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To date there have been no reports on the spontaneous
formation of ansa derivatives in the reactions of diamines with
chlorocyclophosphazenes having available PCl2 sites.1,2 Spiro-
fused derivatives have been obtained exclusively by the reactions
of 1,2-diaminoethane with N3P3Cl6 and its geminal bis-tert-
butylamino- and diphenyltetrachloro derivatives3,4 and by the
reactions of 1,3-diaminopropane with N3P3Cl63,5 and the respec-
tive ansa-cyclosubstituted (aminoethyleneoxy)6 and{[bis(eth-
ylene)oxo]diamino}7 derivatives. In this paper, we demonstrate
that the spiro diaminolysis pattern is not generally valid for all
ansa polyether-substituted chlorocyclophosphazenes and can be
completely changed (especially marked at lower temperatures,
e.g.,-25 °C) toward regioselective attack at the chlorine atoms
geminal to the ansa arch by the reactions of, for example, 1,2-
diaminoethane (2a) and 1,3-diaminopropane (2b) with the
monoansa[(oxytetraethyleneoxy]tetrachlorocyclotriphos-
phazene (PNP-crown,1), previously reported by us.8 Together
with the ansa-ansa products5a,b, the respective doubly (6a,b)
and singly bridged (7a,b) bis(PNP-crowns) are formed (Scheme
1).

According to the mechanism proposed, the reaction starts with
complexation of the diamines2a,b with the macrocycle1,
probably due to self-assembly via hydrogen bonding, known
to be of key importance in supramolecular chemistry.10 Many
examples of the complexation of neutral guests, like diamines,11a,b

urea, and thiourea11cwithin suitable macrocyclic receptors have
been reported previously. Thus, formation of an intermediate
H-bonded “host-guest” complex (e.g.,3a,b) seems to be a
driving force forgem-regioselectivity in the respective substitu-
tion reactions. Self-assembly may occur through bifurcated
hydrogen bonding of the N-H‚‚‚O, or N-H‚‚‚O type between
the NH2 group(s) of the complexedguestdiamine2a,b and the
lone pairs of electrons of the oxygen and/or nitrogen atoms of
the hostmacrocycle1, similar to those previously described
for the self-assembly Mannich type cyclization of diazacrowns
with bis(phenols).12

Although it is difficult to detect this H-bonded complex in
3a,bdue to its high reactivity [fast Cl (1) f NH2 (2) interaction],
we obtained MS evidence for complexation of 1,2-diamino-
ethane (2a) with an unreactive tetranaphthoxy-substituted
derivative of1.8b,13

The diamine2a,b self-assembled with1 to form 3a,b
apparently assists the substitution reaction at the macrocycle-
bearing P-atom(s) by the favorable combination of its coordi-
native interaction (hydrogen bonding) with the polyether bridge
of 1 and the electrostatic interaction with the negative charge
developing on the chlorine atom adjacent to the macrocycle
during the activation process.14 The initial product of aminolysis
is an open-chain dangling type intermediate4a,b, which has
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been detected by low-temperature31P NMR of the reactions of
1 with both2a and2b and in the mass spectrum of the crude
reaction mixture of the reaction of1with 2b (m/e503). A minor
side reaction leading to the spirocyclic isomer8 (route II) has
also been found to occur (under the ambient reaction conditions
employed9) only for 1,3-diaminopropane as a dinucleophile but
not when the reaction was carried out at-25 °C. A previous
31P NMR kinetic study showed the reaction of2b with N3P3-
Cl6 favored the formation of the spiro compound because of
the very high stability of a six-membered ring,5d and this effect
is a minor one compared to the reaction of1with 2 due to their
H-bonding self-assembly.
The relative ratio of the products formed has been found to

depend on the molecular ratio of reactants, concentration, and
the molecular size of the dinucleophile (2a,b) (Table 1,
Supporting Information15). In general, at a 1:1 molar ratio of
1/2 formation of singly bridged bino derivatives (7) prevailed;
whereas, when the diamine2was used in excess, the distribution
between ansa-cyclosubstituted derivatives (5) and doubly bridged
bis-bino ones (6) (being the main two products formed) could
be varied by changing the amount of the solvent used.9

Structural assignments of the products have been based
mainly on the respective mass and31P NMR spectra16 (Table
1; Table 3, Supporting Information15). 1H NMR and elemental
analysis data (Table 4, Supporting Information15) were used to
support the proposed structures. Unambiguous X-ray crystal-
lographic evidence has also been provided for the derivative
5a which was found to be fully consistent with the MS- and
31P-NMR-based assignments (Figure 1).18

These preliminary results demonstrate that the PNP-crown
1, and in particular its (Cl)PNP(Cl)[O(CH2CH2O)4] moiety, by
virtue of being a bifunctional receptor for diamines represents
a useful synthon for the regioselective preparation of unusual
diamino-linked transannular (5 a,b) and/or ladder type doubly
bridged (6a,b) and/or singlygem-bridged (7a,b) cyclophosp-
hazene derivatives, which are inaccessible by other synthetic
routes. All of the derivatives5-7, obtained within this study,
may be considered as new multisite macrocyclic ligands.
Studies on their complexing abilities are in progress in our
laboratories and will be reported in due course.
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Table 1. MS and31P NMR Data of Ansa (5a,b) and Spiro (8) Diamino-Substituted 1,3-(Oxytetraethyleneoxy PNP-Crown Derivatives of
Formula N3P3Cl2[(OCH2CH2)4O][NH(CH2)nNH] and Their Respective Bis-Bino Cyclam-like Dimers{N3P3Cl2[(OCH2CH2)4O][NH(CH2)nNH]}2
(6,a,b)

compound 31P NMRd A2B spin systeme

typea nb MS (m/e)c δP(OCH2
-)NH [ppm] δPCl2 [ppm]

2JP-P [Hz] δP(OCH2
-)Cl [ppm] δP(NH)2

5a 2 455/455 23.0 df 30.5 th 60.7
5b 3 469/469 21.7 df 30.6 th 54.4
6a 2 912/910 16.4 dg 26.6 th 56.6
6b 3 940/938 17.0 dg 25.1 th 57.0
8 3 469/469 -56.2 23.4 di 13.5 tj

a For the respective formula see Scheme 1.bNumber (n) of methylene groups in the polymethylene chain of the diamine unit.c Found/calcd-
acc. LSI-MS.d 31P NMR spectra obtained at 121 MHz in CDCl3 solution at ambient temperature, referenced to H3PO4. eFor A2B spin system:
doublet (d) corresponds to PA (two equally substituted P atoms) and triplet (t) corresponds to PB; JP-P andδP values calculated according to ref 17.
f Pair of doublets, significantly broadened on proton coupling.gDoublet, broadened on proton coupling.h Triplet unaffected by proton coupling.
i Doublet, slightly broadened on proton coupling.j Triplet, each peak split into three on proton coupling,JP-H ) 15.4 Hz.

Figure 1. The molecular structure ofgem-bisansa{1,3-((oxytetraeth-
ylene)oxy)-1,3-(1,2-ethylenediamino)}-5,5-dichlorocyclotriphosphaza-
triene (5a).
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