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Previously wehaveshown [1] that (r -C4H;PdCl), (I) under mild conditions reacts with metallic mer-
cury with the formation of allyl compounds of mercury {(reaction of 7 - ¢ transfer). A mechanism for the
transfer rec.ctions of a ¢ -allyl ligand was proposed for the reactions of 7 -allyl complexes of Pd with the
iron and cobalt carbonyls (r~y transfer) [2, 3], and then was extended to the reaction with metallic mer-
cury [4]. According to this mechanism, insertion of the Hg at the Pd—Cl1 bond occurs in the first step,
which leads to a cleavage of the u-halo bridge in the (I) molecule. It is known that Sn(II) and Ge(Il) halides,
possessing carbenoid properties, are easily inserted at a transition metal—halogen covalent bond with the
formation of compounds containing an N—M bond [5]. In addition, GeCl, can be inserted at the transition
metal—carbon bond [6]. In view of this it was interesting to study the reaction of (I) with GeCl, or SnCl,
in order to find new examples of reactions for the transfer of the ¢ -ligand from Pd to the atom of a non-
transition metal *

Quite rapid reaction occurs when an excess of MX, (X = halogen) is added to (I) in either benzene or
THF, the color of the reaction mixture changes from yellow through cherry red to colorless, the quantita-
tive deposition of Pd is observed, and an oily liquid remains when the solvent is removed, the reaction of
which with C;H;MgBr gives the tetraphenyl derivatives of the corresponding metal and a small amount of
biphenyl. GLC analysis of the volatile portion of the reaction mixture discloses the presence of biallyl.
The reaction of (I) with MX, proceeds according to the general scheme:

(C;H ;PACL), -+ MX, — 2Pd + MX, + C,H C,H; 1)

Consejuently, the reaction of the allyl compounds of Pd with Ge and Sn halides differs from the re-
actions with Hg: the allyl ligand does not attach itself to the nontrasition metal, and instead a twinning of
the allyl racicals occurs.

It was necessary to ascertain at which specific step the difference between the reaction with mer-
cury and the MX,, studied in the present paper, begins to appear.

We will examine the first step of the reaction for transfer of the allyl ligand, namely insertion at
the Pd—Cl kond. In the reaction with Hg the deposition of Pd began immediately after contact with the mer-
cury surface. In the present case the Pd deposition proceeds with a certain induction period, the duration
of which depends on the solvent. In THF, for example, Pd does not deposit for several hours, and instead
forms homogeneous and stable solutions, When triphenylphosphine was added to a reaction mixture com-
posed of (I) and SnCl, a complex of composition 7 -C3H;PdSnCl; P(C.H;); (II) was isolated, which corres-
ponds to the product of SnCl, insertion at the Pd—Cl bond. A similar compound was obtained when 7 ~C,I;
-PdC1-P(C¢H,)4 (III) and SnCl, are reacted in acetone [9]. The formation of (I) confirms the first step of the
transfer of the r -aliyl ligand, namely cleavage of the g -halo bridge in dimer (1) with insertion of the attack-
ing agent at the Pd—Hal bond.

* Tt could be expected that when the reaction for the transfer of the allyl ligand proceeds successfully the
reaction products will be compounds of composition C4HMCl; (M=Ge or Sn). According to [7], these com-
pounds are unstable liquid compounds, but their triphenyl derivatives are stable and convenient to work
with [8].
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It is possible to assume that the initial insertion of the metal halide at the Pd—Cl bond also occurs
in the case of GeX;, since the end reaction product is also GeX,;. However, when triphenylphosphine is
added to a reaction mixture composed of (I) and GeX, we mainly isolated the triphenylphosphine complexes
of the Pd(II) halides, contaminated with a small amount of (II) or the corresponding iodide.

All of the reactions with GeX, proceed much more rapidly than do the analogous reactions with SnCl,.
This is in good agreement with the known differences in the reduction and carbenoid properties of the Ge(II)
and Sn(II) halides, in both cases they are expressed more strongly for Ge than for Sn.

