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Anionic complexes of the type [M(CO)2(diket)(~3-allyl)Cl]~ (where M is MO 
or W and diket is a P-diketonate group) are readily prepared by the addition of 
ally1 chloride to [M(CO)4(diket)]- anions. NMR measurements indicate an 
equilibrium between two conformers due to rotation of the ally1 groups. 
[M(C0)5(0C(=O)R)]- anions also react with ally1 chloride to form q3-ally; 
complex anions. Some structural aspects of both the diketonate and carboxylate 
derivatives are discussed. 

Introduction 

The number and variety of ally1 complexes of the Group VI transition me’&s 
are surprisingiy large [l-10]. Many of these compounds, which are relatively 
stable, can be prepared quite easily from a large number of simple metal com- 
plexes. This, together with their interesting structural chemistry, has contributed 
to the interest in such compounds. 

In our work with tetracarbonyl diketonate anions, [M(CO),(diket)]-, and 
pentacarbonyl carbox$ate anions, [M(CO),(OC(=O)R) J-, of molybdenum and 
tungsten we have found that these species can also be easily converted to r13-allyl 
derivatives. In contrast to most of the other compounds which have previously 
been reported, the ally1 derivatives forming the subject of th.is communication 
are anionic complexes rather than neutral molecules. 

Results and discussion 

When any of several [M(C0)4(diket)]- anions [II] react with ally1 or sub- 
stituted ally1 chlorides, they are very rapidly and quantitatively converted to 
anions of the general type fM(CO)2(~3-allyl)(diket)Cl]~. The reactions take 
place in a matter of seconds at room temperature by merely mixing the react- 
ants in an open Fisk and allowing the resulting CO to escape. The overall reac- 
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tion (eq. 1) can be described as an oxidative addition-ligand elimination reac- 

[M( CG)4(diket)]- + allyl-Cl + [M(CO),(~3-ally1)(diket)Cf]- + 2 Co (1) 
tion Ghere the metal is formally oxidized from the 0 to the +2 state. 

Allylic halides undergo similar oxidative additions with neutral complexes 
and such reactions are used effectively in the synthesis of (MeCN)zMo(CO)z- 
(~~-aEyl)X complexes from Mo(CO), IS]. NeuhiI complexes containing biden- 
tate ligands such as W(CO),(bipy) also react similarly, but much more vigorous 
conditions are required (only negligible amounts of W(CO),(n’-allyl)(bipy)Cl 
are obtained after several hours reflux in THF) t l] . While this oxidative addi- 
tion-iigand elimination process is not an unexpected reaction for the 
[M(C~D)4(diket)]- anions, other metal carbonyl anions often react with ally1 
chlorides in a different manner. The [($-C,H,)Mo(CO),]- anion reacts by 
simple chloride substitution to form (~S-CsHs)Mo(C0)3(771-allyl) 153. The com- 
plex anions [R1B(pz),Mo(C0)4]- and [RB(Pz)&Io(CO)~]- (containing the bi- 
and &i-dentate pyrazolylborate ligands respectively) undergo loss of a CO mole- 
cule iti addition to substitution, forming neutral ~3-alfy1 derivatives with a non- 
inert gas configuration [9]. The simple [M(CO)sX]- (X = halide) anions undergo 
a more complex reaction, forming binuclear derivatives 121, while with [IA!(C 
(SCH,CHZPh,)]- anions, ally-1 chloride reacts with the coordinated ligand [12]. 
Although the formation of the [~M(CO),(~3-allyl)(diket)Cl]- anions proceeds 
quite readily, in many cases it does appear to be very sensitive to the composi- 
tion of the reactants. Relatively minor changes in one of the components can 
have an enormous effect on the manner in which the reaction proceeds while 
ot.her seemingly major changes have no noticeable effect. For instance, there 
appears to be no restriction on the diketonate ligand bound to the metal, and 
the ncrmal ally1 derivatives were obtained from acetylacetonate, hexafluoro- 
acetyl&etonate, dibenzoylmethanide and several other diketonate and related 
ligands with equal facility. Of the three Group VI metals however, only the MO 
and W;complexes react to form the ally1 complexes. The corresponding 
[Cr(CO),(diket)]- aions do react with ally1 chloride, forming green solids which 
have riot been identified. These green products are insoluble in the usual organic 
solve&s and do not appear to contain CO. 

