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ABSTRACT

o
T ELNITHF

N+ x - + j: N P
' RT or 70 °C

Library: 16 compounds
Good to high yields and purities

A library of cycloimonium salts has been prepared through Westphal reaction in solid-phase. By reaction of solid-support-bound azolium or
azinium acetates 2, 1,2-diketones 4, and base, cycloimonium salts 5 were synthesized in good to high yield and purities.

Combinatorial chemistry has emerged as a powerful tool in of a pyridinium salt with chalcones, followed by oxidation,
the drug discovery process. In particular, solid-phase syn-has been achieved by polymer-assisted syntliesimther
thesis methods drive reactions to completion, giving high classical reaction applied on solid-phase is the Zincke
yields and purities of products in a fast and productive reaction, which allowed preparation @fhydroxy pyridinium
mannett Although solid-phase synthesis methods have beenor isoquinolinium salts and pyridinium vesamicol analodues.
widely exploited in the last years, those involving charged In another report, substituted pyridinium moieties have been
molecules have been mainly directed to the preparation of introduced, through the Zincke reaction, during the solid-
polymer-supported reagents and scavengers or in intermediat@hase peptide synthesis of thyrotropin-releasing hormone
steps involving phosphonium or sulfonium s&lt$hose, analogues.
however, going through or directed to the synthesis of Other works appeared in the literature in which azinium
charged heterocycles have been comparatively scarce.  salts were prepared on solid-phase. A library of 1,3,5-tri-
To our knowledge the first reported solid-phase synthesis substituted pyridinium salts was synthesized from 5-bromo-
involving charged heterocycles has been the application of nicotinic acid on Rink resin, through Suzuki coupling and
resin-bound pyridinium ylides to the synthesis of trisubsti- further alkylation of the pyridine nitrogehAlso, pyridinium-
tuted cyclopropanecarboxylatéd.ater on, other uses of  substituted azoles were obtained by alkylation of (3-pyridyl)-
pyridinium methylides appeared. Thus, Tsuge reaction hassubstituted azoles prepared on solid-pHaSanilarly, azin-
been performed on solid-phase to give maleimide-fusedium (pyridinium and quinolinium) salts as asymmetric
indolizinium carboxylated.In a related way, the Katritzky  cyanine dyes have been obtained by solid-phase combina-
route to indolizines by formal [3 2] dipolar cycloaddition
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torial synthesid? Additionally, azolium ylides have been via polymerization of 2,3-dimethyl-7-vinylquinolizinium

applied to a traceless solid-phase synthesis of 2-substitutecbromidel” Here we wish to report our results in the

azolest! preparation of a library of cycloimmonium salts by Westphal
An interesting class of charged heterocycles is polycyclic condensation on solid-phase.

nitrogen bridgehead cycloimmonium salts. As an example, Initially, some heterocyclic building blocksa—h, includ-

quinolizinium salts have shown DNA intercalative properties ing five- and six-membered heterocycles, benzofused or not,

and antiproliferative activity? An easy way to access to Were selected (Figure 1).

cycloimmonium and related salts is the Westphal condensa-

tion (Scheme 1). O. Westphal et al. reported in 1961 the
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condensation of a cycloimmonium salt, such as\aalkyl- Figure 1. Heterocyclic building blockda—h.
substituted 2-picolinium salt, acting as an 1,4-dinucleophile
(C—C substrate) on 1,2-diketones in the presence of an
organic base, to give the corresponding substituted quino-
lizinium salts!® Later on, A. N. Kost and co-workers
published the first examples of the use of-N substrates,
in the condensation of 1,2-diaminopyridinium perchlorate
with 1,2-diketones to give pyrido[1,B}riazinium perchlo-
rates!* Since 1990, our group has been working on the
Westphal condensation of NC azinium and azolium
substrates to afford diverse aza-quinolizinium and relate
cations!®

Our recent interest in solid-phase and parallel synthesis

S, s e S O o SO I Sy A
reactivity of cycloimmonium salts, has been focused on

Anchoring ofla—hwas performed in two different ways
(Scheme 2). Wang resin (PS-DVB 1%, 0.80 mmol/g;
ArgoGel, 0.40 mmol/g) was chosen as a solid support. For
la, the method reported by Hodge was performed, but it
was slightly modified by addind\N-hydroxybenzotriazole
(HOBt) as an activator, in a mixture of DIC in DMF/GEl,.

Then, the suspension was shaken overnight at room
o temperature to giv&a. This method, however, was not
suitable for1b—h, since low loadings of resing were
obtained. These building blocks were first reacted with ethyl

developing the Westphal reaction in solid-ph#s€he only Scheme 2
precedent in the literature has been the preparation of poly- \/.
quinoliziniums as cation-exchange resins, through Westphall j\/ N 4 Oj/O
reaction of poly-2-methyl-5-vinylpyridine-divinylbenzene or ./\OH HO Br Z>cH, C’fl\* -
HOBY, DIC Z > cH
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bromoacetate, in refluxing toluene and then hydrolyzed in || N NI
reﬂuxmg 48% HBr for 1 h tegive azinium or aZOI"_Jm acgtlc Table 1. Optimization of Westphal Reaction on Solid-Phase
acids3b—h. Compoundh was not fully characterized since

