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SLJMMARY 

The reaction of metallic mercury with n-ally1 compounds of nickel, palladium 
and platinum has been discussed. Nickel complexes do not react with mercury but 
palladium and platinum derivatives give the corresponding allyimercury halides. 
A reaction mechanism for n-allylpalladium chloride, for example, has been suggested, 
that involves the cleavage of the p-halide bridges in the (n-C3H5PdCl) molecule and 
n-a-perturbation in the z-ally1 ligand, causing cis-migration of the o-bonded aliyl 
group from palladium to the mercury atom. 

INTRODUCTION 

The reactions ofthe z-ally1 transition-metal compounds of the nickel sub-group 
with nucleophilic reagents are the most characteristic of their few reacti0ns.A detailed 
investigation was carried out for the rr-allylpalladium halides because they are readily 
available and are comparatively stable. Tsuji et al. have shown’ that in the reaction 
with carbon monoxide, for example, the motive force of the above processes is a clea- 
vage of the p-halide bridge in the dimer moiecule of the n-ally1 complex. A reaction 
has rec&tly been reported of n-allylpalladium %Moride with enamines and sodium 
maIonic ester. leading to C-allylation into a point of highest electronic density. in the 
nueleophilic molecule 3_ Although di-rr-ally1 compounds (particularly nickel deriva- 
tives) can be used as catalysts in the .spe&c cycle-oligomerization of butsdiene4, 
there is still a lack of information on their reactivity. Of the di-z-ally1 derivatives of 
nickel, palladium and platinum, only the former was shown to react with carbon 
monoxide4 giving nickel carbonyl and diallyl derivatives, unlike the n-ally1 halide 
complexes. 

We have found’ that allylpalladium chloride reacts rapidly with metallic 
mercury in benzene solution giving both allylmercury chloride and metallic palladium. 
In the present paper we have studied the reaction of mercury with rr-ally1 halides and 
with the di-rc-allyi compounds of nickel, palladium and platinum. We have also 
studied, taking allylpalladium halides as example, the effect of substituents in the 
n-ally1 group on the reaction with metallic mercury_ The reaction mechanism suggest- 
ed shows that -&is reaction can be regarded in the same way as other nucleophilic 
reactions of these z-allylmetal compounds. 
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RESULTS 

The reaction was usually carried out by shaking the benzene solution of the 
respective rr-allylcompound witbexcessmetallicmercury ; the solution was completely 
decolourised after several minutes. In the case of the di-rr-ally1 6ompounds. the di- 
ahyhnercury generated was converted into allylmercury chforide by passing hydrogen 
chloride through the flask. 

1. Substituted x-allylpaiiadium halides 
The reaction of substituted rr-allylpalladium compounds with metallic mer- 

cury is described by the following scheme: 
E; CH R” 

/- 
R*C : 

I 
1-I) 

Li 

..(x=,, y&- f ‘+a -Pcf t R’CH=C-CHzHgX 

X 
a &?~ 

With excess mercury, the reaction with rc-allylpalladium chloride proceeds 
almost instantaneousIy. The substituents investigated produce no significant effect 
on the reaction rate. It is of interest to note that only the reaction with I-acetyf-2- 
methyl-ri-allylpalladium chloride was inhibited ; the solution completely lost its 
colour after 20-30 min. 

The quantitative yields obtained for substituted allylmercury compounds are 
given in Tdbk 1. 

TABLE 1 

REACXlON OF Z-.4LLYLPALLADlU?.l HALIDES WlTH MEX4LLIC h!ERCURY 

EIO. R R” X M-p. Yield Analysis (>;) 

es (%) Found tialcd_ * 

C H Hal. Hg C H Hal. Hg 

1 H H CI 110-111 lc0 
2 
3 
4 
5 
6 
7 
8 
9 

10 
II 
12 

H H. Br 
H 

c”H H 
I 

CH: H 
Cl 
Br 

C&S I-I Cl 
-H GH, Cl 
H neo-CSH, 1 Cl 
CHJCG ‘CH3 Cl 
H H OCOCH, 
CiCHz H Cl 
H Cl CI 

124-5 100 
134-S loo 
76-7 100 
go-91 .94 

122-3 73 
567 67 
64-65 72 
67-8 64 

109-110 97 

16.60 2.64 12.67 68.11 16.49 2.42 12.21 68.87 
14.36 2.10 23.92 59.78 14.32 2.10 23.81 59.98 
30.27 2.56 IO.33 56.72 30.60 2.59 10.04 56.78 
30.41 2.57 10.96 55.77 30.60 2.59 10.04 56.78 
27.71 4.35 10.83 57.05 27.59 4.34 IO.18 57.88 
21.53 2.84 10.84 59.63 21.63 2.72 10.64 6020 
19.54 2.83 19.60 2.66 