A large number of different quaternary ammonium, phosphonium or arsonium 
salts of the [M(CO)s(diket)]- anions have been used without a noticeable dif- 
ference in the course of the reaction. When the [Na(diglyme)J salt was treated 
with Ayl chioride, an entirely different reaction took place, leading to the 
quantitative formation of Na(diglyme),[_Mo~(~3-allyl)2(CO)4ClJ_ This type of 
influence by a cation appears to be most unusual and is not understood. 

In addition to ailyl chloride, methylally chloride and crotyl chloride still also 
react to form the analogous T3-methallyl and q’-crotyl derivatives. Of the 
aUyIic halides only the chlorides will react with the [M(CO)&diket)]- anions 
to form the fM(CO)2(~‘-allyl)(diket)X]~ complexes. Ally1 bromide, for instance, 
reacts ivith [\V(CO),(acac)]- to give what appears to be a mixture of unidentlxied 
prod&s. Ally1 iodide reacts with the same anion to give a blue-black crystalline 
compound whose NMR and infrared spectra indicate that it contains neither 
an ally1 or acetylacetonate group. However, three CO stretching bands at 2053, 
1980 and 1938 cm-’ are observed. Its elemental analysis gives an empirical 
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cotiposition of (C6H5)4PW(C0)313, although its structure is not known. 
When one allows ally1 chloride to react with anions of the type [M(CO),- 

(acac)L]-, where L is a typical Lewis base such as pyridine, triphenylphosphine, 
etc., two different products are possible if the reaction proceeds in the usual 
manner. As might be expected, only the [M(CO),(acac)(~3-allyl)C1]- anions have 
been observed in all the cases examined thus far. 

Since the structures of some closely related neutral complexes have been 
determined by X-ray crystallography 113,141, we wished to ascertain by infra- 
red and NMR spectroscopy if the ligand arrangement in our anionic species was 
similar. The structure of Mo(C0)2(~3-allyl)(dipy)NCS [ 141, which is typical of 
those determined, is that of a distorted octahedron with the two CO groups and 
the two donor atoms of the chelating ligand roughly defining a plane with the 
metal being located slightly out of that plane. The ally1 group and the thiocyanate 
occupy the other two remaining sites. If [Mo(CQ)2(~3-allyl)(acac)C1]- had a 
similar structure (see below) it should be easily distinguished since a plane of 

symmetry bisects the acetylacetonate ligand, and the two methyl groups should 
be equivalent by NMR. All other reasonable structures would be of lower 
symmetry and two separate resonances should be seen for the non-equivalent 
methyl groups. Unlike the neutral complexes, however, the anions have NMR 
spectra which are temperature-dependent, making a simple analysis impossible, 
at least for the simple ally1 derivatives. The temperature dependency is most 
likely due to the dynamic nature of the ally1 group causing the interconversion 
of conformational isomers I and II. This type of behavior has been noted for 

(I) (III 

($-C5H5)Mo(C0)~(~3-CSH~) [ 151 and several halo(~3-allyl)carbonyl complexes 
of tungsten [7]. (Often more complex rearrangements leading to similar NMR 
spectra are possible and have been observed for several R,B(Pz),Mo(CO),- 
(?~~-allyl) and Rl3(Pz),M0(CO)~(~~-allyl) complexes [9] ). In order to simplify 
the spectra and to facilitate interpretation, certain anions containing substituted 
ligands such as methallyl (v3-C,H,) and 3-methyl-2,4_pentanedionate (3-Meacac) 
or l,l,l-trifluoro-2,4-pentanedionate (tfacac) in place of the unsubstituted li- 
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gands were examined. The high and low temperature limiting spectra of the 
[Mo(C0)2($-CJH7)(3-Meacac)CI]- anion are shown in Fig. 1 and are typical of 
that e:<:pected for conformation equilibrium. At 75” C the methallyl group is 
freely rotating,rzpidly interconvertingthettvo different conformersand an 
average spectrum is observed. As the temperature is lowered the signais 
broaden until finally in the low temperature limit two superimposable sets of 
signals are observed, each set corresponding to one of the conformers. It can be 
noted that onIy one resonance signal for the methyi groups on the 3-methyl-2,4- 
pentankdfonate ligand are observed, supporting the symmetriacl structure 
postulated. The analogous tungsten anion has a very similar spectrum. However, 
the conformers appear to be nearly equal in concentration at 30°C whereas in 
the molybdenum species one conformer seems to be ;~1 about five times the 
concentration of the other. 

