
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 30 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Phosphorus, Sulfur, and Silicon and the Related Elements
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713618290

N- AND O-BONDED CYANATO-DERIVATIVES OF THE
HEXACHLOROPHOSPHATE [PCl6]

- ION
Keith B. Dillona; Andrew W. G. Platta

a Chemistry Department, University of Durham, Durham, U.K.

To cite this Article Dillon, Keith B. and Platt, Andrew W. G.(1984) 'N- AND O-BONDED CYANATO-DERIVATIVES OF
THE HEXACHLOROPHOSPHATE [PCl6]

- ION', Phosphorus, Sulfur, and Silicon and the Related Elements, 19: 3, 299 —
303
To link to this Article: DOI: 10.1080/03086648408077593
URL: http://dx.doi.org/10.1080/03086648408077593

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713618290
http://dx.doi.org/10.1080/03086648408077593
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Phosphorus and Sulfur, 1984, Vol. 19, pp. 299-303 
0308-664X/84/19O3-0299/$18.50/0 

0 1984 Gordon and Breach, Science Publishers, Inc. 
Printed in the United States of America 

N- AND 0-BONDED CYANATO-DERIVATIVES OF 
THE HEXACHLOROPHOSPHATE [PCl,] - ION 

KEITH B. DILLON* and ANDREW W. G. PLAIT 

Chemistty Department, University of Durham, South Road, Durham, DHI 
3LE, U.K. 

(Received October 25,1983; in final form December 30, 1983) 

31P n.m.r. spectroscopy has led to the identification in solution of several ions in the series 
[PC16-,(NCO),]- and [PCl,,(OCN),]-, which were obtained by different preparative routes; isomeric 
configurations have been assigned by the method of painvise interactions from the observed chemical 
shifts. The complexes are all unstable, and decompose readily at room temperature. 

INTRODUCTION 

31P n.m.r. spectroscopy is a valuable technique for the identification of pseudo- 
halogeno-phosphorus species in solution, as shown by literature data,'.' but most 
results are for phosphorus(III), phosphoryl or thiophosphoryl compounds. Less has 
been published about six-coordinate phosphorus(V) derivatives; some fluoro-anions 
with azide, cyanide or thiocyanate ligands present have been r e p ~ r t e d , ~ , ~  and shift 
data for azido-, cyano- and thiocyanato-derivatives of PCl;5-8 and some chloro- 
f luoroph~sphate~,~~ ions have been given recently. The thiocyanato-complexes were 
deduced to be N- rather than S-bonded from n.mx3 or vibrational8 spectroscopy, 
indicating that phosphorus(V) behaves as a hard acid in these systems. No cyanato- 
complexes of six-coordinate phosphorus have been described, however. There are 
clearly possibilities of obtaining linkage (N- or 0-bonded) isomers with the cyanate 
ligand, since both of its possible coordination sites are hard bases. We present 31P 
n.m.r. spectroscopic evidence for the formation of N- and 0-bonded cyanato-deriva- 
tives of the hexachlorophosphate (PCl;) ion, formed by different preparative routes. 

The method of pairwise interactions, originally proposed by Vladimiroff and 
Malinowski for tetrahedral species," but since applied to octahedral complexes of 
niobium," antim~ny'~ and as well as phosphorus,6-'0,16 has been used to 
assign isomeric configurations. It is particularly valuable where chemical reasons 
preclude the isolation of individual compounds, as in the azidochlorophosphates(V) 
or chlorothiocyanatophosphates(v), where only the fully-substituted ions [P(N,),]- 
(Ref. 5) or [P(NCS),]- (Ref. 8) have been isolated as salts with suitable large cations. 
A preliminary account of this work has been presented at the International Con- 
ference on Phosphorus Chemistry, held in Nice in September 1983.l' 
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RESULTS AND DISCUSSION 