A different mechanism is followed for compounds containing halogen in the 
n-ally1 group. On shaking metallicmercury with a benzene soIution of I-chloromethyl- 
n-allylpalladium chloride (xl) the mixture decolourised. but a powdery solid which 
contained carbon and mercury and was insolubie in organic solvents was precipitated 
with metallic palladium. This subs*%tnce is probably an organomercury polymer. 
Another halide-containing compound, I-chloro-rr-allylpalladium chloride (XII), 
reacted with metahic mercury in the normal way :.the benzene sohttion ofXfI lost its 
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colour. metallic palladium precipitated and after removal of the solvent a white 
crystalline solid was obtained. However. we failed to anaiyse the latter. since it 
spontaneously decomposed, giving mercuric chloride and aliene. 

2. The behaviour of alZylpaliadium complexes conrainitrg otlter ligands, with metallic 
mercrtry 

in order to determine the effect of a ligand combinated with the paliadium 
atom in its z-ally1 complex, the reactions of metallic mercury with the following types 
of x-aiiylpalladium complexes were investigated : 

(n-C,H,PdX), (I. X=Cl; II. X=Br; III. X=1; X. X=OCOCH3) 

(n-C3H5PdL)* Cl- (XIII, L = en ; XIV, L = o-phen) 

x-C.&PdQ (XVI. Q=n-C,H,; XVII. Q=n-C,H5; XVIII. Q=Acac) 

C,H,PdCIPPh, (XV). 

The compounds with bridged bonds (I. II. III. X). as well as di-z-allylpalladi- 
urn (XVI) react rapidly with metallic mercury according to eqn. (1). However, we could 
find no difference in the rates of reactions of these compounds for various bridged 
groups. Organomercury compounds prepared from the complexes I-III and X, show 
aconsiderabledecreaseinstabilityin theseries :C3H5HgClz+C3HsHgBr>C3H5HgI 
z+C3H5HgOCOCH3. The latter compound decomposes on keeping at about 0:. 

n-Aiiyipaliadium acetyiacetonate (XVIII) reacts with metallic mercury much 
more slowly than the bridged n-ally1 compounds, giving metallic palladium and a 
white amorphous product soluble in hot acetylacetone but practically insoluble in 
common organic solvents. The m-spectrum of this compound was compieteiy analo- 
gous to that of mercury bis(acetylacetonate). prepared by an independent synthesis 
from mercuric chloride and sodium acetyiacetonate in alcohoi. The second product in 
the reaction of XVII was diaiiyimercury. Thus. the reaction of mercury with rr-allyI- 
palladium acetyiacetonate follows the equation : . . 

n-C3HSPdC,H,0,+Hg - Pd + W&)&g + (C&OUIg 

Compound XV, produced in the reaction of triphenyiphosphine with x- 
ailyipaliadium chloride, was found not to react with metallic mercury. No precipita- 
tion of palladium takes place and the initial rc-ailyipalladiumtriphenylphosphine 
chloride may be isolated unchanged. The replacement of benzene by more polar 
solvents (methanol, THF), and the application of some surface active compounds 
(camphor) do not produce the desired result. 

rr-Allyl-n-cyclopentadienylpaliadium (XVII) does not react with mercury 
under the conditions described. However, at room temperature after several days 
standing over metallic mercury. the benzene solution decolourised. and a solid preci- 
pitated. but no organomercury salts could be isolated from the mixture. 

Cationic z-aiiylpaliadium complexes (XIILXIV) react irregularIy with metallic 
mercury : there is no precipitation of palladium and among the reaction products the 
ethjlenediaminepalladium chloride complex, of composition (PdenJCl,, was identi- 
tied poiarographically. 
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3. Di-z-ally1 compounds 
We have also studied the reaction of metallic mercury with di-sc-aIIyl-Ni-Pd 

and -Pt compounds, which have been prepared quite recently. They are unstable both 
in air and thermally, have low f~~sibifity and sublime readily- They (especially the 
di-x-allylnickel co,mpound) can only be isolated in the pure form with difficulty. 
Ether or per&me solutions of these compounds were usualiy used in the reaction with 
metallic mercury. 

Pentane solutions of (C3H&Pd and (C,H&Pt react readily with metallic 
mercury at room temperature in an inert gas atmosphere to give the free met&. The 
colorless reaction mixture was rapidly filtered and hydrogen chloride was passed 
through the flask with cooling, after which the mixture was immediately poured into 
water. Then ailylmercury chloride was produced. The reaction proceeds according 
to the schenie: 

(~~&LM +Hg - M + (C&&Hg 
(C,!-I,),Hg+HCI - C&?,HgCI+C,H, (M = Pd, Pt) 

Under anaIogous conditions, the ether solution of di-7r-allylnickel does not 
react with metallic mercury ; no loss in colour or precipitation of solid were observed. 
At higher temperatu,res di-n-ailylnickel decomposes but no allylmercury compound 
is produced. 

