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A combination of a-electron-withdrawing/-releasing substitu-
ents (push-pull substitution) at iminophosphanes considerably
lengthen (shorten) the central PN bond as revealed by ab initio

calculations on model geometries; they also stress the impor-
tance of the energy barrier to inversion at nitrogen.

Hitherto a plethora of structures of iminophosphanes 1 have been
reported. They range from extremely short PN double bonds [R! =
AICL, R? = Mes* (24,6-tri-tert-butylphenyl); PN = 147.5 pm’);
R! = Cl, R* = Mes*: PN = 149.5 pmY) to extremely long double
bonds [R!' = (2,2,6,6'-tetramethylpiperidyl, R? = N(SiMe;),:
PN = 159.8 pm?; R' = (BwP, R? = N(SiMe;);; PN = 161.9
pm¥]. Hence, a variation in substituents R! and R® causes consid-
erable changes in geometries. The fact that iminophosphanes are
one of the best structurally characterized class of double bond sy-
stem® among higher main group elements prompted us to develop
on the basis of quantum-chemical calculation a model of substituent
effects of R! and R? on the central PN bond in 1.

On the basis of the calculations on the double-£ quality® we will
show in detail that o-push-pull substituents R! and R? at imino-
phosphanes considerably effect (a) the central PN bond and (b) the
energy barrier to inversion at nitrogen.

The rules for PN bond length variation are as follows:

(1) At phosphorus a c-acceptor (e.g. F) shortens (s) while a o-
donor (e.g. SiH;) weakens (w) the PN bond.
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* Huzinaga bases sets” P, 8i [4,6 x 1/3,3 x 1/1 d (¢ = 0.5,0.4)];
F,O, N[5 3x1/3,1/1 d (§ = 1.4, 1.25, 095)]; H [3, 1] have
been used. Geometry optimizations have been performed with
the Karlsruhe version of set of programs®®®. The accuracy of
optimization® is <10~% au in energy. Concomitantly, the ac-
curacy of bond lengths is < 107%A.

At nitrogen the substituents cxert the opposite effect. Conse-
quently, the PN o-bond is maximally shortencd (weakened) by a
suitable combination of o-electron-withdrawing (-releasing) sub-
stituents R' (R?).

(2) At phosphorus and/or nitrogen n-donors (c.g. NH,) weaken
(w) the central n-bond. Overall o- and w-effects superimposc each
other, being either additive or counteractive.

The various substituent effects have been probed by energy-op-
timized ab initio calculations at a double-¢ level-£* on model-sub-
stituted iminophosphanes (Figure 1).

The results are in full accord with the model, with the shortest
PN bond length for PNH® and the longest one for PNH®. [At
the given RHF-SCF level the latter structure prefers a triplet ground
state]. An intermediate case is R = NH,; at nitrogen it lengthens
(additive o- and n-effects) while at phosphorus it only slightly effects
(counteractive o- and n-cffects) the PN bond. 1In accord with the
PN bond in trans-H,NP=NH it is 157.4 pm, i.e. slightly longer
than in the parent HPNH. A detailed study of the electronic hy-
persurface of PNH® indicates that this species is thc only energy
minimum, and at the SCF level HPN® rcarranges without any
energy barrier to HNP®. Thus, HNP® is an energy minimum and
HPN® a saddle point on the electronic hypersurface of this
species®.

Electronegative substituents at phosphorus bear some additional
important consequences. Due to large differences in electronegativ-
ity between P and R! the bond between these atoms tends to become
ionic, promoting the formation of a close ion pair R'® PNH®. As
a consequence, electronegative substituents R considerably reduce
the energy barrier to inversion at nitrogen (Table 1).

(The transition states for inversion at nitrogen have been deter-
mined by saddle-point search® at the SCF level and energy-cor-
rected at the CEPA-1 level**"). On this basis the energy barrier to
inversion at nitrogen becomes almost negligible with a o-clectron-
withdrawing substituent at phosphorus and a c-electron-donating
substituent at nitrogen. In addition, the o-electron-withdrawing
substituents at phosphorus (F, Cl) promote a cis rather than a trans
conformation. On this basis it is not surprising that FP=NSiH,
(see Figure 1) is most stable in a ¢is rather than in a trans orientation
of substituents. In practice, however, the n-systems are substituted
in general by bulky substituents such as the Mes* group which
induces morc steric hindrance in the cis conformation than in the
trans conformation. Thus, the preference of a cis over a trans ge-
ometry may well be superseded by steric hindrance.
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Figure 1. PN bond lengths [pm] of substituted iminophosphanes, determined at the ab initio level?

Table 1. Barriers to inversion at nitrogen in 1; energies [kcal/mol]
at the SCF/CEPA-1 level

R1 Rz Einv,a) Ectb]
H H 16.4 (14.00 0.86
F H 43(3.6) —366
Cl H 4.8 (3.9) —-5.02
OH H 6.9 (5.9) —1.72
NH, H 11.3 (9.9) 123
H CH,3 14.6 (11.6) —1.44
H SiH, 26(1.4 —0.75
» Ey, = Ets — Epane — b E.. = Eus — Epgns — ® Values in

parentheses at the SCF level.

While it should be clear that at the SCF level the absolute PN
bond distances for the various model geometries are too short by
about 2—3 ppm, the corresponding relative changes in bond
lengths are correctly reproduced. Their variance by approximately
10% (at the maximum) is indicative of rather considerable substit-
uent effects acting on the PN double bond.
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