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Hydroxylamine-Mediated C-C Amination via an Aza-Hock

Rearrangement

Nat. Commun. 2021, 12, 7029; DOI: 10.1038/s41467-021-27271-y

Anilines are precursors to many industrial chemicals, includ-
ing dyes, resins, perfumes, pigments, herbicides, fungicides,
agrochemicals, pharmaceuticals, explosives, various polymers
such as polyurethanes and rubber chemicals. “For this reason,
aniline synthesis is a common task for many chemists, but is
always accompanied by chemoselectivity issues using both
traditional nitration-reduction or modern arene C-H amina-
tion,” said Professor A. Stephen K. Hashmi, from Heidelberg
University (Germany), who added: “However, C-C amination
is an alternative way to address such site-selectivity issues. A
few methods have been reported for harnessing this strategy
to afford the desired anilines, albeit with hazardous reagents
or harsh conditions: decarboxylative amination,! Beckmann
rearrangement,> and Schmidt-like rearrangement® are among
these methods. Therefore, new strategies for aniline synthesis
via C-C amination in mild conditions are needed urgently.”
The group of Professor Hashmi is focused on gold che-
mistry and photochemistry research. “This aza-Hock amina-
tion — which plays a key role in our recent effort published in
the title Nat. Commun. article - is based on our first work, ‘A
metal-free direct arene C-H amination’,* which was developed
following a serendipitous discovery in 2019,” said Professor
Hashmi, who revealed that following this research, first author
Tao Wang wondered: “Can we afford the sole product of
aniline isomers via the more challenging C-C amination path-
way?” Professor Hashmi explained: “The initial entry point for
such a conversion started from tertiary benzyl alcohol with
the aminating reagent (TSONHMe) in HFIP, which presented
an unexpected result: the aniline, rather than the aliphatic
amine, was isolated as the sole product (Scheme 1a).” Subse-

quent experiments with different benzylic alcohols exhibited
similar outcomes: anilines as the products. Then an aza-Hock
rearrangement for the transformation was proposed by Tao
Wang in the 2021 paper.* “Cumene hydroxylamine deriva-
tives, owing to the weak N-O bond (similar to the O-O bond
in cumene hydroperoxide), are susceptible to a Hock-type
rearrangement in an acidic solvent, yielding anilines as pro-
ducts,” explained Professor Hashmi (Scheme 1b).

“This aza-Hock amination shows quite a broad substrate
scope (Scheme 2): a variety of anilines are accessible from
normal benzylic alcohols/hydroxylamine derivatives,” said
Professor Hashmi, who went on by explaining that late-stage
functionalizations and large-scale reactions are also viable
under the standard conditions; further application showed all
benzylic cation precursors - like benzylic ether/ester, styrene
and even alkylarenes - are accessible with the aza-Hock re-
arrangement, which serves as a valuable tool for aniline syn-
thesis. “Besides, phenol and aryl bromide are also accessible
with a similar strategy. For the substrate with two benzylic
alcohol groups, only one alcohol group is cleaved,” said Prof.
Hashmi, adding: “The hydrolysis of protonated imines in the
reaction mixture, occurring only during the workup with so-
dium hydrogen carbonate (and not in situ with the one equi-
valent of neutral water formed in the reaction), explains the
selective cleavage of one C-C bond instead of two C-C bonds
in substrates with two reactive benzylic alcohol groups; the
iminium group in the intermediate iminium tosylate elec-
tronically de-activates the arene ring, so the second benzylic
alcohol does not react anymore.”
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Scheme 1 Initial entry and reaction proposal
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Scheme 2 Aza-Hock rearrangement: reaction scope and further applications
Prof. Hashmi concluded: “Despite some early evidence for REFERENCES

such a reactivity pattern, its synthetic utility would be limit-
ed until it was confirmed for certain by our studies. Thus, our
report might pave the way for further protocols based on this
reactivity pattern in the future.”
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