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1,1-Bisphosphono-2-aza-1,3-dienes are formed by 1,4-dehydrohalogenation of the corresponding N-(bis-
phosphonomethyl)-a-haloimines in moderate to good yields. The precursors could be formed by conden-
sation of bisphosphono-amines and the corresponding a-haloaldehydes.
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Bisphosphonates (BPs) are analogues of naturally occurring
pyrophosphate (PPi) and are a major class of drugs for the treat-
ment of bone diseases.1 Besides their antiresorptive properties,
several bisphosphonates are also potent growth inhibitors of some
pathogenic trypanosomatids.2

2-Azadienes in general are recognized as useful intermediates
in synthetic chemistry for the construction of both heterocyclic
systems as well as acyclic polyfunctionalized compounds.3

Although the synthesis and reactivity of azadienes are well-estab-
lished, their synthesis is mainly focused on electron-rich and elec-
tronically neutral 2-azadienes (in view of the well-established
Diels–Alder methodology).4 Due to the lack of general methods
for their synthesis and their less pronounced importance for
inverse electron demand Diels–Alder methodology,5 electron-poor
azadienes have received much less attention.

Keeping in mind the importance of the bisphosphonates as
therapeutic agents and the azadienes as building blocks for a wide
variety of compounds, the synthesis of a new class of electron-defi-
cient bisphosphono-azadienes is interesting and could lead to new
synthetic methods for azaheterocycles.

Until now, only a few reports on the synthesis of phosphonyl-
ated azadienes or their precursors appeared in the literature.6

In some of these reports, 1,4-dehydrohalogenation of suitable
phosphonylated a-haloimines was used as a strategy for the syn-
thesis of 2-aza-1,3-dienes.6a The a-haloimines were formed either
by condensation of a-halo carbonyl compounds with 1-amino-
ll rights reserved.
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alkylphosphonates6a or by a-chlorination of phosphonylated
imines.6c

To make the new class of 1,1-bisphosphono-2-aza-1,3-dienes,
both synthetic pathways towards the halogenated imines were
evaluated. Condensation of tetraethyl aminomethylbisphospho-
nate 1 (prepared by condensation of dibenzylamine, triethyl phos-
phite and triethyl orthoformate and subsequent debenzylation)7

and appropriate aldehydes 2 gave the imines 3 in good yields
and purity (>95%). However, the subsequent a-chlorination with
NCS in CCl4 did not proceed as smoothly as expected. The reaction
mixture contained three major compounds together with 12 less
important side products. The failure of the a-chlorination is pro-
bably related to the difficult formation of the corresponding en-
amine, which is counteracted by the electron withdrawing
N-substituent. Instead, in both cases the formation of unidentified
side products was observed following the reaction by 31P NMR at
room temperature and at reflux temperature (Scheme 1).

Therefore, the halogenated imines 4 had to be synthesized using
the condensation of a-halogenated aldehydes 5 and tetraethyl
aminomethylbisphosphonate 1. The synthesis of freshly prepared
a-halogenated aldehydes 5a–e was performed by chlorination
using SO2Cl2 (Scheme 2 and Table 1).8

In case of isobutyraldehyde, chlorination with SO2Cl2 was
performed using a literature procedure.9 Also, the brominated
aldehyde 5g could be obtained in good yield (Scheme 3).10

With the halogenated aldehydes in hand, the condensation with
tetraethyl aminomethylbisphosphonate 1 was evaluated. Stirring
the reactants in dry CH2Cl2 at room temperature for a couple of
hours proved sufficient to obtain the halogenated imines 4 in good
yield and purity. However, during the evaporation of the solvent
after filtration of the drying agent, colouring of the product was
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Table 1
Synthesis of a-chlorinated aldehydes 5

Entry Compound Reaction time (min) R1 R2 Yielda (%)

2a 5a 30 Ph Ph 75
2b 5b 30 Me Ph 71
2c 5c 900 Ph H 61
2d 5d 30 (CH2)5 (c-Hex) 68
2e 5e 30 Et Et 67

a After distillation.
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Table 2
Synthesis of bisphosphono-azadienes 6

R1 R2 Product Crude yielda (%) Yieldb (%)

Ph Ph 6a 88 63
Me Ph 6b 92 58
Ph Cl 6c Complex 16

(CH2)5(c-Hex) 6d 95 68
Et Et 6e 93 56
Me Me 6f 93c/89d 63c/60d

a After workup.
b After column chromatography.
c Using the chlorinated aldehyde.
d Using the brominated aldehyde.
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observed. 1,4-Dehalogenation was already occurring which could
be confirmed by 1H NMR and 31P NMR spectroscopy. When trying
to purify the halogenated imines by chromatography, only the 1,1-
bisphosphono-2-aza-1,3-dienes could be isolated.

Because of the ease of 1,4-dehalogenation, a one-step procedure
for the synthesis of the 1,1-bisphosphono-2-aza-1,3-dienes starting
from a-haloaldehydes 5 and tetraethyl aminomethylbisphospho-
nate 1 was evaluated. Therefore, 1.1 equiv of triethylamine was
added to the in situ formed a-halogenated imines 4. 31P NMR of
the reaction mixture showed the formation of the desired azadienes
6. After workup,11 the 1,1-bisphosphono-2-aza-1,3-dienes were ob-
tained as yellowish oils. In case of 6c, a complex mixture was
formed after workup. Following the reaction, 31P NMR revealed that
condensation of 5c and 1 immediately led to a lot of side products.

In general, in order to obtain the azadienes analytically pure,
column chromatography was performed, however this resulted
in a significant drop of the yields (Scheme 4 and Table 2).
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In conclusion, a straightforward synthesis of a new class of
phosphono-azadienes, that is, 1,1-bisphosphono-2-aza-1,3-dienes,
was elaborated using a 1,4-dehydrohalogenation of phosphonyl-
ated a-chloroimines as a key step. The synthetic reactivity study
of this new class of electron-deficient azadienes is currently under
investigation and will be reported in due course.
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