR of the free base (100 MHz, CDCl;) &
161.8, 159.0, 158.0, 143.9, 143.0, 133.9 (2 signals), 132.6, 128.4, 128.0, 127.5, 126.2, 125.8, 125.7,
125.1, 124.8, 105.5, 61.3, 53.3, 43.8. A hydrobromide salt. Anal. Calcd for C;3H,,N,0¢2 HBr, H,0: C,

50.20; H, 4.76; N, 10.18. Found: C, 49.79; H, 4.47; N, 9.93.

1,4-Bis(4-(3-furyl)-2-pyrimidinyl)piperazine dihydrobromide (10l). The free base was obtained in 16%
yield as an oil. 'H NMR of the free base (400 MHz, CDCl;) 6 8.32 (d, J = 5.1 Hz, 2H), 8.10 (m, 2H), 7.50 (m,
2H), 6.89 (m, 2H), 6.68 (d, J = 5.1 Hz, 2H), 3.98 (s, 8H). *C NMR of the free base (100 MHz, CDCl;) &
161.9, 159.1, 158.1, 143.9, 143.1, 126.2, 108.5, 105.9, 43.7. A hydrobromide salt: mp: 270 °C (dec.).

Anal. Calcd for C,oH1sNgO,22 HBr, 3 H,0: C, 40.70; H, 4.44; N, 14.24. Found: C, 40.58; H, 4.23; N, 14.07.

General procedure for compounds 12a-f and 13a-f. Bromophenols 11a-e were commercially available.
The established procedure was followed [11]. In summary, potassium hydroxide (0.7 g, 10 mmol) was
dissolved in H,0O (4 mL). The solution was stirred during the sequential addition of DMSO (20 mL), the
appropriate bromophenol 11 (8.6 mmol), and 2-bromo-1,1-diethoxyethane (1.4 mL, 9.3 mmol). After
complete addition, the mixture was heated under reflux for 1 day. After cooling, the product was
extracted into diethyl ether and washed with H,0 and 5% NaOH. The organic solution was then dried
over MgSO,, filtered, and concentrated to yield 12a-e as colorless oils. Compounds 12a-e were used
without purification. A solution of polyphosphonic acid (20 g) in chlorobenzene (50 mL) was heated to
reflux before the dropwise addition of 12a-e (33 mmol). The solution was kept at reflux for 24 hours,
resulting in a black solution containing a large amount of tar. The product was decanted from the
remaining solid, which was then washed with diethyl ether (2 X 20 mL). The organic layer was then
washed with aqueous sodium hydroxide (5%, 100 mL). The organic layer was dried over magnesium

sulfate and concentrated before purification by chromatography (hexanes) yielded benzofurans 13a-e as
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colorless oils. Compounds 12c, 12d and 13a were used in subsequent steps without isolation.

Compounds which were isolated are characterized below.

1-Bromo-3-(2,2-diethoxyethoxy)benzene (12a).This compound was obtained in 80% yield as a faintly
brown oil. Characterization agrees with that previously reported [96]. "H NMR (400 MHz, CDCl;) 6 1.26
(t, 6H, 2 -CHs, J=7.0Hz), 3.68-3.83 (m, 4H, 2 -CH,), 4.05 (d, 2H, -CH,, J=5.2Hz), 4.88 (t, 1H, -CH, J=5.2Hz),

6.88 (m, 2H, 2 -CH), 7.24 (m, 1H, -CH), 7.53 (m, 1H, -CH).

4-Bromo-2-(2,2-diethoxy)toluene (12b). This compound was obtained in 83% yield. ‘H NMR (400 MHz,
CDCls) 6 6.95-6.99 (m, 3H), 4.83-4.86 (t, / = 5.2 Hz, 1H), 3.97-3.99 (d, J = 5.2Hz, 2H), 3.63-3.80 (m, 4H),

2.17 (s, 3H), 1.24-1.27 (t, J = 7.0 Hz, 6H). *C NMR (100 MHz, CDCl;) 6 157.4, 131.6, 125.9, 123.6, 119.4,
114.7,100.5, 69.0, 62.8, 15.9, 15.4. High resolution ms: (ESI, positive ion mode): calc’d for C13H1505"°Br,

(M*+ Na), 325.0415; found 325.0429.

