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DECISIVE INFLUENCE OF PHOSPHORUS LIGANDS ON 0 

NITROSYL COUPLE 

OXIDATIONS 
OF ALKENEs IN THE PRESENCE OF THE IRON ~ITRATO/IRON 

Michkle POSTEL, F6lix TOMI, Henri LI KAM WAH, Laurence MORDENTI and 
Patricia GUILLAUME 
Laboratoire de Chimie Mo16culairea. Unit6 Associke au C.N.R.S. n' 426, 
Universite de Nice, 06034 Nice, France. 

Abstract Fe(N0) XL and Fe(N0)X L nitrosyl iron complexes , X = C1, I, and L 
= HMPA, dppe, $Ph3, activate mofecular O2 to yield nitrato complexes. The 
phosphorous ligand is decisive for the oxidative power of these nitrates: with 
HMPA or dppe, oxygen transfer occurs only to phosphines. On going from HMPA 
to PPh3 the single nitrato complex obtained, Fe(N0 )2X(OPPh3)2 selectively 
epoxidizes cyclohexene, and this is the first example o? oxygen transfer from a 
nitrato ligand to an olefin. 

INTRODUCTION 

We have demonstrated that the iron-nitrato/iron nitrosyl couple constitutes a new 
alternative for the O2 oxidation of alkenes.1*2 In this system, the nitrosyl ligand, N- 
bonded to iron, is oxidized by O2 into a nitrato group, bidentate, O-bonded to iron, 
which, in turn, transfers oxygen to alkenes or phosphines and is thus reduced to the 
initial N-bonded nitrosyl group (scheme 1). 

In our search for the best ligand environment for such a 
system, we became interested in iron nitrosyl complexes with 

phosphorous ligands. We report here that the phosphorous 

ligand -triphenylphosphine (PPh3), hexamethylphosphortriamide 
(HMPA), 1,2-bis(diphenylphosphino)ethane (dppe)- are decisive 
for the oxidative power of the Fe-NO/Fe-NO3 couple. 

PESULTS AND DISCUSS ION 

The Nitrosvl Comde xes ; 
We have prepared from [Fe(N0)2X]2, X-CI, I, a series of nitrosyl iron complexes 

containing PPh3, HMPA or dppe : their nature and reactivity (scheme 2) depends upon 

the basicity of the phosphorous ligand. 

453 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
1
1
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1



454 M. POSTEL, F. TOMI, H. LI KAM WAH .... 
In the presence of PPh3, a weak donor and strong acceptor, Fe(NO)2X(PPh3),3 

1, are obtained. In the presence of PPh3, these latter species lose chlorine (iodine) to 

yield Fe(NO)2(PPh3)24 where the Fe(N0)2 moiety is maintained. 

By allowing 1,2-bis(diphenylphosphino)ethane (dppe) to react with [Fe(NO)2(Cl)]2 

we isolated high yields of the analogous [Fe(N0)2(C1)]2(b -dppe), 2. However, when 

compound 2 is allowed to react further with one equivalent of dppe, besides the 

expected red Fe(N0)2(dppe)596 complex, 4, the green Fe(NO)(C1)2(Odppe) compound, 
3, is also formed. 

In the case of the harder HMPA ligand, the reaction with the iron nitrosyl dimer 

in an argon atmosphere yielded a most unstable complex, Fe(N0)2(Cl)(HMPA), 5. To 
our knowledge no stable complex of iron dinitrosyl with a Fe-0-P moiety exists in the 

literature. In solution, 5 evolves to afford the green crystalline 

Fe(NO)(Cl),(HMPA).+(HMPA), 6 ,  together with untractable hydrated -ox0 iron 

species. 

It is noteworthy that this transformation of 5, characterized by the loss of NO, 

differs from both that observed for Fe(N0)2(Cl)(PPh3), 1, where, in the presence of 

loss of both NO and CI occurs. 

7 r 

PPh3, the main route implies loss of chlorine, and for [Fe(NO) 

Activation of Dioxvnen : the Fe-NO/Fe-N03 Transformation 

All these iron nitrosyl complexes were found to activate molecular O2 to yield iron(II1) 

nitrates and not nitrites. Furthermore, in these nitrates the phosphane ligands PPh3 and 

dppe are oxidized into the corresponding oxides (scheme 2). 

Fe(N03)2CI(02dppe) 9 
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Oxygenation of coordinated nitric oxide by molecular oxygen generally results in 
the formation of nitro compounds. Furthermore, the few examples in the literature 

where a nitrosyl complex reacts with oxygen to form nitrato species, are concerned with 

cobalt, 8 iridium,' platinum," or ruthenium' nitrosyl complexes which all contain the 

PPh3 ligand : in the resulting nitrates, the PPh3 ligand remains unchanged. 

In the presence of triphenylphosphane, starting with [Fe(NO)2X]2 or 
Fe(N0)2CI(PPh3), 1, a single nitrate is obtained in high yields (85%) : 

Fe(N03)2X(OPPh3)2, 7, where (i) both nitrosyl ligands have been oxidized into nitrates, 

and (ii) triphenylphosphine has been oxidized into coordinated triphenyl phosphine 

oxide. 