As a result, in the first step of the reaction we failed to notice any substantial differences in the
reaction of (I) with metallic mercury and with MX,. Cleavage of the u-halo bridge with insertion of the
attacking agent at the Pd—CI bond occurs in both cases. We will examine the subsequent steps of the re-
action.

In the proposed reaction mechanism for transfer of the g -allyl ligand from one metal to another,
following the insertion step, were postulated the steps of the successive transition of the ¢ -allyl ligand to
the r, o- and ¢-bonded states under the influence of the powerful electron-donor trans-effect of the in-
serted groupings. In all of the described cases, when such reactions proceed in harmony with the proposed
mechanism, the group, attached to Pd, facilitates the 1 — ¢ transition of the allyl ligand mainly due to
its o-electron-donor effect (—HgCl, —Fe(CO),, —~CO(CO), [10]). In contrast to the enumerated groups,
SnCl,; possesses a strong r-acceptor effect, and apparently also a strong ¢-acceptor effect [11]. The value
of o* (which characterizes the o~acceptor effect) changes when going from —HgCl to —SnCl; from 0.83 to
2.26 [12]. It is possible to assume that the GeCly group will possess analogous properties.

Consequently, the main reason for the absence of reactions for transfer of the allyl ligand from Pd
to Ge and Sn must be considered to be the impossibility of transition of the g -allyl ligand to the 7, o- and
o-bonded states in the intermediately formed insertion product. The results, obtained in the present
study, again corroborate the general tenet that transfer of the 7 -allyl ligand from one metal to another
should include the necessary step of a ¢-bonded allyl ligand.

One of the products of the studied reactions is biallyl. Its formation can be explained by the symme-
trization of (I) under the influence of excess reducing agent.

(;Hg /c]\ CH, CH, GCH,
HC< pd”- pd DCH+ MXQ—>HC<_ Pd >CH + MX, + Pd @)
C” Ch, CH, CH,

Similar reactions were observed previously on the example of the 7 -allyl compounds of nickel [12], The
formed bis-(r -allylpalladium) decomposes further with the formation of biallyl,
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It is obvious that combining Eqs. (2) and (3) gives the overall process depicted in scheme (1).

EXPERIMENTAL SECTION

The bis-{r -allylpalladium halides) [13], anhydrous SnCl, [14], GeCl, as the complex with dioxane
[15], Gel, [16], triphenylphosphine [17], and solution of CgH;MgBr in ether [18], were obtained by methods
described in the literature. All of the operations were run in an argon atmosphere. The obtained com-
pounds were identified by the elemental analysis, and by a comparison of the IR and NMR spectra with the
spectra of authentic specimens. The IR spectra were taken on UR-10 and FiS-1 instruments. The NMR
spectra were recorded on a R-12 spectrometer (60 MHz), using hexamethyldisiloxane as the internal stan-
dard. All of the employed solvents were distilled in an argon atmosphere immediately prior to use. The
THF was distilled twice over LiAlH,.

Reaction of bis-(r -Allylpalladiurn Halides) with MX, and Subsequent Treatment with Phenylmagnesium
Bromide. To 1.0 g of (I) in 100 ml of absolute benzene was added excess MX, in one portion, and the mix-
ture was stirred at room temperature until completely colorless (~6~8 h}. Then the Pd precipitate and
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unreacted MX, were filtered, and the clear colorless filtrate was evaporated to dryness in a rotor eva-
porator at 30-35°C, * and the pale yellow oily residue was dissolved in 100 ml of absolute ether. The ob-
tained solution was added in drops to a solution of C,H;MgBr in ether [the amount of Grignard reagent was
calculated on the basis of the amount of taken (I)]. The reaction mixture was refluxed for 4 h and then
decomposed with conc. agueous NH,CI solution. The ether layer was separated, washed with water, and
dried over CaCl,. The solvent was distilled off in a rotor evaporator (temperature < 30°), and the dry
residue was dissolved in light petroleum ether (bp 40-60°) and chromatographed on Al,0y. Hexane was
used to elute 0.05 g of biphenyl, mp 67-68° (hexane); from [19]: mp 69°. Benzene was used to elute (CgH;),
M (M = Ge or Sn}, yield ~60-80% [when based on taken (I)]. Recrystallization from absolute alcohol gave
either: (Cgl;),Sn, mp 225° from [20]: mp 225°, or (C¢Hg),Ge, mp 226-228°; from [21]: mp 225-228°.

