
Palladium Catalyzcd Alternating Cooligoll1crization of EthJ'lcnc and 

Carbon Monoxide to U "saturated Kctoncs 

Wilhclm Keim*, IIt:iko Maas. Slefan Ml.!cking 

lnslllu\ fUr Techni-.chc Ctwmie der RW"III Aachcn. Wurringer Weg, 1. D-5207-1 Aachcn. 
German} 

Dctiiu/U'd to Pro! Or Or he. 'IIIIIt Glllllher WilJ..e (ltl 'he OCCfl.5;(}II (If hi' 7()"> hlrllu/lIl 

Z. Naturforsch. SOh. 4J(J-4J� (19Y5): rccclH!d Septemher 15. IIJ'.J-I 
C'ooit!!-omcriz<ltlon. Carhonylalion. Pall:u..hum. I kmilahik. lJmalurateu Ketone 

Cationic p:llladlUIIl calalv\ls hint: heen IN .. !U In coolig,orncfllc ethylene and I;arhlltl mono:\­
idc. AI high clhykndCO rallos (m/m 10: 1) 111 methylene chlonde as a solvent. umaturat<:d 
altcrn:lIl1l)! coohgolTll.'rs of Ihe general SI rueturc RI C( O)CH �CII�I",I-I (m � I: R Cl 1�=Ct-l-. 
CH�=-CHCI-I�CH�- and CII,CH=CHCH,.) .... ere obtained for the first tlmc. Single componenT 
catalyst precursors (allyl)f>d(I�"X)I·Y (I''''X Ph�P(CH�).,(,(=O)OR. Ph!P(C'lI,hP(=O)ph!. 
Ph2P{CH:;!).,C'-CIICII-CHS. l'h�P(CH�hS(=O)Ph. 11 = 1-3. R _ Mc. Et; Y == BF4 . SbF., ) 
with hidentatc P.O- and P.S·Ilgands as \\ell as It/ J;1II catalysts wilh unfunctional11ed phos­
phine ligands were u,cd. With PIIBu� a<. a ligand. selecti"lti..::s for cthylvinylkl,:\ollc of 40% 

based on the CO converted were ohtaincd. '111e hcmilabik' pho�phino-cster and phosphino­
thiophene ligands beha\ c like lllonOdentale ph(lsphines under catalytic C(lndition!>. 

Introduction 

Unsaturated ketones belong to a class of organic 
compounds of substantial synthetic interest. but 
their syntheses arc often tedious. Potcntially. an 
easy synthetic approach exists in the cooligomer­
ization of olefins. especially ethylene. with carbon 
monoxide. 

The first carbonyl at ion reactions of olefins as 
pioneered by RocJcn represent a milestone in the 
development of industrial. homogeneous tran­
sition metal based catalysis. Today. the oxo-syn­
thesis represents the largest scale application of 
homogeneous catalysis. 

In hydroformylation. as well as in other impor­
tant carbonylation reactions of olefins, e.g. hydro­
carboxylation and hydrocarbalkoxylation. the 
product contains one molecule of olefin nnd CO. 
rcspcclively. Products containing. more than one 
molecule of olefin can also be obtained. Roelen 
already observed the formation of dietbylkctone 
as a byproduct in the h�druforlllylatiun of ethyl­
ene 1 1]. and mnny other examples are known 12]. 
DiethylkclOnc can idso he obtained selectively [3J. 

Multiple incorporation (If carbl>n monoxide can 
also occur. yielding saturated oligokctones 

• Hcrnnt rcque�ts \() Prof. Dc W. Kcilll. 

HICH:!CH1C(O)]",Et or oligoketocarboxylic acids 
or esters H[CH2CH2C(O)]",OR (m > I: R-H. 
alkyl). In addition to ethylene and carhon monox­
ide. the oligoketones contain two hydrogen atoms. 
usually originating from 112 added or derived from 
water via the water-gas shift reaction. 111e oligo­
ketocarhoxylic acids or eSlers contain one mole· 
cuk of water or alcohol. added or used as il sol­
vent. in an early publication. Reppe and Magin 
have described the nickel catalyzcd synthesis of 
such oligomcrs along with high-molecular-weight 
polymeric products 14]. With rhodium catalysts. 
oligoketoncs and oligokctoesters (m = 1 10 ap­
proximately 4) can he obtained selectively under 
mild conditions 15J. Oligokctoesters can also be 
obtained with palladium catalysts [6. 7 b]. 

'n,e formation of unsaturated ketoncs. con­
sisting. only of olefin and carbon monoxide. has 
also bcen observed. Propenylpropylketones can be 
dcrived from propylene and carhan monoxide 
"'Ith rhodium 15hl and palladium catal)\15 IHI. 
Employing Myrenc. 15-dll)henylpcnt· I-en-J-one 
can be obtained sel�cti"eJy [S.9]. Considering the 
synthCMl:. of unsaturated ketones from ethylene 
and CO. the transition metal catalyzcd preparation 
of ethylvinylkclOne ha!; heen dcscrihed under se­
vere comlitions .... ilh moderate selectivilies. using 
ruthenium. copper or silver catalysl� [ 10]. Drcnl 
ha:. hrieny noted. that ethylvinylketone ciln be ob-

tl93 :? -()776N51O�( K)- n .. BO $ ()6.tK) ( 199.'1 Vcrlag dcr ZClhchritl flir Nalurfl)f',chullg. All rig.ht� rc'cf\ed. 
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tained ilt low rates with Pd(OAch/PPh)/phcnyl­
phosphonic acid as a catalyst Ill]. 

