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Zwitterionic Adducts f rorn Trialkylphosphine and (q-Allyl)dicarbonyl- 
nitrosyliron Complexes : Structure and Reactivity 

Giuseppe Cardaci 
Dipartimento di Chimica, Universita di Perugia, 061 00 Perugia, Italy 

The reaction between [Fe(q-C,H,) (CO),(NO)] and strong basic phosphine ligands L [PMe,, PEt,, 
PBu",, or P(CGH1 r ) 3 ]  in organic solvents (benzene or diethyl ether) gives the zwitterionic adducts 
[Fe(r12-CH,=CHCH,PR,)(C0)2(N0)]. The structure has been assigned on the basis of i.r. and n.m.r. 
spectra and conductivity measurements. The reactivity and the decomposition mechanism are discussed. 

The reaction of nucleophiles with organic molecules co- 
ordinated to metals is extensively used in organometallic 
chemistry as a way of synthesizing organic compounds. 
Recently Trost et aLz have developed a catalytic process with 
Pd compounds which activates the allylic carbon and allows 
the formation of a carbon-rbon bond in the reaction with 
carbanions. Extensive studies on the mechanism of this 
reaction have ascertained that the catalytic reaction is due to 
an allylic complex of Pd** and that the nucleophile attack is 
localized on the allylic group; up to date, however, no inter- 
mediate improving this type of attack has been observed. 

Other allylic complexes with various metals can be proposed 
as possible catalysts in the reaction of nucleophiles with the 
organic moiety; these have been discussed re~ently.~ The 
allylic complex [Fe(q-C3H4X)(C0)2(NO)] (X = H or halo- 
gen) is a good candidate for this reaction because of the strong 
electron-withdrawing effect of the nitrosyl ligand which makes 
the allyl group a powerful ele~trophile.~ The electrophilicity of 
the allyl group in this complex is further supported by the 
electrochemical reduction, which is localized on the allylic 
ligand.5 

In order to isolate the intermediates of the nucleophilic 
attack on the allylic ligand, in this work we have studied the 
reaction of [F~(T~C,H~X)(CO)~(NO)] and trialkylphosphines 
which act as good nucleophiles in reactions with co-ordinated 
organic moieties6 

Some results relative to this reaction have been presented 
in a preliminary communication.' 

Experiment a1 
Infrared spectra were recorded on a Perkin-Elmer 257 grating 
spectrophotometer; 'H n.m.r. spectra were recorded on a 
JEOL-CHL-60 spectrometer using SiMe4 as reference. Ele- 
mental analyses were carried out on a Carlo Erba 1106 
elemental analyzer. The analysis of iron was performed using 
a standard U.V. spectrophotometric method; complexes were 
decomposed with HCl, reduced with hydrazine, and reacted 
with 1 ,lo-phenanthroline. The U.V. measurements were carried 
out with a Beckman DU-2 spectrophotometer. 

All the complexes described in this work react quickly with 
oxygen either in the solid state or in solution; therefore all the 
operations were carried out in solvent carefully deaerated with 
nitrogen and the solids were stored at -25 "C. The solvents 
were purified following standard methods. The complexes 
[Fe(q-C3H4X)(CO),(NO)] (X = H, I-Cl, 2-C1, or 2-Br) were 
prepared following the literature methods.* Trimethyiphos- 
phine was prepared following the method of Wolfsberger and 
Schmidbaur and tricyclohexylphosphine following that of 
Issleib and Brack.'' All the other phosphine ligands were 
obtained from Fluka. 

[Fe(q2-CH2=CHCH2PMe3)(CO)2(NO)] (l).-A solution of 

PMe3 (1 moI dm-3, 20 cm3) in diethyl ether was added at room 
temperature to a solution of [Fe(q-C3Hs)(CO),(NO)] (0.7 g) 
in diethyl ether (10 cm3). A dusty and spongy red-orange pre- 
cipitate was immediately obtained. The solid was filtered off, 
washed repeatedly with diethyl ether until the solvent was 
colourless, and then dried with nitrogen; yield 0.430 g, 30% 
(Found: C, 37.55; H, 5.7; Fe, 21.8; N, 5.2. Calc. for C8H14' 
FeN03P: C, 37.1; H, 5.45; Fe, 21.6; N, 5.4%). 

[Fe(q-C3H5)(CO)(NO)(PMe3)] (I a).-The liquor obtained 
after the separation of (1) was evaporated and a dark red 
liquid obtained. The liquid was purified by chromatography 
on A1203, using n-hexane-dichloromethane (80 : 20 v/v) as 
eluant (Found: C, 42.5; H, 5.7; N, 5.5. Calc. for C,H14Fe- 
NOzP: C, 42.4; H, 5.55; N, 5.5%). 

