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Abstract—The reaction of cis-[ClP(l-NtBu)]2 with N,N 0-dimethylurea leads to the formation of both mono- and di-substituted
derivatives [ClP(l-NtBu)2P(NMeCON(H)Me)] and [(l-NtBu)P(NMeCON(H)Me)]2, instead of monomeric, dimeric or higher oligo-
meric macrocycles. The structure of [ClP(l-NtBu)2P(NMeCON(H)Me)] shows rare non-bonded P� � �Cl and intermolecular hydro-
gen bonding interactions leading to a 2D-sheet like structure.
� 2007 Elsevier Ltd. All rights reserved.
The renewed interest in the chemistry of cyclodiphos-
phazanes in recent years is partly due to the utilization
of robust P2N2 skeletons as building blocks to make a
variety of cages1 and macrocycles2 besides their interest-
ing ligating behavior both as neutral3 and anionic
ligands.4 The reactions between [ClP(l-NR)]2 (R = alkyl,
aryl) and di- or polyfunctional alcohols, amines, or
amino-alcohols resulted in the formation of simple
monomeric derivatives5 and/or dimeric-2a to pentameric
macrocycles.2c,d Only a very few reactions have yielded
mono- and/or di-substituted derivatives (Chart 1) con-
taining appended amine or alcohol functionalities,6

which can serve as valuable hybrid ligands for catalytic
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Chart 1.
applications or as synthons for supramolecular
chemistry.

This may be due to the reactivity of P–Cl bonds and the
stoichiometry involved in the reactions. Interestingly, in
the reactions of [ClP(l-NtBu)]2 with various diols and
diamines, the presence of an excess of nucleophile
resulted in the formation of higher oligomers7 but not
compounds of type I or II except for an amino deriva-
tive (type II) reported recently.6 Further, there are no
reports of cyclodiphosphazanes containing exocyclic
functionalities except for the bis(amido)derivatives
which have been studied extensively.4a,b This prompted
us to investigate the substitution reactions of cyclodi-
phosphazanes with different nucleophiles other than
the usual diols or diamines to make derivatives of type
I and II. Herein, we describe the reaction of N,N 0-di-
methylurea with the cyclodiphosphazane [ClP(l-NtBu)]2,
which resulted in the isolation of both mono- and disub-
stituted derivatives. A binuclear gold(I) complex of 3
and the X-ray structure of 2 are also described.

The reaction of cis-[ClP(l-NtBu)]2
8 1 with 1 equiv of

N,N 0-dimethylurea in the presence of 1 equiv of triethyl-
amine at �78 �C afforded the mono-substituted deriva-
tive9 [ClP(l-NtBu)2P(NMeCON(H)Me)] 2 in 55% yield
along with a small quantity of the di-substituted deriva-
tive [(l-NtBu)P(NMeCON(H)Me)]2 3 (10%), which
were separated by fractional crystallization. A similar
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reaction of 1 with 2 equiv of N,N 0-dimethylurea in THF
at 0 �C resulted in the exclusive formation of 3 in 65%
yield.10 The 31P NMR spectrum of 2 shows two doublets
at 188.1 and 120.5 ppm, respectively, for the P(Cl) and
P(NMe(CON(H)Me) centers with a 2JPP coupling of
32.3 Hz. The 1H NMR spectrum shows two resonances
for the NMe groups at 2.86 ppm (doublet, 3JPH =
1.6 Hz) and 2.7 (singlet) ppm indicating the mono-
substituted nature of 2. The resonance due to the NH
protons appeared at 5.80 ppm. The 31P NMR spectrum
of 3 shows a single resonance at 69.4 ppm and the
proton NMR spectral data were consistent with the
structure proposed. Further evidence for the structural
composition was obtained from the microanalytical
data. The structure of 2 was confirmed by X-ray diffrac-
tion studies.11 Compound 2 crystallizes in the ortho-
rhombic space group P212121 (Fig. 1a). The P2N2 ring
is slightly puckered with a puckering parameter of
0.161 Å. The dihedral angle between the P1,N1,N2
plane and the N1,P2,N2 plane is 165.68� while that be-
tween the P1,N1,P2 plane and the P1,P2,N2 plane is
163.47�. The phosphorus substituents are in a mutually
cis-disposition. The P1 center and the N3–C10–N4 frag-
ment are in a semilunar arrangement with the N3–C10–
N4 plane (urea fragment) orthogonal to the P2N2 ring
bond. The exocyclic NH protons show weak intermole-
cular hydrogen bonding interactions with the carbonyl
oxygen from the adjacent molecule (N–H� � �O =
138.5�; H� � �O = 2.392 Å) (Fig. 1b), whereas the chlorine
atom links weakly to the adjacent chlorine bound phos-
Figure 1. (a) Molecular structure of 2. For clarity all hydrogen (except H4n
probability. (b) Showing intermolecular N–H� � �O and P–Cl� � �P interaction
Selected bond lengths (Å): Cl–P2, 2.200(1); P1–N1, 1.730(2); P1–N2, 1.723(2);
Selected bond angles (�): N1–P1–N2, 80.11(8); N1–P1–N3, 104.94(9); N2–P1–
82.42(8).
phorus (P–Cl� � �P = 133.15� and Cl� � �P = 3.485 Å) to
give a 2D-sheet like structure as shown in Figure 1c.
The P� � �Cl distance of 3.485 Å is within the sum of
the van der Waals radii (3.55 Å)12 and is shorter than
the corresponding distance found in the previously
reported cyclotriphosphazane [PClNEt]3.13 The P2–N
bond distances are slightly shorter than the P1–N bond
distances by 0.044 Å and this may be due to the presence
of the chlorine atom on P2 which makes it a better
p-acceptor than the urea bound P1 center.

In a preliminary study, the reaction between 3 and
AuCl(SMe2) in dichloromethane resulted in the forma-
tion of a binuclear gold(I) complex,14 cis-[MeNHC(O)-
NMeP(l-NtBu)AuCl]2 4 with the ligand exhibiting a
bridging mode of coordination. The 31P NMR spectrum
of 4 shows a single resonance at 80.5 ppm with a coor-
dination shift of 11 ppm.

In summary, the reaction between the dichlorocyclodi-
phosphazane cis-[ClP(l-NtBu)]2 and N,N 0-dimethylurea
yielded both mono- and disubstituted derivatives and
not the expected monomeric or dimeric to pentameric
derivatives as observed previously. These products are
particularly interesting as ligands to bring both low-
valent platinum metals and high-valent early metals into
one molecule, these are species which are of great inter-
est in catalysis and supramolecular chemistry. Work in
this direction is under active investigation in our
laboratory.
–N4) atoms have been omitted. Thermal ellipsoids are drawn at 50%
s. (c) 2D Sheet like arrangement of molecules 2 in the crystal lattice.
P2–N1, 1.686(2); P2–N2, 1.687(2); P1–N3, 1.700(1); O1–C10; 1.224(2).
N3, 106.21(9); Cl–P2–N1, 105.29(7); Cl–P2–N2, 105.00(7); N1–P2–N2,
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