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DIPHOSPHIRANES : 

NEW PRECURSORS OF Q - or R - DIPHOSPHAALLYL COMPLEXFS. 

Gu~~~ETEMAD-MOGHADAM,~ Rachida EL-OUATIB,l DanieUe BALLIVET- 

TKATCHENKO? and Max KOENIG1* 

URA 454 du CNRS- Universit6 Paul Sabatier- 118, route de Narbnne- 31062 Toulouse 
Cedex-FRANCE. ' Labmatoire de Chimie de Coordination du CNRS- 205, route de 
Narbnne- 3 1077 Toulouse Cedex- FRANCE 

Abstract The metalation reactions of the functionalized diphosphiranes la -  b 
with the anionic metal transition complexes (M = Mo, W, Co) afford the Q- or 
R- diphosphaaUy1 complexes (2 or 3 , respectively) as function of the intracyclic 
carbon atom substituents. The thermal lability of these complexes is detected by 
variable-temperature NMR spectroscopy. 

The availability of allylic complexes of transition metals from cyclopropanes has allo- 

wed a large development of these systems in catalysis.' The presence of phosphorus 
atom (s) in the 3-membered strained rings modifies the complexation reactions since al- 

lylic or cyclic (ql and q3) complexes can be obtaind2 In the diphosphirane series, the 

cyclic complexes was first prepared by Huttnes via the condensation of diphosphene 

complex with carbenoids. A related chemistry was reported by We& for the synthe- 
sis of transition-metal substituted diphosphaspiropentanes. A more recent work of 
Stelzd involves the reaction of methylene bis-[dichlorophosphines] with Fe2(CO),. It 

must be pointed out here that all the available data concerning the formation of q cyclic 

complexes occurs by cycloaddition or metalation of the starting products and not by di- 
rect metalation of diphosphirane derivatives. 

Here, starting from the diphosphiranes la-d previously described,6 we report the first 
examples of their complexation reaction with transition metal complexes. 

The reaction of the mono-halogenodiphosphiranes la-b with [MCP(CO)~]- Na' (M = 

Mo, W), afforded both types of allylic complexes (Q and x )  as function of the nature of 
the intracyclic carbon atoms. So, with R = Me, la,  the reaction occurs in refluxing to- 
luene affording the q l-diphosphaallyl molybdenum or tungsten complexes 2. On the 
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other hand, 1 b (R = Ph) reacts with the same transition metal complexes in the same 

conditions to give the q3-diphosphaallyl complexes 3. By a completely different ap- 

proach, Karsch and ~ 0 1 1 . ~  had already realized the synthesis of analogous ql-com- 

plexes 2 from the unsubstituted 1,3-diphosphapropenes, and they not obtained any 

q3-complexes 3 (Mo, W). However, Appel prepared such complexes by the same me- 

thod with cobalt, nickel and iron complexes.8 

2 

3 
With the cobalt complexes, we observe the same selectivity that for molybdenum and 

tungsten complexes: the q3-diphosphaallyl complex 3 b is obtained from 1 b, and the 

ql-diphosphaallyl complex 2a from la. However, upon heating, the phosphido cobalt 

complex 2a is transformed into the x-allylic complex 3a. No reversible reaction was 

observed whereas such equilibrium between (q '-phosphaally1)- and (q3-phosphaally1)- 

tungsten complexes has already described by Mathey and co11.9 
a3 "+" 

%- R P  -P /hl" 
h'\l,* + [Co(CO),]-Na+ , h \ p & k p P "  T O l ~ e / r e f l u x ~  a-c+ 

C orTHF145T co 4 kt 4 
a 1 m'&b AI 

1 a : R = M e  2a 3a 

Nevertheless, the complexation reactions do not take place in all cases. So, treatment of 

diphosphiranes la -b  with [F~CP(CO)~]- Na+ in refluxing toluene solution yields the 
reduced 1,3dphosphapropenes 4. This observation suggests that under these reaction 
conditions, the [cyclopentadiene iron dicarbonyl] anion decomposes to reducing agent 

n-CpFe(CO)2H. 
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rR 
Toluene 1 reflux ~ ~ p & p ~ H  

- 
la-b + [ FeCp(CO),] Na' 

'Ar 
4 

On the other hand, the gem-dihalogenodiphosphiranes lc-d react with all the anionic 
complexes of transition metal and leads quantitatively to 1,3-diphosphaallene 5, whate- 
ver the nature of metal (M = Fe, Mo, W, Co). No diphosphaallyl or cyclic complexes 
intermediate are detected. 

x 
1C-d 

X=Cl,Br M = Fe, Mo, W, Co 
5 

Structure and Thermal Lability of 0- and z- Diphosphaullyl Complexes 

The 31P NMR signals of the o-complexes are a low field shifted AB system (274 c 6 c 

350) while the x-complexes resonance is high field shifted (5 c 6 c 65) and reflects the 

equivalence of the both phosphorus atoms flable I). As expected, for compounds 2 (M 

= W), the very large lJPw coupling constant of 700 Hz suggests an sp2 hybridization 
of the phosphorus atom. On the contrary, the fully delocalized tungsten complex 3 has 
a low J, coupling constant of 137 Hz. 

The 31P NMR data of complexes 2 and 3 exhibit an important reversible temperature 
dependence. Upon heating, all the AB spectra of 2 in toluene coalesce and give a sin- 
glet. These observations are the consequence of the fast exchange between the metal (in 
the endo position) and the two phosphorus atoms. 

Me Me 

The singlet signal of the x-complexes 3 obtained at room temperature, splitted to an 
AB system at low temperature (-100 "C). These anisotropy of the two phosphorus can 
be explained by the distorsion of the P-CiPm bond, out the PCP plane. The recent X- 
ray structure of diphosphaallyl lithium compound corroborates this hypothesis. lo 
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Table I - 'P NMR parameters of 6- and x-diphosphaallyl complexes 2 and 3 

8 'lP 

328 (PA) 

Jpp= 112 Hz 
J,=700Hz 

274 (Pd 

x-  diphosphaauyl complex 3 

Ph-C 

YP Ar 

8 31P 

65 

5.1 
Jpw= 137 Hz 

64 
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