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Abstract: A convenient solution-phase method for N-alkylation reactions of weakly acidic heterocycles
employing polymer supported super base PBEMP is described. By using this method, multiple-step and
chemoselective N-alkylation sequences can be carried out in a one-pot process. © 1998 Elsevier Science Lid.

All rights reserved.

The high throughput synthesis of small molecules using combinatorial chemistry technologies has
become an increasingly important approach for expediting the drug discovery process.! While earlier research
activities reported in the literature focus in the area of solid-phase organic chemistry (SPOC), solution-phase
methods have been developed thar utilize polymer supported reagents and/or quenching agents,”® thereby
allowing the use of the key features of SPOC (use of excess reactants to drive reactions to completion, simple
reaction workup and purification). This strategy for high throughput solution synthesis avoids the need for
substrate linkage to a polymer support and long methodology development time. We have previously reported
a solution-phase method for phenol O-alkylation reactions’ with a polymer supported guanidine base PTBD
(1)®° that serves a dual purpose as a deprotonating reagent and as a quenching agent for excess starting
phenol. In line with our continuing efforts in this area, we wish to report the use of polymer supported bases
for the solution phase synthesis of N-alkyl heterocycles by the N-alkylation reaction of weakly acidic
heterocycles. Using this methodology, multiple-step and chemoselective N-alkylation sequences can be
carried out in a convenient one-pot process in high yield and chemical purity.

Aromatic heterocycles are important constituents in the structures of many pharmaceutically important
chemical templates. Derivatization of heterocyclic pharmacophores represents a versatile approach to
generate chemical diversity for lead identification and optimization. From a classical perspective, N-
alkylation reactions of weakly acidic NH-containing aromatic heterocyclic compounds require the use of a
strong base (sodium hydride, potassium fert-butoxide, lithium diisopropylamide, etc.) for deprotonation. With
the inherent and obvious limitations of such systems in mind, we investigated a polymer-supported form of the
non-ionic, organic super base, 2-fert-butylimino-2-diethylamino-1,3-dimethylperhydro-1,3,2-diaza-
phosphorine (BEMP, 2a) as an effective reagent for heterocyclic N-alkylation reactions. BEMP is reported to
be highly basic (pKeu® = 27.5 in MeCN) with its basicity comparable to 5 M aq. KOH/BuyN*/MeCN and
higher than K,CQOjy/ 18-crown-6/MeCN.'® Furthermore, reactions employing BEMP can be run under strictly

0960-894X/98/$19.00 © 1998 Elsevier Science Ltd. All rights reserved.
PII: 50960-894X(98)00173-5



1090 W. Xu et al. / Bioorg. Med. Chem. Lett. 8 (1998) 1089-1092

anhydrous conditions. We therefore proceeded to explore the synthetic application of the polystyrene
supported BEMP (PBEMP, 2b),'" which is ether commercially available® or can be readily prepared from
inexpensive starting materials.'®
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The N-alkylation reactions of a number of representative aromatic N-heterocycles with alkyl halides in
the presence of PBEMP have been studied and the results are shown in Scheme 1. In a typical protocol, alkyl
halide (0.12 mmol) and N-keterocyclic substrate (0.10 mmol) were added to the reaction vessel containing the
PBEMP (0.25 mmol) in 0.8 mL of acetonitrile. The reaction mixture was vortexed at room temperature until
the N-heterocyclic substrate was completely consumed, as determined by HPLC analysis. Then aminomethyl
polystyrene (3, 0.10 mmol) was then added to sequester the remaining excess alkyl halide. After quenching the
reaction for 16 h, the product was collected after filtration and solvent evaporation. The products were all
analyzed by reversed-phase HPLC and '"H NMR. As shown in Scheme 1, the N-alkylation products obtained
by this method exhibit high purity (93-99%) and high chemical yields (93-98%). Using the PBEMP base, the
N-alkylation of 2-methylindole (5) where the N-1 position is sterically hindered, product 6 is obtained in 94%
yield. The alkylation of 5-(4-chlorophenyl)-3-(piperidin-4-yl) disubstituted pyrazole 9'? occurred exclusively
at the N-2 position of pyrazole ring to give product 10. The regiochemistry of the substituents in 10 was
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Scheme 1. Examples of N-alkylation of aromatic heterocycles employing polymer
supported bases as deprotonating reagent and quenching agent
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confirmed by a NOESY experiment that shows a clear NOE between the ester a-proton and the piperdinyl C-
4’ proton.

In a comparison study betweer. PBEMP and other weakly basic resins, we found that PBEMP is superior
to other commonly used basic resins in the heterocyclic N-alkylation reaction. For example, the alkylations of
5,7, and 9 did not take place, to any measurable extent, when dimethylaminomethy! polystyrene 4 was used as
a base under identical reaction conditions to those outlined with PBEMP resin. In addition, substrates §, 7, or
9 proceeded to only 15-25% conversion when the moderately basic PTBD resin 1 was employed.