4. z-Allylnickel halides 
We have attempted to carry out the reaction with metallic mercury using the 

red benzene solution of 7c-allylnickel halide. As in the case of the di-x-allylnickel 
compounds, n-allylnickel halidesdo not react with mercury under the usual conditions. 
Increasing the temperature and- replacement of benzene with more polar solvents, 
did not facilitate the reaction. 

5. The reaction ofn-allyipaliaditcm chloride with other metals 
The reactions of n-allylpalIadium chloride with stronger metal reducing agents 

than mercury have been studied. 
Granulated magnesium (MGF4), which, without activation, reacts with the 

only slightly reactive alkyl and aryl halides, does not react with x-allylpalladium 
chloride under normal conditions. 

Activated copper powder also does not react with n-allylpalladium chloride 
under reffux with THF.At fust glance, thesenegative results could be explained by the 
fact, that the surface conditions of magnesium and copper are less favourable than in 
the case of mercury. However, low-meIting gaIlium, which is liquid under the reaction 
conditions does not react with (7c-C3H,PdCI), under reflux with benzene. 

A detailed investigation of the reaction of (2t-C3H5PdC1)2 with powdered zinc 
and magnesium was carried out. 

When a benzene solution of (Ic-C,HSPdCi), at room temperature was passed 
through a cohunn filed with activated zinc powder palladium was precipitated. A 
colourless solution was eluted with ether. After the solvent had been removed, an 
oily fight-yellow product was obtained, which contained C, H, halogen and zinc; 
this was not an aliylzinc compound. It formed no complex with dioxane or o-phenan- 
tbroline and did not react with mercuric chloride or ketones under the conditions for 
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allylzinc compounds. In these cases. x-allylpalladiu6 chloride probably reduces in 
the presence of the metal-hydrogen ion couple*. 

_ DISCUSSION 

Although allyhnercury compounds were first obtained in the Jzst century6, 
only recently information has appeared on the preparation of some substituted allyl- 
mercury halides’: unhke other types of organomercury compounds. the methods of 
syntheses of allylmercury derivatives are few and inadequate. The basic method for 
the preparation of allyi compounds of mercury was until recently Zimn’s reaction6 
of ally1 iodides .with metallic mercury. Other methods discovered accidentally, con- 
sisting in reactions of mercury salts with organozincs and -magnesium compounds’ 
have also been reported. The main reason for the dearth of methods is the scarcity of 
substituted ally1 halides. 

3000 2800 1600 1400 1200 100 1000 SpO qoo -41 

80 L--, 
60 
40 
20 IHgCH2-CH’CHZ u 
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40 
20 ClHg-CU,-CH=Cff, 
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20 Cll-iC~-CH2-CH=CH-CH3 

Fig. 1. The IR spectra of the allylmercnry compounds obtain$d. Y cm -1 

3 

,80 
.60 
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* We have activated metals (zinc, cadmium) with dilute hydrochloric acid. Inactivated zinc and cadmium 
(or thoroughly washed fromtraces of hydrogen chloride) did not react with (Ir-C3Hsl?dCl),. The addition of 
HCI caused immediate precipitation of metallic paIIadium. 
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In the present paper we describe a method, which gives good yields and is 
comparatively simple, for the preparation of allyhnercury compounds from the 
corresponding olelims and dienes through 7r-allyIpaIIadium complexes. It is possible 
to prepare by this method. for example. the ally1 compounds of mercury having such 
substituents as the CHsCO-group. the classical preparation of which is d&cult. The 
important fact is. that in all the cases investigated. unsymmetrically substituted x- 
allylpalladium compounds may provide mercury derivatives of defmite structures, 
where the mercury atom could be combined with the unsubstituted methyIene group. 

This could be confirmed by the IR spectra shown in Fig. 1. 
It should be noted, that there have been no studies of the vibrationai spectra 

of substituted allylmercury compounds, except for the brief communication of 
Winstein et al_? on the IR spectrum of tratrs-crotylmercury bromide. 

