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The catalytic system formed in situ from trans-[ PdBr,(PPhs),]/Base/PPhs/LiBr is highly active and
selective in the oxidative carbonylation of iPrOH to the corresponding oxal ate using benzoquinone
as a stoichiometric oxidant. The influence of each component the catalytic system is discussed. A
catalytic cycleis proposed.
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Abstract
The catalytic systemtrans-[PdBr(PPh),]/NEts/PPh/LiBr is highly active and

selective in the oxidative carbonylation oPrOH to the corresponding oxalate using
benzoquinone (BQ) as a stoichiometric oxidant. ®kalate is formed together with minor
amounts of carbonate and acetone. The influen@aadh component the catalytic system is
discussed together with the influence of the cotraéon of BQ, reaction time, temperature
and CO pressure. NEnheutralizes the acid released in the catalytidegytbus favouring the
formation of a dicarboalkoxy intermediate. AddedhPlPeacts with bezoquinone giving
betaine, which is a base that contributes to déurenhancement of the catalytic activity. The
Br' anion might coordinate the Pd(0) which formed in the product forming step thus
stabilizing it against decomposition and makingierags reoxidation and reentering in the

catalytic cycle. The catalytic activity depends yoslightly on the concentration of BQ,

* Present address: Department of Chemical Sciencegetdity of Padua, via Marzolo 1, Padua, Italy

’ Corresponding author. E-mail: toniolo@unive.it. F&89 (0)41 234 8517

Abbreviations O, diisopropyl oxalateC, diisopropyl carbonatéd, acetone.



suggesting that either uncoordinated BQ is nothreain theslow step of the catalytic cycle or
that BQ is strongly coordinated in this the specldse catalytic activity toward oxalate increases
upon increasing the concentration of BJEAnd of PP§ whereas the selectivity toward
carbonate and the formation of acetone remain ipedigt constant. The increase of the
pressure of CO has a similar effect, except thatféhmation of acetone is suppressed. It is
suggested that at relatively high pressure of C@erdacoordinated species may be formed so
that there is no place for any interaction betwe&itadium and the C-H bond before {Bd
elimination. Instead there is a nucleophilic inptasre attack of the alkoxy ligand onto a CO
ligand. After catalysis the precurstirans-[PdBr,(PPh),] has been detected, together viriéns-
[PdBr(COQPT)(PPh),] and [Pd(BQ)(PP%).]. PPh remains coordinated to the palladium
centre during catalysis. A BQ- and halides-assistgdlytic cycle is proposed. In this cycle,
the reoxidation occurs though the release of aoprdrom an ammonium salt or a
phosphonium salt, which are formed during the gaigs) with reformation of the catalyst

precursor.

Keywords: Oxidative carbonylation, Isopropanol, @isopyloxalate, Palladium(Il)

1. Introduction

Alkyl oxalate is formed from an alkanol and CO e fpresence of a Pd(ll) salt, which
is reduced to Pd metal [1,2]. When the reactioncasried out with Pd(Il)-phosphine
complexes, Pd(0)-phosphine complexes are formet].[Zo make the reaction catalytic, an
oxidant must be used, such as molecular oxygemwxreduples of copper, iron, manganese,
vanadium, organic nitrites, BQ or a combinationtltdm [5-8]. The use of BQ is attractive

because it avoids the co-formation of water, whiduses consumption of CO and



deactivation of the catalyst and it can be recyelter reoxidation of hydroquinone which is
formed along with the desidered oxalate [9].

Catalysis undergoes through the formation of Pd-BQfpeciesRecently, the use of
[PA(COOMe)X,.n(PPh),J/NEts/PPh, (n = 0, 1, 2; X = AcO, CI, N& NO;, TsO) for the
catalytic oxidative carbonylation of MeOH using B® an oxidant has been briefly reported
[10]. Even under relatively mild temperature commhis (338 K), some decomposition to Pd
metal occurred. In addition, a consumption of B@hbr than that expected was observed
[10]. BQ could have been subtracted through thenébion of an insoluble solid produced by
BQ polymerisation promoted by a PFBQ adduct formed insitu [8]. Another BQ
consuming reaction could have been the oxidatidde®H to formal, which in turn can give
rise to many derivatives (methyl hemi-formal andfatmal, formal oligomers, methyl
formate, 4-hydroxyphenyl formate, pitches) [11].wéwer, formal and its derivatives were
not detected. For these reasons it was not pogsilgiee an order of activity in relation to the
nature of X.