3-Bromo-4-(2,2-diethoxy)toluene (12e). This compound was obtained in 97% yield as a light brown oil.
Characterization agrees with that previously reported [96]. ‘"H NMR (400 MHz, CDCl5) § 1.25 (t, 6H, 2 -
CHs, J=7.0 Hz), 2.26 (s, 3H, -CHs), 3.65-3.84 (m, 4H, 2 -CH,), 4.02 (d, 2H, -CH,, J=5.2 Hz), 4.86 (t, 1H, -CH,
J=5.2 Hz), 6.80 (d, 1H, -CH, J=8.2 Hz), 7.03 (dd, 1H, -CH, J=1.8, 8.2 Hz), 7.35 (dd, 1H, -CH, J=1.8 Hz). “*C
NMR (100 MHz, CDCl;) 6 15.37, 20.18, 63.33, 70.39, 100.76, 111.96, 113.56, 128.84, 131.91, 133.74,

152.98.

4-Bromo-7-methylbenzofuran (13b). This compound was obtained in 23% yield as a white solid: mp 34
°C. "H NMR (400 MHz, CDCl;) 6 7.64 (d, J = 2.0 Hz, 1H), 7.26-7.28 (d, J = 7.8 Hz, 1H), 6.94-6.96 (d, J = 7.8
Hz, 1H), 6.78 (d, J = 2.0 Hz, 1H), 2.47 (s, 3H). *C NMR (100 MHz, CDCl;) 6 153.8, 145.1, 128.2, 126.1,

125.7,121.0, 111.1, 107.0, 14.8.
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5-Bromobenzofuran (13c). This compound was obtained in 28% yield as a clear oil. Characterization
agrees with that previously reported [140]. *H NMR (400 MHz, CDCl5) § 6.72 (d, 1H, -CH, J=2.0Hz), 7.38

(s, 1H, -CH), 7.62 (d, 1H, -CH, J=2.0 Hz), 7.73 (s, 1H, -CH).

7-Bromobenzofuran (13d). This compound was obtained in 31% yield as a colorless oil.
Characterization agrees with that previously reported [96]. 'H NMR (400 MHz, CDCl5) 6 6.85 (m, 1H, -

CH), 7.13 (m, 1H, -CH), 7.48 (m, 1H, -CH), 7.55, (m, 1H, -CH), 7.69, (m, 1H, -CH).

7-Bromo-5-methylbenzofuran (13e). This compound was obtained in 25% yield as a clear oil.
Characterization agrees with that previously reported [141]. *H NMR (400 MHz, CDCl;) & 2.42 (s, 3H, -
CHs), 6.75 (s, 1H, -CH), 7.29 (s, 1H, -CH), 7.31 (s, 1H, -CH), 7.64 (s, 1H, -CH). *C NMR (100 MHz, CDCl;) &

21.03, 103.54, 107.14, 120.32, 128.40, 128.66, 133.98, 145.68, 150.51.

General procedure for compounds 14a-g. The published procedure for Buchwald-Hartwig amination
was followed [15]. All substituted piperazines were commercially available. Briefly, in dry conditions a
solution of the appropriate aryl halide 13 (1.0 mmol) in toluene (5 mL) was treated with a 4-substituted
piperazine (1.2 mmol) in the presence of tert-butoxide (2.0 mmol) catalysts
tris(dibenzylideneacetone)dipalladium(0) (0.01 mmol), and racemic 2,2'-bis(diphenylphosphino)-1,1'-
binaphthyl (0.01 mmol). The mixture was heated at reflux for 1 day before quenching with H,0. After
cooling, the product was extracted into diethyl ether (3 X 10 mL). The organic layer was dried over
MgSQ,, filtered and concentrated under reduced pressure before purification

(dichloromethane:methanol, 10:1) yielded substituted ayrlpiperazines 14.