Egorov er ~1.’ have provided a detailed analysis of the vibrational spectra for 
the ally1 derivatives of Group IV elements as well as of some o&her elements of the 
Periodic Table. The spectra of compounds of type CH,=CH-CH,MX have been 
shown to change regularly. depending on the nature of the metal atom. We have 
established that these regular changes are also true for compounds of mercury of 
type CH,=CH-CH2HgX. The vibrational frequencies of the CH2 group do not 
change, and remain practically the same as the frequencies of the ally1 compounds of 
tin and germanium: antisymmetric C-II stretching vibration at 3080 cm-‘, non- 

planar C-H vibration at 980 cm- ‘. planar deformations of the C<, If angle at 1425 

cm-l were observed in the spectra_ The so-called “frequency of double bond C=C” 
undergoes a further small shift to 1620 Cm-” with respect to CH3-CH=CH2 (1642 
cm-‘), R,GeCH,-CH = CH, (1630 cm-l) and R3SnCHZ-CH=CH1 (1625 cm-‘). 
Increase in atomic mass, M, causes a notable shift in the frequency of the non-planar 
CH-vibration in C-CH to 900 cm- ’ with respect to C13GeCH,-CH=CHz (930 cm- I). 
The deformation vibration frequency of M-C-H angles also shift to 1050-1100 cm- r _ 

In Fig. 1. the IR spectra of crotylmercury chloride and crotylmercury bromide 
are shown to be similar. The elucidation of the structures of these compounds has 
been of principal importance_ Upon reaction with mercury crotylpalladium chloride 
can lead to two isomers. (A) and (B). 

CH3 . 

CH3-CH=CH-CH;-HgCl CI&=CH&I-I-&Cl 

(A) (B) 
The IR spectra support only structure (A). In fact, there is no frequency cor- 

responding to the vibration of the CH+=CH 2 group (3080 cm-r). Evidence ofR-CH= 
CH is supported by a strong band at 3015 cm- ‘. characterizing the C-H stretching 

H vibration of the =C<R group. 

The low intensity of the band corresponding to the so-called C=C vibration 
near 1650 bn- ’ is surprising. However, it should be noted that the same weak band 
in the same area is also observedlo in the IR spectra of crotylgermanium compounds, 
X,GeCH,-CH=CH-CH,.which exhibit a C-CC vibration (1650 cm- ‘) of considerable 
intensity in the Ranran spectrum. 

The IR spectra of other unsymmetrically substituted ally1 compounds: 
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2-methyl-1-acetylallyl mercury chloride (IX) and cinnamylmercury chloride (VI), 
have also been obtained. 

In the spectrum of the compound prepared from the complex of palladium 
chloride with mesityl oxide (IX) the bands corresponding to the C=C and C=O 
groups are shifted to 1580 and 1660 cm- r, respectively, as expected for the C=C-C=O 
conjugated system. As in the case of crotyl compounds. no C-H vibrations. charac- 
teristic of the terminal CH, group (3080 cm-‘) were observed. 

The structure of Z-neopentylallyhnercury chloride was confirmed by lR bands 
at 3080 cm-’ and 1625 cm-‘, corresponding to terminal C=CH2 woup vibrations. 

The 1R spectrum of VI gives no possibility of choosing between the (A) and 
(B) structures. owing to the superimposition of the vibrations of the phenyl nucleus 
and terminal group. The only conclusion to be drawn on the basis of this spectrum 
is the existence of conjugation between the monosubstituted benzene nucleus and 
the double bond (C=C). However. assuming the reaction of metallic mercury with 
all the above n-ally1 compounds of palladium to proceed analogously. we assign 
the structure of cinnamylmercury chloride to compound IV. 

Thus. the reaction of substituted n-allylpalladium halides with metallic mer- 
cury independently on a substituent proceeds in such a way. that the lmercury atom 
attacks the p-halide bridge standing in the truus-position in respect to the substituted 
methylene group of the rc-ally1 ligand, i.e., the reaction always leads to y-substituted 
allylmercury derivatives_ In the case of l-substituted n-allylpalladium halides, the 
IR spectra indicate’ that tmns-isomers of substituted allylmercury derivatives are 
u%ually produced as would be expected, since the literature data report the syn-form for 
l-substituted n-aIIylpaIladium halides_ Thus the transfer of the a-ally1 ligand from 
palladium to mercury proceeds with retention of the ally1 group configuration. i.e.. 
in this reaction. the ally1 radical cannot exist as a kinetically independent particie. 

Onr: ofthemost interesting properties of the reaction discovered is its rate which 
is comparslble to the rates of ionic reactions in solutions. This fact is surprising when 
it is remembered that this process-is heterogeneous and proceeds in a non-polar solvent 
such as benzene. The reactions of organometallic compounds with free metals are not 
usually very fast ; for example, a complete exchange of biphenylmercury with isotope 
‘03Hg requires about 34 h at room temperature”. Approximately the same rate 
was found in the reactions of organometallic compounds with other metals, e.g., 
the alkaline metals. In the last case, according to Seyferth et u/.‘~, anion-radicais were 
generated as intermediates. A number of reactions of mercury with a variety of 
organometallic compounds described by Razuvaev et a1.13, following radical mecha- 
nism, have lower rates than our reactions. In all the above examples, the metal usually 
acts as a reducing agent. 