More recently, an NMR mechanistic study on the tele oxidative carbonylation of
MeOH to the corresponding oxalate has been takengughe catalyst precursors
[PA(COOMe)(TsO).n(PPh),] (n = 0, 1, 2), which are rather reactive evenainglatively
mild conditions [12]. The basic steps of the ca®lyhave been identified. The role of the
base has been elucidated, together with that of Bidd¢ch enhances the reactivity of the
dicarbomethoxy complex (n = 2) and directs thelgsistoward the oxalate selectively.

Subsequent preliminary experiments usiraps-[PdX;(PPh),] (X = CI, Br) in iPrOH
showed that the mass balance between BBQHand the products (diisopropyl oxala@®)
diisopropyl carbonateQ) and acetoneA), (reaction (1)) was reasonably well respected.
Acetone does not give rise to any derivative imgaiBcant amount and is easily quantifiable
by GC analysis. Moreover, decomposition to Pd metdlnot occur even under relatively

severe conditions (363 K, 9.0 MPa of CO, 2 h). Tgniempted us to further investigatse



catalysis inPrOH. The choice of usingsec-alkanol was also decided for two more reasons:
1) the formation of the corresponding ketone coblve given us further insights on the
formation of the products, and ii) would allow @sfind the conditions to reduce or eliminate
the fomation of the ketone. The use of a tertidkargol would not be useful in the light of
these two points. Hereafter, the results are ptedeand discussed.

PdX,L, o

. OiPr .
iPrOH + CO +BQ — |ProJﬁ( + iPro” YoiPr + H3C)J\CH3+ H,BQ (1)
o)

O C A

2. Experimental section

2.1. Reagents

Carbon monoxide and ethene (purity higher than 93v&§e supplied by SIAD Spa
(Italy). iPrOH, PPh, PhCN, NE, LiCl, LiBr, Lil, H,SO, BQ, CDCl,, CDCk, were
purchased from Aldrich Chemicals. Pd(A¢@nd PdCGl were purchased from Chimet SpA
(Italy). CDCk was stored together with molecular sieves and mratgon. BQ was
recristallized from BO. The other chemicals were used as receiVeghs-[PdCL(PhCNY}],
trans[PdXx(PPh);] (X = CI, AcO, TsO) were prepared according tertature procedures

[13-16].

2.2. Instrumentation

IR spectra were recorded in nujol mull or in KBr @rNicolet FTIR instrument mod.
Nexus. NMR spectra were recorded on Bruker 300 Mﬁectrometers?lP spectra were
measuredH decoupled. AlI'H chemical shifts are reported relative to thedwesl proton
resonance in the deuterated solvefl signals were referenced to an 85 % aqueous @oluti
of HsPO,. GC analysis was performed on: a) Hewlett-Packdodiel 6890 chromatograph
fitted with HP5, 30 mx 0.32 um x 0.25 um column (detector: FID; carrier gasy,ND.7

mL/min; oven: 40 °C (3.5 min) to 250 °C at 15 °Ofnib) Hewlett-Packard Model 5890



Series Il chromatograph fitted with 20 % Carbow&x\2 on 80-100 mesh Chromosob W, 1

m x 2.3 mm ID packed column (detector: FID; carries:dsb; 25 mL/min; oven: 80°C).

2.3. Preparation of the complexes
2.3.1. Synthesis of trans-[ PdBr,(PPhs);]

To a suspension dfans-[PdCLL;] (0.10 mmol) in 5 mL ofiPrOH/CHC} (1/1) a
solution of LiBr (2.4 mmol) and PRI{0.2 mmol) in 5 mL of PrOH was added under stirring
at room temperature. After two hours, the soluti@s concentrated to half the volume and 5
mL of ELO was added. The microcrystalline solid was fileo&, washed several times with
iIPrOH and EO and dried under vacuum. Yield: 96 %. Elem. a@alcd for GgH3oBr.P,Pd:

C, 54.68; H, 3.82; found: C, 53.61; H 3.92. NMR: 7.75-7.41 (m, 30H, Phj’P{'H} 23.2

(s).

