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SUMMARY 

The complex (7&,H,)Fe(CO)(PPh,)(NCO) has been prepared by treatment 
of the salt [(n-C,H,)Fe(CO),(PPh,)]PF, with hydrazine or with azide ion. The 
kinetics of the reaction between azide ion and the salts [(x-C,H,)Fe(CO),(L)]PF,, 
where L =CO, PPh,, or C2H, have been studied spectrophotometrically, and in each 
case the reaction has been shown to be first order with respect to the salt and the azide 
ion. The rate constants for the sequence L=CO, PPh,, and CzH4 are in the ratio 
l/67/300. It is suggested that an acyl azide is formed as an intermediate by nucleophilic 
attack of azide ion on the carbonyl group, and rearranges to the corresponding isocya- 
nate with loss of nitrogen. 

Cationic carbonyl complexes such as [(n-C5H5)Fe(C0),]+ and [Re(CO),- 
(NHICH,)]’ have been shown recently to react with hydrazine and azide ion’-’ to 
give the corresponding cyanato derivatives, as represented in eqns. (1) and (2). 

[(n-C,H,)Fe(CO)Jt + 2 NH,NHI + (n-C5Hs)Fe(CO),(NCO) + 

+ NH3 + NH,NH,+ (1) 

(7r-C,H,)Fe(CO)z + N; - (n-C,H,)Fe(CO),(NCO) + N2 (2) 

It has been suggested that these reactions proceed via nucleophilic attack on the 
carbonyl carbon with the formation of the labile intermediate(I)‘-2*3, which rearranges 

T(-C5HS-Fe(C0)2-$-N: 

0 
(I) 

with loss of NH, (eqn. 1) or N, (eqn. 2) to form the isocyanate. 
We have found now that the ion {(7r-C5H5)Fe(CO),[P(C,H,),])f reacts 

analogously with hydrazine and methylhydrazine to give the cyanato derivative, 
(n-C,H,)Fe(CO)[P(C,H,),](_NCO). Th e ethylene derivative, [(rr-C,H,)Fe(CO),- 
GH41+, reacts with hydrazmes to give unidentifiable products, whereas with N; 
only the cyanato derivative, [(x-C5HS)Fe(CO)(C2H4)(NC0)], is obtained4. 
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+ CHxNHNHz 

i 

- CHliNHz \ 

i(n-C5H5)Fe(C0)2[P(C6H5)J: +i l Ntrr’ ’ (x-CSH,)Fe(CO)[P(C6H5)3](NCO) 
I -iNF 

7 (3 
- N2 

In order to clarify the mechanism of the reactions between the [(n-C,H,)Fe- 
(CO),L]+ [L=CO, P(C,H&, &HA] - ions and hydrazines and azide ion we planned 
to examine the kinetics of these reactions_ We found that the reactions of the [(E- 
C,H,)Fe(CO),L]’ complexes with hydrazines were too fast to be followed by the 
usual methods and it was possible to study extensively onIy the reaction (4). 

[(rr-C,H,)Fe(CO),L]’ + N; - [(rc-C,H,)Fe(CO)(L)(NCO)] + N1 (4) 

L = CO, P(C6H5)3, C&. 

EXPERIMENTAL SECTION 

Materials 
[(rr-C,HS)Fe(CO),]BF,5, {(n-CSH,)Fe(CO),[P(CBH,),])C16*‘, [(r&,H,)- 

Fe(CO)&HJ] BFaY and (n-C,Hs)Fe(CO)(CzH4)(NC0)4, were synthesized as 
previously described_ 

The other chemicals were reagent-grade and were used without further purifr- 
cation Absolute methanol was dried and purified by distillation after refluxing over 
Mg(OCH&. 

Preparntioiz of‘(7c-C,H,)Fe(CO)[P(C,H,),I(NCO) 
(a). From {(rc-C5H5)Fe(CO)1 [P(C,H~)J)PF, nrid N;. A solution of 0.065 g 

(1 mmole) of NaN, dissolved in 5 ml of water was added at room temperature with 
stirring to a solution of 0.584 g (1 mmole) of {(?r-CsH,)Fe(CO),[P(c,H,),lt PF, in 
50 ml of acetone. After 3 h the solvent was removed under a water aspirator vacuum, 
the residue dissolved in dichloromethane and the solution filtered. Chromatography 
of the resulting solution on alumina column, resulted in the appearance of a red 
band which was eluted from the column with CH2Cl,. The continued CHzCll. 
fractions were reduced to ca. 5 ml and the red (rr-C,H,)Fe(CO)[P(C,H&](NCO) 
precipitated by adding 50 ml of hexane. Yield 66 %_ Found : C, 65.50; H, 4.52; N, 3.20. 
C2,H,,FeN0, calcd. C, 66.20; H, 4.43; N, 3.09”/) 

(b). From _I (TC-C,H,)Fe(CO),[P(C&&J ‘, PF, and NH,NH,. A suspension of 
0.584 g (I mmole) of {(rc-C,H,)Fe(CO)JP(C,H,),]) PF, and 0.10 ml (2 mmole) of 
NH2NH2 in 50 ml of CHIC1, was allowed to react at room temperature for 1 h. The 
solvent was removed under vacuum leaving a red powder which was dissolved 
in 20 ml of CHzClz_ Filtration and concentration of the filtrate to 5 ml followed by 
addition of 20 ml of pentane gave red {(rr-C,H,)Fe(CO)[P(C6H5)J(NCO)) in 56 x, 
yield. 

