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Abstract

Ž .The structure of imino triphenyl phosphorane, Ph PNH 1 has been determined by low-temperature X-ray and neutron diffraction. This3
˚Ž .dual study is the first such for an iminophosphorane. From the neutron diffraction data, the P–N bond length is 1.582 2 A and the

Ž .P–N–H angle is 115.0 2 8. q 1998 Elsevier Science S.A.
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1. Introduction

During our work on the interactions of phosphonium
w xylides and iminophosphoranes with s-block metals 1–3

w x Ž .and organic acids 4 , we isolated imino triphenyl phos-
phorane, Ph PNH 1.3

Although iminophosphoranes are commonly repre-
sented with a P5N double bond 1a, their chemical and
structural similarity to isoelectronic phosphonium ylides
w x5 suggests that a dipolar ylidic representation 1b is

Ž .equally valid Scheme 1 . The molecular structure of 1,
shown in Fig. 1, is of interest in order to probe the
nature of this P–N bonding both by accurate structural
studies and by comparison with N-substituted, -com-
plexed, -protonated, and -metallated derivatives.

) Corresponding author. Fax: q44-0191-386-1127; e-mail:
m.g.davidson@durham.ac.uk.

1 Dedicated to Prof. Ken Wade on the occasion of his 65th
birthday with sincere thanks for stimulating and fruitful collabora-
tions in elucidation of the beautiful and complex structures that stem
from a unique and extensive chemistry.

2 Also corresponding author.

2. Experimental

( )2.1. Synthesis of imino triphenyl phosphorane 1

All solvents were freshly distilled over appropriate
drying agents prior to use.

Ph PNH was prepared by modification of a method3
w x Ž .described previously 6 : 15 g 57.3 mmol Ph P were3

placed in a 1000 ml round-bottomed Schlenk vessel and
Ž .dried in vacuo before addition of acetonitrile 100 ml .

A total of 3 ml bromine in 45 ml acetonitrile were
added dropwise over a period of 45 min via a pressure-
equalising funnel and ammonia was then bubbled
through the reaction mixture for 4 h. The resulting
solution was stirred at ambient temperature overnight
and after removal of the solvent in vacuo the residue
was extracted with chloroform and the undissolved
NH Br removed by filtration. Precipitation by addition4

Ž .of diethyl ether yielded 33.5 g 82% Ph PNH Br3 2
which was subsequently dried in vacuo and stored under

Ž . Ž .N . 15 g 42 mmol Ph PNH Br and 1.01 g 42 mmol2 3 2
NaH were placed in a round-bottomed Schlenk vessel
under a dry N atmosphere and 50 ml toluene added.2
The reaction mixture was stirred at 1008C for 48 h and
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Scheme 1.

then filtered hot to remove NaBr. Cooling the resulting
pale brown solution to room temperature overnight

Ž .yielded 7.7 g 66% colourless crystals of 1 which were
isolated and stored under N in a glove box. Crystals2
for the diffraction studies were obtained by similar
reactions performed on a 5 mmol scale using 15 ml
toluene.

2.2. X-ray crystal and molecular structure determina-
tion of 1

Ž .The X-ray diffraction study was performed at 150 2
w xK on a Siemens SMART-CCD diffractometer 7 using

Žgraphite-monochromated Mo–K a X-radiation ls
˚ .0.71073 A Unit cell parameters were obtained from

Ž .267 reflections 17 - u - 24 . Empirical formula:
C H NP, Ms277.29. A white crystal of 0.2=0.2=18 16

Ž .0.1 mm was used. Space group P2 rc Monoclinic1
˚ ˚Ž . Ž . Ž .with as14.587 9 A, bs9.597 6 , A, cs10.965 7

˚ ˚3 y1Ž . Ž .A, bs90.428 6 8, Vs1535 2 A , ms0.168 mm ,

Zs4. 6376 reflections, from which 2577 were unique
Ž .R s0.0282 , were collected to a maximum 2u ofint
518, y17-h-15, y10-k-10, y7- l-13; no
absorption correction was applied. The structure was
solved by direct methods and 2545 reflections were

w x Ž .used for the least squares refinement 8 . H 1 was
located from a difference Fourier map and freely re-
fined, all other H atoms were placed at calculated
positions and refined using a riding model with their
individual isotropic displacement parameter set to 1.2
times that of the attached C atom. Refinement was on
F 2 and converged to a wR s0.1149, goodness of2
fits1.112 for all data, and conventional R s0.04791

w Ž .xfor 2077 reflections with F)4s F , 185 parameters.
˚ y3Residual electron density, q0.14ry0.21 e A .

