Imidazolylsulfonates: Electrophilic
Partners in Cross-Coupling Reactions
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Aryl imidazolylsulfonates participate as electrophilic coupling partners in palladium-mediated cross-coupling reactions. The aryl imidazolyl-
sulfonates display good stability while maintaining good reactivity in a variety of palladium-catalyzed coupling reactions. Imidazolylsulfonates

are a practical and economic alternative to triflates.

Triflates have long been used in phenol activation toward
cross-coupling reactions due to their superior performance
as electrophilic coupling partners.! Excellent reactivity,
however, comes at the expense of stability, and triflates can
often suffer from instability. This problem coupled with the
high cost of trifluoromethanesulfonic anhydride and triflimide
reagents, from which triflates are made, limits their usefulness
on larger scales. Recently, the palladium-catalyzed cross-
coupling repertoire has been expanded to include aryl
tosylates and aryl mesylates as viable electrophilic partners.?
Aryl tosylates and mesylates are easily prepared and exhibit
better stability than triflates and thus are more easily stored
and handled. However, reactivity is diminished in palladium-
mediated coupling reactions. Successful couplings of these
less reactive sulfonates typically require a bulky electron-
rich phosphine ligand on the palladium center’ and can
exhibit marked solvent dependence or substrate specificity.

We report herein the first use of imidazolylsulfonates as
effective electrophilic coupling partners in metal-catalyzed
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coupling reactions. Imidazolesulfonates exhibit markedly
improved reactivity over aryl tosylates and improved stabil-
ity, handling properties, and cost over aryl triflates.

The imidazolylsulfonate moiety was introduced by the
Hanessian group as a superb leaving group for sugar
compounds.® Since then, the imidazolylsulfonate moiety has
been reported primarily in the carbohydrate and nucleoside
literature as a useful electrophile in several total syntheses
of carbohydrate-containing natural products.* The imida-
zolylsulfonate has also been used in the syntheses of a
cyclodextrin and of substituted estradiol compounds.’ More
recently, imidazole-1-sulfonyl azide hydrochloride has been
introduced as a useful and practical diazo donor reagent that
mimics trifluoromethanesulfonyl azide in reactivity.®

Given the versatile properties of the imidazolylsulfonate
group, we reasoned that aryl imidazolylsulfonates would
participate as electrophilic coupling partners in palladium-
catalyzed coupling reactions. We anticipated that imida-
zolylsulfonates would provide enough increased stability and
ease of handling to be useful on scale without sacrificing a
drastic loss in reactivity compared to aryl triflates.

Hanessian et al. reported two methods for the generation
of imidazolylsulfonates. Method A employs a sequential
reaction of the hydroxyl compound with sulfuryl chloride



followed by addition of a large excess of imidazole. In
Method B, alkoxide formation with sodium hydride was
followed by reaction with the commercially available crystal-
line reagent 1,1'-sulfonyldiimidazole.**

Method A was used initially to generate the aryl imida-
zolylsulfonates (Table 1, entries 1—3 and 7). Yields were

Table 1. Synthesis of Imidazolylsulfonates
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“ Method A conditions: sulfuryl chloride then imidazole in CH,Cl,, 0
°C to rt. ® Method B conditions: 1,1'-sulfonyldiimidazole plus Cs,CO5 in
THEF at rt. “ Method A produced 2,4-dichloronaphthol as the only product.

metric amount of cesium carbonate in 20 vol of THF at room
temperature. Most reactions were complete within 16 h, and
yields of the desired imidazolysulfonates improved to 85%
or greater in all cases (Table 1). o-Methyl groups do not
hinder the reaction (entry 5), and both electron-withdrawing
and electron-releasing groups are well tolerated.

With a general method in hand to make the required aryl
imidazolylsulfonates, we next turned our attention to their
performance in cross-coupling reactions. The aryl imida-
zolylsulfonates were subjected to typical Suzuki—Miyaura
and Negishi-type conditions, and the expected products were
isolated in good yields (Scheme 1).® A variety of palladium

Scheme 1. Imidazolylsulfonates in Suzuki—Miyaura and
Negishi Cross-Coupling Reactions”
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“Isolated yields were not optimized.

fair to moderate for the phenols, but no desired imidazolyl-
sulfonate product was formed from 1-naphthol (entry 6). Not
surprisingly, chlorination is a competitive pathway under
these conditions.

A screen of alternatives to replace sodium hydride, called
for in Method B, revealed cesium carbonate as the most
effective base. Optimal conditions employ a slight excess
of the reagent 1,1'-sulfonyldiimidazole’ with a substoichio-

1464

catalysts were used successfully to effect the couplings. The
reactions were achieved in a variety of solvents as well.
Addition of lithium chloride showed no benefit or detriment:
yield and rate were essentially unchanged in THF.® More-
over, the aryl imidazolylsulfonates exhibited good shelf life;
coupling yields were not reduced by using imidazolylsul-
fonates that had been stored at ambient temperature for 7
months.
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Preliminary comparative rate studies revealed that the
reactivity of naphthyl imidazolylsulfonates is similar to that
of naphthyl triflates (Scheme 2). The conversion rate is

Scheme 2. Suzuki Cross-Coupling Reactivity Comparison:
Triflate versus Imidazylate versus Tosylate
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somewhat slower: the 2-naphthy] triflate conversion was 98%
in 30 min, whereas the analogous 2-nathphyl imidazolylsul-
fonate required 2.5 h to reach full conversion. In sharp
contrast, the 2-naphthyl tosylate analogue was inert under
the same conditions.
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Imidazolylsulfonates are also useful intermediates for
functional group transformation of the phenol (Scheme 3).

Scheme 3. Hydrogenolysis and Carbonylation Reactions of
2-Naphthylimidazolylsulfonate
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Reduction of 2-naphthol imidazolylsulfonate was achieved
under very mild hydrogenolysis conditions to produce
naphthalene in good yield. Palladium-catalyzed carbonylation
to generate the ester also proceeded in excellent yield under
exceedingly mild conditions.'’

An important added benefit to using imidazolylsulfonates
is the inherent potential for self-destruction of the cross-
coupling byproduct imidazolesulfonic acid. Recently, there
has been a greater regulatory focus on alkyl and aryl
sulfonates as potential genotoxic impurities (PGIs).!' The
byproduct of the imidazolylsulfonate cross-coupling is imi-
dazolesulfonic acid (Scheme 4).'2 Unlike tosic, methane-
sulfonic, and triflic acids, imidazolesulfonic acid hydrolyzes
in the presence of water and acid to produce imidazole and
sulfuric acid, and thus the potential formation of alkyl or
aryl sulfonates from the residual sulfonic acid is eliminated.
The imidazolylsulfonate moiety is conveniently designed for
degradation under aqueous and acidic conditions.

In conclusion, we have demonstrated the practical and
scalable synthesis of aryl imidazolylsulfonates and their
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Scheme 4. Degradation of Imidazolesulfonic Acid
Post-Coupling
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utility in palladium-mediated reactions. Imidazolylsulfonates
act as fully competent electrophilic coupling partners in
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Suzuki—Miyaura and Negishi-type couplings, as well as
participants in both hydrogenolysis and carbonylation reac-
tions. Imidazolylsulfonates are a practical and economical
alternative to triflates for a variety of palladium catalyzed
reactions. Further development of coupling reactions is
underway in our laboratories and will be reported in due
course.
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