Recently. the copolymerization of olefins and 
CO. yielding alternating polyke(ones. has attr:lcted 
much industrial f7] and academic [12] interest. 
Very active cationic palladium catalysts with che­
lating P.P- or N.N-ligands have been developed. 
and mechanistic considerations have contributed 
to the understanding of faclOrs controlling clwin 
growth and termination steps in this type of mul­
tiple carbonylation reactions. 

For Illany years. we have been interested in tran­
sition metal catalysts with anionic chclating li· 
gands. Exceptional results are obtained with bi­
dentate P.O-ligands. which combine a hard and a 
soft donor atom. Such ligands are also applied 
commercially for the nickel catalyzed oligomeriza­
tion of ethylene in the Shell higher oldin process 
fI31. Presently. w e  are also investigating nickel 
and palladium catalysts with comparable neutral 
ligands for C-C linkage reactions of olefins 
[l4.15]. Well characterized cationic palladium allyl 
complexes with bidcnlate P.O- and P.S-ligands arc 
used as catalyst precursors. These complexes are 
also well suited for mr.:chanistic studies,'especially 
with view of applying hemilabile bidentate func­
tionalized phosphine Jigands in homogeneous 
catalysis. In this pnper. we wish to report the cooli­
gomerization of ethylene and CO. yielding unsatu­
rated low-molecular-weight alternnting oligo­
ketones. To the best of our knowledge, selective 
formation of these compounds from ethylene and 
C O  has not ber.:n reported before. -nle preparation 
and stoichiometric reactions of the cationic com­
plexes applied [ 16. 17] will be subject of a sepa­
rate publication. 

Results and Discussion 

In homogeneous catalysis by transition metal 
complexes. two approaches exist: the use of iso­
Inted. well charucterized compkx�s as singk-com­
ponent catalyst precursors. <mu the use of ill silll 
catalysts. In this study. both methods were 
employed. 

Cationic pal/adillm allyl complexes witlt J�O­
or P.S-ligllluls as catalyst precl/rsors 

Under identical pressures of ethylene and car­
bon monoxide and in methylene chloride as a sol-

In::l,A::Me 
2 n=2, R:Et 
3 n=3, R:EI 

7 

-,. 

4 n= 1 
5' n '" 2 
6.n",3 

8 

Fig. I. Cationic palladium allyl complexes used as cala­
Iyst precursors. 

ven\. the complexes shown in Fig. I catalyze the 
co polymerization of ethylene and CO to alternat­
ing polyketone. Molecular weights of the.: products 
are approximately NI" = 2000-4000 g/mol. Com­
pared 10 cationic palladium catalysts with bid en­
tate P.P-ligands in aprotic [18] or protic solvents 
17. 1 8]. activities are moderate. 

However. at high ethylene/CO ratios. oligomeric 
products with the structure shown in Scheme I are 
obtaincd+. Compounds with m -= 1 .  2 and 3 were 
separated and characterized by NMR. IR and 
mass spectroscopy. This data corresponds 10 litera­
ture-known spectroscopic data [ 1 91. Products with 
m>3 were not seperated, but NMR-spectroscopy 
shows. that these higher oligomcrs and polymers 
also have the general structure shown in Scheme I. 

111ese products can be interesting intermediates 
for preparative organic chemistry, for which so far 
no simple high-yield syntheses are known. For 
ethylvinylketone even large-scalr.: applications can 
be envisaged. e.g. for copolymers. IA-Dikctones 
can be used for th\! synthesis of substituted cyclo­
pentenoncs. which are a structural demr.:nt of 
natural fragrances of the jasmin-type /201. 

In cxpenmenlS carried out al high reaction tempera­
turc� (2110"C). in addition 10 the producls shown In 
Scheme l. a further isomer of Ihe butenylkelonc" wa� 
ohserved. For III co I and 2. lhis was idcnlificd as Irwl.l'-
4-hcpten-J-one and Irum-7-decen-3.fi-dionc. rt.'­
:,pcclivcly. 
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Scheme 2. Preparation of ;11 \';1/1 catalysIs. 

In standard work-up of the rection mixtures 
obtained from catalysis. the products with II/;=: 3 
were divided into the fraction dissolved in the 
given amount of solvent (20 m! methylene chlo­
ride) and into Ihe undissolved fraction. consisting 
of polykctones. Comparison of the amounts of 

Ihesc two fractions can serve <IS a qualitative meas­

ure of the molecular weight of the products with 
11/ � 3. 

Using complexes 1-6 (Tablc I) mainly low-mo­
lecular-weight products (11/ -= 1. 2 and soluble 
oligoketones with m �3) arc obtained. whereas 
with 7 and 8 mainly insoluble polymers are ob­
tained even at high ethylene/CO ratios. 