Our interests in developing s:mple yet practical processes for creating diverse chemical libraries via
laboratory automation led us to explore the concept of one-pot synthetic process for multiple-step reaction
sequences.'® In an extension of the methodology described above, we chose to examine the tandem acylation
and/or alkylation on 5-(4-chloropher.yl)-3-(piperidin-4-yl)pyrazole (14) as a ‘proof of concept’ experiment.

: Rz
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ci cl Rt (3) filter c Ry
14 15 16

Scheme 2. A two-step reaction sequence in one-pot (R{X = alkyl bromides or acid chioride;
RoX = alkyl bromides)

The pyrazole 14'% contains two distinct amino functionality with widely different acidities that should
facilitate the combinatorial elaboration of this well known pharmacophore. Therefore, pyrazole 14 represents
an interesting template for library production since it possess two unique sites for introducing diversity
through tandem N-alkylation and/or acylation reactions. To demonstrate the potential of this methodology,
pyrazole 14 was therefore acylated or alkylated, in the presence of tertiary base resin 4, selectively at the
piperdinyl-N by using excess of R'X (acid halides or alkyl halides) to generate intermediate 15 (Scheme 2).
Aminomethyl resin 3 was added to sequester the excess R X in the first step of the sequence and alkylation
reaction of 15 with excess R;X in presence of super base resin PBEMP (2b) afforded the product.
Aminomethyl resin 3 was again added to sequester the excess R;X used in the second alkylation step and the
acid by-products from both alkylation steps were scavenged by polymer bases 4 and 2b during the reaction
sequences. Finally, product 16 was obtained by a simple filtration and concentration. Representative products
obtained from this two-step/one-pot protocol,'® along with the chemical yield and purity are shown in Table 1.
These results demonstrate that regioselective di-alkylation/acylation products from tandem N-alkylation
reactions and tandem acylation/alkylation sequences can proceed in high chemical yield and purity after
simple filtration and solvent evaporation.

Table 1. Representative Alky.ation Products From the Two-Step One-Pot Protocol

Compound 16a 16b 16¢ 16d
R, 4CN-PhCH,-  PhCH,- 4-Me-PhCO-  4-CI-PhCH,-
Ry -CH,CCEt -CH,CO,Et -CH,COqEt 4-CN-PhCH,-
Yield* 97% 99% 96% 95%
Purity” 96% 92% 95% 86%

® Based on mass recovery of product. ® Determined by HPLC (at A = 254 nm).



1092

W. Xu et al. / Bioorg. Med. Chem. Lett. 8 (1998) 1089-1092

In summary, we have demonstrated a convenient solution-phase methodology for N-alkylation reactions

of weakly acidic heterocycles utilizing the polymer supported superbase PBEMP. In addition, one-pot
solution phase, multiple-step reaction sequences proceed in high chemical yield and purity with the complete
control of chemoselectivity by employing appropriate polymer supported reagents with different chemical
properties. This solution-phase approach is easily adaptable for parallel and automated chemical synthesis.
Further studies on the application of PBEMP and other polymer supported bases are in progress and will be
reported in due course.
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Typical reaction procedure: a mixture of 14 (0.10 mmol), ¢-bromo-p-tolunitrile (0.12 mmol) and 4 (0.15
mmol) in 1.0 ml MeCN was vortexed at rt for 24 h. 3 (0.06 mmol) was added and the reaction mixture
was vortexed at rt for 16 h. Ethyl bromoacetate (0.16 mmol) and 2b (0.35 mmol) were added and the
mixture was vortexed for another 24 h at rt. Additional 3 (0.06 mmol) was added and the mixture was
vortexed at rt for 16 h. After filtration of the reaction mixture and evaporation of solvent in vacuo, 16a
(45 mg; 97% yield) was obtained as a solid in 96% purity, determined by HPLC (column: Dynamax-60A
C18, 20 cm; solvent: MeCN-H,0; flow rate: 1 mL/min; UV detection: 254 nm): '"H NMR (300 MHz,
CDCl3) 8 1.28 (t, J = 7.2 Hz, 3H), 1.78-1.92 (m, 4H), 2.11 (dt, J= 11.1 and 2.7 Hz, 2H), 2.47 (m, 1H),
2.95(d, ] = 11.1 Hz, 2H), 3.58 (s, 2H), 4.25 (q, J = 7.2 Hz, 2H), 4.90 (s, 2H), 6.39 (s, 1H), 7.34 (d, ] =
8.7 Hz, 2H), 7.47 (d, ] = 8.4 Hz, 2H), 7.63 (d, ] = 8.4 Hz, 2H), 7.69 (d, ] = 8.7 Hz, 2H).