K. B. DILLON AND A. W. G. PLATT 

(1) N-bonded cyanato-complexes 

The reaction of phosphorus(V) chloride with LiNCO in CH,Cl, solution led to the 
gradual formation (within Id) of an intense 31P n.m.r. signal at 16.2 ppm, possibly 
due to a molecular chlorocyanatophosphorus(V) compound,21 together with smaller 
resonances at 38.7 (unassigned), 3.3 (POCl,) and - 12.9 (POC1,(NCO)l) ppm. 
Addition of (n-C,Hl,),NC1 to this solution yielded a series of peaks between - 270 
and - 390 ppm, as shown in Table I, with a corresponding reduction in intensity of 
the signal at 16.2 ppm. These signals may reasonably be ascribed to complexes 
involving six-coordinate phosphorus, and from the large high field shifts compared 
with those of the species described in the following section they are deduced to arise 
from N- rather than 0-bonded isomers. Shifts for six-coordinate phosphorus com- 
plexes with ligands bonding through nitrogen such as NCS- or N,- 6,7 are usually 
to higher field of those with oxygen donor ligands, as exemplified in section (2). 
Addition of more chloride caused a simplification of the spectrum in this region, 
with just two resonances visible at -280.4 and -298.2 ppm, the latter readily 
assigned to the PC1; ion.” After one day, only the PC1; signal remained in this 
area, and the concentrations of POCl, and POCl,(NCO) had increased. The peak at 
- 280.4 ppm is ascribed to [PCl,(NCO)]-, since it was the last of the six-coordinate 
phosphorus species other than PCl; to be present. Assignment of the highest field 
resonance (6 - 388.4 ppm) to [P(Nco)6]- enabled the painvise to 
be evaluated. The chemical shifts calculated on this basis were refined by a least 
squares fit of the observed data, and are given in Table I. The final pairwise terms 
used were C1: C1 - 24.76, C1: NCO - 20.28 and NCO : NCO - 32.47 ppm. Only 
one of the possible isomers for n = 2,3  or 4 was detected in each case, and, although 
perfect agreement is not obtained, these may be assigned on the basis of the 
calculated values as the cis-, fac- and cis-isomers respectively. The pattern of 

TABLE I 

Calculated and observed shifts for 
PCI,,(NCO); anions in CH,CI, ppm. 

6 31 p (PPm) 
Ion Calculated Observed 

~ ~~~ 

P a ,  
PCI S(NC0)- 
cis-PCI,(NCO) 

trans-PCI,(NCO)~ 
fac-PCl,(NCO) 7 

mer-PC1 (NCO) 
cis-PCI (NCO); 

trans-PCI,(NCO); 
PCl(NC0); 
P(NCO), 

- 297.1 - 298.2 
- 279.2 - 280.4 
- 278.0 

- 274.0 
-261.2 
- 293.4 

- 276.7 
- 308.8 

- 315.9 
- 292.1 
- 340.9 - 340.0 
- 389.6 - 388.4 

- 290.0 
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NCO 

SCHEME 1 Pattern of substitution in PCl,,(NCO); 

substitution parallels that in the azido~hlorophosphates01,6.~ as shown in Scheme 1. 
N-bonded cyanate, like azide, thus seems to exert a directing influence on subse- 
quent substitution, favouring the cis position. The presence of small amounts of the 
other isomers might possibly not have been detected, but all the major peaks in this 
region of the spectrum may be assigned as shown. The pairwise treatment accounts 
satisfactorily for the initial downfield shift caused by replacement of C1 by NCO, 
followed by an upfield shift as the number of NCO groups present increases beyond 
two, lending some support to its use for this system. 

(2) 0-bonded cyanato-complexes 

Since PC1; undergoes ligand exchange with P(NCS), to give chlorothiocyanato- 
phosphates in which phosphorus is six-coordinate,* the analogous reaction of PCl; 
with P(NCO), was attempted in MeNO, solution. Rapid exchange to produce PCl, 
and PCl,(NCO) was observed, as well as formation of small quantities of POCl, 
and POCl,(NCO), and weak transient signals at - 282.0 [PCl,(NCO)]- and - 203.6 
ppm. Similarly, in MeCN as solvent this reaction yielded resonances due to 
PCl,-,(NCO), (0 6 n 4 3) and POCl,,(NCO), (0 < n 6 2), together with new 
signals at - 197.4 and - 162.0 ppm. These high field peaks appear to arise from 
species in which phosphorus is six-coordinate, clearly different from those ascribed 
to N-bonded cyanato-complexes, and are assigned to 0-bonded isomers on the basis 
of their lower field chemical shifts, by comparison with the, values for known 
six-coordinate anions containing P-0 bonds (e.g. the anion [(C,H,O,)PCl,]- has 6 
31P - 157.3 ppm in CH2C1, solution).23 

Although ligand exchange was fast, insufficient P(NCO), solution could be added 
to effect complete exchange and simultaneously keep the high field signals readily 
detectable. This problem was overcome by reacting PCl, with NaNCO in MeCN as 
solvent in the presence of (n-C,H,,),N+PCl~. PCl, and NaNCO yield the com- 
pounds PCl,,(NCO), (0 < n < 3), which then exchange with PCl;, giving 
[PCl,,(OCN),]- and more PCl,, thus restarting the cycle. Several new resonances 
were now found between - 150 and - 220 ppm, as shown in Table 11; the strongest 
peaks in the spectrum were due to POCl,(NCO) at -9.8 and POCl(NCO), at 
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TABLE I1 

Calculated and observed shifts for 
PCl,.,(OCN); anions in CH,CN (ppm) 

Ion Calculated Observed 

PCl, 
PC1, (OCN) - 
cis-PCl,(OCN); 
trans-PCl,(OCN); 
fac-PCl,(OCN) 
mer-PC1, (OCN); 
cis-PC1 (OCN) 4 
trans-PC1 (OCN) 
PCl(0CN) 5 
P(OCN), 

- 296.5 
- 252.0 
- 217.8 
- 207.4 
- 193.9 
- 183.5 
- 170.0 
- 159.6 
- 156.4 
- 153.1 

- 298.2 

- 214.4 
- 203.6, - 204.7a 
- 197.4, - 195.1a 

- 172.5 
- 162.0 
- 156.4 
- 150.9 

- 

aFrom the ( n-C5H, ,) ,NPC16-( n-C5H11) ,NCl-AgNCO system in 
CHZCl2. 