The depl..'ndl..'m:e on the temperature applied. 
shown for complex 3 in Table 11. is typical for com­
plexes 1-6. AI temperatures of 50-65 "c. the op­
timum of activity and catalyst stability is observed. 
al higher tcmperawres rapid catalyst decompo­

sition occurs. Complexes 7 <md 8 require higher 
temperatures. gO QC being the optimum. With all 
complexes. higher reaction temperatures favor the 
formation of low-molecular-weight products. As 

can be expected. chain-termination prevails over 
propagation (cl Scheme 3). 

Lowering the ethylene/CO ratio from 10: I to 
2: I has thc opposilc effect (Table 11): at low CO­
concentrations. chain termination from an alkyl­
species can compete with CO insertion. i.e. propa­
gation. whereas at high CO partial pressures 
propagation prevails. 

Figure 2 shows the course of reaction with com­

plex 3. Because of the difficulty 10 draw a repre­
sentative sample of the heterogeneous reaction 
mixture from an autoclave under the reaction con­
ditions. data points for each reaction time were 
determined by a separate experiment. Deviations 
are inevitable. and this is considered the reason 
for a slight lowcring of the TON for III = 1 and 2 
<ICter 14 h reactiOn time compared to 7 h. 

Table I. Cooligomcrization of ethylene and CO employing complexes I �H as catalyst precursors. 

Catalyst Reaction cnnditlOm Results 

Cat. " Temp. Time Mass jgj Conv. TON/mu I (su hst ra t t: )/mal (Pd) SeI. 
jnunal] ["e] [hi C�H., CO afCO inso!. so!. total EVKla] 

1/1 � 3 111= 1.2 

0.1 tJO 50 7 .'do 0.049 S')% '" 1-10 135 -It') J":o 
2 0.100 50 15 5.U6 0.52 ,)5% 159 120 134 413 '" - '" 
3 0.100 50 '" 5.50 0.52 96% 66 171 207 "'" 10% 

" 0.£190 :'iO 15 -1.97 0.5-1 :-;0% 67 167 15-1 -,XS 5% 

5 O. I ()tJ 50 15 4.02 0.50 'J7% 16-l 110 134 -IO� 1% 

• 0.095 SO 15 -1.045 0.60 XX"!.. 135 22-1 55 -114 2"1" 
7 O.lrK) SO 20 5.51 0.53 98% 299 60 22 :is] 0"1" 
• O. t(X) gO IS -l5H 0.043 S7% 172 "" I. 27"2 ()% 

Solvent: 20 ml CH2C12: initial p( crhyknc:) = 25 bar: initial p( CO) = 5 har. a) selectivity for cthylvinylkt:lon<'. ba�<!d 
on the CO converted. 
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l:lhlc [I. C�)lIgomcrizalion of ethylene and CO: inilucllce of rCilCllon conditions. 

Cnt,tlyo;( 
Cat. n 

ImmnlJ 

3 0.1112 

3 0.100 

3 0.{)91 

3 0.0<J9 
3 0.103 

2 O. l no 
2 O.I(M) 
2 0.10\ 

R .... nction conditium 
"temp. 
["Cl 

r.1. 
50 

65 
95 

'"0 

50 

50 

50 

Ma,� I�I 
(" I ll 

6.3 

5.50 

n 
·L'i 
5.2 
5.()() 
5. It} 
(,. (J 

CO 

0.5 

noS::! 
O.S 
05 

0.5 
052 

J.(}.l 
.1.11 

Iksull' 
Ratlu ConY. 
C�H�I of CO 
CO 

12 60% 

10 9(,";, 
9 ,)tJ% 
. ) 61" .. 

\Cl 35,,"<. 

10 95'�'o 
5 71% 

, l.v'" 

rONfmu[(�uh�tratc )lllIu[/ Pd) Se!. 
imol. ";01. !Utal EVK[a[ 

III �3 1/1 .." 1.2 

So B4 6" nH 5% 
6ii 171 2117 """ 10% 

36 203 259 ·lI)H H% 
-' 106 It} I 31XJ 13�;, 

, 5..t It5 171 18% 
159 120 IJ..\ ..tu '"' - " 
..t91 J3 -' 'in 0% 

:!5fJ 12 0 26,'\ (lQ;, 

Solvcnt: 20 1111 Cll:cCI�; lIIillal p(clhylene) = 25 bar: 1I111ial p(CO) ::: 5-30 bar: rcaction tinle 15 h. a) sctccli\lIy 
·or cthylvinylkctonc. based on thc CO converted. 

I j IsomQfI· 
�,� 

.m" 
+ (m·IICD 

Pd-H 

El 
Pd--( 

o 

Pd-Et 

• co 

Schenlc J. Propo�cd mechanl�m for the couligomcrtDltltll1 of cth}knc With CO. emplOying allyl CtHlIplcxc� With 
hemilahile funclionalizcd phn"phlllc hgan<.ls a� catalyst prccur'tH'. 

llle highest average reaction r;ne. TOF =- 126 
mol/mol· h, is observed in Ihe one hour experi­
ment. The decrease in ralc wllh lime is probably 
due to partial catalyst decumposltion. Ncverthe­
less, complete conversion of CO can be achieved 
i.lfh:!r 14 h reaction time. 