2.3.2. Synthesis of cis-[Pd(S0,)(PPhs)2]

To a 0.1 mmol otrans-[Pd(OAc)k(PPh),] in 20 mL EtOH a slight excess of,860,
was added dropwise. Aftea. 10 minutes a yellow solid precipitated. The suspm was
stirred for 30 more minutes. After adding 20 mLrpkether, the solid was collected on a
filter, washed with HO, EtOH, petroleum ether and dried under vacuuraldy80 %. Elem.
anal. Calcd for @H300sSP:Pd: C, 58.69, H, 4.08; found:C, 59.05; H, 4.06. NMR 7.66-

6.94 (m, 30H, Ph¥'P{*H} 35.0 (s).

2.3.3. Synthesis of trans-[ PdBr (COQi Pr)(PPhs),]

A mixture oftrans-[PdBr(PPh),] (0.1 mmol), PPf(0.1 mmol) and NEt(0.2 mmol)
in 6 ml of iPrOH in a glass bottle, that was placed into alwcdave. The autoclave was
purged wth CO and pressurized with 5.0 MPa at reamperature. After heating at 368 K for

4 h under stirring, the autoclave was cooled tonrdemperature and depressurized. The



microcrystalline product was separated by filtnatizvashed with the alkanol and dried under
vacuum. Yield 82%. Elem. anal. Calcd fogg&ds/BrO,P,Pd: C, 59.49; H, 4.58; found: C,
58.99; H5.28. IR (KBr): 1665 cih(vco). NMR: *H 7.75-7.41 (m, 30H, Ph), 3.66 (m 1 H,

OCH), 0.32 (d, 6 H, CH}, **P{*H} 20.04 (s).

2.4. Catalytic oxidative carbonylation of iPrOH

Typically, 5 mL of a solution of NEtin anhydrousPrOH was introduced into@. 20
mL glass bottle containing0® mmol of catalyst precursor and the desired amofifigand
and BQ. The glass bottle was then placed into daockve ofca. 50 mL volume. The
autoclave was first purged several times with G@ntpressurized and heated to the desired
pressure and temperature. The solution was stisidd a magnetic bar. After the desired
reaction time, the autoclave was rapidly coole@78 K and then slowly depressurized. The

solution was analyzed by GC usingindecane and toluene as internal standards.

3. Resultsand discussion
3.1. Influence of the counter anion on the activity and selectivity of [PdX,(PPh3);]

The influence of the anion on the activity and sy of the title complexes has been
studied using precursors having X = TsO, AcO, Gl, %, = SQ, (Graph 1). At the end of
catalysis, some decomposition to Pd metal was vedarhen X = TsO, AcO andx& SQ,
thus the comparison can be made with only the dilerprecursors. The bromide one is

more active and selective that the chloride one.

InsertGraph 1
3.2.  Influenceof NEt;
The use of NEtin combination with th@recursotrans-[PdChL(PPh),] has a beneficial

effect on the catalytic activity towar@ and only a minor effect on that towa@ and A



(Graph 2). The formation of these products is scteed by reaction (2) and occurs with
release of HCI. The base subtracts the acid andufavthe formation of the dicarboxy
intermediate, as it has been found for the synshesitrans-[Pd(COOMe)(PPh),] from

trans-[Pd(COOMe)(TsO)(PR)] in MeOH under CO [9, 12].

iProH Co iPrOH, CO
PdCl,L, —s PdCI(iOPr)L, —s PdCI(COiOPr)L, —=  Pd(COiOPr),L, 2)
- HCI - HCl
\ iProH
A C @)

InsertGraph 2

3.3.  Influenceof halides

The influence of X = CI, Br, | on the activity arselectivity was studied usirtgans-
[PACL(PPh),] as catalyst precursor in combination with LiX.€Thesults are reported in
Table 1. The catalytic activity increases in thesence of LiBr up to a TOF = 228 ffor O,
when Br/Pd = 24/1. The rate of formation @fis slightly influenced. Acetone and/or some
derivatives such as ketals or mesityl oxide were deiected when Br/Pd > 6/1, thus the
formation ofA is completely inhibited. Chas a minor effect, excesslepresses significantly
the activity. These results may be accounted wittifferent coordinating capacity of the
anions on the palladium centre. While théi@i is less binding than Br" is too much, thus
making its displacement kthe reagents difficult [17]. A similar trend hasebeobserved in

the palladium catalysed carbonylation of aryl hegid18].