(c). From {(rc-CsN,)Fe(CO),[P(C,H,),])PF, a& NH,NHCHa. The reaction 
was carried out as described above. The yield was 37 %_ 
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Pruperfies uf(Ti-C,H5)Fe(CU)[P(C,H,),I(NCO) 
This compound is a red, air-stable solid which melts with decomposition at 

131-13Z?‘. It is soluble in benzene, ethyl ether, CH,Cl, and CHCl,, but only sparingly 
soluble in pentane and hexane. Its CH,Cl, and CHCl, solutions decompose veryslow- 
ly to give a green material. In CHCl, solution, its infrared spectrum shows the CO 
stretching absorption at 1940 (s) cm- 1 and bands due to the asymmetric and symme- 
tric NC0 stretching modes at 2242 (s) and 1325 (w) cm- I, respectively. 

Kinetics 

The reactions were followed spectrophotometricaliy using a Beckman DK-2 
recording spectrophotometer. The changes of optical density in the ultraviolet region 
were recorded_ All solutions were kept at 22.9 prior to mixing_ The reactions were 
carried out in l-cm quartz cells in the thermostatically controlled cell compartment 
of the spectrophotometer. The reference cell contained the reagent blank. The solu- 
tion of N; was added with a syringe; in the case of fast reactions few seconds elapsed 
between the mixing and the start of the recording of absorbance. All the kinetic runs 
were carried out under pseudo-first order conditions using at least a ten-fold ratio of 
the reagent ligand to the complex. 

All the reactions proceed to completion. The pseudo-first-order rate constants 
kobs were obtained from the slope of the linear plot of log (A, --A,) against time. 
A, and A, are the optical densities of the reaction mixture at the wavelength of maxi- 
mum change at t seconds and after 7-10 half-lives respectively. 

Recent kinetic studies indicate that in the case of the reactions of the hexa- 
carbonyl complexes of VIA metals with N; the cyanato complex, [M(CO),NCO]-, 

TABLE 1 

PSEUDO-FIRST-ORDER RATE COXSTANTS FOK THE REACTION : 

21.5’ 

[C,H,Fe(CO),L]‘-iN; zC5H5Fe(CO)L(NCO) 

Complex [NJ x 10’ ko,,x IO2 (set-‘) kl(XI-‘-set-‘) 

[CjHjFC(CO)2(C,H,)]’ 100 5.5 
so 4.4 
60 3.4 
50 2.5 0.55 
3.5 2.0 

20 1.0 
10 0.55 

IC,H,Fe(CO)2[P(C,H,)~]~ + 10 38.0 
8 29.3 

6 22.5 37 
4 13.7 
2 7.0 
I 3.8 

CGHSWCWT 10 Very fast 2100 
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is formed through an S,2 reactiong*ro. 
Attack of a nucleophile on a terminal CO group is well-known5*“*“, and it 

seems reasonable to assume that a hard nucleophile attacks the hard carbon atom, 
as was proposed for the base-catalysed reaction of Fe(N0)2(C0)213 with various 
nucleophiles. The kinetics of the reaction (4) follow the rate law : 

Rate = k- [Complex] - [NY J _ 

The values of k have been obtained from the slope of the linear plots of the 
pseudo-first order rate constant kobs (set- ‘) us. th e concentration of azide anion. The 
rate data for the reaction in methanol at 22.5’ are summarized in Table 1. 

On this basis, a mechanism involving a direct attack on the carbonyl carbon 
could explain the reaction of [(rc-C,H,)Fe(CO),L]+ withN; an acyl azide being 
formed as an intermediate_ This rearranges with loss of Nz to form the isocyanate 
product, as proposed for analogous reactions of the hexacarbonyls of VIB metals’. 
The following scheme shows the proposed mechanism : 

co co 
[rc-C5H5-lfe-CO] f + NY 5 I NO l-351 

~-C,H,-Fe-C(N=N=N - 
I - Nz 

(1:) (IFI) 
co co 

rr-C5H,-ke-NC0 

rl. 

(IV) (V) 

It is worth noting that in the complex [C,H,Fe(CO)z(C,HG)]f. there are 
two possible electrophilic centers, viz., the carbonyl group and the coordinated olelin. 
With some other nucleophiles such as NH&H, or OCH; the reaction site is the 
olelinic carbon and o-alkyl iron complexes4 are formed. A possible scheme for the 
reaction of [(rc-C5H5)Fe(C0)2(CZHS)]+ with N; is the following: 

[(rr-C5H,)Fe(CO),(C1H,11+ -% 

NS 
a 

.[ 
(rc-C,H,)Fe(CO)(C,H&~~3] 

-N, 
II 

t(:(7E-C,H,)Fe(C0)2(CzH4N3)1 [(~--C,H,)Fe(CO)(C2H4)(NCO)l 

nitrogen being evolved and the nucleophilic attack occurring at the carbonyl carbon. 
Data reported in Table 1 show that the reaction is sensitive to the nature of the 

coordinated ligand L, the sequence being : 

CO > P(C,H,) > C,H, 

The corresponding second-order rate constants, kz (M- ’ -set- ‘), from Table 1 are in 
the ratio l/67/300. 
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The observed rate law is also consistent with a mechanism involving a rapid 
pre-equilibrium in the formation of the acyl azide derivative followed by a slow re- 
arrangement to give the cyanato product. At this point it is worth noting that in the 
reaction of [(n-C,H,)Fe(CO)J + with hydrazine the carbohydrazide intermediate 
((x-C,H,)Fe(CO),[C(O)NHNH,J) is formed. This compound slowly decomposes 
in CHCl, to form the C,H,Fe(C0)2(NCO) complex (k at 25” ~3 x 10e4 set- ‘) ‘, 
with loss of ammonia. However no such an intermediate has been isolated from the 
reaction of azide anion with [(z-C,H5)Fe(CO),L] +. 
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