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The reaction of isonitriles with trialkyl phosphites in the presence of hydrogen chloride gives tetraalkyl
N-substituted aminomethylidenebisphosphonates via N-methylideneaminium (isonitrilium) salts.
Hydrolysis or dealkylation of these tetraalkyl esters gives N-substituted aminomethylidenebisphosphonic
acids in high yields.

� 2012 Elsevier Ltd. All rights reserved.
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In 1974, Pudovik et al.1 described the preparation of tetraalkyl
phenylaminomethylidenebisphosphonates (PhNHCH[P(O)(OR)2]2)
by treating phenylisonitrile with dialkyl phosphonates in the pres-
ence of catalytic amounts of an alkali metal alkoxide. Later the
same authors published2 an extension of this reaction to substi-
tuted phenylisonitriles, and reported the preparation of tetraalkyl
arylaminomethylidenebisphosphonates in 58–75% yield. It is hard
to believe, but this potentially useful method for the preparation of
aminobisphosphonates was totally overlooked by the ‘bisphospho-
nate society’.3 Moreover, we found that this paper has only one
citation.4

Although on the list of so-called bisphosphonate drugs, there is
only one example of an aminobisphosphonate, which possesses an
N–C(PO3H2)2 moiety, namely cycloheptylaminomethylidenebis-
phosphonic acid (incadronic acid, Astellas Pharma, formerly Yama-
nouchi Pharma). Many groups have published papers concerning
the synthesis and biological activity of N-substituted amin-
omethylidenebisphosphonates.5 These compounds were prepared
by the reaction of amines with trialkyl orthoformates and dialkyl
phosphonates. It is interesting that this reaction was well known
to chemists long before Suzuki et al. claimed it in many patents is-
ll rights reserved.
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pl (W. Goldeman), miroslaw.
sued to Nissan Chemical Ind. (the first examples in 1978 and
1979),6 and then by Takeuchi and co-workers as claimed in many
patents issued to Yamanouchi Pharmaceutical (the first in 1988),7a

and finally published in 1993.7b We (M.S.) knew this procedure
from personal discussions with Hans Gross.

In continuation of our research on the reaction of trialkyl phos-
phites with onium salts,8 we turned our attention to isonitrilium
salts which could be generated from isonitriles. According to pub-
lished data,9 isonitriles are C-bases with high affinity for protons,
therefore they should be easily converted into the corresponding
N-methylideneaminium (isonitrilium) salts using hydrogen chlo-
ride, for example. Next, the isonitrilium salt should react with a
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nucleophilic trialkyl phosphite to give the intermediate phospho-
nium salt, which should spontaneously transform into the
corresponding dialkyl N-substituted iminomethylidenephospho-
nate (Scheme 1).

The dialkyl N-substituted iminoalkylidenephosphonate is obvi-
ously a stronger base than the starting isonitrile, therefore it
should react instantly with another molecule of hydrogen chloride
to give the corresponding iminium salt—a very strong electrophile.
This should react with a second molecule of the trialkyl phosphite
to give another intermediate phosphonium salt, which, as we de-
scribed earlier,8 should be spontaneously transformed, as in the
last step in the Arbuzov reaction, to give the final tetraalkyl
N-substituted aminomethylidenebisphosphonate (Scheme 2).

Indeed, when we examined the reaction of butylisonitrile with
triethyl phosphite in the presence of greater than stoichiometric
amounts of hydrogen chloride in an aprotic solvent (CH2Cl2, e.g.),
at a temperature below �10 �C (to prevent dealkylation of the
starting triethyl phosphite), we found, by means of 31P NMR spec-
troscopy, that the crude reaction mixture contained as much as
88% of tetraethyl butylaminomethylidenebisphosphonate, traces
of unreacted triethyl phosphite, and about 10% of diethyl phospho-
nate. The crude tetraethyl butylaminomethylidenebisphosphonate
was hydrolyzed by refluxing with 6 M HCl in water to give buty-
laminomethylidenebisphosphonic acid in 61% yield, based on the
starting isonitrile. Similar results were obtained when other isoni-
triles were employed, for example: 2-methylpropylisonitrile gave a
77% yield of the corresponding aminobisphosphonic acid, pentyl-
isonitrile—86%, 3-methylpentylisonitrile—98%, benzylisonitrile—
95%, and cyclohexylisonitrile—82%. The tetraethyl ester obtained
from t-butylisonitrile gave after hydrolysis, only aminomethylid-
enebisphosphonic acid in 91% yield. Thus it was dealkylated using
a known procedure10 with bromotrimethylsilane to give t-buty-
laminomethylidenebisphosphonic acid in 76% yield. Also tetraethyl
phenylaminomethylidenebisphosphonate (obtained from phenyl-
isonitrile) was dealkylated using the same procedure, and gave
phenylaminomethylidenebisphosphonic acid in 99% yield.11

In summary, the protocol described in this Letter represents a
very efficient method for the preparation12 of tetraalkyl esters of
N-substituted aminomethylidenebisphosphonic acids as well as
N-substituted aminomethylidenebisphosphonic acids. Moreover,
it offers enormous opportunity to link an aminomethylidene-
bisphosphonate moiety to a broad spectrum of other compounds.
By applying this sequence of reactions, we have prepared a very
large collection—hundreds of N-substituted derivatives of amin-
omethylidenebisphosphonates—starting from easily available
isonitriles. We will publish these results soon.
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