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3IP NMR Spectra,
Four-Bond Phosphorus-Phosphorus Coupling,
Conformation, Phosphazenyleyclophosphazenes

Four-bond phosphorus-phosphorus cou-
pling constants have been measured from the
31P NMR spectra of phosphazenyleyclophos-
phazenes. Their magnitude appears to be
related to the conformation adopted by the
phosphazenyl-group relative to the phos-
phazene ring.

The two-bond spin-spin coupling constant, 2Jpxp
is well documented! in both cyclic and acyclic
phosphazenes. However, very few four-bond cou-
pling constants, 4Jp-x-p-x-p, have been reported 2.

Examination of the 31P NMR spectra of a series
of phosphazenyl-derivatives of cyclotriphosphaza-
trienes (1) revealed the presence of 4Jp-N-p-N-P.

CI\F _ MNP, Ry
c- ~x
Hap M
o BNy

The largest coupling (7.5 Hz) was in the trimethyl-
phosphazenyl-derivative (1a)3 (for numbering see
Table) and double and triple resonance experiments
were carried out to establish its relative sign. The
results are shown in the Figure, where a homo-
nuclear 3!P{31P} experiment (carried out wunder
conditions of proton noise decoupling) showed that
Jpa-x-pc and Jps-N-pc-x-pp have the same sign.
In principle, the same experiment gives the relative
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Figure. 31P NMR spectra of 1a (R=Me, X =Y =Cl),

(a) normal spectrum with complete 1H decoupling,

(b) and (e¢) as in (a), but with irradiation of P, signals
(see text).

signs of Jl_’C—N-lfD and JEA—N—PC-'N-EDs but the Pa
resonance is broad (presumably because of quadru-
polar relaxation of adjoining nitrogen and/or
chlorine nuclei) and this combined with intensity
changes, caused by population transfer effects, and
the weakness of the available phosphorus irradiation
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effects could not be observed. However, selective
irradiation of Paand observation of Pp showed that
Jps-x-p¢ and Jpe-x-pp had the same sign. There is
good reason to believe that Jp_x-p will be positive!.4,
so that the four bond coupling is also positive. This
was confirmed by examination of the 1H spectrum
of this compound which consists of a doublet of
doublets: 'H{3'P} double resonance showed that
Jre-§-pp and Jpe-v-pp-c-m have the same sign and
that Jpc-~-pp and Jpp-c-m are of opposite sign, the
latter generally being found to be negative in
phosphorus(V) compounds®. Homonuclear 31P{31P}
experiments on the compounds3.® listed in the
Table showed that the four-bond couplings are

ositive, with the exception of that for 1e where

PA-N-Pc-N-Pp is —0.4 Hz.

The hitherto reported P-N-P couplings in cyclo-
phosphazenes are not simply related to the electro-
negativity of the substituents on the phosphorus
atoms! and the same generalisation may be made
for Jpy-x-pc and Jpp-N-pe-x-pp (Table). For
example, the four-bond coupling becomes less

ositive in the order X =Cl > OEt >NMe; > Ph.

owever, there is evidence to suggest that this
coupling constant is related to the preferred
conformation adopted by the phosphazenyl-group
relative to the phosphazene ring. The crystal
structure of 1e7? shows that the plane containing
the exocyclic P-N-P unit lies perpendicular to the
plane containing the phosphazene ﬂnF (type II
conformation8), but in 1 (R=Ph, X =Cl, Y =Cl)?,
and in 2-trans-6-N4P4Cls (N = PPhs)s 19, the PhyP=
N-group is rotated by approximately 90° (type I

<4 Hz) meant that interpretable
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Table. 31P NMR data® for phosphazenyleyclophosphazenes.

Compound R X Y dp? Jp-x-p (Hz)® J]_J__"_p_l_q_g (Hz)d
la Me Cl Cl A(=B) 20.9 Ps...Pc 445 Pa...Pp + 7.5¢
C 1.1 Pc...Pp  16.0
D 25.4
1ib Ph Cl Cl A(=B) 203 Pa...Pc 475 Py...Pp + 3.4
C 0.2 Pec...Pp 278
D 15.4
le Ph OEt Cl A(=B) 185 Pp...Pc 495 Pay..Pp + 0.9
C —1.6 Pc...Pp  39.0
D 13.5
1d Ph NMe: Cl A(=B) 171 Pa...Pc 368 |Pa...Ppl < 0.1
C 4.3 Pe...Pp 284
D 13.6
le Ph Ph Cl A(=B) 16.1 Pa...Pc 219 Pa...Pp— 0.4
C 2.9 Pe...Pp 5.8
D 14.4
1t Ph Cl NMes A 21.4 Py...Pp 42.8 Ps...Pp + 5.5
B 26.4 Ps..Pc 574 Py...Pp -+ 3.3
C 4.4 Pi...Pec  57.0
D 14.6 Pc...Pp 262
2-trans-6-N4P4Clg(N=PpPhg)e D 13.8 |Pp-N-P-N-P| 4.6f

2 Obtained on a Varian XL-100 in the C. W. mode at 40.5 MHz in CDCl3 solution at ca. 25°.

b Relative to 859, HaPOy; low field shifts are positive.
¢ All couplings are positive, + 0.5 Hz.

d 1+ 0.1 Hz.

- J_PD"C_ll = —13.02 Hz, JEC_X_PD_C,_[_{ = + 0.65 Hz.
t Apparent coupling.

conformation8; see ref.?). Furthermore, basicit,

measurements on a series of phosphazenyl-
cyclophosphazenes indicate that electron supply
from the PhsP=N-group to the cyclophosphazene
ring is more effective in 1b and 1f than in 1d, 1e or
lc (at least on protonation). The smaller, or least
positive, four bond couplings may therefore be
correllated with a preferred conformation in which
the plane containing the exocyclic P-N-P unit is
approximately perpendicular to the plane contain-
ing the phosphazene ring. The relatively inefficient
electron supply to the cyclophosphazene ring in this
conformation would be consistent with a reduced
Fermi contact contribution to J PA-N-P(-N-Pp- The
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reduction in this coupling is paralleled by a progres-
sive high-field shift for the P4 signals. This trend
in 3P shifts is often obseived with increasing
chlorine content of aminochlorocyclophosphazenes,
where the phosphorus atoms become progressively
more electron deficient.

It is interesting, but perhaps surprising, in view
of the observations on Jpy-N-pc, to find that the
positive two bond coupling, Jpe-~-pp, is linearly
related to electronegativity parameters for the
X-substituents in 1b-1e.
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