Althpugh the simple ally1 complexes exhibit the same type of behavior, their 
spectrz:are inherently more complex. Fi,aure 2 illustrates the spectra of the 
CW(CC~)21~3-~lyl)(tfacac)Cl~- ion at various temperatures where the temperature 
depenilence can most clearly be seen. At the high temperature limit the ally1 
spectrum is quite typical, consisting of a complex multiplet for the central 
proton and doublets for the syn and anti protons. The coupling constants for 
the syn and anti protons are approximately 6 and 9 Hz, respectively. As the 
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Fig. 2 NMR s~ectnmn of the tW(C0)~<q3-allyl)<tfacac)C11- ion at various temperatures. 

temperature is lowered, separate sets of signals can be distinguished for each 
of the conformers. With minor variation, this behavior is seen for all the ally1 
anions investigated and it is suggested that all have the same structure containing 
a relatively mobile ally1 group- (NMR data for a number of these complexes 
tie given in Table 1). 

The infrared spectra of ah the [IvI(CO),($-allyl)(diket)Cl)- anions (see Table 1) 
show only two very strong CO stretching bands which are of nearly equal intensity. 
No evidence is seen for separate bands for different conformers, as has been ob- 
served in some cases 1153. This is not too unusual since one would expect only 
slight differences in frequencies which might not be discerned with such broad 
intense bands. As expected, the bands are at considerable lower frequency than 
the related neutral species [l] _ By placing electronegative groups such as [ CF3 J- 
on the diketonate ligands, which would tend to .draw electron density from the 
mete& the CO stretching frequencies tend to increase, partially offsetting the 
effect of the negative change. 

(continued on P. 250) 
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In a manner completely analogous to the reaction of [M(C0)4(diket)]- an- 
ions with ally1 chlorides, the metal pentacarbonyl carbo-uylate anions, 
[M(CO),(OC(=O)R)]- 1161, react to form complex anions of the type 
~M(CO)3(~3-allyl)(OC(=O)R)C1]-. These reactions are very facile. However, 
they seem to suffer from the same restrictions as those of the diketonate com- 
plexes. 

Inf&red and h!lR spectral data are of little help in determining the structure 
of the [M(CO)3(713-allyl)(OC(=O)R)C1]- anions. The infrared spectra of these 
anions show two very intense bands, one somewhat more intense than the 
other, in the CO stretching region (Table 2). This type of pattern is more con- 
sistent >vith a factit arrangement of the three CO groups, as shown below, rather 
than one of the three possible meridional arrangements. The NMR spectra of all 

co 
QC co 

\I/ 
M 

TABLE 3 

NMR SPECTRA (7. PP~) FOR SOME CJr(CO)3(O,CR)(allyl)Cll- -4?J10NS 

Anion 
H’ (CH$ 

H2 H2 

ToIf<CH3)) _ T(Ecsyn) f(H3aJnti) Carboayl- 
ate 
protons 

-6.8 -6.8 9.16 
-6.8 -6.8 -9.1 

6.05 7.11 9.35 
8.04 7.12 9.33 

6.92 a.90 
6.92 8.89 
6.98 8.83 
6.98 -8.8 

7.23 9.03 8.42 
7.23 -9.0 3.01 

8.46 
9.08 

8.44 
9.05 

8.40 
9.02 

= O_,CCaHs represents the I<CH3)3CC021-group. 
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the anions of this type prepared (both ally1 and methallyl) shoyed no tempera- 
ture dependency over the temperature range of +75 to -45°C. The spectra of 
the tungsten ally1 derivatives show a complex m$tiplet of the central protons 
and doublets with the normal coupling constants for the syn and anti protons 
(see Table 3 for chemical shift data). The chemical shifts and coupling constants 
are such that very complicated patterns result with the molybdenum analogs. 
The methallyl complex anions of both metals give the expected spectra consist- 
ing of three sharp singlets for the syn, methyl, and anti protons. Presumably in 
the carboxylate derivatives there is sufficiently less steric interaction than in the 
diketonate complexes, allowing relatively free rotation of the ally1 or methallyl 
group even at low temperatuies. In no case was:there any evidence for the 
existence of separate conformers. 