-27.5 pprn,’ and smaller signals were apparent at 98.4 (P(NCO)’,), 111.3, 79.1 and 
- 32.4 ppm, the latter not readily assignable to known cyanato-derivatives of 
phosphorus. 

The peaks in the six-coordinate region were assigned via the method of pairwise 
interactions, on the assumption that the two resonances at lowest field (- 156.4 and 
- 150.9 ppm) arise from [PCl(OCN),]- and [P(OCN),]-, respectively. The least 
squares best fit values are given in Table 11, calculated from C1: C1 - 24.71, 
C1: OCN - 13.58 and OCN : OCN - 12.76 ppm. In this system both isomers of 
[PCl,(OCN),]- and [PCl,(OCN),]- were found (the number of signals observed 
shows that there is not a marked stability associated with a particular configuration 
for n = 2, 3 or 4, unlike N-bonded species), but no signals assignable to 
[PCl,(OCN)]- or mer-[PCl,(OCN),]- were detected. These results suggest that 
[PCl,(OCN)]- may be unstable to ligand redistribution, since it would have been 
expected to be present at higher chloride concentrations, if stable. Similar instability 
of the first member of a substitution series has been observed in some six-coordinate 
fluorophosphate derivatives., None of these anions was stable in solution, decom- 
position to phosphoryl species being complete within one day. 

Attempted direct substitution by AgNCO into (n-C,H,,),NPC~, in CH2C1, 
solution led only to the slow formation of POCl, and POC12(NCO). LiNCO caused 
a similar, but even slower, reaction. The experiment with AgNCO was repeated in 
the presence of excess (n-CSH,,),NC1 to suppress any dissociation of the 
hexachlorophosphate ion to molecular species, which could provide a route to 
decomposition. A mildly exothermic reaction occurred, and 31P n.m.r. signals were 
observed from POCl,, POCl,(NCO) and POCl(NCO), as well as from PCl;, 
together with new resonances at -204.7 and -195.1 ppm, assigned to trans- 
[PCl,(OCN),]- and fac-[PCl,(OCN),]- as shown in Table 11. Species with more 
OCN groups attached to phosphorus were not detected, probably because of the 
presence of excess chloride ions. 

The results thus show that linkage isomers of the cyanate ligand attached to 
six-coordinate phosphorus may be prepared in solution and identified spectroscopi- 
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CYANATO-DERIVATIVES OF [PCI,]- 303 

cally, although their instability has so far precluded the isolation of individual 
members of either series. The method of pairwise interactions has proved very useful 
for assigning probable isomeric configurations to the complexes. 

EXPERIMENTAL 

All manipulations, including n.m.r. sample preparation, were carried out either under an inert atmosphere 
of dry nitrogen or in vacuo. Chemicals of the best available commercial grade were used, in general 
without further purification, except for tetraalkylammonium chlorides, which were dried as described 
previously.* Anhydrous LiNCO was prepared by a method similar to that used for LiN,;” a 1 : 2 molar 
ratio of Li,SO, . H,O and KNCO was dissolved in the minimum quantity of water with stimng and 
heating. A large volume of EtOH was added, and the resultant precipitate filtered off. The solution was 
evaporated and the crude product was dried at 303 K. Elemental analysis showed the absence of 
potassium. The solid was digested for 5 minutes with EtOH, the solution was filtered and evaporated to 
give a white solid, an aqueous solution of which did not give a precipitate with BaC1, solution (Found, C, 
24.4; N, 30.8; Li, 13.5%; LiNCO requires C, 24.5; N, 28.6; Li, 14.2%). The compound (n-C5H11)4N+PCl; 
was prepared as described previo~sly.~ For reactions involving P(NCO), and requiring a polar organic 
solvent such as MeCN or MeNOz, a solution of PCl, in that solvent was treated with excess NaNC0.19 
The solution was filtered and used as such. Stock solutions of P(NCO), were stored at 243 K to reduce 
polyner formation. 

P n.m.r. spectra were recorded at 307.2 K on the Fourier transform spectrometer, as indicated 
previously.8 Chemical shifts were measured relative to external H,PO,, with the downfield direction 
taken as positive. Microanalyses for C, H, N, P and C1 were obtained as described in earlier  paper^,^^^,^^ 
and lithium analyses were obtained by atomic absorption spectroscopy. 
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