it decomposed under LC-MS conditions. Then, anchoring

entry resin® 4a (equiv) base (equiv)? solvent® 5aa/69

to Wang resin was performed using DIC/HOB to give resins 1 A 3 Cc@3) E/F (1:1) 1/1
2b,d—g. Compound3c was not anchored under their 2 B 3 c@® E/F(11) 11
conditions, an@h decomposed when cleaved from the resin 3 A 5 cE EF@) 11
with TFA. The substitution level fa2ab,d—g was quantified 4 A 8 cO BF (L) 11
. 5 A 5 C (10) E/F(1:1) 11
by TFA clee_lve_lge and subsequent mass balal_"nce _of isolated 6 A 10 cE) EF(L1) 11
3. Resin building block® prepared are shown in Figure 2. 7 A 3 cE E ”n
8 A 3 c@3) E 11
9 A 3 D (3) G 1/0
10 A 5 D (5) G 1/0

11 A 3 D (3) H
A 3 D (3) I 1/0

| Ny B aA: PS-Wang. B: ArgoGel-Wand.C: AcONa. D: EsN. ©E: acetone.
» CH, F: ethanol. G: DMF. H: CkCl,. D: THF. ¢ Entries 1-8: 5aa(19—22%).
CH, Entries 9, 10, and 125aa (80%).

Br -
co g r 12
5. /Ch{“‘coz.
HC” 7

2a (0.68 mmol/g; quant.) 2b (0.45 mmol/g; 68%)

+ Br-
4 . . .
Meo’vaCOz. tions using sodium acetate as a base and acetone and/or
N

Ny ethanol as solvents were explored for rea) prepared from
’ PS-Wang or ArgoGel-Wang solid supports. Variation of the
2010 manlige 0EK) number of equivalents ofa and sodium acetate, as well as

NP"'a the solvent, gave in every case low yields of a mixture of
[ )—CH, quinolizinium derivative5aaand6 in a 1:1 ratio. This set
N\: Br- of reactions was performed in parallel on either PS and
002. ArgoGel solid supports. Both resins have the same behavior.
2e (0.27 mmol/g; 40%) PS-Wang resin, being cheaper, was finally selected. Under
H.C - - these condition2a gave6 as a byproduct through cycliza-
Mot S‘.( G tion-assisted cleavage. On the other hand, Westphal con-
G/:l\’co’ @/TE/CO:. densation took place to give(Scheme 3), which, under the
-
Br-
2f (0.50 mmolig; 77%) 2g (0.66 mmolig; quant.)
. . - Scheme 3
Figure 2. Resin building block. 5
© CH, HSCJH],CHS P CH,
4a
Having resins2 on hand, symmetric diketonet were =N © N CH,
selected bearing alkyl, aryl, and heteroaryl groups, either Br ;1\0 Base, Solvent, rt o
acyclic or constrained cyclic (Figure 3). 5 Br- . 7
a

H 8

+ : B

lBase |\ N CH, OH
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Figure 3. Diketone building block#.

reaction conditions, hydrolyzed ®, which spontaneously

Then, Westphal reaction conditions were optimized for gave5aaby decarboxylation. This sequence of hydrolysis
2a and 4a as a model (Table 1). All experiments were decarboxylation has usually been observed in conventional

performed at room temperature. Initially, conventional condi- Westphal condensations in solutifnWhen triethylamine
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was used as a badgawas the only product detected, either ||| NN

in THF or DMF, while no product was detected in gE,.
Only 3 equiv of base were necessary to perform the - CHs NP NN
conversion. THF was the solvent of choice, sibe@awas CN(;[ @i): C@
then isolated easily in higher purity. Yo e o

The optimized reaction conditions were then applied to 5aa 5ab 5ac

the synthesis of a library of cycloimmonium s&itéScheme
4).

Scheme 4
oy 0 M
T 0 R) Et,NITHF C@:R
N+ x- 4 I — (Hety
@ 0" R~ RTor70°C + R
CHS *
2a,b,d-g 4a-e 5

When reactions were performed at room temperature,
using the optimized conditions, results were not quite
successful. Thus, the same process was performed @ 70 : : H
overnight, using a parallel format. After filtering and washing N )
the resins, solvent was evaporated, and the crude products @/ﬁ‘ Zcn, @4‘ Z~ph Q/Nl Z
were treated with EO/CH,CI;, to give 5 as solids, in high B Br :
yield and good purities (Figure 4, Table 2). & complex 5fa sfb 5fc

Table 2. Yields and Purities (%, in Parentheses) for

Compoundss
2a 2b 2d 2f 5td Ste
4a 5aa80(100) 5ba95(100) 5da 98(90) 5fa 97(84) Figure 4. Library synthesized.

4b  5ab 64(97) 5bb 82(75) 5db mixture 5fb 86(88)
4c  5ac 80(98) 5bc mixture  5dc mixture  5fc 90(93)
4d  5ad 95(90) 5bd 90(78) 5dd 90(92) 5fd 95(93)
4e  5ae 69(100) 5be mixture 5de 99(83) 5fe 97(84)

purities. Now, work is in progress to prepare new libraries
using N—C substrates to apply the methodology to the
synthesis of new DNA intercalators and antitumor agents.
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