[Fe(qz-CH,=CHCH2PEt3)(Co),(NO)] (2).-A solution of 
[Fe(q-C3Hs)(CO)t(NO)] (1 .O g) in diethyl ether reacted 
instantaneously with PEt, (1 g) and a red solid was obtained 
(0.95 g). The solid was dried with a stream of nitrogen; yield 
700A (Found: C, 44.2; H, 7.05; Fe, 18.5; N, 4.3. Calc. for 
Cl,H2,FeNO3P: C, 43.85; H, 6.7; Fe, 18.55; N, 4.65%). This 
reaction can be carried out in benzene also. 

[ Fe(q 2-CH2=CHCHzPBu"3)(CO)z(NO) J (3).-A solution 
of [Fe(q-C3HS)(CO),(NO)] (1 .O g) in diethyl ether was reacted 
with PBun3 (2 g) at room temperature. After a short induction 
period (2 min) the formation of a red solid was observed. It 
was filtered off, washed with diethyl ether, and dried with 
nitrogen (yield WA). The dry solid is pyrophoric (Found: C, 
52.45; H, 8.45; Fe, 14.6; N, 3.50. Calc. for Cl7H3,FeNO3P: 
C, 53.0; H, 8.35; Fe, 14.5; N, 3.65%). The solution obtained 
after the separation of (3) showed similar CO stretching 
frequencies in the i.r. spectrum to the complex [Fe(q-C,H,)- 
(CO)(NO)(PBun3)], previously described.8c 

[Fe{qZ-CH2=CHCH2P(C6Hll)3}(CO)z(NO)] (4).-[Fe(q- 
C,H,)(CO),(NO)] (1 g) was added to a solution of P(C6HII)3 
(2.5 g) in diethyl ether (ligand : complex molar ratio = 1.5 : 1). 
Immediately the formation of a red spongy solid was observed. 
The solid was filtered off and washed with diethyl ether; yield 
1.2 g, 50% (Found: C, 60.5; H, 8.55; Fe, 11.8; N, 2.95. Calc. 
for C,3H38FeN03P: C, 59.6; H, 8.25; Fe, 12.0; N, 3.0%). 

[Fe(q2-CHCl=CHCHtP(C6Hl ,)3}(C0)2(N0) J (9.-[ Fe( q- 
l-CIC,H,)(CO)z(NO)] (0.5 g) was added to a solution of 
P(C6H11)3 ( 5  g) in toluene at 0 "C (molar ratio 10: 1); im- 
mediately a red solid was obtained. It was washed with 
toluene, then diethyl ether, and dried with nitrogen; yield 0.4 
g, 30% (Found: C, 55.8; H, 7.3; Fe, 11.3; N, 3.0. Calc. for 
Cz3Hz,ClFeN03P: C, 55.5; H, 7.5; Fe, 11.2; N, 2.8%). 

With a ligand : complex ratio of < 8  : 1 the separation of a 
red oil, showing the CO stretching frequencies of the anion 
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[Fe(CO)3(NO)]-, was observed. Formation of the red oil was 
also observed when the reaction was carried in diethyl ether, 
however high the ligand : complex ratio. 

Reaction between [Fe(q-C,H,X)(CO),(NO)] (X = 2-CI or 
2-Br) and PMe3.-[Fe(q-C3H4X)(CO)2(NO)] (X = 2-CI or 
2-Br) (1 g) was added to 50 cm3 of a diethyl ether solution of 
PMe3 (1 mol drn-7. Immediately a red-grey solid was separ- 
ated, which decomposes during the filtration. 

Preparation of the Allylphosphonium Salts.-The following 
allylphosphonium salts were prepared : [CH2=CHCH2PMe3]- 
Br (6a), [CH2=CHCHzPEt3]Br (6b), [CH2=CHCH2P(C6HI I)3]- 

Br (6c), and [CH2=CHCH2PMe3]Cl (6d). The method is 
similar for all the compounds. Diethyl ether solutions of PR3 
and of ally1 halides C3H5X were mixed at room temperature. 
From the solution the salts precipitated as white solids. The 
solids were filtered off, washed with diethyl ether, and dried 
[Found for (6a): C, 36.4; H, 7.35. Calc. for C6H14BrP: C, 
36.55; H, 7.15%. Found for (6b): C, 45.0; H, 8.3. Calc. for 
C9H2,BrP: C, 45.2; H, 8.45%. Found for (6c): C, 63.0; H, 
9.7. Calc. for C21H38BrP: C, 62.85; H, 9.55%. Found for (6d): 
C, 38.4; H, 7.1. Calc. for C6HI3Cl2P: C, 38.55; H, 7.0%]. 

