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Cyclodiphosph(III)azanes [ClPNR]2 (1a, R ) t-Bu; 1b, R )
Ph) with two reactive ends (P-Cl bonds) can serve as valuable
building blocks for developing new cages/macrocycles.1,2 Elegant
use of side groups like the aldehyde in [(4-(CHO)C6H4O)PN-t-
Bu]2 (2; obtained by starting with1a) can also lead to macrocycles
containing a P2N2 skeleton.3 An alternative approach is to treat1
with a di- or polyfunctional reagent resulting in monomeric or
oligomeric products (cf Scheme 1a). However, until now, the only
products that have been structurally characterized in the reaction
of 1 with difunctional reagents are the monomeric derivatives of
typeA.1e,4-7 Herein we report the synthesis and structures of two
novel macrocycles4 and5 obtained by the oxidation of3 with
sulfur ando-chloranil respectively (Scheme 1b);8 compound3
was prepared by reacting1a with 2,2-dimethyl-1,3-propanediol
in the presence of Et3N. The results clearly show that the precursor
3 has the composition{(OCH2CMe2CH2O)(PN-t-Bu)2}2 which
is the first example of a compound of typeB (Scheme 1).9

The X-ray structures of4 (Figure 1) and5‚3C6H5CH3 (Figure
2)10,11reveal the16-membered macrocyclewith two diol residues
connecting the two cyclodiphosphazane units on each side. The
P-N and P-O bond lengths are in the normal range in both
compounds;6,7,12-15 these distances are, however, shorter in4 than
in the tricoordinate compounds{2,6-Me2C6H3O)PN-t-Bu}2,12

{[CH2(4-Me-6-t-Bu-C6H2O)2][PN-t-Bu]2, 7 or {(OCH2CMe2-
CH2O)(PNPh)2}.6 In compound5‚3C6H5CH3, the geometry around
pentacoordinate phosphorus is severely distorted from a trigonal
bipyramid [N(2)-P(1)-O(4) 165.92(14)°] although the greater
length of the apical bonds [P(1)-N(2), P(1)-O(4)] is still retained.
In solution this compound exhibits two doublets in the31P NMR
at δ 82.8 and-39.0 for the tri- and pentacoordinate phosphorus
atoms, respectively, which is consistent with its solid state
structure.

Compound5 is air-stable; its isolation is probably facilitated
by the use of relatively more reactiveo-chloranil (and hence lower
reaction temperature) in this oxidative addition reaction. It is of
interest to note that the addition products of cyclodiphosph(III)-
azanes with diketones reported in previous studies were rather
unstable.6,16 Even in our case the only isolable product from the
reaction of3 with 9,10-phenanthrene quinone at 140-150°C was

6. {Mp: 240-242 °C dec.1H NMR (CDCl3): δ 1.29 (s, 9H,
t-Bu-H), 3.79 (d, 1H, NH), 7.63-8.73 (br m, 8H, Ar-H). 31P NMR
(CDCl3): δ 21.2. MS: 327 [M+].} We are yet to analyze the
details of its formation.

To summarize, we have obtained novel macrocycles based on
the cyclodiphosphazane skeleton. Isolation of these contrasts with
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that of monomeric (typeA; Scheme 1) products [(OCH2CH2-
CH2O)(PNR)2] [7a, R ) t-Bu;17 7b, R ) Ph6] obtained in the
reaction of 1 with 1,3-propanediol. Thus these results leave
sufficient scope to further explore the reactions of1 with di- and
polyfunctional reagents. It is also of interest to further investigate
the chemistry of these macrocycles.
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Figure 1. ORTEP drawing of4; only one of the two molecules in the
asymmetric unit is shown. The other molecule has similar bond
parameters. Terminal carbons on the N-tert-butyl group and hydrogen
atoms are omitted for clarity. Selected bond parameter ranges: P-O
1.578(4)-1.584(4) Å, P-N 1.662(5)-1.684(4) Å, P-S 1.912(2)-1.923-
(2) Å, N-P-N 84.0(2)-84.7(2)°, P-N-P 94.9(2)-96.3(2)°.

Figure 2. ORTEP drawing of5‚3C6H5CH3; the solvent, terminal carbons
on the N-tert-butyl group, and hydrogen atoms are omitted. Selected bond
parameters: P(1)-N(1) 1.669(3) Å, P(1)-N(2) 1.706(3) Å, P(1)-O(1)
1.583(3) Å, P(1)-O(3) 1.676(2) Å, P(1)-O(4) 1.747(2) Å, P(2)-N(1)
1.723(3) Å, P(2)-N(2) 1.699(3) Å, P(2)-O(2) 1.612(2) Å, N(1)-P(1)-
N(2) 81.74(14)°, O(1)-P(1)-N(1) 117.77(14)°, N(2)-P(1)-O(4) 165.92-
(14)°, N(1)-P(2)-N(2) 80.39(14)°.
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