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A copper(Ill-catalyzed one-pol conversion of aryl/heteroaryl boronic acids to N-aryl phosphormmidates wia a
tmndem Chan-Lam snd Staudinger-phosphite coupling has boen reporied. The method is highly efficient; coo-
nomical and safe involving fn-sim generation of organic axddes. The method was sucoessfally extended to boranic
esters and potessium orgenotriflusmbome salls, however, the oresnoboranes with B-Clsp™) wene found 1o be
unreactive ander the madion conditions. The current method has o wide substrates scope and offers the possibility

of synthesizing phosphoramédates in good yickl, and notably, the mild reaction conditions uscd aflow lor poten-
tinlly sensitive functionalities 1o be used in the developed protocol are of great imporiance in drug discovery.

1. Introduction

Phosphoramidates are an Important class of organic compounds with
widespread application In different areas of chemistry. In the sphere of
medicinal chemistry, phosphoramidates have recently been used for
bioconjugation of protelns © afford pharmaceutically active peptide-
based protease inhibitors [1]. The phosphoramidate molety (O=1P-NH
mimics the tetrahedral transition state during amide bond hydroysis and
thus serve as surrpgates for amide bonds, which makes them useful
synthetic targets to evaluate different proteases for the revelation of a
variety of blologleal processes and as the targets for the treatment of
allmenis ke HIV [Z]. Oligodeoxvnucleoside phosphoramidate analogs
display broad-spectrum anticances properties and act as potent inhibitors
of human Immunodeficiency virms-1 (HIV-1) [3]. Phosphoramidate mo-
i also form Important pharmacophore of many drugs molecules eg.,
sofcsbuvir (FDA approved drug) vsed for the treatment of hepatitis C
virus (HCV), evofosfamide (TH-302) which Is In clinlcal evaluation for
cancer treatment (Fig. 1) [4]. In addition to pharmaceutical uses, a
number of phospheramidasie analogs have been used as enantioselective
chiral lizgands for the metal-catalvzed reactions In organic synthesis [5).

Considering thelr Increasing Interest particulady [n the pharma-
ceutical arena, the spectacular Impetus has been pald for the develop-
ment of new and more efficlent synthetlc methods for the synithests of
phosphoramidates. The traditional and the maln route for thelr synth-
esls Involves the use of amines and some strategies (o this context used
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include; (1) the reacton of amines with suitable phosphoryl halide [6],
{1} reaction of amines with phosphoryl chioride generated tn st by
halogenation of H-phosphonate with carbon tetrachloride [7], and (110}
oxidation of phosphite triesters with I, In the presence of alkyl amines
and the reduction of nltroarenes with phosphite followed by phos-
phorylation with trimethyl phosphite [E]. Some recent extensions and
applications include the oxidative coupling of amines and H-phospho-
nates using Cul) [9], InIIE) [10], I; [11] and move recently, tri-
chlorolsocyanuric -acid-catalyzed synthesls of phosphoramidates has
been reported [1Z). All these methods Involve more or less pre-
functionallzation—defunctionalization strategy and rely opon the use of
harardous phosphoryl halides, exeess use of reagents, harsh resction
condittons and profonged reaction time.

An alternative route for the synihesis of compounds with (D=}
P-NH maolety Is offered by the Staudinger reaction between trivalemt
phosphorus species and organie azides [13]. This route has been much
explored for the bloconjugation in the chemoselective protein functio-
nalization such as phosphorylation and site-specific pegylation of pro-
telns to produce peptides with phosphoramidate functlionallty which
are baving iImportant pharmacologlcal Implications when presented on
therapeutic polvpeptides besides Improving the agqueous solubility
[14,15]. Recently Chan-Evans-Lam type reaction using stolchiometric
CulIl} salt was applied for arylation of phosphinamides and phospho-
namides [16]. In our previoes communication, we reported the synth-
esls of phosphoramidates from alkvlsaryl balides and successfully
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