Due to the fael that Ihe expcriments shown in 
Fig. 2 were run in batch mode. Ihe ethylenclCO 
f;ltio rises during the experiment because of the 
consumption of CO (simultaneoul> consumption of 
dhylcne does not result III a �Iglllficant change of 
the amount of ethylene. as it b present in a large 
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excess). As low CO concentrations favor the for­
mation of low-molecular-weight products. only 
products with III =- I or 2 are formed after half 
of the CO has been consumed. Also. within this 
product fraction products with m = 1 are then 
formed preferentially: after one hour the ratio 
ethylvinylketone/5- and 6-hepten-3-onesll-octen-
3.6-dione/8- and 9-decen-3.6-diones is 80: 100: 78: 
41. after complete conversion a ratio of 42: 100: 
I I : 9 was obtained. 

Considering the cooligomers with butcnyl end­
groups. depending on the reaction conditions and 
the catalyst precursor employed. either the ter­
minal (i.e. 6-hepten-3-one for m = I) or the in­
ternal (i.e. Irtms- and cis-5-hl!ptcn-3-one for 111 = 

I) isomers can predominate. Generally. under con­
ditions which favor formation of low-molecular­
weight products. the internal isomers arc ob­
tained prckrcntially. 

Using compkx 7 (at 80 °C). activities are slightly 
lower than those observed for 3 (29% CO conver­
sion after 2 h: 4fi% after 4 h: complete conversion 
after 20 h). but insoluble polymeric material is ob­
tained almost exclusively. 

Allyl complexes with phosphino-thioether li­
gunds Ph2P(CH2)"SR (11 =- 2. R ... Me. Ph: 11 =- 3. 
R � Ph) and o-Ph2P(C6H.j)SR (R == Me. 'Pr. Ph) ex­
hibit only low activities in the reaction of ethylene 
and Co. Activation of these complexes is slow. E.g .. 
in a n  experiment with [(C,H�)Pdl()-Ph�P(Cf,H.j)­
SPh]-P.5JBF.j. slOpped after 14 hours. 60'% of the 
precursor complex were rt;t:ovcreo unchanged. 

Fig. 2. Selectivity and I:O/lver­
�ion 1'.\'. reaction time (0.1 
Illmol complex 3 in 20 ml 
CH�C1�: initial p(ethylenc) = 

25 bar and initial p(CO) '" 5 

bar: 50 QC). 

Considering the coordination behaviour of the 
functionalized phosphine Jigands applied during 
catalysis. it is conspicuous. that comparable results 
are obtained with the phosphino-ester complexes 
1-3 as well as with the phosphino-thiophene com­
plexes 4-6. Neither the chain length 11 of the li­
gand backbone. nor the nature of the donor atom 
(0 vs. S) have a strong impact on activity and sel· 
ectivity. Also. with comparable ill Silll catalysts 
with unfunctionalized monodentate phosphines 
similar results are obtained (vide illfra). TIlis leads 
to lhe conclusion. that the P.O- and P,S-ligands in 
1-6 behave like monodentate phosphines under 
catalytic conditions. These Iigands are hemilabile 
in the sense. that the weaker donor atom (O.S) 
stabilizes the precursor complex and creates a free 
coordination site during the catalytic reaction. The 
markedly different selectivity with 7 and 8 can he 
attributed to bidentate coordination of the phos­
phino-phosphinoxide and the phosphino-sulfoxide 
ligand during catalysis. 111is interpretation is in ac­
cordance with stoichiometric experiments. using 
the catalyst precursors as model compounds 
116. 17] : the O-donor in J -3 and the S-donor Ln 
4-6 is quantitatively substituted ny ethylene or 
CO upon bubbling the gas through a solution of 
the complex at room temperature and normal 
pressure. By contrast. with 7 and 8 the unchanged 
complexes prevail. 

llle aUyl complexes I. 2. 3 and 7 were also used 
as catalyst precursors in the absence of carbon 
monoxide. At 50 °C under a constant pressure of 
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30 bar. ..:thylenc is rapidly oligomeri/cd with rntes 
of up 10 2000 mol/mol· h. With 1-3 butenes arc 
obtained with > 95'Yo selectivity. By contra�1. com­
plex 7 yields signiric.mt amounts of hexcnes (se!. 
13%.60% linear) and octenes (se!. 1%). 

Cationic pallndiulll catalysts modified by mono­
or bidenlate phosphincs arc kno\\'n 10 calalY7e 
selectivl! dimerization of ethylene 111.21.22]. 
whereas with bidcnlate N.N-ligands he-..:enes and 
higher oligolllers were also obtained 111.22]. 

Addition of clhylvinylketonc or l -octen-3.6-di­
onc to an I!thylenc: oligomeri/ation rcnction. cata­
lyad by compkx 2. resulted in formation of 5- and 
6-hepten-3-ones and 8- nnd 9-decen-3.6-diones. 
respectively. i.e. codimers of vinylketones and 
ethylene. The rate of homodimerization of ethy­
lene. present in a large excess. was not signifi­
cantly innuenced. 111is observation suggests. thnt 
the butenylketones formed in cooligomerization 
of ethylene and CO are formed by codimeriza­
lion of primarily formed vinylketoncs with ethy­
lene. and not necessarily by subsequem insertion 
of two molecules of ethylene into a palladium­
acyl bond. 