Stability of the Complexes (1)-(5).-Complexes (l), (2), 
and (3) are soluble in highly polar organic solvents (aceto- 
nitrile, acetone, etc.). The complexes (4) and (5) are slightly 
soluble in the above polar solvents. The solutions of (1)-(5) in 
acetonitrile show slow decomposition with formation of 
[Fe(CO)3(NO)]- salts and other products not characterized. If 
the solution is saturated with carbon monoxide the decompo- 
sition rate is increased and only the formation of [Fe(CO)3- 
(NO)]- salts is observed. 

Conductivity Measurements.-Conductivity measurements 
were carried at 25 "C with an Amel conduct39meter, using a 
cell with platinized platinum electrodes and cell constant of 
0.94 cm. The variation in the conductivity of a solution of 
(1) (9.21 x lo-, mol dm-7 in CH3CN was measured against 

time. The initial conductivity was 14 pS (AM = molar con- 
ductivity = 16 S cm2 mol-'). This value increased slowly up 
to 140 pS when the formation of the [Fe(CO)3(NO)]- salt was 
complete (AM = 162 S cm2 mol-l). With a stream of nitro- 
gen the final value of conductivity was reached more quickly. 
This is due, perhaps, to decomposition catalyzed by the 
platinum electrodes. A similar trend of the conductivity 
measurements was observed with the complexes (2)-(4) and 
in various solvents (acetone, acetone-water mixtures). 

Results and Discussion 
The reaction of neutral phosphine nucleophiles (L) with 
[Fe(q-C,H,X)(CO),(NO)] has been studied previously; 8c*11 it 

Table 1. Carbonyl and NO stretching frequencies of [Fe($-CHX= 
CYCHzPRd(CO)z(NO)I 

vcol VNOl 
Compd. X Y R Solvent cm-' cm-I 

(1 )  H H CH3 Nujol 

CH3CN 

(2) H H C2HS Fluorolube 

CH3CN 

(3) H H C4H9 Nujol 

(4) H H C6Hll Nujol 

Fluorolube 

KBr 

( 5 )  CI H C6Hll Fluorolube 

KBr 

1926, 1586 
1834 
1933, 1616 
1 852 
1922, 1572 
1821 
1935, 1625 
1855 
1921, 1610 
1838 
1927, 1614 
1852 
1929, 1607 
1850 
1930, 1610 
1 845 
1944, 1623 
1872 
1946, 1627 
1868 

Table 2. Hydrogen- 1 n.m.r. spectra of [Fe(q2-CH8H"=CHcCH2PR3)(CO)2(NO)] in CD3CN and of [CH*Hb--CHCCH2PR3]X in CDC13 * 
Relative Relative Relative 

Compound X 6(Ha-b*c)/p.p.m. intensity G(CHZ)/P. P. m. in tensity 6(R)/p.p.m. intensity 
3.29 (m), 2.55 (s), 
2.54 (s) 

3.12 (m), 2.58 (s), 
2.51 (s) 

(3) 3.04 (m), 2.5 (s), 

(64  Br 5.8-5.3 (m) 
2.34 (s) 

(6b) Br 5.6-5.1 (m) 

(&I Br 5.9-5.0 (m) 

( 6 4  c1 5.9-5.4 (m) 

3 2.20 (dd) 
J(CH2-P) = 15 
J(CH2-H') = 5.2 

3 Obscured by R 

3 Obscured by R 

3 3.58 (dd) 
J(CH2-P) = 16.5 
J(CH2-H') = 6 

J(CH2-P) = 15 
J(CH2-H') = 5.7 

3 3.52 (dd) 

3 3.76 (dd) 
J(CH2-H') = 6.8 
J(CH2-P) = 16.5 

2 3.99 (d) 
J(CH2-P) = 16.5 

2 1.87 (d) 9 
J(CH3-P) = 14.2 

6(CH3) = 1.15 (dt) 9 
J(CH3-P) = 18 
J(CH3-CHz) = 7.8 6 + 2  
6(CH2) = 2.29 (dq) 
J(CH2-P) = 12.7 
0.84, 1.44, 2.29 27 + 2 

2 2.21 (d) 9 

2 6(CH3) = 1.34 (dt) 15 

J(CH3-P) = 14.5 

J(CH3-P) = 17.5 
J(CHS-CH2) = 7.5 
6(CHZ) = 2.54 (dq) 
J(CH2-P) = 12.7 

2 6(C,Hi,) = 1.88, 1.51 30 

6(CH) = 4.29 3 
2 2.08 (d) 9 

J(CH2-P) = 15 
J Values are in Hz; q = quartet. R = Me, Et, Bun, or C6HII. 
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I I I 1 1 1 

7 5 3 1 

6 1 p. p. m. 