InsertTable 1



The fact thatA does not form in the presence afided halide provides a further
evidence that the halide plays an important rolee Toordination of the halide may inhibit
the B-hydride extraction of the Pd-OR species, respdms$ththe formation oA [19], without
compromising the formation of the Pd-OR and Pd-CO®&teties, because, at least when
LiBr is used, the activity towar® andC is enhanced.

The following considerations may help to rationalthe promoting effect of BrAfter
catalysis the complexesans-[PdBr(COOPY)(PPh),;] and [Pd(BQ)(PPY);] were detected
(see3.8.). Amatoreet al. and Neghishet al. demonstrated that [Pd(0)(P#4his unstable in
the absence of halide ions and that the partitbtat saturation of the coordination shell of a
zerovalent palladium complex by halide ions, witbrniation of anionic complexes
Li[Pd(PPh).X] or Lij[Pd(PPR).X;], prevent decomposition [20,21]. Not only, but the
negative charge of Pd(0) when coordinated by thenaenhances its reactivity toward
oxidation [22-24]. In our case, Brcould enhance the catalytic activity by stabilgin
[PA(BQ)(PPh),] as anionic species of the type [PdBr(BQ)(®Rhor [PdB(BQ)(PPh),]*
and makingtheir reoxidation easier without compromising tleorclination of the reagents

(see3.9) .

3.4. Influence of added PPh3

The influence of added PPhas been studied using the most active systenmtegpim
Table 1,i.e. entry 5. The catalytic activity significantly ireases upon addition of Pfénd
reaches a plateau when the P/Pd ratio (15-20)/aptGB8). It is known that BQ gives an
adduct with PPhwith formation of (2,5-dihydroxyphenyl)phosphoniybetaine) [25], which
may act as a base because of the presence of @nrAoiety (reaction (3)) [26] However
this cannot be the only effect of betaine, becabsgph 2 shows that upon increasing the

NEt/Pd ratio overa. 10/1 the catalytic activity does not increaselfart Thus, betaine might



favour catalysis by coordinating Pd(0) which isnf@d in the product-generating step (see

3.8), like CI' and Br do.

InsertGraph 3

o OH
4+ —
PPh, PPhg X
+ PPhy; —= +HX —> 3)
OH OH

Betaine

3.5. Influence of reaction time and of BQ

Upon increasing the reaction time from 1 to 3 h T@F and the selectivity t®
slightly decrease (Table 2). Since during the a®wé catalysis the concentration of BQ
decreases considerably, it arises tlta¢ catalytic activity depends only slightly on the

concentration of BQ. This suggests that either ardinated BQ is not involved in the slow step @ th

catalytic cycle or that BQ is strongly coordinatedhe species involved in this step.

3.6. Effect of temperature

Upon decreasing the temperature, the activity dese® as expected, but the selectivity
toward O increases (Table 2). Indeed, the apparent adivaginergy is higher for the

formation ofC (19.3 Kcal- K- mol?) than forO (15.1 Kcal- K} mol™*) (Graph 4).
InsertTable 2

InsertGraph 4

3.7. Effect of the CO pressure



Graph 5 shows that upon increasing the pressuf@Oothe TOF toward steadily
increases, whereas that Gfis little influenced.A is formed in low quantities at low CO
pressure only (0.7 TOF at 1.3 MPa). This fact tooralized as follows. Acetone is formed
from a PdrOPr intermediate vif-H elimination [19]. At relatively high pressuré @O, this
intermediate inserts CO giving a Pd-@Pr intermediate before tH&H elimination can
occur €fr. Graph 2), so that acetone is not formed. At gt high pressure of CO, a
pentacoordinated species may be formed so tha thero place for any interaction between
palladium and the C-H bond before tBeH elimination. Instead there is a nucleophilic

intrasphere attack of the alkoxy ligand onto a @@rid.