The reaction of allylpalladium complexes with metailic mercury is a redox 
reaction: (C,H,PdC1)2t2 Hg -+ 2 C,H,HgCl+Pd. 

We have shown previously 14, that rr-allylpalladium complexes could be readily 
reduced electrochemically or by means of various reducing agents. On the other hand, 
it is well known that mercury- reduces palladium and platinum ions in polarography 
without matching the potentials. However, in our case a simple electron transfer 
process is not a motive force of the reaction. 
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This is proved first by the fact, that metals that are stronger reducing agents 
than mercury (Mg. Zn. Cd and Ga) do not react with rr-aliylpalladium chloride 
under the conditions described_ The experiments with liquid gallium and finely 
dispersed zinc, cadmium and magnesium powders have shown that the state of metal 
surface is not ofimportance. However, the reaction with metallic mercury undoubtedly 
proceeds on its surface since the solubility of mercury, as shown by Pollard and West- 
wood1 r. is insufficient to provide a homogeneous reaction. 

Another argument against the simple oxidation-reduction reaction scheme is 
that not all the palladium compounds investigated react with metallic mercury. Thus, 
for example, y- substituted palladium bis(acetylacetonates) and even the most readily 
reduceable (CN-C5H,02)tPd do not react with metallic mercuryL5. The cleavage 
of the halogen bridges by tnphenylphosphine or the complete replace of halide atoms 
by a z-cyclopentadienyl group. lead to compounds inactive to mercury. On the other 
hand. the product of substitution of the halide atom by the acetylacetonate ligand 
(z-allylpalladium acetylacetonate) reacts (although slowly) with metallic mercury 
under the above conditions. 

Thus a combination of these two factors, i.c, a tendency to facilitate a reduc- 
tion, and the existence of bridged groups, are necessary conditions for the reaction of 
Is-ally1 complexes with metallic mercury. In accord with this, n-allyl-nickel halides, 
containing bridged halide atoms, but reduced much more slowly than palladium 
compounds, do not react with metalbc mercury. Probably, the first factor-a ten- 
dency to facilitate a reduction- is the most important, since di-z-ally1 compounds 
of palladium and platinum containing no bridged groups but .easily reduced with 
mercury, do react with the latter under the conditions described. 

It is more convenient to consider the reaction mechanism choosing rr-allyl- 
palladium halides, as example. The first stage could be the adsorption of rc-ailyl- 
palladium chloride molecules on the surface of metallic mercury. The adsorption 
could be facilitated by coordination and by the electron unsaturation of the sixteen- 
electron molecule of (n-C,H,PdCl),. Then mercury atoms are inserted in the weak 
palladium-chlorine bridged bond. At this stage some unstable intermediates of (i) 
containing the Pd-Hg bond are produced. Similar stable compounds with mercury 
have recently been reported for ruthenium and osmiumL6. In general, platinum- 
group metals readily bond with non-transition elements. For example, complexes of 
Pt, Pd, Rh, Ir and Ru with such ligands as SnCls, SiCi,, GeRs etc., have been describ- 
ed” . As a ruIe, these complexes are comparatively stable for ai these metals except 
palladium_ It has also been noted that in passing from platinum to palladium there is a 
sharp decrease in stability of the above complexes, especially in solution_ For example. 
unlike the stable (R,P),Pt (GeR,),. the isostructural palIadium compound decom- 
posed in solution even at -20”. g&g metallic palladium. It is likely that there is an 
analogous decrease in stability for compounds containing a M-HgCl bond. 

It is of interest to obtain a qualitative estimation of how the bond between 
the rr-ally1 group and the Pd atom changes during a transition into the intermediate 
complex (I) bearing in mind that HgCl as ligand is less electronegative than the halogen 
atom”. Such an unsymmetric cleavage of the p-halide bridges results in the following : 
the electronic density on the palladium atom increases and as a result the interaction 
with the occupied 9, orbit& in the C3H5-radical” will decrease; on the other hand 
the interaction with unfilled antibonding orbitals ti3 will increase_ However. the 7t- 
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ally1 group, unlike the n-bonded oleline, is not able to participate in back-donation20 
and will, therefore, attempt to transform into the state in which the z-bonding will be 
realized by means of antibonding orbitals of lower energy. This condition could be 
satisfied by the intermediate structure (II) in which the fragment C=C participates 
in n-bonding as in the case of the oleline complexes of Zeise’s salt type21. 

