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The synthesis and characterisation of [Mo(n5-C5H5) (II’-C3H5L) (CO) (NO)]* 

(L = tertiary phosphine or pyridine) is described, and the reactions of 

Cb(n’-C5U5) (n3-C3H5) (NC&) (NO)]* with C H N and 4-HeC H N 
55 54 

(L), which gave either 

[Ho(n’-C,U,) (n3 -C3H5)L(NO)]+ (L = C5H5N) or [Mo(r15-C5H5) (n*-C3H5L) (NCHe) (NO)]+ 

(L - 4-kkC5H4N), are reported. 

The formation of metal-stabi 1 ised C-phosphonium or -pyridinium 

salts by addition of PR 
3 

or pyridines to the hydrocarbon ligand in cationic 

metal complexes is a relatively rare phenomenon. The few examples where 

such compounds have been obtained have largely involved cyclic dike, dienyl 

or trienyl species, 1 
and there appear to be only two examples where addition 

of a phosphine or pyridine to acyclic hydrocarbon metal compounds has resulted 

in the formation of isolable metal-containing phosphonium or pyridinium 

complexes. These are (i) addition of PR3 (R = Ph or OPh) to IFe(n’-C5H5)- 

(II*-C2H3R’)(CO);]+ (R’ = Me or Ph)* in which [Fe(n’-C5H5) (CH2CHR1PR3) (CO)21+ 

was formed, and (ii) production of [Fe(n* -C3H4RL) (CO),]+ from [Fe(n3-C3H4R) (CO),]’ 

and L (PR; or pyridine). 3 Indeed, in this last case, only the complex where 

R = H and R’ = Ph was actually isolated, in all other instances only the 

appropriate organic phosphcnium or pyridinium salts being recovered, 

It has been proposed, however. that allyl-phosphonium salts, possibly 



In this cornnun ication we-describe the isolation and character- 

isation of stable allyl-phosphonium .and -pyridinium salts containing the group 
. 

-5 ~- --. EHo(n -C5H5’ (CO) (NO]). Thus, treatment of. [M$-C5Hs) (n 3 -C3H5) (CO) (NO)] [PFg]’ 

withtertiary phosphiues., pyridine or methylpyridincs (PEt3.. PBu” 3, PPh 3, PL+i’h2. 

PPhue 
~-2' C&J, 

2-, 3- or 4-HeC5H4N) afforded the yellow complexes 

[llo(ns-C5H5’ (C3H5L) (CO) (NO)]_[PF~]- in good yields. 

Our formulation of these compounds _as rretal-containing phosphonium 

or pyridinlum salts, i.e. 1, rather than as n’-allylic cations having 3:4 

coordination at the metal, i.e. 2, is based on the following considerations: 

(a1 The NO stretching frequencies of the compounds [f40(n5-C5Hsj (C3HsL) (CO)(NO)]+ 

(average ca. 1625 cm-‘)are closer to the values obtained from the 

neutral species no(n5-C~H5)(~2-C~HgQ)(CO)(NO) (Q = H, OH, Ok, SEt, 

SCO#!e, etc. ; between 1605 and 1620 cm”)6 than to the values obtained 

from cationic complexes such as [~~o(~~-C,H~)(~~~-C~H~)L(NO)I+ and 

[IIO(S~-C~H,)I(NO)L~]+ 7 (see Table 7). 

(b) The ‘H n.m.r. spectra of the phosphine- and pyridine-containing corrplexes 

exhibit a singlet cyclopentadienyl proton resonance (no JP,] at a 

chemical shift (~3.65.72) more typical of neutral cyclopentadienyl 

ally1 nitrosyl compounds than of their cationic counterparts (Table 1). 

&fortunately. because of solubility difficulties, we were unable to 

(c) 

satisfactorily resolve the signals due to the ally1 group, or to obtain 

13 C n.m.r. spectra. 

Betal-bound phosphcnium salts should exhibit 31 P n.m.r. chemical 

shifts in the same region as the corresponding ‘free’ ally1 phosphonium 

salts since the P atom is at sonm distance from the metal in I and is 

rpllikely to he much affected by it. A tertiary phosphine bound 

directly to J4o, hcmever, would be expected-to shw significantly 

different 31P n.m.r. chemical shifts. Accordingly, bp for [PEti(C3H5)]+ 

and foi IP?hhe2(C3H5] 1+ (PETER+ and PPhk 
3 
R* representing convenient 

ext_rerrPs in the range of 3r P n,m.r, chemical shifts for tertiary 
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Table 1: IR and ‘H n.m.r. spectral data 

