This article was downloaded by:

On: 29 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

=
| 4
K

s ey ) s g

VT e Y S

Phosphorus, Sulfur, and Silicon and the Related Elements

Publication details, including instructions for authors and subscription information:

Phosphorus,

S-:!-‘!f“rs and http://www.informaworld.com/smpp/title~content=t713618290
Silicon
and the Related Elements
| Structure, Stability and Reactivity of Some 4-, 5- and 6- Coordinate
MR Phosphorus (V) Compounds
1 Keith B. Dillon*;, Thomas A. Straw?; Richard D. Chambers®
2 Department of Chemistry, University of Durham, Durham, UK

To cite this Article Dillon, Keith B. , Straw, Thomas A. and Chambers, Richard D.(1993) 'Structure, Stability and Reactivity
of Some 4-, 5- and 6- Coordinate Phosphorus (V) Compounds', Phosphorus, Sulfur, and Silicon and the Related Elements,
76: 1, 83 — 86

To link to this Article: DOI: 10.1080/10426509308032364
URL: http://dx.doi.org/10.1080/10426509308032364

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informaworld. confterns-and-conditions-of-access. pdf

This article nay 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 formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
wi ||l be conplete or accurate or up to date. The accuracy of any instructions, fornulae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be Iiable for any | oss,
actions, clainms, 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/10.1080/10426509308032364
http://www.informaworld.com/terms-and-conditions-of-access.pdf

13:37 29 January 2011

Downl oaded At:

Phosphorus, Sulfur, and Silicon, 1993, Vol. 76, pp. 83-86  © 1993 Gordon and Breach Science Publishers S.A.
Reprints available directly from the publisher Printed in the United States of America
Photocopying permitted by license only

STRUCTURE, STABILITY AND REACTIVITY OF SOME 4-, 5- AND 6-
COORDINATE PHOSPHORUS (V) COMPOUNDS

KEITH B. DILLON*, THOMAS A. STRAW AND RICHARD D. CHAMBERS
Department of Chemistry, University of Durham, South Road, Durham,
DH1 3LE, UK

Abstract The preparation and structures of several phosphoranes containing ortho-
substituted aromatic groups are described, together with their reactivity towards
some Lewis acids and bases. Results are also presented for CHpCIPCly and
CHCI,PCly.

Competing steric and electronic effects have been proposed in order to rationalise previous
interesting results obtained by our research group for reactions of excess AgCN with
RPCl5™ (R=Cl or various organo-substituents),1-3 where the products depended on the
nature of R, as summarised below.

PClg’ AECNGS)  [pCIy(CN)3l  (both isomers)

RPCls  (R=Ph, CCl3) A8ENGS)_  [RPCIH(CN)3I-  (all three isomers)
RPClss (R=Me, By  SEENGS) _  (rpcnys)-
RPCls  (R=CgFs) AgCN(XS) [RPCI(CN)4]-  (one isomer only)

The mechanism of substitution is thought to involve dissociation of a chloride ion from the
anionic complex to yield a phosphorane, equation (1), followed by addition of cyanide
ions, equation (2).

[RPCIs] = RPCl4+CI- 1
RPCl4 +CN- - [RPCI4(CN)]- )
etc.

Electronically, the presence of electronegative R groups should help to delocalise the formal

negative charge on phosphorus, and tend to prevent dissociation, thus hindering further
[343)/83
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substitution, as shown by the difference in reaction products for R=Me and CCl3. The
exception to this generalisation appears to arise when R is CgFs, which is more
electronegative than Ph, but substitution still proceeds one stage further. This behaviour
could be due to a steric effect, with the bulkier CgFs group being more easily
accommodated in a 5-coordinate (‘¥'-tbp) than in a 6-coordinate (‘¥-octahedral) structure,
thus favouring more extensive dissociation to the phosphorane. To test these postulates
further, we planned to synthesise six-coordinate ions RPCls™ with sterically hindered R
groups, and study their reactions with AgCN.