The oxygenation of [Fe(N0)2C1]2 in the presence of HMPA or dppe (P/Fe=2/1) 

yielded respectively Fe(N03)2Cl(HMPA)2, 8, and Fe(N03)2C1(02dppe), 9 ,  where dppe 
has been oxidized into the corresponding dioxide. These reactions compare well with 

the formation of complex 7 in the presence of PPh3. 

However, HMPA and dppe induce reactivities which are in marked contrast with 

those observed with PPh3. 

Thus, the only compound we could isolate from the direct oxidation of 
[Fe(N0)2CI]$b -dppe), 2, by 02, was the mononitrate Fe(NO3)CI2(O2dppe), 10. 

Bubbling oxygen into solutions of the dinitrosyl Fe(N0)2CI(HMPA), 5, or mononitrosyl 

Fe(NO)Cl,(HMPA)A(HMPA), 6 ,  afforded the same yellow compound, 

Fe(NO3)(C1),(HMPA).HHMPA), 11. The reaction is quantitative starting from 6 while, 

in the case of 5, ca 50% of the iron is lost through decomposition into hydrated 0x0 

species. 

On the other hand, in the presence of excess HMPA, the oxygenation reaction of 5 

yielded a I / I  mixture of Fe(N03)(Cl)2(HMPA)2, 12, and Fe(NOJ)2(CI)(HMPA)2, 8. 

Molecular Structures of 7 and 12 :(figure 11 
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The most striking feature in the structures of complex 7a, Fe(N03)2CI(OPPh3)2 

and 12, Fe(N03)C12(HMPA)2,, particularly in view of their use as oxygen transfer 

agents, is the geometry of the nitrato groups themselves. In compound 12, the iron- 
nitrate structural parameters are very similar to those found for other symmetrical 

bidentate nitrato complexes.' The 03N704 angle involving both coordinated oxygens 
is less than 120 (116.0 ). The terminal N7-05 bond (1.232(5) A) is slightly shorter than 

the N-0  bonds involving coordinated oxygens (1.263(5) and 1.273(6) A). 
The geometry of 7 is in marked contrast with these data. In the N1 labelled 

nitrate, the internal angle is larger than 120 (124.5). and the N1-02 terminal bond is 

surprisingly long (1.311 A), much longer than both bridging N1-O1 (1.074 A) and N1- 

O3 (0.985 A), which is contrary to what has so far been observed in nitrato complexes. 

The N2 labelled nitrato group in 7 and all other data in the structures of 7 and 12 

are conventional and compare well with the data in the literature. 

-NO3 Fe-No Reductl!2L Transfer of Oxvnen : the Fe 
The phosphorous ligand has a decisive influence on the oxygen transfer ability of the 

iron nitrato complexes 7 to 12. 

The pentacoordinated HMPA and 02dppe mono-, 10 and 12, and dinitrates, 8 

Thus, IR monitoring of the reaction between 8 and PPh3 (tenfold excess) under 
argon, in CH2C12 or CH3CN, shows the rapid disappearance of the NO3 vibrations in 

8, while OPPh3 and coordinated NO groups become detectable : 8 is capable of 
transferring oxygen, and this oxygen transfer regenerates the nitrosyl moiety. Treatment 
of the reaction mixture afforded 4 equivalents of free OPPh3, showing that 4 oxygen 

atoms in the dinitrato Fe(N03)2Cl(HMPA)2, 8, are transferable. 

Fe(NO3)(C1),(HMPA).+(HMPA), 11, has lost all oxygen transfer properties. In 
compound 11, when compared with 8, 9 ,  10 or 12, (i) the coordination sphere of the 
iron atom is less crowded, which should favor the coordination of the substrate, and 
(ii) the electron density on the metal, and therefore on the nitrato group, is lower. A 

key factor for an oxidizing Fe-NO/Fe-N03 cycle thus appears to be enhanced electron 

density on the nitrato group. 
A most important feature of compounds 1, Fe(N03)2CI(OPPh3)2, is that they 

transfer oxygen to cyclohexene. Thls Is the flrst example of oxygen transfer from a 
nitrato ligand to an olefln. 

and 9 ,  were found to react rapidly with phosphines even in the absence of oxygen. 

When compound l b  was kept in contact with cyclohexene (cyclohexene/Fe : 10/1) 

under argon at room temperature in CH3CN solutions, cyclohexene was slowly but 
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exclusively transformed into cyclohexene oxide. When the reaction was interrupted 

after 72 hrs, a 30% epoxide yield based on iron was determined; none of the usual other 

oxidation products of cyclohexene (e.g. cyclohexenone, cyclohexenol ...) could be 

detected in the GLC/MS analysis. 

We take these results to further support our hypothesis that the Fe-NO/Fe-N03 

redox couple inherently constitutes an alternative for the O2 oxidation of organic 

substrates if the appropriate ligand environment can be designed. The Fe(N03) 

Fe(N0) transformation, i.e. the oxygen transfer step, is obviously the most demanding. 
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