6-(4-Methylpiperazino)benzofuran hydrobromide (14a). This compound was obtained through a
modification of the general procedure listed above. As 13a was not able to be isolated from its
constitutional isomer, the reaction was performed using a crude mixture of its isomers. Workup and

purification by flash chromatography using a mobile phase of dichloromethane:methanol (10:1) gave a
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mixture of constitutional isomers. This mixture was resolved by enrichment through crystallization. To
the isomeric mixture was added one drop of MeOH and diethyl ether (3 mL), followed by HBr (48%, 1
drop). To the solution was then added 5 mL ether and after several hours at room temperature, 14a
precipitated as a white solid. This procedure was repeated until the salt was isolated as determined by
'H NMR in 38% yield: mp 206 °C. "H NMR (400 MHz, DMSO) 6 9.6 (broad s, 1H), 7.84 (d, J = 2.0Hz, 1H),
7.52 (d, J = 8.5Hz, 1H), 7.22 (s, 1H), 7.02 (dd, J = 2.0Hz, 8.5Hz, 1H), 6.83 (d, J = 1.4Hz, 1H), 3.4-3.6 (broad
m, 2H), 3.8-4.0 (broad m, 2H), 3.1-3.3 (broad m, 2H), 2.9-3.1 (broad m, 2H), 2.87 (s, 3H). Anal. Calcd for

Ci3H1gN,0 @ HBr: C, 52.54; H, 5.77; N, 9.43. Found: C, 53.07; H, 5.92; N, 9.71.

7-Methyl-4-(N-methylpiperazino)benzofuran dihydrobromide (14b). The free base was obtained in
38% yield as a white crystalline solid: mp 62-64 °C. 'H NMR for the free base (400 MHz, CDCl;) § 7.58 (d,
J=2.0Hz, 1H), 6.99-7.01 (d, J = 7.8 Hz, 1H), 6.77 (d, J = 2.0 Hz, 1H), 6.62-6.64 (d, J = 7.8 Hz, 1H), 3.19-
3.22 (m, 4H), 2.64-2.67 (m, 4H), 2.46 (s, 3H), 2.39 (s, 3H). **C NMR for the free base (100 MHz, CDCl5) &
154.9, 144.3, 143.3, 125.3,119.9, 115.7, 109.8, 105.5, 55.4, 51.4, 46.2, 14.6. High resolution ms (ESI,
positive ion mode): calcd for C14H15N,0, (M*+H), m/z 231.1497; found m/z 231.1490. A hydrobromide
salt: mp 263 - 265 °C. Anal. Calcd for C14H,sN,O 2 HBr: C, 42.88; H, 5.14; N, 7.14. Found: C, 42.76; H,

5.20; N, 7.14.

5-(4-Methylpiperazino)benzofuran hydrobromide (14c). The free base was obtained in 34% yield. 'H
NMR for the free base (400 MHz, CDCl;) 6 7.56 (s, 1H), 7.39 (d, J=9.0 Hz, 1H), 7.11 (s, 1H), 7.00 (d, J =
9.0 Hz, 1H), 6.68 (s, 1H), 3.19 (m, 4H), 2.64 (m, 4H), 2.38 (s, 3H). A hydrobromide salt. Anal. Calcd for

Ci3H16N,0 HBr, %2 H,0: C, 50.99; H, 5.93; N, 9.15. Found: C, 51.19; H, 5.93; N, 9.32.

7-(N-Methylpiperazino)benzofuran dihydrobromide (14d). The free base was obtained in 39% yield and
characterization matched that previously reported [98]. 'H NMR for the free base (400 MHz, CDCl;) §,

7.60 (s, 1H), 7.12-7.22 (m, 2H), 6.74-6.79 (m, 2H), 3.38 (m, 4H), 2.68 (m, 4H), 2.39 (s, 3H). High
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resolution ms (ESI, positive ion mode): caled for C;3H16N,O, (M*+1), m/z 231.1497; found m/z 231.1490.
A hydrobromide salt: mp 242 °C. Anal. Calcd for Cy3H,6N,0 ¢2 HBr, H,0: C, 39.42; H, 5.09; N, 7.07.

Found: C, 39.62; H, 5.21; N, 6.79.