The next stage consists in &-insertion ofthe HgCl-ligand along the palladium- 
carbon bond, i.e., in &-migration of the rr, o-allyl group to the mercury atom. The 
theoretical aspects of this rearrangement have been recently discussed by Cosee, 
mainly for some transition-metal complexes 22 The overlap of metal ci-orbitals with _ 
the n-orbitals of the C=C bond during this rearrangement, favours the migration of the 
ally1 ligand from palladium to mercury_ Owing to this overlap, the ally1 group re- 
mains bonded to the palladium atom when the o-bonded methylene link migrates to 
mercury. This migration provides an intermediate transition state III. At the next 
stage, the internal redox reaction occurs producing metallic palladium and alkyl- 
mercury chloride. Thus, the reaction represents a x+-transfer of the ally1 group from 
the palladium atom to the mercury atom. 

&cHrpd/c’\~* c$q 
=‘-‘2 

A / 
HgCl 

* CH la/ CJfH2 + 
Hg - HC i Pd 

\ 
C’-‘2 

\ 

\ yc, 

2 2 ClHg 
/-fPd &c; - 

2 

CH2=CH 

CM2 
F / 

‘-‘SC’, / 
CH2\pd/H9C’--.~ i \ 

HC ; Pd .* =--P HC 
\ \ %H( ‘c,-- - 

Pd ------ CH2 
t 
I 

CH2 Cl____ 
&---__- Hg-_ 

I ix 
m 

CH2=CH-CH2HgCI i Pd 

In the reaction of x-allylnickel halides, the process probably stops just at the 
redox stage, since the reducing power of the mercury atom is not strong enough for 
‘Ldisplacing” metallic nickel. On the other hand. the donor properties of the H&l- 
ligand are too weak to provide a x*-transition in the ally1 group, since for the X- 
allylnickel complexes similar rearrangements are known’ to proceed with much more 
difficulty. 

Thus. the reaction of n-allylpalladium halides with metallic mercury, by its 
nature and by the mechanism suggested. is another interesting and (from the prepara- 
tive point of view) important nucleophilic reaction in the rr-ally1 transition-metal com- 
pounds series. 

EXPERIMENTAL 

ed25. 
Bis (rr-allylpalladium halides) were synthesized by methods already describ- 

Di-x-allyl-Ni. -Pd and -Pt compounds were prepared by the modified method 
of Wilke et aLa by the reaction of anhydrous metal halides with allylmagne:&_rm 
bromide in ether solution. 

Bis(rc-allylnickel halides) were prepared from di-rc-allylnickel and the respec- 
tive ally1 halidez6. 
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Di-n-ally1 compounds as well as bis(n-allyI-nickel halides) were not isolated 
in their crystalline form but were used in solution in pentane, benzene or ether. In the 
case of the nickei derivatives the complex was determined by means of a complexo- 
metric titration of nickel with EDTA”. 

(1) Reaction of bis(n-ally1 halide)complexes of palladium and nickel rvith metallic 
nzercury 

General procedure. The solution of the corresponding bridged n-ally1 derivative 
(OS-l.0 g; 0_003-0.005 mole) in 100 ml of benzene was stirred vigorously with a large 
excess ofmetaliicmercury (about 20-30g)_After the colour had disappeared (3-5 min). 
the reaction mixture was filtered and the solvent evaporated 61 caczco. The residue ob- 
tained was recrystallized from a convenient solvent. 

Thus, the following compounds have been obtained : 
I_ Allylmercury chloride (from z-c-aiIylpalladium chloride) in quantitative 

yield_ m.p_ llO-lll” (ale.) (lit. 11&111°‘3). 
. 2. Allylmercury bromide (from n-allylpalladium bromide) in quantitative 

yield, m-p. 1250 (arc.) (lit. 1250z3). 
3. Allyhnercury iodide (from z-alIylpalladium iodide) in quantitative yieId, 

m-p. 139 (arc.) (lit. 135023). 
4. Crotyhnercury chloride (from z-crotylpalladium chloride) in quantitative 

yield,m.p.76° (alc.).(Found:C, 16.73,16.60;H,2.65,2.64;Cl, 12.63,12.67;Hg,68.11, 
67.95_ C,H,ClHg calcd- : C. 16.49: H. 2.42; Cl. 12.21; Hg. 68.87 %-) 

5. Crotyhnercury bromide (from rr-crotylpaliadium bromide) in 94% yield, 
m-p. 91” (ale.) (iit. 91-91.507). (Found: C, 14.36; H, 2.10; Br, 23.92; Hg, 59.78. C,H,- 
BrHg calcd.: C, 14.32; H, 2.10; Br, 23.81; Hg, 59.98 ?A_) 

6. Cinnamylmercury chloride (from l-phenyl-n-allylpaIladium chloride) 
in 74% yield. m.p. 123-124” (ale.). (Found: C. 30.41. 30.46; H, 2.57. 2.56; Cl. 10.96. 
11.02; Hg. 55.77. S-777; C&,CIHg calcd. : C, 30.60 T H. 2.59 ; Cl, 10-04; Hg. 56.97 %_) 

7. ZPhenylaIlylmercury chloride (from 2-phenyl-z-allylpalladium chloride). 
Yield 68 %*, m-p. 56-57O (methylene chloride-hexane). (Found : C, 30.27. 30.11; I-3. 
2.43. 2.56; CL 10.33. 10.43; Hg. 56.69. 56.72. C9H,CiHg calcd.: C, 30.60; H1 2.59; 
CL 10.04; Hg. 5697%.) 

