
© Georg Thieme Verlag Stuttgart • New York – Synform 2020/01, A8–A10 • Published online: December 13, 2019 • DOI: 10.1055/s-0039-1691142

Literature CoverageSynform

Stereochemically pure oximes are ubiquitous structural mo-
tifs in drugs, bioactive molecules and food additives. They are 
also very important starting materials for the Beckmann rear-
rangement, which has been successfully employed for the in-
dustrial production of many valuable fine chemicals. The pro-
totypical ketoxime synthesis involves condensation of ketones 
with hydroxylamine or tautomerization of C-nitroso species, 
as well as reduction of nitro compounds. However, the ratio 
of the resulting E/Z-isomers is under thermodynamic control 
and depends on the nature of the substrates, which usually 

causes major problems when it comes to isolating a single 
geometric isomer, unless the two substituents of the ketox-
imes are structurally very different (Scheme 1a). “This is why 
the practical and universal direct stereoselective synthes is of 
stereochemically pure ketoximes, especially of thermodynam-
ically less stable ones, remains an unsolved challenge in mo-
dern chemical transformations,” said Professor Qiuling Song, 
from the Key Laboratory of Molecule Synthesis and Function 
Discovery, College of Chemistry, Fuzhou University (P. R. of 
China).
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Scheme 1  (a) Typical approaches for ketoxime synthesis. (b) Stereoconvergent synthesis of stereochemically pure ketoximes.  
(c) Selected examples of the substrate scope.
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Professor Song continued: “With these issues in mind, we 
were interested in developing a mechanistically distinct stra-
tegy, independent of the configuration of the starting mate
rials and not involving transition metals, which would repres-
ent a general method for the synthesis of single-geometry 
ketox imes.” Nitrile oxides caught the group’s attention, as ke-
toximes can be obtained from the reaction of organometallic 
reagents or aromatic nucleophiles and nitrile oxides. Unfor-
tunately, the authors of this study found that the diversity and 
stereoselectivity of ketoxime products was highly restrict-
ed owing to the instability of nitrile oxides and the strong 
nucleo philicity of these organometallic reagents. 

“We then envisioned that nitrile oxides could attack the 
electrophilic boron atom of arylboronic acids, resulting in a 
boron ‘ate’-complex that might lead to stereochemically pure 
ketoximes via a stereospecific 1,4metallate shift (Scheme 
1b),” said coauthor Dr. Kai Yang. Considering the instability 
of nitrile oxides, they selected oxime chlorides as precursors 
of nitrile oxide. The resulting protocol enabled Professor Song 
and co-authors to synthesize diverse stereochemically pure 
ketoximes, including diaryl ketoximes and thermodynamic-
ally less stable aryl alkyl ketoximes.

Control experiments were conducted to evaluate the 
practicality of the protocol (Scheme 2a), and the team per-
formed comparison experiments to synthesize two different 
stereospecific ketoximes (Scheme 2b). Next, a gramscale 
experiment was carried out by postgraduate student Feng 
Zhang, and demonstrated the preparative utility of this proto-
col (Scheme 2c). Meanwhile, the team went on to explore the 
reactivity of ketoximes as directing group in C–H activation 
reactions and Beckmann rearrangement (Scheme 2d). 

“In summary,” said Professor Song, “we have developed a 
protocol to directly synthesize stereochemically pure ketox-
imes from oxime chlorides and arylboronic acids via stereo-
specific 1,4metallate rearrangement. This approach shows a 
broad substrate scope and good functional group tolerance. 
It also provides a good opportunity for the development of 
 oxime chemistry and demonstrates a promising approach to 
prepare single-geometry ketoximes that could be used by both 
the chemistry community and pharmaceutical scientists.”

Scheme 2  (a) Control experiments. (b) Comparison experiments. (c) Gram-scale synthesis experiment. (d) Selected examples of 
the synthetic applications.
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