Figure. Hydrogen-I n.m.r. spectra : (a) [CHaHb=CHfCH2P(CH3),]Br (6a) in CDC13 ; (b)  [Fe:~Z-CHaHb~CHcCH2P(CH,),I(C0)201 (1) 
in CD3CN 

proceeds with formation of a a-allylic complex [Fe(o-C,H,X)- 
(CO)2CNO)L] which, by chelation of the allylic group, forms 
the complex [Fe(q-C3H4X)(CO)(NO)L]. Amine (NR,) and 
arsine (AsPh,) derivatives do not react even under drastic 
conditions. l2 Recently the reaction of [Fe(q-C3HS)(CO),- 
(NO)] with stabilized carbanions has been studied: the 
formation of intermediates, which can be formed by attack 
of the nucleophile on the ally1 ligand, was observed. 

When L = PMe3, PEt3, P(C6HI1),, or PBu", rapid formation 
of red spongy solid, very sensitive to oxygen and to heat, is 
observed in weakly polar or non-polar solvents (diethyl ether, 
benzene, toluene). The dry solids are pyrophoric. Repeated 
attempts at crystallization, using various polar and non-polar 
solvent mixtures were unsuccessful. Therefore, on the basis of 
the spectroscopic results (i.r. and 'H n.m.r.; Tables 1 and 2), 
of the conductivity measurements, and of the elemental 
analyses, the zwitterionic structure was assigned to complexes 
(1)-(5). The 'H n.m.r. spectrum of complex (1) [Figure (b)] 

0 
C 

U 

H 

I 
CH2= CH-CH2-PR, [F~(U-CH~-CH=CH,)(CO)~(NO)L] 

I 

I - Fe (CO),( N 0) 

[ Fe ( T) - C3 H, X C 0 1 ( NO) L 1 

Scheme. L = PK3, P(OK),, P(OPh)J, or PPh,; R = Me. Et. Bu", 
or G H I I  

shows the presence of a phosphonium group.!3 an upfield 
shift l4 of ca. 2.5 p.p.m. for the vinyl group CH,=CH 
compared with the corresponding allylphosphonium salt 
[Figure (a)], and a double doublet for the CH, allylic group 
due to the coupling with the phosphorus and with the vinyl 
CH. The i.r. spectra show two CO stretching bands of equal 
intensity in the range 1 940-1 830 cm-' and one NO stretching 
band in the range 1 630-1 580 cm-' (Table 1). The shift of 
ca. 100 cm-' in the CO and NO stretching bands compared 
with the a-allylic complexes suggests that the iron atom is 
negatively charged. On the other hand, the initial equivalent 
conductivity is very low in agreement with the absence of ions 
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and consistent with an overall neutral, charge-separated 
zwitterionic formulation. 

Recently a few examples of zwitterionic adducts formed by 
direct nucleophilic attack on uncharged hydrocarbon x com- 
plexes of neutral Group 5B and 4B ligands have been des- 
c ~ i b e d . ~ ~ ~ ~ ~  In these cases the charge separation is assisted by a 
polynuclear structure. It is not so common to find examples 
of mononuclear dipolar ions : the compound PMe3CH2BH3' 
(ref. 17) and some derivatives of molybdenum and tungsten 
recently described are examples of this structure. Zwitterionic 
structures due to the interaction of phosphine ligands with 
allylic complexes have been proposed in the literature l9 to 
explain reaction mechanisms. The easy formation of the 
complexes (1)-(5) in spite of their reactivity is due to the 
absence of an ionizable group and to the quick separation 
from the solution owing to their low solubility in non-polar 
solvents. 

The reactivity of the [Fe(q-C3HsX)(C0)2(NO)] complexes 
with neutral nucleophiles can be summarised by the Scheme. 
When the phosphine ligands are very basic the zwitterionic 
adducts are formed ; with phosphites [P(OMe)3 or P(OPh),] 
and triphenylphosphine, only the substitution reaction is ob- 
served. In some cases both reaction pathways are active (L = 
PMe, or PBu",). 
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