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ABSTRACT

To improve upon the previous orthogonal method for synthesis of a triazine library, an alternative strategy has been developed via oxidation-
activation of the thioether to the sulfone. Through a comparison between these two methods, the sulfone strategy was demonstrated as an
enhanced method in the generation of highly pure triazine library compounds.

Triazine derivatives have demonstrated a broad range oftaking advantage of its easy manipulation and the low price
biological activities, including anti-angiogenesiserbicidal of starting material. However, all of the reported procedures
effects? anti-metastatic effects,Erm methyltransferase  contain stepwise amination, which is difficult to generalize
inhibition,*and anti-microbial effect3.With the advent of for nucleophiles with varying reactivities, and thus each
combinatorial chemistry, several triazine libraries have been reaction step may accumulate byproducts, yielding impure
published in the literature, both in sdlidnd solutio phase, library compounds$.”
We have recently developed a unique orthogonal solid-
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s reductive aminatiofi 2-benzylsulfanyl-4,6-dichloro-[1,3,5]-

triazine, synthesized in solutidhwas loaded on the solid
support to give the first building blockl. A subsequent
amination reaction ol with primary or secondary amines
introduced a second building block to the chloride position
to provide intermediat@.

The sulfide intermediate allows for the introduction of yet
another substituent, byn-CPBA oxidation of the thioether
linkage! thus, generating another good leaving group, a
heterocyclic sulfone. Generally, sulfone is a better leaving
group than chloride, a characteristic that will increase the
reactivity at that sité? It was found to be important to keep
the pH of the reaction approximately at 4. Whereas a lower
pH induced the cleavage of the PAL linker, a basic condition
resulted in hydroxyl replacement of the sulfone group. It is
also recommended to make a fresh sulfone intermediate for
the next step, as extended time in storage of the reactive
intermediate evoked the hydrolysis of the sulfone. A fol-

Figure 1. Previous orthogonal strategy for 1,3,5-trisubstituted lowing amination occurred smoothly to incorporate the third
triazines. building block amines at the new activated position to
generate a trisubstituted triazide Mild acidic cleavage of
the resin bound molecule gave the trisubstituted triazine
First of all, one out of the three building blocks should be product,5. All products were analyzed for purity and identity
prepared by solution-phase chemistry and must be purifiedby |.C-MS equipped with a diode array detector.
either by crystallization or chromatography, which is a  Benzenemethanethiol was chosen as the most promising
cumbersome step for some functionalities. A second problemreagent, versus 4-methylbenzenethiol or benzenethiol, be-
was found in the extension of the diversity in the last cause of its great stability during the following amination
amination step; the low reactivity of the third chloride inhibits  step. For example, when 4-methylbenzenethiol was tested
the reaction with moderately weak nucleophilic amines. as a candidate, the following amination with piperidine
Herein, we report a new orthogonal pathway that can improve resulted in a 7% impurity consisting of a disubstituted
the problems of our previous strategy. piperidine, suggesting a premature displacement of the thiol
To surmount the impediments of the previous orthogonal compound.
scheme, we designed a novel orthogonal pathway incorporat- A thorough comparison of reactivity was assessed between
ing an oxidation-activation of a thioether group (Scheme 1). the three different amination reactions on the triazine scaffold
After a primary amine was coupled to 4-formyl-3-dimethoxy- correlating to the previous and current orthogonal methods:
phenoxymethyl-functionalized polystyrene resin (PAL) by chlorine as a leaving group in reacti#n benzyl sulfone as
a leaving group in reactioB, and chlorine as a leaving group
_ with benzylsulfanyl as an adjacent substituent in readfion
Scheme 1. New Orthogonal Approach toward (Table 1). The scope pf the two ort.hogonal c_omb!natorial
1,3,5-Trisubstituted Triazine Libraty schemes has been validated by testing 30 amines in each of
the three pathways. The same conditions in Scheme 1 were
applied to each case.

The following amines represented in Table 1 demonstrate
the effectiveness of the new sulfone chemistry. 4-Methoxy-
benzylamine, a strong nucleophile, displayed high purity in
all three reactions. Many of the previously observed weaker
nucleophiles showed heightened reactivity in reactin
However, those amines that exhibited products with lower
purities were generally secondary, sterically hindered amines,
such as dibenzylamine amdtbutylbenzylamine, entries 11
and 12, respectively. Benzyl sulfone is a bulkier leaving
group than chlorine, which appears to create a barrier for
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Table 1. Reactivity Comparison between Three Substitution Reactions
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/
d
H NH:
1 = 96 99 99 7 P@J : 81 99 78
q
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NH,
HoN
3 B SO 95 99 95 9 O 58 90 96
HaN
4 ) 89 93 99 10 | ] O 81 98 95

HN._-
5 83 99 92 11 H 81 38 94
SUVe
NHz NH
6 @ 89 99 93 12 \—\_ 91 75 99

more sterically hindered nucleophiles. The purities of the
benzylsulfanyl triazines from reactio@ were generally
higher than those of the 4-methoxybenzylamine triazines
from reactionA, suggesting an increased reactivity at the
chloro position of the benzylsulfanyl triazid& For those
compounds containing hydroxyl groups (i.e., entry 3), a TFA
ester formed, which was hydrolyzed by 10% dimethylethyl-
amine in MeOH. The impurities resulting in the reaction are
mainly unreacted starting material.

The reactivity data, of which some are shown in Table 1,
will be a useful guideline for the selection of the library
building blocks for a highly pure triazine library. To
demonstrate the practical usefulness of the results and the
flexibility of the new orthogonal chemistry, a small library
of 96 compounds was constructed and analyzed. Amines
were chosen for the second and third aminations, B4R
and NHRR's, respectively, on the basis of their compared
purities, as illustrated in Table 1. The reaction followed the
conditions in Scheme 1, which involved (1) a replacement
of chlorine, followed by (2) oxidation and a replacement of
sulfone (Figure 2). The average purity of the 96 products
was 94%. This result clearly demonstrates the robustness of
this new strategy.

In summary, we report a new synthetic strategy toward
making 1,3,5-trisubstituted combinatorial triazine libraries.

Figure 2. Test synthesis of a small library using new orthogonal
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The sulfone chemistry in the combinatorial triazine scheme combinations. The construction of large numbers of library
has the following merits: (1) the difficulty of substituting members and their biological screening are in progress.
more unreactive amines at the final step has been improved Acknowledgment. Funding supports from Luminogene
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