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36- and 42-Membered cyclophosphazene-containing macrocycles
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Abstract—Novel 36- 6 and 42- 7 membered cyclophosphazene-containing macrocycles were obtained by [2+2] condensation reac-
tions of N3P3(O2C12H8)2[–O–C6H4–p-CHO]2 3 with PhP(O)[N(Me)NH2]2 4 or 1,6-diaminohexane 5.
� 2006 Elsevier Ltd. All rights reserved.
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Scheme 1.
Cyclophosphazenes are an important family of hetero-
cyclic ring systems and have been attracting interest for a
variety of reasons.1 Nucleophilic substitution of the P–
Cl bonds of chlorocyclophosphazenes such as N3P3Cl6
or N4P4Cl8 has been a subject of intense investigation.1,2

The ring-opening polymerization of N3P3Cl6 to the lin-
ear polymer [NPCl2]n and the utility of the latter as a pre-
cursor to over 800 polyphosphazenes has also spurred
interest in these compounds.3 More recently, we and oth-
ers have shown that cyclophosphazenes can be utilized as
scaffolds for supporting a multi-site coordination mani-
fold4,5 as well as an electroactive ferrocenyl periphery.6

In this context it is interesting to ask if cyclophospha-
zenes could be utilized as platforms for supporting mac-
rocycles with potential coordination sites. Studies carried
out hitherto in this area have been sporadic with limited
success. Most of such work is limited to the reactions of
difunctional reagents with chlorocyclophosphazenes.7 In
this letter we report a new strategy for the construction of
large cyclophosphazene-containing macrocycles by a
relatively simple synthetic protocol.

The parent hexachlorocyclotriphosphazene, N3P3Cl6 1
has six points of reactivity in the form of P–Cl bonds
and is not amenable for controlled macrocyclic synthesis.
Consequently 1 was converted into N3P3Cl2(O2C12H8)2 2
by adapting a known synthetic procedure (Scheme 1).8

Compound 2 is an ideal precursor for further elabora-
tion, containing two reactive P–Cl bonds. Reaction of
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2 with the sodium salt of 4-hydroxybenzaldehyde affor-
ded N3P3(O2C12H8)2[–O–C6H4–p-CHO]2 3.9 The design
of compound 3 was made on the basis that it possesses
two reactive CHO groups which could be readily elabo-
rated under mild reaction conditions. The 31P{1H} NMR
spectrum of compound 3 is of the AB2 type. The spiro-
cyclic phosphorus atoms „P(O2C12H8) resonate at
25.0 ppm (doublet) while „P(–O–C6H4–p-CHO) was
seen at 8.9 ppm (triplet). These chemical shifts may be
contrasted with those observed for 2: d PCl2 [29.3 ppm
(triplet) and d P(O2C12H8); 19.6 (doublet)].
N3P3(O2C12H8)2[–O–C6H4–p-CHO]2 was utilized in a
2+2 condensation reaction with the phosphohydrazide
C6H5P(O)[N(Me)NH2]2 4.10

The choice of the latter was dictated by its successful use
in macrocycle and cryptand synthesis by Majoral and
co-workers.11 Simultaneous slow addition of a methan-
olic solution of compound 4 and a tetrahydrofuran solu-
tion of 3 to a flask containing methanol at 0 �C
proceeded smoothly to afford (after work-up and purifi-
cation by preparative TLC) a novel 36-membered
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macrocycle 6 (Scheme 2).9 Macrocycle 6 was character-
ized by the presence of a [M+2]+ ion at 1848 in its FAB
mass spectrum. The 31P{1H} NMR spectrum of 6
revealed the presence of three distinct signals. A doublet
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resonating at 25.4 ppm corresponds to d P(O2C12H8)
while a triplet at 9.6 ppm was assigned to d P(–O–
C6H4–p-CH@). The singlet at 14.1 ppm was due to d
P[(O)[N(Me)–N@]]. It is of interest to note that the
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chemical shift of the latter is upfield with respect to the
free hydrazide (C6H5)P(O)[N(Me)NH2]2.10

In order to verify if the macrocycle formation could also
be accomplished by reaction with diamines, we reacted 3
with hexamethylenediamine 5 under identical reaction
conditions. This reaction afforded a 42-membered
macrocycle 7 (Scheme 3).9 Compound 7 showed a
molecular ion peak at 1651 (M+1)+ in its FAB mass
spectrum and its 31P NMR spectrum showed two reso-
nances, a doublet at 25.4 [d P(O2C12H8)], and a triplet
at 9.3 [d P(O–C6H4–p-CH@)].

In conclusion we have reported a facile procedure for
the assembly of large macrocycles containing cyclophos-
phazene rings. The imino nitrogen atoms present in the
macrocyclic cavity could be utilized for coordination to
metal ions. This aspect is being investigated.
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