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The title compound was synthesised and found to exhibit catalytic activity in acetylene alkoxycarbonylation.

In contrast to tertiary phosphines, analogous arsenic derivatives

are rarely used as ligands of homogeneous metal complex cate _Ha 1+2HCI+CO (1)
lysts12 However, the synthesiseds-[chlorotriphenylarsino- HoIPd(COWLCL] + 2AsPh —|
palladium()-(p-carbonylo)chlorotriphenylarsinopalladiuii( APG(CORCl + 24Py ACOH + HCI 2+42HCI+CO  (2)
[Pd(AsPh)CI(CO)[Pd(AsPR)CI] exhibits a reasonably high

catalytic activity in acetylene alkoxycarbonylation even under The precipitated products were separated on a glass filter in
mild conditions (at room temperature and atmospheric pressurean argon atmosphere and washed with fivefold volumes of HCI
It is well known that a number of products are formed in theor AcOH + HCI (in the case df or 2, respectively) to remove
course of acetylene alkoxycarbonylation. In particular, with thetriphenylarsine and with twice distilled water to remove acid
use ofn-butanol as a reactant (in addition to acetylene and COjons. The yields of the target products were 85 and 90%, res-
corresponding mono- and diesters, primarily, butyl acrylatepectively. We failed to obtain isom8&y and this compound was
butyl propionate, dibutyl maleate, dibutyl fumarate and dibutylnot described in the literature. According to the data of cryo-
succinate, are formed. Coordination compounds of pallatdium( scopy (in benzene solutions) and mass spectrometry, the mole-
with phosphorus-donor ligands, in particular, phosphines, cataular weights ofL and2 are 930-940; these values are close to
lyse this reactiod.However, the experimental data on the ki- 930 calculated for [Pd(ASR)YCI],(CO). Indeed, the chemical
netics of alkoxycarbonylation of acetylene in the presence ddnalysis data suggest that the empirical formula ahd?2 is
these compounds indicate that phosphine complexes of pallBd,As,C;,H;,0CL.T These compounds are diamagnetic and ex-
dium() (which can be formed in the redox reactiori BdPd hibit no EPR signals at both room temperature and 77 K. The
by the action of ¢H, or CO) rather than the above compoundsIR spectra ofl and2 exhibit bands at (1855, 1895) and (1860,
actually serve as catalystsin this connection, it may be 1890)cm? associated withv(CO) for the bridging carbonyl
expected that not only arylphosphine complexes of palladjum(group. The XPS spectrum @fexhibits two lines at 337.1 and
but also coordination compounds of palladijm(th arylarsines  338.1 eV, which correspond to the Pd,3signals for Péand
will be effective catalysts of acetylene alkoxycarbonylation.Pd', respectively, whereas the spectrum2oéxhibits a sym-
Complexes of the type [Pd(P8I],(1-CO) can be postulated as metrical line at 337.7 eV, which correspond to the B, 3ig-
intermediates in the course of acetylene alkoxycarbonylational for Pd (according to the published ddtéthe Pd 85, signal
with the participation of [Pd(PBBCI,], one of the most effec- is observed at 335.8-337.2, 337.5-337.9 and 338.1-338.9 eV in
tive catalysts of this reaction. Thus, it is of interest to synthesisthe presence of PdPd and Pd, respectively). Thus, the pal-
the analogous arsenic-containing compounds [Pd@ERKCO) ladium atoms inl are non-equivalent, whereas the palladium
and to test them as catalysts of the above reaction. atoms in2 are equivalent to one another. Accordingfes NMR
Theoretically, the compound [Pd(Asfp@l],(CO) can exist data, compound shows two separate signals while compound
in three isomeric forms as shown in structuresbelow where 2 shows one. This fact indicates that the arsenic atoms in the

the arrangement of the Aspdind CI ligands differ: former compound are non-equivalent to one another, whereas in
the latter, they are equivalent. Thus, the above data suggest that
c O AsPh c. SN a in 1 both of the triphenylarsine molecules are coordinated to
Pd— Pd Pd— Pd one palladium atom, whereas the triphenylarsine molecules are
c” \Asprg prBAs/ \Asph3 coordinated to both of the palladium atoms2inThe electric
1 2 dipole moments fot, 2 and3 can be theoretically predicted to