8. 2-Neopentylallyhnercury chloride_ Yield 77 x*. m-p. 64-W (methanol)_ 
(Found:-C, 27.72T27.71; H,4.33,4.35; CI, 11.05,10.83; Hg, 57.05,56.99. CsH&IHg 
c&d.: C, 27.59; H, 4.34; Cl. 10.18; Hg, 57.88 %.) 

9. Z-Methyl- I-acetyiallyhnercury chloride. YieId 64 %* ; m-p. 67-68O (me- 
thanol). (Found: C. 21.68. 21.53; H, 2.84. 2.84; Cl. 10.84. 10.95; Hg. 59.63, 59.50. 
CsH&lHgO caicd.: C. 21.63; H. 2.72; Cl. 10.64; Hg. 60.20%.) 

(2) Reaction of merczrry lvith bis(f-c/zloromethyl-x-ailylpaIIadium chloride) 
From 0.9 g (0.004 mole) of bis (I-chIoromethyl-rr-ally&palIadium.chIoride) 1.2 g 

of grey powdery solid was obtained. The solid was insoluble in water and organic 
solvents. (Found: C, 27.73 ; H, 2.69 ; Cl, 19.67; Hg, 54.49 %.) 

* The yield given is for the pure compound. The yield of crude material was quantitative. 
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(3) Reaction of mercury with bis(2-chloro-R-allylpalladirml chloride) 
From 0.9 g (0.004 mole) of bis(2-chloro-z-allylpalladium chloride), 1.1 g of a 

white crystabine solid was obtained ; this decomposed on purification giving mercuric 
chloride and allene. 

(4) Reaction of mercury with n-all~~lpalladiumtrip~~~ylplzosphine 
On mixing 10 g (0.002 mole) of rr-allylpalladiumtriiphenylphosphine with 

metallic mercury, no metallic palladium precipitated. The starting material was isolat- 
ed quantitatively. 

(5) Reaction of‘bis(n-all_hickel chloride) with mercuq~ 
50 ml of benzene containing 0.8 g (0.006 mole) of bis(Ir-allylnickel chloride) 

were stirred vigorously with excess metaliic mercury. The mixture did not decolourise. 
The application of heat led to the decomposition of bis(rr-ahylnickei chloride) and 
precipitation of metallic nickel. Not even traces of aiiyhnercury compounds could be 
isolated_ 

(6) Reaction ofmercury with ;rr-afiylpalladiunz acetyhcetonate 
0.5 g (0.002 mole) of n-allylpalladium acetylacetonate was stirred vigorously 

with excess metahic mercury until the solution became colourless (about 15-20 rain). 
The white substance precipitated on the flask walls, was collected, washed with ben- 
zene and ether and dried in caci4o. 0.34 g of the bis(acetylacetonate) of mercury was 
obtained. Yield 95 %. m-p. 220” (decomp.) (lit. 220° {dec.)24). 

The compound obtained was identical with mercury bis(acetylacetonate). 
prepared from mercuric chloride and sodium acetylacetonate in THFzQ. 

(7) Reaction of mercury with n-allylpalladium acetate 

1.U g (0.005 mole) of n-allylpalladium acetate in 50 ml of benzene was stirred 
vigorously with excess mercury until the solution was decolourised. The solvent was 
removed in vacua and the residue recrystallized from benzene-hexane (1: 1) mhture. 
1.4 g of allylmercury acetate was obtained. Yield 97 “/ m.p. 109-llO”. (Found: C, 
19.54, 19.59; H, 2.83,2.87. CSHs02Hg c&cd.: C, 19.60; H. 2.66x.) 

(S) Reaction of mercury with bis(n-ally&nickel. -palladium and -platinum compounds 
General procedure. 50 ml of an ethereal solution of the di-rc-ally1 compound 

containing about 0.5 g (0.0003-O.CKKl2 mole) of the di-n-ally1 complex was stirred 
vigorously with excess metallic mercury until the mixture was decolourised, A current 
of hydrogen chloride was passed through the fxltered solution for 10 min with cooling. 
The mixture was quickly poured into water, extracted with benzene, dried over CaCI, 
and evaporated in vacua. The residue was recrystallized from alcohol. 