1-Methyl-4-(5-methyl-7-benzofuryl)piperazine hydrobromide (14e). The free base was obtained in
46% yield as a colorless oil. 'H NMR (400 MHz, CDCl3) & 2.39 (s, 3H, -CHs), 2.46 (s, 3H, -CHs), 2.64-2.67
(m, 4H, 2 -CH,), 3.19-3.22 (m, 4H, 2 -CH,), 6.62-6.64 (d, 1H, -CH, J=7.8 Hz), 6.77 (d, 1H, -CH, J=2.0 Hz),
6.99-7.01 (d, 1H, -CH, J=7.8 Hz), 7.58 (d, 1H, -CH, J=2.0 Hz). *C NMR (100 MHz, CDCl;) § 14.63, 46.20,
51.36, 55.37, 105.48, 109.78, 115.71, 119.94, 125.30, 143.25, 144.32, 154.89. High resolution ms (ESI,
positive ion mode): calcd for C13HigN,0, (M*+1), m/z 231.1497; found m/z 231.1490 A hydrobromide
salt: mp 212 - 213 °C (dec.). EA (CHN) Calcd for C,4H1gN,0 2 HBr: C, 42.88; H, 5.14; N, 7.14. Found: C,

42.76; H,5.20; N, 7.14.

tert-Butyl 4-(5-methyl-7-benzofuranyl)piperazine-1-carboxylate (14f). The free base was obtained in
51% yield as a light yellow glass. 'H NMR (400 MHz, CDCl;) 6 7.56 (d, 1H, -CH, J=1.6 Hz), 7.01 (s, 1H, -

CH), 6.67 (d, 1H, -CH, J=1.6 Hz), 6.57 (s, 1H, -CH), 3.66 (m, 4H, 2 -CH,) 3.26 (m, 4H, 2 -CH,),2.40 (s, 3H, -
CHs), 1.50 (s, 9H, 3 -CH3). *C NMR (100 MHz, CDCl;) § 154.7, 145.3, 144.1, 136.7, 133.0, 128.7, 114.3,

112.8,106.7, 79.8, 49.8, 43.5, 28.4, 21.6.

5-Methyl-(7-piperazino)benzofuran (14g). This compound was prepared according to the published
procedure. In summary, to a solution of 14f (1.3g, 4.1 mmol) in dichloromethane (5 mL) was added TFA
(2.0 mL). The mixture was stirred for several hours until the presence of starting material was no longer
detected by TLC. Purification by chromatography (dichloromethane:methanol, 10:1) gave 17 (0.78g, 3.6
mmol, 88%) as a light yellow glass. Characterization matched that previously reported. *H NMR (400
MHz, CDCl3) 6 2.41 (s, 3H, -CHs), 3.43 (m, 4H, 2 -CH,), 3.57 (m, 4H, 2 -CH,), 6.58 (s, 1H, -CH), 6.69 (d, 1H, -

CH, J=2.0 Hz), 7.07 (s, 1H, -CH), 7.57 (d, 1H, -CH).
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(4-Bromo-1,1-dimethylbutyl)sulfonylbenzene (15). This compound was prepared according to the
literature. Briefly, a solution of isopropyl phenyl sulfide (0.50 g, 3.3 mmol) in dichloromethane (30 mL)
was treated dropwise with a solution of m-chloroperoxybenzoic acid (2.4 g, 50% by wt, 7 mmol). The
mixture was stirred under mild heating (38 °C) and resulted in steady bubbling and a white precipitate.
After complete addition, the reaction was quenched and washed with water. Preparatory
chromatography yielded [(1-methylethyl)sulfonyl]benzene in quantitative yield. To a dry flask
containing (1-methylethyl)sulfonylbenzene was added 5 mL anhydrous THF. After cooling to -78 °C, n-
butyllithium (1.3 mL, 3.3 mmol) was added dropwise and stirred for 30 min before the addition of an
excess of 1,3 dibromopropane (2.0 g, 10 mmol). The mixture was then stirred and allowed to reach 0 °C
before quenching with aqueous ammonium chloride. The product was extracted into diethyl ether (2 X
20 mL) and the extract was dried over magnesium sulfate and concentrated. Purification on a
chromatotron (hexanes:dichloromethane, 9:1) yielded 19 in 35% yield as a white solid: mp 69 - 70 °C.
Characterization agrees with that previously reported. [83] 'H NMR (400 MHz, CDCl;) 6 1.31 (s, 6H, 2 -
CHs), 1.83-1.87 (m, 2H, -CH,), 1.95-2.00 (m, 2H, -CH,), 3.40 (t, 2H, -CH,, J=6.6 Hz), 7.57 (t, 2H, 2 -CH, J=7.6

Hz), 7.67 (t, 1H, -CH, J=7.6 Hz), 7.88 (d, 2H, 2 -CH,, J=7.6 Hz).

