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Abstract: Furan- and indole-derived boronate complexes

react with alkyl iodides under radical (photoredox) or
polar (SN2) conditions to generate three-component alky-
lation products with high efficiency and complete stereo-
specificity. The methodology allows the incorporation of
versatile functional groups such as nitriles, ketones, esters,

sulfones, and amides, providing rapid access to complex
chiral heteroaromatic molecules in enantioenriched form.
Interestingly, while indolyl boronate complexes react di-
rectly with alkyl halides in a polar pathway, furyl boronates
require photoredox catalysis. Careful mechanistic analysis
revealed that the boronate complex not only serves as a

substrate in the reaction but also acts as a reductive
quencher for the excited state of the photocatalyst.

Heteroaromatic compounds are ubiquitous in natural products
and bioactive compounds and play a central role in organic

chemistry. In particular, the furan ring is a versatile moiety for
organic synthesis, readily undergoing oxidations, acid-cata-

lyzed rearrangements and cycloaddition reactions,[1] while the
indole ring is one of the most common motifs in alkaloids and
drug candidates.[2] Our group recently introduced an enantio-

specific sp3–sp2 coupling between aromatic rings and chiral
boronic esters 1 to access a variety of enantioenriched mono-

functionalized aromatic molecules (e.g. 3, Scheme 1 a).[3] Fur-
thermore, inspired by the intriguing reactivity of unsaturated
boronate complexes,[4] we showed that nucleophilic furyl-de-
rived boronate complexes 2 react with electrophiles in an

enantiospecific three-component coupling reaction (leading to
4, Scheme 1 a).[5] Key to the success of this process was the use
of highly activated electrophiles, such as the Umemoto trifle-
oromethylating agent[6] or carbocationic species. Interestingly,
the trifluoromethylation reaction was found to proceed

through a self-initiated radical chain mechanism. Independent-
ly, Studer and our group have shown that electrophilic radicals

add to vinyl boronate complexes 5 (Scheme 1 b).[7] The result-

ing a-boronate radicals 7 undergo facile single electron oxida-
tion to trigger 1,2-migration and form boronic ester adducts 8.

We envisioned extending this merger of photoredox cataly-
sis[8] with boron 1,2-metallate rearrangements to aromatic bor-

onate systems (Scheme 1 c).[9, 10] Photoredox radical-mediated
reaction of alkyl halides 6[11] with boronate complexes derived
from chiral boronic esters 1 and aryllithiums 9 and 10 should
lead to dearomatized intermediates 11 and 12. As 1,2-migra-
tion is well-known to be a stereospecific process[12] the stereo-

chemistry within boronic ester 1 should be conserved in the
process. In situ oxidation/rearomatization of 11 and 12 would

then provide chiral aromatic compounds 13 and 14 in enan-
tioenriched form. Such a transformation would constitute a
novel enantiospecific three-component alkylation protocol,

providing valuable routes to complex chiral heteroaromatic
structures. Herein, we describe the successful development of

this new methodology, which takes advantage of the versatility
and mild conditions of photoredox catalysis to introduce a
suite of synthetically valuable functional groups.

Attracted by the versatility of nitriles in organic synthesis,[13]

we commenced our studies by investigating the reaction of

furan with iodoacetonitrile (6 a) (Table 1).[14] Boronate com-
plex 2 a was formed by addition of cyclohexyl boronic acid pin-

acol ester (1 a) to 2-furyllithium, generated by lithiation of
furan with n-butyllithium in THF. Solutions of iodoacetoni-
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Scheme 1. a) Enantiospecific cross-coupling and three-component trifluoro-
methylation of furans. b) Photoredox-mediated three-component alkylation
of vinyl boronic esters. c) Planned strategy: photoredox-mediated enantio-
specific three-component coupling of furan and indole. SET: single electron
transfer, EWG: electron-withdrawing group, pin: pinacolato.
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