
 

 

PLEASE SCROLL DOWN FOR ARTICLE

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

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

Hypervalent Phosphorus Species as Aromatic and Metallic Species
J. C. Martina; S. K. Chopraa; C. D. Moona; T. R. Forbus Jr.a
a Department of Chemistry, Vanderbilt University, Nashville, TN

To cite this Article Martin, J. C. , Chopra, S. K. , Moon, C. D. and Forbus Jr., T. R.(1993) 'Hypervalent Phosphorus Species
as Aromatic and Metallic Species', Phosphorus, Sulfur, and Silicon and the Related Elements, 76: 1, 87 — 90
To link to this Article: DOI: 10.1080/10426509308032365
URL: http://dx.doi.org/10.1080/10426509308032365

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/10.1080/10426509308032365
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Phosphorus, Sulfur, and Silicon, 1993, Vol. 76,  pp. 87-90 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1993 Gordon and Breach Science Publishers S.A.  
Printed in the United States of America 

FT + F2 = 6- 
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For several other species with four oxygens or four nitrogens, with the same 
groups of apical and equatorial atoms, these species are less stable and reactions of metals 
would often have the metals coordinate to both the phosphorus and one of the apical 
electron (3c,4e) orbital, but most metals coordinate both to the central and the apical 
atoms.7>* 

We have added a very large number of metal species to 1 and each one 
coordinates only to the phosphorus, not to both the phosphorus and the apical oxygen. 
The 19F NMR lets us have just two quartets when the metal is coordinated to the 
phosphorus. If one of the apical oxygens were coordinated to the metal, which are also 
coordinated to the phosphorus, then we would have four 19F NMR quartets. We have 
used a large number of these metals and all of them was coordinated initially only to the 
phosphorus.6 Both 2 and 3 were given X-ray structures and both were very close to the 
way they are drawn. The metals are equatorial and are coordinated only to the 
phosphorus of the 10-P-4 phosphorane. The way that 1 is a very stable hypervalent 
species has two trifluoromethyl groups adjacent to each of the apical oxygens. These two 
oxygens are negative and are stabilized by the CF3 groups. The central phosphorus is 

positively charged like the central F of (F3)- so it is much more stable if it has two 
equatorial carbons of the phenyl groups. The hypervalent species1 make this phosphorus 

more easily positive charge than the F of (F3)-. 
The coordination of four nitrogens to P, the Pt metal forms 4 with coordination to 

both P and N.*c But reaction of two HCl acids gives coordination only to the phosphorus 
(5).  This is better because the two H+ groups on the apical nitrogens make these apical 

species more stable. The C1- adds to the Pt of 5 and this also makes the Pt more 

equatorial in 5. 
t 

c1- 

The reaction of Re(C0)gBr to 1 gives coordination for only the phosphorus of 6 .  
All of the reactions of 1 with metals act like 6 but this one when heated does remove one 
of the CO groups and provides the species of 7 that coordinates to both P and 0 to give 
four tetrahedral 19F NMR groups. 
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K+ 

A "P NMR = -145 
"F NMR -72.90 (q,6 F) 

-73.26 (q, 6 F) 

KBr 

"P NMR = +54.99 
I9F NMR -68.68 (q, 3 F), -73.45 (q, 3 F), 

-73.64 (q, 3 F), -75.68 (q, 3 F) 

We have very good evidence that the 10-C-5 species prepared by Forbuss was a 
10-C-5 species. The compound (8) has very good evidence for having the hypervalent 
10-C-5 carbon, since it does have 'H NMR or 13C NMR showing it to be like 8 rather 
than 9 even at low temperatures such as -100 OC. We think that the two electrons of the 
bonding orbital of the S-C-S species of 8 does coordinate to the five p-orbitals with four 
electrons and a plus charge in the top cyclic six carbons. With six electrons in the parallel 
p-orbitals this is an aromatic species for this part of the compound. We have found that 
all six of these 13C compounds of this compound, even the hypervalent carbon, have I3C 
NMR similar to an aromatic species.9 

The X of 10 could be positive, neutral, or negative. The X is one of the main 
group elements. We expect the p-orbital of the 0-X-0, with the electronegative apical 
oxygens, to make the p-orbital on the X a bit smaller. This could make it a better 
aromatic than 11. The Y of 11 is either an element or a pair of electrons. 

The two electrons in the bonding orbital, like that in (F-F-F)-, could partly 
transfer into the plus orbital of the equatorial groups and would have six electrons in the 
six p-orbitals of the aromatic cycle. We are now trying the one with a phosphorus and 
expect that it will be a more stable aromatic than a compound like 11 where X is a 
phosphorus and Y is a pair of electrons or an element. We have some current work to 
make this new type of aromatic species with one hypervalent species element. We will 
try this with a large number of main-group elements for the X of 10. We may be able to 
find new main-group element aromatic species that have not yet been made. 
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It is very interesting that the three linear p-orbitals of the bonding and the non- 
bonding orbitals of the hypervalent species can interact with other equatorial ligands. We 
do find that the putting of an 0' on the phosphorus pair of electrons of 1 makes the apical 

P-0  bonds longer by putting electrons from the p-orbitals of the 0- to the antibonding 

orbital of the 3c,4e species. It is interesting that 2 also makes the apical P-0 bonds longer 
upon replacing the Fe to the pair of electrons of the phosphorus 1. It makes the l3C NMR 
of the C5(CH3)5 group move down. This suggests that the d-orbitals on the Fe can move 
electrons into the non-bonding 0-P-0 hypervalent orbital. A large number of these new 
species for hypervalent species are being found. 
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