Experimetlls with ill silll (·tlflllyslS 

For rapid screening of ligands with different 
substituents atlachl.:!d to the.; P-donor and for com­
parison with complexes 1-8. ill silll catalysts with 
unfunctionalized phosphine ligands were used. 
Catalysts were prepared by the two routes shown 
in Scheme 2. Table III shows the results obtained 
with both catalyst systems. employing different 
ligands. 

With allyl complexes prepared by route A .  em­
ploying PPh2Et as a ligand. results comparable to 
those using the isolated complex 3 were obtained. 
Stopping the experiment arter 2 hours and 6 hours. 
respectively. activities and sclectivities very similar 
to those observed for 3 (Fig. 2) were found. With 
P"Bu:; as a ligand. a slightly lower activity is ob­
served in comparison to catalysts with aryl-substL­
tuted ligands. Remarkably. the share of oligo­
kctones with 11/ = I and 2 is relatively high. and 
contains predominantly vinylketones. A selectivity 
for the desired cthylvinylketone of nboul 40% 
based on the CO converted was ohtained. Cata­
lysts with thc bulky secondary alkyl phosphine 
PCYl were almost inactive. 

111c use of catalysts prcpnred by route B for re­
acting dhylene and CO under identical pressures 
of both gas(.'s has nlrendy been (kscrihed by Sen 
and others (6.18.21). In nprotic solvents. high-mo­
lecular-weight alll.:rnating polykctoncs were ob­
tained. {J-Hydrogetl abstraction. resulting in for­
mation of vinyl cnd-groups.. has been proposed as 
a termination Slcp fl8). 

Employing catalysts prepared by route B at high 
ethylene/CO ratios (Table Ill). coaligomers can bl! 
obtained. These products are the samc as tho<;e 
ubtameu with allyl complcxes as catalyst precur­
sors. i.c. unsaturated ketones of the general struc­
ture shown in Scheme I arc formed exclusively. 

With P"BUl .IS a ligand. again selectivities for 
ethylvinylketone of up to 40% are obtained. It was 
anticipated, that addition of more than one equiv­
<llent or phosphinc ligand would stabilize the cata­
lyst and also favor chain-termination by temporary 
blocking of coordination sites for propagation. In­
deed. calalyst stability is improved. but selectivity 
is changed in favor of higher-molecular-weight 
products. With catalyst system B with one equiva­
lent of P"BU1. increasing the reaction temperature 
from 50 °C to 80°C resulted in an increase of the 
selectivity for ctbylvinylketone. With all other 
catalysts with monodentate ligands given in 
Table Ill. increasing the reaction 1emperature did 
not result in a significant improvement. 

As expected. applying the bidentate P.P-Iigand 
1.3-bis(diphenylphosphino)propane (dppp), co­
polymer is formed cxclusively even at high ethy­
lene/CO ratios. With the alkyl-substituted diphos­
phine 1.3-bis(di-iso-propylphosphino)propane 
(dippp) cooligomers can be obtained. but rates 
and selectivities are only modera1e. 

Generalizing. results obtained with in sifll cata­
lysts prepared by route B and with allyl complexes. 
prepared ill firu by route A or used as isolatcd 
complexes, are comparable. One is templed to 
speculate that similiar catalytically active species 
are formed during catalysis. 

MeciulI/istic COI/Sitil'raliolls 

For the transition-metal catalyzed alternating 
cooligomerizatlon and copolymerizalion of ethyl­
ene and CO in aprotic solvents. a hydride mechan­
ism has been proposed by various authors 
(711.11.12]. The initinl palladium-hydridl! IS 
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Tahle Ill. ConligolTlcrllation of ethylene and CO hy (t/ ,·illl cataly�ts. 

Catalyst [at 
Type Ligand " 

[ml1lol[ 

RC,KtinJ\ conditions 
Temp. 
"(' 

M�I�S 19l 
(',1-1., CO 

Results 
Conv. TONllllol(substrate )Imul( I'd) Sel. 
of CO in ... u1. "'01. total EVKlbl 

1/1 2c :\ 11/"'" \.2 

A PPh�Et 0.089 50 5.26 0.5f! 91% Jt) 2-12 II)� -171) I)":, 

A P"131h U.II-I 50 5. 1 O.S 7-1% 11 7X 207 296 -IJ% 

A PCy) O.O!}S 5U H 0.5 15% 23 32 I 50 0% 

B I'Ph-"Et I ell 0.108 50 4.4 0.5 87% 221 6S 4 2lJO 0"/0 

B PPh, I eq 0.U9O 50 5.25 ()5S 83% 1<3 48 23R 469 6'Y" 
B 1>(OI>hh I eq (l.f)lX) 50 5.2 0.5 -1% 17 0 0 17 1l'1o 
B 1""Bu, 1 cq o.mm 50 -1.5 0.5 22% I 62 5-1 117 16% 

U PO/Au, I cq 11.092 X() -1.5 0.6 10% I 34 88 12J -I I 0,\, 
IJ P"£3u,2c4 0.112 50 5 .. 1'1 0.55 6Y"·;, 11 Ihl 114 275 \5"" 