2.3. Neutron diffraction study of 1

The neutron diffraction experiment was performed
w xon the D10 four-circle diffractometer 9 at the Institut

˚Ž .Laue Langevin using a wavelength of 1.2658 4 A
Ž .obtained by a Cu 200 monochromator. The air-sensi-

tive crystals were manipulated in a glove-box under an
atmosphere of dry, oxygen-free N . A sample was2
mounted on an aluminium pin using a low temperature
Ž . Ž .4K epoxy glue Oxford Instruments, TRZ0004 and

Ž .Fig. 1. Ortep plot of 1 with thermal ellipsoids at 70% level derived from neutron diffraction data .
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then, whilst still in the glove-box, sealed under a quartz
dome in order to maintain the inert atmosphere around
the crystal during subsequent transport and measure-

Ž .ment. Data collection was carried out at 20 1 K using a
liquid-He flow cryostat. Unit cell parameters were de-

˚Ž .termined from 25 reflections, as14.301 5 A bs
˚ ˚Ž . Ž . Ž .9.541 4 A, c s 10.686 3 A, b s 90.72 3 8, V s

˚3Ž .1458 1 A . A crystal of 3.5=3=1 mm was used to
Ž .collect 3412 reflections u s50.74 , y17-h-17,max

y11-k-3, y7- l-12; 2716 unique reflections
Ž .R s0.023S were used for the refinement. Data wereint
corrected for absorption using a Gaussian grid integra-

w x Ž .tion 10 T s0.83l8 and T s0.5878 . Heavy atommax min
positions from the X-ray model were used as a starting
point for the refinement. Hydrogen atom positions were
located from subsequent difference Fourier maps. All
atoms were refined with anisotropic atomic displace-

w x 2ment parameters. Refinement 8 was on F and con-
verged to a wR s0.0435, goodness of fits1.149 for2

wall data and conventional R s0.0389 for 2083 reflec-1
Ž .xtions with F)4s F , 326 parameters.

Lists of structure factors, anisotropic displacement
parameters, atomic coordinates and complete geometry
are available from the authors on request.

3. Results and discussion

An X-ray structure of 1, determined at 203 K, has
w xalso recently been reported by Grun et al. 11 . Compar-¨

ison with that presented here shows a disagreement in
the cell parameters, in particular b and b. 3 In order to
investigate the possibility of a phase transition occurring
between 203 and 150 K, we remeasured our cell param-

Ž .eters of 1 at 203 K, obtaining as14.508 4 , bs
Ž . Ž . Ž .9.557 2 , cs10.893 2 , bs90.29 1 . We can, there-

fore, discount a phase transition as being responsible for
the discrepancy and instead attribute it to the characteri-
sation of two different polymorphs of Ph PNH. This3
possibility is supported by a number of observations.
Firstly, the ambiguous nature of the ylidic P–N bond in
1 is consistent with the existence of different molecular
geometries of similar energy: the main difference in the
geometries of the two polymorphs is in the length of the

˚w Ž . Ž . w xP–N bond 1.524 3 and 1.582 2 A, Grun et al. 11¨
Ž . xand this neutron work, respectively . Secondly, poly-

morphism has been observed in similar compounds: for
example, three polymorphs of Ph P5O, which is iso-3

w xelectronic and isonuclear with 1 are known 12–14 .
Thirdly, samples of 1 were obtained by different syn-
thetic procedures and crystallised from different sol-
vents.