Thus, the reaction of mercury with ethereal solutions of di-z-ahyl-palladium 
and -platinum compounds resulted in allyhnercury chloride m.p. 11~111” (lit. 
110-111023). 

When mercury was added to a solution of di-n-allyinickel no decolourisation 
of the mixture was observed. Heating decomposed di-n-allylnickel and metallic nickel 
was precipitated. Not even traces of ally1 mercury compounds could be isolated. 

.J. Organometal. Chem.. 12 (1968) 287498 



198 A. N. NES%fEYAhQV, A, Z. RUBEZHOV, L. A. LEITES, S. P_ GUEHN 

ACXNOWLEDGEMENT 

The authors thank Mrs. L. I. DENIsOVIcH for polarographic measurements 
and Mrs. A. I. GOLOVANOVA for her participation in the experimental part of the work. 

REFEREEiCES 

1 A. J. CK-WLS, Tefroftedrotl Lerters. (1964) 2627. 
2 J. TSUJI. M. MORIKAWA AND J. Kui. Tetrnitedrorr Lerters. (1963) 1061. 
3 J. Tsurr. M. M~RII;AWA ~?m J. Kur. Terraltedron Letters. (1963) 1811. 
4 G.WLLHE. B. BOGIXWOVI~, P. HARDT,P.HEISIBACH.W. KEIU,M.KR~~ER,W.OBERICIRCH, K.TANAKX. 

E. STEISR~~KE,D. WALTERAXD H. ZBI?~ERZSAXX,.%I~PK. Chem. Intern. Ed. Engf.. 5 (1966)151. 
5 A. N. NESXYAXO\*, A. Z. RUBEZHOV AND S. P. GUEIX, Iza. Akud_ Nank SSSR Set-. Kltim., (1966) 149. 
6 N. N. ZIMN, Ann., 96 (1855) 363. 
7 P. 13. SLEE~EIZ.S.WIS~TEI~A~ W.G. You;uc.J. Am.Cftem. Soc..85(1963) 1890. 
8 M. GOUD~R. BUD. Sac. Cftim. France, (1962) 974. 
9 Yu. P. EtiOROV. L.. A. LEITES AND V. F. M~ROXOV, ZII. Sm&t- Khim., 2 (1961) 563. 

IO V. F. MIROSW XSD T. K. GAH, Ix. Akad. h’auk SSSR Ser. Kfttlnt., (1966) 291. 
11 D. POE.~D .A~D I. Wmwoo~, J. Am. Chem. SOL, 88 (1966) 1404. 
12 D. SEYFERTH. R. Suzusr AND Z. VAUGHAN, 3. Am. Chem. Sot., 88 (1966) 86. 
13 G. A. RAzuvsv ASD L. M_ B.~IXOVA, Dokl. Akad_ Nat& SSSR, 152 (1963) 1363. 
I4 S. P. GL?BIN AXD L. 1. DWISOVICH, ix-_ Akud. Nat& SSSR Ser. Kbim., (1966) 194. 
15 S. P. GL’RIS. A. Z. RUBEZHO~ ASD L. I. DEXISOVICH. Dokf. Rkotf_ h’ottk SSSR. 169 (1966) 103. 
16 J. P. Corwnx AXD W. R. ROPER, Cftem. Contmwt., (1966) 244. 
17 M. A. KI-LUTAK AXD R. J_ MAGEE, Chew. Cammwt.. (1965) 400. 
IS S. H. BRO~KSASD F. GLOCKLIXG, Client. Cmmtun., (1965) 510. 
19 R. S. Nuua~u ASO K. VRSEZE. J. Clrem. SW.. (1965) 3337. 
20 S. KJXRE AXE R. M.so,u. J. Orgunomerni. CFtem., 5 (1966) 573. 
2 1 J_ ckan, J. Cftertr SW, (I 953) 2939+ 
22 P. Cw Rec. Trm= Chim., 8.5 (1966) I 151_ 
23 A. N. NEWEYA?ZOV AND I... G. MAGAROVA, Methods of Efementorganic Chemistry, Mercury Nauka, 

Moscow. 19 65. 
24 D. C. NONHEBEt, J. Citem. Sot., (1963) 738. 
35 M. L_ GF&EX A&m P. 2. NAGI, Adcam Organometcd. Chem., 2 (!9&l) 325. 
26 V. A. V~~HKEVICH. A_ M. Lnzutmx AXD B. 1. Mrzxx. 211. Obsltcft. Khim., 37 (1967) 1926. 
27 G. SCHL~ARZIBBACH, “Die komplexometrische Titration”, Die Chemische Rnalyse, Bd. 45, Enke 

Verlag, Stuttgart, 1960. 

J. Organomrral. Cltem.. 12 (1968) 187-198 