B P'PrJ 2 cq U.ll-l 50 -1..26 0.39 1-1% U 26 17 43 9% 

B PCy, 2 cq 0.104 50 4.95 0.53 \3% 0 42 " " 6% 

1<1 dppp I eq 0.130 70 9...\ 0.2 t)-I% 103 0 0 103 0% 

B dippp 1 cq 0.100 50 -1.89 0.58 18% 0 62 24 86 ,s0{, 
B dippp I cq 0.100 75 4.54 0.70 23% 0 82 55 137 8% 

Solvent: 20 1111 CI-12C12: rcaction time 15 h: initial p(ethylcnc) 0: 25 bar: initial p(CO) == 5 bar (expcriment with 
dppp: p(ethylene) == -10 bar. p(eO) == 2 bar). <I) A: metal component [(C1H�)Pdlh. B: IPd(ClllCN)41(BF�h + ligand 
(cl Schcml! 2). b) �clcctlvity for ethylvinylketone. based on the CO converted. c) catalyst solution preparcd by 
reacting IPd(dppp)CI�1 (suspcllsion of 0.130 mmol in 20 ml CII�Cl2) with AgI3F-t (solution of 0.260 mmol in 0.5 IllI 

CH�CN) and subsequent filtratioll. 

thought to bl:! formed via the waler-gas shift reac­
tion from CO and trace impurilil!s of water 
[It. 12[. 

The structure of the oligomeric products ob­
tained in this study is also consistent with a hy­
dride mechaniSIll. Stoichiometric reactions of the 
calalyst precursors with ethylene and CO 1I6] sup­
port the mode of activation depicted in the self .. 
explanatory Scheme 3. 

Conelusioll 

When working in methylene chloride as a sol­
vent. the palladium catalyzed copolymerization of 
ethylene and CO can be directed towards forma­
tion of low-molecular-weight cooligomers by apply .. 
ing high ethylene/CO mtios. Unsaturated ketones 
of the general structure RIC(O)CH::CH21",H 
(R s CH2=CH-. CH2=CHCH2CH2 .. and CI·t,CI-I== 
CHCHr) are obtaincu (i.e. 11/ = I: I:!Ihylvinylkc .. 
tone. 5- and 6 .. heptl:!n-3-ones: 11/ = 2: l-octcn .. 3.6 .. 

dione. 8- and g .. decen-3.6 .. diones). Selectivitics for 
cthylvinylkctone of up to .. U% . based on the CO 
converted. wcre observed using P"Bu", as a ligand. 

Cationic palladium allyl complexes with hemi .. 
labik bidelllate ligands can be applied as singk­
component catalyst precursors. It is assum<.!d that 
phosphino-ester and phosphino .. thiophene ligand� 

behave like monodcnt(lte phosphines under cata .. 
lytic conditions. 

Expcrimcnlal 

All operations involving organometallic corn .. 
pounds and phosphine ligands were carried out un .. 
der a dry argon atmosphere by standard Schlenk 
techniques. Methylene chloride was distilled from 
CaH2 under argon. [Pd(CH3CN)4J(BF4h was pre­
pared according to [61: [(C1Hs)Pdlh was obtained 
from [(C�H5)PdClh 1231 by halidc exchange with 
Nal [24). Phosphine ligands were obtained cam .. 
mercially or prcpared hy standard procedures. 
Cationic palladium complexes with bidentate P.O .. 
or p.s-ligands were prepared according to 1161 and 
I l71. respectively. Ethylene (purity>99.5%) and 
carbon monoxide (purily>99.99%) were used as 
received. 1-Octen-3.6-dione was prepared by the 
procedure described in [25J. 

Gas chromatographic analyses wcre pcrformed 
on a Siemcns Sichrom(lt with a 50 m Pona HP col­
umn. For GC-MS <lI1(1lyses a VaTi;)n 3700 gas chro .. 
m<Jtograph combined with a Varian MAT 111S 
mass speclrometer was used. GC .. I R were per .. 
formed un a Hewlett .. Packard 5890 1I gas chro .. 
matograph equiped with a HP 5965 A IR .. detector. 
NMR spcclra were obtaincd on Varian VXR 300 
anu Unity 500 spec.:tfOml!lc.:rs. I R-spectra wl!rc re­
curJI!J un a Nit:ulc.:t 510 P Ff-�pc.:l.:tromclcr. 
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Prep(lf(ltioll vf ill ,';fII clIm/yso 

"WC('(/lIre A: To a solution of U.05 11111101 
I(C�II,)pdlb in 10 rnlmctbylclh! chloritlc a solu­
tion of one equivalent of monodenlate phosphine 
liganJ in 10 1111 metbylclll.! chloridc was aud�d. 
After stirring. for 30 min. onc equivalent of ethyl­
acetate was added. and the yellow sohnion was 
transferred to a 50 ml round-bottom flask contain­
ing 1.01 equivalent of AgSbFfo. Agl precipatcd 11ll­
mediately. After stirring for 5 min. the mixture was 
filtered over celitt.:. A dear yellow filtrate \\a� 
ohtaincd. 

Procedllr(' 8: To a suspen�ton of 0.1 mlllol 
IPd(CI-hCN)oI](BI-4h in 10  Illl methylene chloride 
t solution of the appropriate amount of ligand In 

10 ml methylene chloride was added. After stirnng 
for a few minutes. a clear yellow to orange <;olu­
lion was obtained. 

