
 

 

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

Bis-and Trismethylenephosphorane. Experimental and Theoretical
Evaluation of Bonding Properties
C. Lercha; J. Niemanna; W. W. Schoellera

a Fakultät für Chemie der Universität, Bielefeld, FRG

To cite this Article Lerch, C. , Niemann, J. and Schoeller, W. W.(1987) 'Bis-and Trismethylenephosphorane. Experimental
and Theoretical Evaluation of Bonding Properties', Phosphorus, Sulfur, and Silicon and the Related Elements, 30: 1, 503
— 506
To link to this Article: DOI: 10.1080/03086648708080630
URL: http://dx.doi.org/10.1080/03086648708080630

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/10.1080/03086648708080630
http://www.informaworld.com/terms-and-conditions-of-access.pdf


BIS- AND TRISMETHYLENEPHOSPHORANE. 
EXPERIMENTAL AND THEORETICAL EVALUATION OF BONDING PROPERTIES. 

C. Lerch, J. Niemann and W.W. Scho ellel; 
Fakultat far Chemie der UniversitBt, 48 Bielefeld, FRG 

Abstract. The electronic properties of the title compounds are 
evaluated by electrochemical and quantum chemical investigations. 

Within recent years considerable effort has been drawn to 
the syntheses and structural elucidations of methylenephosphanes 1 , 
1, bismethylenephosphoranes2, 2, and the trismethylenephosphorane 

\ / 
P-c 

\ 

3 anion , 3. Therefore we have carried out electrochemical 
investigations via cyclic voltammetry on 1 to 3, supplemented by 
quantum chemical investigations at a semiempirical and ab initio 
double-r level. For the measurements a special low temperature 
cell was constructed which allows easy handling of the very air 
sensitive P(II1)-double bond systems. 

1. Me thyleneDhosDha 

As predicted by theory4a they possess two closely spaced frontier 
orbitals4b, a(P) and r(PC). The double bond is essentially 
unpolar5. Hence for parent A a normal electron demand with respect 
to a [4+2]-cycloaddition is to be expected. Cyclic voltammograms 

SO3 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
7
:
4
8
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



504 C .  LERCH, J. NIEMANN AND W.W. SCHOELLER 

on a selected variety of methylenephosphanes and of iminophos- 
phanes reveal at times one irreversible reduction peak and one 
irreversible oxidation peak. On the contrary, the diaminodiphos- 
phine (NR2, R-SiMe3) undergoes reversible anion radical formation 
but the cation formation is still irreversible. The trends in the 
substituent effects on the methylenephosphanes are as follows [in 
butyronitrile, -100 OC, in references to the standard calomel 
electrode (SCE)]: (a) butt-P-CH-butt, 2.41 V [EP 
-2.67 V [E (cathodic)]. (b) SiMe3 groups at carbon 
considerably lower the oxidation as well as the reduction 
potentials for A. The lowest reduction potential possesses 
C1P-C(SiMe3)2, -1.70 V [EpredSc], 2.94 V [Epoxsa]. On the basis of 
the peak potentials one can assign experimentally the substituent 
effects exerted on the frontier orbital energies of parent 
methylenephosphane. 

I, ox,a (anodic) 

P 

3 .  Bismethvlene- and Trism ethaen enhosohorane 

They adopt a planar structure despite a weak Jahn-Teller force 
acting for pyramidalization at phosphorus 6 . The r-system is 

described as an ylid rather than as an ylen since the d-orbital 
participation in bonding at phosphorus is negligible. Similar 
conclusions hold for 3. Quantum chemical investigations reveal the 
following aspects: (a) r-electron accepting substituents (e.g. 
silyl) stabilize the r-system in 2 and 1, a-electron donating 
g o u p s  (e.g. amino) do the opposite. (b) Accordingly, a triplet 
ground state over a singlet ground state comes to the fore with 
increased substitution of 2 or 2 by a-donating substituents at the 
carbon atoms. (c) The energy lowest triplet state is strongly 
pyramidalized at phosphorus. In the singlet state weak 
pyramidalization is only to be expected for unsymmetrical 
substitution at the carbons, i.e. at one carbon a r-donor and at 
the other carbon a (weak) u-acceptor. The electrochemical 
investigations on a selected variety of 2 (at each carbon atom two 
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SiMe3 groups, R(at phosphorus)=Cl, M2, OR, alkyl) reveal similar 
trends for the reduction potentials, as compared with the 
methylenephosphanes. In most cases the waves for reduction or 
oxidation are irreversible. Only for R(at P)- CH-CHPh a reversible 
anion radical formation is observed. The lowest peak potentials 
for reduction are observed for R=Cl(at P) -1.85 V (E while 
R=NR2 possesses the highest reduction potential, - 2 . 8 0  V 
(Epredsc]. The variation of R only slightly effects the peak 
potentials for oxidation. They range from 0 . 9 4  V [E 
(R=butt) to 1.38 V (R-OPh). On the basis of the electrochemical 
measurements and in accordance with quantum chemical calculations 
one can assign a frontier orbital system comprised of a Ir-type 
allylic system occupied by four electrons. In addition the 
relative order of reduction and oxidation potentials for the 
various 2 allow an experimental assignment of the frontier orbital 
energies. In accordance with the experimental and theoretical 
findings on the bismethylenephosphoranes the ring closure reaction 

P 

P 

Reduction [ECI 

R =  CI 
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is expected to occur conrotatory, in agreement with the 
experimental investigations . Electrolysis of various derivatives 
of 2 opens two new synthetic routes, (a) to the trismethylenephos- 
phorane anion system via hydrogen abstraction (2, e.g., R-CHPh2) 
or alternatively with (b) C1- separation to the 2-phosphallyl 
system. Under the condition of low temperature cyclic voltammetry 
the latter is trapped with the solvent butyronitrile to the 
corresponding methylenephosphane. In the former case the tris- 
methylenephosphorane anion undergoes reversible radical formation 
(stable at room temperature), e.g. R(at P)-CPh2, R (twice at each 
carbon)-SiMe3, -0.32 V (El0, 25 OC in butyronitrile, vs. SCE), 
while further oxidation leads irreversibly to the cation of 2, 
0.75 V [EpoXIa 0.75 V]. 

We thank the Deutsche Forschungsgemeinschaft and the Fonds 
der Chemischen Industrie for financial support. 
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