6-Bromo-N-(4-cyanophenyl)methylhexanamide (16). The published procedure was followed [84].
Briefly, a solution of 4-(aminomethyl)benzonitrile (2.64 g, 20 mmol) in aqueous sodium hydroxide (0.5
M, 50 mL) was stirred vigorously and treated dropwise with 6-bromohexanoyl chloride (5.0 g, 23.4
mmol). The pH of the reaction was maintained near 9 with aqueous sodium hydroxide (0.5 M, 100 mL).
After 30 min, the resulting white precipitant was extracted with dichloromethane. The resulting residue
was recrystallized from diethyl ether to yield 16 as a white semisolid. Characterization agrees with that
previously reported. *H NMR (400 MHz, CDCl;) 6 7.62 (d, J = 8.0 Hz, 2H), 7.38 (d, J = 8.0 Hz, 2H), 5.89
(broad s, 1H), 4.50 (d, J = 6.0 Hz, 2H), 3.42 (t, J = 6.6 Hz, 2H), 2.27 (t, J = 7.4 Hz, 2H), 1.88 (m, 2H), 1.71

(m, 2H), 1.50 (m, 2H).
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General procedure for compounds 17a-b. A solution of the appropriate bromide (0.25 mmol) in
acetonitrile (5 mL) was treated with the appropriate amine (0.25 mmol). To this mixture was added
K,CO; (0.50 mmol). The mixture was heated under reflux for 1-3 days, until the starting materials were
no longer detected by TLC. Water (10 mL) was added to the mixture and the products were extracted
into diethyl ether. The extract was dried over magnesium sulfate, filtered and concentrated under
reduced pressure. Purification on a chromatotron (dichloromethane:methanol, 10:1) yielded 17a-b.

Characterization of these compounds follows.

1-[4-(Benzenesulfonyl)-4-methylpentyl]-4-(5-methyl-7-benzofuranyl)piperazine (17a). The free base
was obtained in 30% vield as a faintly yellow oil. *H NMR (400 MHz, CDCl;) & 1.32 (s, 6H), 1.64 (m, 2H),
1.76 (m, 2H), 2.41 (m, 5H), 2.68 (m, 4H), 3.33 (m, 4H), 6.56 (m, 1H), 6.66 (m, 1H), 6.99, (m, 1H), 7.56 (m,
3H), 7.66 (t, J = 7.4 Hz, 1H), 7.89 (d, J=7.4 Hz, 2H). *C NMR (100 MHz, CDCl;) & 145.3, 144.0, 136.9,
135.6, 133.5, 133.0, 130.6, 128.7, 128.6, 113.9, 112.6, 106.6, 62.9, 58.7, 53.4,49.8, 32.8, 21.7, 21.5,

20.9.

N-(4-Cyanobenzyl)-6-(4-(5-methyl-7-benzofuranyl)piperazino)hexanamide (17b). The free base was
obtained in 28% yield. "H NMR (400 MHz, CDCl;) 6 7.60 (d, J = 7.8 Hz, 2H), 7.56 (s, 1H), 7.38 (d, J = 7.8
Hz, 2H), 7.00 (s, 1H), 6.67 (m, 1H), 6.56 (m, 1H), 6.16 (broad s, 1H), 4.49 (d, /= 5.8 Hz, 2H), 3.38 (m, 4H),
2.75 (m, 4H), 2.49 (t, / = 7.6 Hz), 2.40 (s, 3H), 2.28 (t, J = 7.4 Hz), 1.72 (m, 2H), 1.62 (m, 2H), 1.40 (m, 2H).
BC NMR (100 MHz, CDCl5) 6 173.1, 145.2, 144.1 (2 signals), 136.6, 133.1, 132.4, 128.6, 128.2, 118.7,
114.1,112.6,111.2, 106.7, 58.3, 53.2, 49.4, 43.0, 36.3, 26.9, 26.1, 25.4, 21.7. High resolution ms: (ESI,

positive ion mode): calcd for C,7H3,N40,, (M*+1), m/z 445.2604; found m/z 445.2591.
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