CooJigomeri;:'(l(ioll alld copolymerl;:'(I(ioll of 
elliy/efle 1II1l1 carbo" lIIolloxidt' 

Catalytic cxperiments wcre carried out in 75 ml 
V4A-steel autoclaves equiped with a m<lgnetic 
stirrer bar. 1ne catalyst solution waS transferred to 
the autoclave under protective gas atmosphere via 
;l syringe. Subsequently. the autoclave was purged 
and pressurized with ethylene_ then CO was intro­
duced and the autoclave was heated in an oil bath 
for the given reaction time, By weighing the auto­
clave. tht! amount of ethylene and CO was deter­
mined. After rapidly cooling 10 room temperature. 
unreucted gases were vented. CAUTION: vinylke­
tones are highly toxic! 'Ine reaction mixture was 
iltered on a frit. the solid residue was dried in 

;l stream of argon and weighed. -nlC filtrate was 
distilled at 75 QC and 0.1 mbar. llle distillate. 
which contains the oligoketoncs with 111 = I and 2. 
was analyzcd by GC with II-heptane and II-do­
decane as internal standards. 11le distillation resi­
due was weighed. thus the amount of solublc co­
oligomcrs with m 23 was determined. 

Idl!lIli[icmioll of ('fhylefll'-CO ('oo/i�(Jmt'n 
(lIId c"polymers 

For identification of the oligomeric products 
with'" = 1_ 2 and 3 a rcactlon IlllxtUre.: wus ana­
Iyzed by GC-MS and GC-IR. Also ethylvinyl­
ketont.:. a mixture of the isomeric 5- and 6-hepten-
3-ones_ l -octen-3.6-dione and a mixture of 8- and 
9-decen-3_6-diones were separated by vacuum liis-

tillation and identified by III and PC NMR. Ethyl­
\inylketone anti l-octen-3.6-dionc .... ere also iden­
tified hy GC analysis of a reaction mixture_ to 
which a genuine sample of the compound had 
been added. '111C soluhle product fr'lction with 
11/ 2:::; was characterii'ed by I1I and Pc NM R in 
COOl: th..: average chain length IS III ::: � 10 7 .  
Spectroscopic data of the ahove compollnds has 
heen described in Iiteraturt.: tJ9]. 1nl.' complett: 
data nwntluned in this paragraph i� givcn in / 16]. 

11le in�{)luble product fraction was analyzed by 
IR (KBr) and by 111 and PCj1J--1} NMR in 
1 . 1 .1_.1_3.3-hcxaOuoroprop'ln-2-01 cont,unmg 10 
vol.-'!o of C,D". Except for the signal of the poly­
mer backbone (s with () = 2.H). III NMR spectra 
show \!Ihyl cnd-groups (q with () ::: 2.5 and t with 
() = 1.1) and unresolvcd multiplels with b = 6.3 
and 6.0. a�signed to vinyl end groups. In the l.'C 
NMR spectra. except for the polymer backbone 
(0 = 215.1  and 37.6). small signals with 0 = 219.4_ 
206.7. 137,'- 133.5, 3�.3 and 8A arc observed. 
which are also consistent with ethyl and vinyl 
end groups. 

O/igomeriZlIIiofl of ethylellt' 

A solution of 0.05 I11mol complex in 20 ml meth­
ylene chloride was introduced into a steel auto­
clave (vule !'!Ipra), The autoclave was purged with 
ethylene. pressurized to 30 bar. and was then 
heated in an oil balh for � hours. During the reac­
tion the pressure was kept constnnt by continu­
ously feeding ethylene. After rapidly cooling the 
autoclave to room temperature_ the gas phase was 
vented dfl a cold trap ( -78 QC). By weighing the 
autoclave before prcssurii'ing and after vcnting 
and by weighing the cold trap_ the amount of eth­
ylene converted was calculated. llle rcaction mix­
ture was nash-distilled (200 QC: 0,1 mbar) from the 
catalyst. Selectivities for hexenes and higher oligo­
mers were determined by GC with II-heptanc as 
an internal standard. 

A ckllowletigemellfs 

Wc an! grateful to BP Chemicals for financial 
support. and we thank the members of the polykc­
tone group of BP chemicals for valuable dis­
cussions. WIi! also th,lnk Wolfgang Goert/.:. Ana 
Martlnez-Vclarde. Stcfanie Vonderhank. Frank 
FaBbender_ Bli!ate Hofmann and Armin Kraus for 
their participation in this rli!search as part of their 
undergraduatli! studies. 



43" W. Kcim 0'/ 111 • Cut)ill."pm4.'Tl/atloll of Ethylene ,lI1U Carhon tI.'lonoxidc 

I I I 0. I<ockn. (jer. J�at. M954X ( 1  YJX). 
12\ a) I� 1>1110. F. PiacCnli. M. Biandll. III I. Wender. I� 

1'1110 (cd:.): Orgamc Synthc:.cs I'W Metal Carbonyls. 
2. p. 2 1 5 -:!31. Wiley Inlcrscicncc. New Yurk ( 1 977); 
h) 1 1 .  M. Colquhoun. 0.1. Thompson. M. V. TWI�. 
C;lrbOll}IOIlIon: D,rect S)IHhcsi'i of Carht)I1� 1  Com­
pounds. PlI!num I"res!>. New York. Lundon ( 1991 I. 

