
 

PcFe-catalyzed radical phosphinoylazidation
of alkenes with a fast azido transfer step
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Phosphinoylazidation of alkenes is a direct method to build nitrogen-
and phosphorus-containing compounds from feedstock chemicals.
Notwithstanding the advances in other phosphinyl radical related
difunctionalization of alkenes, catalytic phosphinoylazidation of alkenes
has not yet been reported. Thus, efficient access to organic nitrogen and
phosphorus compounds, and making the azido group transfer more
feasible to further render this step more competitive remain challenging.

Recently, a research team led by Prof. Hongli Bao from Fujian Institute
of Research on the Structure of Matter, Chinese Academy of Sciences
(CAS) reported the first iron-catalyzed phosphinoylazidation of alkenes
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under relatively mild reaction conditions affording the nitrogen- and
phosphorus- containing compounds, which was disclosed with the
unusually low activation energy 4.8 kcal/mol of radical azido group
transfer from the PcFeIIIN3 to benzylic radical. The results were
published in Chinese Journal of Catalysis.

Fe(OTf)2 is a good catalyst for carboazidation of alkenes in the previous
work reported by Bao's group. However, it is not an efficient catalyst for
the phosphinoylazidation reaction. The reason for this result could
presumably be the deactivation of the iron catalyst by the coordinative
product, azidophosphonates. Therefore, the catalyst iron(II)
phthalocyanine (PcFeII) which has a tetradentate ligand was chosen
because it presumably can maximally evade the deactivation of its iron
center, and, fortunately, the results confirmed the authors' hypothesis
with the yield of desired products up to 88%.

Mechanism experiments and density functional theory (DFT)
calculations were also conducted to further investigate the reaction
mechanism. Two radical clock experiments with different rate and
radical trapping experiments have confirmed the radical nature of the
reaction. Furthermore, the signal of PcFeIIIOH and PcFeIIIN3 were
observed in mass spectrometry experiments. Theoretical study was then
conducted based upon the experimental results. The results support the
mechanism of iron-catalyzed azidation which is via the group transfer
pathway rather than the reductive elimination from high-valent species.
The azido transfer from PcFe(N3) to benzylic radical has the lowest
energy transition state with an energy barrier of only 4.8 kcal/mol. This
work may inspire other in-depth mechanism studies of metal catalyzed
radical reactions and spur further synthetic applications.

  More information: Xiaoxu Ma et al, Iron phthalocyanine-catalyzed
radical phosphinoylazidation of alkenes: A facile synthesis of β-azido-
phosphine oxide with a fast azido transfer step, Chinese Journal of
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