Reaction of bis-(r ~Allylpalladium Halides) with GeX, (X = C1, I) and the Subsequent Addition of Tri~
phenylphosphine. The addition of the reactants was done in the same manner as in the preceding experi-
ment, after which the reaction mixture was stirred until the Pd began to deposit (~3~4 h), and then was
added an etquimolar amount of triphenylphosphine, when based on the amount of (I) taken for reaction. The
mixture was stirred for 1 h, filtered, and the filtrate was evaporated to dryness in a rotor evaporator
(see the footnote to the preceding experiment). The residue was extracted with benzene, and the benzene
was evaporated. After several recrystallizations from acetone we obtained (X = Cl) pure (III), mp 180~182°;
from [13]): mp 181°, Then the residue was extracted with CH,Cl,, and the solvent was evaporated. We ob-
tained the monomeric complex CL,Pd[P (C¢H;)sl,, mp 296-300°; from [22]: mp 297-298°, Found: C 61.03; H
4.45%. CgHygPdCLP,. Calculated: C 61.10; H 4.27%. The residue from the extraction was recrystallized
from a large amount of CH,Cl,. We obtained the dimeric complex Cl,Pd,-[P(CgHs)sl,, mp 260-265° (decompn.)
from [23]: mp 250-270° (decompn.). Found: C 49.80; H 3.75; C1 16.50; P 7.17%. C;5H;,Pd,CLP,. Calculated:
C 49.10; H 3.40; C1 16.20; P 7.05%. In a similar manner, for X = I was obtained ¢ ~C3H;PdIP(C¢Hg)g, mp
200-230° (cdecompn.). Found: C 46.81; H 3.59%. C,H,,PdPI. Calculated: C 46.99; H 3.76%. From the CH,Cl,
extract was isolated LPd[P(C¢H;)5),, mp 300° (decompn.). Found: 49.09; H 3.64; 128.40; P 7.29%. CggHzoPd-
P,I, Calculated: C 48.87; H 3.42; 128.26; P 7.03%. The residue from the extraction was recrystallized
from CHClg to give L,Pd,[P(C¢Hj)sly, mp 300° (decompn.). Found: C 35.26; H 2.50; 1 39.60; P 5.46%. CjgHgy-
P4, P,. Calculated: C. 34.75; H 2.71; 1 40.08; P 4.98%.

Reaction of (I) with SnCl, and the Subsequent Addition of Triphenylphosphine. The reaction was run
in the same manner as with GeCl,. The reaction mixture was evaporated to dryness, the frothy residue
was dissolved in CH,Cl,, heptane was added, and the mixture was evaporated in a rotor evaporator at ~25°.
Recrystall:zation from acetone gave pale yellow crystals of (II) in quantitative yield, which crystallize
with one molecule of acetone, mp 112-113°, Found: C 42.42; H 3.81%. C,,H,,PdC];PSn-CH,COCH;. Calcul-
ated: C 41.60; H 3.71%.

CONCLUSIONS

1. A study was made of the reaction of the 7 -allyl compounds of palladium with the halides of di-
valent germanium and tin; SnCl, inserts itself at the Pd—Cl bond with the formation of the complex 7 -Cs-

2. Decomposition of the 7 -allylpalladium halides occurs when reaction is with germanium halides,
with the formation of biallyl; the triphenylphosphine complexes of palladium were isolated when triphenyl-
phosphine was added to the reaction mixture. '
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