131 a )  K. Mural.l. A. Matsuda. Bull. Chcm. Soc. Jpn. 54. 
2()gl) -2092 ( 1981): 
b) V. N. Zudin. G. N. 1I'(1I1ch. V. A. Likhollllxw. Y. L 
YcrrnakO\. J. Chem. Soc. ('hem. Commun. 19�4. 
545-546. 

[41 w. Rcrrc. A. Magm. U. S. Pat. 257720H ( IIJSI). 
[5 a) Y. Iwa,hi(;l. ]\1. Sakuraha. Tdfnhedron Let!. 

1971. :!-I{)9-2-112: 
b) A. Sen. J. S. Brulllbaugh. M. Lin. J. Mol. Calal. 
73. 297 -J2J ( 1 1)92): 
c) M. Vlln I laltcren, Dissertation. RWTH Aachen 
( 1991 ). 

161 T.-W. Lm. A. Sen. Organometallic.·, ], R66-M70 
( 19s.l). 

Pi a) E. Orenl (Shell), Eur. Pal. Appl. 12 1965 ( 11)84); 
b) E. Orcnl. J. A. M. van Brockhoven. M. 1. Ooyle, 
1. Organomet. Chcm. "17. 235-251 (1991).  

18] E. Drent. E. van Kragtwijk. D. H. L.  Pe!lu (Shell). 
Eur. Pal. Appl. 4955"7 (Im). 

191 C. Pisant), G. Consigliu, A. Sirolll, M. Morel, J. 
Chem. Soc. Chem. Commun. 1991. 421 -"23. 

{ lOl ll)  J. D. McClure (Shell), Ger. Offen. DE 20.&6060 
( 1971 ) ,  
b )  J. D. McClure. Ger. Offen. DE 2054307 (197 1 ). 

II I 1  E. Orent. Pure & Appl. Chcm. 62.661 -669 ( 1 990). 
12 ]  A. Sen, Acc. Che,". Res. 26. 303-310 ( 1 993) and 

references Cited therein. 
{ l 3 1  W. Keim. Angew. Chem .. Int. Ed. Engl. 29. 235-

2"" ( 1 990). 

1 1" 1  G. J. I� Bnto\sek. W Keim, S. r-,·Iecking. D. SOli nz, T 
Wagncr. 1. l'hern. Soc. Chelll. Conullun. 1993. 
16:;\2 In.1.l 

[ 1 5 1 1\.1. C Bonnet. F. O.lh:m. A. Eckc. W, KClm. R P 
Schul/. J. Tkatchenko. J. Chem. Soc .. Chcm. Cum· 
mUll. 199·" 615-616. 

I
I"I S' Mecklng. DI,scrlallun. R\\'n l Aachen ( I ')t}"). 
1 7  il) I J. Ma; ..... Diploma thcsis. RWTH Aaehen ( 1 993); 

b) W Keim. 11. Maa$.. unpublished results. 
[HI[ a) Z. Jlang.. G. M. Dahlen. K. l-touseknccht. A Sen. 

M:lcrumolccules 25. 2999-3001 ( 1 t)t}2); 
h) t\. X. Zhao, J. C. W Chicn. 1. Polym. Sci. Part A. 
Polym. ('hem. 30.2735-27"7 ( 1992). tf J. t\. M. van 
Brockhovell. M. J. Doyle. E. Orenl. ihld. -'I. 2�79 
( 1 993). 

[ I ')1 a) ;;. and fl-h<.'pt<.'J1-3-ollcs: K. P. Yora, C F. Loch()w. 
R. G. Miller. J. OrgilllomcL Chcm. 192. 257-2(rt 
( 1980), 
b) l,oclcn-3,o-dione and l ·undecen-3.6-Q·triunc: 11. 
Stcttcr. B. JlIn'>cn, Chcm. Bcr. I lK. 4M77-"8R3 
( IIJH5): 
c) 9-lb:cll-3.6-dionc: B. Jansen. Dis,>crtalion. 
RWTII Aachen ( IIJ84). 

/201 11. Stetter. H. Kuhlm.mn. Organic RCllclions ",0. 
407-"98 ( 1991). 

/21/ A. Sen, T..w. Lal. J.  Am. Chem. Soc. 10". 3520-
3522 ( 1 982). 

[221 E. Orent (Shell). Eur. Pal. Spec. 17()J 1 1  ( 1 985). 
[231 Y. Tat'luno. T. Yoshida. Sciolsuka. Inorg. Synth. 19. 

220-221 ( I971J). 
12-11 0, L. Tibbcns. T. L Brown. J. Am. Chem. Soc. 91. 

1 108- 1 1 12 ( 1 %1)). 
1251 H. Slcncr, A. Landscheidl. Chem. Bcr. 1 12. 1" 10-

1 " 1 9  ( 1 979). 


	Text1: Konstanzer Online-Publikations-System (KOPS)
URN: http://nbn-resolving.de/urn:nbn:de:bsz:352-207037
	Text2: Zuerst ersch. in : Zeitschrift für Naturforschung : Section B ; 50b (1995). S. 430-438