Complexa u (CO) ,u (NO) b -6-(C5H5) C 

[Ro(n5-C5H5) (n*-C3H5L) (CO) (NO)]+; L = PEt3 

L = PPh 
3 

L = PPhk2 

- L = C5H5N 

L = 4-kC5H4N 

i- 
[M(n5-C5H5)I (NO) L21 ; L = PHe2Ph 

bUn5-c5H5) (rt’-~~H~Ql (co) (NO) ; Q = H 

Q = OH 

Mn5-C5H5) (n3-C3H5) L(NO) I+; 

Ho’n’-C5H5’ (CO) (NO) (PPh3) 

Q = SEt 

Q . SCOk 

L I co 

L = NCXe 

1971, 1623 5.74 

1981, 1629 5.71 

1980, 1628 5.70 

1984, 1619 5.81 

1987, 1628 5.74 

1652 5.98(WHp3.0Hz) 

1959, ‘6’9 

1950, 1607 

1980, 1608 

1981, 1620 

1095, 1727 

1671 

1978. 1628 

5.58 

5.47 

5.52 

5.59 

6.45,6.2gd 

6.2g,6.14d 

a 

a AsPF6- salts where appropriate; b in KL3r discs. , c in (CD3)2C0 vs TM 

at 100 MHz; 
d 

Two isomers determined by the orientation of the-ally1 

group with respect to the II-C5H5 ring; e insufficiently soluble. 

phosphonium salts) were compared with those obtained from the 

corresponding Ho complexes (Table 2). The differences between 6p for 

each organometailic species and its corresponding ‘free’ phosphonium 

salt were only 0.567 ppm (PEt 
3 

R+) and 0.085 ppm (PPhk2R+) respectively, 

whereas the difference between the shifts of the two ‘free’ salts was 

of the order of 15 ppm. 

Accordingly, we feel satisfied that the complexes [Ho(n5-C5H5) (C3H5L) (CO) (NO)]+ 

should be represented as in 1. 



Table.2:. ‘: 31P n’,mir.-spectral data, 

:_ - __ 

Cocrp&? 

[Ho(r+f5) (n2-C3H5PEt3) (CO) (No)]+ 

CPEt3(CjH5) 1+ 

Ilb(l15 -C5H5) (ri2-C3H5PPhHa2) (CO) (NO) I+ 

[PPhHe2(C3N5) I+ 

: 

_. 

,kvdb 

-15.283 

-15.850 

-30.071 

-23.986 

a As PF6- salts; 
b 1 

H decoupled; in CH2CI2 solution, recording using 

Jeol PFT 100 spectrometer, vs. H3P04 as external reference (PF6- 

resmance observed but not quoted). 

CH2 

/ + 
I_ (1) 

0 
I 
’ + 

MO .- -. 
oc” /\ 

-. L 

ON CH,CH=CH, 

(2) 

Abstraction of iodide ion from Ho(n5-C5H5) (03-C3H5]I(NO), using 

AgPF6 in acetoni tri ie, afforded [&(n5-C5H5) (q3-C3H5) (NCHej (NO)]+. Treatment 

of this cation with pyridine gave the yellow [Ho(q5-C5H5) (n3-C3H5) (NC5H5) (NO)]*, 

but with k-)5eCgHqN, the reaction followed a different course. Thus, an i.r, 

spectrum.of the crude reaction product revealed only one NO stretching frequency 

with a value typical of a neutral nitrosyl al lyi cocplex, ad also v(CN) due 

to a coordinated acetonitrile rmiecule. Thus we believe that the species 

[h5-C5H5) tnz-C3~5L) (NC&) (NO) I+ (L I 4-kC5H4N) was formed. Nowever, our 
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attempts to purify this salt led to its decorrposition and isolation of only 

[4-M5H4NC3H5} [PFG]. Similar results were obtained with PPh3 and P(GPh)3. 

However, when [J+o(n5-C5H5) (n3-C3H5) (CO) (NO)]+ was treated with 

PPh3 in the presence of NaOEt, Ho(n’-C5H5)(CO) (NO) (PPh3) was formed. We 

suggest that this reaction occurs via ethoxide ion attack on the ally1 group, 

giving the intermediate Ho(n5 -C5H5) (n2-C3HiOEt) (CO) (NO) (the corresponding 

methoxide has been 

and that the vinyl 

observed product. 

obtained by treatment of the carbonyl cation with NaOHe), 

ether is then displaced from this by PPh 
3 

giving the 
. . 
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