InsertGraph 5

3.8.  On thecoordination of PPh3 to palladium during catalysis

The highest catalytic activity has been obtainedngisthe precursortrans-
[PdBr(PPh),] in combination with relatively large amounts afded PPhand LiBr. Since
BQ reacts with the ligand, the question is: doesrdinated PPhdissociates during the
catalysis, so that the metal centre is no longerdinated by this ligandi order to give an
answer, the catalytic activity of PdBwas compared to that ¢fans-[PdBr(PPh),]. As
shown in Table 3, PdBris significantly less active and selective theans-[PdBr.(PPh),]
(entries 1 and 3) also in the presence of added (@Rtny 2). In this last case, the ligand was
first added to a solution of BQ iPrOH before adding PdBrLiBr and NEt. With this
procedure, PRhwas subtracted in advance by BQ, so that therengasee ligand left to
react with PdBr to give trans[PdBry(PPh),]. In entry 2 the activity is higher than that of
entry 1 probably because of the positive effechethine, that is formed from BQ and BPh
(see3.4.), but it is significantly different from that agntry 3. These results suggest that

dissociation of the ligand does not occur to aifigant extent during catalysis.

10



InsertTable 3

As a further demonstration, we carried out a reactising a relatively large amouuit
trans-[PdBry(PPh),] in iPrOH at 363 K, under 8.5 MPa of CO, together watatively small
amounts of LiBr and BQ (Pd/Br/BQ = 1/4/5), hop&fuhakingthe recovery of the precursor
after catalysis easier, yet ensuring catalysis dounto some extent. GC analysis of the
solution after 1 h showed the following: i) fornatiof only 0.1 mol ofO per mole of PdG
and A did not form); ii) most of the BQ was still presepea. 4.8 BQ/Pd), thus the mass
balance was reasonably respected. The solid remd\adter filtration was recognized by IR
and NMR as the starting complaans-[PdBr(PPh).]. The*'P{*H} spectrum of the solution
after reaction did not show any signal, indicatthgt no other complexes or betaine were
present. It may be concluded that dissociatiorhefRPh ligand fromtrans-[PdBr(PPh),]
does not occur.

In order to favour catalysis the above experimeas wepeated, but in the presence of
NEt; (Pd/Br/NEY/BQ = 1/4/2/5). After 1 h reaction, GC analysistio¢ solution showed the
presence of0, C and A (TOF 3.6, 0.1 and 1.07h respectively) and of #Q (ca. 4.3
H.BQ/Pd). All BQ was consumed. Thus, also in thisecd®e mass balance was reasonably
respected. After concentration, the yellow solidokeered by filtration was recognized as a
mixture of the precursor trans-[PdBr,(PPh).], trans[PdBr(COQPr)(PPh),] and
[PA(BQ)(PPh),] (*'P{*H} at 32.9 (s) in CBCl, [12, 25]). By removing the solvent from the
solution obtained after filtration, the pitchy rse that was left. The NMR of this residue
dissolved in CRCIl, showed the presence tfans-[PdBr(COQPr)(PPh),], H.BQ and of
another unknown compound'®{*H}at 33.7 ppm), but not that of betainé'R{*H} at 23.3
and 16.4 (s) ppm in CICl,). Therefore, also during catalysis, dissociatibra ¢*Ph ligand

does not occur.
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3.9. Proposed catalytic cycle

Three complexes were detected after catalysi® the precursor, trans
[PdBr(COQPr)(PPRh),] and [Pd(BQ)(PP{).] (see3.8.). In addition, he formation ofO is
likely to occurvia a [Pd(COQPr)(PPh),] intermediate [12]. Thushese complexes might be
involved in the catalytic cycle.

