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Abstract — 1,2-Dicarbonyl compounds can be accessed by a radical
addition-transfer of xanthates and used for the synthesis of pyrazines and

quinoxalines, as well as in an unusual approach to benzimidazoles.

INTRODUCTION

Pyrazines and quinoxalines represent basic heterocyclic ring structures that are found in numerous natural
compounds and substances possessing interesting biological activities." Examples include (+)-septorine
(1), an alkaloid isolated from the fungus Septoria nodorum Berk,” and synthetic pyrazine (2), a selective
agonist for the muscarinic receptor M1, which is apparently involved in the onset of Alzheimer’s disease.’
Quinoxaline (3) is a selective antagonist of the human adenosine receptor Al* whereas symmetrical
quinoxaline (4), varenicline, was recently reported to be a partial agonist of nicotinic receptor 432 and
useful in combating addiction to tobacco.’

The simplest route to quinoxalines, pyrazines and related structures relies on the condensation of a
1,2-diamino-aromatic or heteroaromatic motif, or a 1,2-diaminoethene derivative, with 1,2-diketones or
1,2-ketoaldehydes.' The latter components are rather reactive species for which there are only few
synthetic entries, and this severely limits access to the broad diversity of structures needed to explore and
optimize biological activity. As part of our ongoing work on the degenerative radical transfer of xanthates
and related substances,’ we sought to expand the scope of this technology to encompass the synthesis of

1,2-diketones or 1,2-ketoaldehydes.
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Scheme 1. Examples of pyridazines and quinoxalines and a new route to their precursors.

RESULTS AND DISCUSSION

Our synthetic design was to use xanthates of general structure (5), which should undergo a radical chain
addition to an alkene (6) to give the corresponding adduct (7), as outlined in Scheme 1. These adducts
could then be converted into pyrazines and quinoxalines by classical condensation reactions. We began
our study by the synthesis of compounds (5a) and (Sb) as typical xanthates representative of this family.
The preparation of xanthate (5a) proceeded readily from commercial pyruvaldehyde (8) by successive
protection of the aldehyde function as the corresponding dimethyl acetal, bromination,’ and displacement
of the bromine with potassium O-ethyl xanthate. In the same manner, xanthate (Sb) was obtained from

2,3-butanedione (9) in 32% overall yield.
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Scheme 2. Synthesis of key xanthate reagents.

We were delighted to find that the radical addition took place readily upon refluxing a solution of
xanthate (5a) or (Sb) and the olefin in 1,2-dichloroethane (DCE), in the presence of a small amount of
lauroyl peroxide. Good yields of adducts (7) were uniformly observed, as demonstrated by the examples
in Scheme 3.* A broad range of alkenes (6) could be used bearing a number of synthetically useful

functional groups, attesting to the mildness of the experimental conditions. Examples (7¢), containing a
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phthalimido group, and (7g), produced by addition to the complex, glucose-derived olefin (6g), are
especially noteworthy. In the case of B-pinene (6h), the radical addition to the olefin was followed, as
expected, by the opening of the cyclobutane ring to give ultimately adduct (7h) in 73% yield. The
simplicity, efficiency, and scope of this radical based approach to 1,2-diones and ketoaldehydes has to be
contrasted with the fact that direct alkylation of the enolates of either pyruvaldehyde (8) or
1,2-butanedione (9), as well as their ketal protected derivatives, is quite problematic. Indeed, no actual
examples of direct alkylation could be found in the Beilstein database; only very few Knoevenagel type

condensations and even fewer aldol reactions have been reported.’
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Scheme 3. Synthesis of mono-protected keto-aldehydes and diketones.

The xanthate group, which has served so nicely to mediate the addition, is often not desired in the final
product. It can be swiftly and smoothly removed using tributyltin hydride, as shown by the clean
formation of dexanthylated derivatives (10a), (10b), (10d), (10h), and (10k). Another convenient method,

which avoids the use of toxic heavy metals, relies on a combination of stoichiometric lauroyl peroxide
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and 2-propanol.'” Examples (10d), (10f), and (10Kk) illustrate the utility of this latter technique in the

present context.
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Scheme 4. Synthesis of methyl acetals of indoline ketoaldehydes.