be approximately equal to 8-10, 4-5 and 1-2 D, respectively.
cl co AsPh, We found that the electric dipole moments¥@nd2 in benzene
\Pd/_\ pd are 9.5 ar_ld 4_.8 D, resp_ectlvely. _In this connection, we can sug-
F>rhAS/ cl gest thatl is triphenylarsinopalladium(O)i¢carbonylo)-dichloro-
3 palladium(l) [Pd(AsPh),](CO)[PdCL], whereag is cis-[chloro-
triphenylarsinopalladiun)-(u-carbonylo)-chlorotriphenylarsino-
The carbonyl chloride complex,HPd,(CO),Cl,] served as palladium()] [Pd(AsPh)CI|(CO)[Pd(AsPR)CI]. Unfortunately,
the starting compound for the synthesis of these isomers. Thige failed to preparg and2 as single crystals suitable for X-ray
complex was prepared according to the reaction diffraction analysis. Moreover, the compounds were rapidly
decomposed under exposure to X-rays. Therefore, we cannot
2PdC} + 3CO + H,O - H,[Pd,(CO),Cl,] + CO,. determine the crystal and molecular structure of compolinds
In so doing, carbon monoxide was passed through a solution ahd2.
0.5 g of PdCJin 20 ml of 36% HCI at 298-300 K amu= 1 atm Compoundd. and2 were tested as acetylene alkoxycarbonyla-
for 8-10 h until the colour change of the solution from darktion catalysts in a well-stirred reactor thermostatically controlled
cherry to light green and the appearance of elemental palladiuwith the use of a UR-20 thermostat. A required amount of the
traces. The elemental palladium was separated from the soltest complex, 3.35 ml of DMF and 1.65 ml of a ®4Cl solu-
tion by filtration through a glass filter in a mixed atmosphere otion in butan-1-ol were added to the reactor in an argon flow,
argon and CO. Isomerk and 2 were synthesised by partial and the reaction mixture was stirred for 5 min at a constant
replacement of acid ligands in,[Rd,(CO)Cl,] by triphenyl-  temperature (298, 323 or 343 K). A gas mixture containing
arsine (in the molar ratio 1:1.5) in an argon atmosphere at 20 °C
and pressur@ = 1 atm. The reaction was performed in hydro-t For 1 found (%): Pd, 22.6; C, 49.0; As, 16.3; H, 3.1; Cl, 7.8. Eor
chloric acid or an equimolar mixture of hydrochloric and aceticfound (%): Pd, 22.8; C, 48.9; As, 16.0; H, 3.2; Cl, 7.6. Calc. for
acids to prepar# or 2, respectively: Pd,As,C4,H4,0Cl, (%): Pd, 23.02; C, 49.10; As, 16.23; H, 3.23; Cl, 7.68.
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equimolar amounts of £, and CO [f=1 atm) was fed into  Taple 1 Catalytic activity of phosphinic and arsinic palladium comple
the reactor. The reaction products were analysed by gas chro-

matography. Table 1 summarises the experimental results.

Rate of formation/

~ Note that isome2 exhibits a reasonably high catalytic activity Compound E?ﬁgg?;_ mol dnm-3 h-t
in acetylene alkoxycarbonylation, whereas isoes well as ture/K .

all known arsenic compounds, inhibits this reaction to some Monoesters Diesters
extent. In this case, the catalytic activityais-[Pd(AsPh)CI]- cis-[Pd(AsPR)CI|(CO)[Pd(AsPR)CI] 2 298  0.170 0.000
(CO)[Pd(AsPR)CI] is pronounced even under mild conditions 323 0120 0.010
(298 K, 1 atm), and it somewhat decreased with increasing tem- 343 0.106 0.035
perature. It should be noted that the acetylene alkoxycarbonyl&d(AsPR)2I(CO)PACL] 1 ggg 8-883 8-888
tion catalysed by compourlat 298 K is highly selective for 343 0000 0.000
n-butyl acrylate (80%), whereas diesters were not formed at aIIC_IS[Pd(PPE)CI](CO)[Pd(PP@C” 298 0'120 0'003
The surprising thing is that the catalytic activity 2fin this 323 0115 0.008
reaction is much higher than that of the phosphorus-containing 343 0.108 0.015
analoguecis-[Pd(PPR)CI(CO)[Pd(PPR)CI]. In this connection, Pd(PPh),Cl,] 208 0.024 0.061
we can suggest the following. It is well known that the phenyl[ 323 0.110 0.104
fragment can coordinate to the Pd—Pd bond adigand® (as 343 0.152 0.129
evidenced by a considerable broadening of the band due fed(AsPh),Cl,] 298 0.004 0.000
phenyl protons in théH NMR spectra ofl. and2 to 1.0 ppm as 323  0.002 0.000
compared with uncoordinated AsPhThus, two phenyl frag- 343 0.000 0.000
ments can be coordinated to the Pd—Pd bond in isdhserd3, In all cases, the catalyst concentration was 0.05 mot.dm

whereas only one phenyl fragment can be coordinate2l in
Because of this, we can expect that the Pd—Pd bonds in com-
poundsl and3 will be completely blocked by phenyl groups; References
however, the corresponding bondZwill be accessible to the . L -
coordination of other molecules. It is also well kndwimat the ! g,'rf é?ﬁ?fi’n;é?iﬂ'g ggfvngﬁgﬁ'sfgrz‘c'ﬁfm? :(cs)rtlr(l’]cltgg%_and Reactivity
coordination of acetylene molecules to the Pd—Pd bond takgsg a cotton and G. W. Wilkinsondvanced Inorganic Chemistrgth
place in the alkoxycarbonylation of acetylene with the participa- edn., Interscience Publishers, New York, 1990.
tion of Pd and P8 compounds, and this process is responsibles 0. N. Temkin and L. G. BrukiJsp. Khim, 1983,52, 206 Russ. Chem.
for the catalytic activity. Thus, we may expect that compdynd  Rev, 198352, 117).
as well as hypothetical compourdl will be inactive in this 4 V. 1. Nefedov, I. A. Zakharova and I. 1. MoiseeZh. Neorg. Khim
reaction, wherea2 will exhibit somewhat activity. In the case _ 1973,18 3264 Russ. J. Inorg. Cheml973,18, 1738). _
of arsenic-containing ligands, the coordination of th#iL ° igpé'lzj‘l‘hl"’g‘l"’a' Yu. |l Gaft and N.T.Kuznetsoworg. Chim. Acta
molecule during a nucleophilic attack on the Pd—Pd unit is mor D.T. Clark D. B. Adams and D. Bri

- .T. ,D.B. . Briggd, Chem. Soc., Chem. Commun
favourable than that in the case of analogous phosphorus-;971 15 go2
containing ligands because the electron pair i As more e
diffusel2 and, as a consequence, the Pd—As distance is longer
than the Pd—P bond length; thus, the catalytic activity of arsenic-
containing palladium complexes is higher than that of phos-
phorus-containing palladium complexes. However, this explana-

tion is only a hypothesis, which needs further investigation.  Received: 3rd February 2000; Com. 00/1600
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