Even the BQ plays an active role in the mechanisiha oxidant and also assisting the
catalyst reactivity toward® formation. Indeed, it has been shown that in catslgonditions,
but in the absence of B@ans-[PdBr(COQPr)(PPR),] is stable for several hours. In fact, it
is synthesized in high yield when the precursdraated with CO inPrOH in the presence of
NEt; at 80-90 °C under 4.0-8.0 MPa of CO (see experiaterWWhereas in the presence of
BQ high catalytic activity toward is observed. Thus, BQ modifies the reactivity loé¢ t
monocarboxy complex and favours the formation afiGarboxy intermediate and also the
reductive elimination ofO, since no dicarboxy species was detected afteslyss.
[PA(BQ)(PPh),] was detected also when all BQ was consumed, saather stable.

All these evidences are in agreements with theadyreeported catalytic cycle for the
oxidative carbonylation of MeOH to dimethyl oxal§1®]. In more detall, it was suggested a
catalytic cycle in which the reoxidation of [Pd(B®Ph).] complex may occur through the
addition of MeOHto the PdBQ moiety with formation of a (Me@)iydroxyphenoxy)Pd(ll)
intermediate. Similarly, this reoxidation and tlaadytic cycle may occur alseith iPrOH.

However, a further reaction mechanism could be perposed taking into account the
above reported halides effect (Scheme 1).

InsertScheme 1

In particular, as mentioned 8.3, Br might coordinate this Pd(0) complex, with

formation of anionic complexes of the type [PdBrjgePh),]” or [PdBr(BQ)(PPh),]?,

whose negative charge might making easier thekidation. Therefore, the reoxidation may

12



alternatively occur through release of a protomflBH Br~ with reformation of the catalyst
precursor PdB(PPHh),, similarly to what proposed for palladium-benzowmne catalyzed
oxidation reactions [22,27]. Protonation of BQ ofBQ)Pd(0) moiety has been found to
occur in a redox reaction which yields Pd(ll) anditoquinone [28]. As already mentioned
the formation of O from the monocarboxy intermeeliatight be a BQ assisted process in
which this electron deficient olefin might coordieato the metal centre forming a
[Pd(COOR)(PPh),] BQ adduct complex. However, this intermediate was isolated or
detected in solution and nor we could prepare it.

In order to give a further support to the proposgdes and the essential role of BB
we run the catalysis iPrOH using LPd(COOR) as a precursor (R = OMe; all the efforts to
isolate the complex with R =i®r failed). The results are shown in TalleThe first
experiment was carried out in the absence gfEtBr whereas the other experiment was
carried out in the presence of two equivalentshid salt, which are formed when starting
from L,PdBr as a precursor. In both cases catalysis occuassignificant extent, but with
better performance when with the salt, though sohigh as that observed in an experiment

reported in 3.5., which is also reported in Tab(&#dtry 3) for a comparative purpose.

InsertTable4.

4. Conclusions

Trans-[PdBry(PPh),]/NEts/PPR/LIBr is an efficient catalytic system for the oaid/e
carbonylation ofiPrOH to the corresponding oxalate. Only minor ant®wf carbonate and
acetone are formed. The role of each componentdhadytic system is discussed. During

catalysis the [Pd(PR)] moiety does not dissociate the ligafidans-[PdBr(PPh),], trans-

13



[PdBr(COQPr)(PPRh),] and [Pd(BQ)(PPf).] were detected after catalysis. A BQ- and

halides-assisted catalytic cycle is proposed.
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Tablel

Influence of the halide anions on the performarniceans-[PdCL(PPhR),] in the oxidative carbonylation of
iPrOH.

Entry  Pd/LiX Activity TOF Selectivity
[mol/mol]  [mol/(mol*h)] [%0]

O C A ) C A
1 88 20 15 72 16 12
2 6 ClI 60 13 0 82 18 0
3 24 Cl 77 12 0 87 13 0
4 6 Br 125 31 0 80 20 0
5 24 Br 228 32 0 88 12 0
6 6 | 85 8 0 91 9 0
7 24 | 14 2 0 88 12 0

Conditions: [Pd] = 2-IHmoliL, Pd/PPENEL/BQ = 1/4/10/700, 5 mL anhydrouBrOH, Ro 8.5 MPa, T
363 K, 1h.