Experimental 

General 
Reagents. The preparation of the [M(C0)3(diket)]- [ll] and [M(CO),- 

(OC(=O)R)]- [16] salts has previously been described. All other reageats were 
obtained from commercial sources. 

Analyses. Elemental analyses were carried out by the Analytical and Informa- 
tion Division, Exxon Research and Engineering Co. and by Clark Micro 
A-naIytical Laboratory, Urbana, Illinois. The results for a number of [M(CO),- 
(diket)(q3-allyl)Cl]- +nd related salts are given in Table 4 while the results for 
some [M(CO),(~3-allyl)(OC(=O)R)C1]- salts are given in Table 2. 

Spectra. Infrared spectra were obtained on a Beckman Model 20 Infrared 
Spectrometer as Nujol mulls or methylene chloride solutions. NMR spectra were 
obtained as solutions in acetonitrile on a Varian A-60 spectrometer. 

Preparation of the complexes 
All preparations were carried out in a nitrogen filled glove box. The complexes 

in general are moderately stable in air, but slowly decompose after several days 
exposure. 

Preparafion of the [M(CO),(~3-allyl)(diket)Cl]- salts. To a flask containing 
0.005 mol of the [M(CO),(diket)]- salt dissolved in a minimum amount of THF, 
is added 5 ml of ally1 chloride (or 5 ml of 3-chloro-2-methylpropene or l-chloro- 
2-butene for the corresponding q3-methallyl or q3-crotyl derivatives). After the 
very vigorous CO evolution ceases, the solution is warmed and filtered to remove 
any solid impurities. The filtrate is then added’to 100 ml pentane, precipitating 
the solid [M(CO)2(~3-allyl)(diket)Cl]- salt which is collected on a filter and dried. 
Yields are quantitative. 

These same salts can be prepared starting from [M(CO),L(diket)]- salts (L = 
Lewis base ligand) in exactly the same manner. 

Reaction of (C6H5)4P[W(CO)4(acac)] with atlyl iodide. A solution containing 
1 g (C,H&P[W(CO)&acac)] dissolved in 25 ml CH,C12 was prepared. Ten ml ally1 
iodide were added. A slow evolution of gas took place and in a short time a dark 
colored solid formed- This was collected on a filter, washed with pentane and 
dried. Yield was 1.2 g of a compound which analyzed for (C6H5)4PW(C0)313. 
Found: C, 33.10; H, 2.33; P, 3.07; I, 39.27. C1,H2J303PW c&d.: C, 32.82; 
H, 2.04; P, 3.13; I, 38.53%. 

(continued on p_ 254) 
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Reaction of Nafdigiyme), fMo(CO),( acac)] with ailyL chloride. *Ally1 chloride 
(3 ml) was added to I g cf liquid Na(diglyme)i[Mo(C0)4(acac)] in a small flask. 
After the vigorous CO evolution ceased another 10 ml ally1 chloride was added 
and the resultling solution was filtered. The filtrate was evaporated to dryness 
on a rotary evaporator and the residue was washed with several portions of 
pentane. The remaining brown solid residue was collected in a filter and dried. 
Anziysis, IR and NMR spectra indicate the product to be Na(diglyme),- 
[M~~(CO),(aUyl),Cll,l. Found: C, 33.18; H, 4.86; Cl, 13.64. C1~H38C13NaMo2010 
c&d.: C, 33.72; H, 4.89; Cl, 13.67%. 

B-eparation of ~rtl(Co),(~3-aliyZ)(o,CR)C!]- salts. Ten mf a.Uyl chloride 
-(3_chlos!o-Z-methylpropene or I-chloro-Zbutene for the v3-methallyl or q3Crotyl 
derivatjves) were added to 0.003 mol of the solid [M(CO),(OZCR)]- salt in a 
small fl’ask. After the vigorous gas evolution has ceased the mixture was warmed, 
then filf;ered to remove any solid impurities. The filtrate was added to 100 ml 
pentane precipitating +he solid yellow-orange salts which were collected on a 
filter an.d dried. Yields are quantitative. 
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