3 w x Ž . Ž .Cell parameters from Ref. 11 : as14.604 9 , bs9.289 6 ,
˚Ž . Ž .cs10.966 6 A, b s93.35 5 8 at T s203 K.

w xWhile Grun et al. 11 mention the non-existence of¨
intermolecular N–H . . . N bridges, they omit to report
the existence of three intermolecular C–H . . . N contacts
Ž .see Table 1 which form layers of molecules parallel to
the bc-plane. One hydrogen bond forms chains along
the c-axis, while the other two intermolecular hydrogen
interactions form chains along b, the links of which are
tetrameric. Layers formed by the combination of these
interactions have a thickness of two molecules, approxi-
mately the length of the a-axis. One such layer is
shown in Fig. 2.

The molecular geometry of 1 is largely as expected
Žvalues quoted for 1 are derived from the neutron

.diffraction experiment . The P atom has a slightly dis-
torted tetrahedral geometry with C–P–N angles ranging

Ž . Ž .from 109.1 1 to 115.6 1 8. The P–N bond length in 1
˚w Ž . x1.582 2 A is in the range of those reported for

Ž .N-substituted imino triphenyl phosphoranes: in
˚Ž . Ž .Ph PN p-BrC H the P–N bond length is 1.567 6 A3 6 4

˚w x Ž . w x15 and in Ph PNPh, 1.602 3 A 16 . The P–N–H3
w Ž . xbond angle in 1 115.0 2 8 is more acute than the

corresponding P–N–C angles in either of the above-
w Ž .mentioned N-aryl substituted derivatives 124.2 5 8 and

Ž . Ž .130.4 3 8 for Ph PN p-BrC H and Ph PNPh, respec-3 6 4 3
xtively . Whether this is simply a steric effect or, more

significantly, indicative of pyramidalisation of N such
as it is found for the ylidic carbon atom in the isoelec-

w xtronic unsubstituted phosphonium ylide, Ph PCH 17 ,3 2
remains unclear. The P–N bond length in 1 is also
concordant with the decrease in P–X distance along the
isoelectronic and isonuclear series of Ph PX com-3

wpounds from Ph PBH to Ph PO P–X distances for3 3 3
w x w x Ž . w xXsBH 18 , CH 16 , NH this work and O 12–143 2
Ž . Ž . Ž .are 1.917 average , 1.661 average , 1.582 2 and 1.494
˚Ž . xaverage A, respectively . This reduction in P–X bond

length from B to O can be attributed to a combination
of factors: a decrease in covalent radius; an increase in

Želectronegativity and a possible increase in the degree
.of electrostatic shortening in the bond ; and a possible

increase in P–X multiple bonding. The relative contri-
bution of each of these factors, which is not necessarily
constant throughout the series, has yet to be satisfacto-
rily resolved.

To further elucidate the nature of the P–N bond in
Žiminophosphoranes in particular, and ylidic P–X where

Table 1
Geometries of intermolecular C–H . . . N contacts found in 1, derived
from neutron diffraction data

D–H PPPA D–H H PPPA D PPPA D–H PPPA
iŽ . Ž . Ž . Ž . Ž . Ž . Ž .C 14 –H 14 . . . N 1 1.082 3 2.410 4 3.331 2 142.1 3
iiŽ . Ž . Ž . Ž . Ž . Ž . Ž .C 26 –H 26 . . . N 1 1.081 3 2.484 3 3.534 2 163.5 3

iiiŽ . Ž . Ž . Ž . Ž . Ž . Ž .C 34 –H 34 . . . N l 1.088 4 2.599 4 3.439 2 133.4 3

Ž . Ž .Symmetry Codes: i 1y x, 0.5q y, 1.5y z; ii x, 0.5y y, 0.5q z;
Ž .iii x, y0.5y y, 0.5q z.
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Fig. 2. Packing diagram of 1, viewed down the crystallographic c axis, showing one polymeric layer of molecules parallel to the bc plane.
H-atoms, except those involved in hydrogen bonding, omitted for clarity.

.XsC, N or O bonds in general, we plan to collect
X–ray diffraction data at 20 K using the Fddd high
intensity cryogenic diffractometer at Durham University
w x19 to complement the neutron diffraction study re-
ported here and thereby perform charge density studies
on 1.
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