Table?2

Influence of reaction time and temperature on tedgomance oftrans-[PdBr,(PPh),] in the oxidative
carbonylation of PrOH.

Entry t T Activity TOF Selectivity
[h] K [mol/(mol*h)] [%0]

) C A O C A
1 1 363 455 45 0 91 9 0
2 2 363 386 44 0 90 10 0
3 3 363 370 40 0 90 10 0
4 2 343 120 10 0 92 8 0
5 2 323 28 2 0 93 7 0

Conditions: [Pd] = 2- IOmol/L, Pd/PPHNEL/LiBr/BQ = 1/22/10/24/1400, 5 mL anhydroiRrOH, Ro 8.5
MPa.



Table3
Effect of added PRlon the activity and selectivity of PdBr

Entry Catalyst Pd/PPh Activity TOF Selectivity
[mol/mol] [mol/(mol*h)] [%0]
O C A O C A
1 PdBK 0 87 15 0 85 15 0
2 PdBK 22 170 18 0 90 10 0
3 [PdBr(PPh),] 22 455 45 0 91 9 0

Conditions: [Pd] = 2-1bmol/L, Pd/NEYLIiBr/BQ = 1/10/24/1400, 5 mL anhydroiBrOH, R 8.5 MPa, T
363K, 1h.



Table4
Activity of [Pd(COOMe}(PPh),] with or without BrNHEg compared to [PdB{PPh),] ones.

Entry Complex BrHNE{Pd NEty/Pd LiBr/Pd Activity TOF
[mol/mol] [mol/mol]  [mol/mol] [mol/(mol*h)]
O C A
1 [Pd(COOMe)PPh),] 0 10 26 254 37 0
2 [Pd(COOMe)PPh),] 2 8 24 361 50 0
3 [PdBK(PPh),] 0 10 24 455 45 0

Conditions: [Pd] = 2-1bmol/L, Pd/PPKBQ = 1/22/1400, 5 mL anhydroiBrOH, R 8.5 MPa, T 363K, 1
h.



H,BQ+2B =--.
BH*Br
[Pd(BQ)Br, L™
0 BH*Br
RO)H]/OR <
0 *- CO, ROH, B, BQ
nBr’ [Pd(COOR),L,]-BQ
R= iPr
B = NEtj3, Betaine
L = PPhs

Scheme 1. Smplified catalytic cycles.
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Graph 1. Influence of the anion on the performance of [{@Rh),] in the oxidative carbonylation of
iPrOH. Conditions: [Pd] = 2-10mol/L, Pd/PPHNEt/BQ = 1/4/2/700, 5 mL anhydrou®rOH, R 8.5

MPa, T 363 K, 1 h.
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Graph 2. Influence of NEJPd molar ratio on the performance toéns-[PdCL(PPh),] in the oxidative
carbonylation of iPrOH. Conditions: [Pd] = 2-1énol/L, Pd/PPEBQ = 1/4/700, 5 mL anhydrou&rOH,
Pco8.5 MPa, T 363 K, 1 h.
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Graph 3. Influence of PP{Pd molar ratio on the performance toéns-[PdBr,(PPh),] in the oxidative
carbonylation of PrOH. Conditions: [Pd] = 2- T0omol/L, Pd/NE/LiBr/BQ = 1/10/24/1400, 5 mL anhydrous
iPrOH, Ro 8.5 MPa, T 363 K, 1 h.
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Graph 4. Arrhenius plot. For the conditions see Table 2.
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Graph 5. Influence of Ro on the performance dfans-[PdBr(PPh),] in the oxidative carbonylation of
iPrOH. Conditions: [Pd] = 2- T0mol/L, Pd/PPENEt/LiBr/BQ = 1/22/10/24/1400, 5 mL anhydroiRrOH,

T 363K, 2h.



Resear ch Highlights

PdX»(PPhs), is acatalyst precursor for the oxidative carbonylation of iPrOH

* benzoquinone is used as a stoichiometric oxidant

NEts, PPhz and LiBr increase significantly activity and selectivity

diisopropyl oxalate is formed with minor amounts of diisopropyl carbonate and acetone