The xanthate moiety can be converted by ionic or radical mechanisms into numerous other functional
groups.® It provides, in particular, an easy entry into the exceptionally rich chemistry of sulfur. From a
medicinal chemistry point of view, perhaps the most interesting feature concerns the use of the xanthate
group for accomplishing a second radical process, namely closure onto an aromatic or heteroaromatic
ring.’ Thus, radical addition to N-allylanilines (6l-0) followed by further exposure of adducts (71-0) to
stoichiometric amounts of lauroyl peroxide in refluxing DCE leads to the formation of indolines (111-0) in
quite useful overall yields (Scheme 4)." In this transformation, the peroxide acts both as an initiator, to
generate the radical from the xanthate, and as an oxidant, to oxidize the intermediate cyclohexadienyl
radical and restore aromaticity.

With a number of mono-protected 1,2-ketoaldehydes and 1,2-diketones in hand, we set out to prepare the
desired quinoxalines. When dexanthylated adduct (10b) was treated with o-phenylenediamine (12a) in
refluxing toluene with a catalytic amount of p-toluenesulfonic acid, a clean reaction ensued but the
product, isolated in quantitative yield, turned out to be benzimidazole (14a) and not the expected
quinoxaline (13a) (Scheme 5). This surprising transformation is akin to the one recently observed by
Baldwin et al., whereby a benzimidazole was obtained from the reaction of o-phenylenediamine with a
1,2,3-tricarbonyl derivative.'> However, the mechanism proposed by Baldwin et al. cannot be wholly
transposed to our case. We therefore suggest an alternative mechanistic pathway, also displayed in
Scheme 5.

Reaction of the diamine leads to imidazolidine (15), which, by reversible acid catalyzed loss of methanol,
is in equilibrium with intermediate (16). Fragmentation of the latter gives rise to the observed
benzimidazole (14a) and ylide (17). The latter presumably reacts rapidly with the liberated methanol to

give dimethoxymethane. Ylide (17) has an electronic structure similar to that of the active form of
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thiamine diphosphate (vitamin B,), which has inspired numerous acyl anion equivalents," and is therefore

less exotic than appears initially.
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Scheme 5. Unexpected synthesis of benzimidazoles.

This unexpected synthesis of benzimidazoles seems to be fairly general. Four examples derived from
indolines (111), (11n), and (110) are deployed at the bottom of Scheme 5, including the interesting case of
aza-benzimidazole (14e), produced by condensation with 2,3-diaminopyridine (12b) (the yield in
parenthesis is based on recovered starting material). This route complements nicely more traditional
approaches: its mildness (notice the complete survival of the Boc group in (14b)), coupled with the ready
accessibility of the key precursors, should allow access to numerous new structures within this
medicinally important class of compounds.'*

In contrast, reaction of 1,8-diaminonaphthalene (12¢) with mono-protected ketoaldehyde (110) gave a
good yield (74%) of diamino ketal (18) (Scheme 6). The fragmentation step, which in this case would
have produced a pyridazine structure, did not occur under the reaction conditions. When the same masked
ketoaldehyde (110) was exposed to diaminomaleonitrile (DAMN, (12d)) in refluxing toluene with a

catalytic amount of p-toluenesulfonic acid (conditions A), the corresponding imidazole (14f) was formed
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in low yield (22%). The major product turned out to be quinoxaline (13b) (45%). This difference in
behavior is no doubt due to the diminished nucleophilicity of the amino groups in DAMN, allowing time
for the partial deprotection of the aldehyde function. In order to obtain the more interesting quinoxaline
(13b) as the sole product, we first completely unmasked the aldehyde in compound (110) by treatment
with p-toluenesulfonic acid in THF / water at 50°C for 3 days. Addition of DAMN, without prior
isolation of the free ketoaldehyde, resulted in the formation of quinoxaline (13b) in 89% yield (conditions
B). Replacing DAMN with o-phenylenediamine (12a), and 2,3-diaminopyridine (12b), furnished
quinoxalines (13c) and (13d) in 48 and 51% overall yield respectively. In the unprotected ketoaldehyde,
the vastly more reactive aldehyde function engages the diamine first and hence conditions the outcome of
the reaction. Thus, by modifying the experimental conditions, it is possible to obtain -either

benzimidazoles (or imidazoles such as (14f)) or pyazines and quinoxalines.
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Scheme 6. Synthesis of pyrazines and quinoxalines.

In summary, we have developed a flexible approach to pyrazines and quinoxalines, as well as an unusual
route to benzimidazoles (or imidazoles) from the same staring material. The required masked
keto-aldehydes and diketones are themselves readily available by the powerful radical addition of
xanthates. Indeed, the xanthate transfer technology represents a solution to a longstanding problem
organic synthesis, namely the creation of a carbon-carbon bond in an intermolecular fashion on

non-activated alkenes.
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