Several aryl phosphoranes RPCly with bulky ortho-substituents have been prepared
by chlorination of the corresponding phosphanes, and characterised structurally by
31p NMR and (in some cases) 35C1 NQR spectroscopy. In all instances these compounds
had molecular (W-tbp) structures, though the position of the R group varies with its
clectronegativity. T-dependence studies of the NQR of (2,4,6-(CF3)3CgH)PCly (ArPCly)
have shown a phase transition at 190.5 £ (0.5 K. The structural conclusions have been
confirmed by preparing derivatives containing RPCl3* ions via reaction with strong Lewis
acids such as BCl3 or SbCls, and recording their spectroscopic parameters. It was found,
however, that ortho-substituents such as CH3z, CF3 or even Cl on the aryl group in RPCly
inhibit the formation of RPCls", since no initial reaction with R'4NCI was apparent from
the 31P NMR spectra in either CH,Cly or PhANO,. Over a period of hours or days there
was a slow reduction to the analogous phosphane RPCly, possibly assisted by the
formation of the trichloride ion, equation (3).

RPCly + Cl- = RPClp + Cl3” 3)

Attempts were also made to obtain six-coordinate cyano-species by direct reaction of RPCly
with R'4NCN, but reduction to RPCly was again observed, probably accompanied by the
formation of cyanogen chloride, equation (4).

RPCly + R4NCN — RPClp + CNCI + R3NCI 4

While these results support the hypothesis that bulky substituents favour 5- over 6-
coordination in phosphorus, they did not assist directly our main objective. They
indicated, however, that it would be worthwhile to ascertain whether the presence of more
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than one bulky group would influence significantly the structure found for RoPCl3, where
various possibilities exist. These phosphoranes could be molecular, like RPCly, or else
they could have the ionic quasi-phosphonium salt structure RoPCIp*Cl', if steric and/or
electronic considerations favour 4- rather than 5-coordination. The materials were again
prepared by chlorination of the appropriate phosphanes.

The results for R=2-MeCgH4, mesityl or 2,6-(CF3)2CgH3 support ionic structures
for these compounds in both solution and solid state. For R=2-CF3CgHy, an equilibrium
between 4- and 5-coordinate forms appears to exist in solution, although the NMR data
support an ionic structure for the solid. The results for R=CgCls were more equivocal, but
suggest an ionic formulation. The most interesting results were those for chlorination of
the phosphane Ar,PCl (Ar=2,4,6-(CF3)3C6H2), which did not lead to the expected
phosphorane, but to cleavage of a P-C bond, with formation of ArCl and ArPCly (equation
5), both positively identified. The same reaction products were observed, together with

AnpPCl + 2Cly — ArPCly + ArCl 5)

some unreacted phosphane, when less than a stoichiometric quantity of chlorine was used.
The phosphane was not oxidised by the milder chlorinating agent PCls, although a possible
cationic species AryPCl,yT (as its hexachloroantimonate) was detected from reaction with
SbCl5. There was thus no evidence for the formation of ArpPCl3. Similarly, the
phosphane ArP(CgF5)Cl reacted with chlorine to yield ArCl and P(CgF5)Cly, again with
cleavage of a P-C bond. With ArP(Ph)Cl, however, the results after chlorination suggest
an equilibrium between molecular and ionic structures for the phosphorane in solution, and
no P-C bond scission. Addition of SbCls gave the expected ionic product. Rationalisation
of the results obtained for these various systems will be proposed.

It was also of interest to investigate the structures and reactions of the phosphoranes
CH,CIPCl4 and CHCIpPCly, since MePCly is ionic in the solid state (MePCl3tCl1)4,
whereas CCI3PCly is molecular, with the CCly group axial.5 These species were
synthesised successfully, although CHCl)PCl4 could not be obtained in a completely pure
state, a small quantity of CCI3PCly being present. This did not interfere with structural
elucidation since its spectroscopic properties had already been established.3:0 The
phosphorane CHoCIPCly, while molecular in the liquid state, solidified to a product with
the unique structure [CHCIPCls]* [CHCIPCls]-, as shown by solid state 31p NMR,7 and
confirmed by preparing separate derivatives containing both constituent ions. The
compound CHCI,PCly is molecular in both solid and solution, like CCI3PCly. It reacted
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with excess chloride ions to form the [CHCIyPCls]- ion, which could be substituted with
AgCN, giving cyano-derivatives. Complete reaction through to [CHCIoP(CN)5]- was
observed with excess AgCN, and isomeric configurations for the intermediate species were

assigned by the method of pairwise interactions.!-382 The pattern of substitution proved
to be identical to that found for the reaction of [EtPCls]- with cyanide ions.3
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